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The UniPHY IP is an interface between a memory controller and memory devices and performs read and
write operations to the memory. The UniPHY IP creates the datapath between the memory device and the
memory controller and user logic in various Altera devices.

The Altera® DDR2, DDR3, and LPDDR2 SDRAM controllers with UniPHY, QDR II and QDR II+ SRAM
controllers with UniPHY, RLDRAM II controller with UniPHY, and RLDRAM 3 PHY-only IP provide low
latency, high-performance, feature-rich interfaces to industry-standard memory devices. The DDR2, QDR
II and QDR II+, and RLDRAM II controllers with UniPHY offer full-rate and half-rate interfaces, while the
DDR3 controller with UniPHY and the RLDRAM 3 PHY-only IP offer half-rate and quarter-rate interfaces,
and the LPDDR2 controller with UniPHY offers a half-rate interface.

When you generate your external memory interface IP core, the system creates an example top-level project,
consisting of an example driver, and your controller custom variation. The controller instantiates an instance
of the UniPHY datapath.

The example top-level project is a fully-functional design that you can simulate, synthesize, and use in
hardware. The example driver is a self-test module that issues read and write commands to the controller
and checks the read data to produce the pass, fail, and test-complete signals.

If the UniPHY datapath does not match your requirements, you can create your own memory interface
datapath using the ALTDLL, ALTDQ_DQS, ALTDQ_DQS2, ALTDQ, or ALTDQS IP cores, available in
the Quartus® II software, but you are then responsible for all aspects of the design including timing analysis
and design constraints.

Release Information
The following table provides information about this release of the DDR2 and DDR3 SDRAM, QDR II and
QDR II+ SRAM, and RLDRAM II controllers with UniPHY, and the RLDRAM 3 PHY-only IP.

Table 10-1: Release Information

Protocol

Item RLDRAM 3RLDRAM IIQDR IIDDR2, DDR3,
LPDDR2

13.113.113.113.1Version

November 2013November 2013November 2013November 2013Release Date

ISO
9001:2008
Registered

© 2014 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, ENPIRION, MAX, MEGACORE, NIOS, QUARTUS and STRATIX words
and logos are trademarks of Altera Corporation and registered in the U.S. Patent and Trademark Office and in other countries. All other
words and logos identified as trademarks or service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with
Altera's standard warranty, but reserves the right to make changes to any products and services at any time without notice. Altera assumes
no responsibility or liability arising out of the application or use of any information, product, or service described herein except as expressly
agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device specifications before relying on any published
information and before placing orders for products or services.

www.altera.com

101 Innovation Drive, San Jose, CA 95134

https://www.altera.com/servlets/subscriptions/alert?id=emi_rm_008
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20(emi_rm_008%202014.08.15)%20Introduction%20to%20UniPHY%20IP&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html


Protocol

Item RLDRAM 3RLDRAM IIQDR IIDDR2, DDR3,
LPDDR2

—IP-RLDII/UNIIP-QDRII/UNIIP-DDR2/UNI

IP-DDR3/UNI

IP-SDRAM/
LPDDR2

Ordering Code

Altera verifies that the current version of the Quartus II software compiles the previous version of each
MegaCore function. The MegaCore IP Library Release Notes and Errata report any exceptions to this
verification. Altera does not verify compilation with MegaCore function versions older than one release.

Related Information
MegaCore IP Library Release Notes

Device Support Levels
The following terms define the device support levels for Altera IP cores.

Altera IP Core Device Support Levels

• Preliminary support—Altera verifies the IP core with preliminary timing models for this device family.
The IP core meets all functional requirements, but might still be undergoing timing analysis for the device
family. You can use it in production designs with caution.

• Final support—Altera verifies the IP core with final timing models for this device family. The IP core
meets all functional and timing requirements for the device family and can be used in production designs.

Device Family and Protocol Support
The following table shows the level of support offered by each of the UniPHY-based external memory
interface protocols for Altera device families.

Table 10-2: Device Family Support

Support Level
Device Family

RLDRAM 3RLDRAM IIQDR IILPDDR2DDR3DDR2

No supportNo supportFinalNo supportNo supportNo supportArria® II GX

No supportFinalFinalNo supportFinalFinalArria II GZ

No supportRefer to the What’s New in Altera IP page of the Altera website.Arria V

Refer to the What’s New in Altera IP page of
the Altera website.

No supportRefer to the What’s New in
Altera IP page of the Altera
website.

Arria V GZ
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Support Level
Device Family

RLDRAM 3RLDRAM IIQDR IILPDDR2DDR3DDR2

No supportRefer to the What’s New in Altera IP page of the Altera website.Cyclone V

No supportFinal (Only
Vcc = 1.1V
supported)

FinalNo supportFinal (Only
Vcc = 1.1V
supported)

FinalStratix® III

No supportFinalFinalNo supportFinalFinalStratix IV

Refer to the What’s New in Altera IP page of
the Altera website.

No supportRefer to the What’s New in
Altera IP page of the Altera
website.

Stratix V

No supportNo supportNo supportNo supportNo supportNo supportOther device
families

For information about features and supported clock rates for externalmemory interfaces, refer to theExternal
Memory Specification Estimator.

Related Information

• What's New in Altera IP

• External Memory Interface Spec Estimator

UniPHY-Based External Memory Interface Features
The following table summarizes key feature support for Altera’s UniPHY-based externalmemory interfaces.

Table 10-3: Feature Support

Protocol
Key Feature

RLDRAM 3RLDRAM IIQDR IILPDDR2DDR3DDR2

———YesYesYesHigh-performance
controller II (HPC II)

YesYesYesYesYesYesHalf-rate core logic and user
interface

—YesYes——YesFull-rate core logic and user
interface

Yes———Yes (1)—Quarter-rate core logic and
user interface

YesYesYesYesYesYesDynamically generated
Nios II-based sequencer
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Protocol
Key Feature

RLDRAM 3RLDRAM IIQDR IILPDDR2DDR3DDR2

—
Yes
(12)

Yes (2) (3)
(12)———

Choice of RTL-based or
dynamically generated
Nios® II-based sequencer

YesYes—YesYesYesAvailable EfficiencyMonitor
and Protocol Checker

————Yes (1)—DDR3L support

————Yes (4) (5)YesUDIMM and RDIMM in
any form factor

————YesYes
Multiple components in a
single-rank UDIMM or
RDIMM layout

————Yes—LRDIMM

2, 4, or 84 or 848 or 16—8Burst length (half-rate)

—2, 4, or 82 or 4——4Burst length (full-rate)

2, 4, or 8———8—Burst length (quarter-rate)

————Yes—Burst length of 8 and burst
chop of 4 (on the fly)

Yes———Yes (9) (10)
240 MHz
and above

(10)
With leveling

———Yes—Below 240
MHzWithout leveling

72 bits72 bits72 bits32 bits144 bits (6)144 bits (6)Maximum data width

—Yes (2) (7)Yes (2) (7)———Reduced controller latency

——
1.5 (QDR
II) 2 or 2.5
(QDR II+)

———Read latency

YesYesQDR II+
only—Yes—ODT (in memory device)

——Yes (8) (10)———x36 emulation mode
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Protocol
Key Feature

RLDRAM 3RLDRAM IIQDR IILPDDR2DDR3DDR2

Notes:

1. For Arria V GZ and Stratix V devices only.
2. Not available in Arria II GX devices.
3. Nios II-based sequencer not available for full-rate interfaces.
4. For DDR3, the DIMM form is not supported in Arria II GX, Arria II GZ, Arria V, or Cyclone V devices.
5. Arria II GZ uses leveling logic for discrete devices in DDR3 interfaces to achieve high speeds, but that

leveling cannot be used to implement the DIMM form in DDR3 interfaces.
6. For any interface with data width above 72 bits, you must use Quartus II software timing analysis of your

complete design to determine the maximum clock rate.
7. The maximum achievable clock rate when reduced controller latency is selected must be attained through

Quatrus II software timing analysis of your complete design.
8. Emulation mode allows emulation of a larger memory-width interface using multiple smaller memory-

width interfaces. For example, an x36 QDR II or QDR II+ interface can be emulated using two x18
interfaces.

9. The leveling delay on the board between first and last DDR3 SDRAM component laid out as a DIMM
must be less than 0.69 tCK.

10. Leveling is not available for Arria V or Cyclone V devices.
11. x36 emulation mode is not supported in Arria V, Arria V GZ, Cyclone V, or Stratix V devices.
12. The RTL-based sequencer is not available for QDR II or RLDRAM II interfaces on Arria V devices.

System Requirements
For system requirements and installation instructions, refer to Altera Software Installation and Licensing.

TheDDR2,DDR3, and LPDDR2 SDRAMcontrollers withUniPHY,QDR II andQDR II+ SRAMcontrollers
withUniPHY,RLDRAMII controllerwithUniPHY, andRLDRAM3PHY-only IP are part of theMegaCore
IP Library, which Altera distributes with the Quartus II software.

Related Information
Altera Software Installation and Licensing Manual

MegaCore Verification
Altera has carried out extensive random, directed tests with functional test coverage using industry-standard
models to ensure the functionality of the external memory controllers with UniPHY. Altera’s functional
verification of the external memory controllers with UniPHY use modified Denali models, with certain
assertions disabled.

Resource Utilization
The following topics provide resource utilization data for the external memory controllers with UniPHY
for supported device families.
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DDR2, DDR3, and LPDDR2 Resource Utilization in Arria V Devices
The following table shows typical resource usage of the DDR2, DDR3, and LPDDR2 SDRAM controllers
with UniPHY in the current version of Quartus II software for Arria V devices.

Table 10-4: Resource Utilization in Arria V Devices

Hard Memory
Controiler

Memory (Bits)M10K BlocksLogic
Registers

Combina-
tional ALUTS

Memory
Width (Bits)

Protocol

Controller

065604140422868DDR2 (Half
rate) 051360171379230464

1000032DDR2 (Fullrate)

065604141223558DDR3 (Half
rate) 051360171440237264

1000032DDR3 (Full rate)

065604161722308LPDDR2 (Half
rate) 025760101600223932

PHY

014131234201516528DDR2 (Half
rate) 0174080342089181964

1157696341415122232DDR2 (Fullrate)

014131234197716538DDR3 (Half
rate) 0174080342090182264

0157696341428122032DDR3 (Full rate)

015001635318729988LPDDR2 (Half
rate) 0174592353306328932

Total

014838439395945558DDR2 (Half
rate) 0225952524002499164

1158208351890177632DDR2 (Fullrate)

014838439393446408DDR3 (Half
rate) 0225952524072507864
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Hard Memory
Controiler

Memory (Bits)M10K BlocksLogic
Registers

Combina-
tional ALUTS

Memory
Width (Bits)

Protocol

1158208351917177432DDR3 (Full rate)

015657639480452288LPDDR2 (Half
rate) 0200352454906552832

DDR2 and DDR3 Resource Utilization in Arria II GZ Devices
The following table shows typical resource usage of the DDR2 and DDR3 SDRAM controllers with UniPHY
in the current version of Quartus II software for Arria II GZ devices.

Table 10-5: Resource Utilization in Arria II GZ Devices

Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

Controller

4,35202101,0921,7818

DDR2 (Half
rate)

8,70404101,0921,78416

34,560015101,1081,81864

39,168017101,0921,87272

2,17602101,1241,8518

DDR2 (Full
rate)

4,35202101,1241,84716

17,40808101,1241,84864

19,57409101,1241,85272

4,35202101,1151,8698

DDR3 (Half
rate)

8,70404101,1151,86816

34,560015101,1311,88264

39,168017101,1151,88872

PHY

157,6960221832,0422,5608

DDR2 (Half
rate)

157,6960221832,2622,73016

157,6960221833,5813,60664

157,6960221833,7963,74372
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Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

157,6960221691,9342,4948

DDR2 (Full
rate)

157,6960221692,1492,65216

157,6960221693,4283,51964

157,6960221693,6423,64672

157,6960221872,0322,5558

DDR3 (Half
rate)

157,6960221872,2513,73116

157,6960221873,5723,60764

157,6960221873,7883,74972

Total

4,3740241933,1344,3418

DDR2 (Half
rate)

166,4000261933,3544,51416

192,2560371934,6895,42464

196,8640391934,8885,61572

159,8720241793,0584,3458

DDR2 (Full
rate)

162,0480241793,2734,49916

175,1040301794,5525,36764

177,2800311794,7665,49872

162,0480241973,1474,4248

DDR3 (Half
rate)

166,4000261973,3665,59916

192,2560371974,7035,48964

196,8640391974,9035,63772

DDR2 and DDR3 Resource Utilization in Stratix III Devices
The following table shows typical resource usage of the DDR2 and DDR3 SDRAM controllers with UniPHY
in the current version of Quartus II software for Stratix III devices.
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Table 10-6: Resource Utilization in Stratix III Devices

Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

Controller

4,4640401,0581,8078

DDR2 (Half
rate)

8,8160601,0581,80916

32,256014101,2721,81064

39,168017101,0901,84272

2,2880401,0931,8568

DDR2 (Full
rate)

4,4640401,0921,85516

17,52001001,0921,84164

19,69601101,0921,83472

4,4640401,0831,8618

DDR3 (Half
rate)

8,8160601,0831,86316

32,256014101,2951,87864

39,168017101,1151,89572

PHY

157,696162182,1002,5918

DDR2 (Half
rate)

157,696162182,3202,76216

157,696162423,6583,67264

157,696162423,8773,81472

157,696162001,9862,5108

DDR2 (Full
rate)

157,696162002,2002,66616

157,696162243,5043,57164

157,696162243,7153,73172

157,696162242,0942,5918

DDR3 (Half
rate)

157,696162242,3142,76516

157,696162483,6533,68064

157,696162483,8713,81972
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Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

Total

162,1601102183,1584,3988

DDR2 (Half
rate)

166,5121122183,3784,57116

189,9521202524,9305,48264

196,8641232524,9675,65672

159,9841102003,0794,3668

DDR2 (Full
rate)

162,1601102003,2924,52116

175,2161162244,5965,41264

177,3921172244,8075,56572

162,1601102243,1774,4528

DDR3 (Half
rate)

166,5121122243,3974,62816

189,9521202584,9485,55864

196,8641232584,9865,71472

DDR2 and DDR3 Resource Utilization in Stratix IV Devices
The following table shows typical resource usage of the DDR2 and DDR3 SDRAM controllers with UniPHY
in the current version of Quartus II software for Stratix IV devices.

Table 10-7: Resource Utilization in Stratix IV Devices

Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

Controller

4,35202101,0901,7858

DDR2 (Half
rate)

8,70404101,0901,78516

34,560015101,1061,79664

39,168017101,0901,79872
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Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

2,17602101,1241,8438

DDR2 (Full
rate)

4,35202101,1241,84516

17,40808101,1241,83264

19,58409101,1241,83472

4,35202101,1151,8628

DDR3 (Half
rate)

8,70404101,1151,87416

34,560015101,1311,88064

39,168017101,1151,88672

PHY

157,696161832,0412,5588

DDR2 (Half
rate)

157,696161832,2622,72816

157,696161833,5813,60664

157,696161833,8003,74872

157,696161691,9342,4928

DDR2 (Full
rate)

157,696161692,1482,65216

157,696161693,4283,52264

157,696161693,6413,64672

157,696161872,0312,5758

DDR3 (Half
rate)

157,696161872,2512,73216

157,696161873,5683,60264

157,696161873,7913,75072

Total

162,048181933,1314,3438

DDR2 (Half
rate)

166,4001101933,3524,51316

192,2561211934,6875,40264

196,8641231934,8905,54672
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Memory (Bits)M144K
Blocks

M9K BlocksMem ALUTsLogic
Registers

Combina-
tional
ALUTS

Memory
Width (Bits)

Protocol

159,872181793,0584,3358

DDR2 (Full
rate)

162,048181793,2724,49716

175,1041141794,5525,35464

177,2801151794,7655,48072

162,048181973,1464,4378

DDR3 (Half
rate)

166,4001101973,3664,60616

192,2561211974,6995,48264

196,8641231974,9065,63672

DDR2 and DDR3 Resource Utilization in Arria V GZ and Stratix V Devices
The following table shows typical resource usage of the DDR2 and DDR3 SDRAM controllers with UniPHY
in the current version of Quartus II software for Arria V GZ and Stratix V devices.

Table 10-8: Resource Utilization in Arria V GZ and Stratix V Devices

Memory (Bits)M20K BlocksLogic RegistersCombinational
LCs

Memory Width
(Bits)

Protocol

Controller

4,35221,0641,7878

DDR2 (Half rate)
8,70441,0641,79416

34,304141,0701,83064

38,400151,0761,82872

2,17621,2902,0998

DDR2 (Full rate)
4,35221,2902,09916

16,89671,2962,12664

19,45681,2962,11772

8,70441,3702,1018

DDR3 (Quarter
rate)

16,89671,4402,12316

69,632281,8852,23664

74,880301,8702,10272
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Memory (Bits)M20K BlocksLogic RegistersCombinational
LCs

Memory Width
(Bits)

Protocol

4,35221,1041,8498

DDR3 (Half rate)
8,70441,1041,85116

34,304141,1121,85364

38,400151,1161,88972

PHY

157,696131,7572,5678

DDR2 (Half rate)
157,696131,8092,68816

157,696132,1153,27364

157,696132,1663,37772

157,696131,6952,4918

DDR2 (Full rate)
157,696131,7592,57816

157,696132,1373,06264

157,696132,2003,11472

149,504182,9182,2098

DDR3 (Quarter
rate)

157,696183,3272,35516

182,272185,2283,35864

198,656186,3184,01672

157,696131,7912,5738

DDR3 (Half rate)
157,696131,8432,69116

157,696132,1493,28464

157,696132,2003,37872

Total

162,048152,8214,3548

DDR2 (Half rate)
166,400172,8734,48216

192,000273,1855,10364

196,096283,2425,20572

Altera CorporationIntroduction to UniPHY IP

Send Feedback

10-13DDR2 and DDR3 Resource Utilization in Arria V GZ and Stratix V Devices
emi_rm_008
2014.08.15

mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Introduction%20to%20UniPHY%20IP%20(emi_rm_008%202014.08.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.


Memory (Bits)M20K BlocksLogic RegistersCombinational
LCs

Memory Width
(Bits)

Protocol

159,872152,9854,5908

DDR2 (Full rate)
162,048153,0494,67716

174,592203,4335,18864

177,152213,4965,23172

158,720234,8444,8978

DDR3 (Quarter
rate)

175,104265,3185,06516

252,416477,6696,18364

274,048498,7446,70572

162,048152,8954,4228

DDR3 (Half rate)
166,400172,9474,54216

192,000273,2615,13764

196,096283,3165,26772

QDR II and QDR II+ Resource Utilization in Arria V Devices
The following table shows typical resource usage of theQDR II andQDR II+ SRAMcontrollers withUniPHY
in the current version of Quartus II software for Arria V devices.

Table 10-9: Resource Utilization in Arria V Devices

Hard Memory
Controiler

Memory (Bits)M10K BlocksLogic
Registers

Combina-
tional ALUTs

Memory
Width (Bits)

PHY Rate

Controller

000120989

Half 0001569618

0002249436

PHY

0002572349

Half 00037032818

00057952236

Total
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Hard Memory
Controiler

Memory (Bits)M10K BlocksLogic
Registers

Combina-
tional ALUTs

Memory
Width (Bits)

PHY Rate

0003774169

Half 00052654218

00080380436

QDR II and QDR II+ Resource Utilization in Arria II GX Devices
The following table shows typical resource usage of theQDR II andQDR II+ SRAMcontrollers withUniPHY
in the current version of Quartus II software for Arria II GX devices.

Table 10-10: Resource Utilization in Arria II GX Devices

M9K BlocksMemory (Bits)Logic Registers
Combinational

ALUTS
Memory Width

(Bits)
PHY Rate

007016209

Half 00112292118

001964153436

007085849

Full 00112685018

001962138736

QDR II and QDR II+ Resource Utilization in Arria II GZ, Arria V GZ, Stratix III, Stratix IV,
and Stratix V Devices

The following table shows typical resource usage of theQDR II andQDR II+ SRAMcontrollers withUniPHY
in the current version of Quartus II software for Arria II GZ, Arria V GZ, Stratix III, Stratix IV, and Stratix V
devices.

Table 10-11: Resource Utilization in Arria II GZ, Arria V GZ, Stratix III, Stratix IV, and Stratix V Devices

M9K BlocksMemory (Bits)Logic RegistersCombinational
ALUTS

Memory Width
(Bits)

PHY Rate

006416029

Half 00100288318

001724145736

007085869

Full 00112685118

001962139236
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RLDRAM II Resource Utilization in Arria V Devices
The following table shows typical resource usage of the RLDRAM II controller with UniPHY in the current
version of Quartus II software for Arria V devices.

Table 10-12: Resource Utilization in Arria V Devices (Part 1 of 2)

Hard Memory
Controller

Memory (Bits)M10K BlocksLogic
Registers

Combina-
tional ALUTs

Memory
Width (Bits)

PHY Rate

Controller

028813033539

Half 0576232435018

01152440235036

PHY

0004742959

Half 00071942818

000122968136

Total

028817777059

Half 05762104387118

0115241631119836

RLDRAM II Resource Utilization in Arria II GZ, Arria V GZ, Stratix III, Stratix IV, and
Stratix V Devices

The following table shows typical resource usage of the RLDRAM II controller with UniPHY in the current
version of Quartus II software for Arria II GZ, Arria V GZ, Stratix III, Stratix IV, and Stratix V devices.

Table 10-13: Resource Utilization in Arria II GZ, Arria V GZ, Stratix III, Stratix IV, and Stratix V Devices (1)

M9K BlocksMemory (Bits)Logic RegistersCombinational
ALUTS

Memory Width
(Bits)

PHY Rate

12887638299

Half 25761147114518

411521861171336

12888398929

Full 15761197118218

211521874167836
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M9K BlocksMemory (Bits)Logic RegistersCombinational
ALUTS

Memory Width
(Bits)

PHY Rate

Note to Table:

1. Half-rate designs use the same amount of memory as full-rate designs, but the data is organized in a
different way (half the width, double the depth) and the design may need more M9K resources.
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