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A 64-Bit 66-MHz PCI Local Busto 133MHz DDR
SDRAM Controller
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Abstract— A synthesizablecontroller that interfaces a 64-bit
66MHz PCI Local Bus to 133Mhz DDR SDRAM, implemented
on a Xilinx Virtex-ii basedboard.

I. INTRODUCTION

N the designwe implementa computerexpansionboard

thatinterfaceshetweera 66 MHz 64-bit PCl Local Busand
133MHz Dual Data Rate (DDR) SDRAM. We will discuss
the implementationdetails of the designincluding how we
synchronizedbetweenthe two clock domainswhile adhering
to the strict electricalandtiming requirement®f the memory
and bus standardsused.

Il. ARCHITECTURE OF DESIGN

In orderto reducethe compleity and design-timewe use
existing solutions.For the PCI bus we are using Xilinx' s IP
solution "Logicore PCI Interface 3.0” [1]. This PCI Core is
a readyto synthesizecontroller for the bus that operatesto
exact speci cationswith zerowait state.The core supported
both the 66MHz and 64-bit extensionsof the PCI standard
thatwe needin our design.For the Double DataRate(DDR)
controllerwe startwith an exampledesignprovided by Xilinx
[2].

Our top level designinstantiateghe PCI coreandthe DDR
controller The bulk of our designis donein a module we
call the pci_ddr_bridge. The bridge performstwo main tasks:
driving the DDR controller's statemachineand synchronizing
betweenthe two clock domains.In the bridge is the master
state machine as well as the buffers usedto shufe data
betweerthe two clock domains.Figure1 shows a basicblock
diagramof our architecture.

The DDR SDRAM controller is modi ed to include an
autorefreshcounter that assertsa signal when the DRAM
requires an autorefresh.The signal is reset every time a
successfubutorefreshis performedby DDR Controller This
signalindicatinga refreshis neededs thensentto the bridge
to allow it take control of the refresh process.When an
autorefreshhappenghe PCI coreis put into a wait stateby
deassertinghe S READY signalin casea memoryoperation
happenduring the signi cant time neededfor the prechage
and autorefreshoperationsof the DRAM.

Our statemachinehasfourteenstatesas showv in Figure 2.
For our statebits we use a binary encodingschemewhere
the uppernibbleidenti es the type of operationandthe lower
nibble for the individual state.This facilitatesdehugging on
the logical analyzer;0x0- statesarereset,0x1- statesareinit,
0x2- statesareread,0x3- statesare write, and Ox4- statesare
autorefresh.

For the designwe corvert the all the various shell scripts
usedin analysis,elaboration simulationand synthesisstages
into a single Make le. This way when a changeis made
on a le, all its dependencieare triggered. The other main
adwantageis thatfor smallchangego a le, only that le will
be reanalyzed.To allow both of us to work on the project
simultaneouslywe use the ConcurrentVersioning System
(CVS) to manageall project les. CVS saves a revision of
every le soyou canrevert changego an archived version.
This featureallows usto backoff changesftertrying a design
modi cation.

I1l. IMPLEMENTATION DETAILS
A. RTL Design

TheReagisterTransferLanguageRTL) portionof thedesign
is donein VHDL usingthe Cadencdoolsin a commandine
(CLI) ervironment.Our designoperatedin the FPGA clock
domain at 133MHz — the sameclock usedfor the DRAM
memory Various signalsare synchronizednto our datapath
using the FPGA clock and some of them are pulsedto be
usedas control signalsto our statemachine.

Crucial control signalsusedto setthe operationmode of
the PCI core are fed from registersinsteadof directly from
the rails. The synthesismappertries to optimize out parts of
the PCI coreif certaininputsaretied to directlogic values.

B. Simulation

Functional simulation is done in CadenceNC-Sim on a
Linux platform using simulationnetlistsfor the PCI coreand
VHDL simulation modelsfor the DDR SDRAM. Since our
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Fig. 2. StateDiagramof Bridge Controller
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device is acting only as a PCI target, we neededto simulate will thenreprogranthe FPGAon bootupandallowsthedesign

the actionsof the PCl initiator as well asthe PCI bus setup
phase We startedwith the stimulus le includedin the PCI
sampledesign PING64 This stimulus le for the PCI bus
accuratelycon gures the device and actsas bus master
Trickier partsof the simulatingof the designincludestesting
for casessuchaswhena DDR operationhappensat the same
time as an autorefreshFor that particular operationwe run
PCI writes backto backuntil an autorefresicomesalong.

C. Synthesis

To synthesizehe device into a usablebit le for the Xilinx
FPGA we use the Xilinx ISE tools (ver 6.1i). Aside from
xing designerrors,the majority of time spentin the synthesis
stageis spent ne-tuning the constraintle. The constraintle
gives the place-and-routéools speci ¢ goalsfor timing and
localization on the PLD. Both the existing DDR Controller
andthe PCI core comewith constraintles neededo ensure
that they meet the strict timing requirementsof their bus
architecturesThanksto Ming Li and Lei Na for helping us
out greatlyin this step.

One error discovered during synthesiswas that the data
strobedor the DRAM (DQS)werearriving onehalf clock cy-
cle early This problemis probablydueto a missingfeedback
from the systemclock on the boardcausingthe FPGA to not
accomodatdor slev on boardtraces.We madea temporary
X by registering the data strobesfrom the DDR controller
usingthe 2X clock.

The nal bit les are corvertedinto PROM les usedto
programthe ash memoryon the board. The ash memory

to persistacrosspower cycles.

D. Linux Device Driver

To testthe boardon the PC endwe usea Dell Sener box
— one of the few productionsystemswith the 66/64 PCI slot
availableatthistime. To interfaceto the cardwe useda copy of
JungoWinDriver which interfacesbetweenthe Linux kernel,
the PCI slot andour card. The softwarehasa GUI thatallows
memoryreadsandwrites,but only operate®n 32-bittransfers.

After 32-bit readsandwrites workedin the GUI we started
exploring the 64-bit optionsavailable only from a C library.
The C-level driver appearsto be working, using the 64-bit
extensionshut only 32-bit datais returned.The higher32-bits
are all logical 1's asif the bus hasbeenpulled high for the
wholetransfer The Ispci commandn Linux is registeringour
PCI device asusingthe 32-bit memoryspace gventhoughwe
have con gured the core for 64-bit operation.Thereis some
level of incompatibility in the 64-bit extensionsof PCI either
betweenLinux and our motherboardor our designand the
motherboard.

IV. CONCLUSION

The designprovided us an opportunityto work with state-
of-the-artmemorytypesandbus protocols.One of the biggest
designchallengedor us was implementinga designthat has
two clock domains,eachwith stringenttiming requirements
for externalsignals Feature®f the Xilinx Virtex seriesFPGA,
suchasthe SSTL-2readyoutputsandDigital Clock Managers
(DCM) madethis designpossible.
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Fig. 3. Auto RefreshCycle
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Fig. 5. 64-bit ReadCycle

Fig. 6. 64-bit Write Cycle



