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Abstract

This report details the design of a solid-state hard drive (SSHD). A solid-state hard drive
isa secondary storage device for a computer that uses solid-state devices, such as RAM, asthe
storage medium instead of magnetic, optical or mechanical media. The SSHD will be designed
with off-the-shelf components to reduce development time and costs. The goal isto have alow
latency and access time coupled with high throughput, which is afforded, by having RAM being
the primary storage medium. The design will make attempts to maintain alow latency by using
as few chips as possible. The major difference between this design and existing products is the
use of off-the-shelf memory modules, which are readily available to consumers and allow for
various capacities depending on how the end user decides to equip the device. Thiswill lower
the cost of the actual product to consumers, while having many of the benefits of the more
expensive SSHD designs, which use proprietary memory and are not expandable. The device
will connect to the host computer via a standard storage interconnect such as SCSI and will offer

aseamlessinstall asto appear asaregular drive.
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Final Project Design Plan

I ntroduction

Problem Statement Background

Computers have significantly increased in processing speed, quantity of data storage, and
the use of that storage in the last thirty years. Today’s major business applications that require
both speed and data quantity is database management, video editing, and real-time analysis and
transfer of data across networks. These applications are hindered in their overall performance
not by processing speed but by the computers ability to access such large quantities of datafrom
astorage medium quickly. Currently only small quantities can be accessed at these speedsin the
computer memory area. There are other inherent limits in these access methods, these include
the volatility of the areawhere datais being stored, the low priority assigned to the datain this
area, the reduced control and increased complexity for control of data whilein this area, and as
stated earlier the inherent limit to the quantity of datathat can actually be stored there.

A device that can remove most of these flaws will be an extremely useful tool. Since
these flaws are application-specific this device would have to be compatible with current systems
in order to target the specific market successfully. This device would have to also be relatively
cheap otherwise the time saved by using this new device would not be worth the investment in
the device.

Currently available products that remove the bottleneck of slow access speedsto large
quantities of data still have alot of the limitations mentioned above. They are very expensive
and in general non-user friendly or customizable in operation. A very good design project that

can be turned into an actual salable product would be to create such a device that removes all



these limitations and accomplishes the main focus of reducing the data access speed bottleneck,

called latency, as much as possible.



Problem Statement

Stevens Institute of Technology Electrical and Computer Engineering Departments
Senior Design Group #3 will be creating a device that will greatly increase the speeds that large
guantities of computer data can be accessed and reduce the latency inherent in reading and
writing data to a storage medium. This project will be completed with the backing of the
HomeBase-T Company and support from Lektra Technologies. The project will go frominitial
R&D, to completion of a prototype device, with documentation for large-scale manufacturing.
The device will accomplish this main goal while not introducing limitations and preserving the
quality and integrity of the host computer or network to which it will be attached. Asin most

viable products, cost, compatibility, and expandability will also be major factorsin the design.



Technical Area

Current computers mainly use secondary storage called hard drives. These drives
provide the high capacity storage needed to store data and program files. Hard drives are very
inexpensive for the amount of datathey can store. However, compared to primary storage these
hard drives are very slow at transferring data (low bandwidth) and take along time to access
(high latency). Primary storage areas of the computer, generally called the RAM, are too
expensive and bulky to store that much information however they are extremely fast (high
bandwidth) and very responsive (low latency). Primary storage is usually aso volatile storage
and cannot store any data when power isremoved. Our device will augment both the primary
and secondary storage by providing high capacity storage at primary storage speeds. Thiswill be
accomplished by replacing the part of the secondary storage, which handicaps it, the mechanical
media, with RAM. Thiswill make secondary storage alot closer in bandwidth and latency with
primary storage while keeping the price closer to that of secondary storage.

The device to be designed is essentially a mix of Computer Engineering and Electrical
Engineering. Basic subjectsinvolved include computer specifications research, networking and
data routing techniques, computer architecture, and microprocessor programming. Aswell as
microprocessor interfacing, electrical circuit design and analysis, printed circuit board design,
power supply design, and electronic systems prototype and manufacture. Mechanical engineering
consideration for design and manufacture will also be dealt with along with project engineering,
engineering management techniques, and cost analysis.

The design group has knowledge in all these areas. Thisis most apparently seen in their
majors, masters and minors selections, previous work experience, as well as previousinterest and

personal experienceinthefield. There are 2 Computer Engineering majors, one with a Masters



Degree in Networking systems and an Electrical Engineering minor. There are 3 Electrical
Engineers, one with 6 months of job related experience, and the other with many years of
personal experience in the computer architecture field.

A comprehensive tutorial for most of the computer architecture and specifications can be
found online at www.pcguide.com. Basic digital electronics information can be found online at
www.play-hookey.com. Other basic material about the technology needed in this project can be
found on our Senior Design website, koala.ece.stevens-tech.edu/sd/gp8/index.html, along with
each group members’ credentials.

The solid-state hard drive is an excellent project to design at thistime. Recent
developments in the networking architecture market have opened up many areas of research.
Solid State Hard Drives have been very expensive and complicated to build until this new
technology became available. A design that would have taken 3 to 4 years and would have
required proprietary micro-controllers can now be done with mass manufactured parts. Entry-
level engineers can now complete the design within 6 to 8 months, thus it is the perfect project

for asenior design group.



Design Requirements:

There are a couple objectives of the Solid State Hard Drive. At minimum, we would like
to provide a secondary storage device that runs off of DDR SDRAM. Without meeting this
requirement the project would be a complete failure on the engineering level. Secondly, this
device will need to have a higher bandwidth and lower latency than current SCSI Hard Drives.
Without meeting the second requirement the SSHD would not be of any value in the computing
industry as standard hard drives would still be superior.

SCSI hard drives currently can continuously output (sustained transfer rate) about 30
MB/sfor very high end, high quality drives. These hard drives also have latenciesin the
milliseconds. The Ultra SCSI 320 bus, to which SCSI hard drives are attached, can support a
sustained transfer rate of 320 MB/s. Thus, a SCSI Hard Drive cannot even “fill” the bus on
which it operates. The solid state hard drive will use DDR RAM that operates at a theoretical
sustained output of 1GB/s. The SCSI buswill obviously limit this, thus we have “filled” it.
DDR SDRAM also operates on the order of nanoseconds in terms of latency. Aslong asthisis
maintained throughout the device, it will be impossible to even get close to the millisecond
latencies of hard disks. Thus the choice of DDR SDRAM as the storage medium compared to an
actual mechanical spinning platter will guarantee better performance than even the best SCSI
drives on the market.

The Ultra 320 SCSI protocol we are using is a 16-bit bus that operates at approximately
80MHz for atota transfer rate of 320 Mbps. Thus the controller in the computer it is attached to
must also be an Ultra 320 SCSI to run at full functionality. Other Ultra SCSI controllers can be
used, but the bandwidth will be limited. SCSI devices are designed for backwards compatibility.

Standard personal computers do not support SCSI natively, and additional hardware must be



purchased in order to support our device. This comes in the form of a PCl expansion card.
However, those that would want the features of the SSHD and are willing to pay for it are more
than willing to purchase a SCSI controller card for their computers. Our core customer base will
be expected to aready have some form of SCSI already implemented.

DDR SDRAM (Double Data Rate Synchronous Dynamic Random Access Memory) uses
a 64-hit bus operating between 100MHz and 200MHz (in 33.3 MHz increments). The primary
difference between DDR and non-DDR partsisthat DDR incurs two transactions per clock cycle
(one at therise, one at the fall), doubling the theoretical transfer rate. The chosen frequency is
133MHz for amaximum transfer rate of 2.1GBps. The latencies are in the order of nanoseconds.
These differences between DDR SDRAM and SCSI, such as the frequency and bus width, will
have to be dealt with internal to the product. The DDR SDRAM protocols however are very
adaptable in the quantity of RAM and their location on the DDR SDRAM bus. DDR SDRAM
normally comes on DIMMSs (Dual Inline Memory Modules) that consumers can install in their
computer motherboards as primary storage devices. These DIMMs can range in capacity from
64MB to 4 GB per DIMM. The SSHD Memory Controller will have to be able to support
multiple DIMMs and a variety of the potential DIMM sizes used by the customer in the SSHD.
The SSHD should be able to support 8 DIMM slots and up to 1GB per DIMM in order to
provide for standard applications. Thus setting alimit of 8GB per SSHD, that is larger than most
primary storages, and a useful size for secondary storage.

In addition to the bandwidth and latency issues, several other secondary objectives must
be accomplished in order for the device to function to the level specified. These include a built
in Uninterruptible Power Supply (UPS) and easy storage. Since the device will be running off of

volatile SDRAM it needs away to maintain power in case of an outage. Since we currently do
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not have any method of backing up data, a UPS that |asts longer than any power outageis
required. Thisgenerally isin the 8-hour range, as the probability of an 8-hour power outageis
very low. Lastly, we need to store the SSHD next to the computer it is operating in, usually in a
business office environment. Thus the device will have to be as small as possible, hopefully
smaller than the computer itself. It aso hasto be easy to handle, sturdy, and electrically sealed.
All these requirements of the case must be met to ensure quality performance and ease of use to
the customer.

Constraints on our final design will come from multiple areas. The actual storage size
and latency figures will depend on the chips we are able to purchase for this device. Cost and
availability are major factorsin determining what chips can be used. The amount of time
alotted usto do this senior design project is a'so amajor factor. Such issues as a backup system
and increased DIMM slot and memory storage potential have been neglected, as they would take
too long to implement by the deadline set. The size of the device will mostly be constrained by
the size of the power supply. Although hard drives take up space, a SSHD needs to be as
compact as possible to accommodate the high frequencies and will be miniscule compared to the
UPS needed. Lastly, the creation of the PCB will constrain usin the layout of the SSHD. Since
the Stevens PCB fabrication machine can only do 4 layer boards, much time will be spent laying
out the electrical traces from chip to chip so as not to provide interference or echoing while

performing it’s proper function.



11
System Design

Most can probably be salvaged, but details are lacking. We can still present each area of
the project and go over our different designs we entertained. The final design for each area must
be clearly noted and described in detail. Less background, more of what we found about each

possibility. Testing procedures for our final design must also be mentioned

Proposed Block Diagram

Memory Controller
SCsSl 1/0 Processor 1GB
PCI- Controller

DIMM
Battery % EEPROM

DC-DC Converters
o ﬁ
Supply

Figurel
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Overall Design Approaches

The device will be controlled by an I/O processor, which is centered between the memory
controller and backbone to manage the data. Attached to the backbone is a high-speed storage
controller, which will handle the transactions directly to and from the host computer. Memory
capacity and functionality will depend on the memory controllers and memory interface chips
used.

The first design approach involves separate chips for each section where atransaction is
required. The second design approach will make use of an embedded solution to minimize the
chips used, and latencies as well. Thiswill typically include the processor, memory controller
and backbone controller. The third design approach forgoes the use of a standard and existing
backbone protocol and has the /O processor directly connected to the storage controller.

The type of memory used will depend on memory controller used. The goal isto usea
controller compatible with DDR-SDRAM. The planned backbone, if used, will be PCI-X dueto
availability and cost. PCI Express parts are not available in mass. Infiniband parts are too
expensive to be considered. The storage controller will be for SCSI. Other storage controllers can

be used for variations in the design through the PCI-X protocol or direct-connect.
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Memory Controller

The primary component of this design is the memory controller. Memory
controllers have to be directly connected to a processor in order to read and write data.
This part will be the most expensive and will define the limits on how our product will
operate. There are two options for the group, both of which were pursued. Thefirstisto
purchase a proprietary micro controller with embedded memory controller. The second
isto create our own FPGA (Field Programmable Gate Array), with just the features we
need. Both have their benefits and flaws.

The original goal for the SSHD was 8 GB of DDR SDRAM. However, the
amount of memory is highly dependent on the memory controller used. There are
devices, which can accommodate 8GB or more of memory, however, they are found in
proprietary systems and chip designs, which make it a cost prohibitive alternative. There
is also the possibility of incorporating external memory controllers into the device design
for expanded capabilities. However, the processor must have available pins for such
expansion. There will be an added cost for the price of the chip and assembly as well as
time required for incorporation into the design.

The IBM PowerPC 440GP is an embedded processor that contains a memory
controller and PCI-X controller. The 440GP is a 32bit chip, and the embedded memory
controller can support up to 4 GB of DDR-SDRAM at 133MHz. Thereis an option for
ECC (Error-Correcting Code), which will reduce errors. ECC is capable of correcting
single bit errors, and reporting double bit errors. The PCI-X controller conforms to the
V1.0 specification for a maximum frequency of 133MHz at a width of 64bitsfor a

maximum throughput of 1GBps.
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The other option of purchasing an FPGA has some merit too it. On one hand, it
will make it more complicated to actually have to create the chip; we will be able to
design it exactly with what we need. FPGA'’s are created by electronically programming
the circuitry inside the chip to act as other types of digital logic chips. The main sections
of these programs are called cores. The PCI-X controller and DDR SDRAM Memory
Controller are the two main cores we would need to utilize. The cores interface with
each other through code called wrappers. The wrapper in our case could connect both the
PCI-X and Memory Controller core to a processor that will route the data or the wrappers
can be coded to do the routing themselves. However, all these cores and wrappers take
up physical space inside the FPGA chip. Complex coding in the cores and wrappers,
require larger chips to create afunctional chip. You can purchase larger FPGA’s but at a
significant increase in price. The second parameter of importance is the speed of the
chip. Since we want it to interface with DDR SDRAM at 133 MHz and the PCI-X
backbone at 100MHz, the speed of the chip hasto be at least 133MHz. We would be
using Xilinx based FPGAS, of which there are two types, Virtex and Spartan. Virtex are
the larger faster cores, but are out of our price range. Spartan cores are alot cheaper, but
are much smaller in terms of amount of logic it contains. Spartan chips also cost more to
increase their speed, the standard Spartan Chip runs at level -5 (100MHz), we need level
-6 (133 MHZz) for usto interface with DDR SDRAM. Currently, | have not found a PCI-
X core written for a Spartan Controller, and only 1 proprietary core for aDDR
Controller. | do not yet know the actual space of the Spartan chips or how much each
core will take up. If thereisenough room to fit 2 DDR SDRAM Controller cores onto 1

Spartan Chip we can double the amount RAM in the SSHD. However, other factors
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such, as number of pins needed vs. number of pins accessible on the chip also becomes a

factor.
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Storage Interface: SCS|

The SCSI controller was relatively simple to find. There are two vendors that sell
single channel SCSI Controllers with a PCI-X backbone. These are Adaptec and LSl
Logic. Initial contact with Adaptec showed that they are uncooperative and will not deal
with college students or small companies. LS| wasalot friendlier and we are currently
negotiating to obtain the 53C1020 Controller chip. The LSI chip supports Ultra 320
SCSl, the fastest on the market, and PCI-X out. This chip itself is controlled from both
the SCSI side and the PCI-X side, no actual programming should be necessary to get the
chip functioning properly, passing SCSI packets from the host machine to the PCI-X
backbone, and visa versa

Connectors

We will need to install 3 types of connectors. Each DDR SDRAM DIMM wiill
need a connector for each DIMM that goes into the final design. This can be either 4 or 8
depending on the memory controller design. Each connector has 184 pins that have to be
soldered to the PCB board. There are two types of DIMM connectors that need to be
decided upon, straight-up or slanted. Straight-up connectors will have better heat transfer
properties, but that up more space than slanted connectors. The power supply will have
to be connected to the board through some form of connector, specified by the power
supply itself. Lastly, a SCSI connector hasto be positioned at one of the edges of the
device so asto appear external to the device. The Ultra 320 SCSI connector has 68 pins

that have to be soldered. Since this device will be external to both the SSHD and the



Computer, special SCSI cable connectors have been created that provide reliability,

added shielding, and arobust physical connection.
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Power Supply and Battery Backup

The power supply for the device has many possible designs. It must take line
input (120 V at 60 Hz) and output potential DC logic level voltages of (5V, 3.3V, 2.5V,
1.5V) to power the device. Since we will be using volatile storage then an uninterruptible
power supply (UPS) will be required to protect against short blackouts, brownouts and
surges from destroying the data. The UPS will have to be small enough to fit in the form
factor of the device, but should maximize the size to sustain power for aslong a blackout
as possible, this may be plenty of hours. The UPS will haveto bein parallel with the
external power supply to provide power to the SSHD. The UPS must be able to maintain
the proper DC voltage at the current needed for as long as deemed necessary. Future
versions of the SSHD will have a system where the RAM will backup the data to a hard
drive before shutting down. During a power failure the UPS will need to supply power to
both the RAM and the hard drive for more than the length of time required to backup the
data. This future requirement will be looked into and prepared for on the initial design.

One point of note is the noise produced by most power supply fans. Thiswill be
unacceptable in a business environment that is already full of many other noise
producers. Secondly, afan will end up being the component with the shortest useful life
span. Most fans do not have alife of more than two years of constant use, where all
electrical components are usually designed for five or more years. Thus, if possible we
are going to design the SSHD with a power supply that does not use afan to dissipate
heat. Other methods will have to be utilized such as heat sinks or heat-pipes.

Our initial research for powering our device began by searching power supplies

and UPS on various websites. Amongst the overwhelming number of websites available
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on power supplies an extensive research was carried out on what could be easily available
to us that would satisfy our design requirements and limited budget. Most UPSs available
are the familiar bulky external ones that we typically use for our PC protection. These
UPS have a plethora of options, sizes, prices, and backup times; however, in adevice like
ours where volatile memory is used an internal UPS is a must and protection against
power outagesisacritical part of our SSHD’ s function. Thus a UPS cannot be left asa
costumer’ s responsibility.

Before we got deep into the research and selection of the power supply arough
power estimation of the SSHD was conducted based on the potential components
available. Specifically we found that our SSHD with 4GB of memory will consume an
estimated power of P=54W. A detailed explanation on how we concluded with this value
can be found in Appendix C. Overal we will be obtaining an 70W to 100W power
supply that will allow flexibility in design and power consumption requirements. As far
asinternal UPS there aren’t as much available as we initially thought that would satisfy
our design requirements in terms of size and backup time and no fan. Nevertheless, we
were able to nail down asmall number of potential internal UPS. In particular these
internal UPS are regular sized ATX and AP PC power supplies with built in UPS offering
backup times that range from 5 min to 40 min depending on power consumption and
weather a monitor is used or not. Therefore these UPS would be able to power our system
in case of apower outage for an extensive time reaching into the hours since the SSHD
obviously consumes much less power that a stand alone desktop. In particular companies
such as Amsdell, Beam Tech Electronics, and UPS2 offer such power supplies with

output power of 200W-250W that range in price from $100-$140; this price rangeis



20

acceptable but keeping it under $100 is our goal. Another obstacle that averts us from
choosing such a power supply isthat they have afan, which we would like to avoid;
hence we [ook for another solution.

Next we looked at internal DC UPSs. These UPSs accept both ac and dc input
over awide input range and output a clean regulated voltage. Backup is provided by lead
acid batteries that are hooked up to the UPS. The UPS continuously charges and monitors
the batteries and in case of a power outage continues to supply power to the load with
zero transfer time meaning that the load never “sees’ atransition of input power from ac
mains to battery; power to the load in completely unaffected by the power outage.
Furthermore these DC UPSs have LED status indicators showing when main power fails,
battery islow, battery is charging etc. Thus this type of UPSs would be ideal for our
SSHD providing lengthy backup times since 5Ah to 50Ah lead acid batteries can be used.
Sadly though there were extremely difficult to find and only a couple of these were found
suiting our design and their price range of $300 - $450 is prohibited.

In terms of cost, building our own UPS should cost much more that buying an
internal integrated UPS PC power supply mentioned above if the components are
purchased separately directly from the respective companies. Thisis because we are not
buying in large quantities, hence the component prices are selling for more. Furthermore
some of these components are very expensive as for example the wide input DC-DC
converter which depending on power output can easily reach $40. Due to this fact most or
all of our components regarding the UPS will be purchased from surplus and outlet online

stores such as allel ectronics.com, which sell various electronic equipment for a small
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fraction of their usual selling price. By doing so we hope to construct our UPS for under
$100.

The PCB board is still in the initial research phase. The on-campus facilities will
be utilized, however thisimposed some constraints. The SCSI controller and possibly
Memory Controller will be BGA (Ball Grid Array) devices. These devices have many
pins that come out of the chip underneath, where they cannot be hand soldered. Not only
does this make the soldering of the chips more expensive, it makes creation of the board a
lot more complicated. The facilities here can only create 4 layer PC boards, while
designing with four layers will make the final product cheaper, it will make the design a
lot more complicated. Routing 400 pin chips on only 4 layers presents a challenge that
may not be overcome, especially when there is amost no space in-between the pins to
route the connections. All the other larger and lower pin count components will be very
simple to design for on the PCB.

Viaswill be used to interconnect the different layers of the board. We have yet to
determine the placement and number of them needed. They are an important cost factor
that can add up both economically and real estate wise. While only pennies per hole a
large number of them can add to the final production cost. The fact that each hole
penetrates all layers and connects only two in most cases makes other layers in that spot
unusable and affects the complexity in the routing of tracesto or around these holesin
turn affecting your board size constraints.

Impedance relates to all parameters in the design since frequencies above
100Mhz will be used affecting tolerance, cross talk, reflection and propagation delay.

The correct value must be found to accommodate all these different conditions that can



occur. Factors like line width, spacing, length and frequency play alarge part in it
behavior. These considerations in the creation process of a custom PCB cannot yet be

tackled until components that meet our requirements are finalized.
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Financial Budget

Parts List (Estimated) Quantity Cost
Memory Controller/Embedded Processor 1 $100
SCSI — PCI-X Controller 1 $60
Power Supply 1 $110
Connectors 5 $25
Misc. Electronic Components $50
Case 1 $50
PCB 1 $80
Total Cost $475
Table 1: PartsList
Misc. Expenses
Travel $50
Paper $25
Toner $150
Phone Calls $25
Total Cost $250
Table 2: Expenses
Salaries Hours Cost
Project Manager 180 $75,000
Systems Engineer 160 $65,000
Electrical Engineer 150 $60,000
Computer Engineer 150 $60,000
Power Engineer 150 $60,000
Tota 790 $320,000

Table 3: Salaries

23
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Project Schedule
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Summary

The SSHD isthe fastest storage device in the market. The market for it exists. Dueto
high prices, are only available as top tier enterprise solutions. This project is the start of adevice,
which will proliferate to other solutions out there that may not have the capital for the expensive
alternatives, which already exist. The primary avenue for differentiation between the other
competitive products will be the use of standard memory modules and expandability. The
competition uses customized memory storage solutions at a fixed capacity.

The use of RAM as the primary storage medium offered high-speed transfer rates. The
access time is much lower than traditional storage media such as hard disk drives, optical discs
and tape based solutions. The lower access times are directly related to the latenciesinvolved in
the transactions within the device, between components. The embedded solution for the
controller chips provides alower latency than one where more chips are used due to the length of
the traces and other factors, which an embedded solution provides.

The flexibility of the feature set is greatly dependent on the use of PCI-X as a backbone
protocol. Other interfaces can be added as long as a PCI or PCI-X compatible controller is
available, such as Fibre Channel, Serial Attached SCSI, and Serial ATA. Without PCI-X or an
equivalent protocol, the use of a direct-connect solution will either prohibit the inclusion of other
controllers or increase development time by a significant amount for each protocol desired.

There are two aspects of the design that will be challenging. The first involves the
communications protocol which will be necessary in making the design functional. Thisinvolves
pairing PCI-X to SCSI, but in a manner which has not been done before. The SCSI chip will act
more as a PCI to PCI-X bridge which differs from traditional functionality. The second involves

preventing errors in writing and reading due to the high frequency nature of the I/0O. SCSI and
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DDR-SDRAM specifications have methods of error correction, and these will be implemented.
Any additional error prevention or correction outside of those two technol ogies may be explored,
such as data mirroring or parity directly implemented into the RAM storage. The challenges

aside, the core design of the device is afeasible project.
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Appendix A: Overview of Technology

I nitial Research

Research has been done on 4 main areas involved with the device. Since this device will
be a stand-alone unit it will require a power supply. It will require input and output connectors
to the computer it will be attached too. It will also require a storage mediathat can hold large
guantities of data, have faster transfer rates and lower latency times than the fastest hard drives
currently available. Lastly, the device will require arouting system that connects the storage
media to the I/O connectors.

Currently, the size is not a design factor, however, the form is arequirement. This device
will be operating in a business environment, and must be relatively close to the machineitis
connected too. This does put arelative constraint on the form, as it would make the product
easier to store if it comesin a standard computer rack size. Based on the size of the internal
products used, the proper form factor will be found and defined. The prototype should also
conform to a computer rack form so it can be used in the same way during testing.

Lastly, we have decided to make it a stand-alone unit. Thisis becauseit would be
impractical in theinitia prototype phase of the design to make it an internal drive. To make the
product small enough so that it would fit on an internal hard drive bay (4.0"x5.75"x1.0”) to the
computer it is being attached too, it would be very difficult to design to on the initial design and
may place further limitations on the device that we do not want. Also, the time to develop just
the printed circuit board (PCB) would be too long and take up to much time given our time
limits. However, an internal design is afuture form to be researched and produced, asthereisa

market for it.



29

Storage Media

There are many types of storage media used in electronic equipment. The basic
requirements for the mediawe are looking for isthat it has to have access times and speeds faster
than atypical high end hard drive. The device has to also have the ability to be read, written, and
overwritten easily and quickly. Magneto-Optical and Tape drives are too slow, such as Zip
drives as are optical drives such as CD-R/W and DVD-R/W. The three main contenders are
Flash Memory, DRAM, and SRAM. These are all transistor-based devices, not mechanical like
the others. Thus giving the project it’sworking title: Solid State Hard Drive (SSHD), dueto its
lack of moving parts.

Flash Memory has many benefits and many downfalls as do the other two mediatypes.
Flash behaves like an EEPROM (electrically erasable programmable read-only memory) in
concept except that it isfaster in both access times and erasure times along with being able to
store more data. The major benefit of Flash over the other two typesisthat it is non-volatile; it
does not lose the data stored on it when power is not supplied, and it also has a smaller footprint
on aPCB. However, Flash also has slower access times than SRAM or DRAM and only has a
limited amount of timesit can be re-written. Flash is mostly used for Digital Cameras and other
small portable storage applications where its non-volatility is used heavily.

SRAM (Synchronous Random Access Memory) is the fastest memory type in terms of
latency. Thus, if it werethe only design parameter it would be the best mediatype. However,
SRAM is extremely expensive to produce compared to the other two types. There are products
out there that currently use SRAM, however the complexity of creating the product along with

SRAM’s price puts their costs in the millions for a machine.
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Flash and SRAM arerelatively expensive compared to DRAM, and would have to be
installed directly into the device on production, and are harder to develop into a system as they
do not have the long time corporate support as DRAM. When Flash and SRAM prices decrease,
and there is more standard product support for them as onboard storage media then they may
become atruly viable option for the Solid State Hard Drive.

SDRAM and RDRAM are both DRAM (Dynamic Random Access Memory) and are
competitors in the computer DRAM market. Rambus DRAM is much faster than standard SDR
SDRAM (Single Data Rate Synchronous Dynamic Random Access Memory) however DDR
SDRAM (Double Data Rate) came out dlightly after RAMBUS and greatly decreased
RAMBUS' advantage in throughput speed. DDR SDRAM also has less latency than RAMBUS
dueto itssimpler internal structure. Both types are volatile memory, thus they will not maintain
data when power isremoved. The customer in many different configurations and storage sizes
can attach both SDRAM and RAMBUS to the device.

DDR SDRAM istheindustry standard. RAMBUS is proprietary RAM and thus only has
one vendor; it is also more expensive since there are no competing manufactures. Since DDR
SDRAM is a standard memory type, there are more users familiar with and currently using the
memory, more product support chips and controllers. It is currently the best option for the solid-
state hard drive. When and if RAMBUS reduces in price, and has more corporate support, and a

larger share of the RAM market, it may be aviable alternative to DDR SDRAM.
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Appendix C: Power Supply

It iswell known that our major power consumption component will be memory. In
determining the rough estimate of power consumption we considered worst-case situations.
Specifically we found that 2128 MB DDR SDRAM under high stress workload consumes an
estimated P=620.1mW *, hence in aworst-case situation (assuming a linear increase of power
with respect to memory size) for 4GB of memory we would need atotal of Pmem=20W. Now
thisisavery generous estimate since we know that 4GB of memory surely consumes much less
power. Typical power consumptions for the embedded microprocessor were found to vary from
5W to 7W, hence we selected P=10W for the embedded microprocessor. Furthermore we add
another 15W for the potential three controllers (SCSI, Memory, PCI-X) possibly used assuming
5W consumption each. This brings atotal of 45W for the SSHD with 4GB of memory; in
addition afactor of safety of 1.2 isincluded bringing our total power consumption to P=54 W. It
can be said that these estimations are quite generous and liberal which is absolutely true. It is
expected that our SSHD will consume far less power than estimated. Also note that the power
consumption obviously increases as memory in the SSHD isincreased, we can easily estimate
the additional power by assuming a linear relationship mentioned above. No harm isdonein
being so generousin fact it provides us with more flexibility since more power may be required
in the case we use a separate HD for de-staging and it provides us a sense of security since
underestimating the power consumption would lead to a useless purchased power supply.
Therefore overall we are searching for a 70W — 100W uninterruptible power supply.

We can also design our own battery charging circuit. The schematic diagram for building

the UPS is shown below.

1 Micron TN4603
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This design alows the use of asmall charger whose only responsibility isto maintain the charge
of the battery. The power supply is used to power the load while the main AC power ison. As
seen from the diagram above the battery terminal is connected to the load through the DC-DC
wide input converter thusit is always on-line meaning zero transfer time. One important
drawback to this design however, is that the voltage of the power supply must be as high; or
higher than the highest battery charger output voltage because if the power supply’ s voltageis
too low, the load may clamp the charger’ s output at too low a voltage to sufficiently charge the
battery. According to Ibex manufacturing their 12V charger may reach 15V or less at room
temperature; thus a power supply of 15V must be selected for this design. Further more as seen
by the diagram a pair of schottky rectifiers are used to prevent current from the power supply to
reach the battery and current from the battery reaching the power supply in case of a power
outage; also a pair of capacitors will be used at the power supply and charger output to filter out
potential spikes as power comes back on after a power outage.

Another crucial component in this design isawide input DC-DC converter because the
voltage supplied to the input terminals of the converter varies greatly in magnitude since the

voltage of alead acid battery decreases greatly asit discharges. Moreover, during power outages
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the output voltage will greatly vary from power supply potential to charger potential. We should
clarify that in this design we are using 12V batteries and a 12V charger. A wide input (12V
nominal) DC-DC converter typically accepts an input range of 9V-18V and may output clean
regulated 5V, which would satisfy our needs. After getting our regulated 5V a series of low cost
DC-DC converters and regulators will be used to distribute the necessary voltages to the various
components on the PCB. In addition in terms of backup time the runtime depends on the capacity

of the battery, which can lead to hours of backup.



Appendix D. /O Interconnects

The data that is being stored in the RAM has to come from the computers requesting the
storage operation. There are many methods of getting the information from the computer to the
SSHD. Standard computers have outputs for serial RS-232, USB, and FireWire |EEE 1394.
However, none of these outputs have transfer speeds and latency times that even compare to
current hard drive speeds. Thus something faster must be, and has been, developed for data
transfers both internally and externally in corporate environments and high-end systems. The
standard PC usually usesthe IDE/ATA interface; this interface provides 1/0O between standard
hard drives and a computers motherboard. While this interface is much faster than the actual
hard drives can process data, since the device are using RAM instead of a mechanical hard drive,
the fastest interface possible would still not be fast enough to deliver datato the RAM.
Corporate environments and high-end machines do not use IDE/ATA, instead they use SCSI and
Fibre Channel as their primary interfaces. These protocols are the current mainstay of servers
and server networks. In the future other technologies currently in development such as Serid
ATA, Serial SCSI, and other 1/0O interconnect architectures such as Infinband and PCI-X may
take over. These 1/O architectures will be discussed in the backbone section.

Fibre Channel is currently the fastest operating 1/0 type in standard use. SCSI, while
slower is aso cheaper to purchase and maintain; however it isnot as cheap as IDE/ATA. Fibre
Channel is actually a modification on SCSI to be able to use the protocol over Optical Fiber
lines. The SCSI interfaceis easier to program. To companies the added expense of Fibre
Channel isworth it for the speed gained in transfer rates. The latency of both interconnectsis
about equal. Thereisno foreseeable future for either technology, as I/O architectures will be

taking over the same functions. Fibre Channel isamost exclusively used in large server
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environments and storage area networks (SAN) to connect physically separated devices, while
SCSI isused even at the individual power PC user and can be completely internal or used
externally to connect to other devices. The original device will use SCSI asits1/O interface due

to the widespread use, relatively cheap cost and fast speed.
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E. Backbone system

The throughput required by the device internally will require a high-speed bus. Many
high-speed protocols exist, and many more are in planning stages. Hyper Transport, Hyper
Threading Technologies are two, which have been implemented between x86 processors and
core logic chipsets. Both are not suitable for this device due to the types of applications. The
high-speed protocols which are suitable for this device are: Infiniband, PCI-X, and PCI Express.
PCI-X version 1 iswhat is planned on being used due to availability. The alternative to having an
actual backbone is a direct-connect of all the chipsinvolved. Thiswill not be implemented due to

the time involved in development.



