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240 Series- Industrial CBst™Card with SATAnterface

1 Features

1 Highly- integrated memory controller 0
0 SATA Rev 2.6 3Gbit/s (1.5Gbit/s compatible)
0 max. UDMA6MDMAZ2, PIO4supported
0 Hardware BCHcode ECC
(24bit correction per double sector or
6bit per sector)
0 FHxdrive configuration
1 Small form factor:
0 CompactFlash card sized Solid State Drive (SSD)
with SATA interface
0 42.8mm x 36.4mm x 3.3mm (max. 3.6mm)
7+17 pin (SATA+power) CFast connector
3.3V £5% power supply
Very low Power, typical 250mA in transfer operation (CFAST Power level 0)
CFastPHY SLBupported (<20 mA)
Activity and SATAIINKLED outputat LED1 and LED2 pin
write protect at connector 101pin
Special features
0 S.M.AR.T. support with additional vendor information,
interpretatio n with Swissbit life time monitoring tool
TRIM command
NCQ queue depth 32
HPA (Host protected area)
Security mode feature set
LBA48 command set
host init iated power management requests
0 write protection with vendor command
1 Wear Leveling: active wear leveling of static and dynamic data
The wear leveling assures that dynamic data as well as static data is balanced evenly across the
memory. With that the maximum write endurance of the device is guaranteed.
Read disturb management (refresh data when flash often read)
High reliability
0 Best available SLC NAND Flash technology
o Designed for embedded market
o MTBF > 2,500,000 hours
o Data reliability: < 1 non - recoverable error per 10" bits read
o Number of connector insertions/removals: >10,000
1 High performance
0 Up to 300MB/s burst transfer rate in SATA I+ 3.0Gb/sec
0 Sustained Write performance: up to 100MB/s  (4channel)
0 Sustained Read Performance: up to BOMB/s  (4channel)
1 Available densities
0 2GByte up to 64GByte (SLCANDFlash)
2 Temperature ranges
o Commercial Temperatire range . - )5. éA
0 Industrial Temperature range -2. - ) 63€eA
Life Cycle Management
Controlled BOM
RoOHS compatible
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3 Order Information

3.1 Available Standard part numbers
FIX /SATA IIUDMAG6, MDMA2, PIO4

Density | Part Number

F 240 Seres Gast Card

2GB SFCA2048HyBVATO t - MS 2y6 - STD
4GB SFCA4096HEBVATO-t - MS 2y6- STD
8GB SFCA8192H®BVATO-t - DT- 2y6- STD
16GB SFCA16GBH®VATO-t - QT- 2y6- STD
32GB SFCARGBHgBVATOLt - NG 2y6 - STD
64GB SFCAG4GBHBVATO-t - NG 2y6- STD

Table I Standard temperature product list

g= depends on product generation (currently g=2)

ro Rckncp_rspc 8AU 5ankAcpags G40°Gg. h&BCr pg | &
y= depends on firmware generation

3.2 Offered OEM options

1 Customer specified drive size and drive geometry (C/H/S cylinder/head/sector)
1 Customer specified drive ID (Strings)
1 Preload service (also drive images with any file system)

1
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4 Product Specification

The CFAS'card is a small form factor non - volatile memory drive which provides high capacity data storage. It
has a standard CFAST connector with SATA and power/control part. The card works at a supply voltage of 3.3V.
Thedrive with the SATAnterface operates in Mode 2.0 (1.50r 3.0 Gb/s burst).

With an adapter (e.g. Swissbit CFAST Adapterhie drive behaves as a standard SATA disk drive.

Rfc _b_nrcp a_|l "¢ kmslrcb gl Qugqgqgqg gr 0, 3%% QQB f msqggl
Thedrive has an internal intelligent controller which manag es interface protocols, data storage and retrieval as
well as hardware BCHcode Error Correction Code (ECQJefect handling, diagnostics and clock control .
Thewear leveling mechanism assures an equal usage of the Flash memory cells to extend the life ti me.

The hardware BCH code ECC allows to detectnd correct 24random bits per double sector or 6 random bits per
sector (depending on the flash type) .

Thedrive has a voltage detector and a powerful power-loss management feature to prevent data corruption
after power - down.

The specification has been realized and approved by the ATA/ATAP8 specification.

The system highlights are shown in Table2 - Table9.

Related Documentation
1 CFAST specification 1 fvww.compactflash.org )
9 Serial ATA International Organization: Serial ATA Revision 2.6www.serialata.org )
9 Serial Transport Protocols and Pthysical Interconnect (ATA/ATAP8 to ATA/ATAPSD) (www.t13.0rQ)
9 Electronic Industries Alliance (www.eia.org )

4.1 Physical description

The CFASTcard contains a flash controller and Flash memory modules. The controller interfaces with a host
system allowing data to be written to and read from the Flash memory modules.

The CFASTcard is offered in a Compact Flash size package with a standard CFAST connector with a-in SATA
connector and a 17 pin power and control connector with 15 pins. Figure 6 and Figure 7 show CFASYT card
dimensions and connector location.

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 0.90
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4.2 System Performance
Table 2 Systam Performance

System Performance Typ. Max. Unit
Data transfer Rate (SATA burst (1.5 or 3.0Gb/s)) 150 or 300 300 MB/s
2GB 94 preliminary
Sustained Sequential Read 2-/4E@ 108 preliminary
128kB Block size” 10- 42E@ TBD preliminary
2GB 37 preliminary MB/s
Sustdned Sequential Write 2-/4E@ 46 preliminary
128kB Block size” 10- 42E@ TBD preliminary
2GB 33 preliminary
Sustained Sequential Read 2-/4E@ 33 preliminary
4kB Block size™ 10- 42E@ TBD preliminary
2GB 9 preliminary MBS
Suskined Sequential Write 2-/4E@ 3.7 preliminary
4kB Block size™ 10- 42E@ TBD preliminary
2GB 9 preliminary
. 2-/4E@ 7.6 preliminary
Sustained Random Read e
KB Block size® 10-42E@ 6.4 preliminary MB/s
2GB 0.16 preliminary
Sugained Random Write 2-/4E@ 0.13 preliminary MB/s
4kB Block size® @ 10 - 42E@ 0.10 preliminary
2GB 0.76 preliminary
2-/4E@ 0.63 preliminary
Trimmed Random Write @ @ 10-42E@ TBD preliminary MB/
4KB Block size s

1. All values refer to Toshiba Flash chips in UDMA5 mode (SATA 3.0Gbit/s) with Sequential write/read test (256 sectors
multiple commands) and sequential and random write/read test (8 sectors multiple commands).Sustained Speed
depends on flash type and number, file/cluster size, and burst speed.

2. The typical random write speed values are really random access across the whole drive. Random write speed values
in file systems are much larger.
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4.3 Environmental Specifications

4.3.1Recommended Operating @nditions
Table 3: Recommended Operating Conditions

Parameter Value
Commercial Operating Temperature 0°Cto 70°C
Industrial Operating Temperature -40°C to 85°C
Power Supply VCC Voltage 3.3V 106

Table 4: Current consumption (1)

Current Consumption (type) 3.3V Unit
Read (typ/max) 170/200

\Write (typ/max) 180/200 mA
Idle Mode (typ/max) 85/100

PHYSLP mode <20

1. Allvalues are typical at 25° C and nominal supply voltage and refer to 8GByteCFAST carat SATA Il interface

4.3.2 Recommended Storage Conditions

Table 5: Recommended Storage Conditions
Parameter Value
Storage Temperature -50°C to 100°C

4.3.3 Shock, Vibration, and Humidity
Table 6: Shock, Vibration, and Humidity

Parameter Value

Humidity (non - condensing) 85% RH 85°C, 1000 hrs (JEDEC JESD22, method-A&)01
\Vibration 0O.E Nc i* [/ .-0...Fx
Shock 1500G, 0.5ms duration, half sine wave

4.4 Physical Dimensions
Table 7. Physical Dimensions

Physical Dimensions Unit
Length 36.4+0.1

\Width 42.8+0.1 mm
Thickness 3.6+0.1

\Weight (typ.) 10 g
4.5 Reliability

Table 8: System Reliability and Maintenance (1)

Parameter Value

MTBF (at 25°C) > 2,500,000 hours

Insertions/Removals > 10,000

Data Reliability <1 Non Recoverable Error per 18 bits Read

Data Retention 10 year (JESDA47)

1. Dependent on final system qualification data.

4.6 Drive geometry / CHS parameter
Table 9: CFASard capacity specification

Capacty | Default_cylinders | Default_heads Default_sectors Sectors drive Total addressable capacity
track (Byte)
F 240 Series
2GB 3,970 16 63 4,001,760 2,048,901,120
4GB 7,732 16 63 7,793,856 3,990,454,272
8GB 15,498 16 63 15,621,984 7,998,455,808
16GB 16,383%) 16 63 31,277,056 16,013,852,672
32GB 16,383*) 16 63 62,586,880 32,044,482,560
64GB 16,383%) 16 63 125,304,832 64,156,073,984

*) The CHS access is limited t@bout 8GB Above 8GB the drive must be addressed in LBA mode.
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5 Electrical interface

5.1 Electrical description
The CFAST CARIzonnected with a standard 7 pin SATA connector and a standard 15 pin SATA power connector.

suwissbit”®

The signal/pin assignments and descriptions are listed in Table 1Q

LY

\
\
N
hY
W

41

Bottom side

S1 51

&

T 0T O O 0T O T T T T T T

Top side
Table 10 Pin Assignment, name, and description
Pin Signal Name Description
S1 SGround Signal Ground
S2 A+ + Differential DeviceReceive signal
S3 A - Differential Device Receive signal
S4 SGround Signal Ground
S5 B- - Differential Device Transmit signal
S6 B+ + Differential Device Transmit signal
S7 SGround Signal Ground
PC1 CDF) Card detect in
PC2 Ground Power Ground
PC3 NC6 TBD not used
PC7 Ground Power Ground
PC8 LED1 LEDoutput for device activity (driven low)
PC9 LED2 LED ouput for SATA link indication (driven low)
PC10 101 WP Write protect input (low active)
PC1 NC12 102 1 not used
PA/ 1- NA/ 2 3.3v Device power 3.3V
NA/ 3. NA/ 4 Ground Power Ground
PC17 CDO) Card detect out

*) CDI This pin is connected to CDO and tothe card controller .
If CDI is not driven by the host, it should be connected to GND(see section5.4)
It can be used for PHYSLP functionality (see sectiorb.4 )
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5.2 Electrical Specification

Table 11and Table 12define the DC Characteristicsof the CFAST cardJnless otherwise stated, conditions are:

1 Vcec=3.3V+5%

1 0°Cto+70°C
The current is measured by connecting an amp meter in series with the V ccsupply. The meter should be set to
the 2A scale range, and have a fast current probe with an RC filter with a time constant of 0.1ms. Current
measurements are taken while looping on a data tr ansfer command with a sector count of 128. Current
consumption values for both read and write commands are not to exceed the Maximum Average RMS Current
specified in Table12

Table 11 Absolute Maximum Conditions

Parameter Symbol Conditions

Input Power VCC -0.3Vt0 3.6V

Table 12 Input Power write and read

Mode Maximum Average RMS Current Conditions

SATA 250mA .
SATA | 20mA b URA L

5.3 LED and IO pins

LED1s the DASP signal and is held low for every command and is not driven in idle mode.
LED2 is the SATA link indicator and is driven low, if the SATA is connected and active.

LED1 and LED2 pin is driven low and only pulled up weakly. So this pin can be tied low by the host without
accidental current through these pins. The LED pins can be used to display the function of the card.

The LED1 and LED2 pins could drive up to 10mA directly for an LED with serial resistance to 3.3V. It is
recommended to use an LEDdriver circuit.

Figure X Examples for recommended LED driver circuits but not necessary
+

:

e + +/
R2.~
= e Q
q-)
RZ.>
-
RIZ
=
Riz i
o)
£ T
— ' T1 D1y
Activity & s |
Siana O
Input -.éf:tivﬂy
J e ! LED Driver
RS{;_‘ |\EE>|I.2DI:2V.J

101 pin is the write protect pin.
If this pin tied low, the card is write protected and rejects all write commands.
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5.4 Card detection and PHYSLP functions with CDI and CDO pin

5.4.1 General
The CFast card connector contains two signals, CDI and CDO. These signals enable two functions:

a. Card Detect. This function enables the host to detect when the card is fully inserted. For example, the
host may wish to power up the card only after it is inserted, or turn on an LED when the card is properly
inserted.

b. PHYSLP. This function is a CFast power management protocol which may be invoked when the SATA
connection is in Slumber mode. Please see the CFast pecifications for a complete description. The
purpose of this function is to enable the device to turn off the SATA PHY completely, saving power. The
host may turn off its own PHY when invoking this function.

Swissbit F 2x0 support Card detect and PHYSLRinctionality
This section explains recommended methods for the host to interface with the card so that the card will not be
damaged, and to ensure compatibility between the card and the host regarding the above described functions.

5.4.2 Connection when the host uses the Card Detect functionality only
The host needs to take into account the following restrictions:
a. CDIl and CDO are shorted together on the CFast card.
b. The card may not have Vcc connected directly to CDI or to CDO.
(The newest F 2x0 cards have a seral resistor between CDI and controller)
c. The CD} CDO signal on the F2x0 card is connected to a card controller input pin.
d Rfc a_pb bmcqgl %r _argtcjw bpgtc rfc ABG mp ABM qgel

Based on the above, the following is recommended:
a. CDI will be connected to Gnd.

b. CDO will be connected to an input port on the host controller.

c. CDO will be connected to a pull- up resistor on the host. The value of the resistor is calculated so that the
voltage drop across the resistor when the card CDO is connected and CDI is notonnected will not exceed
0.4V. The leakage current of the card controller is up to 1 mA. As an example, if the host controller
leakage is also A, the pull - up resistor may have a value of up to 200KW. It is recommended that the
pull - up resistor value wil | be as high as possible in order to have no effect on the card controller and to
conserve power.

SeeFigure 2
Figure 2 CFast connection for Card Detect functionality only

Host Electronics

Vcc
Host
Controller Pull-up
Input resistor,
100KOhm to
Gnd only 200 KOhm
N col CDO
CFast card
INput | |nternal connection
only (optional)
Controller
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5.4.3 Comection when the card uses the Card Detect functionality and the PHYSLP functionality

The circuit is modified when PHYSLP is intended to be used. CDI is connected to an active LVCMOS level output
port on the host controller.
The same restrictions as in the previous section apply.
Based on the above, the following is recommended:
a. CDI will be connected to a host controller output port.

b. CDO will be connected to an input port on the host controller.

c. CDO will be connected to a pull- up resistor on the host. The v alue of the resistor is calculated so that the
voltage drop across the resistor when the card CDO is connected and CDI is not connected will not exceed
0.4V. The leakage current of the card controller is up to 1 mA. As an example, if the host controller
leakage is also I, the pull - up resistor may have a value of up to 200KW. It is recommended that the
pull - up resistor value will be as high as possible in order to have no effect on the card controller and to
conserve power.

d. During normal operation CDI will , by default, be driven by the host controller to a logic LOW level. This
enables Card Detect functionality, the same as in section 5.4.2 .

When a card supports the PHYSLP functionality, SATA is in Slumber mode, and the host wats to put the
card into PHYSLP mode, the host will

1. Disregard the CDO input port.

2. Drive CDI to a logic HIGH level

e. In case the Card Detect functionality is required while in the PHYSLP power mode, there is a mechanism
described in the CFast specification. THs mechanism consists of pulsing CDI to logic LOW for a period of
less than 2 milliseconds, and sampling CDO while CDI is at logic LOW. The CFast specification specifies
that a CDI pulse going to logic LOW of less than 2 milliseconds will not affect the de vice PHYSLP state.

SeeFigure 3.

Figure 3 - CFast connection for Card Detect and PHYSLP functionality

Host Electronics

Vcc
Host
Output Controlier Pull-up
only Tnout resistor,
or‘?l 100KOhm to
y 200 KOhm
CDI CDO
CFast card
Input | |nternal connection
only (optional)
Controller
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5.5 Power Management

See the SATA specification for more information on SAA PHY power modes.

SATA PHY power modes affect only the SATA PHY, not the device power status. PHYSLP mode can be used by the
host to relatively quickly minimize (and restore) PHY power. It may also be used to further reduce CFast device

power after the h ost has sent commands to put the CFast device in a low power device state.

? bctgac%g _"gjgrw rm gsnnmpr NFWQJN kmbc gq glbga_rchb

5.5.1 PHYSLP protocol overview

If the host and device support PHYSLP mode the dllowing protocols shall be used to enter and exit PHYSLP
mode.

To enter PHYSLP mode the protocol is:
a) The host shall send a request for the card to enter the SATA PHY Slumber mode. See the SATA
specification for more information.
b) After the CFast PHY hasane into Slumber power mode, the host shall deassert CDI.
c) The host and the device shall power down their respective PHYs retaining calibration information.
d) After deasserting CDI and entering PHYSLP mode, the host may assert CDI for a period of less than @n
millisecond to check for device presence.

To exit PHYSLP mode the protocol is:

a) The host shall assert CDI. The CFast card shall not respond to CDI assertions of less than two milliseconds.

b) The host and the device shall power up their respective PHYs into SATA PHY Slumber mode.
The device shall send a SATA COMWAKE signal to begin the SATA defined slumber to PHYRDY sequence (see section
E§NmuWlp Qcosclac Qr _rc K_afglcp gl rfc Q?R? qncagdga _rgr

Figure 4: PHYSLP entry timing diagam Figure 5: PHYSLP exit timing diagram
Host
executes
SATA
Host executes
commands Host Host puts Host puts Host Ph
- PHY into PHY back oSt Fhy
?Dtpuﬁtldevt;ce deasseris complete into Initialization State
Imi Sl der CDI power down Host re- SLUMBER Machine sequence
power mode asserts CDI power mode specified by SATA
-------- 12 mS min-—----k
10 mS_q{ }-—1[] ms max—o{ .10 ms--*{
max max
> >
10 m3 10ms3 5 n1S__+____1D ms_
T max 7 max max max
_ _ Device puts  Device Device executes
Device goes Device puts PHY back _ iSSues _ Device Phy
'gﬁjrsn’;:f ;‘J"r:pll'::g into  COMWAKE |pjtialization State
SLUMBER Machine sequence
power mode power down power mode specified by SATA
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6 ATAcommand description

This section provides information on the ATA commands supported by the CFAST card’he commands are issued
to the ATA by loading the required registers in the command block with the supplied parameter, and then
writing the command code to the register.

ATA Command Flow

DDMAIO: DMA _in State This state is activated when the device receives a DMA data in command or the
transmission of one or more data FIS is required to complete the command. When in this
state, the device shall prepare the data for transfer of a data FIS to the host.

Transition DDMAIO:1  When the device has the data ready to transfer a data FIS, the device shall transition to
the DDMAIL: Send_data state. Transition DDMAIO:2 When the device has transferred all of
the data requested by this command or has encountered an error that causes the
command to abort before completing the transfer of the requested data, then the device
shall transition to the DDMAI2: Send_ status state.

DDMAIL: Send_data This state is activated when the device has the data ready to transfer a data FIS to the
host. When in this state, the device shall request that the Transport layer transmit a
data FIS cataining the data. The device command layer shall request a Data FIS size of
no more than 2,048 Dwords (8KB).

Transition DDMAIL1:1  When the data FIS has been transferred, the device shall transition to the DMAOIO:
DMA_in state.

DDMAI2: Send_status This state is activated when the device has transferred all of the data requested by the
command or has encountered an error that causes the command to abort before
completing the transfer of the requested data. When in this state, the device shall
request that t he Transport layer transmit a Register FIS with the register content as
described in the command description in the ATA/ATAP! 6 standard and the | bit set to

one.
Transition DDMAI2:1  When the FIS has been transmitted, the device shall transition to the DI 0: Device_idle
state.
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Dmp pc_gmlg md °~ _aiu_pb amkn_rg gjgrw gmkc amkk_1bg
Table 13summarizes the Drive command set with the paragraphs that follow describing the individual
commands and the task file for each.

Table 13 ATA CommandSet®

Command Code FR1) S@) SN3) | CY5:4) | DH6) | LBA5:3)
Check Power Mode E5h or 98h D

Data Set Management 06h YY D YY
Execute Drive Diagnostic 90h D

Flush cache E7h D

Flush cacheExt EAh D

Format track 50h Y Y Y Y
Identify Drive ECh D

Idle E3h or 97h Y D

Idle Immediate Elh or 95h D

Media Lock DEh D

Media Unlock DFh D

NOP 00h D

Read Buffer E4h D

Read DMA C8 Y Y Y Y Y
Read DMA Ext 25h YY D YY
Read FPDMA Queued 60h Y Y Y Y D Y
Read Multiple C4h Y Y Y Y Y
Read Multiple Ext 29h YY D YY
Read native max address F8h D

Read native max address Ext 2'h D

Read Sector(s) 20h Y Y Y Y Y
Read Sector(s) Ext 2) 24h YY YY YY D YY
Read Verify Sector(s) 40h or 41h Y Y Y Y Y
Read Verify Sector(s) Ext 42h YY YY YY D YY
Recalibrate 1Xh D

Security Disable Password F6h D

Security Erase Prepare F3h D

Security Erase Unit F4h D

Security Freeze Lock F5h D

Security Set Password Flh D

Security Unlock F2h D

Seek 7Xh Y Y Y Y
Set Features EFh Y D

Set max address F9h Y Y Y Y Y
Set max address Ext 37h YY YY YY D YY
Set Multiple Mode C6h Y D

SetSleep Mode E6h or 99h D
S.M.A.R.T. BOh Y Y Y D

Stand By E2h or 96h D

Stand By Immediate EOh or 94h D

\Write Buffer E8h D

\Write DMA CA or CBh Y Y Y Y Y
\Write DMA Ext 35h YY YY YY D YY
\Write FPDMA Queued 61h Y Y Y D Y
\Write Multiple C5h Y Y Y Y Y
\Write Multiple Ext 39h YY YY YY D YY
\Write Sector(s) 30h Y Y Y Y Y
\Write Sector(s) Ext 34h YY YY YY D YY
\Write Verify 3Ch Y Y Y Y Y

1. FR =Features Registefl) SC = Sector Count RegistgR), SN = Sector Number Registe(3), CY = Cylinder
Registers(5:4),
DH = Drive/Head Register(6), LBA = Logical Block Address Mode Supported (see command descriptions for
use),
Y- The register contains a valid parameter for this command. For the Drive/Head Register Y means both the
Drive and head parameters are used.
YY- registers must be written twice for 48bit LBA commands
D- only the Drive parameter is valid and not the head parameter C - the register contains command
specific data (see command descriptors for use).

2. Toread out the higher and lower byte of the 16bit registers bit7 of the Device Control Register (write to
Alternate status register) must be set to 1 or 0, respectively.
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6.1 Check Power Mode (98h or E5h)

This command checks the power mode.

Issuing the command while the Drive is in Standby mode, is about to enter Standby, or is exiting Standby, the
command will set BSY, set the Sector Count Register to 00h, clear BSY and generate an interrupt.

Issuing the command when the Drive is in Idle mode will set BSY, set the Sector Caint Register to FFh, clear BSY
and generate an interrupt.

Table 14defines the Byte sequence of the Check Power Mode command.

Table 14 Check Power Mode

Task File Register 7 | 6 | 5 | 4 | 3 | 2 [ 1 ] 0
COMMAND 98h or E5h
DRIVE/HEAD nu | nu | nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

6.2 Data Set Management (06h) TRIM

This 48 bit command is optional for ATA devices. The DATA SETMANAGEMENT command is not part of aayuie

set.
The DATA SET MANAGEMENT command provides information for device optimization (e.g., file system

information).
SeeTable 15for the DATA SET MANAGEMENT command inputs.

Table 15 Data Set Management

register write previous current
Task File Register 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND nu 06h
DRIVE/HEAD nu nu L nu Transport Reserved
dependent
LBA High Reserved
LBA Mid Reserved
LBA Low Reserved
SECTOR COUNT  15:8 | 7:0 Number of 512 byte blocks to be transferred; the value of zero is reserved.
FEATURES Reserved | TRIM

Currently this command is specified only for the TRIM command.
Currently only one 512 byte block can be transferred with one command (see Identify Device word 169).
Detailed information about the TRIM command is available in the ATA/ATAPI Command Set2 (ACS2) at

www.t13.0rg

6.3 Execute Drive Diagnostic (90h)
This command performs the internal diagnostic tests implemented by the Drive.
TheDrive bit is ignored and the diagnostic command is executed by both the Master and the Slave with the

Master responding with the status for both devices.
Table 16defines the Execute Drive Diagnostic command Byte sequence. The Diagnostic codes shown inTable 17

are returned in the Error Register at the end of the command.

Table 168 Execute Drive Diagnostic

Task File Register 7 | 6 | 5 | 4 [ 3 [ 2 ] 1 | o
COMMAND 90h
DRIVE/HEAD nu | nu | nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
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Table 17 Diagnostic Codes
Code Error Type
01h No Error Detected
02h Formatter Device Error
03h Sector Buffer Error
04h ECC Circuitry Error
05h Controlling Microprocessor Error

6.4 Flush Cache (E7h)

This command causes thedrive to complete writing data from its cache. The drive returns status with RDY=1 and
DSC=1 after the data in the write cache buffer is written to the med ia. If the drive does not support the Flush
Cache command, the drive shall return command aborted.

Table 18 Flush Cache

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND E7h

DRIVE/HEAD nu | nu | nu [ D | nu
CYLINDER HI nu
CYLINDER LOW nu
SETOR NUM nu
SECTOR COUNT nu
FEATURES nu

6.5 Flush Cache Ext (EAh) 48bit LBA

This command causes the card to complete writing data from its volatile cache into non - volatile memory. The
BSY bit shall remain set to one until all data has been successfully writ ten or an error occurs. The card returns
status with RDY=1 and DSC=1 after the data in the write cache buffer is written to the media. If the Compact
Flash Storage Card does not support the Flush Cache Ext command, the Compact Flash Storage Card shall retu
command aborted. See Table 19for the DATA SET MANAGEMENT command inputs.

Table 19 Flush cache Ext

register write previous current
Task File Register| 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND - EAh
DRIVE/HEAD - i | 12 | 1 [ Drive | Reserved
LBA High nu nu
LBA Mid nu nu
LBA Low nu nu
SECTOR COUN] nu nu
FEATURES nu nu

An unrecoverable error encountered while writing data results in aborting the command and the Command

Block registers contain the 48 - bit sector address of the sector where the first unrecoverable error occurred.
Subsequent FLUSH CACHE EXT commands continue the process of flushing the cache starting with the first sector
after the sector in error.

This command is used by the host to requ est the device to flush the write cache. If there is data in the write

cache, that data shall be written to the media. The BSY bit shall remain set to one until all data has been
successfully written or an error occurs.

6.6 Format track (50h)

This command writes the desired head and cylinder of the selected drive with a vendor unique data pattern
(typically FFh or 00h). To remain host backward compatible, the CompactFlash ™ Storage Card expects a sector
buffer of data from the host to follow the command with th e same protocol as the Write Sector(s) command
although the information in the buffer is not used by the CompactFlash ™ Storage Card. If LBA=1 then the number
of sectors to format is taken from the Sec Cnt register (0=256). The use of this command is not r ecommended.
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Table 20: Format track
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Task File Register 7 | e | 5 | 4 | 3 | 2 | 1 | o
COMMAND 50h
DRIVE/HEAD nu L nu D H[3:0] or LBA[27:24] of the starting
sector/LBA
CYLINDER HI Cylinder[15:8] or LBA[23:16] of the first sector/LBA
CYLINOELOW Cylinder[7:0] or LBA[15:8] of the first sector/LBA
SECTOR NUM nu
SECTOR COUNT Sector Count (LBA only)
FEATURES nu

6.7 Identify Device (ECh)

The Identify Device command enables the host to receive parameter information from the

Drive. This command

has the same protocol as the Read Sector(s) command.Table 21defines the Identify Device command Byte
sequence. All reserved bits or Words are zero.
Table 22shows the defin ition of each field in the Identify Drive Information.

Table 21 Identify D evice

Task File Register 7 | 66 | 5 | 4 | 3 [ 2 ] 1 | o
COMMAND ECh
DRIVE/HEAD nu | nu [ nu | D ] nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

Table 22 Identify D evice Information

A\é\:jorredss D\;a;ﬁjuelt g;::l; Data Field Type Information
0 045Ah* 2 Standard Configuration FIX(optional 848Ah for removable)
1 XXXXh 2 Default number of cylinders (obsolete)
2 0000h 2 Reserved
3 00XXh 2 Default number of heads (obsolete)
4 0000h 2 Obsolete
5 0200h 2 Obsolete
6 XXXXh 2 Default number of sectors per track (obsolete)
78 XXXXh 4 Number of sectors per Drive (Word 7 = MSW, Word 8 = LSW)
9 0000h 2 Obsolete
1019 aaaa 20 Serial number in ASCII (right justified)
20 0002h 2 Buffer type (dual ported multi - sector) retired
21 0001 2 Buffer Size in 512byte increment(obsolete)
22 0004h 2 Reserved
23 26 YYYY 8 Firmware revision in ASCII. Big Endian Byte Order in Vérd
27 46 YYYY 40 Kmbc j | sk cp gl ?0QAGKXXXBMEXE-K-XX- XX6 W V¥ \g |
47 8001h 2 Maximum number of sectors on Read/Write Multiple command
48 0000h 2 Double word not supported
49 0FO00h* 2 Capabilities with DMA, LBA, IORDY suppoet
50 4001 2 Capabilities
51 0200h 2 P10 data transfer cycle timing mode 2
52 0000h 2 Obsolete
53 0007h 2 Field validity (Bytes 54 58, 64-70, 88)
54 XXXXh 2 Current numbers of cylinders (obsolete)
55 XXXXh 2 Current numbers of heads (obsolete)
56 XXXXh 2 Current sectors per track (obsolete)
57-58 XXXXh 4 Current capacity in sectors (LBAs)(Word 57 = LSW, Word 58 = MSiéhsolete)
59 010%h* 2 Multiple sector setting (can be changed by host).
60- 61 XXXXh 4 Total number of sectors addressable in LBAMode
62 0000h 2 Single Word DMA transfer not implemented
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A\é\:iorgjs s [i?;ﬂjuelt g;ttgls Data Field Type Information
63 0XD7h* 5 Multi - Word DMA transfersupport and selection (can changed by host).
0000h* no multi - word DMA
64 0003h 2 Advanced PIO modes3 and 4 supported
65 0078h* 2 Minimum Multi - Word DMA transér cycle time per Word.
66 0078h* 2 Recommended Multi- Word DMA transfer cycle time.
67 0078h* 2 Minimum PIO transfer cycle time without flow control
68 0078h* 2 Minimum PIO transfer cycle time with IORDY flow control
69 8000h 2 CFast specification supmrted
70-74 0000h 10 Reserved
I&) 001mk* 2 Queue depth 32 for NCQ, if supported
76 JXon’ |2 saTapabiliies (Bit 8 for NCQ)
77 0000h 2 Reserved
78 0000h* 2 SATA Feature support
79 0000h* SATA Features enabled (can be changed by host)
80-81 %1:',5:)2 4 ATA versionb to ATA version 8
742Bh*
82- 84 740h* 6 Features/command sets supported
412Mm*
7409h*
85- 87 B401h* 6 Features/command sets enabled (can change in operation)
4020h*
88 XX P 2 UDMA Mode Supported to 6 and Selected (changesin operation)
89 0000h* 2 Time for security erase unit completation
90 0000h* 2 Time for enhanced security erase unit completation
91 0000h 2 Reserved
92 FFFE* 2 Master Password Revision Code
93-99 0000h* 14 Reserved
100103 XXXXh* 8 Total number of sectors addressable in LBA48 mode
104 0000h 2 Reserved
105 0001h 2 Number of sectors per Data Set management command (TRIM)
106 107 0000h 4 Reserved
108 111 0000h* 8 World Wide Name
112118 0000h u Reserved
119 4000h 2 Command set/feature set supported extension
120 4000h* 2 Command set/feature set enabled extension
124127 0000h 14 Reserved
128 0009h* 2 Security Status (changes in operation)
129 XX00h* 2 Write Protect Status (Vendor specific)
130- 159 XXOh 60 Vendor specific
160 80FAh* 2 CFA Max. current (e.g. 250mA)
161 8001h* 2 CFast PHYSLP mode supported
162- 168 0000h u Reserved
169 0001h 2 Trim bit in Data Set Management supported
170216 0000h 94 Reserved
217 0001h 2 Nominal Media Rotation Rate: Solid State Device
218 221 0000h 8 Reserved
222 101fh 2 Transport major version: Serial transport, SATA rev 2.6
223 FFFFh 2 Transport minor version: not supported
224- 254 0000h 62 Reserved
255 XXA5h 2 Integrity word
* Standard values, depending on configuration

XXXX Depending on drive capacity and drive geometry
YYYY Depending on drive configuration
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6.7.1Word 0: General Configuration

This field indicates the general characteristics of the device.

The default value for Word 0 is set to 045Ah.

Some operating systems require Bit6of Ump b . r m ° c -rgmowrable davick)/todse&hke drive as the
root storage device.

6.7.2Word 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.

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

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

6.7.5 Word 7 8: Number of Sectors per Drive

This field contains the number of sectors per Drive. This double Word value is also the first invalid address in LBA
translation mode.

6.7.6 Word 10 19: MemoryDrive Serial Number
The contents of this field are right justified and padded with out spaces (20h).

6.7.7Word 23 26: Firmware Revision
This field contains the revision of the firmware for this product.

6.7.8 Word 27 46: Model Number
This field contains the model number for this product and is left justified and padded with spaces (20h).

6.7.9 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.

6.7.10Word 49: Capabilities
T @r /1 Qr I b w %®Rgrkm pd®gl ggga qrca rmrfm % r f ¢ Qr _Ithe w rgkcp
manufacturer .
i Bit11: IORDY Supported
If bit 11 is set to 1 then this drive supports IORDY operation.
If bit 11 is set to 0 then this drive may support IORDY operation.
1 Bit 10: IORDY ay be disabled
If bit 10 is setto 1 then IODRDY may be disabled
Bit 9 LBA support: drive support LBA mode addressing.
Bit 8 DMA Support: Read/Write DMA commands are supported.

E ]

6.7.11Word 50: Capabilities
1 Bit 0 shall be set to one to indicate a vendor specif ic Standby timer value minimum.

6.7.12Word 51: PIO Data Transfer Cycle Timing Mode

This field defines the mode for PIO data transfer. For backward compatibility with BIOSs written before Word 64
was defined for advanced modes, a device reports in Word 51, the h ighest original PIO mode it can support (PIO
mode 0, 1 or 2). Bits 15:8 are set to 02H.

6.7.13Word 53: Translation Parameter Valid

 BitO:is set to %o indicate that Words 54 to 58 are valid
1T @gr /8 ggqg qcr rm ~/ % rm glbga_rc rf_r Umpbg 42 rm 5
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1 Bit 2 shall be set to 1 indicating that word 88 is valid and reflects the supported UDMA

6.7.14Word 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.

6.7.15Word 5% 58: Current Capacity
This field contains the product of the current cylinders, heads and sectors.

6.7.16Word 59: Multiple Sector Setting
1 Bitsl57 _pc pcgcptcb _I'b ksqgr “c¢c qgcr rm . %,

T @r 6 ggqg gcr rm ~/ %* rm glbga_rc rf _r rfc Ksjrgnjec

1 Bits 7:0 are the current setting for the number of sectors to be transferred for every interrupt, on
Read/Write Multiple commands; r f ¢ ml jw t _jscq pcrsplcbh _pc ~. . f

6.7.17Word 60- 61: Total Sectors Addressable in LBA Mode
This field contains the number of sectors addressable for the Drive in LBA mode only.

6.7.18Word 63: Multi- Word DMA transfer

Bits 15 through 8 of word 63 of the Ident ify Device parameter information is defined as the Multiword DMA mode
selected field. If this field is supported, bit 1 of word 53 shall be set to one. This field is bit significant. Only one

of bits may be set to one in this field by the drive to indicate the multiword DMA mode which is currently
selected.

Of these bits, bits 15 through 11 are reserved. Bit 8, if set to one, indicates that Multiwvord DMA mode 0 has been
selected. Bit 9, if set to one, indicates that Multiword DMA mode 1 has been selected. B it 10, if set to one,
indicates that Multiword DMA mode 2 has been selected.

Selection of Multiword DMA modes 3 and above are specific to Drive are as described in Word 163.

Bits 7 through 0O of word 63 of the Identify Device parameter information is define d as the Multiword DMA data
transfer supported field. If this field is supported, bit 1 of 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 drive to indicate the Multiword DMA modes it is
capable of supporting.

Of these bits, bits 7 through 2 are reserved. Bit 0, if set to one, indicates that the drive supports Multiwvord DMA
mode 0. Bit 1, if set to one, indicates that the drive supports Multiword DMA modes 1 and 0. Bit 2, if set to one,
indicates that the Drive supports Multiword DMA modes 2, 1 and 0.

Support for Multiword DMA modes 3 and above are specific to Drive are reported in word 163 as described in
Word 163.

6.7.19Word 64: Advanced PIO transfer modes supported
This field is bit significal r , ?1l w | sk cp md "~ gr gq Kk _ w driwe togndicatethen ~/ %
advanced P1O modes it is capable of supporting.
1 Bits 7- 2 are reserved for future advanced PIO modes.
T @r [/ 9gqg qcr r m Drivedddppogd PbkOgneodedc g rf _r r fc
1T @gr . gq gcr r m “Divosupports@®liOlngde3.r ¢ rf _r r fc
Support for PIO modes 5 and above are specific toDrive are reported in word 163 as described in Word 163.

6.7.20 Word 65: Minimum Multi - Word DMA transfer cycle time

Word 65 of the parameter information of the Identify Device command is defined as the minimum Multiword
DMA transfer cycle time. This field defines, in nanoseconds, the minimum cycle time that, if used by the host,
the Drive guarantees data integrity during the transfer.

If this field is supported, bit 1 of word 53 shall be set to one. The value in word 65 shall not be less than the
minimum cycle time for the fa stest DMA mode supported by the device. This field shall be supported by all
Drives supporting DMA modes 1 and above. If bit 1 of word 53 is set to one, but this field is not supported, the
Drive shall return a value of zero in this field.

6.7.21Word 66: Recommended Multi - Word DMA transfer cycle time

Word 66 of the parameter information of the Identify Device command is defined as the recommended
Multiword DMA transfer cycle time. This field defines, in nanoseconds, the cycle time that, if used by the host,
may optimize the data transfer from by reducing the probability that the  Drive will need to negate the DMARQ
signal during the transfer of a sector.
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If this field is supported, bit 1 of word 53 shall be set to one. The value in word 66 shall not be less thanth e
value in word 65. This field shall be supported by all Drives supporting DMA modes 1 and above. If bit 1 of word
53 is set to one, but this field is not supported, the Drive shall return a value of zero in this field.

6.7.22Word 67: Minimum PIO transfer cycletime without flow control

Word 67 of the parameter information of the Identify Device command is defined as the minimum PIO transfer
without flow control cycle time. This field defines, in nanoseconds, the minimum cycle time that, if used by the
host, the Drive guarantees data integrity during the transfer without utilization of flow control.

If this field is supported, Bit 1 of word 53 shall be set to one.

Any Drive that supports PIO mode 3 or above shall support this field, and the value in word 67 shall not be less
than the value reported in word 68.

If bit 1 of word 53 is set to one because a Drive supports a field in words 64 - 70 other than this field and the
Drive does not support this field, the Drive shall return a value of zero in this field.

6.7.23Word 68: Minimum PIO transfer cycle time with IORDY

Word 68 of the parameter information of the Identify Device command is defined as the minimum PIO transfer
with IORDY flow control cycle time. This field defines, in nanoseconds, the minimum cycle time that the  Drive
supports while performing data transfers while utilizing IORDY flow control.

If this field is supported, Bit 1 of word 53 shall be set to one.

Any Drive that supports PIO mode 3 or above shall support this field, and the value in word 68 shall be the
fastest defined PIO mode supported by the Drive.

If bit 1 of word 53 is set to one because a Drive supports a field in words 64 - 70 other than this field and the
Drive does not support this field, the Drive shall return a value of zero in this field.

6.7.24 Word 69: CFast Specification
T @gr /3 ggqg gqgcr rm ~/ % rm glbga_rc rf_r AD_qr gncagdg

6.7.25Word 75: Queue depth for NCQ

1 Bit15:5 Reserved
1 Bit4:0 Maximum queue depth -1

6.7.26 Word 76: Serial ATA Capabilities

Bit 15:11 Reserved

Bit 10 1 = Supports Phy Evat Counters

Bit9 1= Supports receipt of host initiated power management requests
Bit8 1= Supports native Command Queuing

Bit 7:3 Reserved for future SATA signaling speed grades

Bit2 1= Supports SATA Gen2 Signaling Speed (3.0Gb/s)

Bit1 1= Suppats SATA Genl Signaling Speed (1.5Gb/s)

Bit0  Shall be cleared to zero

=4 =4 -8 _a8_a_4a_-9_-2

6.7.27Word B: SATA Feature support

Bit 15 7Reserved

Bit6 1= Supports software settings preservation

Bit5 1= Supports asynchronous notification

Bit4 1= Supports in order data delivery

Bit3 1= Device supports initiating interface power management
Bit2 1= Supports DMA Setup AutdActivate optimization

Bit1 1= Supports non zero buffer offsets

Bit0 Shall be cleared to zero

=4 =4 -8 _8_a_-48_9_-2

6.7.28 Word P: SATA Features enabled

1 Bit 15 7Reserved

1 Bit6 1= Supports software settings preservation enabled

1 Bit5 1= Supports asynchronous notification enabled

1 Bit4 1= Supports in order data delivery enabled

1 Bit3 1= Device supports initiating interface power management enabled

1 Bit2 1= Supports DMA Setup AutdActivate optimization enabled
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i Bitl 1= Supports non zero buffer offsets enabled
1 Bit0 Shall be cleared to zero

6.7.29 Words 82 84: Features/command sets supported
Words 82, 83, and 84 shall indicate features/command sets supported. The value 0000h or FFFFh wagplaced in
each of these words by Drives prior to ATA 3 and shall be interpreted by the host as meaning that
features/command sets supported are not indicated. Bits 1 through 13 of word 83 and bits 0 through 13 of word
84 are reserved. Bit 14 ofword 83 and word 84 shall be set to one and bit 15 of word 83 and word 84 shall be
cleared to zero to provide indication that the features/command sets supported words are valid. The values in
these words should not be depended on by host implementers.

Bit 0 of wor d 82 shall be set to zero; the SMART feature set is not supported.

If bit 1 of word 82 is set to one, the Security Mode feature set is supported.

Bit 2 of word 82 shall be set to zero; the Removable Media feature set is not supported.
Bit 3 of word 82 shall be set to one; the Power Management feature set is supported.
Bit 4 of word 82 shall be set to zero; the Packet Command feature set is not supported.
If bit 5 of word 82 is set to one, write cache is supported.

If bit 6 of word 82 is set to one, look - ahead is supported.

Bit 7 of word 82 shall be set to zero; release interrupt is not supported.

Bit 8 of word 82 shall be set to zero; Service interrupt is not supported.

Bit 9 of word 82 shall be set to zero; the Device Reset command is not supported.

Bit 10 of word 82 shall be set to zero; the Host Protected Area feature set is not supported.
Bit 11 of word 82 is obsolete.

Bit 12 of word 82 shall be set to one; the Drive supports the Write Buffer command.

Bit 13 of word 82 shall be set to one; the Drive supports the Read Buffer command.

Bit 14 of word 82 shall be set to one; the Drive supports the NOPcommand.

Bit 15 of word 82 is obsolete.

Bit O of word 83 shall be set to zero; the Drive does not support the Download Microcode command.

Bit 1 of word 83 shall be set to zero; the Drive does not support the Read DMA Queued and Write DMA
Queued commands.

Bit 2 of word 83 shall be set to zero; the Drive does not support the CFA featureset.

If bit 3 of word 83 is set to one, the Drive supports the Advanced Power Management feature set.

Bit 4 of word 83 shall be set to zero; the Drive does not support the Removable Media Status feature set.

E ] =4 =4 _a_8_9_98_92_92_92_-292_-29_-2_-24_-242_-29_-2

E

6.7.30 Words 85- 87: Features/command sets enabled

Words 85, 86, and 87 shall indicate features/command sets enabled. The value 0000h or FFFFh was placed in
each of these words by Drives prior to ATA 4 and shall be interpreted by the host as meaning that
features/command sets enabled are not indicated. Bits 1 through 15 of word 86 are reserved. Bits 0 - 13 of word
87 are reserved. Bit 14 d word 87 shall be set to one and bit 15 of word 87 shall be cleared to zero to provide
indication that the features/command sets enabled words are valid. The values in these words should not be
depended on by host implementers.

1 Bit 0 of word 85 shall be s et to zero; the SMART feature set is not enabled.

1 If bit 1 of word 85 is set to one, the Security Mode feature set has been enabled via the Security

1 Set Password command.

1 Bit 2 of word 85 shall be set to zero; the Removable Media feature set is not support ed.

1 Bit 3 of word 85 shall be set to one; the Power Management feature set is supported.

1 Bit 4 of word 85 shall be set to zero; the Packet Command feature set is not enabled.

1 If bit 5 of word 85 is set to one, write cache is enabled.

1 Ifbit 6 of word 85is setto one, look - ahead is enabled.

1 Bit 7 of word 85 shall be set to zero; release interrupt is not enabled.

1 Bit 8 of word 85 shall be set to zero; Service interrupt is not enabled.

1 Bit 9 of word 85 shall be set to zero; the Device Reset command is not sup ported.

9 Bit 10 of word 85 shall be set to zero; the Host Protected Area feature set is not supported.

1 Bit 11 of word 85 is obsolete.

1 Bit 12 of word 85 shall be set to one; the Drive supports the Write Buffer command.

1 Bit 13 of word 85 shall be set to one; the Drive supports the Read Buffer command.
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Bit 14 of word 85 shall be set to one; the Drive supports the NOP command.

Bit 15 of word 85 is obsolete.

Bit 0 of word 86 shall be set to zero; the Drive does not support the Download Microcode command.

Bit 1 of word 86 shall be set to zero; the Drive does not support the Read DMA Queued and Write DMA
Queued commands.

If bit 2 of word 86 shall be setto zero, the Drive does not support the CFA feature set.

If bit 3 of word 86 is set to one, the Advanced Power Man agement feature set has been enabled via the
Set Features command.

1 Bit 4 of word 86 shall be set to zero; the Drive does not support the Removable Media Status feature set.

=a =9 E I e

6.7.31Word 88: Ultra DMA Modes Supported and Selected
Word 88 identifies the Ultra DMA tr ansfer modes supported by the device and indicates the mode that is
currently selected. Only one DMA mode shall be selected at any given time. If an Ultra DMA mode is selected,
then no Multiword DMA mode shall be selected. If a Multiword DMA mode is selected, then no Ultra DMA mode
shall be selected. Support of this word is mandatory if Ultra DMA is supported. Word 88 shall return a value of 0
if the device does not support UDMA.
Bit 15 Reserved
Bit 14 1= Ultra DMA mode 6is selected 0 = Ultra DMA mode 6is not selected
Bit 13 1= Ultra DMA mode 5 is selected 0= Ultra DMA mode 5is not selected
Bit 12 1= Ultra DMA mode 4 is selected 0 = Ultra DMA mode 4is not selected
Bit 11 1= Ultra DMA mode 3 & selected 0 = Ultra DMA mode 3is not selected
Bit 10 1= Ultra DMA mode 2 & selected 0 = Ultra DMA mode 2is not selected
Bit 9 1= Ultra DMA mode lis selected 0 = Ultra DMA mode 1is not selected
Bit 8 1= Ultra DMA mode 0 is selected 0 = Ultra DMA mode Ois not selected
Bit 7 Reserved
Bit 6 1= Ultra DMA mode 6 and below are supported. Bits 5:0 shall be set to 1.
Bit 5 1= Ultra DMA mode 5 and below are supported. Bits 4.0 shall be set to 1.
Bit 4 1= Ultra DMA mode 4 and below are supported. Bits 3 :0 shall be set to 1.
Bit 3 1= Ultra DMA mode 3 ard below are supported, Bits 2:0 shall be set to 1.
Bit 2 1= Ultra DMA mode 2 ard below are supported. Bits 1:0 shall be set to 1.
Bit 1 1= Ultra DMA mode 1and below are supported. Bit 0 shall be setto 1.
Bit 0 1= Ultra DMA mode 0 is supported

=4 =48 _8_8_8_9_9_90_-9_-2_-42_-24_-29_-2._-2

6.7.32Word 89: Time required for Security erase unit completion

Word 89 specifies the time required for the SECURITY ERASE UNIT command to complete. Support of thigrd is
mandatory if the Security feature set is supported.
Required Time= (Value*2) minutes

6.7.33Word 92: Master Password Revision Code

Word 92 contains the value of the Master Password Revision Code set when the Master Password was last
changed. Valid values are 0001h through FFFEh. A value of 0000h or FFFFh indicates that the MastefPassword
Revision is not supported. Support of this word is mandatory if the Security feature setis supported.

6.7.34 Word 128: Security status

Support of this word is mandatory if the Security feature set is supported.

Bit 8 of word 128 indicates the security level. If security mode i s enabled and the security level is high, bit 8
shall be cleared to zero. If security mode is enabled and the security level is maximum, bit 8 shall be set to one.
When security mode is disabled, bit 8 shall be cleared to zero.

Bit 5 of word 128 indicates the Enhanced security erase unit feature is supported. If bit 5 is set to one, the
Enhanced security erase unit feature set is supported.

Bit 4 of word 128 indicates that the security count has expired. If bit 4 is set to one, the security count is expired
and SECURITY UNLOCK and SECURITY ERASE UNIT are command aborted untit ampmset or hardware reset.
Bit 3 of word 128 indicates security frozen. If bit 3 is set to one, the security is frozen.

Bit 2 of word 128 indicates security locked. If bit 2 is set to one, the security is locked.

Bit 1 of word 128 indicates security enabled. If bit 1 is set to one, the security is enabled.

Bit 0 of word 128 indicates the Security Mode feature set supported. If bit O is set to one, security is supported.
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6.7.35Word 29: Write protect Status (Vendor information)
Word 129 identifies the Vendor Specific Write Status.

1 Bit15 = permanent write protect, out of spare blocks

1 Bitl4 = permanent write protect due to table corruption
1 Bit13 = read protection due to table corrupt ion

1 Bit9 = permanent write protect from vendor command
1 Bit8 = temporary write protect from vendor command

6.8 Idle (97h or E3h)

This command causes theDrive 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 (each count is 5ms) and the automatic power down mode is
enabled. If the sector count is zero, the automatic power down mode is disabled. Note that this time base (5ms)

is different from the ATA specification. Table 23 defines the Byte sequence of the Idle command.

Table 23 Idle
Task File Register 7 6 5 | 4 | 3 | 2 | 1 | o
COMMAND 97h or E3h
DRIVE/HEAD nu nu nu | D nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT Timer Count (5ms increments)
FEATURES nu

6.9 Idle Immediate (95h or E1h)

This command causes theDrive to set BSY, enter the Idle mode, clear BSY and generate an interrupt. Table 24

defines the Idle Immediate command Byte sequence.

Table 24: Idle Immediate

Task File Register 7 6 5 | 4 | 3 | 2 | 1 | o
COMMAND 95h or Elh

DRIVE/HEAD nu nu nu | D nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.10 Media Lock/Media Unlock (DEh/DFh)

This command is effective an NOP command and always fails with the Drive returning command aborted. Table
25 defines the Byte sequence of the commands.

Table 25 Media Lock/Media Unlock

Task File Register 7 6 5 | 4 | 3 | 2 | 1 ] o
COMMAND DEh/DFh

DRIVE/HEAD nu nu nu | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.11NOP (00h)

This command always fails with the Drive returning command aborted. Table 26 defines the Byte sequence of

the NOP command.
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Table 26: NOP

Task File Register 7 | 6 | 5 | 4 | 3 [ 2 | 1 | o
COMMAND 00h

DRIVE/HEAD nu | nu | nu | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.12 Read Buffer (E4h)
The Read Buffer command enables the host to read the current contents of the Drive%sqg qgqcar mp "~ sddcp,

command has the same protocol as the Read Sector(s) command. Table 27defines the Read Buffer command

Byte sequence.

Table 27 Read buffer

Task File Register 7 | 6 | 5 | a4 | 3 | 2 | 1 | o
COMMAND E4h

DRIVE/HEAD nu | nu | nu | D | nu
CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.13 Read DMA (C8h)

This command uses DMA mode to read from 1 to 256 sectors as specified in the Sector Count register. A sector
count of 0 requests 256 sectors. The transfer begins at the sector specified in the Sector Number Register. When
this command is i ssued the Drive sets BSY, puts all or part of the sector of data in the buffer. The Drive is then
permitted, although not required, to set DRQ, clear BSY. The Drive asserts DMAREQ while data is available to be

transferred. The Drive asserts DMAREQ while da is available to be transferred. The

host then reads the (512 *

sector- count) bytes of data from the Drive using DMA. While DMAREQ is asserted by therive, the Host asserts -

DMACK while it is ready to transfer data by DMA andasserts- IORD once for eachl6
the Host.

bit word to be transferred to

Interrupts are not generated on every sector, but upon completion of the transfer of the entire number of

sectors to be transferred or upon the occurrence of an unrecoverable error.

At command completion, the Com mand 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 sect or where the error occurred. The amount of

data transferred is indeterminate.

Table 28: Read DMA

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND C8h

DRIVE/HEAD LBA | D | Head (LBA27:29
CYLINDER HI Cylinder High (LB&3:1§

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector Number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu

6.14 Read DMA Ext (25h) 48bit LBA

This command uses DMA mode to read from 1 to 65536 sectors as specified in the Sector Count Register. A sector

count of 0 requ ests 65536 sectors. The transfer begins at the sector specified in the

Sector Number Register.

When this command is issued the CompactFlash™ Storage Card sets BSY, puts all or part of the sector of data in
the buffer. The Card is then permitted, although not required, to set DRQ, clear BSY. The Card asserts DMARQ
while data is available to be transferred. The Card asserts DMARQ while data is available to be transferred. The
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host then reads the (512 * sector- count) bytes of data from the Card using DMA. While DMARQ is asserted by the
Card, the Host asserts- DMACK while it is ready to transfer data by DMA and asserts IORD once for each 16 bit
word to be transferred to the Host.

Interrupts are not generated on every sector, but upon completion of the transfe
sectors to be transferred or upon the occurrence of an unrecoverable error.

At command completion, the Command Block Registers contain the LBA of the last sector read. If an error occurs,
the read terminates at the sector where t he error occurred. The Command Block Registers contain the LBA of the
sector where the error occurred. The amount of data transferred is indeterminate.

When a Read DMA Ext command is received by the Card and 8 bit transfer mode has been enabled by the Set
Features command, the Card shall return the Aborted error.

r of the entire number of

Table 29: Read DMA Ext

register write previous current
Task File Register 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 25h
DRIVE/HEAD - 1 | 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32] LBA (15:8)
LBA Low LBA (31:24 LBA (7:0)
SECTOR COUN|  15:8 7:0
FEATURES nu nu

6.15 Read FPDMA Queued (60n(if NCQ feature set supported)

This command is mandatory for devices implementing the NCQ feature set (see feature set reference).

This command requests that data to be transferred from the device to the host.

When the Forced Unit Access (FUA) bit is set to one the device shall retrieve the data from the card regardless of
whether the device holds the requested informatio n in its volatile cache. If the device holds a modified copy of
the requested data as a result of having volatile cached writes, the modified data shall be written to the non -
volatile media before being retrieved from the non - volatile media as part of this operation. When the FUA bit is
cleared to zero the data shall be retrieved either from the device's non - volatile media or cache.

Table 30: Read FPDMA queued

Task File Register 15:8 7 | 6 | 5 | 4 | 3 [ 2 | 1 | o

COMMAND - 61h

DRIVE/HEAD - FUA ] 1 | nu | 0 | nu

CYLINDER HI LBA (47:40) LBA23:16

CYLINDER LOW | LBA (39:32) LBA15:8

SECTOR NUM LBA (31:24] LBA7:0

SECTOR COUNT nu NCQ Tag | nu

FEATURES The number of logical sectors to be transferred. A value of 0000h indicates that 65,536
logical sectors are to be transferred.

For further details see the ATA8 specification.

6.16 Read Multiple (C4h)

The Read Multiple command performs similarly to the Read Sectors command. Interrupts are not generated on
every sector, but on the transfer of a block which contains th e number of sectors defined by a Set Multiple
command.

Command execution is identical to the Read Sectors operation except that the number of sectors defined by a
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 Read Multiple comm and. 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 blo cks as possible are transferred, followed by a final, partial block transfer. The partial block transfer is for

n sectors, where:

n = (sector count) module (block count).

If the Read Multiple command is attempted before the Set Multiple Mode command has be en executed or when
Read Multiple commands are disabled, the Read Multiple operation is rejected with an Aborted Command error.
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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 count of O requests 256 sectors. The transfer begins at the sector specified in the
Sector Number Register.

If an error occurs, the read te rminates 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 are
pending in the sector buffer.

Subsequent blocks or partial blocks are tran sferred 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.

Table 31defines the Read Multiple command Byte sequence.

Table 31 Read Multiple

Task File Register 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o
COMMAND C4h

DRIVE/HEAD 1 IBA | 1 | D | Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector Number (LBA:0)

SECTOR U Sector Count

FEATURES nu

6.17 Read Multiple Ext (29h) 48bit LBA

The Read Multiple Ext command performs similarly to the Read Sectors Ext command. Interrupts are not
generated on every sector, but on the transfer of a block, which contains the number of sec tors defined by a Set
Multiple command.

Command execution is identical to the Read Sectors Ext operation except that the number of sectors defined by
a Set Multiple command is transferred without intervening interrupts. DRQ qualification of the transferi s
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 shall be executed prior to the Read Multiple command. Whe n 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 = (sector count) modulo (block count).

If the Read Multiple Ext command is attempted before the Set Multiple Mode command has been e xecuted, or
when Read Multiple Ext command is disabled, the Read Multiple Ext operation is rejected with an Aborted
Command error. Disk errors encountered during a Read Multiple Ext command are posted at the beginning of
the block or partial block transfer , but DRQ is still set and the data transfer shall 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 65536 sectors as specified in the
Sector Count Register. A sector count of 0 requests 65536 sectors. The transfer begins at the sector specified in
the Sector Number Register.

At command completion, the Command Block Registers contain the LBA 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 LBA 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 that contained the error.

Table 32 Read Multiple Ext

register write previous current
Task File Register 15:8 7 6 | 5 | 4 | 3 | 2 | 1 | o

COMMAND - 29h

DRIVE/HEAD - 1 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32) LBA (15:8)
LBA Low LBA (31:24] LBA (7:0)
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SECTROCOUNT

15:8

7:0

FEATURES

nu

nu

Note: This specification requires that CompactFlash™ Cards support a multiple block count of 1 and permits larger
values to be supported.

6.18 Read Native max address (F8h)

The Read Native max address command reads the max naive address of the drive. It is related to the Host
protected Area feature set. Table 33defines the Read max native address command Byte sequence.

Table 33 Read native max address

Task Fie Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F8h

DRIVE/HEAD nu | LBA | nu | D ] nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

The LBA bit shall be set to one to specify the address is an LBA. DEV shall specify the selected device.
Thenative drive size is given in Drive/Head, Cyl Hi, Cyl Low and Sector num register as LBA value.

6.19 Read Native max address Ext (27h)

The Read Native max address Ext command reads the max native address of the drive. It is related to the Host
protected Area feature set and 48- bit address feature set. Table 34 defines the Read max native address
command Byte sequence.

Table 34: Read native max address

Task File Register 7 | 6 | 5 | 4 | 3 | 2 [ 1 | o
COMMAND 2h

DRIVE/HEAD nu | LBA | nu | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

The LBA bit shall be set to one to specify the address is an LBA. DEV shall specify the selected device.

The native drive size is given in 16bit LBA High, Mid and Low register as 48bit LBA value.

To read out the higher and lower byte of the 16bit registers bit7 of the Device Control Register ( HOB=High Order
Bit, write to Alternate status register) must be set to 1 or 0, respectively.

Table 35. Readout native max address Extin 48bit mode

register read HOB=1 HOB=0
Task File Register 15:8 7 6 5 4 3 2 1 0
STATUS as HOB=0 BSY DRDR DF nu DRQ nu nu ERR
DRIVE/HEAD | as HOB=0 1 1 1 Drive Reserved

LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (3932) LBA (15:8)
LBA Low LBA (31:24 LBA (7:0)

SECTOR COUN] nu nu
FEATURES nu nu

6.20 Read Sector(s) (20h

This command reads from 1 to 256 sectors as specified in the Sector Count register. A sector count of O 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 Drive sets BSY, puts the

sector of data in the buffer, sets DRQ, clears BSY, and generates annterrupt. The host then reads the 512 Bytes
of data from the buffer.
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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 occ urred. The flawed data are
pending in the sector buffer. Table 36 defines the Read Sector command Byte sequence.

Table 36: Read sector(s)

Task File Register 7 6 5 | 4 | 3 | 2 | 1 | o
COMMAND 20h

DRVE/HEAD 1 LBA 1 | D | Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:1§

CYLINDER LOW Cylinder Low (LBA5:8)

SECTOR NUM Sector Number (LBZ:0)

SECTOR COUNT Sector Count

FEATURES nu

6.21 Read Sectors Ext (24h) 48bit LBA

This command reads from 1 to 65536sectors as specified in the Sector Count Register. A sector count of 0
requests 65536 sectors. The transfer begins at the specified LBA. When this command is issued and after each
sector of data (except the last one) has been read by the host, the CompactF lash™ Storage Card 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 LBA 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 LBA of the
sector where the error occurred. The flawed data is pending in the sector buffer.

Table 37 Read Multiple Ext

register write previous current
Task File Register 15:8 6 | 4 | 3 | 2 | 1 | o
COMMAND - 24h
DRIVE/HEAD - | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32) LBA (15:8)
LBA Low LBA (31:24] LBA (7:0)
SECTO®UONT 15:8 7:0
FEATURES nu nu

6.22 Read Verify Sector(s) (40h or 41h)

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 Drive sets BSY. When the requestd sectors have been verified,
the Drive clears BSY and generates an interrupt.

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 th e error occurred. The Sector Count Register
contains the number of sectors not yet verified.

Table 38 defines the Read Verify Sector command Byte sequence.

Table 38: Read Verify Sector(s

Task File Register 7 | 66 | 5 | 4 | 3 | 2 | 1 | o
COMMAND 40h or 41h

DRIVE/HEAD 1 LBA 1 | D | Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector Number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu

6.23 Read Verify Ext (42h) 48bit LBA

This command is identical to the Read Sector(s) Ext command, except that DRQ is never set and no data is
transferred to the host. When the command is accepted, the CompactFlash ™ Storage Card sets BSY.
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When the requested sectors have been verified, the CompactFlash™ Storage Card clears BSY and generates an
interrupt. Upon command completion, the Command Block Registers contain the LBA of the last sector verified.

If an error occurs, the Read Verify Command terminates at the sector wh ere the error occurs. The Command Block
Registers contain the LBA of the sector where the error occurred. The Sector Count Register contains the number
of sectors not yet verified.

Table 39: Read Multiple Ext

register write previous current
Task File Register 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND - 42h
DRIVE/HEAD - 1 | 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32) LBA (15:8)
LBA Low LBA (31:24] LBA (7:0)
SECTOR COUN|  15:8 7:0
FEATURES nu nu

6.24 Recalibrate (1Xh

This command is effectively a NOP command to the Card and is provided for compatibility purposes. Table 40
defines the Recalibrate command Byte sequence.
Table 40: Recalibrate

Task File Rgister 7 | 6 | 5 | 4 | 3 | 2 | 1 1 o
COMMAND 1Xh

DRIVE/HEAD 1 [ 1BA] 1 | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.25 Security Disable Password (F6h)

This command requests a transfer of a single sector of data from the host. Table 41defines the content of this
sector of information. If the password selected by word O matches the password previously saved by the device,
the device disables the lock mode. This command does not change the Master password that may be reactivated
later by setting a User password.

Table 42 Security Disable Password

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F6h

DRIVE/HEAD 1 | BA| 1 | D | nu
CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOQROUNT nu

FEATURES nu
Table 42 Security Password Data Content

Word Content
0 Control word

Bit 0: identifier
O=compare User password
1=compare Master password
Bit 1- 15: Reserved
116 Password (32 bytes)
17255 Reserved

6.26 Security Erase Prepare (F3h)

This command shall be issued immediately before the Security Erase Unit command to enable device erasing
and unlocking. This command prevents accidental erase of the CFAST card
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Table 43: Security Erase Prepare

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F3h

DRIVE/HEAD 1 | tBA|] 1 [ D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.27 Security Erase Unit (F4h)

This command requests transfer of a single sector of data from the host. Table 42 defines the content of this
sector of information. If the password does not match the password previously saved by the CFAST caythe
CFAST canebjects the command with command aborted. The Security Erase Prepare command shall be
completed immediately prior to the Security Erase Unit command. If the CFAST Cardceives a Security Erase Unit

command without an immediately prior Security Erase Prepare command, the CFAST od aborts the Security
Erase Unit command.

Table 44: Security Erase Unit

Task File Register 7 | 66 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F4h

DRIVE/HEAD 1 | BA|] 1 [ D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.28 Security Freeze Lock (F5h)

The Security Freeze Lock command sets th€FAST carth Frozen mode. After command completion, any other
commands that update the CFAST cardock mode are rejected. Frozen mode is disabled by power off or
hardware reset. If Security Freeze Lock is issued when the CFAST caiid in Frozen mode, the command executes

and the CFAST canémains in Frozen mode. After command completion, the Sector Count Register shall be set to
0

Commands disabled by Security Freeze Lock are:
1  Security S¢ Password
i Security Unlock
i Security Disable Password
i Security Erase Unit
If security mode feature set is not supported, this command shall be handled as Wear Level command.

Table 45: Security Freeze Lock

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F5h

DRIVE/HEAD 1 | tBA] 1 | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

6.29 Security Set Password (F1h)

This command requests a transfer of a single sector of data from the host. Table 47 defines the content of the
sector of information. The data transferred controls the function of this command.

Table 48 defines the interaction of the identifier and security level b its.
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Table 46: Security Set Password

Task File Register 7 | e | 5 | 4 | 3 [ 2 | 1 | o
COMMAND Filh
DRIVE/HEAD 1 | BA | 1 [ D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
Table 47 Security Set Password Data Content
Word Content
0 Control word

Bit 0:  identifier
O=set User password
1=set Master password
Bit 1- 7: Reserved
Bit 8:  Security level

0=High
1=Maximum
Bits 9- 15: Reserved
116 Password (32 bytes)
17 255 Reserved

Table 48: Identifier and Security Level Bit Interaction
Identifier |Level Command result

User High The password supplied with the command shall be saved as the new User password . The lock mode
shall be enabled from the next power - on or hardware reset. The CFAST carshall then be unlocked
by either the User password or the previously set Master password.

User Maximum [The password supplied with the command shall be saved as the n ew User password. The lock mode
shall be enabled from the next power - on or hardware reset. The CFAST carshall then be unlocked
by only the User password.

'The Master password previously set is still stored in the CFAST carshall not be used to unlock the
CFAST card

Master High or  [This combination shall set a Master password but shall not enable or disable the Lock mode. The
Maximum |security level is not changed.

6.30 Security Unlock (F2h)

This command requests transfer of a single sector of data from the ho st. Table 42 defines the content of this
sector of information. If the identifier bit is set to Master and the device is in high security level, then the
password supplied shall be compared with the stored Master p assword. If the device is in the maximum security
level, then the unlock command shall be rejected. If the identifier bit is set to user, then the device compares

the supplied password with the stored User password. If the password compare fails then the d evice returns
command aborted to the host and decrements the unlock counter. This counter is initially set to five and is
decremented for each password mismatch when Security Unlock is issued and the device is locked. Once this
counter reaches zero, the Security Unlock and Security Erase Unit commands are command aborted until after a
power- on reset or a hardware reset is received. Security Unlock commands issued when the device is unlocked
have no effect on the unlock counter.

Table 49: Security Unlock

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND F2h
DRIVE/HEAD 1 | tBA|] 1 | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
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6.31 Seek (7Xh)

This command is effectively a NOP command to the 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. Table 50 shows the Seek command Byte
sequence.

Table 50: Seek

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND 7Xh

DRIVE/HEAD 1 [ BA | 1 | D | Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM nu (LBA7:0)

SECTOR COUNT nu

FEATURES nu

6.32 Set Features (EFh)

This command is used by the host to establish or select certain features. If any subcommand input value is not
supported or is invalid, the CFAST cangtturns command aborted.

Table51 Set Features

Task File Register 7 | e | 5 | 4 | 3 | 2 | 1 | o
COMMAND EFh

DRIVE/HEAD nu | D ] nu
CYLINDER Hl nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT Config

FEATURES Feature

Table52 Features Supported

Feature Operation

01h/81h |Enable/Disable 8 bit data transfers.

02h/82h  |[Enable/Disable write cache.
03h Set transfer mode based on value in Sector Count register.

05h/85h  |[Enable/Disable advance power management.

09h/89h  [Enable/Disable extended power operations.

0Ah/8Ah |[Enable/Disable power level 1 commands.

55h/AAh Disable/Enable Read Look Ahead.

66h/CCh |Disable/Enable Powa On Reset (POR) established of defaults at Soft Reset.
69h NOP Accepted for backward compatibility.
96h NOP Accepted for backward compatibility.
97h Accepted for backward compatibility. Use of this Feature is not recommended.
9Ah Set the host current source capability.

Allows trade- off between current drawn and read/write speed.

BBh 4 bytes of data apply on Read/Write Long commands

Features 01h and 81h are used to enable and clear 8 bit data transfer modes in True IDE Mode. If the 01h feature
command is issued all data transfers shall occur on the low order D[7:0] data bus and the -101S16 signal shall
not be asserted for data register accesses. The host shall not enable this feature for DMA transfers.

Features 02h and 82h allow the host to enable or disable write cache in CFAST cartthat implement write cache.
When the subcommand disable write cache is issued, the CFAST carshall initiate the sequence to flush cache to
non - volatile memory before command completion.

Feature 03h allows the host to sel ect the PIO or Multiword DMA 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 shall be selected at all times. For Cards which support DMA, one DMA mode shall be selected at all
times. The host may change the selected modes by the Set Features command.
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Table53: Transfer Mode Values

Mode Bits (7:3) Bits (2:0)
P10 default mode 00000b 000b
P10 default mode, disable IORDY 00000b 001b
PIO flow control transfer mode 00001b Mode™
Reserved 00010b N/A
Multi - Word DMA mode 00100b Mode™
Ultra DMA mode 01000b Mode™
Reserved 1000b N/A

(1)Mode = transfer mode number

Notes: Multiword DMA is not permitted for de vices configured in the PC Card Memory or the PC Card I/O interface
mode.

If a CFAST carslipports PIO modes greater than 0 and receives a Set Features command with a Set Transfer Mode
n_p_kcrec p _I'b _ Qcarmp Amsl r pc e¢igsrdegult RO nodeclf thedalugis .
§. - * ICFAST darslippiorts disabling of IORDY, then the CFAST carshall set its default PIO mode
and dlsable IORDY ACFAST carshall support all PIO modes below the highest mode supported, e.g., if P 10
mode 1 is supported PIO mode 0 shall be supported.

Support of IORDY is mandatory when PIO mode 3 or above is the current mode of operation.

A CFAST caneporting support for Multiword DMA modes shall support all Multiword DMA modes below the
highest mo de supported. For example, if Multiword DMA mode 2 support is reported, then modes 1 and 0 shall
also be supported. Note that Multiword DMA shall not be supported while PC Card interface modes are selected.
A CFAST canekporting support for Ultra DMA mode s shall support all Ultra DMA modes below the highest mode
supported. For example, if Ultra DMA mode 2 support is reported then modes 1 and 0 shall also be supported.

If an Ultra DMA mode is enabled, any previously enabled Multiword DMA mode shall be disab led by the device.
If a Multiword DMA mode is enabled any previously enabled Ultra DMA mode shall be disabled by the device.
Feature 05h allows the host to enable Advanced Power Management. To enable Advanced Power Management,
the host writes the Sector Count register with the desired advanced power management level and then executes
a Set Features command with subcommand code 05h. The power management level is a scale from the lowest
power consumption setting of 01h to the ma ximum performance level of FEh

Table 54: Advanced power management levels shows these values.

Table 54: Advanced power management levels

Level Sector Count Value
Maximum performance FEh
Intermediate power manageme nt levels without Standby 81h FDh
Minimum power consumption without Standby 80h
Intermediate power management levels with Standby 02h- 7Fh
Minimum power consumption with Standby 01lh
Reserved FFh
Reserved 00h
In the current version the advancedpoucp k_I| _eckclr jctcjg _pc _aacnrcb* °

and power consumption.

Device performance may increase with increasing power management levels. Device power consumption may
increase with increasing power management levels. The power man agement levels may contain discrete bands.
For example, a device may implement one power management method from 80h to AOh and a higher
performance, higher power consumption method from level Alh to FEh Advanced power management levels
80h and higher do n ot permit the device to spin down to save power.

Feature 85h disables Advanced Power Management. Subcommand 85h may not be implemented on all devices
that implement Set Features subcommand 05h.

Features OAh and 8Ah are used to enable and disable Power Levd 1 commands. Feature OAh is the default
feature for the CFAST candith extended power as they require Power Level 1 to perform their full set of
functions.

Power Enhanced CFAST cardse required to power up and execute all supported commands and protoco Isin
Power Level 0, their default feature shall be 8Ah: Disable Power Level 1 Commands. No commands are actually
excluded for such cards in Power Level 0 because no commands require Power Levell. Features 55h and BBh are
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the default features for the CFABcard thus, the host does not have to issue this command with these features
unless it is necessary for compatibility reasons.

Dc _rspc ambc 72?2f ¢l _“jcqg rfc fmgr rm amldgespc rfc a_pt
The host sets a valwe in the Sector Count register that is equal to one - fourth of the desired maximum average
current (in mA) that the card should consume. For example, if the Sector Count register were set to 6, the card
would be configured to provide the best possible perfo rmance without exceeding 24 mA. Upon completion of

the command, the card responds to the host with the range of values supported by the card. The minimum

value is set in the Cylinder Low register, and the maximum value is set in the Cylinder Hi register. T he default
value, after a power on reset, is to operate at the highest performance and therefore the highest current mode.

The card shall accept values outside this programmable range, but shall operate at either the lowest power or
highest performance as appropriate.

Features 66h and CCh can be used to enable and disable whether the Power On Reset (POR) Defaults shall be set
when a soft reset occurs. The default setting is to revert to the POR defaults when a soft reset occurs.

6.33 Set max address (F9h)

The Sé max address command sets the max address of the drive. It is related to the Host protected Area feature
set. Table 55 defines the Set max address command Byte sequence.

Table 55: Read native max address

Task File Register 7 | 66 | 5 | 4 | 3 | 2 | 1 | o
COMMAND Fh

DRIVE/HEAD nu | IBA | nu | D | Set max LBA (27:24)
CYLINDER HI Set max LBA (23:16)

CYLINDER LOW Set max LBA (15:8)

SECTOR NUM Set max LBA (7:0)

SECTOR COUNT nu | W
FEATURES Feature

The LBA bit $all be set to one to specify the address is an LBA. DEV shall specify the selected device.

Prerequisites

DRDY set to one. A successful READ NATIVE MAX ADDRESS command shall immediately precede a SET MAX ADDRE:!
command.

VV =Value volatile. If bit 0 is set to one, the device shall preserve the maximum values over power - up or

hardware reset. If bit O is cleared to zero, the device shall revert to the most recent nonvolatile maximum

address value setting over power - up or hardware reset.

The set max addresscan be locked/unlocked and secured by password with following features:
Table56: Set max features

Feature register Command

00h Obsolete

01h SET MAX SET PASSWORD
02h SET MAX LOCK

03h SET MAX UNLOCK

04h SET MAX FREEZE LOCK
05- FFh Reserved

Typical use of the Set max address (F9h) and Read native max address (F8h) commands would be:

On reset
BIOS receives control after a system reset;
1. BIOS issues a READ NATIVE MAX ADDRESS command to find the max capacity of the device;
2. BIOS isges a SET MAX ADDRESS command to the values returned by READ NATIVE MAX ADDRESS;
3. BIOS reads configuration data from the highest area on the disk;
4. BIOS issues a READ NATIVE MAX ADDRESS command followed by a SET MAX ADDRESS command to reset tt
device to the size of the file system.

On save to disk
1. BIOS receives control prior to shut down;
2. BIOS issues a READ NATIVE MAX ADDRESS command to find the max capacity of the device;
3. BIOS issues a volatile SET MAX ADDRESS command to the values returned by READ N\WWAR/EDDRESS;
4. Memory is copied to the reserved area;
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5. Shut down completes;
6. On power- on or hardware reset the device max address returns to the last non - volatile setting.

These commands are intended for use only by system BIOS or other low level boot time p rocess.

Using these commands outside BIOS controlled boot or shutdown may result in damage to file systems on the
device. Devices should return command aborted if a subsequent non - volatile SET MAX ADDRESS command is
received after a power - on or hardware r eset.

6.34 Set max address Ext (37h) 48bit LBA

The Set Max Address Ext command sets the max address of thalrive in 48bit LBA mode. It is related to the Host
protected Area feature set and 48bit feature set. Table 55 defines the Set max address command Byte sequence.

Table57: Read native max address

register write previous current
Task File Register 15:8 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND - 37h
DRIVE/HEAD - 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32 LBA (15:8)
LBA Low LBA (31:24 LBA (7:0)
SECTOR COUN] nu nu | vV
FEATURES nu nu

The LBA bit shall be set to one to specify the address is an LBA. DEV shall specify the selected device.

Prerequisites

DRDY set to one. A sccessful READ NATIVE MAX ADDRESS command shall immediately precede a SET MAX ADDRES:!

command.

VV =Value volatile. If bit O is set to one, the device shall preserve the maximum values over power -up or
hardware reset. If bit O is cleared to zero, the device shall revert to the most recent nonvolatile maximum
address value setting over power - up or hardware reset.

The output is the same as for Readout Native max address Ext (seeTable 35).

6.35 Set Multiple Mode (C6h)

This command enables the 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 Drive sets BSY and checks the Sector CourRegister.

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 is enabled. If a block count is not
supported, an Aborted Command error is posted, and Read Multiple and Write Multiple commands are disabled.
Gd rfc Qcarmp Amslr Pcegqrcp amlr_glg ~. % ufcl rfc
disabled. At power on the default mode is Read and Write Multiple disa bled, unless it is disabled by a Set
Feature command. Table 58 defines the Set Multiple Mode command Byte sequence.

Table 58:; Set Multiple Mode

Task File Register 7 | e | 5 | 4 | 3 | 2 | 1 | o
COMMAND ®h
DRIVE/HEAD nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT Sector Count
FEATURES nu

6.36 Set Sleep Mode (E6h or 99h)

This command causes the Dive to set BSY, enter the Sleep mode, clear BSY and generate an interrupt. Recovery
from sleep mode is accomplished by simply issuing another command. 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
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mode immediately. The default value for the timeris 5 milliseconds. Note that this time base (5ms) is different
from the ATA Specification. Table 59 defines the Set Sleep Mode command Byte sequence.

Table 59: Set Sleep Mode

Task File Register 7 ] 6 | 5 | 4 ] 3 | 2 | 1 | 0
COMMAND E6h or 99h

DRIVE/HEAD nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

6.37 S.M.A.R.T. (BOh)

The intent of self - monitoring, analysis, and reporting technology (the SMART feature set) is to protect user data
and minimize the likelihood of unscheduled system downtime that may be caused by predictable degradation
and/or fault of the device. By monitoring and storing critical performance and calibration parameters, SMART
feature set devices attempt to predict the like lihood of near - term degradation or fault condition. Providing the
host system the knowledge of a negative reliability condition allows the host system to warn the user of the
impending risk of a data loss and advise the user of appropriate action. Support of this feature set is indicated
in the IDENTIFY DEVICE data (Word 82 hit 0).

Table60: S.M.A.R.T. Features

Task File Register 7| 66 | 5 | 4 | 3 | 2 | 1 | 0

COMMAND BOh

DRIVE/HEAD 1] 1 | 1 | D | nu

CYLINDER HI C2h

CYLINDER LOW 4Fh

SECTOR NUM nu

SECTOR COUNT XXh
FEATURES Feature

Details of S.M.A.R.T. features are described in Section?.

6.38 Standby (96h or E2)

This command causes theDriver m gcr @QW* <clrcp rfc Qjccn kmbc &ufgaf
clear BSY and return the interrupt immediately. Recovery from Sleep mode is accomplished by issuing another
command. Table 61defines the Standby command Byte sequence.

Table 61 Standby

TaskFile Register 7 | 6 | 5 | 4 | 3 [ 2 | 1 ] 0
COMMAND 96h or E2h
DRIVE/HEAD nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

6.39 Standby Immediate (94h or EOh)

This command causes theDrive 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 issuing another
command. Table 62 defines the Standby Immediate Byte sequence.

Table 62 Standby Immediate

Task File Register 7 ] 6 | 5 | 4 ] 3 | 2 | 1 ] 0
COMMAND 94h or EOh
DRIVE/HEAD nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
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SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

6.40 Translate Sector (87h)

This command is effectively a NOP ommand and only implemented for backward compatibility. The Sector
Amslr Pceggrcp wugjj _ju_wq ¢ pcrsplcb ugrf _ ~..f%
Table 63 defines the Translate Sector command Byte sequence.

Table 63: Translate Sector

Task File Register 7 | 6 | 5 | 4 | 3 [ 2 | 1 | o
COMMAND 87h
DRIVE/HEAD 1 [ 1BA | 1 [ D ] Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:16
CYLINDER LOW Cylinder Low (LBA5:8
SECTOR NUM nu (LBA7:0)
SECTQROUNT nu
FEATURES nu

6.41 Write Buffer (E8h)

The Write Buffer command enables the host to overwrite contents of the Drive%eg qgqcar mp ~sddcp
pattern desired. This command has the same protocol as the Write Sector(s) command and transfers 512 Bytes
Table 64 defines the Write Buffer command Byte sequence.

Table 64: Write Buffer

Task File Register 7 | 6 | 5 | 4 ] 3 | 2 | 1 | o
COMMAND E8h

DRIVE/HEAD nu | D | nu
CYLINDER HI nu

CYLINDER LOW nu

SECTFONUM nu

SECTOR COUNT nu

FEATURES nu

6.42 Write DMA (@&h, CBh

This command uses DMA mode to write from 1 to 256 sectors as specified in the Sector Count register. A sector
count of 0 requests 256 sectors. The transfer begins at the sector specified in the Sector Number Register. When
this command is issued the Drive sets BSY, puts all or part of the sector of data in the buffer. The Drive is then
permitted, although not required, to set DRQ, clear BSY. The Drive asserts DMAREQ while data is available to be
transferred. The host then writes the (512 * sector- count) bytes of data to the Drive using DMA. While DMAREQ is
asserted by the Drive, the Host asserts - DMACK while it is ready to transfer data by DMA and asserts IOWR once
for each 16 bit word to be tran sferred from the Host.

Interrupts are not generated on every sector, but upon completion of the transfer of the entire number of

sectors to be transferred or upon the occurrence of an unrecoverable error. At command completion, the
Command Block Registerscontain the cylinder, head and sector number of the last sector written. If an error
occurs, the write terminates at the sector where the error occurred. The Command Block Registers contain the
cylinder, head, and sector number of the sector where the erro r occurred. The amount of data transferred is
indeterminate.

When a Write DMA command is received by theDrive and 8 bit transfer mode has been enabled by the Set
Features command, the Drive shall return the Aborted error.

Table 65: Write DMA

Task File Register 7 | 6 | 5 [ 4 [ 3 | 2 | 1 ] o
COMMAND CAh or CBh
DRIVE/HEAD LBA | D | Head (LBA27:2)
CYLINDER HI Cylinder High (LBAR3:1§
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CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector number (LBA:0)

SECTOR COUNT Sector Count
FEATURES nu

6.43 Write DMA Ext (35h) 48bit LBA

This command uses DMA mode to write from 1 to 65536 sectors as specified in the Sector Count Register. A sector
count of 0 requests 65536 sectors. The transfer begins at the sector specified in the Sector Number Register.
When this command is issued the CompactFlasiH™ Storage Card sets BSY, puts all or part of the sector of data in
the buffer. The Card is then permitted, although not required, to set DRQ, clear BSY. The Card asserts DMARQ
while data is available to be transferred. The host then writes the (512 * sector- count) bytes of data to the Card
using the DMA protocol. While DMARQ is asserted by the Card, the Host assertsDMACK while it is ready to
transfer data by DMA and asserts- IOWR once for each 16 bit word to be transtrred from the Host.

Interrupts are not generated on every sector, but upon completion of the transfer of the entire number of

sectors to be transferred or upon the occurrence of an unrecoverable error.

At command completion, the Command Block Registers contain the LBA of the last sector written. If an error
occurs, the write terminates at the sector where the error occurred. The Command Block Registers contain the
LBA of the sector where the error occurred. The amount of data transferred is indeterminate .

When a Write DMA command is received by the Card and 8 bit transfer mode has been enabled by the Set
Features command, the Card shall return the Aborted error.

Table 66: Write DMA Ext

register write previous current
Task File Rgister 15:8 7 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 35h
DRIVE/HEAD - 1 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32) LBA (15:8)
LBA Low LBA (31:24 LBA (7:0)
SECTOR COUN|  15:8 7:0
FEATURES nu nu

6.44 Write FPDMA Queued (62n(if NCQ feature set supported)

This command is mandatory for devices implementing the NCQ feature set (see feature set reference).
This command causes data to be transferred from the host to the device.
When the Forced Unit Access (FUA) bit is set to one regardless afrthether volatile and/or non - volatile write

caching in the device is enabled or not, the user data shall be written to non

- volatile media before command

completion is reported. When the FUA bit is cleared to zero the device may return command completion bef ore
the data is written to the media.

Table 67: Write FPDMA queued

Task File Register 15:8 7 6 | 5 | 4 | 3 | 2 | 1 | o

COMMAND - 61h

DRIVE/HEAD - FUA 1 [ nu | o ] nu

CYLINDER HI LBA (47:40) LBA23:16

CYLINDER LOW LBA (39:32) LBA15:8

SECTOR NUM LBA (31:24) LBA7:0

SECTOR COUNT nu NCQ Tag | nu

FEATURES The number of logical sectors to be transferred. A value of 0000h indicates that 65,536
logical sectors are to be transferred.

For further details see the ATAS8 specification.

6.45 Write Multiple Command ( C5h)

This command is similar to the Write Sectors command. The Drive sets BSY within 400ns 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 blo ck, 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.
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When the Write Multiple command is issued, the S ector 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 fina |, partial block transfer. The
partial block transfer is for n sectors, where:

n = (sector count) module (block count).

If the Write Multiple command is attempted before the Set Multiple Mode command has been executed or when
Write Multiple commands are di sabled, 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 i n 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.

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. For example, each block has 4 sectors, a request for 8 se ctors 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.

Note: The current revision of the Drive only supports a block count of 1 as indicated in the Identify Drive
Command information. The Write Multiple command is provided for compatibility with future products which
may support a larger block count.

Table 68 defines the Write Multiple command Byte sequence.

Table 68: Write Multiple

Task File Register 7 | e | 5 | 4 ] 3 [ 2 ] 1 ] o
COMMAND Gh
DRIVE/HEAD 1 IBA | 1 | D | Head (LBA27:29
CYLINDER HI Cylinder High (LB&3:16
CYLINDER LOW Cylinder Low (LBA5:8
SECTOR NUM Sector number (LBA:0)
SECTOR COUNT Sector Count
FEATUES nu

6.46 Write Multiple Ext (39h) 48bit LBA

The Write Multiple Ext command is similar to the Write Multiple command, except that LBA addressing is
mandatory, the LBA associated with this command is a 48 bit address, and the sector count field is a 16 bit fi eld.
The second (lower in the table) part of each 16 bit field can be written to or read from by setting the HOB bit of

the Device Control Register to 1 before reading or writing the field. Reading or writing the task file shall reset the

HOA bit to 0.

Eror handling is similar to the Write Multiple command, except that the error sector address is always returned

as a 48 bit address, and the sector count is a 16 bit number.

Table 69: Write Multiple Ext

register write previous current
Task File Register 15:8 7 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND - 39h
DRIVE/HEAD - 1 1 | 1 | Drive | Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32] LBA (15:8)
LBA Low LBA (31:24] LBA (7:0)
SECTOR COUN|  15:8 7:0
FEATURES nu nu

6.47 Write Sector(s) (30h)

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 Drive sets BSY, sts 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.
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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 err or occurred. 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. Table 70 defines the Write Sector(s) command

Byte sequence.

Table 70. Write Sector(s)

Task File Register 7 | e | 5 | 4 | 3 [ 2 | 1 | o

COMMAND 30h

DRIVE/HEAD 1 | BA | 1 [ D | Head (LBA27:29
CYLINDER HI Cylinder High (LBR3:1§

CYLINDELOW Cylinder Low (LBA5:8)

SECTOR NUM Sector number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu

6.48 Write Sector(s) Ext (34h) 48bit LBA

This is the 48- bit address version of the Write Sector(s) command.

This command writes from 1 to 65,536 sectors asspecified in the Sector Count Register. A sector count value of
0000h requests 65,536 sectors. The device shall interrupt for each DRQ block transferred.

If an error occurs during a write of more than one sector, writing terminates at the sector where th e error
occurs. The Command Block Registers contain the 48 bit LBA 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.

Table 71 Write Sector(9 Ext

register write previous current
Task File Register 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 34h
DRIVE/HEAD - 1 | 1 [ 1 | bprive ] Reserved
LBA High LBA (47:40) LBA (23:16)
LBA Mid LBA (39:32] LBA (15:8)
LBA Low LBA (31:24] LBA (7:0)
SECTOR COUN]|  15:8 7:0
FEAURES nu nu

6.49 Write Verify (3Ch)

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. Table 72defines the Write Verify
command Byte sequence.

Table 72 Write Verify

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND 3Ch
DRIVE/HEAD 1 [ 1BA] 1 | D ] Head (LBA 27:24)
CYLINDER HI Cylinder High (LBA23:16)
CYLINDER LOW Cylinder Low (LBA15:8)
SECTOR NUM Sector number (LBA7:0)
SECTOR COUNT Sector Count
FEATURES nu
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7 S.M.A.R.T Functionality

The F 2x0 CF cards support the following SMART commands, determined by the Feature Register value.

Table73 S.MA.R.T. Features Supported

Feature Operation
DOh SMART Read Data
Dih SMART Read Attribute Thresholds
D2h SMART Enable/Disable Attribute
D8h SMART Enable Operations
D9h Autosave SMART Disable Operations
DAh SMART Return Status

SMART commands with Fature Register values not mentioned in the above table are not supported, and will be
aborted.

7.1S.M.A.R.T. Enable / Disable operations

This command enables / disables access to the SMART capabilities of the CF card.
The state of SMART (enabled or disabledis preserved across power cycles.

Table74 S.M.A.R.T. Enable / Disable operations (Feature D8h / D9h)

Task File Register 7 | e | 5 | 4 | 3 [ 2 | 1 | o
COMMAND BOh
DRIVE/HEAD 1 | 1 ] 1 [ D | nu
CYLINDER HI C2h
CYLINDER LOW 4Fh
SECTOR NUM nu
SECTROCOUNT nu
FEATURES D8h / D%h

7.2 S.M.A.R.T. Enable / Disable Attribute Autosave

This command is effectively a no- operation as the data for the SMART functionality is always available and kept
current in the CF card.

Table75 S.MA.R.T. Enable / Disable Attribute Autosave (Feature D2h)

Task File Register 7 | 6 | 5 | 4 ] 3 [ 2 ] 1 ] o
COMMAND BOh
DRIVE/HEAD 1 | 1 | 1 | D | nu
CYLINDER HI C2h
CYLINDER LOW 4Fh
SECTOR NUM nu
SECTOR COUNT 00h or F1h
FEATURES D2h

7.3 S.M.A.R.T. Read data
This command returns one sector of SMART data.

Table 76. S.M.A.R.T. read data (Feature DOh)

Task File Register 7 | 6 | 5 | 4 ] 3 [ 2 | 1 ] o
COMMAND BOh
DRIVE/HEAD 1 | 1 | 1 | D | nu
CYLINDER HI C2h
CYLINDER LOW 4Fh
SECTOR NUM nu
SECTOR COUNT nu
FEATURES DOh
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The data structure returned is:
Table 77 S.M.A.R.T. Data Structure

Offset Value Description
0.1 0010h QK?PR qrpsarspc tcpqgml dmp
2..361 Attribute entries 1 to 30 (12 bytes each)

362 00h |Off-line data collection status (no off- line data collection)

363 00h [Self test execution status byte (self - test completed)
364..365 0000h [Total time to complete off - line data collection

366 00h -

367 00h |Off- line data collection capability (no off - line data collection)
368..369 0003h [SMART capabilities

370 00h  |[Error logging capability (no error logging)

371 00h -

372 00h  |Short self- test routine recommended polling time

373 00h  |[Extended self- test routine recommended polling time
374..385 00h  |Reserved
386..387 0004h KX?PR Qugqgqq gr Qrpsarspc Tcpqgml
388..391 SAmkkgrpy amslrcp
392..395 \Wear Level Threshold

396 Global Bad Block Management active

397 Global Wear Leveling active
398..401 Average Flash Block Erase Count
402..405 Number of Flash Blocks involved into the Wear Leveling
406..510 00h -

511 Data structure checksum

The byte order for the multi - byte values is little Endian (least significant byte first), unless specified otherwise.

There are 12 attributes that are defined in the CF card. These return their data in the attribute section of the
SMART data, using a 12 byte data field.

The field at offset 386 gives a version number for the contents of the SMART data structure.

The byte at offset 396 is 0 if the bad block man agement is still working chip local, and 1 if the global bad block
management has started. This happens when one of the flash chips runs out of spare blocks, in this case spare
blocks from different flash chips are used.

The byte at offset 397 is 0 if the wear leveling has not yet started its global operation and 1 if the global wear
leveling has started. This happens when the most used chip has reached the erase count threshold defined in
the Erase Count Attribute.

In the following sections the Attributes d mp
depend on the firmware.

bgddcpclr QK?PR grpsarspc tcpqggml

7.3.1SMART Attributes for SMART structure version 0010h

7.3.1.1Spare Block Count Attribute
This attribute gives information about the amount of available spare blocks.

Table 78: Spare Block Count Attribute for SMART structure version 0010h

Offset Value Description
0 c4h  |Attribute ID - Reallocation Count
1.2 0003h |Flags- Pre-fail type, value is updated during normal operation
3 Attribute valu e. The value returned here is the minimum percentage of remaining
spare blocks over all flash chips, i.e. min over all chips (100 x current spare blocks
initial spare blocks)
4 Attribute value (worst value)
5.7 sum of initial number of spare blocks for all flash chips
8..10 sum of the current number of spare blocks for all flash chips
11 00h  |Reserved

This attribute is used for the SMART Return Status command. If the attribute value field is less than the spare
block threshold, the SMART Return &tus command will indicate a threshold exceeded condition.
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7.3.1.2Spare Block Count Worst Chip Attribute Threshold

This attribute gives information about the amount of available spare blocks on the flash chip that has the
lowest current number of spare blocks.

Table 79: Spare Block Count Attribute for SMART structure version 0010h

Offset Value Description
0 D5h  |Attribute ID - Reallocation Count
1.2 0003h |Flags- Pre-fail type, value is updated during normal operation
3 64h  |Attribute value. This value is fixed at 100.
4 64h  |Attribute value (worst value)
5.7 Initial number of spare blocks of the flash chip with the lowest current number of
spare blocks
8..10 Current number of spare blocks of the flash chip with the lowest current number
of spare blocks
11 00h  |Reserved

7.3.1.3Erase Count Attribute
Thisattribute gives information about the amount of flash block erases that have been performed.

Table80: Erase Count Attributefor SMART structure version 0010h

Offset Value Description
0 E5h  |Attribute ID - Erase Count Usage (vendor specific)
1.2 0003h |Flags- Pre-fail type, value is updated during normal operation
3 Attribute value. The value returned here is an estimation of the remaining card
life, in percen t, based on the number of flash block erases compared to the target
number of erase cycles per block.
4 Attribute value (worst value)
5..10 Estimated total number of block erases
11 00h  |Reserved

This attribute is used for the SMART Return Status comrand. If the attribute value field is less than the erase
count threshold, the SMART Return Status command will indicate a threshold exceeded condition.

7.3.1.4Total ECC Errors Attribute

This attribute gives information about the total number of ECC errors that h ave occurred on flash read
commands. This attribute is not used for the SMART Return Status command.

Table 81 Total ECC Errors Attribute for SMART structure version 0010h

Offset Value Description
0 CBh |Attribute ID - Number of ECC errors
1.2 0002h |Flags- Advisory type, value is updated during normal operation
3 64h  |Attribute value. This value is fixed at 100.
4 64h  |Attribute value (worst value)
5..8 Total number of ECC errors (correctable and uncorrectable)
9..10 -
11 00h Reserved

7.3.1.5 Correctable ECC Errors Attribute

This attribute gives information about the total number of correctable ECC errors that have occurred on flash
read commands. This attribute is not used for the SMART Return Status command.
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Table82: Correctable ECC Errors Attributtor SMART structure version 0010h

Offset Value Description

0 CCh |Attribute ID - Number of corrected ECC errors

1.2 0002h |Flags- Advisory type, value is updated during normal operation

3 64h  |Attribute value. This value is fixed at 100.

4 64h  |Attribute value (worst value)

5.8 Total number of correctable ECC errors
9..10 -

11 00h Reserved

7.3.1.6UDMA CRC Errors Attribute

This attribute gives information about the total number of UDMA CRC errors that h ave occurred on flash read
commands. This attribute is not used for the SMART Return Status command.

Table83: UDMA CRC Errors Attribute for SMART structure version 0010h

Offset Value Description
0 C7h |Attribute ID - UDMA CRC emrate
1.2 0002h |Flags- Advisory type, value is updated during normal operation
3 64h Attribute value. This value is fixed at 100.
4 64h  |Attribute value (worst value)
5..8 Total number of UDMA CRC errors
9..10 -
11 00h Reserved

7.3.1.7Total Number of Reads Attribute

This attribute gives information about the total number of flash read commands. This can be useful for the
interpretation of the number of correctable or total ECC errors. This attribute is not used for the SMART Return

Status command.

Table 84: Total Number of Reads Attribute for SMART structure version 0010h

Offset Value Description
0 E8h  |Attribute ID - Number of Reads (vendor specific)
1.2 0002h |Flags- Advisory type, value is updated during normal operation
3 64h  |Attribute value. This value is fixed at 100.
4 64h  |Attribute value (worst value)
5..10 Total number of flash read commands
11 00h Reserved

7.3.1.8Power On Count Attribute
Table 85: Power On CountAttribute for SMART structur version 0010h

Offset Value Description
0 0Ch  |Attribute ID - Power On Count
1.2 0002h |Flags- Advisory type, value is updated during normal operation
3 64h  |Attribute value. This value is fixed at 100.
4 64h  |Attribute value (worst value)
5..8 Number of Power On cycles
9..10 -
11 00h Reserved

7.3.1.9Total LBAs Written Attribute

This attribute gives the total amount of data written to the disk, in units of 32MB (65536 sectors). This number
can be converted to Terabytes written (TBW) by dividing the raw attribute value by 2 3t

Table86: Total LBAs Writtenfor SMART structure version 0010h
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Offset Value Description
0 Flh |Attribute ID - Total LBAs Written (vendor specific)
1.2 0002h |Flags- Advisory type, value is updated dur ing normal operation
3 64h
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