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System Requirement

This example design targets the Max 10 FPGA Development Kit. This design is a 24-bit wide, 300-MHz DDR3
SDRAM interface working with a Max 10 FPGA with its own debug feature.

This design will be using the UniPHY IP for Max10 and an example traffic generator. All these will be used to
demonstrate the DDR3 SDRAM functionality.

Design Specifications

The design will utilize the external memory port on the Max 10 Development Kit. We will be utilizing the DDR3
module that is on the development kit. The figure highlights those modules which we will be using on this
design.

Max10 FPGA

Reset button

RS EEETE RN

DDR3 module

Figure 1: Max 10 development kit connection used for DDR3 example design

The table below lists the specifications for this design:

Attribute Specification

Quartus version Quartusll v15.0

FPGA 10M50DAF484C6GES
Kit Development Kit
Memory speed 300MHz

Memory topology X24-bit, 4 DDR3 SDRAM components

IP used DDR3 SDRAM Controller 1l with UniPHY IP and generated top Quartus project
Table 1: Specification of design



Pin Assignment and Description

Pin Location | I/O Standard Description

a[12] 114 1.5V Address & Command pin
a[11] E20 1.5V Address & Command pin
a[10] Y20 1.5V Address & Command pin
al9] E22 1.5V Address & Command pin
a[8] D22 1.5V Address & Command pin
a[6] E21 1.5V Address & Command pin
a[5] F19 1.5V Address & Command pin
a[3] u20 1.5V Address & Command pin
a[o] V20 1.5V Address & Command pin
al[7] B20 1.5V Address & Command pin
al4] C20 1.5V Address & Command pin
a[2] A21 1.5V Address & Command pin
al1] D19 1.5V Address & Command pin
ba[2] w22 1.5V Address & Command pin
ba[1] N18 1.5V Address & Command pin
ba[0] V22 1.5V Address & Command pin
cas_n[0] u19 1.5V Address & Command pin
ck[0] D18 1.5V pll reference clock pin
ck_n[0] E18 1.5V pll reference clock pin
cke[0] W20 1.5V Address & Command pin
cs_n[0] Y22 1.5V Address & Command pin
dm([2] T18 1.5V DM pin

dm[1] N19 1.5V DM pin

dm[0] J15 1.5V DM pin

dq[23] P20 1.5V DQ pin

dq[22] P15 1.5V DQ pin

dg[21] T19 1.5V DQ pin

dq[20] R15 1.5V DQ pin

dq[19] R20 1.5V DQ pin

dq[18] P14 1.5V DQ pin

dq[17] P19 1.5V DQ pin

dq[16] R14 1.5V DQ pin

dq[15] N20 1.5V DQ pin

Table 2: Pin Assignment for Example Design




Pin Location | I/O Standard Description
dq[14] L19 1.5V DQ pin

dq[13] M15 1.5V DQ pin

dq[12] L18 1.5V DQ pin

dq[11] M14 1.5V DQ pin

dq[10] M20 1.5V DQ pin

dq[9] M18 1.5V DQ pin

dq[8] L20 1.5V DQ pin

dq[7] K19 1.5V DQ pin

dq[6] H20 1.5V DQ pin

dq[5] 120 1.5V DQ pin

dq[4] H19 1.5V DQ pin

dq[3] K18 1.5V DQ pin

dq[2] H18 1.5V DQ pin

dq[1] K20 1.5v DQ pin

dq[0] J18 1.5V DQ pin

dgs([2] R18 1.5v DQS pin

dgs[1] L14 1.5V DQS pin

dgs[0] K14 1.5V DQS pin

odt[0] w19 1.5V ODT pin
ras_n[0] V18 1.5V Address & Command pin
we_n[0] Y21 1.5V Address & Command pin
reset_n B22 1.5V global reset pin
generator_0_status_fail u22 1.5V status pin
generator_0_status_pass AA2 1.5V status pin
generator_0_status_test_complete | AA2 1.5V status pin

Table 2: Pin Assignment for Example Design




Design Hardware Test

1. Download the MAX 10 design on the design store and install the design templates.

¢ Inthe Quartus Il software, create a Quartus Il project using the New Project Wizard available from the
File menu.

e Select Project template on the Project Type page

Qg New Project Wizard u
Project Type
Select the type of project to create.

() Empty praject
Create new project by specifying project files and libraries, target device family and device, and EDA tool settings.

@ Project template

Create a project from an existing design template. You can choose from design templates installed with the Quartus II software, or download design
templates from the Desian Store.

Figure 2: Project Type Selection

o Select Install the design templates on the Design Templates page

To add design templates:
1. Download design templates from the Design Store,
2. Install the design templates.

Figure 3: Install Templates

e  On the pop-up window, select the myplatform.par file in the directory where you store the MAX 10
design from the design store and click OK. This will include the design template into your Quartus II.

%; Design Template Installation @
Design template file {.par):
_back_up\altera\2015\desian_store \download T ... |
Destination directory:
ack_up'altera'2015\design_storeinew'\pre-design\output_files E]

[ Ok ][ Cancel ]

Figure 4: Locating design template

e Select the right design on the Available design templates window, and the latest design template is

located at the lowest row.


https://cloud.altera.com/devstore/platform/15.0.0/max10-ddr3-design-with-debug-feature/

&4 Mew Project Wizard [
Design Templates

Select a design template.

Family: [Any ~ | Development kit: [Arw '] [ Indude unsupported versions

Available design templates:

Name Category Development Kit Family Device Template Versior Software Version ndi
Stepper Motor MAX 10 FPGA
= Controller (AN 488) Design Example Evaluation Kit MAX 10 10MOBSAE144C3.. 1.0 15.0.0 Al..
CompactFlash+ MAX 10 Design
= Interface (AN 492) Design Example Examples MAX 10 10MOBSCE144C7G 1.0 15.0.0 Al..
MAX 10 Evaluation MAX 10 FPGA

Kit Baseline Design Design Example Evaluation Kit MAX 10 10MOBSAE144C8... 15.0.0

Max10 DDR.3 MAX 10 FPGA
S T v e ra—r—

4| . 3

To add design templates:
1. Download design templates from the Design Store.
2. Install the design templates.

If you previously installed a design template with a different version of the Quartus IT software, add the installation directory to the design template search
paths.

[ < Back ][ Next > ][ Finish H Cancel ][ Help

Figure 5: Selecting Design Template

e Select Next on the Design Template page and then Finish on the Summary page

£4 Mew Project Wizard [=23]
Summary

When you dick Finish, the project will be created with the following settings:

Project directory: C:Vold_pc_back_up\altera\2015'design_store\new\pre-design\putput_files
Project name: asdf

Top-evel design entity: asdf

Number of files added: 0

Number of user libraries added: 0

Device assignments:

Design template: Stepper Motor Controller (AN 488)
Family name: MAX 10
Device: 10MOBSAE 144C8GES
EDA tools:
Design entry/synthesis: <None > (<MNone =)
Simulation: <None > (<MNone =)
Timing analysis: 0

Operating conditions:
Core voltage: 3.3V

Junction temperature range: 0-85°C

Next > [ Finish J[ Cancel ][ Help

Figure 6: Summary of New Design

2. Open the design templatesin the Quartus Il software, launch SignalTap Il Logic from Tools menu.
3. In Jtag Chain Configuration window under SignalTap Logic GUI, configure

the Hardware and Device based on the targeted board. For File, browse for the m10.sof file (located in
<design_directory>/platform/output_files folder) and click Open.



to configure the FPGA.

5. Select the SignalTap instance and click the Autorun Analysis button next to Instance Manager label.
The SignalTap Il Logic Analyzer Pane will shows the acquired data from each signal in the Data tab.

6. On the development kit, push once and release the reset button on the development kit to reset the design.
7. Now observe the data for local_cal_success and traffic_gen_pass and traffice_gen_timeout instances
change from 0 to 1 on the SignalTap which indicate the calibration is success and pass the example driver
tests. Also the LED1 on the board will light up and turn to green colour.

4. Click Program Device button

SignalTap I Legic Analyzer - Ci/old_pc_back_up/altera/2015/design_stere/new/ pre-design/asdf - asdf - [stpl.stp] El@
File |Edit | view Project Processing Tools Window Help 5! cearch altera. com ,@
B H 9o~ EER -0
Instance Manager: d Ready to acquire ¥ | JTAG Chain Configuration: IJTAG ready X
Instance Status Enabled LEs: 1206 Men enrers [USB—BIasterII [USB-1] - ] [ Setup... ]
,ﬂ auto_signaltap_0 Mot running 1206 cells 296l

Device: | @1: 10MSODA. [ES)/10MSOD(CIF) (0x03 ~ | | Scan chain |

S0OF Manager: wfpre-designfoutput_files/m10.sof B

4 L} 2

log: Trig @ 2015/09/01 12:19:07 (0:0:0.2 elapsed) #1
Type [ Alias Name B wmoEC®ow oM
.*_> ddr3_mem_if_ddr3_emif_0:mem_if_ddr3_emif_Ojlocal_cal_fail

.*_> ddr3_mem_if_ddr3_emif_0:mem_if_ddr3_emif_0jlocal_cal success

_*_> ddr3_mem_if_ddr3_emif_0:mem_if_ddr3_emif_0jlocal_init_done :

.*_> ddr3_mm_traffic_generator_0:mm_traffic_generator_0jpass i

.*_> ddr3_mm_traffic_generator_0:mm_traffic_generator_0jfail i

.*_> ddr3_mm_traffic_generator_0:mm_traffic_generator_0jtest_complete :

.-g_x;? +- . mif_Ofddr3_mem_if_ddr3_emif_0_p0:pliphy_cal debug_info[31..0] b 0000000Ch

.-g} +-._no_ifdef_params:real_driver driver_fsm_instlloop_counter{31..0] i 000003E8h

Figure 7: SignalTap Capture

External Memory Interface Debug Features

1. To understand the calibration margin of the design you can use the SignalTap Logic from Tools menu to
monitor the phy_cal_debug_info signal.

2. The signal contain 32bit of data, with the first 7 bit is the margin. The higher the value, the bigger the margin
on your design. The next 24bit is the result of the read and write data comparison. On a 24bit design, each bit
will represent the DQ pin read and write data comparison. The accurate data will be shown as zero, while

wrong data is shown as one.
3. The phy_cal_debug_info signal is translated into the best comparison result and margin with the

following:

e phy_cal_debug_info[31:24] >> best_comp_result[23:16]
e phy cal debug info[23:16] >> best_comp_result[15:8]
e phy cal debug info[15:8] >>best comp_result[7:0]

e phy_cal_debug_info[7:0] >>margin[7:0]



4. For passing interface the best comparison result is zero and the margin is non-zero while for failing

interface the best comparison result is non zero, margin is zero. Examples for the phy_cal_debug_info

signal are shown below:

Debug best_comp_result[23:16] best_comp_result[15:8] best_comp_result[7:0] margin[7:0]

PASS 0000 0000 0000 0000 0000 0000 0001 0000

Info Pass Pass Pass 16 steps margin
Debug best_comp_result[23:16] best_comp_result[15:8] best_comp_result[7:0] margin[7:0]

FAIL 0001 0000 11111111 0000 0010 0000 0000

Info Fail Fail Fail No window found

Table 3: Max10 debug feature

Tutorial Steps

In this Tutorial, you will learn on how to recreate this full design using Quartus Il v15.0. The lab assumes the

reader is a competent user of these tools and many of their features.

Two files have been pre-designed for this lab to save time:
1. A pin location assignments TCL script ( m10_ddr3_pin_locations.tcl )
2. Atop level QSYS file (ddr3.gsys)
3. A sdc constraint file to ensure signals in SignalTap Il is not considered for timing analysis (ddr3_sdc.sdc)

Create a new folder for the project and place these files in it.

Design Generation

1. In the Quartus Il software, create a Quartus Il project using the New Project Wizard available from the File

Proces|

menu.

&4 Quartus I 64-Bit
File | Edit WView Project Assignments
] Mew... Cirl+M
£ Open... Ctrl+0

Close Cirl+F4

(& New Project Wizard...

ﬁ Open Project. .. Ctrl+1

Figure 8:

New Project Wizard
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For this lab, use following information to setup the project accordingly:

e Working directory : < your project folder >
e Project name : <variation_name>

e Device name : 10M50DAF484C6GES

e Leave other settings to default

@ New Project Wizard . S5

Directory, Name, Top-Level Enti . .
w & TP = Select your project directory folder

What iz the working directory for this project?
Working directory : < your project folder = E]
What iz the name of this project?

mi0 [c]
What is of the topHevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.

min )

’Use Existing Project Setﬁngs...]

- - - Select your project name, in this case m10 is chosen
Figure 9: Information on New Project

€4 New Project Wizard 2

Project Type
Select the type of project to create.
(@ Empty project
Create new project by specifying project files and libraries, target device family and device, and EDA tool settings.

~) Project template

Create a project from an existing design template. You can choose from design templates installed with the Quartus II software, or download design
templates from the Design Store,

Figure 10: Empty New Project

Family & Device Settings

Select the family and device you want to target for compilation.
‘fou can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage.

Device family Shaw in 'Available devices' list
Family: [MAX 10 (DA/DF/DC/SA/SF/SC) v|  Pacage: [any -]
Devices: [AJI '] Pin count: [N‘I‘f ']
ernetcnrs Core Speed grade: [6 - ]
Auto device selected by the Fitter Name filter:
@ Spedfic device selected in 'Available devices' list Show advanced devices
Other: nfa
Available devices:
Name | CoreVoltage | LEs | TotalI/0s | GPIOs | P | Embedded multiplier 9-bit elements
([ covsooarssaceceslu  Jaszen Jseo s Jiessz ]

Figure 11: Selecting Device
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€4 Mew Project Wizard

Signal Integrity

Boundary Scan

EDA Tool Settings
Spedfy the other EDA tools used with the Quartus II software to develop your project.
EDA tools:
Toal Type Tool Name Farmat{s) Run Tool Automatically
EDesign Entry/Synthesis | <None > ] <None> Run this tool automatically to synthesize the current design
Simulation <Mone> <None> Run gateevel simulation automatically after compilation
Formal Verification <Mone>
S

<MNone>

Figure 12: EDA Tool Settings

{g Mew Project Wizard

Summary

Project directory:
Project name:
Top-evel design entity:
Number of files added:
Number of user libraries added:
Device assignments:
Design template:
Family name:
Device:
EDA tools:
Design entry/synthesis:
Simulation:
Timing analysis:
Operating conditions:
Core voltage:

Junction temperature range:

When you dick Finish, the project will be created with the following settings:

C:fold_pc_back_up/alteraf2015/design_store fpre-design
mi0

mi0

0

0

nfa
MAX 10 {DA/DF/DC/SA/SF/SC)

10M50DAF484CoGES

<MNone > {<None =)
<MNone > {<None =)

0

2y

0-85°C

Mext = Finish Help

] [ Cancel

J

Figure 13: Summary of New Design
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2. Launch the Qsys from the Tools menu and you can select the ddr3.gsys file from the pre-design folder and
click Open. Or click the Cancel button if you want to generate the design from scratch using the steps below.

[Tnnls] Window  Help S

Run Simulation Toal 4
i . Launch Simulation Library Compiler

|| %& Launch Design Space Explorer II

+
H

1 ﬁ.l.i TimeQuest Timing Analyzer
Advisors g

Chip Planner

Design Partition Planner

EL

Metlist Viewers 4

SignalTap II Logic Analyzer
In-System Memary Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor

Em ) B

SignalProbe Pins...

Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools 3

IF Catalog

|l @ Eefe

Qsys

Mios 11 Software Build Tou::-l_s for EgEIse

Figure 14: Launching Qsys
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A Open - — g
Lookin: | |, pre-design T _? =% [~
» W db
<] 3
B B ddc sy
Recent Items
Desktop
E
My Documents
A
Computer
=
H File name: ddr3.qsys
Metwark ’ 1
ll Files of type: | Qsys System Files (*.gsys) -

Figure 15: Open pre-designed Qsys file

3. Double click DDR3 SDRAM Controller with UniPHY IP from the Memory Interfaces and Controllers >
Memory Interfaces with UniPHY folder in the Library list.

1 P catalog 3 -

A X

=1-Memory Interfaces and Contrallers

[+-Flash
[#-Memary Interfaces with ALTMEMPHY
[=+-Memory Interfaces with UniPHY

LR QEAM Contraller with LiniPH

DDFLS SORAM Controller with UniPH .

» LPDDR.2 SDR.AM Controller with UniPHY

m

M Orsn ARA

' ] P

Figure 16: DDR3 Controller
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4. Set parameters for Memory Controller with UniHY

e PHY Settings Tab

i Set Speed grade to 6.

ii. Set Memory clock frequency to 300 MHz

iii. Set PLL reference clock frequency to 100 MHz.

iv. Select Half for half-rate Avalon-MM interface.

I~ Interface Type

PHY Settings | Memory Parameters I Memory Timing | Board Settings

|' General Settings

Speed Grade: [ —
[7] Generate PHY only
|~ Clocks
Memary dock frequency: 300.0| MHz
Achieved memory dock frequency: |3p0.0 MHz
PLL reference dock frequency: 100.0 MHz
Rate on Avalon-MM interface: Half - |
Achieved local dodk frequency: 150.0 MHz
|~ Advanced PHY Settings
Supply Voltage: LSVDOR3
1/0 standard: S5TL-15
Reconfigurable PLL Location: Top_Bottom

Figure 17: PHY Settings
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Memory Parameters Tab

Vi.
Vii.

viii.

Select Discrete Device for Memory format.

Select 800 MHz for Memory device speed grade.

Type 24 for Total interface width.

Type 13 for Row address width.

Type 10 for Column address width.

Type 3 for Bank address width.

Select 5 for Memory CAS latency setting under Memory Initialization Options,
Select RZQ/4 for Output drive strength setting.

Select 5 for Memory write CAS latency setting.

Select Dynamic ODT off for Dynamic ODT(Rtt_WR) setting.
|~ Interface Type
PHY Settings | Memary Parameters | Memory Timing | Board Setting
Apply memory parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.
Memory vendor: FOEC |
Memary format: Discrete Device
Memory device speed grade: 300.0 - | MHz
Total interface width: 24 .
DQ/DQS group size: 8
Mumber of DQS groups: 3 .
Mumber of chip selects: 1)
Mumber of docks: 2 v:
Row address width: 13 .
Column address width: 10
Bank-address width: 3
Enable DM pins

Figure 18: Memory Parameters Settings

|~ Memory Initialization Options

Address and command parity

Mode Register 0

Read Burst Type: Sequential '
DLL precharge power down: DLL off + | l
Memaory CAS latency setting: [ ] -

hd /|

Mode Register 1

Output drive strength setting: RZQ/E |
Memory additive CAS latency setting: | pigabled v ]
ODT Rtt nominal value: RZQ/4 - -

Mode Register 2

Auto selfrefresh method: Manual - |
Selfrefresh temperature: MNaormal — w ]
Memary write CAS latency setting: 5 .| .

Dynamic ODT (Rt WR) value: Dynamic ODT off |

Figure 19: Memory Initialization Options
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Memory Parameters Tab

Do the following changes to the below timing parameter and kept the rest as the default value.
i. Set tIS (base) to 170ps
ii. Set tIH (base) to 120ps
iii. Set tDS(base) to 10ps
iv. Set tDH(base) to 45ps
V. Set tDQSQ to 100ps
Vi. Set tDQSCK to 225ps
Vil. Set tDQSS to 0.27 cycles
viii. Set tDSH to 0.18 cycles
iX. Set tDSS to 0.18 cycles
X. Set tINIT to 500us
Xi. Set tMRD to 4cycles
Xii. Set tRAS to 35.0ns
Xiii. Set tRCD to 13.75ns
Xiv. Set tRP to 13.75ns
XV. Set tREFI to 7.8us
XVi. Set tRFC to 110ns
XVi. Set tWTR to 6 cycles
Xviii. Set tFAW to 30.0ns
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|' Interface Type
| PHY Settings | Memory Parameters | Memory Timing | Board 5

Apply timing parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.
S (base): |170 ps
tiH (base): |20 ps
DS (base): |1p ps
tDH (base): 45 ps
Qs 100 ps
tOH: 0.33 cydes
DOSCK: 275 ps
tDQss: 0,27 cydes
HRSH: 0.38 cycles
tDsH: 0,18 cydes
tDS5: 0.18 cycles
HINIT: 500 us
tMRD: 4 cydes
tRAS: 35.0 ns
RCD: 13,75 ns
RP: 13.75 ns
tREFI: 7.8 us
wFC: 110.0] ns
VR 15.0 ns
tWTR: & cydles
HFAW: 20.0 ns
tRRD: 7.5 ns
wTP: 7.5 ns

Figure 20: Memory Timing Settings

18



e Board Settings Tab
Users should do board simulation for proper values in this page:

i In the Board Settings tab, set the slew rate parameters to Select Use Altera’s default

settings
ii. Set the Intersymbol Interference/Crosstalk parameters to Select Use Altera’s default

settings
iii. Set the Board Skews parameters to the below value Select Use Altera’s default settings

PHY Settings | Memory Parameters I Memory Timing | Board Settings | Controller Settings I Diagnosh’cs|

Use the Board Settings to model the board-evel effects in the timing analysis.

The wizard supports single- and multi-rank configurations. Altera has determined the
effects on the output signaling of these configurations and has stored the effects on the output slew
rate and the channel uncertainty within the UniPHY MegaWizard.

These values are represeniative of spedific Alfers boards. You must change the values fo account for
the board fevel effects for your board. You can use HyperLynx or similar simulators to obtain
walues that are representative of your board.

|' Setup and Hold Derating

‘You can specify the slew rate of the output signals to refer to their effect on the setup and hold times of
both the address and command signals and the DQ signals, or spedfy the setup and hold times directly.

Derating method:
() Specify slew rates to calculate setup and hold times
() Spedify setup and hold times directly

CK/CK# slew rate (Differential): 2.0 Vs

Address and command slew rate: 1.0 Vfns

DQS/DQ5# slew rate (Differential): 2.0 Vfns

DQ slew rate: 1.0 Vfns

I5: 0.32 ns

uigh 0.22 ns

tD5: 0.16 ns

tDH: 0.145 ns

Figure 21: Setup and Hold Derating
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|~ Channel Signal Integrity

Channel Signal Integrity is @ measure of the distortion of the eye due to intersymbol interference
or crosstalk or other effects. Typically when going from a single-rank configuration to a multirank
configuration there is an increase in the channel loss as there are multiple stubs causing
reflections. Please perform your channel signal integrity simulations and enter the extra channel
uncertainty as compared to Altera's reference eye diagram.

Derating Method: (@) Use Altera's default settings

() Spedfy channel uncertainty values

Address and command eye reduction (setup): 0.0 ns

Address and command eye reduction (hold): 0.0 ns

Write DQ eye reduction: 0.0 ns

Write Delta DQS arrival time: 0.0 ns

Read DQ eye reduction: 0.0 ns

Read Delta DQS arrival time: 0.0 ns
|~ Board Skews

PCB traces can have skews between them that can cause timing margins to be reduced. Furthermare
skews between different ranks can further reduce the timing margin in multi-rank topologies.

’ Restore default values ]

Maximum CK delay to DIMM/device: 0.6 ns
Maximum DQS delay to DIMM/device: 0.6 ns
Minimum delay difference between CK and DQS: -0.01 ns
Maximum delay difference between CK and DQS: 0.01 ns
Maximum skew within DQS aroup: 0.02 ns
Maximum skew between DQS groups: 0.02 ns
Average delay difference between DQ and DQS: 0.0 ns
Maximum skew within address and command bus: 0.02 ns
Average delay difference between address and command and CK: |g.g ns

Figure 22: Channel Signal Integrity and Board Skew

5. Once all the changes is done, click on the Finish button.
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6. Double click Avalon-MM Traffic Generator and BIST Engine IP from the Basic Functions> Simulation;
Debug and Verification>Verification folder in the Library list

Library

él--Basic Functions

- Arithmetic

Bridges and Adaptors

[#-Clocks; PLLs and Resets

¥ Configuration and Programming

F-DMA

--On Chip Memary

él--SimuIatiu:nn; Debug and Verification
[#-Debug and Performance
[#-Simulation

[=-Verification

- @ Altera Avalon Data Pattern Checker

o Alters Avalon Data Pattern Generator

o 4valon-MM Traffic Generator and BIST Engine ]

2 Avalon-5T Test Pattern Checker

o Avalon-5T Test Pattern Generator

Figure 23: Traffic Generator

e Match the Avalon data and address with on the traffic generator module with those on the ddr3 module
and click on the Finish button.

i Set the Avalon Data Width to 96

ii. Set the Avalon Address Width to 24

Interface Settings | Traffic Settings

|~ Avalon-MM Settings

Avalon Data Width: a5
Actual Avalon Data Width: 96
Avalon Symbol Width: |

[7] Generate power-of-2 data bus widths for Qsys or SOPC Builder

[] Generate SOPC Builder compatible resets
Avalon Address Width: 24

Actual Avalon Address Width: 28

Generate per byte address

[7] Generate Avalon-MM begin burst transfer signal
Maximum Avalon-MM burst length: [ 4 -
[7] Generate 2 Avalon interfaces

[] Generate Avalon-MM byte-enable signal

[7] Generate the per-bit pass/fail signals in the status inteface

Figure 24: Traffic Generator Settings

7. Export the following signals

e The status conduit for both the traffic generator and DDR3 SDRAM UniPHY IP.
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8. Connect the following signals:

Avalon signal of the traffic generator to the Avalon signal of the DDR3 SDRAM UniPHY IP
Afi_clk signal of the DDR3 SDRAM UniPHY IP to the avl_clk signal of the traffic generator
Afi_reset signal of the DDR3 SDRAM UniPHY IP to the avl_reset signal of the traffic generator
Clk signal from the clock module to the pll_ref_clk of the DDR3 SDRAM UniPHY IP

Clk_reset signal from the clock module to the global_reset and soft_reset of the DDR3 SDRAM
UniPHY IP

t: System Contents &2 | AddressMap &% | Interconnect Requirements 2%
" System: unsaved
| Use Connections Mame Description Export
"’G B ck_o Clack Source
C— dk_in Clock Input clk 4
C— dk_in_reset Reset Input reset
) dk Clock Qutput d
- — dk_reset Reset Output
- B mem_if_ddr3_em...DDR3 SDRAM Controller with UniPHY
7 * pll_ref_dk Clock Input
- 4 global_reset Reset Input
soft_reset Reset Input
—_— afi_dk Clock Qutput
afi_half_dk Clock Qutput
— afi_reset Reset Output
afi_reset_export Reset Output
< memory Conduit memory
avl Avalon Memory Mapped Slave
A status Conduit mem_if_ddr3_emif_0_s...
pll_sharing Conduit
= DQ mm_traffic_gene... |Avalon-MM Traffic Generator and BIST...
avl_clock Clock Input
avl_reset Reset Input
o status Conduit mm_traffic_generator_...
— avl Avalon Memory Mapped Master

Figure 25: Qsys Connection

Important Note : Review any warning messages displayed in the Messages Window and correct any
errors before making further changes

Important Note : Instead of leaving it to default, ensure the parameters in Board Timing tab are
configured correctly based on the actual target board as the value are vary from board to board. Use
HyperLynx or similar simulator to obtain values of the actual target board.

Important Note : Take note on the info messages regarding which address/command pin placement
scheme that need to follow based on the final IP setting. This info will be needed during pin
assignment in the later stage.

Note : For Board and Package Skews, use Board Skew Parameter Tool available in Altera web to
compute the value

Note : For detailed explanation of the parameters, refer to Parameterizing Memory Controllers with
UniPHY IP chapter of the External Memory Interface Handbook.
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9. Click Save from the file menu.

e Pop up window will appears to let you choose the location to save this IP file. Please select the folder

you created above.
e Specify the Entity name and click Save

A Save: ddi3 ==
savein: | , pre-design - ¥ % -
I | sys_edit
n;} , db
Recent Items
Desktop
I
My Documents
LY
Computer
= '\
MNetwerk ; - )
Files of type: Qsys System Files (*.gsys) v

Figure 26: Save Qsys file
9. Click Finish. The configuration is saved as ddr3.gsys which located inside <your project folder> directory.

10. When prompt to generate the IP, click Yes.

Pop up window will appears to let you choose the type of HDL design for synthesis and simulation.
Chose Verilog for the Synthesis section and None for the Simulation section.
e Ensure you are using the right directory and click on Generate

23



4 Generation =

~ Synthesis |

Synthesis files are used to compile the system in a Qualilus IT project.

Create HOL design files for synthesif [yeriog +

[] Create timing and resaurce EDA synthesis tools.

Create block symbol file (.bsf)

o

The simulation model contains gener3tadkilflastatae smulator, and may indude simulation-only features.

Create simulation model: None

Allow mixedanguage simulatior

Enable this if your simulator supports mixed-language simulation.

~ Output Directory
Fath: directory E]

Make sure your output path directory
is correct

Figure 27: Generating Synthesis Design

11. In Integration with the Quartus Il Software window, click Finish. Pop up window will appear to advice on
including the .gip and .sip file into the design. Click OK on the window.

A Generate Completed = |

e e

@ Info: traffic_generator_0: "mm_traffic_generator 0" instantiated altera_avalon_mn

(@ Info: mm_traffic_generator_0_avl_translator: "mm_interconnect_0" instantiated al

@ Info: Reusing file C:fold_pc_back_up/altera/2015/design_store/pre-design/ddr3 /s

@ Info: mem_if_ddr3_emif_0_avl_translator: "mm_interconnact_0" instantiated alter:

@ Info: Reusing file C:fold_pc_back_up/altera/2015/design_store /pre-design/ddr3/s

@ Info: ng0: "c0” instantiated altera_mem_if_nextgen_ddr3_controller_core "ng0”

(@ Info: a0: "c0”instantiated alt_mem_ddrx_mm_st_converter "a0"

(@ Info: ddr3: Done "ddr3” with 15 modules, 142 files

@ Info: ip-generate succeeded.

(@ Info: Finished: Create HDL design files for synthesis -
1| 1 | 3

[

1, Generate: completed with warnings.

Figure 28: Design Generation Complete

Q; Quartus I \EI

You have created an IP Variation in the file
C:fold_pc_back_up/altera/2015/design_store/pre-design fddr3.qsys.

To add this IP to your Quartus project, you must manually add the .gip and .sip files
after generating the IP core.

The .gip will be located in <generation_directory =/synthesis/ddr 3.gip

The .sip will be located in <generation_directory = simulation/ddr 3.sip

Figure 29: Reminder to include QIP and SIP file
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Design Constraint, Compilation and Analysis

1. Open the top level file of ddr3.qip (in the <design_directory>/ddr3/synthesis/ folder) and click on Set as Top
Level Entity using the project menu.

Project | Assignments Processing Tools  Window  Help =

Add Current File to Praject
Add/Remove Files in Project. ..

|TJ‘_'| Revisions...

Copy Project...
Clean Project...

Archive Project...
Restore Archived Project...

Import Database. ..
Export Database. ..

Import Design Partition...
Export Design Partition...
Generate Design Partition Scripts...

Generate Td File for Project...
Generate PowerPlay Early Power Estimator File

Upgrade IP Components. ..

Organize Quartus IT Settings File

= setas Top-Level Entity Cirl+Shift+1

Hierarchy 3

Figure 30: Set Top Level Entity

3. Run synthesis by clicking on the Start Analysis and Synthesis under the Processing menu. This is
required so Quartus can determine the names of the external ports connected to the UniPHY for when the I/O
assignments are created in the next step.

Processing ] Tools  Window Help =
Stop Processing Ctrl+Shift+C F\@ - @ i & ::J ﬁ.ﬂ "3 @ \lﬁ E
= Start Compilation Ctrl+. ddr3.v B8 |
%4 Analyze Current File ‘E OW 0 S % 3 b | I;_-I E =
Start * | Mz StartHierarchy Elaboration
Update Memary Initialization File ®7  Start Analysis & Elaboration
‘Q Compilation Report Cirl+R @ Start Analysis & Synthesis Ctrl -+

Figure 31: Analysis and Synthesis

4. Run tcl script generated by the UniPHY IP by clicking on the Tcl Scripts under the Tools menu. Select the
tcl script <variation_name>_pin_assignments.tcl and click on Run to assign the pin and DQ group

assignments.
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[ T 5511

T = T T

» B €£€

-~

.

S

<

BIORN:

Tools | Window Help =

Run Simulation Tool
Launch Simulation Library Compiler

Launch Design Space Explorer II
TimeQuest Timing Analyzer
Advisors

Chip Planner
Design Partition Planner

Metlist Viewers

SignalTap II Logic Analyzer
In-System Memaory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

JTAG Chain Debugger

Fault Injection Debugager

System Debugging Tools

IF Catalog
Mios II Software Build Tools for Edipse

Qsys

Ry

Tl Scripts

Figure 32: Tcl Scripts
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[l

&3 TCL Scripts
Libraries:
4 | Project It COpen File
4 | 5 ddr3 L
4 | 7 synthesis

4 | submodules

ddr3 mem if ddr3 emif 0 o0 pargmeters, to

ddr3_mem_if_ddr3_emif_0_p0_pin_assignments. td

ddr3_mem_if_ddr3_emif 0_p0_pin_map.td

Preview:

# (C) 2001-2015 Altera Corparation. All rights reserved.
# Your use of Altera Corporation's design tools, logic functions and other

# software and tools, and its AMPP partner logic functions, and any output

# files any of the foregeing (induding device programming or simulation

# files), and any associated documentation or information are expressly subject
# to the terms and conditions of the Altera Program License Subscription

# Agreement, Altera MegaCore Function License Agreement, or other applicable
# license agreement, induding, without limitation, that your use is for the

# sole purpose of programming logic devices manufactured by Altera and sold by
# Altera or its authorized distribitors.

Please refer tn the annlicahle

4|

n

Run J [ Close

J

Help

Figure 33: Pin assighments

e Click OK on the pop-up window notifying the Tcl Script has been executed. And click Close on the

TCL Scripts window.

e Verify in the Assignment Editor b that pin assignments have been created successfully

| =Y Compilation Report - m10 B | a Assignment Editor 8 |
<<news> v Filter on node names: = + Category:
tatu From To Assignment Name Value Enabled Entity Comment Tag

1 o .io_) memor..dg[d] IO Standard SSTL-15 Yes ddr3 _d._pd
2 o .i°_-> memor..dg[d]  Output Termination Series 40.. libration Yes ddr3 _d._p0
3 L .i°_> memor...dg[1] IO Standard SSTL-15 Yes ddr3 _d._p0
4 ' 4 .i°_> memor..dq[1] OCutput Termination Series 40.. libration Yes ddr3 _d._p0
5 o .i°_> memor...dg[2] IO Standard SSTL-15 Yes ddr3 _d.._p0
. W

Figure 34: Confirming Pin assignments

5. Pin locations for external memory systems are not automatically created. Run the pin location tcl script by
clicking on the Tcl Scripts under the Tools menu. Select the tcl script m10_ddr3_pin_locations.tcl.tcl and

click on Run to assign the pin location.
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&4 TCL Scripts

Libraries:

ddr3/synthesis/submodules/ddr3_mem_if ddr3_emif 0_p0_report_timing_core, td
ddr3/synthesis/submodules/ddr3_mem_if ddr3_emif 0_p0_timing. tcl
ddr3/synthesis/submodules/ddr3_mem_if ddr3 emif 0_s0_make_gsys_seq.td

I |m10_ddr3jn_|ot3ﬁons.td

]

Preview:

ddr3/synthesis/submodules/ddr3_mem_if ddr3_emif 0_p0_pin_assignments, tcl o COpen File
ddr3/synthesis/submodules/ddr3_mem_if_ddr3_emif_0_p0_pin_map.tc
ddr 3/synthesis fsubmodules/ddr3_mem_if_ddr3_emif_0_p0_repaort_timing. tc

get_instance_assignment -name I0_STAMDARD "1.5 V™ -to mm_traffic_generator_0_status_fail
get_instance_assignment -name I0_STAMDARD "1.5 V™ -to mm_traffic_generator_0_status_pass
set_instance_assignment -name I0_STAMDARD "1.5 V™ -to mm_traffic_generator_0_status_test_complete
set_instance_assignment -name I0_STAMDARD "DIFFEREMTIAL 1.5-V 55TL" -to ck_dk
set_location_assignment PIN_N14 -to dk_dk
set_|ocation_assignment PIN_M15 -to “dk_dlk(n)”
set_|ocation_assignment PIN_Y20 -to memory_mem_a[0]
set_location_assignment PIM_Y 20 -to memory_mem_a[10]
set_location_assignment PIM_E20 -to memory_mem_a[11]
H get_|ocation_assignment PIMN_J14 -to memory_mem_a[12]
set_|ocation_assignment PIN_D19 -to memory_mem_a[1]

[ »

Figure 35: Pin Location

e Click OK on the pop-up window notifying the Tcl Script has been executed. And click Close on the
TCL Scripts window.

e Verify in Pin Planner or Assignment Editor that pin locations have been created successfully

| Compilation Report - m10 0| ¥ Assignment Editor ]
CEMEWEE T Filter on node names:  *
tatu From To a!\ss.ignmént MName Value Enabled Entity
97« [ - memory_mem_a[0] Location PIN_V20 Yes ]
o8 [N 22 memory... a[10]  Location PIN_Y20 Yes I
99 o _ 2 memory..._a[11]  Location FIN_E20 Yesg _
00 [N °- memory..._a[12]  Location PIN_J14 Yes I
101 « [ - memary_mem_a[1] Location PIN_D1% Yes ]
02 N - memory_mem _a[2] Location PIN_A21 Yes I
103« [ - memory_mem_a[3] Location PIN_U20 Yes ]
w4 « [ - memaory_mem_a[4] Location PIN_C20 Yes ]
Figure 36: Confirming Pin Location (Assignment Editor)
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Top View - Wire Bond
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Figure 37: Confirming Pin Location (Pin Planner)

6. Run full compilation by clicking the Start Compilation under the Processing menu. The compilation may
take around 10 minutes to complete depending on compilation PC.

[Prn::essing] Tools  Window Help =)

] Stop Processing Ctrl+5hift+C

= Start Compilation Ctrl+L |

%# Analyze Current File

Figure 38: Compilation

7. Review all the Critical Warnings and Warnings and determines if it is acceptable or need to be address.

Note : For Quartus 15.0 and 15.1, the timing model for MAX 10 device is still preliminary. You might see some
timing violation on the DDR3 design while using Quartus 15.0.

Note : For Quartus version prior to 15.1.1, there will be timing violation on the “DQS vs CK” and “Write”
operation in the TimeQuest Timing Analyzer. This is due to the SDC constraint for QII version prior to 15.1.1 is
set to hardcoded signal name rather than variable name.
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Adding SignalTap file Into Existing Example Design

1. In the Quartus Il software, launch SignalTap Il Logic Analyzer from Tools menu.

|Tools Window  Help &

Run Simulation Tool k
2 Launch Simulation Library Compiler
%8 Launch Design Space Explorer II
3 TimeQuest Timing Analyzer

Advisors *

\@ Chip Planner
-@ Design Partition Planner

Metlist Viewers k

5 SignalTap II Logic Analyzer

Figure 39: SignalTap Il

i. Under the Signal Configuration section, click on the browse button.

Signal Configuration: »

Clodk: ﬂ |:

Figure 40: Include Clock
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In the Node Finder window, change the Filter to SignalTap Il: pre-synthesis. Enter the name
*pll_ref_clk* in the Named section and click on the List button. Select the pll_ref_clock and click
on the Copy to Selected Nodes list button. Finally, click OK on the Node Finder window.

Mode Finder IEI
Option:
Filter: | |SignalTap II: pre-synthesis '] [Customize... l
Look in:™ |ddr3] * ... | ¥ Indude subentities Hierarchy view
Modes Found: = Selected Nodes:
Mame Assignments #0 Mame Assignments
ddr3 ., ddr3_mem_if. pll_ref_dk Unassigned
4 ddr3_mem_i..dr3_emif_0
s .
o pll_ref dk Unassigned
4 ddr3 mem_.plo:plo
E. plref dk{Unassigned
] m | » fa| <] m | ¥
[ 0K ] [ Cancel

Figure 41: Include Reference Clock

Include the following signals into your SignalTap file. Double click on the Setup area and the pop-
up Node Finder window will appear.

auto_signattap_0 Lock mode: [@'Nlow all changes -
| Node | Data Enable | Trigger Enable |Trigger Conditions
|Type ‘Ahas | Name | o o 1[¥/|BasicAND ¥
[ Aloeta | EZsetp |

Figure 42: Setup area

MNode Finder @
Options
Filter: [Signal‘l’ap II: pre-synthesis '] [Cusmmize... ]
Lockin:  |ddr3] - E] Include subentities Hierarchy view

Figure 43: Node Finder
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Look for the following signals in the Named section on Node Finder window and click on the List
button. Select the signal and click on the Copy to Selected Nodes list button. Finally, click Insert
on the Node Finder window

e ddr3_mem_if_ddr3_emif_O:mem_if_ddr3_emif_Ojlocal_cal_fail

e ddr3_mem_if_ddr3_emif_O0:mem_if_ddr3_emif_O|local_cal_success

e ddr3_mem_if_ddr3_emif_O:mem_if _ddr3_emif_O|local_init_done

e ddr3_mm_traffic_generator_0:mm_traffic_generator_0O|pass

e ddr3_mm_traffic_generator_0:mm_traffic_generator_O|fail

e ddr3_mm_traffic_generator_0:mm_traffic_generator_O|test_complete

e ddr3_mem_if_ddr3_emif_0:mem_if_ddr3_emif_0|ddr3_mem_if_ddr3_emif_0_pO:pO|phy_cal_
debug_info[31..0]

e ddr3_mm_traffic_generator_0:mm_traffic_generator_O|driver_no_ifdef_params:traffic_generat
or_O|driver_fsm_no_ifdef_params:real_driver.driver_fsm_inst|loop_counter[31..0]

MNode Finder @
Mamed: *ddr3_mm_traffic_generator_0:mm_traffic_generator_0|driver_no_ifdef_params:traffic_generator_0|driver_fsm_no_ +
Options
Filter: ISignaI‘I’ap II: pre-synthesis 'I ICusmmize... I
Lookin: |ddr3] v | [ Indude subentities Hierarchy view
odes Found: = Selected Nodes:
Name Assignments #l Name Assignments
ddr3 .C) ddr3_mem_if_ddr3_emi.. mif_0Jlocal_cal_fail Unassigned
» ddr3_mm_traffic_gene..._traffic_generator_0 C

== ddr3_mem_if_ddr3_em...0llocal_cal_success  Unassigned
.C) ddr3_mem_if_ddr3_emi..if_0Jlocal_init_done Unassigned

.C) ddr3_mm_traffic_gene.. fic_generator_0|fail Unassigned

.C) ddr3_mm_traffic_gen..ic_generator_OJpass Unassigned
.C) ddr3_mm_traffic_gen...tor_0Jtest_complete  Unassigned
55} ddr3_mem_if_ddr3_e..phy_cal_debug_info  Unassigned

55} ddr3_mm_traffic_gen..m_instlloop_counter  Unassigned

M A
ARV

~
=
4

] T b

I Insert H Close

Figure 44: Signals on Node Finder

2. Safe the file by selecting Save from the File menu. Select the name you require for the stp file and
click on the Save button. Remember to select the Add file to current project check box. Select Yes when
prompt to enable the SignalTap Il file for the current project.

@ SignalTap I Logic Analyzer - C:/old_pc|
File | Edit WView Project Processing 7
_] MewFie Ctrl+M

Close
@ Save Ctrl+5
Save As...

Figure 45: Save the SignalTap Il File
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Save As @
Save in: | . syrthesis j |=_°F '
= Name : Date modified Type
)
g J submodules 9/14/201512:27 PM  File folder
Recert Places
Desktop
IJElaries
Computer
LV
Network
4 T 3
File name: |m j Save |
Save as type: |SignaITap Il Logic Analyzer Files (*stp) j Cancel
[v Add file to cument project

Figure 46: Add SignalTap Il File to Project

Q.f Quartus I @

! Do you want to enable SignalTap II File "ddr 3/synthesis/stpi.stp” for the current
5 project?

Figure 47: Enable SignalTap Il file

3. Run full compilation after including the SignalTap Il file to the design

Design Hardware Test

1. In the Quartus Il software, launch SignalTap Il Logic from Tools menu.

2. In Jtag Chain Configuration window under SignalTap Logic GUI, configure

the Hardware and Device based on the targeted board. For File, browse for the m10.sof file (located in
<design_directory>/ output_files folder) and click Open.

3. Click Program Device button to configure the FPGA.

. : , , 9]
4. Select the SignalTap instance and click the Autorun Analysis button I==1 next to Instance Manager label.

The SignalTap Il Logic Analyzer Pane will shows the acquired data from each signal in the Data tab.

6. On the development kit, push once and release the reset button on the development kit to reset the design.
7. Now observe the data for local_cal_success and traffic_gen_pass and traffice_gen_timeout instances
change from 0 to 1 on the SignalTap which indicate the calibration is success and pass the example driver
tests. Also the LED1 on the board will light up and turn to green colour.
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