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Abstract—An embedded system needs memory for two
purposes either to store the program or to store its data.
Embedded systems are the electronic systems that contain a
microprocessor or a microcontroller, but we do not think of
them ascomputer —the computer is hidden or embedded in the
system. As micoprocessors have becomgheaperand smaller,
more and more products have microprocess embedded in
them to make the devicesmart. Products such as VCRs, digital
watches, elevators, autombile engine, laser printer, industrial
control equipments, scientific and medical instruments etc. are
driven by these microprocessors and their software. A
microprocessor has two essential units to perform the overall
system operation: one is control intrface unit and other is
execution unit. All the electronic devices consist of a control
interface module embedded in them to control the operation of
that device. The control interface module accepts the
commands from processor decode the commands and [ssing
the request to the peripheral devices and the peripheral devices
then perform the operation. In this work we have designed a
control interface module for DDR SDRAM (dual data rate
Synchronous DRAM) controller using Verilog HDL and
simulation and syntesis is done by using Modelsim and Xilinx
ISE accordingly.

Keyword® Embedded system, embedded, control interface
module, DDR, SDRAM.

I. INTRODUCTION
These days, we find that the field of electronics has spread
so vast. It has become the most important giour life, as
it has made our | ife easier
our life without it. It has penetrated into our homes, our
places of work and our means of communication from one
place to another. The electronic devices and gadgets are also
used in almost all industries for quality control and
automation. It also plays an important role in defence
applications. These days, we have aeroplanes, ships, anti
aircraft guns and guided missiles are completely controlled
by electronics.

Electronicss the field in which rapid developments
are taking place every day. The developments which have
taken place in last 35 years may be understood from the fact
that todayo6s microcomputer
memory, thousand times more religbleonsumes less
volume, consumes negligible power and cost is also very
less as compared to thest large electronic computer.

.in

Computers are used in scientific calcudatiat homes and in
offices forprocessig the datain educational instituteard
in many other areas. Generality is the most striking property
of digital computer It follows the sequence of instruction
called program which operates on given data. The user can
change the program and/or data according to the need. And
to store this ppgram and data we need memdg®]. A
general purpose computer is the best known example of a
digital system. A digital system mainly consists of two parts,
the data path circuit and the control circuit. The data path
circuit is used to store and manipulatata and it also
transfer data between the peripheral devices. Data path
circuit comprises of building blocks such as shift registers,
counters, multiplexers, adders, decoders and so on. The
control circuit controls the operation of data path circuit.
As microprocessors are getting faster every year, it is also
necessary to improve memory architecture in order to
enhance the overall system performance. Several types of
memories are there, but DDR SDRAM is most commonly
used in various embedded applicatidhe DDR SDRAM
supports burst access, high speed and pipelining features,
due to thisDDR Synchronous DRAM(SDRAM) has
become more populanemory of choican design.DDR
SDRAM uses double data rate architecture to achieve high
speed data transfef$1]. DDR SDRAM transfers data on
both the rising edge and the falling edge of the clock. DDR
M empl a differeptial
%ﬁ:\ (Dgg)oﬁﬁ)/ éjcﬁﬁevg lr?uighjata transfer.
synchronizedvith the clock, andnput/ outputdata(DQ) is
synchronized with both the rising and falling edge of the
clock[11].
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Fig.1 DDR SDRAM Controller system interface
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For some applications whichrequire theprocessor the
access to DDR SDRAM is supportedp r o ¢ eis-Buidtr 6 s
devices But, for highspeedapplications, wemustneed to
design a controller to provide the proper commands for
accessing SDRAMand for memory refresh. Tki DDR
SDRAM controller design i®cated betwer theprocessor

or the bus mastesind SDRAM provides direct access to
memoryhence reduces the efforts and improves the speed,;
as shown in fig.16].

DDR SDRAM controller system: The block diagram of
DDR SDRAM controller is shown in fig.46]. DDR
SDRAM controller consists of three modules: the control
interface module, the commémadule or signal generator,
and data path module. Control interface mogude the
primary modulegontains finite state machines ancbanter
used to perform refresh operatiohhe commandnodule
generategshe command signaland addressequired for
SDRAM. The datapath module performs the data latching
and dispatching between the bus master and DDR SDRAM
[11].
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Fig.2 Block diagram of DDR SDRAM controller

Control interface module: A control interface module
accepts the commands from embedded system and decoding
the command and provides the requestthe command
module. The controlnterface module acceptommands
from the hostdecode them andgassingthe decoded
REFRESH, NOP, PRECHARGE, READ/WRITE and
LOAD_MODE commands with corresponding ADDR to
signal generation module oommand module.

The LOAD_MODE defines the mode in which the SDRAM
operates. The LOAD_REGdommand is decoded and used
to load the value stored at ADDRPf REGIand
LOAD_RE& command idecoded and uset load the
register REG2with the values from ADDR.

Since SDRAM needs to be refreshed to prevent its data. So
control interface moduleisesa down counter (16bit) to
generate periodic refrescommands to the SDRAMIhe

value of16- bit down counteis set by the values from REG2
which countsfrom 15 and reachedown to zero. As le
counter reaches to zero tHREFRESH_REQ outputs
asserted again and it remains assertedtii any
acknowledgement is issued frahe command mode. The
16-bit valueof REG2 defines the timbetween REFRESH
commarms whichthe controller issues and thialue is set
by the equation int( REQ_PERIOD/ CLK_PERIQ[B}.

Some bus commands are used to control the operations of
SDRAM. These bus ©®mmands are formed by the
combinations of theWEN, RASN, and CASN signals.
Suppose, dr instancepn any clock cycle if all theignals
are high then associated command is NOP (No Operation).
A NOP is also indicated when chip select is not asserted. The
standard bus commands are shown in talpéd.1

SDRAM banks should be openbéforeaddresses can be
written toit or read fromit. The row and bank toebaccessed
can beopened byhe ACT command. It is necessary to close
a bankand reopen it if the rowor bankto be accessed is
different fromthe row thais currently opened.|6sing of a
row/ bank is done byhe precharge (PCHpommand

TABLE 1
SDRAM bus commands

Command RASN CASN WEN
No Operation (NOP) 1 1 1
ACTIVE (ACT) 0 1 1
READ (RD) 1 0 1
WRITE 1 0 0
Burst terminate (BT) 1 1 0
Precharge (PCH) 0 1 0
Auto Refred (ARF) 0 0 1
Load mode register 0 0 0

(LMR)

READ (RD) and WRITE (WR)are the basic commands
neededto access SDRAMDuring the WRITE command,
column address and data is registered. DuringRIBAD
command the initial address is registereduring theRD
operation, the data appedr8 clock cycles lateon the data
bus. This time delay isnown as CAS latency (CL) anbis
delay isdue tothe time needetb readthe DRAM and to
enter the data obus Speal of the SDRAM andrequeny

of clock are thehtings on which CAS latency depends. The
READ or WRITE operationwill continue until the burst
length is reached or burst terminate JEdmmands issued
[6]. DDR SDRAMcomes in CAS 2 and CAS 2.5 ratings,
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with CAS 2 costing more and performing better and
supports the bursehgths of 2, 4, or 8 data cycles

DDR SDRAM controller command interface: DDR
SDRAM controller uses several control registers provides a
synchronousnterfaceto SDRAM. The commandssed to
control SDRAM are listed in table 2 with dated
description in the following sectior6].

The controller registers the commandstioa rising edge of
the clock. The controlleacknowledges the command by
asert CMDACK for one clock cycleDuring WRITE
operation, the user starts writing data ca@ATAIN ports.
During the READ operation the user will receive data on
DATAOUT port.

TABLE 2
Interface commands
Command Value Description
NOP 000b No Operation
READA 001b SDRAM Read with auto
precharge.
WRITEA 010b SDRAM write with auto
precharge.
REFRESH 011b SDRAM auto refresh.
PRECHARGE 100b SDRAM precharge all banks
LOAD_MODE 101b SDRAM load mode register.
LOAD_REG1 110b Load controller configuration
register.
LOAD_REG2 111b Load controller refresh perio
register

Functional description:

NOP command: The No Operation IOP) is acommand
usedto instruct the controller to perforrm NOP in the
following clock cycle. Operations that are already in
progress are noffected by the NOP command.

READA command: The READA commandis usedto
instructthe controller to perfornburst readbperation The
controller will issue an Active (ACT) command on the
SDRAM followed by the READA command. The burst data
will appear on DATAOUT port (RC+CL+4) clock cycles
later asthe contoller has asserted command acknowledge
(CMDACK), where CL is the integer portion of the actual
CAS latency (i.e. if CAS latency is 2.5 th€L=2)[6]. The
burst read operation continues until the burst length is
reached or the burst terminate commandssiited.

WRITEA command: The WRITEA commandis an
instruction tocontroller b perform a burst write operation

Thecontroller issuean ACTIVATE commandollowed by
aWRITEA commando SDRAM. The host can start writing
data afteiit has acknowledgethe WRTE comnmand
REFRESH command SDRAM is a volatile memory and
to retain its data it needs to get refresh periodicdlhe
REFRESH commands used toinstruct the controller to
perform an Aito REFRESH operatiohe controller will
acknowledge the commanditv CMDACK. The auto
refresh command is periodicallissued to avoid data
retention.

PRECHARGE command The prechargéPCH)command

is used to instrudhe controller to perforrm PRECHARGE
command. The precharge commasdsed to close an open
row or a bank The controlleracknowledge the command
by sending CMDACK for one clock cycle

LOAD_MODE Register command: The Load mode
register conmandis used to define the specific modetioé
SDRAM mode register. The register stores Ioest type,
CAS latencyburst length andurstwrite mode[6]. There
are two control registers REG1 and REG2. RESused to
provide an auto refresh operation.

Conclusion and Result: The Control interface module
designed for DDR controller is developed by Verilog and
simulated @ Modelsim 6.5b and synthesized on Xilinx ISE
9.2i. DDR SDRAM is avolatile memorydevice. When the
power is removed, all contents and operating configurat
are lost. In this project we have concentratecbn
implementation ofonly one module(control inerface
module) out of the three modsldn future we will design
the other two modutei.e., signal generatiomodule and
data path modulend interface these three moditiedesign
the controllerThis memory controller can be used in FPGA
base embeddeslystem desigito achieve high speed’he
advantages of this controller are synchronizes the data
transfer and burst data transfer. The core is developed by
using Verilog HDL[4].

Synthesis Report:

H
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Simulation Result The Control interface modulesdigned

for DDR controller is developed by Verilog and simulated
on Modelsim 6.5b and synthesized on Xilinx ISE 9.2i.
Simulation results for NOP, Read (RD), Write (WR),
REFRESH, Precharge, LOAD_MODE, LOAD_REG1 and

LOAD_REG2 cycles is shown in following fidpelow.

a) NOP Operation:
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¢) WRITEA operation:
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h) LOAD_REG2:
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e) Precharge Operation:
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f) LOAD_MODE Operation:
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g) LOAD_REG1:
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