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Abstract- DDR3 SDRAM Memory controller is the interface between DDR3 memory and the user. The desigonsists of
front end and back end modules. The memory contradir manages the flow of data going to and from the ain memory.
The front end provides interface to the user sidera it consists of read data, write data and attribties FIFO. It is followed
by request breaker. The arbiter decides the ordern which the requests should be executed. The backd provides
interface to the memory side and consists of calibtion logic, data path, application address FIFO, pplication read and
write FIFO.

Software used for designing the RTL Scheatic, state diagrams and flow diagrams is DIA, carbe done using
Orcad as well. The code has been implemented in VHDGVIM editor has been used to write the code. Theode has
been tested on ModelSim simulator as per the indust norms.

Keywords — RTL, DIA, DDR3, SDRAM.

|. INTRODUCTION

‘Design of DDR3 Memory Controller’ involves mainthie design of the front-end and is made compatilitie the
Xilinx back-end. The main aim is to hide the conxiies of the DDR protocol from the user followitige bottom-
up approach. With two transfers per cycle of qupkid clock, a 64-bit wide DDR3 module may achieveaasfer
rate of up to 64 times the memory clock speed igabgtes per second (MB/s). As 64 bits data camdmsfierred at
a time per memory module, DDR3 SDRAM gives trangfate of (memory clock rate) * 4(for bus clock
multiplier)*2(for data rate)*64(number of bits trsfierred) /8(number of bits/byte).

The DDR3 memory operates using a difiéal clock provided by the controller. Commands iegistered
at every positive edge of the clock. A bidirectibdata strobe (DQS) is transmitted by the DDR3 SI¥MRdevice
during Reads and by the controller during Writes.

It uses a user backend interface toeg#a the Write address, Write data, and Read sskebe This
information is stored in three backend FIFOs fodrads and data synchronization between the backetdther
controller modules.

II. SYSTEM DESIGN

Block diagram and description

1) Attributes FIFO-
The Attributes FIFO is responsible for storing tte¢a related to the request. When client sendgquest, he sends
the information regarding the requests which ailéedahe attributes. They are burst length, memaxgress,
request length, etc. Attributes FIFO is a part &f ghannel logic, hence there are four such ateth&lFOs, each
belonging to the respective client. This FIFO tlmeracts with the request breaker and sends alfdquired data
to the request breaker for analysis.
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2) Write data FIFO-

The write data FIFO receives all the data thattbase written on to the memory from the clientstibres the data
and sends it by the first in first out mechanismhé it has the data from the client, it notifies Hrbiter about the
data available and that it needs to be sent tbale& end. When the write data FIFO goes full, itre receive any
further data. The write data is directly sent te #rbiter and then to the back end. As it come®wupdr channel
logic, there are four such write data FIFOs.Thiadsessed by the user back end modules.

3) Read data FIFO-

The read data FIFO receives all the data that tclheeds to read from the memory. When the read Edi®
receives data from the memory, it notifies thentlighat it has the data and that he can read ie'Wkad data FIFO
goes full, it cannot receive and further data fritv® memory. The arbiter interacts with the reac ddFO when it
needs to send the data. As this FIFO comes undaerhaanel logic, there are four such FIFOs, eadbnigéng to
one client.

The read data FIFO receives all the data that tclheeds to read from the memory. When the read i@
receives data from the memory, it notifies thentlighat it has the data and that he can read ieWhbad data FIFO
goes full, it cannot receive and further data fritve memory. The arbiter interacts with the reac ddFO when it
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needs to send the data. As tRI&Q comes under per channel logic, there are four FIFOs, each belonging to
one client.
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4) Request Breaker and Controlle-

It is the heart of the front end of the memory colter. Request breaker as the name suggests &ftesanalyzing
the requests that it receives from the clientakibally interacts with the attributFIFO and the arbiter. It decodes
the address located in the FIF®Dreceives the all the information about a dissguest from the attributFIFO. It
then decides the request length from the data. Themanner in which the data needs to be setietarbiter an
further to the back end is decided by the requestker. It puts up a request to the arbiter andnwdngrant is
received, it sends the required information ahdiathanages issuing the commands in correct sequgraidet
while determining the timingequirements of the memory. The commands are pigelio synchronize with tt
address signals before being issued to the DDRrBange As the request breaker comes under per chéogie,
there are four such request breakers, each belghgione clier.
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5) Arbiter and Data path logic-
It determines the order in which requests are phsséhe memory device. In our design the arbitéeracts with
the back end module as well as all the other blotkke front end i.e the request breaker ancFIFOs. When the
arbiter receives a silgyrequest, that request is passed immediatelyekiemwhen multiple requests are recei
the arbiter uses arbiter rules to determine therdrdwhich to pass requests to the memory de
Following rules are followed-
< If only one master is issuil a request, grant that request immediately.
e If there are requests from 2 or more masters, &stapplie
a) Isthere aread request? If so, arbiter grants meguests ahead of write reque
b) If neither, then it grants the oldest request.
c) It canassign priority to the requests like sequentialnobrobin or weighted. The arbiter designed by sess
the round robin arbitration scheme with decideditsy.
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6) Back-end-

Read and Write accesses to the DDR3 SDRAM deviedarst oriented. Acsses begin with the registration of
Active command, followed by the Read or Write comohaThe address bits registered with the Active moamd
are used to select the bank and row to be acceShedaddress bits registered with the Read andeWdtnmad
are used to select the bank and starting columatitot for the burst access. The k-end interface is used to
generate the Write address, Write data, and Redicessks. This information is stored in three badlFIFOs for
address and data synchration between the backend and controller modulexsse8 on the availability «
addresses in the address FJEOntroller issues the correct commands to the ongmaking into account the timir
requirements of the memory.

DDR Data Path logic-

a) Write data path Fhe memory specification requires strobe (DQS) daich (DQ) signals to be transmiti
center aligned with DQ. The strobe forwarded torttreamory is 180 degrees out of phase with CL
b) Read data path It compromises various register stages to cie the read data from the memory
transfer it to the internal FPGA clock domain. Tlisaccomplished by using a combination of Chipcs
elements available in each 1/0 and-flops located in FPGA fabric.
First Stage the DQ is captured by the inpuDR (IDDR) of each DQ 1/O. The differential DQS dtmis placed o

a clock I/O pair, drives an IDELAY element and B@Hocal clock network, and clocks each DQ IDDR. Tiygut
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of each DQ IDDR is a delayed version using thetbnilDELAY element which is adjusted to provideffizient
timing between the delayed DQ and DQS inputs tolB@R. The IDELAY setting is determined by a timing
calibration routine executed one after system reset

Second StageThe outputs of the IDDR (for rising and falling dptare routed to flip-flops located in the FPGA
fabric, close to DQ I/O. The fabric flops are cledkwith the core (FPGA) clock. Synchronization ¢hiaved by
using DQ and DQS IDELAY elements to adjust the atigf the IDDR relative to the core block. The auttpf the
flip-flops is now synchronous with the clock used the rest of the DDR3 interface logic.

Controller Implementation

The controller has the ability to keep four bangsmat a time. The banks are opened in the orddseatommands
that are presented to the controller. In the etteit four banks are already opened and an acoegssato the fifth
bank, the least recently activated bank will besetband the new bank will be opened. All the baaresclosed
during auto refresh and will be opened as commantise correct sequencing order while determinimg timing
requirements of the memory.
Before the controller issues the commands to thmong
1. The controller decodes the address located in @ .F
2. The controller opens a row in a bank if that bané eow are not already opened. In that case oftaass
to a different row in an already opened bank, thetroller closes the row in that bank and the new.r
The controller moves to the Read/Write states afpening the banks if the banks are already opened.
3. After arriving in the Write state, if the contrallgets a Read command, the controller waits for the
write_to_read time before issuing the Read comm&mdilarly, in the Read state, when the contrafiees
a Write command from the command logic block, tbetmller waits for the read_to_write time before
issuing the Write command. In the Read or Writéestthe controller also asserts the read enabtketo
address FIFO to get the next address.
4. The commands are pipelined to synchronize withAHdress signals before being issued to the DDR3
memory.

Timing Diagram and Explanation-

The first signal represents the clock signal ofirgesfrequency and time period. On the rising edigéhne second
clock pulse a request is sent by the client pofasts for two clock pulses and then falls dowrdifferential clock
pulse of the client’s request with attributes ldsten the rising edge of client request to theifiglledge of the same.
This gives all the information of the attributesa: Acknowledge signal is then sent by the contraltethat the user
understands the request has been accepted byntrelly. Then the differential signal consistinigtioe write data
is sent to the client port. The write data valighsil defines the data that has to be written aatlitlis a valid data.
The write acknowledge signal makes it clear that dlata has been received with bits D2, D3 beindt dame
conditions.
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APPLICATIONS:

1. In National Stock Exchange (calculation donERGA)

2. for high-performance computing

3. Mobile application

4. Data Processing

5. Can be used in Network Controllers, high end mmsraeystems using cache, Bus protocol controllers
6. Can be made compatible with different busesAiké, AHB etc.

FUTURE MODIFICATIONS:

1. Number of client ports can be changed accorttirie need.

2. Request length can be varied according to thainements.

3. Different arbitration schemes can be used t@eoé the rate of data transfer

[Il. RESULTS AND CONCLUSION

e The controller hides the complexities of DDR pratioc

* Maximum request length of 8k is achieved that eoharsignal data flow to and from memory.
*  The multi port architecture enhances data transfer

» The order of transaction is preserved.

* Pipelining increases the speed of execution.
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