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Memory Interface Criteria

= System designers prefer memory interfaces with

e Less Power
e More Performance

. Lowest Price per bit

= DDR4 delivers in all three areas with UltraScale™
(compared to DDR3)
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Design Timeline
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Design Timeline
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Design Timeline
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Design Timeline
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Which memory

should be chosen for

the new design?
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Objectives

Explore major differences between DDR4 and DDR3

Know which memories are supported with UltraScale

See how to start a DDR4 memory controller design in
UltraScale using MIG

Preview next generation memory interfaces

X‘ ==AVNET




Agenda

= Technology differences: DDR4 vs. DDR3
= UltraScale memory interface features

= System design-in considerations for DDR4 with
UltraScale

= Creating an UltraScale DDR4 memory controller

= Next generation memory

x4 ==AVNET




Technology Differences: DDR4 vs. DDR3
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Remember Slide 27

DDR4 Advantages in

Power

Performance

Price

Memory Interface Criteria

= System designers prefer memory interfaces with

+ Less Power
« More Performance

- Lowest Price per bit

= DDR4 delivers in all three areas with UltraScale™

(compared to DDR3)

= SAVNET
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DDR3 vs. DDR4: Voltage and Power

DDR3/L DDR4 DDR4 Improvements

Voo/Vopo 1.5V/1.35V 25% reduction to DDR3
. internal word-line > T More cost-effective and
PP Charge pumps ' allows lower VDD/Q
1o Vo n/V Yo \nn/V
Vo7 _ bD™ 7 bbQ _ bb" bbQ 25% reduction to DDR3
sink/source sink/source
1o Vo n/V 1o \n/V
Viee INputs Sl i Vrerno IS internal
DQ and CA CA only
- Pseudo-Open Reduces termination
DQ Termination SSTL _
Drain (POD) current
_ 339mW 247TmW
Example:
(DDR3L, 30nm, (DDR4, 30nm, 27% less power

Power (IDD7
( ) 4Gb, 1866MT/s) 4Gb, 1866MT/s)

A ==AVNET
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FPGA Power Savings

_ |O/PHY _
Interface | Rate/Width % Savings
Power
DDR3, 1866 Mb/s,
_ _ 1.41 W -

7-Series 32-bit
DDR4, 1866 Mb/s,

_ 0.94 W 33%
UltraScale 32-bit
DDR4, 2400 Mb/s,

_ 1.10 W 22%
UltraScale 32-bit

x< ==AVNET
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DDR4 Power Circuit Design — Vpp,o and Vpp

— EEHD-e-|= UltraScale_XPE_2014_2:xlsm - Microsoft Excel
: an =
D D D DQ " Home Insert Page Layout Formulas Data Review View Acrobat

- fe | ddra_ck

PS / - 50/ t I Al B | ¢ ) E F e [ H [ 1 | J K L N o P
+ 0 O erance ‘ I @ Summary EZ® Add Memory Interface I/0 Power
. 2
° M y h gl pply 3 Active Current Summary  Select V0 User Gu
a S are a SI n e Su 4 Source Active Power (on-chip)
. 5 L 05194 Logic | XPE User Guids
* Also may share supply with - e
7 00 0.000A  0.000A
FPGA V 8 2500V 0.000A  0.000A 16% of total on-chip power 11.226W
CCO 190 1:23: gm ::: XPE Memory Interface Configuration (|
e Switching regulators area : b | —
- 13 [ 1.000V 0.000A  0.000 DDR3
good Cholce 14 Data Rate mination (DQ/5)

RLDRAM3

Data Width [ 33

'l

Address Width

-

16 Bank

e Single shared supply may . ore | [P
require multiple amps e i bass

ddrd_addr/ba<0:11= HP SSTL 1.2 Module name: I

;'

21 |ddrd_dg=0:63= HP  |PCD DCI 1200.0

22 ddrd_dgs<0:-7> HP Diff POD Configures 1/0 interface, adds minimal docking and no link layer logic. 12000

« Use Power Calculators to  z (sl | = e
24 di ; 600.0

1 2| |4 EE9-e-|= DDR4_Power_Calc_REVOp995.xdsm - Microsoft Excel Chart Tools 19000

eStI I I l ate 26 Home  Insert  Pagelaout  Formulas  Data  Review  View  Acobat | Design  Layout  Format :
Chart2 - b \
A B & D E | J K L M

F G H
Acron
4Gb DDR4 SDRAM with 16 DQs and a FALSE Speed Grade, DBI not enablec

System is operating at 1200 MHz clock with VDD = 2.5V. Read bandwidth is 2400 MT/s with write bandwidth of 1440 MT/s. The DR

| j—
—
PP .
terminates 0 MT/s. ACT commands are separated by 8.3ns on average. All parameters are calculated and require no user inpuf
7
e +/-10% tolerance
Psys Power Consumption Summary

8
9

 Check DDR4 datasheet for i\ ST

1
2
3
4
5

Power Consumption By DRAM

12 |RD 105 6[mwW
- 13 |WR 652 Qw 500 @ Total RD/WR/Temn Power
current requirements i [remio a0 iy  Total Actse Poser
15 |write ODT 19 5[mw 400

16
17 |ACT_STBY

« ~30 mA for one 4Gb device 5 [

20 PRE_PDN
21 REF

- 22 Total Background Power
dfest 23
Y WY & 24

Total DDR4 SDRAM Power

w
=
5

Device Power (mWW)

o
=
=3

=
=3

TERM 2nd rank

VET"
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DDR4 Power Circuit Design — V{1 and Vg

X

Vi and Vpee value are dictated by Vpp )
* Must be 50% of your Vo Voltage I3 TEXAS

» V;; must be sink/source INSTRUMENTS

Vi1 / Vgee dedicated termination regulators
 TPS5120x family from Texas Instruments ON Semiconductor® @
 NCP51199 from OnSemi

 MAX1510 from Maxim Integrated

maxim

Ve alternatives !
integrated..

* Low noise linear regulators
* Resistor divider as seen on Xilinx KCU105
 Internal Vi required for UltraScale

V7 alternative
« Synchronous switching regulators able to sink current
* Needs to accurately regulate to 50% of your Vpp

=AVNET"
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DDR4 Termination

= Command/Address uses SSTL (same as DDR3)
= Data uses Pseudo Open Drain (POD) 1.2V

e A

POD driver has
 strong pull-down strength

« weak pull-up strength
— True open-drain has no pull-up strength

Requires external pull-up resistor to HIGH voltage
* In practice, this is accomplished internally

— DCI in FPGA s t
! “High"” No DC %
— ODT in DDR4 device ﬁm “““““ 02 e o >

Advantage: no DC current |
during high drive {wg;ucrg S
=L
x =nvnel
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DDR3 vs. DDR4: Performance in UltraScale

m DDR3/L DDR4 DDR4 Improvements

800, 1066, 1600, 1866,
Data rate (Mb/s) 1333, 1600, 2133, 2400, 509% faster
1866, 2133 2667, 3200

==AVNET"
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DDR3 vs. DDR4: Performance in UltraScale

m DDR3/L DDR4 DDR4 Improvements

800, 1066, 1600, 1866, 13%
Data rate (Mb/s) ~ 1333,1600, 2133, 2400, (Bofaster

1866, 2133 (063200

* Not supported in UltraScale

X‘ ==AVNET"
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DDR3 vs. DDR4: Performance in UltraScale

m DDR3/L DDR4 DDR4 Improvements

800, 1066, 1600, 1866, 13%
Data rate (Mb/s) ~ 1333,1600, 2133, 2400, (Bofaster
1866, 2133  (Cos(3200)
Densities 512Mb to 8Gb  2Gb to 16Gb iﬁigens'ty e shgle
16 (x4,x8)
Internal Banks 8 More banks (x4, x8)
8 (x16)
4 (x4, x8)
Bank groups 0 Faster burst accesses
2 (x16)

* Not supported in UltraScale

x< ==AVNET




DDR4 vs. DDR3: Price Premium

100%

80%

60%

40%

20%

-20%

2014 ' 2015 ' 2016 ' 2017

* Estimate courtesy | Micron
==AVNET
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UltraScale Memory Interface Features
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UltraScale Memory Interface Support

DDR4 1200 MHz
DDR3 1067 MHz
DDR3L 933 MHz
LPDDR3 TBD
QDR I+ (Xtreme) 633 MHz
QDR IV TBD
RLDRAM 3 1066 MHz

Speed grade and package dependent

22

':‘: Fa ] o -'E.T.'
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UltraScale Memory Interface Architecture

Soft Fabric Hard Blocks

Memory Calib- | PHY

Controller ration
Module

* Bank groups

User  Reordering
- * R/W grouping [

Logic
J T |« AXI-4 multi-
port option

Flexible Low Latency Optimized
User Interface PHY Interface /O

=AVNET"

I/O Bank (52 Pins)




UltraScale DDR4 DIMM Support

= Xx16, x8, and x4-based DIMMSs

= Single, dual, and quad rank DIMMSs

= DIMM types supported
« SODIMM
« UDIMM
« RDIMM

Micron

dfest = SAVNET

19
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Vivado® DDR4 DIMM Support

DDR4 DIMM Type Vivado Support Schedule*

Notes:

* Release version for support is subject to change

SODIMM (1R, 2R)
UDIMM (1R, 2R)
RDIMM (1R, 2R)

RDIMM (4R)

2014.3

2014.3

2015.1

2015.2

* No current plans for an UltraScale development board with DDR4 DIMM

Jies o ~ ”|=
1ICol

20
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System Design-in Considerations for

DDR4 with UltraScale

x< &8 ==AVNET




High-Speed PCB Design

Understand transmission
line theory

Match trace lengths
Control impedances
Use proper termination

Utilize best practice power

supply design

* Bypass properly

* Avoid crossing splits in the
power plane

Reduce noise on Ve

Engineer the layout to
minimize crosstalk

.76

UltraScale Architecture
PCB Design

Advance Specification User Guide

Read and
follow
UG583!

& XILINX

%

22



High-Speed PCB Design

= Understand transmission
line theory

= Match trace lengths

UltraScale Architecture
PCB Design

“Strict adherence to all
documented DDR4 PCB
guidelines Is required for

successful operation.”

Engineer the layout to
minimize crosstalk
X

I

& XILINX
=—7AVNET
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DDR4 Design Checklist — XTP359

9

xtp358-MIG-IP-UltraScale-Design-Checklistxlsx - Microsoft Excel

Home Insert Fage Layout Formulas Data Feview View Acrobat
ca - S
A B C
1 MIG UltraScale Design Checklist
2 KTP359 — Revision 1.0
Release 2014.2
3
Instructions: Review the items in each section to ensure that vou have followed the MIG IP design rules.
24

M < » M| Title & Project Page

1.0 Core Definition8Generation 2.0 Pin and Board Planning 3.0 Simulation 4.0 Design Flow 5.0 Hardware Debug ]

==AVNET
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DDR4 Design Checklist — XTP359

9

xtp358-MIG-IP-UltraScale-Design-Checklistxlsx - Microsoft Excel

Home Insert Fage Layout Formulas Data Feview View Acrobat
ca - S
A B C
1 MIG UltraScale Design Checklist
2 KTP359 — Revision 1.0
Release 2014.2
3
Instructions: Review the items in each section to ensure that vou have followed the MIG IP design rules.
24

M < » M| Title & Project Page

x«*’@““

1.0 Core Deﬁntinn&GenemtinGin and Board PEHDD Simulation 4.0 Design Flow 5.0 Hardware Debug %2

N

==AVNET
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DDRA4 Design Checklist — XTP359

r|'.|._T.|' = - | = xtp359-MIG-IP-UltraScale-Design-Checklistxlsx - Microsoft Excel
m Home D) Description
8 21 PCB Layout Requirements
A 2.1.1 Reference Stack-Up - .
- Have you followed all signal routing layer and reference stack- -hecklist
2 up requirements?

2.1.2 Topology and Routing Guidelines
Are you following the required fly-by termination, impedance,

Instructions:
length, and spacing guidelines for addr/cmd/ctrl?
Are you following the required fly-by termination, impedance,
2 length, and spacing guidelines for clock signals?
M 4 » W] Title & Proje Are you following the point to point required routing for data Jardware Debug .~ ¥J

signals?
Are you following the required length routing constraints?

Are you following the required length matching routing
constraints?

Package Delays must be included in length matching.
Package delays can be found within the Vivado Pinout Table.

Are you following MIG routing guidelines?

==AVNET"




Design Example: KCU105 Board

Einiy : [Cnntene. S
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KCU105 Memory Interface PCB Design

Controlled [

trace
Cmd/Addr/Clock

Fly-by routing for }

impedance

Rt

Addr/Ctrl

Kintex — DPata —

UltraScale
XCKU040-2
FFVA1156

Package and
Speed Grade
Dependent for

2400 Mbps Vrer
R-Divider

64-bit
1200 MHz

EDY4016AABG-DR-F

Bank 44 | Bank 46 @ Bank 45

==AVNET
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Stack-up Recommendation (KCU105)

TOP

N -

LROUND

' SIGNAL

e GRrROUND

SIGNAL

. OROUND

SIGNAL

W

N

al

© 00 ~N O

POWER
POWER

=
o

=
=

=
N

SIGNAL

=
w

=
NN

SIGNAL

BOTTOM

=
a1

=
o

a

To achieve highest memory
Interface performance
ODDRA4 signals must be
routed on the top signal
layers, that is, L3/L5

Notice

OAIll DDR4 components and
UltraScale should be on the
top side

ONo adjacent signal layers
OAIl reference planes are
GROUND

==AVNET



Fly-By Routing

Command/Address/ Clock Rit
' AMA__]

Memory Controller

Source: EDN

A‘ﬂl 28 ==NAVYNE T
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Trace Length Matching

= All DDR4 signals have min/max length
requirements

= All DDR4 signals must be matched within groups

= Example: DQs within a data group
¢ Match within +/- 15 mil

« MUST include internal package delays
— In Vivado, open synthesized design, then...

==AVNET



File = Export = Export I/O Ports

9‘“ project_1 - [C:/KCU105/myproj/project_lxpr] - Vivado 2014.2

File | Edit Flow Tools Window

Layout View Help

Export I/O port information

# New Project.. PP YSEGOH KL [E Siyjorannng write_bitstream Complete
¥ Open Project...
X ized Design - xckud40-ffval156-2-e-esl (active) X
Open Recent Project 3
. [ i
Open Example Project = —Owex [ Package x| Device x 0> x
22 (B |
Save Project As... ~ Gl
Wirite Project Td... =NLEER
\ -
A Archive Project... 1/0 Bark 45
Close Project 75V
E
B Ctrles [V
Fsv F
Save Constraints As... ay [
Close Synthesized Design 1/0 Bank 44 = H
i
v ]
Open Chedkpoint... NE () K
v | /0 Bark 46 rL
Write Checkpoint... 1/0 Bark 47
Ij0 Bank 48
MNew IP Location... 1/0 Bark 64
Open IP Location. .. 1/0 Bank 65 =
N 1/0 Bark 66 ]
} anks on voltages or the "™MOME™ folder to setfunset
New File...
s REF.
Open Fie... Cirl+0 urces | [ Netlist-. @ Device Constraints
>
Run Properties — O =
E1I
&% Add Sources... Alt+A i
Open Source File... Ctrl+N
Import ¥ synth_1
Export 4 Export Hardware
Launch SDK Export Netist...
Open Log File Export Constraints...
Open Journal File Export Pblocks...
& Pprint.. Ctri+p || & ExportIfOPorts...
Exit Export Bitstream File...
= TUFOTS T
Report Utilizatic »
%J o | Name Direction MNeg Diff Pair Site Fixed Bank 1j0 5td Voo Vre
&0 Report Power |-G Al ports (59 -
77l schematic =) #) (g} ARESETN_RST.S_AXI_ARESETN_SI_RST_S_AXI_ARES! % _rst_rst_s_axi_s_resetn_25340 (1) Output 65 LVCMOS13 1.800 =
o . , =
= +-[gh 1IC_44143 In/fOut 65 LVCMOS18 1.800
4 Implementation = 4 |(g UART_60900 (2 {Multiple) 65 LVCMOS18 1.800
: 2 *l-1§@ CO_DDR4_adr (1 * . y
@ Implementation Se! ") f L & = Output 45 S5TL1Y 1.200 0.6
+-4F) CO_DDR4_ba (2) Output 45 55TL12* 1200 0.6 «
[ Run Implementatio 7 4 3
3 Eﬁ’ Open Implemenbed@ = Td Console | (& Messages | B Log | [3 Reports | 3 Design Runs

.

AVYNET
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File = Export = Export I/O Ports

-

g‘” praject_1 - [C:/KCU105/myproj/project_lxpr] - Vivado 2014.2

File | Edit Flow Tools Window Layout View Help

#  New Project... b P ¥ 5 GO K L (S| Syorannng e RN ®

* Open Project...

ized Design - xckud40-ffval156-2-e-esl (active)

Open Recent Project 3
Open Example Project » 'nsmim' - bex i Package x | & Device x
Save Project As... = EI@ X # 2345678 91011121314 151617 18
Wirite Project Td... RES .
A Archive Project... \;,{O Bark 45 = =
Close Project 75V ‘ ‘ Q
B
Export » Export Hardware
Launch SDK Export Netlist...
Open Log File Export Constraints...
Open Journal File Export Pblocks...
; . e
& Print... Ctrl+p | & ExportlfOPorts...

%] ExportBitstream File...

Exit
— - — T I;U'I"'lﬂlh
) ' o -
|£| Report Utilizatic
Il BeportUiS A | Name
) Report Power 2 | B2 All ports (69

¥1i schematic = ) [[g) ARESETN_RST.S_AXI_ARESETN_SI_RST_S_AXI_ARE
: +-I[g) IIC_44143 (2

[+ UART_60900 (2

i@ CO_DDR4_adr (17

T

£

4 Implementation

[+

<& 'qu

gniatien el

E-G All ports (53)

5
1 -
£ Report Power }

e
24
| ematic B (== ) L _RST.5_AXI_ _SI_R5T_5_AXI y_rst_rst_s_axi_s_resetn_: (1) Outpu > L =
2] schemati s &+ ARESETN_RST.5_AXI_ARESETM_SI_RST_S_AXI_ARES| t_rst tn_25340 (1) Output 7 65 LVCMOS13 1.800 =
— | mg 1IC_44143 (2) Infout 65 LVCMOS18 ~ 1300 =
4 Implementation E% t-|[g) UART_50300 (2) (Multiple) 65 LVCMOS18 ~ 1.800

ﬁ Implementation Sef (= +-4g) CO_DDR4_adr (17) Output 45 55TL12* ~ 1200 0.6
[#-4§) CO_DDR4_ba (2) Qutput 45 55TL12* ~ 1200 0.6~

+

[ Run Implementatio 4 mn

3 E‘& Open Implemenbed@ = Td Console | (& Messages | [ Log | [3 Reports | 3 Design Runs | f3 Package Pins~, [ I/O Ports

Export I/O port information

{fes ==AVNET
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KCU105 Trace Length Matching Example

= PCB flight time
* Microstrip = 136 ps/in = 0.136 ps/mil
« Stripline - 170 ps/in = 0.17 ps/mil
= Specification: +/-15 mil = +/- 2.55 ps

Signal | UltraScale | Package | KCU105 Flight Time | Total Diff-
(ps) (ps) erence

DQO AE23 70.274  3.944 422,957 3.029 500.20
1.79 ps

DQ1 AG20 87.335 3.944 404.102 3.029 49841 V

==AVNET
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KCU105 Routing DQO and DQ1

%
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Creating an UltraScale DDR4 Memory Controller

x< &5 ==AVNET
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Generating the Xilinx MIG DDR4 Controller

= Memory Interface Generator (MIG)
* Launched from Vivado IP Catalog

 Interface parameter selection
— Device, burst length, data interleaving, re-ordering

= Generated outputs

 HDL Code: Verilog (no VHDL)
— User interface: AXI or User

« Simulation support
* Build parameters

* Example design ’
— Simulate or synthesize \/ | VA DO

x< 88 ==AVNET




MIG Demo — Create New Project

gL Vivado 2014.2

Fle Flow Tools Window Help

-
Create Mew Project

Tasks

=

Manage IP

4

Information Center

Documentation and Tutorials

VlVADO.,' Productivity. Multiplied.

Open Project

Open Hardware Manager

Quick Take Videos

=

Open Example Project

&

Xilinx Td Store

Release Motes Guide

Td Console

x<fest

rﬂ} Mew Project

VIVADO/

Create a New Vivado Project

This wizard will guide you through the creation of a new project

To create a Vivade project you will need to provide a name and a location for your project files. Next, you
will specify the type of flow you'll be working with. Finally, you will specify your project sources and choose a

default part.

To continue, dick Mext.

< Back

Einish Cancel

36
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MIG Demo — Select Kintex UltraScale Device

rﬁ} Mew Project

Default Part
Choose a default Xilinx part ar board far yaur praject. This can be changed later. '

Specify Filter

Product cateqgaory | All - Package ffvallsa -
E Boards Family | Kintex UltraScale * | Speed grade | -2 -

Sub-Family | All Remaining » | Temp grade | I -

Reset All Filters |
Search: |i:l_v
If0 Pin Available LuT ) Blodk Gh GTHE

205 Count I0Es Elements I RAMs 15 Transceivers  Trang
@ wcku035-fval156-2+-es1 1 156 520 203128 406256 540 1700
I Y N —M_E-
@-xdﬂJUEU—FFu‘allEE—Z—i—EEl 1 156 331650 ob33e0
i wck075-fvalls6-2-4-es1 1,156 EED 432000 364000 1188 2592 28 28
1 T F O

< Back ][ Next = Finish Cancel

x«est N =SAVNET




MIG Demo —

_aunch IP Catalog, Select MIG

X1

Flow Mavigator

Gl i
Ll G

<

|| 4 Project Manager

% Project Settings
B Add Sources

ik Camlogt%

Project Mana

Sources

Q= =21

--le Constrail
== Simulatio

4 g T Ctal0g
Browse, custornize, and generate cores.

0 Create Block Design

38
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MIG Demo —

X1

_aunch IP Catalog, Select MIG

Flow Mavigator

A=

<

HJ Project Manager

ﬁ Project Settings

[+-4=1 Constrail
[EPrnject Summary ¥ 1F IP Catalog X

l Project Mana
Sources

Q= =21

* Search: i~

Mame
H- |7 Baseld

M | & 18 & B Yo W kB

AXI4

H- [ Basic Elements
: (=7 Communication & Networking
- [~ Debug & Verification

: ~[= Digital Signal Processing
H-[= Embedded Processing

1 FPGA Features and Design
“[= Math Functions

H-[= Standard Bus Interfaces
“[= Video & Image Processing

Status License VLMY

Pre-Production Induded

xilimx, comzip...

; Pre-Production|Induded wilinae. com:ip. ...

Details

| MName:

Memory Interface Generator (MIG)

38
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MIG Demo — Add DDR4 SDRAM Interface

Memory Interface Generator (MIG) (5.0)

iff! Documentation [ IP Location % Advanced () Switch to Defaul

IF SymbgV Resources ]

1/ planning status MA
I/0 ports count MA
Assigned ports count 0
Package pins count 520
Banks available MA

Component Mame | mig_0

Select Controller

Welcome to Memory Interface Generator Wizard (MIG)

Contraller Mame

Family Frequency(MHz) DataWidth

Click 'Add' to add a contraoller,

39

AI. DCi=l—4

DDR4_SDRAM "
DDR.3_SDRAM b

RLDRAM3
QDRIIPLUS_SRAM

=AVNET"
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MIG Demo — Add DDR4 SDRAM Interface

Memory Interface Generator (MIG) (5.0) Component Name | mi

@ Documentation [~ IP Location g Advanced (3 Switch to Defaul

g_0

IF SymbgV Resources ]

Select Controller

1/ planning status
I/0 ports count
Assigned ports count
Package pins count
Banks available

MA
MA

520
MA

Welcome to Memory Interface Generator Wizard (MIG)

Contraller

Mame Family Frequency(MHz) DataWidth

[,
Click 'Add' to add a controller. [

An Cicled

DDR4_SDRAM

DDR.3_SDRAM
RLDRAM3

QDRIIPLUS_SRAM

Component Mame | mig_0

Select Cantroller

Welcome to Memory Interface Generator Wizard (MIG)

Controller

Mame Family

0 [anMemory  JoDR4SORAM [1200.4801 6 [MraoAzsaMiaAes

Freguency(MHz) DataWidth Memory Part

x<fest

Add

[Delete]

==AVNET
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MIG Demo — Set Parameters

Component Name |mig_0

C0.DDR4.Controller
Clocking X
Component Mame | mig_0

Clock Period (ps) 833
{833 ps = 1200 MHz) Range:[233..1600] P
Input Clock Period (ps) 3333 -
(3333 ps = 300 MHz) FPGA Options

System Clock Configuration | Differential
Fabric to Memary Clock Ratio | 41 b e

Internal Vref
Controller Options Memory Options TS T
Configuration Components - Burst length 2 -
i~ Disable
Memory Part MT40A256M16HA-0E3 - Cas Latency 13 -
@) Enable

IO Memory Voltage | 1.2V - Cas \Write Latency | 12« -
Data Width 64 M Chip Select

Clock Options

Lo MIG can generate up to 4 additional docks to be used in Fabric logic. This
- will be generated from the same MMCM which is used for generation of UI CLE.

Memory Address Map | BANKROW COLUMN - = All the values in the additional docks drop downs are calculated considering the

selected MMCM YCO fregquency in Mhz,

For complete details on docking of MIG, refer to MIG product Guide,

Clock 1 {(MHz) |[Mone - D=0

Clock 2 (MHz) |[Mone - D=0

Clock 3 (MHz) |[Mone - D=0

Clock 4 (MHz) |[Mone - D=0

[

=SAVNET



MIG Demo — Floorplan

Basic IfQ Planning

=
z Marme Mem Byte Group Bank Type
= | 2-1/0 Bank 46 (2/4 Used)
4 G Al et
- Byte Group T2 Unassigned High Performance
- Byte Group T1 C0.DO[56-63] High Performance
- Byte Group TO C0.DO[45-55] High Performance
=-1/0 Bank 45 (4/4 Used)
- Byte Group T3 CO.DO[40-47] High Performance
-~ Byte Group T2 C0.DO[32-39] High Performance
- Byte Group T1 C0.Address/Ctrl-1 High Performance
- Byte Group TO Unassigned High Performance
=-If0 Bank 44 (4/4 Used)
- Byte Group T3 C0.DQ[24-31] High Performance
- Byte Group T2 C0.DQ[16-23] High Performance
~|Byte Group T1 C0.00f8-15] High Performance
Error Window

Error: Address bytes are spread in more than one bank (45,48). All the Address bytes must be selected in single bank.

Xeest

41
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MIG Demo — Floorplan

Basic IfQ Planning

=
pio

225 ]

Marme Mem Byte Group Bank Type
=-1/0 Bank 46 (2/4 Used)

=
! T o2 e

~|Byte Group T2 Bank Planning
-|Byte Group T1
|Byte Group T0 Basic IO Planni
=-1/0 Bank 45 (4/4 Used) 9 =
=
-(Byte Group T3 G
- Byte Group T2 - rjdame Mem Byte Group Bank Type
~|Byte Group T1 - =-I/0 Bank 46 (4/4 Used)
rceon | R - apratame
) 1/0 Bank 44 (4/2 ) _________[==
|Byte Group T3 Byte Group T2 C0.DQ[48-55] » |High Performance
| Byte Group T2 Byte Group T1 C0.DQ[40-47] ~ ||High Performance
~EBvteGroup T1 . |Byte Group TO C0.00[32-39] « | High Performance
Error Window E| ]fﬂ Bank 45 (3/4 Used)
Error: Address bytes are spread in more tha Byte Group T3 U-I'ESE-IQ"I'Ed - ngh Performance
- Byte Group T2 C0.Address/Ctrl-2 » | |High Performance
Byte Group T1 C0.Address/Ctrl-1 » |High Performance
Byte Group TO C0.Address/Ctrl-0 » | |High Performance
EI Ifﬂ Bank 44 (4/4 Used)
- Byte Group T3 C0.DQ[24-31] » | |High Performance
Byte Group T2 C0.DQ[16-23] » |High Performance
Byte Group T1 C0.DQ[5-15] w | High Performance

Xﬂest ==AVNET
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MIG Demo — Run MIG I/O Pin Planner

r
ﬂ Memary Interface Generateor - I/0 Pin Planning

Memory Interface Generator - I/O Pin Planning

[iE# Undo & Redo | Q Report DRC | \%\ Unselect Al |

1O Port Properties | J i Package | § Device |

« Bk bl

r c_ddr4_dq[53]

| »

Name: c0_ddr4_dg[63]

Direction: InfOut 10_L1dh ! L4
i i
Partition Pin:  True

Site: AM34 Fixed
_LITR 0_L1TH ' L12 2 ) n_L11e ] 10_LotR

Site type:  10_L24N_T3U_N11 46
Package pin: | J» AM34

ce

e iy e S e g e iy

m

e —— . e oy D e

Net: T co_ddr4_dafe3] =
e . E ad Zag TL_H1 dE e 45 £ L
10 Bank: = Port: c0_ddr4_dq[63]
- a a :_ Direction: In/Out (partition pin)
e é B et 20 et o
Clock region: __ HOY2 [ o r . e BEL: PAD
i Site: AM34 (fixed)
""""" Site type: I0_L24N_T3U_N11 46
1/0 Ports Tile: HPIO_L_X0Y150
O | Name Direction Neg Diff Pair Site Fixed Bank 1/0 5td Veco  wref | Package pin: AM34
= 5 o /0 Bank: /O Bank 46
e @ c0_ddr4_cke (1) Output 45 55TL12* 1.200 0.60 ST
] 1§ c0_ddr4_cs_n (1) Output 45 S5TL12* 1.200 0.600 sLC
= @, c0_ddr4_dm_dbi_n (2) Infout (Multiple) POD12_DCI* 1,200 0.840 SLC
e =@, c0_ddr4_dq (54) Infout (Multiple) POD12_DCI* 1.200 0.840 SLC
E o co_dira_dele] it |z @ poozocrr ———moosw] i
Infout - [7] 46 POD12_DCI* 1.200 0.840 5LC
Infout akz 7] 45 POD12_DCI* 1.200 0.840 s5LC
InfOut AKS 7] 45 POD12_DCI* 1.200 0.840 SLC
Infout aKs 7] 46 POD12_DCI* 1.200 0.840 5LC ~
0 AKB | L (=
() Messages Li’j Parckage PinRD I/0 Ports ] :Eg
AK12 [ +" Apply Constraints ] ’ ¥ Discard Changes

=SAVNET
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MIG Demo — Summary

MIG Configuration Summary

FPGA Options

System Clock Type: Differential
Reference Clock Type: Differential
Internal Vref: true

Controller Options

Controller 0

Memory: DDR4_SDRAM

Design Clock Frequency: (833 ps = 1200 MHz)
Phy Controller to Clock Ratio: 4:1

Input Clock Period: (3333 ps = 300 MHz)
Memory Type: Components

Memory Part: MT404A256M 16HA-D83
Data Width: 64

Data Mask: Enabled

Memory Address Map BAMK ROW COLUMM

==AVNET

x Debug Signal for Memory Controller: Enabled
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MIG Demo — Generate Controller and Example

rﬂ, Generate Cutput Products u

@ The following output products will be generated.

Preview
Q =1-LF mig_0.xci
L L[l Instantiation Template
L [ Synthesized Checkpaint (.dcp)
= j[l] Behavioral Simulation

&I Change Log

[ Out-of-Context Settings. .. ]

[ EeneraEr] [ Skip

Generate
Generate output products immediately.

44

==AVNET
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MIG Demo — Generate Controller and Example

rﬂ, Generate Cutput Products u

@ The following output products will be generated.

t.. [l Change Log

Preview
Q =1-LF mig_0.xci
L [l Instantiation Template MIG)
L [l Synthesized Chedkpoint {.dop)
% [l Behavicral Simulation

2nerating DDR.4, DDR.

- -
ﬂ_, Cpen IP Example Design g

@ Specify a location where the example project directory ‘mig_0_example' wil be placed.

Location

Put example project directory here: :KCU105xfest_example ftraffic_gen/mig_0_example [E

Qwerwrite existing example project

[ ok || cancel

BRAM Dsp

[ Out-of-Context Settings. .. ]

[ EEWEE;—] [ Skip

Generate
Generate output products immediately.

Xﬁ(ast

==AVNET
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MIG Demo — Generate Controller and Example

-
'El_, Generate Cutput Products u
@ The following output products will be generated.

Preview
Q =1-LF mig_0.xci
L - Instantiation Template
L [ Synthesized Chedkpoint {.dcp)
% [l Behavicral Simulation

t.. [l Change Log

[ Out-of-Context Settings. .. ]

[ EeneraEr] [ Skip

2nerating DDR.4, DDR.

"

- -
.. Open IP Example Design u
@ Specify a location where the example project directory ‘mig_0_example' wil be placed.
Location
Put example project directory here: | :KCU105xfest_example ftraffic_gen/mig_0_example |[E

Qwerwrite existing example project

[ ok || cancel

Project Manager - mig_0_example

BRAM

Dsp

Sources

A I

= e A |E

Generate
Generate output products immediately.

x<fest

EI

EI

L'_. Design Sources (1)
5% g example_top (example_top.sv) (3)
.--c‘l_.,._|=|:|u _rig_0 -mig_0 {mig_0.xci)
459 _example_th - example_tb (example_th.sv)
h 3 u_jla_ddrx - ila_ddrx
L'_.l:unsh'alnts 1)
=t I,'_. constrs_1 (1)
----- - HY example_design.xdc
{7 Simulation Sources (1)
B sim_1 (1)

G- E mig_0 (mig_0.xci) -
= .‘.'..E'

44



MIG Demo Summary
= Build custom memory interfaces with MIG

= Generate the memory interface and controller
guickly and easily

= Accelerate design productivity with MIG and the
hardware-verified IP library

&, XILINX

ALL PROGRAMMABLE-

x< ==AVNET




Next Generation Memory

X< es ==AVNET




What comes after DDR47?

) D)

O O
Hybrid Memory Cube

x< es ==AVNET




Hybrid Memory Cube (HMC)

Through-Silicon Vias
T (TSV)

Abstraction
Protocol

& XILINX

ROGRA

Logic Die

High-Speed Links

Ay?lcron

—A\INE T

48
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HMC Advantages over DRAM

= Reduced
power
« Upto 70%
less energy 1000 1000
per bit

= Fewer pins
 Upto 85%
less pins

= Reduced
footprint

* 90% less
space than
today’s
RDIMM

Power (pJ/bit)
Bandwidth (GB/s)

= |ncreased
. 2000 2004 2008 2012 2016
Bandwidth

 15x the

performance
x *Compared to DDR3-1333

==AVYNET
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Link Controller Interface

HMC

. HMC Host
16 Transmit Lanes

@ 10-15 Gb/s Each

16 Lanes

Crossbar Switch

I=]
=]
=
(=]
Q
=
=
o
=
©
=]
=
]
]
=
=}
o
=
©
=]
[=
Q
Q
=
=3
]
=
°
=]
=
(=]
]
=
=
]
>

16 Receive Lanes
@ 10-15 Gb/s Each

Each HMC device
has four Links

Each Link has 32 differential Lanes

x«est B = SAVNET
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400 Gbps Packet Buffer Example (with ECC)

Parameter DDR4-2400 HMC HMC Advantage

12.5G
4 Links
Number of 48 — x16
Memory Devices 24 — x4 L rztod
Vil MmO o 1,896 276 85% fewer pins
Pins
Host PHY + 49 W 32W  35% lower power
Memory Power
0)
Memory Surface 8532 mm2 961 mm? 89% sm_aller
Area footprint
Host PHY Silicon 1 75 1x 75% smaller host
Area ' PHY

Kdrest B = SAVNET




400 Gbps Packet Buffer Comparison

JO0O00
R

) ( T\
J{ f 1 1( | MM@
N - J /
- s B 4 B /
a i G )

All devices drawn to scale

dfest = AVNET"

52 —




X3

IP Requirements

= Virtex-7, Kintex UltraScale, or Virtex UltraScale
= 10,125, or 15 Gbps SERDES : :
: : Conf t
- 16 SERDES for full Link (16 Tx / 16 Rx) S
= IP licensing Half-width 10G $40,000

* Includes first year of Half-width 12.5G $45,000
maintenance and support

: . Half-width 15G $50,000
+ Lcense fee per project Full-width 10G $50,000
il = ’
i age
- Full-width 12.5G $60,000
g!:il()pen Silicon i
= Working example with Virtex-7 Full-width 15G $70,000

= Full-width Link (32 lanes) takes ~50K LUTs
° = |P@Open-Silicon.com

Qjopcocompuhng
=  Working example with Kintex UltraScale — Pico EX-850 Board
= Full-width Link (32 lanes) takes ~35K LUTs
= Contact@picocomputing.com Configuration

Other pricing upon request

) Full-width 10G
x«m st B = SAVNET



mailto:IP@Open-Silicon.com
mailto:Contact@picocomputing.com

Next Steps
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What Have We Learned?

= Major differences between DDR4 and DDR3
= Memories supported with UltraScale

= How to design an UltraScale DDR4 memory
controller using MIG

= Preview next generation memory interfaces

How can you learn more?

xﬂest . = SAVNET




See UltraScale and DDR4 Running at 2400 Mbps!

= KCU105 / DDR4-2400 demo on the Xilinx table

= See it today!

=SAVNET




Buy the KCU105 Evaluation Kit

www.Xllinx.com/KCU105

Cables and Power _. ; Reference Designs and Docs

Ordering Information

Kintex UltraScale KCU105 Part Number: EK-U1-
Evaluation Board KCU105-G
_ _ _ Price: TBA
Vivado® Design Suite Development Tools Shipping: 01 2015

x«m st - = SAVNET




Xilinx Two-day Course:
How to Design a High-Speed Memory Interface

Accoleratad Design = Build designs faster using memory
Productivity Interfaces

= Gain knowledge, confidence, and
experience to build memory interface
designs

o d ERE 23 = Learn how Xilinx hardware and
ncrease ota _ ! .
System Cost Power software provides single device

Performance| | Reduction || = Reduction SOlUti(_)nS, simplifying the bl” of
materials (BOM), and reducing cost

Broaramunatie = Use programmable logic to customize
Systems Integration the memory interface to your system
' - needs

Xilinx Memory Interface Course

kIBSI ]
58
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Exclusive Post X-fest Coverage

For Attendees Only!!!

www.xfest2014.com

= PDFs of all presentations
= Course forums

X‘ ==AVNET"




Reference Information on UltraScale DDR4

http://www.micron.com/products/dram/ddr4-sdram
http://www.micron.com/products/support/power-calc
http://www.micron.com/products/dram/ddr3-to-ddr4
www.xilinx.com/ultrascale

http://www.xilinx.com/products/design tools/logic design/xpe.htm
www.xilinx.com/kcul05

WP454 High-Performance, Lower-Power Memory Interfaces with
UltraScale Architecture FPGAs

PG150 LogiCORE IP UltraScale Architecture-Based FPGAs Memory
Interface Solutions

UG583 UltraScale Architecture PCB Design and Pin Planning
UG917 KCU105 Board User Guide

http://www.xilinx.com/products/technology/memory-
Interfacing/index.htm#uniquePlayerl

http://www.xilinx.com/products/technology/memory-
Interfacing/index.htm#uniquePlayer?2

http://www.xilinx.com/training/ultrascale/designing-a-memory-interface-
and-controller-with-vivado-mig-for-ultrascale.htm

www.Xilinx.com/training/connectivity/designing-high-speed-memory-
Interfaces.htm

http://www.xilinx.com/support/answers/59625.html

Xﬁr‘@ st . = SAVNET



http://www.micron.com/products/dram/ddr4-sdram
http://www.micron.com/products/support/power-calc
http://www.micron.com/products/dram/ddr3-to-ddr4
http://www.xilinx.com/ultrascale
http://www.xilinx.com/products/design_tools/logic_design/xpe.htm
http://www.xilinx.com/kcu105
http://www.xilinx.com/products/technology/memory-interfacing/index.htm#uniquePlayer1
http://www.xilinx.com/products/technology/memory-interfacing/index.htm#uniquePlayer1
http://www.xilinx.com/products/technology/memory-interfacing/index.htm#uniquePlayer2
http://www.xilinx.com/products/technology/memory-interfacing/index.htm#uniquePlayer2
http://www.xilinx.com/training/ultrascale/designing-a-memory-interface-and-controller-with-vivado-mig-for-ultrascale.htm
http://www.xilinx.com/training/ultrascale/designing-a-memory-interface-and-controller-with-vivado-mig-for-ultrascale.htm
http://www.xilinx.com/training/connectivity/designing-high-speed-memory-interfaces.htm
http://www.xilinx.com/training/connectivity/designing-high-speed-memory-interfaces.htm
http://www.xilinx.com/support/answers/59625.html

Reference Information on UltraScale HMC

= http://www.micron.com/products/hybrid-memory-cube
= Xcell Journal, Issue 88 Goodbye DDR, Hello Serial Memory

= http://picocomputing.com/products/hybrid-memory-cube-
hmc-controller-ip/

= http://forums.xilinx.com/t5/Xcell-Daily-Blog/HMC-demo-
shows-15Gbhps-operation-per-link-at-last-month-s/ba-
p/488174

= http://forums.xilinx.com/t5/Xcell-Daily-Blog/Hybrid-
Memory-Cube-HMC-controller-and-interface-I1P-rips-alonqg-
at/ba-p/480012

= http://www.hotchips.org/wp-
content/uploads/hc archives/hc23/HC23.18.3-memory-
FPGA/HC23.18.320-HybridCube-Pawlowski-Micron.pdf

Xﬁest B = SAVNET



http://picocomputing.com/products/hybrid-memory-cube-hmc-controller-ip/
http://picocomputing.com/products/hybrid-memory-cube-hmc-controller-ip/
http://picocomputing.com/products/hybrid-memory-cube-hmc-controller-ip/
http://picocomputing.com/products/hybrid-memory-cube-hmc-controller-ip/
http://forums.xilinx.com/t5/Xcell-Daily-Blog/HMC-demo-shows-15Gbps-operation-per-link-at-last-month-s/ba-p/488174
http://forums.xilinx.com/t5/Xcell-Daily-Blog/HMC-demo-shows-15Gbps-operation-per-link-at-last-month-s/ba-p/488174
http://forums.xilinx.com/t5/Xcell-Daily-Blog/HMC-demo-shows-15Gbps-operation-per-link-at-last-month-s/ba-p/488174
http://forums.xilinx.com/t5/Xcell-Daily-Blog/Hybrid-Memory-Cube-HMC-controller-and-interface-IP-rips-along-at/ba-p/480012
http://forums.xilinx.com/t5/Xcell-Daily-Blog/Hybrid-Memory-Cube-HMC-controller-and-interface-IP-rips-along-at/ba-p/480012
http://forums.xilinx.com/t5/Xcell-Daily-Blog/Hybrid-Memory-Cube-HMC-controller-and-interface-IP-rips-along-at/ba-p/480012
http://www.hotchips.org/wp-content/uploads/hc_archives/hc23/HC23.18.3-memory-FPGA/HC23.18.320-HybridCube-Pawlowski-Micron.pdf
http://www.hotchips.org/wp-content/uploads/hc_archives/hc23/HC23.18.3-memory-FPGA/HC23.18.320-HybridCube-Pawlowski-Micron.pdf
http://www.hotchips.org/wp-content/uploads/hc_archives/hc23/HC23.18.3-memory-FPGA/HC23.18.320-HybridCube-Pawlowski-Micron.pdf
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