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Abstract

In this paper, a design and implementation of synthesizable VHDL model for
control system (Controller) of the Personal Computer Memory Card
international Association (PCMCIA) cards, whickh are called memory PC
Cards (SRAM and FLASH), is presented.

The system software for this controller has been developed using OrCAD
program hased on VHDL(Very high speed Hardware Deseription language)
as software environment and Xilinx Spartan-XL (XCS10X1-4 TQ144) FPGA
(Filed Programmable Gate Array) chip as hardware device, so the
development becomes more reliable, modnolar, and adaptable to new
requirements.

The timing behavior of the controller is verified to ensure that it meets the
performance reguirementis by using timing simulation tools of OrCAD
program, therefore complete simulation results of read/write transfers for
both an attribute and a common memories are presented in this paper.
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Introduction Memory cards implemented,

Memory cards were as virtua! floppy disks must also have
introduced as an alternative to the the ability to be inserted and removed
mechanical floppy and floppy drive. from the system at any time (as with
In other words, memory cards are floppy  disks). This abiliy is
used to emulate the floppy drive sub- accomplished through the PC Card’s
svstem, hot swapping capability, The system

automatically detects and configures

the PC Card allowing the svstem to
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treat it as a floppy disk. That is, once
a PC memory card is inserted into a
socket, the user can read files or write
files just as a floppy drive. The only
perceptible difference is the lightning
speed at which these operations occur
when compared to the speed of the
same operations performed with a
floppy drive. This is due to the much
faster access to solid state media. In
addition to very fast access, these
virtual drives provide a data transfer
medium less susceptible to harsh
environmental  conditions  when
compared to magnetic media [, 2],

There are many types of
memory cards such as, DRAM, pre-
programmed ROM, SRAM and Flash.
These types are not interchangeable
but they can be used as data storage
devices, However that memory cards
are available from & number of
different manufacturers though the
basic structure is always the same.
The basic components of these cards
are [2, 3}

. Attribute  Memory: - the
PCMCIA memory card must have
attribute  memory to support CIS
{Card information Structure).

] Common Memory {Memory
Array). - data files and application
programs can be stored on the
common memory for the applications
of all kinds of portable computers.

. Controller (Address Decode
and Control Logic): - which controls
common and attribute  memory
read/write transfers. This part of
memory card is the more important
component with respect to this paper.
Write Protect Switch: - Which is used
for data security.

In addition, memory cards
that contain volatile memory devices,
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such SRAM cards usually use a
battery for data retention,

In this paper, PCMCIA
controller for memory card s
proposed as the hardware approach by
using  VHDL language based on
FPGA.

The Proposed PCMCIA Memory
PC Card Controller Design

The proposed controller was
implemented for SRAM and FLASH
PCMCIA  memory card, The
controller contains a complete address
and data buffer, address decoder,
memory device selection logic, and
read and write control logic for
common and an aftribule memory.

Eight chip enable outputs are
provided, supporting 16 memory
devices.

Since the memory cards can he
operated in either an 8-bit or 16-bit
wide mode which allows flexible
integration  into  various  system
platforms which conform to PCMCIA
standard, this controller is designed to
operate for both 8-bit and 16-bit
modes.

The Proposed PCMCIA Memory
Card Controller Operation

The controller is used to
implement PCMCIA typ I compatible
memory cards as shown in the system
block diagram and in the internal chip
block diagram (FPGA) in Fig(l).
Both PCMCIA signal lines and
memory devices are connected
directly to the controller with no
additional components  required.
Active chip select lines (CS# [7:0] are
determined by Address lines from
125:23] as shown in tabie (1).

The  controller  provides
separate output and wrile enable for
the upper, lower bytes of the memory
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array (COEH#, CWEH, COEL# and
CWEL#) and for the attribute memory
(CISOE and CISWE) to implement
byte addressing. The assertion of
these cutputs under the A0, CEI#,
CEO#, OFE# and WE# is given by table
{2) Read-Write Conirol Generation
when REG# is high and when REG#
is low.

The controller supports both
Common and Attribute Memeory read
and write cycles of word and byte
width, Common memory. the external
memory devices on the PC card, are
selected when REG#H is high and can
only be accessed in either byte or
word mode. Aftribute  memory
(external EEPROM), is seiected when
REGH# 1s low and can only be
accessed as the even byte,

Byte/word  addressing  is
controlled by CEO0#, CEl# and A(,
QE# tunctions as an active low output
enable. WE# functions as an active
low write enable. Memory access
functionality is defined in the table
(2).

When Attribute Memory s
selected by the assertion of REGH,
only the lower data bus, DILOW [7:0]
is valid and only even numbered
addresses be accessed. Accordingly,
an entry of “07 in the REG# of the
function table (2) means the access is
supported for Attribute Memory. An
entry of “1” means the access is
supported for Common Memory
accesses. During word accesses of
Common Memory, DILOW {7:0] and
DIHIGH [15:8] are active. During
byte Accesses (other than odd Byte
Only  accesses), the PCMCIA
transfers take place on DILOW [7.0]
and the controller performs the
required byte lane swapping based on
AQ to and from DIHIGH [15:8] or
DILOW [7:0].
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The WPin input provides
write protection for commen memory.
The ATTWP input provides write
protect case for the attribute memory
when high. These signals are used for
applications  requiring  write  pro-
tection.

In the case of slow memory
devices used, the RDY/BUSY# signal
for accessing these Memory devices
for writing s used.

FPGA Design Flow

The design  flow  broadly
refers to the sequence of activities
encompassing  various design  tools
that begin  with some abstract
specification of a design and ends
with a configured FPGA [4, 5.6].

The design flow described in
this section is that of the OrCAD
(Organization  Computer  Aided
Design) environment, however most
of the activities will have a
counterpart in any vendor’s design
flow, The design flow begins in the
design entry phase with the creation
ol a description of the hardware.
typically using either VHDL or
schematics, VHDL is chosen as a
design eniry for controller
development. The functionality of the
comroller  entity  is  defined by
behavioral architecture description:
Fig. (2) shows the general form of
PCMCIA memory PC Card controller
design as programming structure and
Fig.(3) shows the hierarchy block
diagram of this controller. After the
design entry has been entered, the first
Simulation phase (In Design) is used
1o debug VHDL design resources. The
Compile phase uses synthesis and
optimization technology to conven
the design description to a netlist of
logic functions, the output of this
phase is shown in Fig (4). The Build
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phase uses place and route technology
to convert the design to a specific
programmable device, from the
netlist’s delays of this phase it can be
noted that the delay of the net
"nx4937" is the limiting factor that
limits the whole design's speed,
However, this delay is little (5.636 ns)
as compared with bus speed (10 MHz)
50 that there is no probiem from this
delay in the proposed design.

- During the final Simulation phase
(Timed} timing simulation verifies
that the post-route design ncets the
performance requirements of the
design,

Timing Simulation Results

The results concerned hers
are the timing diagrams of all types of
PC memory cards transactions, i.e. an
attribute and common memories read
transfers and also write transfers for
an attribute and common memories as
shown in Fig. from (5) to (8).

From these resuits (timing
diagrams) it can be seen that the worst
delay cbtained from the controller
design is the delay between the input
stimulus PCMCIA write (W E#) or
cutput  enables (OE#) and  the
controller write or output enables
which are equal to (6ns) for read
transfers and (7ns) for write transfers,
so these delays are very small value as
compared with the delays take place if
the controller is desipned hy using
conventional hardware,

Conclusions
The following points are concluded
from this work:

I. Using FPGA in the development
of the proposed controller enjovs
three unique characteristics that
can enhance the development and
debugging process relative to
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conventional  custom-hardware-
based systems:

a) hardware availability (FPGA
hardware is generic and can be

used at the earliest point in the

design cycle);
b)  programmability  (FPGA
hardware can be modified

throughout the design cycle); and
¢} visibility (the internal state of
many FPGAs is  directly
accessible, so that it is easier to
verify designs and track down
and fix bugs).

2. The Spartan-XI (XCS10XL-4) is
chosen as a target device chip

because it i  considered a
moderate  selection  for  the
number of pates awvailable and
speed.

The behavioral architecture is
chosen as approach in the writing
of the design code because this
provides very flexible code that
can be modified quickly and also
provides little or no insight into
physical implementation of the
entity.

4. As a final note, investigating the
previously mentioned results of
place and route and timing
simulation lead to the fact that
the delay between signals in this
design is suitable and within the
limit of PCMCIA bus speed.
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Table {1) Chip Enable Decoder Operation

Address [25:23] CS# [7:0]
Q00 11111110
001 11111101
010 11111011
011 11110111
100 11101111
101 11011111
110 10111111
111 01111111

Table (2) Read-Write Control Generation, Byte selection and Data steering
functions for Common Memory and Attribute Memory
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Note: L. “X” means don't care condition for AQ.
2. Qdd-Byte or Even-Byte are data read from or write to odd or even-byte of
common and attribute memory,

3 “HiEh Z'indicates high impedance condition for data bus lincs.

4. "17 and 07, these symbols refer to Aective-High and Active-Low
condll ions res.:ue.,u'-.*u:!t}f.

“-“this symbol indicates that corresponding signals do not operate in these
states.
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Fig. 1. The proposed system block diagram
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PCMCTA Memery Card Controller program

Entity Declarabon {define the type and mods For all signals)
Signals Imfalization
main )
{
i (REGHE =) thep
(Attnbute memory is selected for reading or writing
contiguration information fromfto card 1nformation
structure (13} according o the states of card enabie
mgaats CE# [ 107, cutput enable, wrire enable, 46
EDY, and ATTWP signal)
else if (REG#= 1) then
{Commen memory 15 selected for reading or writing
working data that are used by users according to the states
of card enable signals CE#[1-0], sutput enable, write
enable, A0 DY, and Whn signal |

endif
1 *end of PCMCIA Memory Card Controlier program™/

Tig, 2. The general form of PCMCIA memory
PC Card controller design
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