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Features:

- Standard SATA 2 Bus Interface
— SATA command set compatible
— Serial ATA 2.5 (Gen. 2)
— SATA I, 3.0 Gbps
Form Factor
—2.5inch
— 7-pin SATA male connector
— 15-pin SATA power connector
Capacities
— Up to 16GBytes for each slot with UDMA mode support
Supply voltage: 5V
Performance
— Burst Read/Write: 300MB/sec based of Fortasa’s Industrial CompactFlash card
Expansion
— 50-pin CompactFlash slots x 2
Mode
— FAST (RAID 0)
— SAFE (RAID 1)
Interoperability
— Guaranteed to work with Fortasa’s Industrial CompactFlash products
exclusively
OS Support
— Microsoft Windows 2000, XP, Vista, and CE, Linux (Kernel 2.6.21 or later)
Temperature ranges
— Operation:
Standard Temperature: 0C to 70C
— Storage: -40C to 100C
Power Consumption
— 510mA (typical)
Auto Standby and Sleep mode supported
RoHS compliant
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The Fortasa 2.5” SRFD is the first SATA RAID Flash Drive introduced to the market. SRFD increases
data reliability and security by utilizing an SATA interface and saving data into two Compact Flash cards.
It offers capacity expansion, ultimate performance, reliability and simplicity with a variety of hardware
RAID modes.

The Functional Block SATA RAID Flash Drive (SRFD) contains a SATA RAID Processor Unit, two CF
media slots with PATA interfaces and a SATA interface to the Host.

CF Media

&

| | SATARAID
HOST // SATA [nterface : Processor
N s Unit

ta ™,
-

.”: PATA [nterface > CF Media

%

Figure 1-1: Functional block diagram
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This section describes the appearance of the SRFD as well as its LED indication, mode configurations,
expansion slots, and interfaces.
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Fortasa SRFD utilizes 4 static dip switches to program a normal operating state. The configuration of
each RAID mode uses a combination of the Configuration pins.

The following method can be used to define the configurations.

Configuration pins set to RAID 0 (FAST), RAID 1 (SAFE):

A.

While the system is powered-up

l. Any configuration change is ignored

. Physical drive change rules: no drive accepted; in RAID 1 (SAFE) mode, a single drive
change will be accepted with normal drive rules (larger or equal to existing drive)

Upon power-up, but with no pushbutton (reset) pressed

l. Any configuration change is ignored

. Physical drive change rules: no drive accepted; in RAID 1 (SAFE) mode, a single drive
change will be accepted with normal drive rules (larger or equal to existing drive which
must be present)

Upon power-up and momentary pushbutton (reset) pressed

l. Only new configuration changes are explicitly accepted (if possible) and all new drives
are explicitly accepted if there is a new configuration

© 2009 Fortasa Memory Systems Rev. 1.0 &
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The following tables list front view and back view LEDs for indication and behavior of CF card socket #1

and #2 status.

Table 1-2: Front View CF1 and CF2 LED Status

% # &'() * #1(+ ,*
N 0 0
# ", (* + +
# 0", (#1* + 2(+
3™ 4/ .
(.25"# . "4 , 4] 6 ( %3 * 0 "
3™ 4/ 7 5 + "2 (+*
(.25"# . "4 , 4] 6 ( %3 * "+
9 % H # -1$4 ol (
Table 1-3: Back View LED Status
&93 3"# . % #
8+ ;8 <";31# ##™
&'() * =& =&"'" 5
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"HHS

Compatible with SATA Genl and Gen2 host controllers

OS independent, Driverless, Auto Configuration

RAID 0 (FAST), RAID 1 (SAFE) support

Embedded fast RAID Processor

Virtualization engine to simplify and improve utilization of storage devices
Ultra-fast 3Gbps host and device port capability

%& (
Automatic Failover in RAID 1 mode
Automatic Rebuild in RAID 1 mode
Automatic RAID mode configuration
100GB/hr Rebuild speed without Host CPU loading
High performance, reliability and simplicity with hardware RAID 0, 1 options
Virtualized multiple storage devices into one or many storage units, e.g. multi-drive spanning, drive
partitioning
High-speed, native SATA Il connection to host and device
Device-to-device(s) copy to off-load host during rebuild
LED drivers for status reporting
Drive Splitting for multi-RAID partitions on a single volume with PM Aware Host

% &

1x2 Port Multiplier Functionality

1.5Gpbs or 3Gpbs link rate with auto-negotiation
Supports hot plug, drive roaming

Supports host control of hard disk drive staggered spin-up
Host side NCQ support

)

Features independent 8-KByte FIFO per Device Serial ATA channel for reads and writes
High Performance data movement between all SATA Generation 2 ports

Greater than 110MBps sustained reads in RAID 1 mode (limited by drives)

Support store and forwarding

PC

DVR

PVR

Video Editing Systems
eSATA Storage Target/Host
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)
Virtualization is a mechanism, where the HBA can have an alternate view of the physical drives. The
RAID Processor allows various access strategies to the connected Hard Disks and may be configured to
represent n-drives as m-drives to the user. This provides the user with a simple way of partitioning
storage resources according to use. For example, the processor could represent one drives as a single,
large drive. Another option would be to make virtual storage resources according to reliability or
performance requirements. One virtual target could be a mirrored set consisting of drives 1 and 2, or
could be a striped set consisting of drives 1 and 2. Representing multiple device targets may only be
performed with port multiplier aware host controllers.

SRFD supports 2 modes: RAID 0 (FAST), RAID 1 (SAFE)

/0 1

RAID 0 - RAID Level 0 is not redundant, hence does not truly fit the "RAID" acronym. This method splits
the data over numerous drives but is seen as one drive by the operating system. If one drive fails though,
all data becomes inaccessible. This level is commonly referred to as striping.

The RAID Processor supports a definition of RAID 0 (Fast) set. The stripe size (chunk size) is set to 8 KB.
The HBA (Host Bus Adapter) does not need to know anything about the physical arrangement of the
data. To the HBA, the virtualized drive behind RAID Processor is a simple (normal) drive that just
happens to be faster. All error handling etc. is managed by the Processor. The advantage of striping is
double the data transfer throughput of a single physical drive. This applies to both read and write
operations.
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0% 1
RAID 1- Mirrored Set (2 disks minimum) without parity. RAID-1 set is a combination of two physical
partitions, where the data is “mirrored” among them. Provides fault tolerance from disk errors and single
disk failure. Increased read performance occurs when using a multi-threaded operating system that
supports split seeks, very small performance reduction when writing. Array continues to operate so long
as at least one drive is functioning.

The RAID Processor supports a definition of RADI 1 (Safe) set. The HBA (Host Bus Adapter) does not
need to know anything about the physical arrangement of the data. To the HBA, the virtualized drive
behind RAID Processor is a normal drive that just happens to be safer (fault tolerant). All error handling
and Data rebuild is managed by the RAID Processor. The two physical partitions used for mirroring must
reside on two different physical disks, as there is no benefit of mirroring the data on the same drive. The
advantage of mirroring is essentially safeguarding the data in case of a single physical drive failure. For a
read operation, the RAID Processor decides which physical partition to read from and for write, the data is
written to both drivers.

Note:

There is no benefit of performance due to mirroring. Often the performance may suffer slightly, as the
data will be transferred to the least common denominator of the two physical drives. The two physical
partitions used for mirroring must reside on two different physical disks, as there is no benefit of mirroring
the data on the same drive.

2

The Storage Processor improves the speed of RAID 1 (Safe) mode by introducing RAID 1 drive racing.
When reading a sector, both mirrored drives race and the first one to get the data supplies the
information, lowering the average seek time.

3% # 4 5

For RAID 1 (Safe) volumes, the firmware implements three additional features to make the data more
reliable, Sector Recovery, Disk Rebuild and Disk Verify .
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3 % # 4
For RAID 1 (Safe) volumes, at any time, if the Storage Processor detects any read or write error, it
automatically (without host intervention):
Take the Physical Partition Off-line
Attempt to copy the respective data from the other mirrored Partition (if available).
If the re-write is successful, then the problem is solved before it got to be catastrophic.
Bring the Physical Partition On-Line.

In case the problem still persists after re-write (Read-Verify fails), then it is assumed that Physical
Partition on the Physical Disk is bad (and all spare sectors implemented by the HDD itself are depleted).
In this event, this Physical Partition (with Error) will stay off-line. Other Physical Partitions on this HDD are
still good and stay on-line. In addition, that HDD’s LED will show the Error State. In the rare case, if there
is another sector recovery needed, while the first one is not complete, then the new request is converted
to a Disk Rebuild Request.

3 5
First of all, the Disk Rebuild is really a Physical Partition Rebuild. Only then the Physical Partition spans
the entire Physical Disk, the entire Physical Disk is rebuilt. Disk Rebuild is a procedure, to copy all of the
content from the “Good” Physical Partition to the “Broken” or “New” Physical Partition.
This is typically initiated on one of the following three events:
Power Up (Scan if anything is pending)
Physical Disk insertion (Assume, the inserted Physical Disk is good and ready to use).
Another Sector Recovery or Disk Rebuild completes. During Disk Rebuild, the Physical
Partition is not read from, but all writes are propagated to the drive.

3 , 4
In addition to the Sector Recovery and Disk Rebuild, the Storage Processor also implements a Data
Verification scheme. For sector Recovery, the Data Verification performed by Read-Verify Commands is
automatically and always performed to make sure, the data is written correctly. In case of Disk Rebuild,
this Data Verification is optional (selectable by GPI [1]). The firmware will read the status of this GPI pin
and if “1”, it will perform a Verification cycle. Note: The drive is fully available for reads and writes, during
the data verification process.
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Table 3-1: Signal Segment
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Table 3-2: Power Segment
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'# 6 %

The Serial ATA RAID Flash Drive environmental specification complies with the US Military Standard
MILSTD-810F, as listed in table 4-1, table 4-2, and table 4-3.

Table 4-1: Temperature and Humidity Specification

$ HO#
! n
#$% & OC#* " &+
Table 4-2: Vibration Specification
$ HO#
-%t+* ) #./+ 01
Table 4-3: Shock Specification
$ HO#
y - Yot
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Table 5-1 summarizes the command set with the paragraphs that follow describing the individual
commands and the task file for each.

Table 6-1: Command set (1 of 2)

$$ - @ | 3< | &0
2 "3 "4 & 5# # " " " " 6 "
57% 60" + # " " " " 6 "
5+ " /41 # " 8 8 8 8 8
9%+ 2 5# " " " " 6 "

% " # " 8 - 8 8 8
& <'"6 0 5# " " " " 6 "
;&9 5# # " 8 " " 6 "
;&9",%% & 5# # " " " " 6 "
; 9. "0"3 % + # " 8 " " 8 "
, 3 # " " " " 6 "

& "$<< 5# " " " " 6 "

& "= " # # " " 8 8 8 8

& "4$9 9 # " 8 8 8 8 8

& "+l # # " 8 8 8 8 8

& " <"+ # # " 8 8 8 8 8

9> % " " " " 6 "

@$+" + i " " " " 6 "
! % " " 8 8 8 8
" $+ 5# 8 " " " 6 "
I "4$9 9 "4 & # " 8 " " 6 "
"9 "4& 5# # " " " " 6 "
& ™ 5# # " " " " 6 "
& "' "%%& 5# # " " " " 6 "
49 | # " 8 8 8 8 8
A "$<< 5# " " " " 6 "
A 439 9 # " 8 8 8 8 8
A "4$9 9"A 2% "5 + 6# " 8 8 8 8 8
A " [+l # # " 8 8 8 8 8
A " /+1 'A2$ 'S5+ # " 8 8 8 8 8
A "< # " 8 8 8 8 8
1. FR - Features register

2. SC - Sector Count register

3. SN - Sector Number register

4. CY - Cylinder registers

5. DH - Drive/Head register

6. LBA - Logical Block Address mode supported (see command descriptions for use)

7. Y - The register contains a valid parameter for this command

8. For the Drive/Head register:

Y means both the CFC and Head parameters are used
D means only the CFC parameter is valid and not the Head parameter
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* ) 7'$ 7 8I*9 329

0_# | | | | |

$$ (* # 5#

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

This command checks the power mode. Because the SRFD Drive can recover from sleep in 200ns, idle
mode is never enabled. The SRFD Drive sets BSY, sets the Sector Count register to O0H, clears BSY
and generates an interrupt.

LT #T 8 3/9

0/ | | | | |

$ (¥ #
3< (* ? | 60 | ?

5<,2(* ?

5& (* ?

#-1$ (* ?

2 ?

€ ?

This command performs the internal diagnostic tests implemented by the SRFD Drive. If the Drive bit is
ignored and the diagnostic command is executed by both the Master and the Slave with the Master
responding with status for both devices, the Diagnostic codes shown in Table 5-2 are returned in the
Error register at the end of the command.

Table 5-2: Diagnostic codes

Code Error Type

01H No Error Detected

02H Formatter Device Error

03H Sector Buffer Error

04H ECC Circuitry Error

O5H Controlling Microprocessor Error
8XH Slave Error
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* I 7% 018 /9

0 A | | | | | | |
$$ (* #
3< (* 2 | =B | 2 |60 | Head (LBA 27-24)
5<,2(* 9& #2/FB "1
5& (* '9& = /=B "1
#-1$(* I $%> /=B "1
# (* ! $
[ (* ?
The use of this command is not recommended, this command returns an error.
* )7 ) 819
0 Al | | |
$$ (* 5#
;3i< (* ? | 60 | ?
5<,2(* ?
5& (* ?
#-1$(* ?
# (* ?
[ (* ?

This command causes the SRFD Drive to complete writing data from its cache. The SRFD Drive then
clears BSY and generates an interrupt.

** 6 7& 8*9

0_# | | | | | | |

$ (* #

3i< (* 2 | =B | 2?2 ]60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1

5& (* '9& = =B "1

#-1$ (* | $%> =B "1

# (* I

I (* ?

This command is accepted for host backward compatibility. The SRFD Drive expects a sector buffer of
data from the host to follow the command with the same protocol as the Write-Sector(s) command
although the SRFD Drive does not use the information in the buffer. The use of this command is not
recommended.
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* o+ 47 # 819

0_# | | | | |

$ (* 5#

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

The Identify-Drive command enables the host to receive parameter information from the SRFD Drive.
This command has the same protocol as the Read- Sector(s) command. The parameter words in the
buffer have the arrangement and meanings defined in Table 5-3. All reserved bits or words are zero.

Table 5-3 is the definition for each field in the Identify-Drive Information.

Table 5-3: Identify-Drive information (1 of 3)

Word Default Total . .
Address value Bytes Data Field Type Information
0 044AH 2 General configuration bit-significant information
1 bbbbH? 2 Default number of cylinders
2 000CH 2 Reserved
3 bbbbH? 2 Default number of heads
4 000CH 2 Reserved
5 0200H 2 Reserved
6 bbbbH? 2 Default number of sectors per track
7-8 bbbbH? 4 Number of sectors per device (Word 7 = MSW, Word 8 = LSW)
9 XXXXH 2 Vendor Unique
10-19 ddddH* 20 Unique serial number in ASCII
20 0002H 2 Buffer type
21 XXXXH 2 Buffer size in 512 Byte increments
22 XXXXH 2 # of ECC bytes passed on Read/Write-Long-Sector Commands
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Table 5-3: Identify-Drive information (2 of 3)

Word Default Total . .
Address value Bytes Data Field Type Information
23-26 aaaaH’ 8 Firmware revision in ASCII. Big Endian Byte Order in Word
27-46 ccecH® 40 User Definable Model number/name
a7 8001H 2 Maximum number of sectors on Read/Write-Multiple command
48 000CH 2 Reserved
49 OBOOH 2 Capabilities
50 000CH 2 Reserved
51 0200H 2 P10 data transfer cycle timing mode
52 000CH 2 Reserved
53 0007H 2 Translation parameters are valid
54 nnnnH? 2 Current numbers of cylinders
55 nnnnH® 2 Current numbers of heads
56 nnnnH? 2 Current sectors per track
57-58 nnnnH? 4 Current capacity in sectors (LBAs) (Word 57 = LSW, Word 58 = MSW)
59 010xH 2 Multiple sector setting
60-61 nnnnH® 4 Total number of sectors addressable in LBA Mode
62 000CH 2 Reserved
63 0x07H 2 DMA data transfer is supported in SRFD Drive
64 0003H 2 Advanced PIO Transfer Mode Supported
65 0078H 2 120ns cycle time support for Multiword DMA Mode-2
66 0078H 2 120ns cycle time support for Multiword DMA Mode-2
67 0078H 2 P10 Mode-4 supported
68 0078H 2 P10 Mode-4 supported
69-79 000CH 20 Reserved
80 007EH 2 ATA/ATAPI major version number
81 0019H 2 ATA/ATAPI minor version number
82 706BH 2 Features/command sets supported
83 400CH 2 Features/command sets supported
84 4000H 2 Features/command sets supported
85-87 XXXXH 6 Features/command sets Enabled
88 xX1FH 2 Ultra DMA Mode supported and selected
89 XXXXH 2 Time required for security erase unit completion
90 XXXXH 2 Time required for enhanced security erase unit completion

Rev. 1.0 )
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Table 5-3: Identify-Drive information (3 of 3)

Word Default Total

Address | Value Bytes Data Field Type Information

91-127 0000H 74 Reserved

128 XXXXH 2 Security Status
129-159 0000H 62 Vendor unique bytes
160-162 XXXXH 4 Reserved

163 XXx2H 2 Reserved

164-255 O0OO00OH 182 Reserved

1. XXXX=This field is subject to change by the host or the device

2. bbbb - default value set by controller. The selections could be user programmable.
3. n - calculated data based on product configuration

4. dddd - unigue number of each device

5. aaaa - any unique firmware revision

6. cccc - default value is “xxxMB SRFD Drive” where xxx is the flash drive capacity.
The user has an option to change the model number during manufacturing.

1. Word 0: General Configuration
This field informs the host that this is a non-magnetic, hard sectored, removable storage device with a
transfer rate greater than 10 MB/sec and is hot MFM encoded.

2. Word 1: Default Number of Cylinders
This field contains the number of translated cylinders in the default translation mode. This value will be
the same as the number of cylinders.

3. Word 3: Default Number of Heads
This field contains the number of translated heads in the default translation mode.

4. Word 6: Default Number of Sectors per Track
This field contains the number of sectors per track in the default translation mode.

5. Word 7-8: Number of Sectors
This field contains the number of sectors per SRFD Drive . This double word value is also the first invalid
address in LBA translation mode. This field is only required by feature set support.

6. Word 10-19: Serial Number
Unique serial number ID. The twenty bytes are a user-programmable value with a default value of
spaces.

7. Word 20: Buffer Type

This field defines the buffer capability:

0002H: a dual ported multi-sector buffer capable of simultaneous data transfers to or from the host and
the SRFD Drive.

8. Word 23-26: Firmware Revision
This field contains the revision of the firmware for this product.
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9. Word 27-46: Model Number
This field contains the model number for this product.

10. Word 47: Read-/Write-Multiple Sector Count
This field contains the maximum number of sectors that can be read or written per interrupt using the
Read-Multiple or Write-Multiple commands. Only a value of ‘1’ is supported.

11. Word 49: Capabilities
Bit Function
13 Standby Timer

0: forces sleep mode when host is inactive.
11 IORDY Support

1 P10 Mode-4 is supported.
9 LBA Support

1 LBA mode addressing is supported.
8 DMA Support

1 DMA mode is supported.

12. Word 51: PIO Data Transfer Cycle Timing Mode
This field defines the mode for PIO data transfer. The SRFD Drive module supports up to PIO Mode-4

13. Word 53: Translation Parameters Valid
Bit Function

0 1 Words 54-58 are valid and reflect the current number of cylinders, heads and sectors.
1 1 Words 64-70 are valid to support PIO Mode-3 and 4.
2 1 Word 88 is valid to support Ultra DMA data transfer.

14. Word 54-56: Current Number of Cylinders, Heads, Sectors/Track
These fields contain the current number of user addressable Cylinders, Heads, and Sectors/Track in the
current translation mode.

15. Word 57-58: Current Capacity
This field contains the product of the current cylinders times heads times sectors.

16. Word 59: Multiple Sector Setting

This field contains a validity flag in the Odd Byte and the current numbers of sectors that can be
transferred per interrupt for R/W Multiple in the Even Byte. The Odd Byte is always 01H which indicates
that the Even Byte is always valid.

The Even Byte value depends on the value set by the Set Multiple command. The Even Byte of this word
by default contains a O0OH which indicates that R/W Multiple commands are not valid.

17. Word 60-61: Total Sectors Addressable in LBAMo de
This field contains the number of sectors addressable for the SRFD Drive in LBA mode only.

© 2009 Fortasa Memory Systems Rev. 1.0
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18. Word 63: Multiword DMA Transfer

This field identifies the Multiword DMA transfer modes supported by the SRFD Drive module and
indicates the mode that is currently selected. Only one DMA mode shall be selected at any given time.
Bit Function

15-11 Reserved

10 Multiword DMA mode-2 selected

1: Multiword DMA mode-2 is selected and bits 8 and 9 are cleared to 0.
0: Multiword DMA mode-2 is not selected.
9 Multiword DMA mode-1 selected
1: Multiword DMA mode-1 is selected and 8 and 10 shall be cleared to 0.
0: Multiword DMA mode-1 is not selected.
8 Multiword DMA mode-0 selected
1: Multiword DMA mode-0 is selected and bits 9 and 10 are cleared to 0.
0: Multiword DMA mode-0 is not selected.
7-3 Reserved
2 Multiword DMA mode-2 supported
1 Multiword DMA mode-2 and below are supported and Bits 0 and 1 shall be set to 1.
1 Multiword DMA mode-1 supported
1 Multiword DMA mode-1 and below are supported.
0 Multiword DMA mode-0 supported
1 Multiword DMA mode-0 is supported.

19. Word 64: Advanced PIO Data Transfer Mode

Bit (7:0) is defined as the PIO data and register transfer supported field. If this field is supported, Bit 1of
word 53 shall be set to one. This field is bit significant. Any number of bits may be set to one in this field
by the device to indicate the PIO modes the device is capable of supporting. Of these bits, bit (7:2) are

Reserved for future PIO modes.

Bit Function
0 1 P10 Mode-3 is supported.
1 1 P10 Mode-4 is supported.

20. Word 65: Minimum Multiword DMA Transfer Cycle T ime Per Word

This field defines the minimum Multiword DMA transfer cycle time per word. This field defines, in
nanoseconds, the minimum cycle time that the SRFD Drive supports when performing Multiword DMA
transfers on a per word basis. The SRFD Drive supports up to Multiword DMA Mode-2, so this field is set
to 120ns.

21. Word 66: Device Recommended Multiword DMA Cycle  Time

This field defines the SRFD Drive recommended Multiword DMA transfer cycle time. This field defines, in
nanoseconds, the minimum cycle time per word during a single sector host transfer while performing a
multiple sector READ DMA or WRITE DMA command for any location on the media under nominal
conditions. If a host runs at a faster cycle rate by operating at a cycle time of less than this value, the
SRFD Drive may negate DMARQ for flow control. The rate at which DMARQ is negated could result in
reduced throughput despite the faster cycle rate. Transfer at this rate does not ensure that flow control
will not be used, but implies that higher performance may result. The SRFD Drive supports up to
Multiword DMA Mode-2, so this field is set to 120ns.

22. Word 67: Minimum PIO Transfer Cycle Time Withou t Flow Control

This field defines, in nanoseconds, the minimum cycle time that, if used by the host, the device
guarantees data integrity during the transfer without utilization of IORDY flow control. If this field is
supported, Bit 1 of word 53 shall be set to one. The SRFD Drive minimum cycle time is 120 ns. A value of
0078H is reported.
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23. Word 68: Minimum PIO Transfer Cycle Time with1 ORDY

This field defines, in nanoseconds, the minimum cycle time that the device supports while performing
data transfer while utilizing IORDY flow control. If this field is supported, Bit 1 of word 53 shall be set to
one. The SRFD Drive minimum cycle time is 120 ns, e.g., PIO mode 4. A value of 0078H is reported.

24. Word 80: Major Version Number

If not 0000H or FFFFH, the device claims compliance with the major version(s) as indicated by bits (6:1)
being set to one. Since ATA standards maintain downward compatibility, a device may set more than one
bit. The SRFD Drive supports ATA-1 to ATA-6.

25. Word 81: Minor Version Number

If an implementer claims that the revision of the standard they used to guide their implementation does
not need to be reported or if the implementation was based upon a standard prior to the ATA-3 standard,
word 81 shall be 0000H or FFFFH.

A value of 0019H reported in word 81 indicates ATA/ATAPI-6 T13 1410D revision 3a guided the
implementation.

26. Words 82-84: Features/command sets supported

Words 82, 83, and 84 indicate the features and command sets supported.
Word 82

Bit Function

15 0: Obsolete

14 1: NOP command is supported

13 1: Read Buffer command is supported

12 1: Write Buffer command is supported

11 0: Obsolete

10 0: Host Protected Area feature set is not supported

9 0: Device Reset command is not supported

8 0: Service interrupt is not supported

7 0: Release interrupt is not supported

6 1: Look-ahead is supported

5 1: Write cache is supported

4 0: Packet Command feature set is not supported

3 1: Power Management feature set is supported

2 0: Removable Media feature set is not supported

1 1: Security Mode feature set is supported

0 0: SMART feature set is not supported

Word 83

The values in this word should not be depended on by host implementers.

Bit Function

15 0: Provides indications that the features/command sets supported words are not valid
14 1: Provides indications that the features/command sets supported words are valid
13-9 0: Reserved

8 1: Set-Max security extension supported

7-5 0: Reserved

4 0: Removable Media Status feature set is not supported

3 1: Advanced Power Management feature set is not supported

2 1: CFA feature set is not supported

1 0: Read DMA Queued and Write DMA Queued commands are not supported
0 1: Download Microcode command is not supported
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Word 84

The values in this word should not be depended on by host implementers.

Bit Function

15 0: Provides indications that the features/command sets supported words are valid
14 1: Provides indications that the features/command sets supported words are valid
13-0 0: Reserved

27. Words 85-87: Features/command sets enabled
Words 85, 86, and 87 indicate features/command sets enabled. The host can enable/disable the features
or command set only if they are supported in Words 82-84.

Word 85
Bit Function
15 0: Obsolete
14 0: NOP command is not enabled
1: NOP command is enabled
13 0: Read Buffer command is not enabled
1: Read Buffer command is enabled
12 0: Write Buffer command is not enabled
1: Write Buffer command is enabled
11 0: Obsolete
10 1: Host Protected Area feature set is not enabled
9 0: Device Reset command is not enabled
8 0: Service interrupt is not enabled
7 0: Release interrupt is not enabled
6 0: Look-ahead is not enabled
1: Look-ahead is enabled
5 0: Write cache is not enabled
1: Write cache is enabled
4 0: Packet Command feature set is not enabled
3 0: Power Management feature set is not enabled
1: Power Management feature set is enabled
2 0: Removable Media feature set is not enabled
1 0: Security Mode feature set has not been enabled via the Security Set Password command
1: Security Mode feature set has been enabled via the Security Set Password command
0 0: SMART feature set is not enabled
Word 86
Bit Function
15-9 0: Reserved
8 1: Set-Max security extension enabled
7-5 0: Reserved
4 0: Removable Media Status feature set is not enabled
3 0: Advanced Power Management feature set is not enabled via the Set Features command
1: Advanced Power Management feature set is enabled via the Set Features command
2 0: CFA feature set is disenabled
1 0: Read DMA Queued and Write DMA Queued commands are not enabled
0 0: Download Microcode command is not enabled
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Word 87
The values in this word should not be depended on by host implementers.
Bit Function

15 0: Provides indications that the features/command sets supported words are valid
14 1: Provides indications that the features/command sets supported words are valid
13-0 0: Reserved

Word 88

Bit Function

15-13 Reserved

12 1: Ultra DMA mode-4 is selected

11

10

0: Ultra DMA mode-4 is not selected

: Ultra DMA mode-3 is selected
: Ultra DMA mode-3 is not selected
: Ultra DMA mode-2 is selected

: Ultra DMA mode-2 is not selected

: Ultra DMA mode-1 is selected

: Ultra DMA mode-1 is not selected

: Ultra DMA mode-0 is selected

: Ultra DMA mode-0 is not selected

-5 Reserved
1: Ultra DMA mode-4 and below are supported
1: Ultra DMA mode-3 and below are supported
1: Ultra DMA mode-2 and below are supported
1: Ultra DMA mode-1 and below are supported
1: Ultra DMA mode-0 is supported

(o]
OFRPOFRPORFrR,OPR

OFR,NWA-N

28. Word 89: Time required for Security erase unit ~ completion
Word 89 specifies the time required for the Security Erase Unit command to complete.

9% ' %
9%, ! <&

" /9% C 1% $ +
D % $ +

29. Word 90: Time required for Enhanced security er  ase unit completion
Word 90 specifies the time required for the Enhanced Security Erase Unit command to complete.

9% 1%
9%, ! <&

" /9% C 1% $ +
D % $ +
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30. Word 128: Security Status

Bit Function
8 Security Level
1: Security mode is enabled and the security level is the maximum
0: and security mode is enabled, indicates that the security level is high
5 Enhanced security erase unit feature supported
1: Enhanced security erase unit feature set is supported
4 Expire
1: Security count has expired and Security Unlock and Security Erase Unit are command aborted
until a power-on reset or hard reset
3 Freeze
1: Security is frozen
2 Lock
1: Security is locked
1 Enable/Disable

1: Security is enabled
0: Security is disabled
0 Capability
1: Supports security mode feature set
0: Does not support security mode feature set

* . 819 39

0_# | | |
$$ (* 5# #
3i< (* ? | 60 ?
5 <,2(* ?
5& (* ?
#-I$(* ?
# (% % $ /%+r % +1
I (* ?

This command causes the SRFD Drive to set BSY, enter the Idle Mode, clear BSY and generate an

interrupt. If the sector count is non-zero, it is interpreted as a timer count with each count being 5
milliseconds and the automatic power down mode is enabled. If the sector count is zero and the
automatic power down mode is also enabled, the timer count is set to 3, with each count being 5ms. Note
that this time base (5msec) is different from the ATA specification.

*2 766 8!9 3%

0 A \ \

$$ (*

;3 < (*

5<,2(*

5& (*

#-1$ (*

% (*

I (*

N[N N[N

This command causes the SRFD Drive to set BSY, enter the Idle Mode, clear BSY and generate an

interrupt.
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* 3 -7 #7 6 839
0_# | | | | | | |
$ (* #
;3< (* ? ‘ ‘ ? ‘ 60 ‘ Max Head (no. of heads-1)
5<,2(* ?
5& (* ?
#-1$(* ?
# (* Number of Sectors
[ (* ?

This command enables the host to set the number of sectors per track and the number of heads per
cylinder. Only the Sector Count and the Drive/Head registers are used by this command.

* ;™89

0_», | | |

$$ (* i

3i< (* ? | 60 | ?

5<.2(*

5& (*

#-9 (*

# (*

NN [N [N [N

I (*

This command always fails with the SRFD Drive returning command aborted.

* 7 8!9

0_# | | |

$ (* 5#

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

The Read Buffer command enables the host to read the current contents of the SRFD Drive (ADM)’s
sector buffer. This command has the same protocol as the Read Sector(s) command.

For Ultra-DMA mode, if a CRC error is detected during transfer, the ICRC and ABRT bits of the Error
register are set at the end of the command.
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0_# | | | | | | |
$ (* #
3< (* 2 | =B | 2?2 [60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1
5& (* '9& = /=B "1
#-1$ (* | $%> =B "1
# (* I
I (* ?

The Read- Multiple command is similar to the Read- Sector(s) command. Interrupts are not generated on
every sector, but on the transfer of a block which contains the number of sectors defined by a Set-Multiple
command.

Command execution is identical to the Read- Sectors operation except that the numbers of sectors
defined by a Set-Multiple command are transferred without intervening interrupts. DRQ qualification of the
transfer is required only at the start of the data block, not on each sector.

The block count of sectors to be transferred without intervening interrupts is programmed by the Set-
Multiple Mode command, which must be executed prior to the Read-Multiple command. When the Read-
Multiple command is issued, the Sector Count register contains the number of sectors (not the number of
blocks or the block count) requested. If the number of requested sectors is not evenly divisible by the
block count, as many full blocks as possible are transferred, followed by a final, partial block transfer.

The partial block transfer is for n sectors, where n = remainder (sector count/block count). If the Read-
Multiple command is attempted before the Set-Multiple Mode command has been executed or when
Read-Multiple commands are disabled, the Read-Multiple operation is rejected with an Aborted
Command error. Disk errors encountered during Read-Multiple commands are posted at the beginning of
the block or partial block transfer, but DRQ is still set and the data transfer will take place as it normally
would, including transfer of corrupted data, if any.

Interrupts are generated when DRQ is set at the beginning of each block or partial block. The error
reporting is the same as that on a Read-Sector(s) Command. This command reads from 1 to 256 sectors
as specified in the Sector Count register. A sector counts of O requests 256 sectors. The transfer begins
at the sector specified in the Sector Number register.

At command completion, the Command Block registers contain the cylinder, head and sector number of
the last sector read. If an error occurs, the read terminates at the sector where the error occurred. The
Command Block registers contain the cylinder, head and sector number of the sector where the error
occurred. The flawed data is pending in the sector buffer.

Subsequent blocks or partial blocks are transferred only if the error was a correctable data error. All other
errors cause the command to stop after transfer of the block which contained the error.

© 2009 Fortasa Memory Systems Rev. 1.0 (



Serial ATA RAID Flash Drive
FMS-SRFD255AXXXXR-G

* % 8/9 9
0 A | | | | |
$$ (* # #

13i< (¥ ? = 2 | 60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1
5& (* 9& = /=B "1
#-1$ (* | $%> =B "1

# (* E

I (* ?

This command reads from 1 to 256 sectors as specified in the Sector Count register. A sectors count of 0
requests 256 sectors. The transfer begins at the sector specified in the Sector Number register. When
this command is issued and after each sector of data (except the last one) has been read by the host, the
SRFD Drive sets BSY, puts the sector of data in the buffer, sets DRQ, clears BSY, and generates an
interrupt. The host then reads the 512 bytes of data from the buffer.

At command completion, the Command Block registers contain the cylinder, head and sector number of
the last sector read. If an error occurs, the read terminates at the sector where the error occurred. The
Command Block registers contain the cylinder, head, and sector number of the sector where the error
occurred. The flawed data is pending in the sector buffer.

* , 4% 018/9 9
0 » I I R
$$ (* # #

13i< (¥ ? = 2 | 60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1
5& (* 9 & = =B "1
#-1% (% | %> =B "1

#_ (" I3

I (* ?

This command is identical to the Read- Sectors command, except that DRQ is never set and no data is
transferred to the host. When the command is accepted, the SRFD Drive sets BSY.

When the requested sectors have been verified, the SRFD Drive clears BSY and generates an interrupt.
Upon command completion, the Command Block registers contain the cylinder, head, and sector number
of the last sector verified.

If an error occurs, the Verify terminates at the sector where the error occurs. The Command Block
registers contain the cylinder, head and sector number of the sector where the error occurred. The Sector
Count register contains the number of sectors not yet verified.
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** 5 8<9

0_# | | | | |

$$ (* 2#

3i< (* 2 [ =B | 2 [ 60 | X
5 <,2(* ?

5& (* ?

#-1$ (* ?

# (% ?

I (* ?

This command is effectively a no operation command to the SRFD Drive and is provided for compatibility
purposes.

*+ =7 8/9

0_# | | | | | | |

$ (* #

3i< (* ? | 60 | ?

5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

This command requests extended error information for the previous command. Table 5-4 defines the
valid extended error codes for the SRFD Drive. The extended error code is returned to the host in the
Error register.

Table 5-4: Extended Error Codes

9> 9 3"# .
# , 5 6 &
# 19<:+ E/, 5 1
# 4+ 99 $+5
# ;09& %% &
# :09&B&& ++/ @+ &# & ! ;09 &1
# B&& ++ 0 <9 /B&& ++: = 1
# # $9 & 9 $ <:9
# F >95 5
# &5 5
#* " H#* #*6# 19<:+ 6 + 9 &
# # 6, $&
B# I I +572%+ &
# 6 : +<< 5 GB> & %% &
# H#* #* #H # $ &4& %
# A G5+ 9&
# 3 =09 6+>9&
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* .% 8.<9
0_A | | | | | | |
$$ (* 2%
3< (* 2 | =B | 2?2 |60 | Head (LBA 27-24)

5<,2(* 9& #2/=B "1
5& (* 9& = /=B "1
#-1$(* I $%> /=B "1

# (* T

I (* ?

This command is effectively a NOP command to the SRFD Drive although it does perform a range check

of cylinder and head or LBA address and returns an error if the address is out of range.

* 2067 819
0_# | | | | | |
$$ (* 5#
3i< (* ? | 60 | ?
5 <,2(* ?
5& (* ?
#-I$(* ?
# (% <
I (* $

This command is used by the host to establish or select certain features. Table 5-5 defines all features

that are supported.

Table 5-5: Features Supported

/ +.
# >0 "> & +< +
# b >9 A 2
# +< %& >+& 09% ! $ + 1>9 "&< +209%+
# b >9 57 &&3 +
# 6+>9 &= B2 &
# 6+>9 3 + /31 +>9+2% <& <$9+ +< +
# 3"B &< > & % >9°'
# b+>9 "> & +<
# 6+>9 A 2
# 6+>9 57 &&3 +
# 3"B &< > & % >9°'
# B &< > & % >9'F+ <2 + $ + %% & &
BB# 5>9 &= B2 &
# b >9 3 + /131 +>9+2% <& <$9+ +< +
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Features 01H and 81H are used to enable and clear 8-bit data transfer mode. If the 01H feature
command is issued all data transfers will occur on the low order D7-Do data bus and the IOCS16# signal
will not be asserted for data register accesses.

Features 02H and 82H allow the host to enable or disable write cache in the SRFD Drive that implements
write cache. When the subcommand Disable-Write-Cache is issued, the SRFD Drive should initiate the
sequence to flush cache to non-volatile memory before command completion.

Feature 03H allows the host to select the transfer mode by specifying a value in the Sector Count
register. The upper 5 bits define the type of transfer and the low order 3 bits encode the mode value. One
P10 mode is selected at all times. The host may change the selected modes by the Set-Features
command.

Feature 55H is the default feature for the SRFD Drive. Therefore, the host does not have to issue Set-
Features command with this feature unless it is necessary for compatibility reasons.

Features 66H and CCH can be used to enable and disable whether the Power-on Reset (POR) Defaults
will be set when a software reset occurs.

Table 5-6: Transfer mode values

0"B:C

0"B:C

3 &<$9 N &

\L

v

3 &<$9 N &*&+>9 ; 68

3; <9 9 +<

% & 3

% &

439 &64B% &

>

% &

FO9 64B % &

>

%

+0&

2

1. Mode = transfer mode number, all other values are not valid

* 3% 7 7 8 +9
0_# | | | | |
$ (* #
3i< (* ?
5<,2(*
5& (*
#-I$(*
# (* !
[ (*
This command enables the SRFD Drive to perform Read and Write Multiple operations and establishes
the block count for these commands. The Sector Count register is loaded with the number of sectors per
block. Upon receipt of the command, the SRFD Drive sets BSY to 1 and checks the Sector Count
register.

BV IR AN T BTN
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If the Sector Count register contains a valid value and the block count is supported, the value is loaded
for all subsequent Read-Multiple and Write-Multiple commands and execution of those commands is
enabled. If a block count is not supported, an Aborted command error is posted, and Read- Multiple and
Write- Multiple commands are disabled. If the Sector Count registers contains 0 when the command is
issued, Read and Write- Multiple commands are disabled. At power-on, or after a hardware or (unless
disabled by a Set-Feature command) software reset, the default mode is Read and Write-Multiple
disabled.

* 1% 7% 7 8!+9 339

0_# | | | | |

$$ (* 5# #

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

This command causes the SRFD Drive to set BSY, enter the Sleep mode, clear BSY and generate an
interrupt. Recovery from sleep mode is accomplished by simply issuing another command (a reset is
permitted but not required). Sleep mode is also entered when internal timers expire so the host does not
need to issue this command except when it wishes to enter Sleep mode immediately. The default value
for the timer is 15 milliseconds.

* % 548!9 349

0_# | | | |

$$ (* 5# #

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

This command causes the SRFD Drive to set BSY, enter the Sleep mode (which corresponds to the ATA
“Standby” Mode), clear BSY and return the interrupt immediately. Recovery from Sleep mode is
accomplished by simply issuing another command (a reset is not required).
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* %

547 66

81/9 39

0o A

$$ (*

;3 < (*

5<.2(*

5& (*

#-9 (*

# (*

I (*

NN [N [N N

This command causes the SRFD Drive to set BSY, enter the Sleep mode (which corresponds to the ATA
“Standby” Mode), clear BSY and return the interrupt immediately. Recovery from Sleep mode is
accomplished by simply issuing another command (a reset is not required).

* & 7% 829
0 A | | | | | | |
$p (* #
3i< (* | =B | [ 60 | Head (LBA 27-24)
5<,2(* '9& #2/=B "1
5& (* '9& = /=B "1
#-1$(* I $%> /=B "1
# ( 2
I (* ?

This command allows the host a method of determining the exact number of times a user sector has been
erased and programmed. The controller responds with a 512 Byte buffer of information containing the
desired cylinder, head, and sector, including its logical address, and the Hot Count, if available, for that
sector. Table 5-7 represents the information in the buffer. Please note that this command is unique to the

SRFD Dirive.

Table 5-7: Translate-Sector Information

" % $
#' # D& A4/1*9 & =11
# # &
# !
# #  =5B4l/1"=1]1
#' # r 0&
# b +&<9 /21HS5 +&l 2H, +&
#' # r 0&
#'B# # $ 4/1"=1/B1
#' # T 0&

1.

A value of 0 indicates Hot Count is not supported.
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* > 7 8129

0_# | | | |

$ (* 5#

3i< (* ? | 60 | ?
5 <,2(* ?

5& (* ?

#-I$(* ?

# (% ?

I (* ?

The Write-Buffer command enables the host to overwrite contents of the SRFD Drive sector buffer with
any data pattern desired. This command has the same protocol as the Write-Sector(s) command and
transfers 512 byes.

0 A | | | | | | |
$$ (* B# #

3i< (* | =B | [ 60 | Head (LBA 27-24)
5<,2(* 9& #2 /=B "1
5& (* '9& = /=B "1
#-1$(* I $%> /=B "1

& (* I $

I (* ?

Note: The current revision of the SRFD Drive can support up to a block count of 1 as indicated in the Identify Drive Command
information.

This command is similar to the Write-Sectors command. The SRFD Drive sets BSY within 400 ns of
accepting the command. Interrupts are not presented on each sector but on the transfer of a block which
contains the number of sectors defined by Set-Multiple. Command execution is identical to the Write-
Sectors operation except that the number of sectors defined by the Set-Multiple command is transferred
without intervening interrupts.

DRQ qualification of the transfer is required only at the start of the data block, not on each sector. The
block count of sectors to be transferred without intervening interrupts is programmed by the Set-Multiple
Mode command, which must be executed prior to the Write-Multiple command.

When the Write-Multiple command is issued, the Sector Count register contains the number of sectors
(not the number of blocks or the block count) requested. If the number of requested sectors is not evenly
divisible by the sector/block, as many full blocks as possible are transferred, followed by a final, partial
block transfer. The partial block transfer is for n sectors, where: n = remainder (sector count/block count).
If the Write-Multiple command is attempted before the Set-Multiple-Mode command has been executed or
when Write-Multiple commands are disabled, the Write-Multiple operation will be rejected with an aborted
command error.

Errors encountered during Write-Multiple commands are posted after the attempted writes of the block or
partial block transferred. The Write command ends with the sector in error, even if it is in the middle of a
block. Subsequent blocks are not transferred in the event of an error. Interrupts are generated when DRQ
is set at the beginning of each block or partial block.
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The Command Block registers contain the cylinder, head and sector number of the sector where the error
occurred and the Sector Count register contains the residual number of sectors that need to be

transferred for successful completion of the command, e.g. each block has 4 sectors, a request for 8
sectors is issued and an error occurs on the third sector. The Sector Count register contains 6 and the

address is that of the third sector.

*e> 7 7>) 7 89
0 A | | | | | |

$$ (* 6#

3i< (* | = [ 6 0 | Head (LBA 27-24)
5<,2(* '9& #2/=B "1

5& (* '9& = /=B "1

1% (* | $%> /=B "1

T | s

I (* ?

This command is similar to the Write-Multiple command with the exception that an implied Erase before
Write operation is not performed. The sectors should be pre-erased with the Erase-Sector(s) command
before this command is issued. If the sectors are not pre-erased with the Erase-Sector(s) command, a

normal Write-Multiple operation will occur.

*.> 7% 018/9 9
0 2 | | | | | |

$ (* ##

3< (* e ?2 [ 60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1

5& (* 9& = FB___ "1

#-1$ (* | $%> =B "1

#  (F I

I (* ?

This command writes from 1 to 256 sectors as specified in the Sector Count register. A sector count of
zero requests 256 sectors. The transfer begins at the sector specified in the Sector Number register.

When this command is accepted, the SRFD Drive sets BSY, then sets DRQ and clears BSY, then waits
for the host to fill the sector buffer with the data to be written. No interrupt is generated to start the first
host transfer operation. No data should be transferred by the host until BSY has been cleared by the host.
For multiple sectors, after the first sector of data is in the buffer, BSY will be set and DRQ will be cleared.
After the next buffer is ready for data, BSY is cleared, DRQ is set and an interrupt is generated. When the
final sector of data is transferred, BSY is set and DRQ is cleared. It will remain in this state until the
command is completed at which time BSY is cleared and an interrupt is generated. If an error occurs
during a write of more than one sector, writing terminates at the sector where the error occurs. The
Command Block registers contain the cylinder, head and sector number of the sector where the error
occurred. The host may then read the command block to determine what error has occurred, and on
which sector.
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* 2> 7% 017> ) 71 8 29
0_A | | | | | |
$$ (* #
< (* ? | =B ? | 60 | Head (LBA 27-24)
5<,2(* '9& #2/=B "1
5& (* '9& = /=B "1
#-1(* I $%> /=B "1
# (* T
I (* ?

This command is similar to the Write-Sector(s) command with the exception that an implied Erase before
Write operation is not performed. This command has the same protocol as the Write-Sector(s) command.
The sectors should be pre-erased with the Erase-Sector(s) command before this command is issued. If
the sector is not pre-erased with the Erase-Sector(s) command, a normal Write-Sector operation will

occur.

* 3> 7, 48 9

0 2 | | | | | |
$ (* #
3i< (¥ ? | =B ? | 60 | Head (LBA 27-24)
5<,2(* 9& # 2/=B "1
58& (* '9& = =B "1
#-1$ (* | $%> =B "1
# (* I $
I (* ?

This command is similar to the Write-Sector(s) command, except each sector is verified immediately after
being written. This command has the same protocol as the Write-Sector(s) command.
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The following table summarizes the valid status and error values for the SRFD Drive command set.

TABLE 5-8: Error and Status Register
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FIGURE 6-1: Physical dimensions
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