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LLDRAM-II [RMHE41A364AGBG] ] Control IP Solution
1. Control IP Solution

1.1 Introduction

The motivation behind Renesas’ LLDRAM-III contrét development is to provide high random access memo
solution for network applications.

This user-friendly control IP makes it possibled@velop a variety of memory subsystems like theghwavn in figure
1. From statistical memory, which stores packdtsties to buffer memory for packets storage. Altgb LLDRAM-III
is optimized for network accesses, it can alsodsal un non-network applications.

LLDRAM-1I

LLDRAM-I

User Logic

‘\

Ethernet PHY
Ethernet IP

LLDRAM-II

Figure 1 Example of Network Application Memory Sub  -System using LLDRAM- I
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1.2 What's LLDRAM-III ?

Renesas’ Low-latency memory LLDRAM-IIl is a spedald DRAM that is capable of performing 400M acessser
second. This is four times higher access when coedpa standard DDR3 SDRAM. Moreover, power corstion is
kept to an extremely low 2 watts.

400M
[Access/Sec]

100M
[Access/Sec]

LLDRAM-TI DDR3 SDRAM

Figure 2 Access rate comparison between LLDRAM-II | and DDR3 SDRAM

There are 2 types of product lineups of LLDRAM-III
® [RMHE41A364AGBG  Data width 36bits (x36)
® [RMHE41A184AGBG  Data width 18bits (x18)

Key features
v' Density: 1.1Gbit
v' Organization
»  8M words x 18bits x 8 bank (x18)
»  4M words x 36bits x 8 bank (x36)
Operating frequency 800 MHz (MAX.) @ trc=13.75 ns
Burst length: 4
Address bus 2 cycle DDR address
Package 180-pin FCBGA(18.5 mm x 14 mm)

AN N N N

Power supply

»  Vext 25V

> Vool5V

» VobelOVorl2V

For more information, please refer to the datasheet
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1.3 Control IP Structure and Features

LLDRAM-III control IP is composed of 3 blocks — UskéF, Controller block and PHY block (See figure.3

Key features of each block
® User I/F block

»  200Mhz parallel I/F
® Controller block

»  Scheduler to achieve Higher Access Rate

» Automatic Refresh by refresh counter integratedaintroller block

® PHY block
» Power on auto calibration

» Debug I/F for calibration

% Debug

Reference
clock
200Mhz User Controller RPHY: Calibrifion
I/F | ol |
Ul HW
« clock Refresh Seq
200Mhz Counter
{\Cmd/Addr
Sched
FIFO uler %
Wdata Xi
PHY || 0B
Re- (1:4)
Order
Rdata Buffer
User I/F LLDRAM-III control IP

2 IIF

Figure 3 Structure of LLDRAM-III control IP
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1.4 Performance

LLDRAM-III control IP has an intelligent scheduleiich is optimized to bring out the maximum perfamoe during
random access. In order to achieve this level dbpmance, the scheduling function changes ordemnsemory access
commands such as WRITE/READ issued by user angstetommands issued by internal refresh countardiol access
limitation such as bank conflict.

w/ scheduler

391
v/o scheduler

Bank Seq Bank Random Random
(Read) (Read) (W/R mix)

Access Rate[Maps]

Figure 4 Comparison of LLDRAM-III access rate bet ween w/ scheduler and w/o scheduler

Figure.4 shows the actual LLDRAM-III access ratenparison between w/ scheduler and w/o schedularadp
implementations on FPGA.

® BANK sequential access [ Bank seqg(Read) at left ]

This graph shows access rate with BANK sequenéitttpn which is the ideal access for LLDRAM-IIlListfound
that both w/ scheduler and w/o scheduler implentiemts.achieve 400M access per second, which is peak
performance of the memory.

® READ Only Random access [ Bank Random(Read) atlmidd

This graph shows access rate with READ only randooess pattern which is assumed that some applhisati
need to access to the memory with except BANK satiplgpattern. In the case of w/o scheduler, theess rate
fell 50% of peak access rate of the memory. Irctise of w/ scheduler, Renesas’ control IP can waipeak
access rate by scheduling function.

® WRITE/READ mixed Random access [ Random(W/R mixjgtit ]

This graph shows access rate with mixed WRITE aBARrandom access patterns which assume that some
applications need more complex accesses to the mefA®the memory needs more than 1 cycle to chémge
direction of data transfer (WRITE to READ or READWRITE), the access rates are less than the acatess
during same types of commands. Though in case stidduler, it is found that LLDRAM-III performs ev200
M access per second.

Renesas’ control IP contributes to reducing systerelopment time because users do not need to dsittheduler or
consider various access patterns.
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1.5 Configurations

Multiple configurations of LLDRAM-III control IP isavailable to accommodate different user requirdmen

Type Refresh Control Needed

w/ scheduler No
x18/x36

w/o scheduler Yes
x18/x36 No

Figure.5 Configurations of control IP

® For x36 and x18

This control IP requires 2 banks of FPGA |0 BANKsX36 mode. In X18 mode, Control IP is composed of
single FPGA 10 BANK.

® Selection of scheduler

There are three types of scheduler
v" w/ schedule and Refresh Control Needed:No

» WRITE/READ commands issued by user and refresh camais from internal refresh counter of
control IP are sent to LLDRAM-III with changing tleeder. It enables to bring out maximum access
rate of LLDRAM-III.

v w/o schedule and Refresh Control Needed:Yes

» WRITE/READ commands and REFRESH commands issuedélyare sent to LLDRAM-III in
order. Users need to consider how to avoid acam#siion, like bank conflict, in order to bring bu
maximum access rate of LLDRAM-III.

v w/o schedule and Refresh Control Needed:No

» WRITE/READ commands issued by user are sent tonthvmory in order. Internal refresh counter
issues refresh commands on a regular basis. At sligp in access rate will occur due to the
commands issued by user will have to wait durinigrisive refresh.
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1.6 Reliable Interoperability by Calibration

LLDRAM-III is high speed memory using 1.6Gbps higheed DDR parallel interface which requires stiiitting
calibration to execute stable communication betwdmrices. LLDRAM-III enables stable high speed caminations
by automatically executing timing calibration seace which includes skew adjustment between pinspiByiding
reliable interoperability by calibration, LLDRAMAJIcontrol IP reduces the complexity of system badedign.

Key features of calibration
® Per pin skew adjustment from data pins, addresstpislock pins
® Programmable calibration sequence control using GRBPGA + C program

® Calibration debug tool which can execute calibrasequence step by step. See figure.6.

Sequence No “ Action
SEQO Reset LLDRAM-III
SEQ1 Read DQ Calibration Test with Loop Back mode
SEQ2 Address and Command pins Calibration Test kdtip Back mode
SEQ3 Turn on the PLL of LLDRAM-III
SEQ4 QVLD Calibration test with Read operation
SEQ5 Set read data for Read Calibration (SEQ6 amdtf7 auto DM mode
SEQ6 Read DQ Calibration Test with Read operation
SEQ7 Read DINV Calibration Test with Read operation
SEQ8 Write DQ Calibration Test with Write operation
SEQ9 Write DM Calibration Test with Write operation
SEQ10 Write DINV Calibration Test with Write opemoat
SEQ11 Set Mode register
Figure.6 Calibration Sequence
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2. Development Support Environment
2.1 Reference Design with Verified Interoperability

Renesas development support tools consist of éjarfe board (RDK board) with voltage, current pader sensors
2) sample design including verified control IP,&8fomplete verification environment, and 4) a catglevaluation
environment. With already verified interoperabiliigtween the FPGA and LLDRAM-III, these tools ereadhy user to
get started with internal FPGA design and verifaratn parallel with network equipment system depahent. This will

reduce the total development time and time-to-ntarke

j LLDRAM-III

Figure.7 Reference Design Board (RDK board)

LLDRAM-III § LLDRAM-III
x18 x18
e
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Environment
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Figure.8 Structure of Reference Design Board
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are tbhpepty of their respective owners.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your iance with laws and ions.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

1

. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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