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G440 Series- Indugtrial SBK? Amkn_ar Dj _qf O
2GBrte up to 64GBrte, 3.3/5V Supply

1 Main Features

1 Highly-integrated memory controller
o CompactFlash" specification 4.1,
compatible with specification 5.0
o PCMCIA specification 2.(thapter CF ATARegsters) &
PC Card ATA Interface Specification 8, 7, 6, and 5
0 True IDE mode compatible,
up to UDMAG6 / MDMA4 / PIO6 supported
Fix drive (IDE mode) & removable drive (PC cardmode)
as default in the same card
Hot swappable in PC cardmodes
Signal termination resistors to improve signal quality
LBA48 address support(LBA28 limitation on request)
Fix drive (IDE mode) &
removable drive (PC cardmnode) as default configuration
Small form factor
0 CFC Type B6.4mm x 42.8mm x 3.3mm
Low- power CMOS technology
3.3Vor 5.0V power supply, card drives bus with 3.3V, inputs 5V compatible
Power saving mode (with automatic w ake- up)
S.M.A.R.T. supportand extended vendor information
Wear Leveling: equal wear leveling of static and dynamic data
The wear leveling assuresthat dynamic data as well as static data is balanced evenly across the
memory. With that the maximum write endurance of the device is guaranteed.
Data Retention: 10 year (JESD47)
Patented power - off reliability
o No data loss of older sectors
0 Max. 32sectorsdata loss (old data kept)
1 High reliability
MTBF>3,000,000 hours
Data reliability: < 1 non - recoverable error per 10 bits read
Number of connector insertions/removals: >10,000
24bit per double sector ECC capability
Near Miss ECC handling at read (refreskand correct data, if multiple correctable errors
detected)
o0 Read Dsturb Management (RDM,refresh and correct data after a certain number of read
commands per block)
1 High performance
o Upto 133B/sburst transfer rate in UDMA
0 Sustaned Write performance: up to 40MB/s(UDMAG untrimmed)
0 Sustained Read Performance:up to 65MB/s(UDMA)
o Trim command supported to increase random write performance
o Up to 300 IOPS with Trim Support (4krandom write) and up to 32I0PS untrimmed
1 Available densities
0 upto 64GBytes(SIC NAND Flash)
1 Operating System support
o Standard Software Drivers operation CompactFlasi™
1 2 Temperature ranges

o
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o Commercial Temperature range . - )5. €eA
0 Industrial Temperature range -2. - ) 63€eA
1 Life Cycle Management
i Controlled BaM
1 RoHS compatible
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3 Order Information

3.1Standard part numbers

IDE FIX &PC card Removable / PIO, DMA & UDMA support

suwlissbit”®

Density Part Number

2GB SFCF2048HxBU2TQ t - MS 5y7 - STD
4GB SFCF4096HxBU4TQ t - MS 5y7 - STD
8GB SFCF8192HxBU2TQt - QT- 5y7 - STD
16GB SFCF16GBHXxBUATOLt - QT- 5y7 - STD
32GB SFCF32GBHxBUA4TOL - QT- 5y7 - STD
64GB SFCF64GBHxBU4TOL - NU 5y7 - STD

Table I Product list for standard product variations

X= depends on product generation ;
y = depends on latest FW revision
t = C commercial temperature; |: industrial temperature

3.2Supported Features

= =4 8 8 _a_48_9_2_-4a_-2°_-2

3.30ffered OEM optioms request

Write Protect switch
Disabling MDMA and/or UDMA modes
Customer specified card size and card geometry (C/H/S cylinder/head/sector)
Customer specified Cl&nd drive ATAID strings

Preload service (also images with any file system)
Customizedlabel
ROM mode (write protected with preloaded software)
Special Firmware solutions for additional customer requirements

= =4 -8 _8_8_98_98_9a_-2

Swissbit AG
Industriestrasse 4

MDMA/UDMA also i?C cardmode

SMART Feature Setith additional life time information
TRIM command

48bit Address Feature Set
Security Mode Feature Set
Power Management Feature Set
Write Cacle
Write_Buffer Command
Read_Buffer Command
NOP_Command
Flush_Cache_ EXT
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3.40ffered_.BA28ptions on request

To be compatible to dedicated host systems, a _ p
amkk_I bg “~sr bml %r qgsnn

f

r r f
@? 26

-JpOr6 W snkl " jcwp qggssndndngpvr

g ug cC n
pr J amk k _ | b gre &ailable onlrdguest.' gl

b
m
3.4.1@mmands not supported in LBA28 cards

Thefof mugl e amkk _ | bg _pc-JiOo®mu asmphbmg@rcb gl 8§

Table2 CF ATA Command Set (1)

Class |Command Code FR(1) SC(2) SN(3) | CY(5:4)| DH(6) | LBA(5:3)

2 Data Set Management 06h YY D YY
1 Flush cache Ext EAh D

1 Read DMA Ext 25h YY YY YY D YY
1 Read Multiple Ext 29h YY YY YY D YY
1 Read Sector(s) Ext 24h YY YY YY D YY
1 Read Verify Sector(s) Ext 42h YY YY YY D YY
2 \Write DMA Ext 35h YY YY YY D YY
3 \Write Multiple Ext 39%h YY YY YY D YY
2 \Write Sector(s) Ext 34h YY YY YY D YY

1. FR =Features Register (1), SC = Sector Count Register (2), SN = Sector Number Register (3), CY = Cylinder Registers (5:4),
DH = Card/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 CompactFIaushTM
Memory Card and head parameters are used.
YY- registers must be written twice for 48bit LBA commands
D- only the Compact Flash Memory Cardparameter is valid and not the head parameter C - the register contains command
specific data (see command descriptors for use).

Data Set Management is used for the TRIM command.

3.4.2 Differences in the ATAID

Following Information are different in the ATAID ¢ ompared with standard cards:
Table 3: Identify Device Information

A\(,i\:ior:adss Vglll-g Vljl?e ;3::'5 Data Field Type Information
27 46 aaaa* aaaa* 40 Model number in ASCII (right justified) Big Endian Byte Order in Word
-STD -L28 & 8§ QDA DV V V- X- Bxv X@SX0oR M
Features/command sets supported
83 7405h* 5005h* 2 Bit10 48bit address feature set supported
Bit13 48bit address feature set incl Flush Cache EXT supported
Features/command sets enabled
86 3405h* 1005h* 2 Bit10 48bit address feature set enabled
Bit13 48bit address feature set incl Flush Cache EXT enabled
105 0001h 0000h 2 Number of sectors per Data Set Management command
169 0001h 0000h 2 Trim bit in Data Set Management not supported
* Standard values for full functionality, depending on configuration

XXXX Depending on card capacity and drive geometry

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
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4 Product Specification

The CompactFlasH"is a small form factor non - volatile memory card which provides high capacity data storage. Its
aim is to capture, retain and transport data, audio and images, facilitating the transfer of all types of digital
information between a large variety of digital systems.
The Card operates in three basic modes:

1 PC cardATA/O mode

1 PC cardATAmemory mode

1 True IDE mode
The CompactFlasiM also supports Advanced Timing modes. Advanced Timing modes areATA/O modes that are
100ns or faster, ATAMemory modes that are 100ns or 80ns.
Standard cards are shipped as max. UDMAG(30ns) and PIOBMDMAA4 (80ns).
If the cards should be used in extended speed modes, they should be qualified on the target system and the
system should fulfill the requirements listed below.
It conforms to the PCMCIACard Specification2.1when operating in the ATA/O mode, and in the ATAMemory mode
(Personal Computer Memory Card International Association standard, JEIDA in Japan), and to the ATA specification
when operating in True IDE Mode. CompactFlasi™ Cards can be used with passive adapters in a PC Card Typd, I,
or Type lll socket.
The Card has a internal intelligent controller which manages 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 ofthe Flash memory cells to extend the life time.
Once the Card has been configured by the host, it behaves as a standard ATA (IDE) disk drive. The hardware ECC
mechanism allows to detect and correct 6 bit per sector or 24 bit per double sector, depending o n the flash .
The Card has avoltage detector and a powerful power-loss management feature to prevent data corruption after
power- down.
The specification has been realized and approved by the CompactFlash™ Association (CFA).
This non- proprietary specificat ion enables users to develop CF products that function correctly and are compatible
with future CF design. The system highlights are shown in Table4 - Table1Q

Related Documentation
1 CF+ and CompactFlash' Specification Revision 4.1 5.0
1 AT Attachment Interface Document, American National Standards Institute, ATA7, 2005
1 PCMCIA PC Card Standard, 1995
1 PCMCIA PC Card ATA Specificaffon
1 ATA Command Set 2 (ACH for TRIM comnand

4.1SysteniPerformance
Table 4: System Performance

System Performance Typ. Max. Unit

Sleep to write 5

Sleep to read 5 ms

Power up to Ready <500 1000

Reset to Ready PC cardDEMaster ) 200 500

Data transfer Rate (UDMA burst) 133 MB/s

Sustained Read (measured) |2 channel 4k™¥| 2GB 16GB 59 65 MB/

Sustained Write (measured) |2 channel 4k %] 2GB 16GB 3l 35 S

Sustained Read (measured) |2 channel 8k™¥| 32GB 64GB 58 65 MB/

Sustained Write (measured) |2 channel 8k™?| 32GB 64GB 31 35 S

Random Write 4k(measured) |2 channel 4k™? | 2GB 16GB 32 170(300) IOPS

Random Write 4k(measured) |2 channel 8k*?| 32GB 64GB 27 160(300) (input/output  per second)
Read 100 250000

Command to DRQ Write 30 500 us

IAccess Time Rea 0.22 ms

1. Allvalues refer to ToshibaFlash chipswith firmware revision 1

2. The number of IOPS was measured with a fully used and a trimmed card with IOMETER

3. CompactFIasﬁ"’I Card in UDMAmode 6, cycle time 30ns in True- IDE mode with Sequential write/read t est.
The number of flash is decoded in the part number; also the flash page size is depicted in this table.
Sustained Speed depends on flash type and number, file size, and burst speed.

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
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Requirements for using extended speed (PIO 5, 6/ MDMA 3, 4)
(CompadFlash™ Specification 5.0; section 4.3.7)

The CF Advanced Timing modes include PCMCIA 1/0O and Memory modes that are 100ns or faster and Tild& PIO
Modes 5, 6 and Multiword DMA Modes 3 4.

When operating in CF Advanced timing modes, the host shall conf orm to the following requirements:
1. Only one CF device shall be attached to the CF Bus.
2. The host shall not present a load of more than 40pF to the device for all signals, including any cabling.
3. The maximum cable length is 0.05 m (2 in). The cable length is measured from the card connector to the
host controller. 0.46 m (18 in) cables are not supported .
4. The- WAIT and IORDY signals shall be ignored by the host.

Devices supporting CF Advanced timing modes shall also support slower timing modes, to ensure operability with
systems that do not support CF Advanced timing modes.

Ultra DMA Electrical Requirements
(CompactFlashM Specification 5.0; section 4.3.8)

Operation in Ultra DMA mode requires careful attention to cabling, printed circuit board (PCB) trace rou ting and
termination for reliable operation. These requirements are described in the following sections.

Host and Card signal capacitance limits for Ultra DMA operation

The host interface signal capacitance at the host connector shall be a maximum of 25pF for each signal as
measured at 1 MHz.

The card interface signal capacitance at the card connector shall be a maximum of 20pF for each signal as
measured at 1 MHz.

Series termination required for Ultra DMA operation

Series termination resistors are requir ed at both the host and the card for operation in any of the Ultra DMA
modes. The CF specification describes typical values for series termination at the host and the device.

G 400 cards have the specified serial resistances in IDE bus.

4.2Environmental Spéchations

4.2.1Recommended Operating Conditions
Table5: CF Card Recommended Operating Conditions

Parameter Value
Commercial Operating Temperature 0°Cto 70°C
Industrial Operating Temperature - 40°Cto 85°C

Power Supply VCC Voltage b 5.0V £10%(4.5V to 5.5\) *)
Power Supply VCC Voltage (3.3V) 3.3V H0% (297V to 3.63V) *)

*) Voltage could be between 2.95Vand 5.5V

Table 6: Current consumption (1)

Current Consumption (typ) 3.3V 5V Unit
Read UDMA&/max) 10/ 140 110 / 140

Write (UDMA@max) 90/ 110 85/110 mA
Sleep/ldle Mode (typ/max) 3/5 3/5

1. Allvalues are typical at 25° C and nominal sup ply voltage and refer to 8 Gbyte CompactFIasﬁ'vI Card.
Max values are for 32GB cards in UDMA mode in IDE mode.
The card goes to Sleep/idle mode 20ms (default) after last host command.
The sleep current at 5V depends on the signal level at the CF Bus

4.2.2 Recommended Storage Conditions

Table 7 CF Card Recommended Storage Conditions

Parameter Value
Storage Temperature -50°C to DO°C
High temperature storage decreases the data retention.
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4.2.3 Shock, Vibration, and Humidity

Table 8: Shock, Vibration, and Humidity

suwlissbit”®

Parameter

Value

Humidity (non - condensing)

85% RH85°C 1000 hrs (JEDEC JESD22, method ABj1

\Vibration

20 G peak, 20- 2000Hz, 4 per direction (JEDEC JESD22, method B103)
5.35G RMS, 15 min per plane (IEC 6&- 6)

Shock

1.5k G peak, 0.5ms 5 times (JEDEC JESD22, method B110)
30 G, 11ms 1 time (IEC 6& 27)

4.3Physicabimensions
Table 9: Physical Dimensions

Parameter Value Unit
\Width 42.8

Height 36.4 mm
Thickness 3.3

\Weight (typ.) 10 g
4.4 Reliability

Table 10 System Reliability and Maintenance

Parameter Value

MTBF 4t 40°C) > 3,000,000 hours (1)
Insertions/Removals > 10,000

Data Reliability

< 1 Non Recoverable Error per 18" bits Read (1)

Data Retention

10 years (JESD47)

(1)Dependent on final system qualification data.

4.5Drive Geometry / CHS Parameter
Table 11 CF capacity specification

Capacity Q/linders Heads Sectors / track Sectors Total addressable capacity (Byte)
2GB 3,970 16 63 4,001,760 2,048,901,120
4GB 7,964 16 63 8,027,712 4,110,188,544
8GB 15880 16 63 16,007,040 8,195,604,480
16GB 16,383" 16 63 31,712,728 16239,476,736
32GB 16,383" 16 63 64,028,160 32782417920
64GB 16,383% 16 63 125,313,024 64,160,268,288

(1)The CHS addressing is limited to about 8GB. Larger drives should be used in LBA mode.
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4.6 Physical desption
The CompactFlasf" Memory Card contains a single chip controller and Flash memory module(s). The controller

interfaces with a host system allowing data to be written to and

shows the Block Diagram of the CompactFlasiA" Memory Card.

The Card is offered in a Type | package with a 50 pin connector consisting of two rows of 25 female contacts on 50
mil (1.27mm) centers.Figure 21shows Type | Card Dimensions.

Figure = CompactFlasi™Memory Card Block Diagram

Host

Interface

Swissbit AG
Industriestrasse 4
CH 9552 Bronschhofen

Switzerland
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read from the Flash memory module(s). Figure 1

WWW.swissbit.com
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Data
In/Out
|
_— Controller Flash __
Control r'-.-'1|::'d|_,||€‘|._5-]|
CompactFlash Storage Card
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5 Electrical interface

5.1Electrical description

The CompactFlasH"Memory Card operates in three basic modes:

1 PC Card ATA using I/O Mode

1 PC CardATA using Memory Mode

1 True IDE Modevith MWDMA and UDMAwhich is compatible with most disk drives
The signal/pin assignments are listed in Table12J mu _ar gt ¢ q g% |n_pjcqdtgbes,darecmut, OOtput
or Input/Output.
The configuration of the Card is controlled using the standard PC cardconfiguration registers starting at address
200h in the Attribute Memory space of the memory card. Table 13describes the I/Osignals. Inputs are signals
sourced from the host while Outputs are signals sourced from the Card. The signals are described for each of the
three operating modes.
All outputs from the Card are totem pole except the data bus signals that are bi - directional tri - state. Refer to the

gcar gml rgrjcb 8Cjcarpga_j QncaQuipgutsper gml qp dmp bcdgl gr ¢
Table 12 Pin Assignment and Pin Type
Pin Num PC Card Memory Mode PC Card I/O Mode True IDE Mod&’
Signal Pin In, Out Signal Pin In, Out Signal Pin In, Out
Name Type Type Name | Type Type Name Type Type
1 GND Ground GND Ground GND Ground
2 D3 110 112,073 D3 I/0 112,073 D3 110 112,023
3 D4 110 112,073 D4 110 112,023 oY} 110 112,023
4 D5 110 112,073 D5 110 112,073 D5 110 112,073
5 D6 110 112,0Z3 D6 110 112,073 D6 110 112,073
6 D7 110 112,023 D7 110 112,023 D7 110 112,023
7 -CE1 [ 13U -CE1 | 13U -CS0 | 132
8 A10 [ 11z A10 | 112 A1® | 11z
o® -OE [ 13U -OE | 13U -ATASEL| | 13U
10 A9 [ 112 A9 | 112 2A9®@ | 11z
n A8 [ 11Z A8 | 11Z A8 [ 11Z
12 A7 [ 112 A7 | 112 AF? | 11z
13 Vcc Power Vcc Power Vcc Power
14 A6 [ 112 A6 | 112 re®? | 11z
15 A5 [ 11Z A5 | 11Z A2 [ 11Z
16 A [ 112 Ad | 112 A4D | 11z
17 A3 [ 112 A3 | 112 A3? | 11z
18 R [ 112 2 | 112 2 | 112
19 Al [ 112 AL | 112 Al | 112
20 A [ 112 A0 | 112 N | 11z
21 Do 110 112,073 Do 110 112,073 Do 110 112,073
22 D1 110 112,023 D1 110 112,023 D1 110 112,073
23 D2 110 112,023 D2 110 112,023 D2 110 112,023
24 WP o) oT3 |-101518?| © oT3 -101S16 | O ON3
25 -CD2 (e} Ground -CD2 (e} Ground -CD2 (@] Ground
26 -CDh1 (@] Ground -CD1 (@) Ground -CD1 (@] Ground
27 D19 110 112,0Z3 D19 110 112,0Z3 D19 110 112,023
28 D1¥ 110 112,073 D1¥ 110 112,073 D1¥ 110 112,073
29 D1§ 110 112,023 D1¥ 110 112,023 D1§ 110 112,023
30 D14Y 110 112,023 | D14 110 112,023 D14Y 110 112,023
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Pin Num PC Card Memory Mode PC Card 1/0O Mode True IDE Mod€’
Signal Pin In, Out Signal Pin In, Out Signal Pin In, Out
Name Type Type Name | Type Type Name Type Type
31 D15 110 112,023 | D1%" 110 112,023 D15 110 112,023
32 -CE® [ 13U -CE® [ 13U -cs? [ 132
33 -VS1 (@] Ground -VS1 (@] Ground -VS1 (0] Ground
-10RY’
34 -IORD I 13U -IORD I 13U HSTROBE | | 132
- HDMARDY
- 10WR’
35 - IOWR I 13U -IOWR I 13U STOPY I 132
36 -WE [ 13U -WE | 13U -WEY [ 13U
37 READY (o] oT1 -IREQ o OT1 INTRQ o 071
38 Vcec Power Vce Power Vcec Power
39 -CSEY [ 122 -CSEY | 122 -CSEL | 12U
40 -VS2 o] OPEN -VS2 0 OPEN -VS2 0 OPEN
41 RESET I 12U RESET| | 12U -RESET I 12U
IORDY
42 - WAIT ) OT1 - WAIT o) OT1 |-DDMARDY| O ON1
DSTROBE
43 - INPACK (o] oT1 -INPACK O© OT1 DMARQ o} 071
44 -REG I 13U -REG I 13U -DMACR | 13U
45 BVD2 110 I1U,0T1 | -SPKR | I/O 11U,0T1 - DASP 1/0 11U,ON1
46 BVD1 110 I1U,0T1 | -STSCH{ /O I1U,0T1| -PDIAG | /O 11U,ON1
47 g™ 110 112,023 g™ 110 112,023 g™ 110 112,023
48 Do 110 11Z,0Z3 Do 110 112,023 Do 110 112,023
49 D16V 110 112,023 D16V 110 112,023 D16V 110 112,023
50 GND Ground GND Ground GND Ground
1. These signals are required only for 16 bit accesses and not required when installed in 8 bit systems.
Devices should allow for 3- state signals not to consume current.
2. The signal should be grounded by the host.
3. The signal should be tied to VCC by the host.
4. The mode is required for CompactFlasi™ Storage Cards.
5. The- CSEL signal is ignored by the card in PC Card modes. However, becaeast is not pulled up on the card

in these modes, it should not be left floating by the host in PC Card modes. In these modes, the pin
should be connected by the host to PC Card A25 or grounded by the host.

6. If DMA operations are not used, the signal must be held high or tied to VCC by the host, also for read
registers.

7. Signal usage in True IDE Mode except when Ultra DMA mode protocol is active.

8. Signal usage in True IDE Mode when Ultra DMA mode protocol DMA Write is active.

9. Signal usage in True IDE Mode wha Ultra DMA mode protocol DMA Read is active.The signal should be
grounded by the host.

10. In PG Card mode, the I01S16 signal does not workas fully specified. If a host uses this signal, this may
result in 16 bit accesses being changed to two 8 bit accesses Depending on the address, this may result
in an incompatibility with the host controller .

11. In PG Card mode (memory and I/O), 16 bit ATA register file accesses (i.e. both CE1 and CE2 assted) do
not work as fully specified if A0 is high.

If you have ho st- card incompatibilities please contact Swissbit .
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Table 13 Signal Description
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Signal Name Dir. Pin Description
These address lines along with the - REGsignal are used to select the following:
The I/O port address registers within the CompactFlasi" Storage Card, the
memory mapped port address registers within the CompactFlash™ Storage Card
a byte in the card % information structure and its configuratio n control and
IA10 to AO status registers.
(PC Card Memory Mode) 5.10.11 14" PG Card mode, 16 bit ATA register file accesses (i.e. both CE1 and CE2ow)
| 14 15’) 1é 1 do not work if AO is high. A simple test will show the G 400 compatibility to a
1’8 1’9 2’0 certain host. If the G 400 cards can be recognized (Identify Device and MBR
777 data is read out successfully), then this PC card issuewill likely not affect the
operation in this host. (1)
'(A‘F}g g)aﬁc?llo Mode) This signal is the same as the PC Card Memory Mode signal.
A2 to AO In True IDE Mde, only A[2:0] are used to select the one of eight registers in the
(True IDE Mode) Task File, the remaining address lines should be grounded by the host.
‘(BFYCDcltard Memory Mode) This signal is asserted high, as BVDL1 is not supported.
. STSCHG This signal is asserted low to alert the host to changes in the READY and Write
(PC Card /0 Mig) 1/0 46 Protect states, while the 1/O interface is configured. Its use is controlled by the
Card Config and StatusRegister.
- PDIAG In the True IDE Mode, thisinput / output is the Pass Diagnostic signal in the
(True IDE Mode) Master / Slave handshake protocol.
(BF:/CD?:ard Memory Mode) This signal is asserted high, as BVD2 is not supported.
- SPKR e, 45 This line is the Binary Audio output from the card . If the Card does not support
(PC Card I/O Mode) the Binary Audio function, this line should be held negated.
- DASP In the True IDE Mode, this input/output is the Disk Active/Slave Present signal in
(True IDE Mode) the Master/Slave handshake protocol.
These lines carry the Data, Commands and Status information between the host
ll\DA%)?jeD)o (PC Card Mmory g;%g ig and the controller. DO is the LSB of the EvenByte of the Word. D8 is the LSB of
10 48’ 47‘ 6, the Odd Byte of the Word.
D15 D0 (PC Card 1/0 Mode 5 4 3’ 2’ This signal is the same as the PC Card Memory Mode signal.
'~ 55 o4 |IN True IDE Mode, all Task File operations occur in byte modeon the low order
D15 00 (True IDE Mode) 23,22,21 1)\ D[7:0] while all data transfers are 16 bit using D[15:0].
GND
(PC Card Memory Mode) (Ground.
GND
(PC Card 1/0 Mode) 1,50 [Same for all modes.
GND
(True IDE Mode) Same for all modes.
EFlgpéacr:gMemory Mode) This signal is not used in this mode.
The Input Acknowledge signal is asserted by the CompactFlasH" Storage Card
. INPACK when the card is selected and responding to an I/O read cycle at the address
(PC Card /0 Mode) that is on the address bus. This signal is used by the host to control the enable
of any input data buffers between the Comp actFlash™ Storage Card and the
CPU.
This signal is a DMA Request that is used for DMA datdransfers between host
and device. It shall be asserted by the device when it is ready to transfer data
to or from the host. For Multiword DMA transfers, the direction of data transfer
is controlled by - IORD and- IOWR. This signal is used in ehandshake manner
(@] 43 with - DMACK, i.e., the device shall wait until the host asserts - DMACK before
negating DMARQ, and reassertingDMARQ if there is more @ta to transfer.
DMARQ shall not be driven when the device is not selected.
DMARQ \While a DMA operation is in progress, - CS0 and- CS1 shall béneld negated and
(True IDE Mode) the width of the transfers shall be 16 bits.
If there is no hardware support for DMA mode in the host, this output signal is
not used and should not be connected at the host. In this case, the BIOS must
report that DMA mode is not supported by the host so that device drivers will
not attempt DMA mode.
IA host that does not support DMA mode and implements bo th PC cardand
True- IDE modes of operation need not alter the PC cardmode connections
while in True - IDE mode as long asthis does not prevent proper operation in
any mode.
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(True IDE Mode)

Signal Name Dir. Pin Description
EF!(C):%Dard Memory Mode) This signal is not used in this mode.
. IORD This is an 1/0O Read strobe geneTrSted by the host. This signalgates 1/O data onto
(PCCard 1/0 Mode) the bus from the CompactFlash'" Storage Card when the card is configured to
use the I/O interface.
- IORD In True IDE Mode, while Ultra DMAmode is not active, this signal has the same
(True IDE Mode) | 34 function as in PC Card I/0 Mode.
- HDMARDY In True IDE Mode when Ultra DMA mode DMA Read is activehis signal is
(True IDE Mode In Ultra asserted by the host to indicate that the ho st is read to receive Ultra DMA data
DMA Protocol DMARead) in bursts. The host may negate - HDMARDY to pause an Ultra DMA transfer.
HSTROBE In True IDE Mode when Ultra DMA mode DMA Write is activethis signal is the
(True IDE Mode In Ultra data out strobe generated by the host. Both the rising and falling edge of
DMA Protocol DMA HSTROBE cause data to be latched kihe device. The host may stop generating
\Write) HSTROBE edges pause an Ultra DMA data out burst.
. CD1- CD2 These Card Detecpins are connected to ground on the CompactFlasi" Storage
(PC C'ard Memor Card. They are used by thehost to determine that the CompactFlash ™ Storage
y Mode) h . S
Card or is fully inserted into its socket.
EP%DcliTar((:ﬁ/ZO Mode) © 26,25 This signal is the same for all modes.
ETCrl?elID(I:EDI\Z/Iode) This signal is the same for all modes.
These input signals are used both to select the card and to indicate to the card
whether a byte or a word operation is being performed. - CE2 always atesses
the odd byte of the word.
- CE1; CE2 - CE1 accesses the even byte or the Odd byte of the wordlepending on A0 and
(PC Card Memory Mode) | CE2. A multiplexing scheme based on AO,- CE1; CE2 allows 8 bit hosts to
access all data on DO D7. SeeTable 33 Table 40, Table 41 Table42 and
s | 7.32 Table 43.
EPC C-'ard /0 Mode) This signal is the same as the PC Card Memory Mode signal.
In the True IDE Mode,- CS0 is the chip select for the task file registers while - CS
- CS0- CS1 is used to select the Alternate Status Register and the Device Control Register.
(True IDE Mode) \While - DMACK is asserted,CS0 and- CS1 shall be helchegated and the width
of the transfers shall be 16 bits.
- CSEL This signal is not used for this mode, but should be connected by the host to PC
(PC Card Memory Mode) Card A25 or grounded by the host.
- CSEL This signal is not used for this mode, but should be connected by the host to PG
(PC Card I/0O Mode) | 39 Card A25 or grounded by the host.
This internally pulled up signal is used to configure this device as a Master or a
- CSEL Slawe when configured in the True IDE Mode.
(True IDE Mode) \When this pin is grounded, this device is configured as a Master.
When the pin is open, this device is configured as a Slave.
EPlgvc\éird Memory Mode) This signal is not used in this mode.
The 1/0O Write strobe pulse is used to clock 1/0O data on the CardData bus into the
L IOWR CompactFlasi™ Storage Card controller registers when the CompactFlasi™
(PC Card © Mode) Storage C_ard is configured to use the_I/O |nterf§1<;e. _ N
'The clocking shall occur on the negative to positive edge of the signal (trailing
| 35 [2dge). . . R
- IOWR In True IDE Mode, while Ultra DMA mode protocol is not active, this signal has
(True IDE Mode Except the same function as in PC Card 1/0 Mode.
Ultra DMA Protocol \When Ultra DMA mode prdocol is supported, this signal must be negated
Active) before entering Ultra DMA mode protocol.
STOP In True IDE Mode, while Ultra DMA mode protocol is active, the assertion of this
(True IDE Mode Ultra signal causes the termination of t he Ultra DMAburst
DMA Protocol Active) i
. OE This is an Output Enable strobe generated by mle host interface.
(PC Card Memory Mode) It is used to read data_ from_the Co_mpactFIash Storage in Memory Mode and to
read the CIS andconfiguration registers.
- OE | 9 In PC Card I/0 Mode, this signal is used to read the CIS andonfiguration
(PC Card I/0O Mie) registers.
- ATASEL

'To enable True IDE Mode this input should be grounded by the host.

Swissbit AG
Industriestrasse 4
CH 9552 Bronschhofen

Switzerland

Swissbit reserves the right to change products or specifications without notice.

Revision: 1.3

WWW.swissbit.com
industrial @swissbit.com

G 440_data_sheet CFHxBU_Rev123.doc
Pagel50f 106




suwlissbit”®

(PC Card I/O Mode)

IORDY
(True IDE Mode Except
Ultra DMA Mode)

Signal Name Dir. Pin Description
In Memory Mode, this signal is set h igh when the CompactFlash™ Storage Card
is ready to accept a new data transfer operation and is held low when the card
is busy.
At power up and at Reset, the READY signal is held low (busy)until the
CompactFlasfi™ Storage Card hascompleted its power up or reset function. No
READY access of any typeshould be made to the CompactFlash™ Storage Card during
(PC Card Memory Mode) this time.
Note, however, that when a card is powered up and used with RESET
(0] 37 continuously disconnected or asserted, the Reset function of the RESET pin is
disabled. Consequently, the continuous assertion of RESET from the application
of power shall not cause the READY signal to remain continuously in the busy
state.
IRE I/O Operation- After the CompactFlast™ Storage Card has been confiured for
(PC Card 1/0 Mode) I/O operation, this signal |s.used as - Interrupt Request. This Ilng is strobed low
to generate a pulse mode interrupt or held low for a level mode interrupt.
I(¥LEQIDE Mode) In True IDE Mode signal is the active high Interrupt Request to the host.
. REG ;\I’Ahis signal ijslgse_d dur(izg lytl)emg)rl\);l Cycles to disting:f'i_srt]1 tf)etV\(/:een Com,\r/lnon
emory and Register (Attribute) Memory accessesHigh for Common Memory,
(PC Card Memory Mode) Low for Attribute Memory.
- REG The signal shal also be active (low) during I/O Cycles when the
(PC Card I/O Mode) I/O address is on the Bus.
This is a DMA Acknowledge signal that is asserted by the host in response to
DMARQ to initiate DMA transfers.
I 44 [The- DMACK signal must bénigh except during the execution of DMA
commands. (I
- DMACK If DMA operation is not supported by a True IDE Mode only host, this signal
(True IDE Mode) should be driven high or connected to VCC by the host.
IA host that does not support DMA mode and implements both
PC cardand True- IDE modes ofoperation need not alter the
PC cardmode connections while in True - IDE mode as long asthis does not
prevent proper operation all modes.
The CompactFlash" Storage Card is Reset when theRESET pin is high with the
follow ing important exception:
The host may leave the RESET pin open or keep it continuallyhigh from the
RESET application of power without causing a continuous Reset of the card. Under
(PC Card Memory Mode) either of these conditions, the card shall emerge from power - up having
| a1 completed an initial Reset.
The CompactFlasi Card is also Resetvhen the Soft Reset bit in the Card
Configuration Option Register is set.
RESET This signal is the same as the PC Card Memory Mode signal
(PC Card I/O Mode) )
- RESET In the True IDE Mode, this input pin is the active low hardware reset from the
(True IDE Mode) host.
Vee +5V, +3.3V power
(PC Card Memory Mode) T ’
Vce
(PC Card I/0 Mode) 13,38 [Same for all modes.
E{I'Cr(fje IDE Mode) Same for all modes.
. VS1. VS2 \Voltage Sense Signals- VS1 is grounded on the Card andsensed by the Host so
(PC dard Memory Mode) that the CompactFlash™ Storage Card CIS can be read at 3.3 volts and VS2 is
reserved by PCMCIA for a secondary voltage and is not connected on theCard.
El;/(:séra\rfj?é Mode) o 33,40 \rpis signal is the same for all modes.
ETYL?elTI[\)/Esi/IOde) This signal is the same for all modes.
L WAIT The- WAIT signal is driven low by the CompactFlasH" Storage
(PC Card Memory Mode) Card to signal the host to delay completio n of a memory or I/O cycle that is in
progress.
- WAIT o) 42 [This signal i [
is signal is the same as the PC Card Memory Mode signal.

In True IDE Mode, except in Ultra DMA modes, this outputsignal may be used as
IORDY.
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Signal Name Dir. Pin Description

. DDMARDY In True IDE Mode, whep U_Itra DMA mode DMA Write is activethis signal is

(True IDE Mode Ultra assert.ed by the host to |.nd|cate that the device is read to receive Ultra DMA

DMA Write Mode) data-fln bursts. The device may negate - DDMARDY to pause an Ultra DMA
transfer.

DSTROBE In True IDE Mode, when Ultra DMA mode DMA Writ.e.is activet,hig signal is the

(True IDE Mode Ultra data out strobe generated by the device. Both the rising and falling edge of.

DMA Read Mode) DSTROBE caudata to be latched by the host. The device may stop generating
DSTROBE edggspause an Ultra DMA data- out burst.

. WE This is a signal driven by the host and used for strobing memory write data to

(PC Card Memory Mode) the registers of the CompactFlash™ Storage when the card is configured in the
memory interface mode. It is also used for writing the configuration registers.

EFYZECard /0 Mode) 36 In PC Card I/0O Mode, this signal is used for writing the configuration registers.

- WE In True IDE Mode, this input signal is not used and should be connected to VCC

(True IDE Mde) by the host.

WP Memory Mode - The CompactFlasi Storage Card doesnot have a write protect

(PC Card Memory Mode) switch. This signal is held low after the completio n of the reset initialization
sequence.
I/O Operation- When the CompactFlasH Storage Card is configured for 1/0
Operation Pin 24 is used for the - I/O Selected is 16 Bit Port { IOIS16) function. A
Low signal indicates that a 16 bit or odd byte only operation can be performed
at the addressed port.

- 10IS16 @) 24 In PG Card mode, the 10I1S16 signal does not work correctly. If ahost uses this

(PC Card I/O Mode) signal, this may result in 16 bit accesses being changed to two 8 bit accesses.
Depending on the addr ess, this may fail. A simple test will show the C-400
compatibility to a certain host. If the C - 400 cards can be recognized (Identify
Device and MBR data is read out successfully), then this PC card issue will likely
not affect the operation in this host. (1)

- I0CS16 In True IDE Mode this output signal is asserted low when this device is

(True IDE Mode) expecting a word data transfer cycle.

1) If you have host- card incompatibilities please contact Swissbit .

5.2Electrical Specification

Table 14defines the DC Characteristics for the CompactFlasi' Memory Card. Unless otherwise stated, conditions
are:

T Vcc=5V10%

T Veec=3.3VHOn

1 0°Cto+85°C
The card interface is driven with 3.3V. The input pins are 5V tolerant.
The High- Speed IDE lines are terminated with serial resistors as specified in the ATA specification to improve the
signal quality.
Table 14shows that the Card operates correctly in both the voltage ranges and thatt he current requirements must
not exceed the maximum limit shown.
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 co nstant of 0.1ms. Current
measurements are taken while looping on a data transfer 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 Table 14

Table 15shows the Input Leakage Current, Table 16the Input Characteristics, Table 17the Output Drive Type and
Table 18the Output Drive Characteristics.

Table 14 Absolute Maximum Conditions

Parameter Symbol Conditions
Input Power VCC -0.3Vt0 6.5V
\Voltage on any pin except VCC with respect to GND V -0.5Vt0 6.5V

Table 15 Input Leakage current (1)

Type Parameter Symbol [Conditions Min. Typ. Max. Units
Input Leakage Current MH =Vce

xz (if not pulled up or down) IL ML = GND 0 0 WA

IxU Pull Up Resistor RPU1 Mcc=5.0V 50 500 kOhm

IXD Pull Down Resistor RPD1 Mcc=5.0V 50 500 kOhm
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1. xrefers to the characteristics described in Table 16 For example, 11U indicates a pull up resistor with a type 1 input
characteristic.

Table 16 Input characteristics

Min. | Typ. | Max. | Min. | Typ. | Max. .
Type Parameter Symbol Vec= 3.3V Vo= 5.0V Units
MH 2.0 5.5 2.0 5.5
1 Input Voltage CMOS Vi 03 08 1-03 0.8 \%
MH 2.0 5.5 2.0 5.5
2 Input Voltage CMOS Vi 03 08 1-03 0.8 \%
3 Input Voltage CMOS Schmit] VrH 2.0 5.5 2.0 5.5 Vv
Trigger A -0.3 08 |-03 0.8
Table 17 Output Drive Type (1)
Type Output Type Valid Conditions
Qax Totempole lon& loL
Qex Tri State N P Channel loH& lou
ox P- Channel Only lononly
nx N- Channel Only loLonly
1. xrefers to the characteristics described in Table 16For example, OT3 refers to totem pole output with a type 3 output drive
characteristic.
Table 18 Output Drive Characteristics
Type Parameter Symbol Conditions Min. Max. Units
1 Output Voltage \oH lor= - ImA 2.4 Vv
oL lo.=4mA 0.45
2 Output Voltage \oH lon= - ImA 2.4 Vv
\oL lo.= 4mA 0.45
3 Output Voltage \VoH lo= - ImA 2.4 Vv
\oL lo.= 4mA 0.45
Tri State Vo= GND
X Leakage Current loz \oH= Vce -10 10 WA

5.3Additional requirements for CompactFtastivanced Timing mode
When operating in a CompactFlash™ Advanced timing mode (P1056 or MDMA 3 4), the following conditions must
be respected:
1 Only one CompactFlash" Card must be connected to the CompactFlasi" bus.
1 The load capacitance (cable included) for all signals must be lower than 40pF.
1 The cable length must be lower than 0.15m (6 inches). The cable length is measured from the Card
connector to the host controller. 0.46m (18 inches) cables are not supported.
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6 Command Interface

suwlissbit”®

There are two types of bus cycles and timing sequences that occur in the PC cardtype interface, direct mapped I/O
transfer and memory access. Two types of bus cycles are also available in True IDE interface type: PIO transfer and

Multi - Word DMA transfer.

Table 19 Table 20, Table 21 Table 22 Table 23 Table 24, Table 25, and Table 26 show the read and write timing
parameters. Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, and Figure 8 and Figure 9 show the read and

write timing diagrams.

In order to set the card mode, the - OE { ATASEL) signal must be set and kept stable before applying VCC until the
reset phase is completed. To place the card in Memory mode or I/ O mode, - OE { ATASEL) must be driven High,

while it must be driven Low to place the card in True IDE mode.

6.1Attribute Memory Read and Write

Figure 2 Attribute Memory Read waveforms

hd tc(R) -
Address Inputs )( VALID
- ta(h) ——m tuA) -
-REG "'\
P ts LA
-t ta CE)—
-CE2ICE1 __ h { _____________
o ta(OE) —w w tdis(CE)
— tenn(CE)—
— I
O \
ten(OE) 1 b~ - tolis(OE)
DO to D15 (Do) VALID
AlM0080
Table 19 Attribute M emory Read timing
Speed version 300ns
Item Symbol IEEEE Symbol Min. (ns) Max. (ns)
Read Cycle Time tcl tAVAV 250
Address Access Time ta(A) tAVQV 250
Card Enable Access Time ta(CE) tELQV 250
Output Enable Access Time ta(OE) tGLQV 125
Output Disable Time from CE tdis(CE) tEHQZ 100
Output Disable Time from OE tdis(OE) tGHQZ 100
Output Enable Time from CE ten(CE) tELONZ 5
Output Enable Time from OE ten(OE) tGLQNZ 5
Data Valid from Address Change tv(A) tAXQX 0
Address Setup Time tsu(A) tAVWL 30
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Figure 3: Configuration Register (Attribute Memory) Write waveforms

. te (W) »

-REG ) f

Address Inputs )( WALID X

teuld) - tw(\WE) rat—e- trec{VWE)
e )

l— tsu(D-\WEH) it thiD)
—-CE2/~CE1 \ /
______________ \ Y
-0OE
DO to D15 (Dyy) { DATA IN VALID )%7
A10081
1 D, signifies data provided by the system to the CompactFlash™ Card.
Table 20: Configuration Register (Attribute Memory) Write timing
Speed Version 250ns
Iitem Symbol IEEEE Symbol Min. (ns) Max. (ns)
Write Cycle Time tc(W) tAVAV 250
Write Pulse Width tw(WE) tWLWH 150
Address Setup Time tsu(A) tAVWL 30
Data Setup Time for WE tsu(D- WEH) tDVWH 80
Data Hold Time th(D) tWMDX 30
Write Recovery Time trec(WE) tWMAX 30
6.2Common Memory Read and Write
Figure 4: Common Memory Read waveforms
Address Inputs )( VALID )(
— tsu(A)] —m th{ A pal——
_REG / \
— N
th(CE) ft—»
———
-CE2/-CE1 L ;b
|1—-t3ur,CE:jn—I--I— ta(OE) ——m
\ y
_OF N /
t(VT) et - ot - tis(OF)
DO to D15 (Dgyr) VALID )
Al10083R
1 Doyrmeans data provided by the CompactFlash™ Memory Card to the system.
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Table 21 Common Memory Read timing (1)

Cycle Time Mode 250ns 120ns 100ns 80ns

ltem Symbol | IEEEE | Min Max | Min Max | Min Max | Min Max
Symbol [ (ns) [ (ns) | (ns) [ (ns) [(ns) | (ns) | (ns) | (ns)

Output Enable Access Time | ta(OE) | tGLQV 125 60 50 45

Output Disable Time from OE | tdis(OE) | tGHQZ 100 60 50 45

Address Setup Time tsu(A) tAVGL 30 15 10 10

Address Hold Time th(A) tGHAX 20 15 15 10

CE Setup before OE tsu(CE) | tELGL 0 0 0 0

CE Hold following OE th(CE) | tGHEH 20 15 15 10

1 Swissbhit CF does not assert the WA signal.

Figure 5: Common Memory Write Waveforms

Address Inputs ){ WALID T
M tsu(A)—m —th{A)

—REG i ]
tsu{ CE)m —trec(\WE)
—-CE2~CE1 j
—thiCE)

- t\WE)————————m

e \ )

r tsu{ D-VWEH)—mra— th(D—m

D0 to D15 (D)

( DATA IN VALID ) )

i
4
Table 22 Common Memory Write Timing(1)
Cycle Time Mode 250ns 120ns 100ns 80ns
Iitem Symbol IEEEE Min | Max | Min | Max | Min | Max | Min | Max
Symbol | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
Data Setup before WE tsu(D- WEH) | tDVWH 80 50 40 30
Data Hold following WE th(D) tiwMDX]| 30 15 10 10
WE Pulse Width tw(WE) tWLWH | 150 70 60 55
Address Setup Time tsu(A) tAVWL 30 15 10 10
CE Setup before WE tsu(CE) tELWL 0 0 0 0
Write Recovery Time trec(WE) tWMAX | 30 15 15 15
Address Hold Time th(A) tGHAX 20 15 15 10
CE Hold following WE th(CE) tGHEH 20 15 15 10
1 Swissbit CF does not assert the WAIT signal.
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6.31/0 Read and Write
Figure 6: I/O Read waveforms

Address Inputs )( WALID )(
tsuREG(IORD) f— th A( | ORD
-REG J !{ __________________
tsuCE(IORD) thREG(IORD -
_cE2-CE1 | 1 J{ __________________
i tsUA(IORD ) —pelt———— tw{IORD) thCE(IORD)
_IORD Y /
(| ORD}———m q—tcn-lmpﬁcm|-:::-RD;.7
—INPACK ‘_l
tefINPACK{IORD)

tdflOIS16{ADR ) tdrlCIS16(ADR)
—101S518

th(IORD)
D0 to D15 VALID
A0
1 DOUT signifies data provided by the CompactFlasH' Memory Card or to the system.
Table 23 I/O Read timing(1)
Cycle Time Mode 250ns 120ns 100ns 80ns
Iitem Symbol IEEEE | Min | Max | Min | Max | Min | Max | Min | Max
Symbol | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
Data Delay after IORD td(IORD) tIGLQV 100 50 50 45
Data Hold following IORD th(IORD) tIGHQX| O 5 5 5
IORD Width Time tw(IORD) tIGLIGH | 165 70 65 55
Address Setup before IORD tsuA(IORD) tAVIGL | 70 25 25 15
Address Hold following IORD thA(IORD) tIGHAX | 20 10 10 10
CE setup before IORD tsuCE(IORD) | tELIGL | 5 5 5 5
CE Hold following IORD thCE(IORD) | tIGHEH | 20 10 10 10
REG setup before IORD tsUREG(IORD)| tRGLIGL| 5 5 5 5
REG Hid following IORD thREG(IORD) | tIGHRGH 0 0 0 0
INPACK Delay Falling from tdfINPACK(IORO tIGLIAL | O 45 0 |[NA?| 0 | NA?| 0 | NA?
IORD
NPACK Delay Rising from IOR| tdrINPACK(IORL tIGHIAH 45 NA? NA? NA?
I0IS16 Delay Falling from tdflOIS16(ADR)| tAVISL 35
Address
I0IS16 Delay Rising from tdrlOIS16(ADR)| tAVISH 35
Address

1. This Swissbit CFcard does not assert the WAIT signal.
2. - 101S16 is not supported in this mode.
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Figure 7: /0 Write waveforms

Address Inputs )( WALID )(
ot - tsUREG{IOWR) bt —th A (1 OV R
thREG{IOWR) 1
—-REG _\ ¥
\ /
ot »-tsuCE(IOWR) —th CE{ 10V R -
—CE2~CE1 _\'\ .‘f
Mot A OV R - mr———————— tw{ | OWR) ———————m
—IOWR \\ jf
tdfl OIS 16({ADR) tdrl01S16{ADR)
0IS16 % ‘_./J/_
tsu(IOWRY e th{ICWR)
00 to D15 (D) Dy VALID
Al1D

Table 24: 1/0O write timing

Cycle Time Mode 250ns | 120ns |  100ns 80ns

Item Symbol IEEEE Min | Max | Min | Max | Min | Max | Min | Max
Symbol (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)

Data Setup before IOWR tsu(IOWR) tDVIWH 60 20 20 15

Data Hold following IOWR th(IOWR) tIWHDX 30 10 5 5

IOWR Width Time tw(lOWR) tIWLIWH 165 70 65 55

Address Setup before IOWR tsuA(IOWR) tAVIWL 70 25 25 15

Address Hold following IOWR | thA(IOWR) tIWHAX 20 20 10 10

CE setup before IOWR tsUCE(IOWR) | tELWL 5 5 5 5

CE Hold following IOWR thCE(IOWR) tIWHEH 20 20 10 10

REG setup before IOWR tsUREG(IOWR) | tRGLIWL 5 5 5 5

REG Hold following IOWR thREG(IOWR) | tIWHRGH 0 0 0 0

I01S16 Delay Falling from Addr.| tdflOIS16(ADR) | tAVISL 35 NA? NA? NA?

I0I1S16 Delay Rising from Addr.| tdrlOIS16(ADR) | tAVISH 35 NA? NA? NA?

1. Dysignifies data provided by the system to the CompactFlash ™ Memory Card.
2. -10IS16 and INPACK are not supported in this mode.

6.4True IDE Mode

The timing waveforms for True IDE mode and True IDE DMA mode of operation in this section are drawn using the
conventions in the ATA- 4 specification, which are different than the conventions used in the PCMCIA specification
and earlier versions of this specification. Signals ar e shown with their asserted state as High regardless of
whether the signal is actually negative or positive true. Consequently, the - IORD, the

- IOWR and the- IOCS16 signals are shown in the waveforms inverted from their electrical states on the bus.

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
Industriestrasse 4
CH 9552 Bronschhofen WWwW.swissbit.com G 440_data_sheet CFHxBU_Rev123.doc

Switzerland industrial@swissbit.com Page230f 106




suwlissbit”®

Figure 8: True IDE PIO mode Read/Write waveforms

o {0 -
AD-A2 -C50, -CS81M X ADDRESS WVALID
h— t1 ple 12— 10 18—
—IORD/~IOWR _\"L } \‘\
_-————12j
Write Data DO-D15@ VALID \
P 3 —— it j
Read Data D0-D15(2) VALID )
Pl 5 —— el 5 —
-7 P— toz —m
10CS16(3) ‘w\_
ai 10086h
1. The device addresses consists of AQ. * GAQAG. _ | b 20
2. The Data I/O consist of D10 (16 bit) or D7- DO (8 bit).
3. - I0CS16 is shown for PIO modes 0, 1 and 2. For other modes, this signal is ignored.

Table 25 True IDE PIO mode Read/Writéming ( 1)

ModeO | 1 2 3 4 59 | 6©
Parameter Symbol (ns) ms) | ms) | ms) | (ns) | (ns) | (ns)

Cycle time (min) to® 600 383 | 240 | 180 | 120 | 100 | 80
Address Valid to- IORD/IOWR setup (min) t1 70 50 30 30 25 15 10
- 1ORD/IOWR (min) t,?) 165 125 | 100 | 80 | 70 | 65 | 55
- IORD/IOWR (min) Registerg bit) " 290 | 290 | 290 | 80 | 70 | 65 | 55
- IORD/IOWR recovery time (min) ) - - - 70 25 25 20
- IOWR data setup (min) ta 60 45 30 30 20 20 15

- IOWR data hold (min) ts 30 20 15 10 10 5 5
- IORD data setup (min) ts 50 35 20 20 20 15 10

- 1ORD data hold(min) t,") 5 5 5 5 5 5 5
- I0RD data tri state (max) " 30 30 | 30 | 30 | 30 | 20 | 20
Address valid to - IOCS16 assertion (max) ts” 90 50 40 NA NA NA NA
Address valid to - IOCS16 released (max) tz 60 45 30 NA NA NA NA
- IORD/IOWR to address valid hold to 20 15 10 10 10 10 10

1. The maximum load on - IOCS16 is 1 LSTTL with a 50pF total load.
2. tgis the minimum total cycle time, t,is the minimum command active time, and t,; is the minimum command recovery time or
command inactive time. The actual cycle time eq uals the sum of the actual command inactive time. The three timing requirements
of t0, t,, and t, have to be met. The requirement is greater than the sum of t, and t,. This means a host implementation can ensure
that tO is equal to or greater than the va lue reported in the devices identify drive Card implementation should support any legal
host implementation.
3.  This parameter specifies the time from the falling edge of - IORD to the moment when the CompactFlashTNI Memory Card (tri state).
4. t;and tg apply only to modes 0, 1 and 2. The- IOCS16 signal is not valid for other modes.
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Figure 9: True IDE Multt Word DMA Mode Read/Write waveforms
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Table 26: True IDE Multi Word DMA Moé Read/Write timing

Parameter Symbol Mode 0 1 2 3 4
(ns) (ns) | (ns) | (ns) | (ns)
Cycle time (min) to" 480 150 120 100 80
-IORD / -IOWR asserted width (min) tol) 215 80 70 65 55
-IORD data access (max) te 150 60 50 50 45
-IORD data hold (min) te 5 5 5 5 5
-IORD/-IOWR data setup (min) te 100 30 20 15 10
-IOWR data hold (min) ty 20 15 10 5 5
DMACK to i IORD/-IOWR setup (min) f, 0 0 0 0 0
-IORD / -IOWR to i DMACK hold (min) t 20 5 5 5 5
-IORD Low width (min) ter 50 50 25 25 20
-IOWR Low width (min) tow 215 50 25 25 20
-IORD to DMARQ delay (max) tir 120 40 35 35 35
-IOWR to DMARQ delay (max) fLw 40 40 35 35 35
CS(1:0) valid to i IORD / -IOWR (min) ty 50 30 25 10 5
CS(1:0) hold (min) ty 15 10 10 10 10
-DMACK (max) t, 20 25 25 25 25

1. tois the min imum total cycle time. Tpis the minimum command active time. Tkrand tkw are the minimum command recovery time
or command inactive time for input and output cycles, respectively. The actual cycle time is the sum of the actual command ac tive
time and the a ctual command inactive time. The timing requirements of to, tp, tkr, and tww must be respected. Tpis higher than tp +
tkr Or tp + tkw, for input and output cycles respectively. This means the host can lengthen eithert or tkr/tkw, or both, to ensure

that t, is equal to or higher than the value report ed in the device s identify device data. A CompalctFIashT'vI Storage Card
implementation shall support any legal host implementation.

6.5Ultra DMA Mode

6.5.1 Ultra DMA Overview

Ultra DMA is an optional data transfer proto col used with the READ DMA, and WRITE DM#&mmands. When this
protocol is enabled, the Ultra DMA protocol shall be used instead of the Multiword DMA protocol when these
commands are issued by the host. This protocol applies to the Ultra DMA data burst only. When this protocol is
used there are no changes to other elements of the ATA protocol (e.g., Command Block Register access).

Ultra DMA operations can take place in any of the three basic interface modes: PC Card Memorymode, PC Card I/O
mode, and True IDE (the original mode to support UDMA). The usage ofsignals in each of the modes is shown in
Table 27
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Table 27 Ultra DMA Signal Usagén Each Interface Mode
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UDMA Signal Type Pin # (Non UDMA PCCARD MEM PC CARD IO TRUE IDE MODE
MEM MODE) MODE UDMA MODE UDMA UDMA
DMARQ Output 143 (-INPACK) -DMARQ -DMARQ DMARQ
DMACK Input |44 (-REG) -DMACK DMACK -DMACK
STOP Input |35 (-IOWR) STOP' sTop* SsTop*
HDMARDY! Input 34 (-IORD) -HDMARDY! *'* -HDMARDY! ©'* -HDMARDY! **
HSTROBE(W) HSTROBEW) “**  |[HSTROBEW)“**  |HSTROBE(W) "%*
DDMARDY (W) Output {42 (-WAIT) -DDMARDY (W b3 -DDMARDY (W) L3 -DDMARDY (W L3
DSTROBEI DSTROBEI = ** DSTROBEI = ** DSTROBEI “%*
DATA Bidir | (D[15:0]) D[15:0] D[15:0] D[15:0]
ADDRESS Input [ (A[10:0]) A[10:0] IA[10:0] IA[02:0]°
CSEL Input  [39 (-CSEL) -CSEL -CSEL -CSEL
INTRQ Output [37 (READY) READY LINTRQ INTRQ
Card Select Input [7 (-CE1) -CE1 -CE1 -CSO
31 (-CE2) -CE2 -CE2 -CS1
Notes:

1. The UDMA interpretation of this signal is valid only during an Ultra DMA data burst.

2. The UDMA interpretation of this signal is valid only during and Ultra DMA data burst during a DMA Read
command.

3. The UDMA interpretation of this signal is valid only during an Ultra DMA data burst during a DMA Write
command.

4. The HSTROBE and DSTROBE signals are active on both the rising and the falling edge.

5. Address lines 03 through 10 are not used in True IDE mode.

Several signal lines are redefined to provide different functions during an Ultra DMA burst. Theselines assume
these definitions when:

1. an Ultra DMA mode is selected, and

2. ahostissues a READ DMA, or a WRITE DMA command requiring data transfer, and

3. the device asserts (- )DMARQ, and

4. the host asserts - DMACK.

These signal lines revert back to the definitions used for non - Ultra DMA transfers upon the negation of - DMACK by
the host at the termination of an Ultra DMA burst.

With the Ultra DMA protocol, the STROBE signal that latches data from D[15:0] is generated bythe same agent
(either host or device) that drives the data onto the bus. Ownership of D[15:0] and this data strobe signal are
given either to the device during an Ultra DMA data - in burst or to the host for an Ultra DMA data- out burst.
During an Ultra DMA burst a sender shall always drive data onto the bus, and, after a sufficient time to allow for
propagation delay, cable settling, and setup time, the sender shall generate a STROBE edge to latch the data.
Both edges of STROBE are used for data transfers so that thérequency of STROBE s lined to the same frequency
as the data.

Words in the IDENTIFY DEVICE data indicate support of the Ultra DMA feature and the UItE2AMA modes the device is
capable of supporting. The Set transfer mode subcommand in the SETFEATURES command shall be used byhest
to select the Ultra DMA mode at which the system operates. The Ultra DMA mode selected by a host shall be less
than or equal to the fastest mode of which the device is capable. Only one Ultra DMA mode shall be selected at
any given time. All timing re quirements for a selected Ultra DMA mode shall be satisfied. Devices supporting any
Ultra DMA mode shall also support all slower Ultra DMA modes.

An Ultra DMA capable device shall retain the previously selected Ultra DMA mode after executing a software reset
sequence or the sequence caused by receipt of a DEVICE RESET command S8BT FEATURES disable reverting to
defaults command has been issued. The device may revert to a Multiword DMA mode if a SET FEATURES enable
reverting to default has been issued. An Ultra DMA capable device shall clear any previously selected Ultra DMA
mode and revert to the default non - Ultra DMA modes after executing a power- on or hardware reset.

Both the host and device perform a CRC function during an Ultra DMA burst. At the end of an Ultra DMA burst the
host sends its CRC data to the device. The device compares its CRC data the data sent from the host. If the two
values do not match, the device reports an error in the error register. If an error occurs during one or more Ultra
DMA bursts for any one command, the device shall report the first error that occurred. If the device detects that a
CRC error hasccurred before data transfer for the command is complete, the device may complete the transfer
and report the error or abort the command and report the error.
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NOTE If a data transfer is terminated before completion, the assertion of INTRQ should be passed through to the
host software driver regardless of whether all data requested by the command has been transferred.

6.5.2 Restricions and Considerations during Ultra DMA Commands

There are number of important restrictions and considerations for the implementation and use of Ultra DMA
commands in CompactFlashi’™devices. These are highlighted in the subsections below.
Additional restr ictions on specific modes of operation are given in sections 5.3 and 6.5.3

6.5.2.1 System Restrictions for Ultra DMA modes 3 and above
Ultra DMA modes 3 and above are validonly for systems that meet the requirements of section 5.3

6.5.2.2 UDMA Address and Card Enable Signals

The Card Enable signals{CE1 # CS0 and- CE2 £ CS1) shall remain negated during Ultra DMA data bursts.
The Address bus (A[10:0]) shall not transition unnecessarily during the UDMA command and shall remain fixed
during an Ultra DMA data burst. In True IDE mode, the address lines (AR:0]) shall be held to all zeros. This will
reduce unnecessary noise during the UDMA ommand.

6.5.2.3 Task File registers shall not be written during an Ultra DMA command

The task file registers shall not be written after an Ultra DMA command is issued by the host and before the
command completes. Writing to the device control register is permitted between bursts, but is expected to occur
only to reset the card after an unrecoverable protocol error.

6.5.2.4 Ultra DMA transfers shall be 16 bits wide

All transfers during an Ultra DMA data burst are 16 bit wide transfers. The Set Features command that controls the
bus width for PIO transfers does not affect the width of Ultra DMA transfers.

6.5.2.5 No Access to Memory or 1/0O Space during an Ultra DMA Data Burst

No access to common or attribute memory or to 1/0O space on the device is permitted during an Ultra DMA data
burst.

6.5.3 Specific rules for PC Card Memory Mode Ultra DMA

In addition to the general restrictions for all Ultra DMA operations, these additional considerations exist for PC
Card Memory Mode Ultra DMA operations.

6.5.3.1 No Access to Attribute Memory during PC Card Maory Mode DMA Commands

The host shall not attempt to access Attribute Memory space during a PC Card Memory Mode DMA command either
before, between or within Ultra DMA data bursts.

6.5.3.2 READY signal handling during DMA commands in PC Card Memory Mode

In PC CardMemory Mode, the READY signal shall be negated (made BUSY) by the device upon receipt of a DMA
command and shall remain negated until the command has completed at which time it shall be re - asserted.
This treatment allows the host to receive a single interr upt at the end of the command and avoids the extra
overhead that would be associated with processing busy to ready transitions for each sector transferred as is the
case when the READY toggles at the end of every sector of PIO Memory Mode transfers.

The BY bit in the status register is permitted to be negated in the status register at any time that the DRQ bit in
the status register is asserted. The only restriction is that either DRQ or BSY or both must remain asserted while
the command is in progress.
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6.5.4 Utra DMA Phases of Operation

An Ultra DMA data transfer is accomplished through a series of Ultra DMA data in or data - out bursts. Each Ultra
DMA burst has three mandatory phases of operation: the initiation phase, the data transfer phase, and the Ultra
DMAburst termination phase. In addition, an Ultra DMA burst may be paused during the data transfer phase  (see:
6.5.4.4 , for the detailed protocol descriptions for each of these phases. Table 28: Ultra DMA Data Burst Timing
Requirements and Table 29: Utra DMA Data Burst Timing Descriptionsdefine the specific timing requirements). In
the following rules - DMARDY is used in cases thiaould apply to either - DDMARDY 6rHDMARDY, and STROBE is
used in cases that could apply to either DSTROBE or HSTROBE. The following are general Ultra DMA rules.
1. An Ultra DMA burst is defined as the period from an assertion of - DMACK by the host tahe subsequent
negation of - DMACK.
2. When operating in Ultra DMA modes 2, 1, or 0 a recipient shall be prepared to receive up to two data
words whenever an Ultra DMA burst is paused. When operating in Ultra DMA modes 6, 5, 4, or 3 a
recipient shall be prepared to receive up to three data words whenever an Ultra DMA burst is paused.

6.5.4.1 Ultra DMA Burst Initiation Phase Rules

1. An Ultra DMA burst initiation phase begins with the assertion of DMARQ by a device and ends when the
sender generates a STROBE edge to transfer ¢hfirst data word.

2. An Ultra DMA burst shall always be requested by a device asserting DMARQ.

3. When ready to initiate the requested Ultra DMA burst, the host shall respond by asserting - DMACK.

4. A host shall never assert- DMACK without first detecting that DMARQ is asserted.

5. For Ultra DMA data in bursts: a device may begin driving D[15:00] after detecting that - DMACK is asserted,
STOP negated, and HDMARDY is asserted.

6. After asserting DMARQ or asserting DDMARDY for an Ultra DMA dataut burst, a device shall not negate

either signal until the first STROBE edge is generated.
7. After negating STOP or asserting HDMARDY for an Ultra DMA datén burst, a host shall not change the
state of either signal until the first STROBE edge is generated.

6.5.4.2 Ultra DMA Data transferphase rules

1. The data transfer phase is in effect from after Ultra DMA burst initiation until Ultra DMA burst termination.

2. Arecipient pauses an Ultra DMA burst by negating - DMARDY and resumes an Ultra DMA burst by
reasserting - DMARDY.

3. A sender pauses an Utra DMA burst by not generating STROBE edges and resumes by generating STROBE
edges.

4. A recipient shall not signal a termination request immediately when the sender stops generating STROBE
edges. In the absence of a termination from the sender the recipien t shall always negate - DMARDY and
wait the required period before signaling a termination request.

5. A sender may generate STROBE edges at greater than the minimum period specified by the enabled Ultra
DMA mode. The sender shall not generate STROBE edgeslats than the minimum period specified by the
enabled Ultra DMA mode. A recipient shall be able to receive data at the minimum period specified by the
enabled Ultra DMA mode.

6.5.4.3 Ultra DMA Burst Termination Phase Rules

1. Either a sender or a recipient may termin ate an Ultra DMA burst.

2. Ultra DMA burst termination is not the same as command completion. If an Ultra DMA burst termination
occurs before command completion, the command shall be completed by initiation of a new Ultra DMA
burst at some later time or abort ed by the host issuing a hardware or software reset or DEVICE RESET
command if implemented by the device.

3. An Ultra DMA burst shall be paused before a recipient requests a termination.

4. A host requests a termination by asserting STOP. A device acknowledges dermination request by
negating DMARQ.

5. A device requests a termination by negating DMARQ. A host acknowledges atermination request by
asserting STOP.

6. Once a sender requests a termination, the sender shall not change the state of STROBEuntil the recipien t
acknowledges the request. Then, if STROBE is not in the assertedtate, the sender shall return STROBE to
the asserted state. No data shall be transferred on this transition of STROBE.

7. A sender shall return STROBE to the asserted state whenever the sendedetects a termination request
from the recipient. No data shall be transferred nor CRC calculated on this edge of DSTROBE.

8. Once a recipient requests a termination, the responder shall not change DMARDY from the negated state
for the remainder of an Ultra DMA burst.

9. Arrecipient shall ignore a STROBE edge when DMARQ is negated or STOP is asserted.
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6.5.4.4 Ultra DMA Data Transfers Timing

Table 28 and Table 29 define the timings assoc iated with all phases of Ultra DMA bursts.

Table 28: Ultra DMA Data Burst Timing

Requirements

suwlissbit”®

Name UDMA UDMA UDMA UDMA UDMA UDMA UDMA |Measurement
Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 location
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (See Note 2)
Min | Max| Min | Max| Min | Max | Min | Max | Min | Max | Min | Max| Min |Max

tocyerye 240 160 120 90 60 40 24 Sender
teve 112 73 54 39 25 16.8 13 Note 3
tocyc 230 153 115 86 57 38 29 Sender
tos 15.0 10.0 7.0 7.0 5.0 4.0 2.6 Recipient
tou 5.0 5.0 5.0 5.0 5.0 4.6 3.5 Recipient
tovs 70.0 48.0 31.0 20.0 6.7 4.8 4.0 Sender
tovw 6.2 6.2 6.2 6.2 6.2 4.8 4.0 Sender
tes 15.0 10.0 7.0 7.0 5.0 5.0 5.0 Device
ten 5.0 5.0 5.0 5.0 5.0 5.0 5.0 Device
tevs 70.0 48.0 31.0 20.0 6.7 10.0 10.0 Host
tevn 6.2 6.2 6.2 6.2 6.2 10.0 10.0 Host
tzes 0 0 0 0 0 35 25 Device
tozrs 70.0 48.0 31.0 20.0 6.7 25.0 17.5 Sender
tes 230 200 170 130 120 90 80 [Device
t 0 150 0 150 0 150 0 100 0 100 0 75 0 60 |Note 4
tyL 20 20 20 20 20 20 20 Host
ty) 0 0 0 0 0 0 0 Host
ths 10 10 10 10 10 10 10 |Note 5
toan 20 20 20 20 20 20 20 Host
tzaD 0 0 0 0 0 0 0 Device
teny 20 70 20 70 20 70 20 55 20 55 20 50 20 | 50 Host
trrs 75 70 60 60 60 50 50 [Sender
trp 160 125 100 100 100 85 85 Recipient

tioRDYZ 20 20 20 20 20 20 20 |Device

tzi0rRDY 0 0 0 0 0 0 0 Device
tack 20 20 20 20 20 20 20 Host
tss 50 50 50 50 50 50 50 Sender

Notes:

1. Alltiming measurement switching points (low to high and high to low) shall be taken at 1.5 V.

2. All signal transitions for a timing parameter shall be measured at the connector specified in the
measurement location column. For example, in th e case of tRFS, both STROBE andMARDYfransitions
are measured at the sender connector.

3. The parametertcyqf _jj ~¢ kc_gspcb _r rfc pcagngclr %qg amll

4. The parameter tu shall be measured at the connector of the sender or reci pient that is responding to an
incoming transition from the recipient or sender respectively. Both the incoming signal and the outgoing
response shall be measured at the same connector.

5. The parameter tazshall be measured at the connector of the sender or recipient that is driving the bus but
must release the bus the allow for a bus turnaround.

6. See the AC Timing requirements inTable 29: Utra DMA Data Burst Timing Descriptions

C ¢
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Table 29: Utra DMA Data Burst Timing Descriptions

Name Comment Notes

tocverye [Typical sustained average two cycle time
tcyc Cycle time allowing for asymmetry and clock variations (from STROBE edge to STROBE edge)
tocve [Two cycle time allowing for clock variations (from rising edge to next rising edge or from

falling edge to next falling edge of STROBE)
tos Data setup time at recipient (from data valid until STROBE edge) 2,5
toH Data hold time at recipient (from STROBE edge until data may become invalid) 2,5
tovs Data valid setup time at sender (from data valid until STROBE edge) 3
tovH Data valid hold time at sender (from STROBE edge until data may become invalid) 3
tcs CRC word setup time at device 2
tch CRC word hold time device 2
tcvs CRC word valid setup time at host (from CRC valid until i DMACK negation) 3
tovh ICRC word valid hold time at sender (from i DMACK negation until CRC may become invalid) 3
tzes [Time from STROBE output released-to-driving until the first transition of critical timing.
Tozes  [Time from data output released-to-driving until the first transition of critical timing.
TEs First STROBE time (for device to first negate DSTROBE from STOP during a data in burst)
L Limited interlock time 1
tmL Interlock time with minimum 1
tui Unlimited interlock time 1
taz Maximum time allowed for output drivers to release (from asserted or negated)
tzan Minimum delay time required for output
tzap drivers to assert or negate (from released)
teny Envelope time (from i DMACK to STOP and i HDMARDY during data in burst initiation and

from DMACK to STOP during data out burst initiation)
trFs Ready-to-final-STROBE time (no STROBE edges shall be sent this long after negation of

-DMARDY)
trp Ready-to-pause time (that recipient shall wait to pause after negating i DMARDY)
tioroyz [Maximum time before releasing IORDY
tzioroy _[Minimum time before driving IORDY 4
tack Setup and hold times for i DMACK (before assertion or negation)
tss Time from STROBE edge to negation of DMARQ or assertion of STOP (when sender terminates

a burst)

Notes:

1. The parameters t,, t,,, (in Figure 13 Ultra DMA Data In Burst Device Termination Timing and Figure 14
Ultra DMA Data In Burst Host Termination Timing), and t |, indicate sender - to- recipient or recipient - to-
sender interlocks, i.e., one agent (either sender or recipient) is waiting for the other agent to respond
with a signal before proceeding. T is an unlimited interlock that has no maximum time value. T, is a
limited time - out that has a defined minimum. T, is a limited time - out that has a defined maximum.

2. 80- conductor cabling shall be required in order to meet setup (t g tcd and hold (t 5, te) times in modes
greater than 2.

3. Timing for tpys toun tevsand toyshall be met for lumped capacitive loads of 15 and 40 pF at the connector
where the Data and STROBE signals have the same capacitive load value. Due to reflections on the cable,
these timing measurements are not va lid in a normally functioning system.

4. For all modes the parameter t ,ogpynay be greater than t . due to the fact that the host has a pull -up on
IORDY giving it a known state when released.

5. The parameters t,4 and t ,, for mode 5 are defined for a recipie nt at the end of the cable only in a
configuration with a single device located at the end of the cable. This could result in the minimum
values for tpgand t,, for mode 5 at the middle connector being 3.0 and 3.9 ns respectively.
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Table 30: Ultra DMA Sender and Recipient IC Timing Requirements

Name |Comments UDMA | UDMA | UDMA | UDMA | UDMA | UDMA | UDMA
Mode 0 | Mode 1| Mode 2 | Mode 3 | Mode4 | Mode 5 | Mode6
(ns) (ns) (ns) (ns) (ns) (ns) (ns)
Min Min Min Min Min Min Min
tosic Recipient IC data setup time (from
data valid until STROBE edge) 14.7 9.7 6.8 6.8 4.8 2.3 2.3
(see note 2)
toHIC Recipient IC data hold time (from
STROBE edge until data may 4.8 4.8 4.8 4.8 4.8 2.8 2.8
become invalid) (see note 2)
tovsic  [Sender IC data valid setup time
(from data valid until STROBE 72.9 50.9 33.9 22.6 9.5 6.0 5.2
edge) (see note 3)
toviic  [Sender IC data valid hold time
(from STROBE edge until data 9.0 9.0 9.0 9.0 9.0 6.0 5.2
may become invalid) (see note 3)
Notes:
1. All timing measurement switching points(low to high and high to low) shall be taken at 1.5 V.
2. The correct data value shall be captured by the recipient given input data with a slew rate of 0.4 V/ns rising and falling
and the input STROBE with a slew rate of 0.4 V/ns rising and falling at tpsic and tpnic timing (as measured through 1.5
V).
3. The parameters tpysic and tovuic shall be met for lumped capacitive loads of 15 and 40 pF at the IC where all signals

have the same capacitive load value. Noise that may couple onto the output signals from external sources has not been
included in these values.

Table 31 Ultra DMA AC Signal Requirements

Name Comment Min Max Notes
[VIns] [VIns]
Srise Rising Edge Slew Rate for any signal 1.25 1
SkaLL Falling Edge Slew Rate for any signal 1.25 1
Note:
1. The sender shall be tested while driving an 18 inch long, 80 conductor cable with PVC insulation material. The signal

under test shall be cut at a test point so tha t it has not trace, cable or recipient loading after the test point. All other
signals should remain connected through to the recipient. The test point may be located at any point between the
gcl bcp%q gcpgcg rcpkgl _r gml pcomlgtqrrexiipg the tonnector.  thef tesq pdint ig dna f
a cable conductor rather than the PCB, an adjacent ground conductor shall also be cut within one half inch of the
connector.

The test load and test points should then be soldered directly to the ex posed source side connectors. The test loads
consist of a 15 pF or a 40 pF, 5%, 0.08 inch by 0.05 inch surface mount or smaller size capacitor from the test point to
ground. Slew rates shall be met for both capacitor values.

Measurements shall be taken at the test point using a <1 pF, >100 kChm, 1 GHz or faster probe and a 500 MHz or
faster oscilloscope. The average rate shall be measured from 20% to 80% of the settled VOH level with data
transitions at least 120 ns apart. The settled VOH level shall be measured as the average output high level under the
defined testing conditions from 100 nsec after 80% of a rising edge until 20% of the subsequent falling edge.

6.5.4.4.1 Initiating an Ultra DMA Data- In Burst

a) An Ultra DMA Dataln burst is initiated by following the st eps lettered below. The timing diagram is
shown in Figure 10 Ultra DMA Data In Burst Initiation Timing . The associated timing parameters are
specified in Table 28: Ultra DMA Data Burst Timing Requirementsand are described in Table 29: Utra DMA
Data Burst Timing Descriptions
b) The following steps shall occur in the order they are listed unless otherwise specifically allowed:
¢) The hod shall keep - DMACK in the negated state before an Ultra DMA burst is initiated.
d) The device shall assert DMARQ to initiate an Ultra DMA burst. After assertion of DMARQ the device shall not
negate DMARQ until after the first negation of DSTROBE.
e) Stepsl, (d), and (e) may occur in any order or at the same time. The host shall assert STOP.
f) The host shall negate - HDMARDY.
g) The host shall negate - CS0- CS1, A2, A1, antl0. The host shall keep - CS0- CS1, A2, Al, antl0 negated
until after negating - DMACK at the ad of the burst.
h) Stepsl, (d), and (e) shall have occurred at least t ,.cbefore the host asserts - DMACK. The host shall keep
DMACK asserted until the end of an Ultra DMA burst.
i) The host shall release D[150] within t ,,after asserting - DMACK.
j) The device may assert DSTROBELpafter the host has asserted - DMACK. Once the device has driven
DSTROBE the device shall not release DSTROBE until after the host has negateBMACK at the end of an
Ultra DMA burst.
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k) The host shall negate STOP and assert HDMARDY ithin t ¢ after asserting - DMACK. After negating STOP
and asserting - HDMARDY, the host shall not change the state of either signal until after receiving the first
transition of DSTROBE from the device (i.e., after the first data word has been received).

I) The device shall drive D[15:00] no sooner than t ,,yafter the host has asserted - DMACK, negated STOP, and
asserted - HDMARDY.

m) The device shall drive the first word of the data transfer onto D[15:0]. This step may occur when the
device first drives D[15:0] in step (j).

n) To transfer the first word of data the device shall negate DSTROBE within tsafter the host has negated
STOP and asserted HDMARDY. The device shall negate DSTROBE no sooner thagatfter driving the first
word of data onto D[15:0].

Figure 1Q Ultra DMA Data In Burst Initiation Timing
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Notes: The definitions for the IORDY: DDMARDY:DSTROBBRD:- HDMARDY:HSTROBE, an@WR:STOP signal lines
are not in effect until DMARQ and - DMACK are asserted.

6.5.4.4.2 Sustaining an Ultra DMA Data In Burst

An Ultra DMA Dataln burst is sustained by following the steps lettered below. The timing diagram is shown in
Figure 11 Sustained Ultra DMA Data In Burst Timing. The timing parameters are specifi ed in Table 28: Ultra DMA
Data Burst Timing Requirementsand are described in Table 29: Utra DMA Data Burst Timing Descriptions
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The following steps shall occur in the o rder they are listed unless otherwise specifically allowed:

a) The device shall drive a data word onto D[15:0].

b) The device shall generate a DSTROBE edge to latch the new word no sooner thang,safter changing the
state of D[15:0]. The device shall generate a DSTROBE edge no more frequently than for the selected
Ultra DMA mode. The device shall not generate two rising or two falling DSTROBE edges more frequently
than 2tcyc for the selected Ultra DMA mode.

c) The device shall not change the state of D[15:0] until at least tDVH after generating a DSTROBE edge to
latch the data.

d) The device shall repeat steps (a), (b), and (c) until the data transfer is complete or an Ultra DMA burst is
paused, whichever occurs first.

Figure 11 Sustained Ultra DMA Data In Burst Timing
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Notes: D[15:0]and DSTROBE signals are shown at both the host and the device to emphasizethat cable settling
time as well as cable propagation delay shall not allow the data signals to
be considered stable at the host un til some time after they are driven by the device.

6.5.4.4.3 Host Pausing an Ultra DMA Dataln Burst

The host pauses a Data In burst by following the steps lettered below. A timing diagram is shown in  Figure 12
Ultra DMA Data In Burst Host Pause Timing The timing parameters are specified in Table 28: Ultra DMA Data Burst
Timing Requirements and are described in Table 29: Uitra DMA Data Burst Timing Descriptions

The following steps shall occur in the order they are listed unless otherwise specifically allowed:

a) The host shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA burst has been
transferred.

b) The host shall pause an Ultra DMA burst by negating - HDMARDY.

c) The device shall stop generating DSTROBE edges withirtsof the host negating - HDMARDY.

d) If the host negates - HDMARDY within §zafter the device has generated a DSTROBE edge, then the host
shall be prepared t o receive zero or one additional data words. If the host negates - HDMARDY greater
than t szafter the device has generated a DSTROBE edge, then the host shall be prepared to receive zero,
one or two additional data words. The additional data words are a res ult of cable round trip delay and t g
timing for the device.

e) The host shall resume an Ultra DMA burst by asserting- HDMARDY.
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Figure 12 Ultra DMA Data In Burst Host Pause Timing
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Notes:

1.

The host may assert STOP to request termination of the Ultra DMA burst no sooner than tre after i HDMARDY is

negated.

2. After negating it HDMARDY, the host may receive zero, one, two, or three more data words from the device.

6.5.4.4.4 Device Terminating an Ultra DMA DataIn Burst

The device terminates an Ultra DMA Data In burst by following the steps lettered below. The timing diagram is
shown in Figure 13 Ultra DMA Data In Burst Device Termination Timing. The timing parameters are specified in
Table 28: Ultra DMA Data Burst Timing Requirementsand are described in Table 29: Utra DMA Data Burst Timing
Descriptions.

The following steps shall occur in the order they are listed unless othe rwise specifically allowed:

a)
b)
c)

d)

The device shall not pause an Ultra DMA burst until at least one data word of an Ultra

The device shall pause an Ultra DMA burst by not generating DSTROBE edges.

NOTE The host shall not immediately assert STOP to initiate Ultra DMA bursttermination when the device
stops generating STROBE edges. If the device does nategate DMARQ, in order to initiate ULTRA DMA burst
termination, the host shall negate

The device shall resume an Ultra DMA burst by generating a DSTROBE edge.
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Figure 13 Ultra DMA Data In Burst Device Termination Timing
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Notes: The definitions for the STOP, HDMARDY, and DSTROBE signal lines are no longer in effect after DMARQ and
DMACK are negated.

6.5.4.4.5 Host Terminating an Ultra DMA Data In Burst

The host terminates an Ultra DMA Data In burst by following the steps lettered below. The timing diagram is
shown in Figure 14 Ultra DMA Data In Burst Host Termination Timing. The timing parameters are specified in
Table 28: Ultra DMA Data Burst Timing Requirementsand are described in Table 29: Utra DMA Data Burst Timing
Descriptions.

The following steps shall occur in the o rder they are listed unless otherwise specifically allowed:

a) The host shall not initiate Ultra DMA burst termination until at least one data word of an Ultra DMA burst
has been transferred.

b) The host shall initiate Ultra DMA burst termination by negating - HCMARDY. The host shall continue to
negate - HDMARDY until the Ultra DMA burst is terminated.

c) The device shall stop generating DSTROBE edges withirgtsof the host negating - HDMARDY

d) If the host negates - HDMARDY within §zafter the device has generated a DSTROBE edge, then the host
shall be prepared to receive zero or one additional data words. If the host negates HDMARDY greater than
tsrafter the device has generated a DSTROBE edge, then the host shall be prepared to receive zero, one or
two additional data words. The additional data words are a result of cable round trip delay and t  geg
timing for the device.

e) The host shall assert STOP no sooner thang, after negating - HDMARDY. The host shall not negate STOP
again until after the Ultra DMA burst is terminate d.

f) The device shall negate DMARQ within t, after the host has asserted STOP. The device shall not assert
DMARQ again until after the Ultra DMA burst is terminated.

g) |f DSTROBE is negated, the device shall assert DSTROBE withj@after the host has asserted STOP. No data
shall be transferred during this assertion. The host shall ignore this transition on DSTROBE. DSTROBE shall
remain asserted until the Ultra DMA burst is terminated.

h) The device shall release D[15:0] no later than t,,after negating DMARQ.

i) The host shall drive DD D[15:0] no sooner than t,,,after the device has negated DMARQ. For this step, the
host may first drive D[15:0] with the result of its CRC calculation (see 6.5.4.5 ).
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j) Ifthe host has not p laced the result of its CRC calculation on D[15:0] since first driving D[15:0] during (9),
the host shall place the result of its CRC calculation on D[15:0] (see 6.5.4.5 ).

k) The host shall negate - DMACK no soonethan t , , after the device has asserted DSTROBE and negated
DMARQ and the host has asserted STOP and negatedHDMARDY, and no sooner thanj,safter the host
places the result of its CRCcalculation on D[15:0].

) Rfc bctgac qf _jj j _ romD[150fon théd negpiindefge AP-ODMACKr _  d

m) The device shall compare the CRC data received from the host with the results of its own CRC calculation. If
a miscompare error occurs during one or more Ultra DMA burst for any one command, at the end of the
command, the device shall report the first error that occurred (see6.5.4.5 ).

n) The device shall release DSTROBE withinkoyAfter the host negates - DMACK.

0) The host shall neither negate STOP nor assert HDMARDYnil at least t ,c«after the host has negated -
DMACK.

p) The host shall not assert - IORD CS0- CS1, A2, Al, &0 until at least t ,.after negating DMACK.

Figure 14 Ultra DMA Data In Burst Host Termination Timing
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Notes: The defnitions for the STOP, HDMARDY, and DSTROBE signal lines are no longer in effect after
DMARQ and DMACK are negated.

6.5.4.4.6 Initiating an Ultra DMA Data- Out Burst

An Ultra DMA Dataout burst is initiated by following the steps lettered below. The timing diagram

is shown in Figure 15 Ultra DMA Data Out Burst Initiation Timing . The timing parameters are

specified in Table 28: Ultra DMA Data Burst Timing Requirementsand are described in Table 29: Utra DMA Data
Burst Timing Descriptions.

The following steps shall occur in the order they are listed unless otherwise specifically allowed:
a) The host shall keep - DMACK in the negated state before anUltra DMA burst is initiated.
b) The device shall assert DMARQ to initiate an Ultra DMA burst.
c) Stepsl, (d), and (e) may occur in any order or at the same time. The host shall assert STOP.
d) The host shall assert HSTROBE.
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e) The host shall negate - CS0- CS1, AZA1, andAO0. The host shall keep- CS0,- CS1, AA1, and A0 negated
until after negating - DMACK at the end of the burst.

f) Stepsl, (d), and (e) shall have occurred at least t ,.before the host asserts - DMACK. The host shall keep
DMACK asserted until the em of an Ultra DMA burst.

g) The device may negate- DDMARDY, trpafter the host has asserted - DMACK. Once the device has negated
- DDMARDY, the device shall not release DDMARDY until after the host has negated DMACK at the end of
an Ultra DMA burst.

h) The hog shall negate STOP within t,after asserting - DMACK. The host shall not assert STOP until after the
first negation of HSTROBE.

i) The device shall assert- DDMARDY within } after the host has negated STOP. After asserting DMARQ and
DDMARDY the device shianot negate either signal until after the first negation of HSTROBE by the host.

J) The host shall drive the first word of the data transfer onto D[15:0]. This step may occur any time during
Ultra DMA burst initiation.

k) To transfer the first word of data: th e host shall negate HSTROBE no sooner thantafter the device has
asserted - DDMARDY. The host shall negate HSTROBE no sooner thgpdfter the driving the first word of
data onto D[15:0].

Figure 15 Ultra DMA Data Out Burst Initiation Timing
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Note: The definitions for the STOP, DDMARDY, and HSTROBE signal lines are not in effect until DMAR®DMACK
are asserted.

6.5.4.4.7 Sustaining an Ultra DMA Data Out Burst

An Ultra DMA Data Out burst is sustained by following the steps lettered be low. The timing diagram is shown in
Figure 16 Sustained Ultra DMA Data Out Burst Timing. The associated timing parameters are specified in Table 28:
Ultra DMA Data Burst Timing Requirementsand are described in Table29: Utra DMA Data Burst Timing
Descriptions.

The following steps shall occur in the order they are listed unless otherwise specifically allowed:
a) The host shall drive a data word onto D[15:0].
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b) The host shall generate an HSTROBE edge to latch the new word no sooner than t,safter changing the
state of D[15:0]. The host shall generate an HSTROBE edge no more frequently than ¢, for the selected
Ultra DMA mode. The hostshall not generate two rising or falling HSTROBE edges more frequently than 2t
for the selected Ultra DMA mode.

c) The host shall not change the state of D[15:0] until at least t ,,,after generating an HSTROBE edge to latch
the data.

d) The host shall repeat steps (a), (b), and (c) until the data transfer is complete or an Ultra DMA burst is
paused, whichever occurs first.

Figure 16 Sustained Ultra DMA Data Out Burst Timing
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Note: Data (D15D0) and HSTROBE signals are shown at botthe device and the host to emphasize that cable
settling time as well as cable propagation delay shall not allow the data signals to be considered stable at the
device until some time after they are driven by the host.

6.5.4.4.8 Device Pausing an Ultra DMA DataOut Burst

The device pauses an Ultra DMA DataOut burst by following the steps lettered below. The

timing diagram is shown in  Figure 17 Ultra DMA Data Out Burst Device Pause TimingThe
timing parameters are specifie d in Table 28: Ultra DMA Data Burst Timing Requirementsand are
described in Table 29: Utra DMA Data Burst Timing Descriptions

The following steps shall occur in the ord er they are listed unless otherwise specifically allowed:

a) The device shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA burst has been
transferred.

b) The device shall pause an Ultra DMA burst by negating- DDMARDY.

c) The host shall stop generating HSTROBE edges withingt;of the device negating - DDMARDY.

d) If the device negates - DDMARDY withindgafter the host has generated an HSTROBE edge, then the device
shall be prepared to receive zero or one additional data words. If the device negates - DDMARDY greater
than t szafter the host has generated an HSTROBE edge, then the device shall be prepared to receive zero,
one or two additional data words. The additional data words are a result of cable round trip delay andt x5
timing for the h ost.

e) The device shall resume an Ultra DMA burst by asserting- DDMARDY.
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Figure 17 Ultra DMA Data Out Burst Device Pause Timing
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Notes:
1. The device may negate DMARQ to request termination of the Ultra DMA burst no sooner than tre after
-DDMARDY is negated.
2. After negating i DDMARDY, the device may receive zero, one, two, or three more data words from the host.

6.5.4.4.9 Device Terminating an Ultra DMA Data Out Burst

The device terminates an Ultra DMA Data Out burst by following the steps lett ered below. The timing diagram for
the operation is shown in Figure 18 Ultra DMA Data Out Burst Device Terminadion Timing . The timing parameters
are specified in Table 28: Ultra DMA Data Burst Timing Requirementsand are described in Table 29: Ultra DMA Data
Burst Timing Descriptions.

The following steps shall occur in the order they are listed unless otherwise specifically allowed

a) The device shall not initiate Ultra DMA burst termination until at least one data word of an  Ultra DMA
burst has been transferred.

b) The device shall initiate Ultra DMA burst termination by negating - DDMARDY.

c) The host shall stop generating an HSTROBE edgesithin t ;-s0f the device negating - DDMARDY.

d) If the device negates - DDMARDY within d;after the host has generated an HSTROBEdge, then the device
shall be prepared to receive zero or one additional data words. If the device negates - DDMARDY greater
than tgzafter the host has generated an HSTROBE edge, then the device shall be prepared to receive zero,
one or two additional data words. The additional data words are a result of cable round trip delay and
tRFS timing for the host.

e) The device shall negate DMARQ no sooner than t after negating - DDMARDY. The device shall not assert
DMARQ again until after the Ultra DMA burst is terminated.

f) The host shall assert STOP within t after the device has negated DMARQ. The host shall not negate STOP
again until af ter the Ultra DMA burst is terminated.

g) If HSTROBE is negated, the host shall assert HSTROBE within tLI after the device has negated DMARQ. No
data shall be transferred during this assertion. The device shall ignore this transition of HSTROBE. HSTROBE
shall remain asserted until the Ultra DMA burst is terminated.

h) The host shall place the result of its CRC calculation on D[15:P(see 6.5.4.5 ).

i) The host shall negate - DMACK no sooner than j,, after the host has asserted HSTROBE and STOP and the
device has negated DMARQ and DDMARDY, and no sooner thang,safter placing the result of its CRC
calculation on D[15:00].

) Rfc bctgac qf _jj j_raf rfc fmqr %q APADMACK. _ dpmk BY/

k) The deviceshall compare the CRC data received from the host with the results of its own CRC calculation. If
a miscompare error occurs during one or more Ultra DMA bursts for any one command.
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Figure 18 Ultra DMA Data Out Burst Device Termindion Timing
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Note: The definitions for the STOP, DDMARDY, and HSTROBE signal lines are no longer in effect after
DMARQ and DMACK are negated.

6.5.4.4.10 Host Terminating an Ultra DMA Data Out Burst

Termination of an Ultra DMA Data Out burst by the host is shown in Figure 19 Ultra DMA Data Out Burst Host
Termination Timing while timing parameters are specified in  Table 28: Ultra DMA Data Burst Timing Requirements
and timing parameter s are described in Table 29: Utra DMA Data Burst Timing Descriptions

The following steps shall occur in the order they are listed unless otherwise specifically allowed:

a) The host shall initiate termination of an  Ultra DMA burst by not generating HSTROBE edges.

b) The host shall assert STOP no sooner thangtafter it last generated an HSTROBE edge. The host shall not
negate STOP again until after the Ultra DMA burst is terminated.

¢) The device shall negate DMARQ withintLi after the host asserts STOP. The device shall not assert DMARQ
again until after the Ultra DMA burst is terminated.

d) The device shall negate - DDMARDY within t after the host has negated STOP. The device shall not assert
DDMARDY again until after theUltra DMA burst termination is complete.

e) If HSTROBE is negated, the host shall assert HSTROBE withirafter the device has negated DMARQ. No
data shall be transferred during this assertion. The device shall ignore this transition on HSTROBE.
HSTROBE alhremain asserted until the Ultra DMA burst is terminated.

f)  The host shall place the result of its CRC calculation on D[15:0](see6.5.4.5 ).

g) The host shall negate - DMACK no sooner than §, , after the host has asserted HSTROBE and STOP and the
device has negated DMARQ and DDMARDY, and no sooner thand,safter placing the result of its CRC
calculation on D[15:0].
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h) Rfc bctgac qf _jj j_raf rfc fmgr %q AP-AMACKr dpmk BY/

i) The deviceshall compare the CRC data received from the host with the results of its own CRC calculation. If
a miscompare error occurs during one or more Ultra DMA bursts for any one command, at the end of the
command, the device shall report the first error that occ urred (see6.5.4.5 ).

J) The device shall release- DDMARDY within trpyAfter the host has negated - DMACK.

k) The host shall neither negate STOP nor negate HSTROBE until at leasttafter negating - DMACK.

I) The hostshall not assert - IOWR; CS0- CS1, A2, Al, &0 until at least t ackafter negating
- DMACK.

Figure 19 Ultra DMA Data Out Burst Host Termination Timing
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Notes: The definitions for the STOP, DDMARDY, and HSTROBE signal linesnarlonger in effect after
DMARQ and DMACK are negated.
6.5.4.5 Ultra DMA CRC Calculation
The following is a list of rules for calculating CRC, determining if a CRC error has occurred duringan Ultra DMA
burst, and reporting any error that occurs at the end ofa command.

1. Both the host and the device shall have a 16 - bit CRC calculation function.

2. Both the host and the device shall calculate a CRC value for each Ultra DMA burst.

3. The CRC function in the host and the device shall be initialized with a seed of 4ABAh at the beginning of
an Ultra DMA burst before any data is transferred.

4. For each STROBE transition used for data transfer, both the host and the device shall calculate a new CRC
value by applying the CRC polynomial to the current value of their individual CRC functions and the word
being transferred. CRC is not calculated for the return of STROBE to the asserted state after the Ultra DMA
burst termination request has been acknowledged.

5. At the end of any Ultra DMA burst the host shall send the results of its CRC calculation function to the
device on D[150] with the negation of - DMACK.
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6. The device shall then compare the CRC data from the host with the calculated value in its own CRC
calculation function. If the two values do not match, the device shall save the e rror and report it at the
end of the command. A subsequent Ultra DMA burst for the same command that does not have a CRC error
shall not clear an error saved from a previous Ultra DMA burst in the same command. If a miscompare
error occurs during one or mo re Ultra DMA bursts for any one command, at the end of the command, the
device shall report the first error that occurred.

7. For READ DMA, WRITE DMA, READ DMA QUEUED, or WRITE DMA QUEUED commands:

When a CRC error is detected, it shall be reported by setting both ICRC and ABRT (bit 7 and bit 2 in the Error
pcegqrcp’' rm mlc, GAPA gqgq bcdgl c bshallgspontl o thi§ &dorrbgred ac
issuing the command.

8. For a REQUEST SENSE packet command (see SPC T10/955D for definition BEQRJEST SENSE command):
When a CRC error is detected during transmission of sense data the device shall complete the command
and set CHK to one. The device shall report a Sense key of 0Bh (ABORTED COMMAND). The device shall
preserve the original sense data that was being returned when the CRC error occurred. The device shall
not report any additional sense data specific to the CRC error. The host device driver may retry the REQUEST
SENSE command or may consider this an unrecoverable error and retry the conmand that caused the
Check Condition.

9. For any packet command except a REQUEST SENSE command: If a CRC error is detected, the device shall
complete the command with CHK set to one. The device shall report a Sense key of 04h (HARDWARE
ERROR). The sense datupplied via a subsequent REQUEST SENSE command shall report an ASC/ASCQ value
of 08h/03h (LOGICAL UNIT COMMUNICATION CRC ERROR). Host drivers should retry the command that resulte
ina HARDWARE ERROR.

NOTE If excessive CRC errors are encountered whil@perating in Ultra mode 2 or 1, the host should select
a slower Ultra mode. Caution: CRC errors are detected and reported only while operating in an Ultra
mode.

10. A host may send extra data words on the last Ultra DMA burst of a data out command. If a devic e
determines that all data has been transferred for a command, the device shall terminate the burst. A
device may have already received more data words than were required for the command. These extra
words are used by both the host and the device to calcul ate the CRC, but, on an Ultra DMA data out burst,
the extra words shall be discarded by the device.

11. 11. The CRC generator polynomial is: G(X) = X16 + X12 + X5 Fable 32describes the equations for 16- bit
parallel generation of the resulting polynomial (based on a word boundary).

NOTE Since no bit clock is available, the recommended approach for calculating CRC is to use a word
clock derived from the bus strobe. The combinational logic is then equivalent to  shifting sixteen bits
serially through the generator polynomial where DO is shifted in first and D15 is shifted in last.

Table 32 Equations for parallel generation of an Ultra DMA CRC

CRCINO =16 CRCINS8 = f8 XOR f13

CRCIN1 = f15 CRCIN9 = f7 XOR f12

CRCIN2 =114 CRCIN10 = f6 XOR f11

CRCIN3 =13 CRCIN11 = f5 XOR f10

CRCIN4 =f12 CRCIN12 = f4 XOR f9 XOR 16

CRCIN5 =11 XOR f16 CRCIN13 = f3 XOR f8 XOR f15

CRCING6 = f10 XOR f15 CRCIN14 = f2 XOR 7 XOR 14

CRCIN7 = f9 XOR f14 CRCIN = f1 XOR 6 XOR 13

f1 =D0 XOR CRCOUT15 f9 = DB XOR CRCOUT7 XOR f5

f2 = D1 XOR CRCOUT14 f10 = D9 XOR CRCOUT6 XOR 6

f3 = D2 XOR CRCOUT13 f11 = D10 XOR CRCOUT5 XOR f7

f4 = D3 XOR CRCOUT12 f12 = D11 XOR CRCOUT4 XOR f1 XOR f8
5 = D4 XOR CRCOUT11fXOR f13 = D12 XOR CRCOUT3 XOR f2 XOR f9
f6 = D5 XOR CRCOUT10 XOR 2 f14 = D13 XOR CRCOUT2 XOR f3 XOR f10
f7 = D6 XOR CRCOUT9 XOR 3 f15 = D14 XOR CRCOUT1 XOR f4 XOR f11
f8 = D7 XOR CRCOUTS8 XOR f4 f16 = D15 XOR CRCOUTO0 XOR f5 XOR f12
Notes:

1. f=feedback

2. D[15:0] = Data to or from the bus

3. CRCOUT = 16-bit edge triggered result (current CRC)

4. CRCOUT[15:0] are sent on matching order bits of D[15:0]
An example of a CRC generator implementation is provided below in Figure 20: Ultra DMA Parallel CRC Generator
Example.
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Figure 20: Ultra DMA Parallel CRC Generator Example

D[15:00] . CRCIN[15:00] CRCOUTI[15:0]
————— | Combinational ————p» Edge Triggered
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7 Card Configuration

The CompactFlasH"Memory Card is identified by information in the Card Information ~ Structure (CIS). The€ard has
four configuration registers ( Table 33and Table 34).

1 Configuration Option Register

1 Pin Replacement Register

9 Card Configuration and Status Register

They are usedto coordinate the 1/0 spaces and the Interrupt level of cards that are located in the system. In
addition, in I/O Card mode these registers provide a method for accessing status information that would normally
appear on dedicated pins in Memory Card mode.

The base address of the card configuration registers is 200h in the Attribute Memory space.

No write operation should be performed to the attribute memory area except for the  configuration register
addresses. All other attribute memory locations are rese rved. See 7.4 Attribute Memory Function .

Table 33 CompactFlasH™Memory Card Registers and Memory Space Decoding

-CE2 -CE1 -REG| -OE| -WE| A10| A9 | A8-A4 | A3| A2| Al| A0 | Selected Space
1 1 X X X X X XX X | X | X | X [|Standhy
X 0 0 0 1 X 11 XX X | X | X | 0 |Configuration Register Read
1 0 1 0 1 X | X XX X | X | X | X | Common Memory Read (8 hit- D7 to DQ)
0 1 1 0 1 X | X XX X | X | X | X |Common Memory Read (8 bit- D15 to D8)
0 0 1 0 1 X | X XX X | X | X | 0 |Common Memory Read (16 bit D15 to D0)
X 0 0 1 0 X 1 XX X | X | X | 0 [Configuration Register Write
1 0 1 1 0 X | X XX X | X | X | X |Common Memory Write (8 bit - D7 to DO)
0 1 1 1 0 X | X XX X | X | X | X | Common Memory Write (8 bit - D15 to D8)
0 0 1 1 0 X | X XX X | X | X | 0 |Common Memory Write (16 bit- D15 to DO)
X 0 0 0 1 0 0 XX X | X | X | 0 |Card Information Structure Read
1 0 0 1 0 0 0 XX X | X | X | 0 [Invalid Access (CIS Write)
1 0 0 0 1 X | X XX X | X | X | 1 |Invalid Access (CIS Odd Byte Read)
1 0 0 1 0 X | X XX X | X | X | 1 [Invalid Access (CIS Odd Byte Write)
0 1 0 0 1 X | X XX X | X | X | X |Invalid Access (CIS Odd Byte Read)
0 1 0 1 0 X | X XX X | X | X | X [|Invalid Access (CIS Odd Byte Write)

Table 34: CompactFlasiH" Memory Card Configuration Registers Decoding

-CE2 -CEl -REG| -OE| -WE| A10| A9 | A8B~A4 | A3| A2| Al| AO | Selected Space
X 0 0 0 1 0 1 00 0| 0| 0| O |Configuration Option Register Read(200h)
X 0 0 1 0 0 1 00 0] 0| 0| O |Configuration Option Register Write(200h)
X 0 0 0 1 0 1 00 0| 0| 1] 0 |Card Status Register Read (202h)
X 0 0 1 0 0 1 00 0 | 0| 1| 0 |Card Status Register Write (202h)
X 0 0 0 1 0 1 00 0| 1|0 | O |PinReplacement Register Read (204h)
X 0 0 1 0 0 1 00 0] 1] 0 | 0 |PinReplacement Register Write (204h)

Note: The location of the Card Configuration Registers should always be read from the CIS since these locations
may vary in future products. No Writes should be performed to the Card Attribute Memory except to the Card
Configuration Register Addresses. All other attribute memory locations are reserved.

7.1Configuration OptioRegister (200h in Attribute Memory)

Rf c Aml dgesp_r gml Mnr g ml Pcegqgrcp gq sdgcoding andhinterropttdthee s p ¢
Card (seeTable 35).

7.1.1SRESET

Qcrrgle rfc QPQ@QRCRplIgrd er mfx/ %grl B . % Storjge@acddn the Reset ftatek n _ a r
Qcrrgle rfgg “gr rm "~/ % gq c csgptthaftlelSRESETDIt is mpoclegred.(Reterning f ¢
rfc QPCQCR ° gr CampactFlas® Stprage Caad én the $ame un- configured Reset state as after a

power- up and hardware reset.

Rfggq ~gr 99 g-pandtakingthed@ard throughhathargware reset.

7.1.2LevIREQ

This bit is set to one (1) when Level Mode Interrupt is selected, and zero (0) wh en Pulse Mode is selected. Set to
zero (0) after Power Up.
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7.1.3Conf5- Conf0 (Configuration Index)
These bits are used to select the operation mode of the Card as shown in Table36. Thisbitggq qcr rm ~. %

Up.

Table 35 Configuration Option Register (default value: 00h)

Operation D7 D6 D5 D4 D3 D2 D1 DO
R/W SRESET| LevIREQ| Conf5 Conf4 Conf3 Conf2 Confl Conf0
Table 36: CompactFlasH" Memory Card Configirations
Conf5 | Conf4 | Conf3 | Conf2 | Confl | Conf0 | Mapping Mode I\SI: :(;g Task File Register Address
0 0 0 0 0 0 Memory Memory Oh - Fh, 400h - 7FFh
0 0 0 0 0 1 Contiguous 1/0 I/O xx0h - xxFh
0 0 0 0 1 0 Primary 1/10 /0 1FOh- 1F7h, 3F6k 3F7h
0 0 0 0 1 1 Secondary I/0O I/O 170h- 177h, 376k 377h
7.2CompactFla$tMemory Card Configurations
Rfc A _pb Amldgesp_rgml _|I b Qr rsqgq Pcegqr(sepTabla8h.r gl q gl c

7.2.1Changed

Indicates that one or both of the Pin Replacement register (CRDY, or CWProt) bits are sett¢ / %, Uf cl rfc
bitisset, -QRQAFE &Ngl 24" gq f cj b theQardislcdnfiguetl fortlied/O iQtgrfaca.f e ~ gr

7.2.2SigChg

This bit is set and reset by the host to enable and disable a state - change signal from the Status Register (issued
on Status Changed pin 46). If no state change signal is desired, this ~ gr qgf msj b ~ ¢ q-<cSASCHG)WIill |
be held High while the Card is configured for 1/0.

7.2.310is8

The f mgqr qcrqg rfgq ~gr rm ~/ % gd rfc A_ pdwagsgonfigured focbota ml d
8 and 16 bit I/0O, so this bit is ignored.

7.2.4PwrDwn

This bit indicates whether the Card is in the power saving mode or active mode. Whenthe Nu p Bu | gr o gq
rfc A_pb clrcpg nmucp bmul k mb c activaumiodel. ThegREADYrvatue don Pia* r f ¢ 4
Replacement Register becomes BUSY when this bits changed. READY will not become Ready until the power state
requested has been entered. The Card automatically powers down when it is idle and powers back up when it

receives a command.

7.2.5Int

This bit represents the internal state of the interrupt request. It is available whether or not the I/O interface has
been configured. It remain s valid until the condition which caused the interrupt request has been serviced. If
interrupts are disabled by the - IEN bit in the DeviceAml r pmj Pcegqrcp* rfggqg ~9gr gq *

Table 37 Card Configuration and Status Register (default value: 00h)

Operation D7 D6 D5 D4 D3 D2 D1 DO
Read Changed | SigChg 101S8 0 0 PwrDwn Int 0
Write 0 SigChg 101S8 0 0 PwrDwn 0 0

7.3Pin Replacement Register (204h in Attribute Memory)

This register contains information on the state of the READY signal when configured in memory mode and the
IREQ signal in I/O mode. Sed able 38 and Table 39.

7.3.1 QCeady

Rf gq gr ggq qcr readychangés statd. This bitrcdnalso bgwritteR by the host.
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7.3.2 CWProt
This bit is set to “%when the bit RWProt changes state. This bit can also be written by the host.

7.3.3 Rready

This bit is used to determine the internal state of the Ready signal. In I/O mode it is used as an interrupt request.
When written, this bit acts as a mask (M ready) for writing the corresponding bit C ready.

7.3.4 Wprot

Rfgg “gr ggqg _ju_wqg ”™memqgrgCaelcdoes nothavédanirite PatecDswitcly ¥When written,
this bit acts as a mask for writing the correspon ding CWProt bit.

7.3.5 Mready
This bit acts as a mask for writing the corresponding Cready bit.

7.3.6 MWProt
This bit when written acts as a mask for writing the corresponding CWProt bit.

Table 38: Pin Replacement Register (default value: 0 Ch)

Operation D7 D6 D5 D4 D3 D2 D1 DO
Read 0 0 Geady CWProt 1 1 Rready Whrot
Write 0 0 Geady CWProt 0 0 Rready MWProt
Table 39: Pin Replacement Changed Bit/Mask Bit Values
. . Written by Host oA
Glgrg_j T_js A% @ K% _@g Dgl _Bit Comments
0 X 0 0 Unchanged
1 X 0 1 Unchanged
X 0 1 0 Cleared by Host
X 1 1 1 Set by Host

7.4Attribute Memory Function

Attribute memory is a space where identification and configuration information are stored. Only 8 bit wide

acceses at even addresses can be performed in this area. The Card configuration registers are also located in the
Attribute Memory area, at base address 200h. Attribute memory is not accessible in True IDE mode of operation.
For the Attribute Memory Read function, signals - REG and OE must be active and- WE inactive during the cycle.
As in the Main Memory Read functions, the signals - CE1 and CE2 control the even and odd Byte address, but only
the even Byte data is valid during the Attribute Memory access. Refe r to Table 40 for signal states and bus

validity.

Table 40: Attribute Memory Function

Function Mode -REG| -CE? | -CE2 | A10 | A9 A0 | -OF [-WE’| D15to D8 D7 to DO
Standby X H H X X X X X High-Z High- Z
Read Byte Access CIS (8 bit§ L H L L L L L H High-Z Even Byte
m‘;ﬁ dByte Access CIS (8 bity | H L L L L H L |[Bml %r Even Byte
Read Byte Access .
Configuration (8 bits) L H L L H L L H High-Z Even Byte
\Write Byte Access o
Configuration (8 bits) L H L L H L H L Bml %r Even Byte
Read Byte Access .
Configuration CF+ (8 bits) L H L X X L L H High-Z Even Byte
;fs"’;d Word Access CIS (16 | L L L L | L* L H | Not Valid Even Byte
Write Word Access CIS (16 | L L L L | .| H L | Bml %r Even Byte
bits) Invalid
Read Word Access - .
Configuration (16 bits) L L L L H L L H Not Valid Even Byte
\Write Word Access * o
Configuration (16 bits) L L L L H L H L Bml %r Even Byte

1 The- CE signal or both the - OE signal and the - WE signal must be de- assated between consecutive cycle operations.
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* Address AO must be low for all word accesses.
7.51/0 Transfer Function

The I/O transfer to or from the Card can be either 8 or 16 bits. When a 16 bit accessible port is addressed, the -
I0I1S16 signal is asserted byhe Card, otherwise it is de - asserted. When a 16 bit transfer is attempted, and the -

Cp_T

GMGQ/ 4 ggel _j ggqg I mr _ggqcprcb* rfc gwgrck ksqr ecl
odd Bytes. The Card permits both 8 and 16 bit accesses taall of its I/O addresses, so- I0IS16 is asserted for all
addresses (se€eTable 4]).
Table 41 1/O Function
Function Code -REG| -CE2| -CE1/ A0 | -IORD| -IOWR| D15 to D8 D7 to DO
Standby Mode X H H X X X High Z High Z
Byte Input Access L H L L L H High Z Even Byte
(8 bits) L H L H L H High Z Odd Byte
Byte Output Access L H L L H L Bml %r Even Byte
(8 bits) L H L H H L Bml %r Odd Byte
Word Input Access (16 hits) L L L L* L H Odd Byte EvenByte
Word Output Access (16 bhits) L L L L* H L Odd Byte Even Byte
I/0O Read Inhibit H X X X L H Bml %r Bml %r A
I/O Write Inhibit H X X X H L High Z High Z
High Byte Input Only (8 bits) L L H X L H Odd Byte High Z
High Byte Output Only (8 hits) L L H X H L Odd Byte Bml %r A

* Address AO must be low for all word accesses.

7.6Common Memory Transfer Function
The Common Memory transfer to or from the Card permits both 8 or 16 bit access to all of the Common Memory

addresses(see Table 42).

Table 42 Common Memory Function

Function Code -REG| -CE2| -CE1] A0| -OE - WE D15 to D8 D7 to DO
Standby Mode X H H X X X High Z High Z

Byte Read Access H H L L L H High Z Even Byte

(8 bits) H H L H L H High Z Odd Byte

Byte Write Access H H L L H L B ml %r Even Byte

(8 hits) H H L H H L B ml %r Odd Byte

Word Read Access (16 bits) H L L L* L H Odd Byte Even Byte

Word Write Access (16 bits) H L L L* H L Odd Byte Even Byte
Odd Byte Read Only (&bits) H L H X L H Odd Byte High Z

Odd Byte Write Only (8 bits) H L H X H L Odd Byte Bml %r A

* Address AO must be low for all word accesses.

7.7True IDE Mode 1/0 Function
The Card can be configured in a True IDE Mode of operation. It is configured in thi s mode only when the - OE

signal is grounded by the host during the power off to power on cycle. In this True IDE Mode the PC cardprotocol
and configuration are disabled and only I/O operations to the Task File and Data Register are allowed. No Memory
or Attribute Registers are accessible to the host. The Set Feature Command can be used to put the device in 8 bit

Mode (seeTable43).

Pckmtgle _|I b pcglgcprgle rfc A_pb uf gj dgurethecCarfl tmBC Caml WKAN s
mode.
Table 43: True IDE Mode I/O Function
Function Code -CS1| -CS0|A2t0o AQ -DMACK| -IORD | -IOWR D15 to D8 D7 to DO
L X X X Undefined Undefined In/Out
In/Out
Invalid Mode L X X L L X Undefined Out Undefihed Out
L X X L X L Undefined In Undefined In
X L X L L X Undefined Out Undefined Out
X L X L X L Undefined In Undefined In
Standby Mode H H X H X X High Z High Z
Task File Write H L 1h 7h H H L Bml %r Data In
Task File Read H L 1h 7h H L H High Z Data Out
PIO Data Register Write H L 0 H H L Odd- Byte In Even Byte In
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DMA Data Register Write H L X L H L Odd Byte In Even Byte In
P10 Data Register Read H L 0 H L H Odd Byte Out Even Byte Out
DMA Data Register Read H H X L L H Odd Byte Ou Even Byte Out
Control Register Write L H 6h H H L Bml %r Control In
Alternate Status Read L H 6h H L H High Z Status Out
Drive Address L H 7h H L H High Z Data Out

7.8Host Configuration Requirements for Master/Slave or New Timing Modes

The CF Advaced Timing modes include PCMCIA PC Card style I/O modes that are faster than the original 250 ns
cycle time. These modes are not supported by the PCMCIA PC Card specification nor CF by cards based on revisions
of the CF specification before Revision 3.0. Hosts shall ensure that all cards accessed through a common electrical
interface are capable of operation at the desired, faster than 250 ns, I/0O mode before configuring the interface for
that 1/0O mode.

Advanced Timing modes are PCMCIA PC Card style I/O rasdhat are 100 ns or faster, PC Card Memory modes that
are 100ns or faster, True IDE PIO Modes 6 and Multiword DMA Modes 3, 4. These modes are permitted to be used
only when a single card is present and the host and card are connected directly, without a cable exceeding 0.15m
in length. Consequently, the host shall not configure a card into an Advanced Timing Mode if two cards are

sharing I/O lines, as in Master/Slave operation, nor if it is constructed such that a cable exceeding 0.15 meters is
require d to connect the host to the card.

The load presented to the Host by cards supporting Ultra DMA is more controlled than that presented by other
CompactFlash" cards. Therefore, the use of a card that does not support Ultra DMA in a Master/Slave arrangement
with an Ultra DMA card can affect the critical timing of the Ultra DMA transfers. The host shall not configure a card
into Ultra DMA mode when a card not supporting Ultra DMA is also present on the same interface

When the use of two cards on an interface is otherwise permitted, the host may use any mode that is supported

by both cards, but to achieve maximum performance it should use its highest performance mode that is also
supported by both cards.
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8 Software interface

8.1CFATA Drive Register Set Definéiad Protocol

The CompactFlasH"Memory Card can be configured as a high performance 1/0O device through:
I Standard PCAT disk I/O address spaces
o 1FOh 1F7h, 3F6h3F7h (primary);
o 170k 177h, 376h377h (secondary) with IRQ 14 (or other available IRQ).
1 Any sysem decoded 16 Byte I/O block using any available IRQ.
1 Memory space.
Communication to or from the Card is done using the Task File registers which provide all the necessary registers
for control and status information. The PCMCIA interface connects peripherals to the host using four - register
mapping methods. Table44: I/O Configurations is a detailed description of these methods:

Table 44: I/O Configurations

Standards Configurations
Config Index 1/0 or Memory Address Description
0 Memory Oh- Fh, 400h- 7FFh Memory Mapped
1 1/0 xx0h- xxFh I/O Mapped 16 Continuous Registers
2 1/0 1FQ 1F7h, 3F6h3F7h Primary 1/0 Mapped
3 1/0 170177h, 376h377h Secondary /0 Mapped

8.2Memory Mapped Addressing

When the Card registers are accessed via memory references, the registers appear in the common memory space
window: O - 2Kbytes as shown in Table 45: Memory Mapped Decoding. This window accesses the Data Register
FIFOIt does not allow random access to the data buffer within the Card.

Register 0 is accessed with- CE1 and CE2 Low, as a Word register on the combined Odd and Even Data Bus (D15 to
DO0). Address A0 must be low for all word accesses. It can also be accessed with - CE1 Low and CE2 High, by a pair
of Byte accesses to offset 0. The address space of this Word register overlaps the address space of the Error and
Feature Byte- wide registers at offset 1. When accessed twice as Byte register with - CE1 Low, the first Bte is the
even Byte of the Word and the second is the odd Byte. A Byte access to address 0 with - CE1 High and CE2 Low
accesses the Error (read) or Feature (write) register.

Registers at offset 8, 9 and D are non- overlapping duplicates of the registers at offset 0 and 1. Register 8 is
equivalent to register 0, while register 9 accesses the odd Byte. Therefore, if the registers are Byte accessed in the
order 9 then 8 the data will be transferred odd Byte then even Byte. Repeated Byte accesses to register 8 or 0 will
access consecutive (even then odd) Bytes from the data buffer. Repeated Word accesses to register 8, 9 or 0 will
access consecutive Words from the data buffer, however repeated Byte accesses to register 9 are not supported.
Repeated alternating Byte accesses to registers 8 then 9 will access consecutive (even then odd) Bytes from the
data buffer.

Accesses to even addresses between 400h and 7FFh access register 8. Accesses to odd addresses between 400h
and 7FFh access register 9. This 1Byte memory window to the data register is provided so that hosts can perform
memory- to- memory block moves to the data register when the register lies in memory space. Some hosts, such
as the X86 processors, must increment both the source and destination addresses when executing the memory -
to- memory block move instruction. Some PCMCIA socket adapters also havembedded auto incrementing address
logic.

A Word access to address at offset 8 will provide even data on the least significant Byte of the data bus, along

with odd data at offset 9 on the most significant Byte of the data bus.
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Table 45: Memory Mapped Decoding

-REG A10 A9 to A4 A3 | A2| Al| AO | Offset -OE=0 -WE=0
1 0 X 0[0|O0]O Oh Even Data Register Even Data Register
1 0 X 00|01 1h Error Register Feature Register
1 0 X 0j[0|1]O0 2h Sector Count Register Sector Count Register
1 0 X 00|11 3h Sector Number Register Sector Number Register
1 0 X 0[1|0]O 4h Cylinder Low Register Cylinder Low Register
1 0 X 0[1(0]1 5h Cylinder High Register Cylinder High Register
1 0 X 0O[11]0 6h Select Card/Head Register Select Card/Head Register
1 0 X 0O[1(1]1 7h Status Register Command Register
1 0 X 110|010 8h Dup. Even Data Register Dup. Even Data Register
1 0 X 10|01 9h Dup. Odd Data Register Dup. Odd Data Register
1 0 X 111]0]1 Dh Dup. Error Register Dup. Feature Register
1 0 X 111]1]0 Eh Alternate Status Register Device Control Register
1 0 X 111]1]1 Fh Drive Address Register Reserved
1 1 X X| X]|X]O0 8h Even Data Register Even Data Register
1 1 X XX X]1 9h Odd Data Register Odd Data Register

8.3Contiguous I/O Mapped Addressing

When the system decodes a contiguous block of I/O registers to select the Card, the registers are accessed in the
block of I/O space decoded by the system as shown in Table 46.

Address A0 must be low for all word accesses. As for the Memory Mapped Addressing, register 0 is accessed with-
CE1 Low and CE2 LowAO must be 0) as a Word register on the combined Odd and Even Data Bus ([15 to D0O). This
register may also be accessed with - CE1 Low and CE2 High, by a pair of Byte accesses to offset 0. The address
space of this Word register overlaps the address space of the Error and Feature Byte wide registers at offset 1.
When accessed twice as Byte register with - CE1 Low, the first Byte is the even Byte of the Word and the second is
the odd Byte. A Byte access to register 0 with - CE1 High and CE2 Low accesses the error (read) or feature (write)
register.

Registers at offset 8, 9 and D are non- overlapping duplicates of the registers at offset 0 and 1. Register 8 is
equivalent to register 0, while register 9 accesses the odd Byte. Therefore, if the registers are Byte accessed in the
order 9 then 8 the data will be transferred odd Byte then even Byte. Repeated Byte accesses to register 8 or O will
access consecutive (even than odd) Bytes from the data buffer. Repeated Word accesses to register 8, 9 or 0 will
access consecutive Words from the data buffer, however repeated Byte accesses to regster 9 are not supported.
Repeated alternating Byte accesses to registers 8 then 9 will access consecutive (even then odd) Bytes from the
data buffer.

Table 46: Contiguous 1/0 Decoding

-REG |A10t0 A4 A3 | A2 | Al | A0 | Offset -IORD=0 - |IOWR=0

0 X 0 0 0 0 Oh Even Data Register Even Data Register

0 X 0 0 0 1 1h Error Register Feature Register

0 X 0 0 1 0 2h Sector Count Register Sector Count Register

0 X 0 0 1 1 3h Sector Number Register Sector Number Register

0 X 0 1 0 0 4h Cylinder Low Register Cylinder Low Register

0 X 0 1 0 1 5h Cylinder High Register Cylinder High Register

0 X 0 1 1 0 6h Select Card/Head Register Select Card/Head Register

0 X 0 1 1 1 7h Status Register Command Register

0 X 1 0 0 0 8h Dup. Even Data Register Dup. Even Data Register

0 X 1 0 0 1 9h Dup. Odd Data Register Dup. Odd Data Register

0 X 1 1 0 1 Dh Dup. Error Register Dup. Feature Register

0 X 1 1 1 0 Eh Alternate Status Register Device Control Register

0 X 1 1 1 1 Fh Drive Address Register Reserved
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8.41/0 Primary and Secondary Address Configurations

When the system decodes the Primary and Secondary Address Configurations, the registers are accessed in the
block of I/O space as shown in Table 47.
Address A0 mustbe low for all word accesses. As for the Memory Mapped Addressing, register 0 is accessed with-
CE1 Low and CE2.ow (AO must be 0) as a Word register on the combined Odd and Even Data Bus (D15 to DO). This
register may also be accessed with - CE1 Low and CE2 High, by a pair of Byte accesses to offset 0. The address
space of this Word register overlaps the address space of the Error and Feature Byte wide registers at offset 1.
When accessed twice as Byte register with- CE1 Low, the first Byte is the even Bte of the Word and the second is
the odd Byte. A Byte access to register 0 with - CE1 High and CE2 Low accesses the error (read) or feature (write)

suwlissbit”®

register.
Table 47 Primary and Secondary I/O Decoding
-REG A9to Ad4| A3 | A2| Al| AO -IORD=0 -IOWR=0
0 1IF(A7)h| O 0] 0 0 Even Data Register Even Data Register
0 1IFA7)h| O 0] 0 1 Error Register Feature Register
0 1FA7)h| O 0 1|10 Sector Count Register Sector Count Register
0 1F(A7)h| O 0 1 1 Sector Number Register Sector Number Register
0 1kF17)h | O 10 0 Cylinder Low Register Cylinder Low Register
0 1F(A7)h| O 1]0 1 Cylinder High Register Cylinder High Register
0 1F(17)h| O 1] 1] 0 Select Card/Head Register Select Card/Head Register
0 1F(A7)h| O 1 1 1 Status Register Command Register
0 3F(B7)h| 0 1 1/ 0 Alternate Status Register Device Control Register
0 3F(37)h| O 1] 1 1 Drive Address Register Reserved
8.5True IDE Mode Addressing
When the Card is configured in the True IDE Mode, the I/0O decoding is as shown in Table 48.
Table 48: True IDE Mode I/O Decoding
-CS1| -CSO | A2 | Al | AO - DMACK -IORD=0 - |IOWR=0
1 0 0 0 0 1 PIO RD Data PIO WR Data
1 1 X X X 0 DMA RD Data DMA WR Data
1 0 0 0 1 1 Error Register Features
1 0 0 1 0 1 Sector Count Sector Count
1 0 0 1 1 1 Sector No. Sector No.
1 0 1 0 0 1 Cylinder Low Cylinder Low
1 0 1 0 1 1 Cylinder High Cylinder High
1 0 1 1 0 1 Select Card/Head Select Card/Head
1 0 1 1 1 1 Status Command
0 1 1 1 0 1 Alt Status Control Register
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9 CF ATARegisters

The following section describes the hardware registers used by the host software to issue commands to the Card.
Rf cqc pcegqrcpg _pc amjjcargtcjw pcdcppchb rm _q rfc ~r_
In accordance with the PCMCIA specification, each register that is located at an odd offset address can be accessed
in the PC Card Memory or PC Card I/0O modes. The register can be addressed in two ways:

1 Using the normal register address.

1 Using the corresponding even address (normal address - 1) when - CE1 is High and CE2 Low, utess- 101S16
is High (not asserted by the card) and an 1/O cycle is in progress. Register data are input or output on data
bus lines D15 D8.

In True IDE mode, the size of the transfer is based solely on the register being addressed. All registers are 8- bit
only except for the Data Register, which is normally 16 bits. However, they can be configured to be accessed in 8 -
bit mode for non - DMA operations, by using a Set Features command (seeSection 10.25).

There ae situations possible where the C- 440 CompactFiash Card is not compatible to certain PC Card (PCMCIA) host systems.
PG Card mode, 16 bit ATA register file accesses (i.e. both CE1andACO0 j mu' _pcl %r umpi gl e gd ?.
101516 sigal might also not work correctly. If a host uses this signal, this may result in 16 bit accesses being changed to two 8

bit accesses. Depending on the address, this may fail.

A simple test will show the C- 400 compatibility to a certain host. If the C - 400 cards can be recognized (Identify Device and
MBR data is read out successfully), then this PC card issue will likely not affect the operation in this host. Host systems w ith
IDE/ATA interface are not affected by the issue, described above.

9.1Data Register

The Data register is located at address 1FOh [170h], offset Oh, 8h, and 9h.

The Data Register is a 16 bit register used to transfer data blocks between the Card data buffer and the Host. This
register overlaps the Error Register. Table 49 and Table 50 describe the combinations of Data register access and

explain the overlapped Data and Error/Feature Registers. Because of the overlapped registers, access to the 1F1h,

171h or ffset 1 are not defined for Word (-CE2and AC/ qgcr rm . %' mncp_rgmlqg* _I|IDb
Word Data Register. The duplicated registers at offsets 8, 9 and Dh have no restrictions on the operations that can

be performed.

Table 49: Data Register Access (Memory and I/O mode

Data Register -CE2 -CE1 | A0 | -REG’ [Offset Data Bus
Word Data Register 0 0 0“ - Oh, 8h, 9h D15 to DO
Even Data Register 1 0 0 - Oh, 8h D7 to DO
Odd Data Register 1 0 1 - 9h D7 to DO
Odd DataRegister 0 1 X - 8h, 9h D15 to D8
Error/Feature Register 1 0 1 - 1h, Dh D7 to DO
Error/Feature Register 0 1 X - 1h D15 to D8
Error/Feature Register 0 0 0¥ - Dh D15 to D8
1 - REG signal is mode dependent. It must be Low when the Card operates in I/O Mode and High when it operates in
Memory Mode.
2 In current G 400 cards AO must be O for all word accesses (if - CE2 and CE1 are
Table 50: Data Register Access (True IDE mode)
Data Register -CS1 - CS0 AO - DMACK Offset Data Bus
PIO Waod Data Register 1 0 0 1 Oh D15 to DO
DMA Word Data Register 1 1 X 0 X D15 to DO
P10 Byte Data Register (Selected Using Set 1 0 0 1 Oh D7 to DO
Features Command)

9.2Error Register

The Error register is a read only register, located at address 1F1h [171h]pffset 1h, ODh.

This read only register contains additional information about the source of an error when an error is indicated in

bit 0 of the Status register. The bits are defined in Table 51This register is acessed on data bits D15 to D8 during a
write operation to offset O with - CE2 Low and CE1 High.
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9.2.1Bit 7 (BBK)
This bit is set when a Bad Block is detected.

9.2.2Bit 6 (UNC)
This bit is set when an Uncorrectable Error is encountered.

9.2.3Bit5
Rfggqg ~gr ggqg . %,

9.2.4 Bit 4 (IDNF)
This bit is set if the requested sector ID is in error or cannot be found.

9.2.5Bit 3
Rfgg “gr g9gq . %,

9.2.6 Bit 2 (Abort)

This bit is set if the command has been aborted because of a Card status condition (Not Ready, Write Fault, etc.)
or when an invalid comma nd has been issued.

9.2.7Bit 1
Rfggqg ~gr ggqg *. %,

9.2.8 Bit 0 (AMNF)
This bit is set when there is a general error.

Table 5% Error Register
D7 D6 D5 D4 D3 D2 D1 DO
BBK UNC 0 IDNF 0 ABRT 0 AMNF

9.3Feature Register
The Feature register is a write- only register, located at address 1F1h [171h], offset 1h, Dh.

This write- only register provides information on features that the host can utilize. It is accessed on data bits D15
to D8 during a write operation to Offset 0 with - CE2 Low and CE1 High.

9.4 Seair Count Register

The Sector Count register is located at address 1F2h [172h], offset 2h.

This register contains the number of sectors of data to be transferred on a read or write operation between the
host and Card. If the value in this register is zero, a count of 256 sectors is specified. If the command was
successful, this register is zero at completion. If not successfully completed, the register contains the number of
sectors that need to be transferred in order to complete the request. The default va lue is 01h.

9.5Sector Number (LBA Register

The Sector Number register is located at address 1F3h [173h], offset 3h.
This register contains the starting sector number or bits 7 to 0 of the Logical Block Address (LBA), for any data
access for the subsequert sector transfer command.

9.6 Cylinder Low (LBA:§ Register

The Cylinder Low register is located at address 1F4h [174h], offset 4h.
This register contains the least significant 8 bits of the starting cylinder address or bits 15 to 8 of the Logical Block
Address.

9.7Cylinder High (LR2A:1pRegister
The Cylinder High register is located at address 1F5h [175h], offset 5h.

This register contains the most significant bits of the starting cylinder address or bits 23 to 16 of the Logical Block
Address.

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
Industriestrasse 4
CH 9552 Bronschhofen WWwW.swissbit.com G 440_data_sheet CFHxBU_Rev123.doc

Switzerland industrial@swissbit.com Page53 of 106




suwlissbit”®

9.8 Drive/Head_BA7:28Register

The Driver/Head register is located at address 1F6h [176h], offset 6h.
The Drive/Head register is used to select the drive and head. It is also used to select LBA addressing instead of
cylinder/head/sector addressing. The bits are defin ed in Table52

9.8.1Bit7
Rfggq ~gr g9ggqg gcr rm "~/ %,

9.8.2 Bit 6 (LBA)

LBA is a flag to select either Cylinder/Head/Sector (CH®)p J mega _ | @ mai ?bbpcqgg Kmbec
Cylinder/Head/Sector mode is selected When LBA issettn%/ %* J mega _ | @ mai ?bbpcagqgqg g
Mode, the Logical Block Address is interpreted as follows:

1 LBAYLBAO: Sector Number Register D7 to DO

1 LBA15LBAS: Cylinder Low Register D7 to DO

1 LBA23LBAL16: Cylinder High RegisteD7 to DO

1 LBA27LBA24: Drive/Head Register bits HS3 to HSO

9.8.3 Bit5
Rfggqg ~gr g9gqg gcr rm "~/ %,

9.8.4 Bit 4 (DRV)

BPT gq rfc bpgtc | sk cp, Uuf cl BPT ggqg ~. %* bpgtc-a_phb
(Slave).

9.8.5 Bit 3 (HS3)

When operating in the Cylinder, Head, Sector mode, this is bit 3 of the head number. It is bit 27 in the Logical
Block Address mode.

9.8.6 Bit 2 (HS2)

When operating in the Cylinder, Head, Sector mode, this is bit 2 of the head number. It is bit 26 in the Logical
Block Address mode.

9.8.7 Bit 1 (HS1)

When operating in the Cylinder, Head, Sector mode, this is bit 1 of the head number. It is Bit 25 in the Logical
Block Address mode.

9.8.8 Bit 0 (HSO)

When operating in the Cylinder, Head, Sector mode, this is bit O of the head number. Itis  Bit 24 in the Logical
Block Address mode.

Table52 Drive/Head Register

D7 D6 D5 D4 D3 D2 D1 DO
1 LBA 1 DRV HS3 HS2 HS1 HSO
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9.9 Status & Alternate Status Registers

The Status & Alternate Status registers are located at addresses BE7h [177h] and 3F6h [376h], respectively. Offsets
are 7h and Eh.

These registers return the Card status when read by the host.

Reading the Status Register clears a pending interrupt. Reading the Auxiliary Status Register does not clear a
pending interrupt.

The Status Register should be accessed in Byte mode; in Word mode it is recommended that Alternate Status
Register is used. The status bits are described as follows

9.9.1 Bit 7 (BUSY)

The busy bit is set when only the Card can access the command register and buffer, The host is denied access. No
mrfcp ~grq gl rfgqg pcegqrcp _pc t _jgb ufcl rfggqg "~ gr

9.9.2 Bit 6 (RDY)

This bit indicates whether the device is capable of performing CompactFlash ™ Memory Card operations. This bit is
cleared at power up and rem ains cleared until the Card is ready to accept a command.

9.9.3 Bit 5 (DWF)
When set this bit indicates a Write Fault has occurred.

9.9.4 Bit 4 (DSC)
This bit is set when the Card is ready.

9.9.5 Bit 3 (DRQ)

The Data Request is set when the Card requires information be tran sferred either to or from the host through the
Data register. The bit is cleared by the next command.

9.9.6 Bit 2 (CORR)

This bit is set when a Correctable data error has been encountered and the data has been corrected. This
condition does not terminate a multi - sector read operation.

9.9.7 Bit 1 (IDX)
Rfgg "~gr ggq _ju_wg gcr rm . 9%,

9.9.8 Bit 0 (ERR)

This bit is set when the previous command has ended in some type of error. The bits in the Error register contain
additional information describing the error. In case of read o r write access commands that end with an error, the
address of the first sector with an error is in the command block registers. This bit is cleared by the next
command.

Table 53 Status & Alternate Status Register
D7 D6 D5 D4 D3 D2 D1 DO
BUSY RDY DWF DSC DRQ CORR 0 ERR

9.10Device Control Register

The Device @ntrol register is located at address 3F6h [376h], offset Eh.
This Write- only register is used to control the CompactFlash™ Memory Card interrupt request and to issue an ATA
soft reset to the Card. This register can be written even if the device is BUSY. The bits are defined as follows:

9.10.1Bit 7t0 3
Bml %r a_pc, Rfc fmgqr gfmsjb pcqcr rfgg “~gr rm . %,
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9.10.2Bit 2 (SW Rst)

This bit is set to 1 in order to force the CompactFlash™ Storage Cad to perform an AT Disk controller Soft Reset
operation. This clears Status Register and writes Diagnostic Code in Error register after a Write or Read Sector error.

Rfc A_pb pck_glqg gl Pcgcr slrgj rfgg ~gr gq pcgcr rm N,
9.10.3Bit 1 ¢ len)
Whenthe Interrupt CI _ " j ¢ “~gr -GBCQcgl rmppPpstrqg _pc cl "~ jcb, Ufcl r
rfc A_pb _pc bgg_"jcb, Rfgg “gr _jgm amlrpmjgqg rfc GlIr °
at Power On.
9.10.4Bit0
This bitisser r m . %,
Table 54: Device Control Register

D7 D6 D5 D4 D3 D2 D1 DO

X(0) X(0) X(0) X(0) X(0) SW Rst -len 0

9.1XCard (Drive) Address Register

The Card Drive) Address register is located at address 3F7h [377h], offset Fh.

This read only register is provided for compatibility with the AT disk drive interface and can be used for

aml dgpkgle rfc bpgtc qgr _rsaq, Gr gq pcamkkcl bcb rf __r rfg¢
of potential conflicts on Bit 7. The bits are d efined as follows:

9.11.Bit7

Rfggq ~gr ggqg bml %r a

_pc,

9.11.2Bit 6 (- WTG)

Rfgg ~gr g9gqgqg . % uf c lprogressunprgfrccp ungngccp* _ rgarmlg qg 9" /g%,

9.11.3Bit 5 (- HS3)
This bit is the negation of bit 3 in the Drive/Head register.

9.11.4Bit 4 (- HS2)
This bit is the negation of b it 2 in the Drive/Head register.

9.11.5Bit 3 (- HS1)
This bit is the negation of bit 1 in the Drive/Head register.

9.11.6Bit 2 (- HS0)
This bit is the negation of bit O in the Drive/Head register.

9.11.7Bit 1 ¢ nDS1)

Rfgq ~gr ggqg ~. % ufcl bpgtc / gq _argtc _|I b qgcjcarch,
9.11.8Bit 0 (- nDSO0)
Rfggq ~gr ggqg ~. % ufcl rfc bpgtc . gq _argtc _I b qgcjcarct
Table55: Card (Drive) Address Register

D7 D6 D5 D4 D3 D2 D1 DO

X -WTG - HS3 -HS2 - HS1 -HSO -nDS1 -nDS0
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10CF ATA command description

This section defines the software requirements and the format of the commands the Host sends to the Card.
Commands are issued to the Card by loading the required registers in the command block with the supplied
parameters, and then writing the command code to the Command Register. There a re three classes of command
_aacnr _lac* _jij bcncl bceclr ml rfc fmgr I mr ggqgsgl e amkk.
1 Class 1Upon receipt of a Class 1 command, the Card sets BSY within 400ns.
1  Class 2Upon receipt of a Class 2 command, the Card sets BSY within 400ns, sets up the sector buffer for a
write operation, sets DRQ within 700us, and clears BSY within 400ns of setting DRQ.
1  Class 3Upon receipt of a Class 3 command, the Card sets BSY within 400ns, sets up the sector buffer for a
write operation, sets DRQ within 20ms (assuming no re- assignments), and clears BSY within 400ns of
setting DRQ.
For reasons of backwath amkn _r g gjgrw gmkc amkk_I bqgq _pc gknjckclrec
Table 56 summarizes the CF ATA command set with the paragraphs that follow describing the individual
commands and the task file for each.
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Table56: CF ATA Commandset (1)

Class [Command Code FR1) S@) SN3) CY5:4) DH6) | LBA5:3)
1 Check Power Mode E5h or 98h D
2 Data Set Management 06h YY D YY
1 Erase Sector(s) COh Y Y Y Y Y
1 Execute Drive Diagnostic 90h D
1 Flush cache E7h D
1 Flush cacheExt EAh D
2 Format track 50h Y Y Y Y
1 Identify Drive Eh D
1 Idle E3h or 97h Y D
1 Idle Immediate E1lh or 95h D
1 Initialize Drive Parameters 91h Y Y
1 Media Lock DHEh D
1 Media Unlock DFh D
1 NOP 00h D
1 Read Buffer E4h D
1 Read DMA Ch Y Y Y Y Y
1 Read DMAEXt 25h YY YY YY D YY
1 Read Multiple C4h Y Y Y Y Y
1 Read Multiple Ext 29h YY YY YY D YY
1 Read Sector(s) 20h or 21h Y Y Y Y Y
1 Read Sector(} Ext 24h YY YY YY D YY
1 Read Verify Sector(s) 40h Y Y Y Y Y
1 Read Verify Sector(sExt 42h YY YY YY D YY
1 Recalibrate 1Xh D
1 Request Sense 03h D
1 Security Disable Password F6h D
1 Security Erase Prepare F3h D
1 Security Erase Unit F4h D
1 Security Freeze Lock F5h D
1 Security Set Password Flh D
1 Security Unlock F2h D
1 Seek 7Xh Y Y Y Y
1 Set Features EFh Y D
1 Set Multiple Mode C6h Y D
1 Set Sleep Mode E6h or 99h D
1 S.M.A.R.T BOh Y Y Y D
1 Stand By E2h or 96h D
1 Stand By Immediate EOh or 94h D
1 [Translate Sector 87h Y Y Y Y Y
2 \Write Buffer E8h D
2 \Write DMA CAh Y Y Y Y Y
2 \Write DMAEXt 35h YY YY YY D YY
3 \Write Multiple C5h Y Y Y Y Y
3 \Write Multiple Ext 39h YY YY YY D YY
3 \Write Multiple w/o Erase CDh Y Y Y Y Y
2 \Write Sector(s) 30h or 31h Y Y Y Y Y
2 \Write Sector(s)Ext 34h YY YY YY D YY
2 \Write Sector(s) w/o Erase 38h Y Y Y Y Y
3 \Write Verify 3Ch Y Y Y Y Y
2. FR =Features Registe(l) SC = Sector Count RegistgR), SN = Sector NumberRegister(3), CY = CylindeRegisters(5:4),
DH = Card/Drive/HeadRegister (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 CompactFIashTM
Memory Card and head parameters are used.
YY- registers must be written twice for 48bit LBA commands
D- only the Compact Flash Memory Card parameter is valid and not the head parameter C - the register contains command
specific data (see command descriptors for use).
Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
Industriestrasse 4
CH 9552 Bronschhofen WwWw.swissbit.com G 440_data_sheet CFHxBU_Rev123.doc

Switzerland industrial@swissbit.com Page58 of 106




suwlissbit”®

10.XCheck Power Mode (98h or E5h)

This command checks the power mode.

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

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

Table 57 defines the Byte sequence of the Check Power Mode command.

Table57: Check Power Mode

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND ES (or Legacy 9&h)
DRIVE/HEAD nu | nu | nu | D | nu
CYLINER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

10.2Data Set Managem¢déh) TRIM
This 48 bit command is optional for ATA devices. The DATA SETMANAGEMENT command is not part of any feature

set.
The DATA SET MANAGEMENT command prouid@snation for device optimization (e.g., file system information).
SeeTable 58 for the DATA SET MANAGEMENT command inputs.

Table58: 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 Set (ACS2) at

www.t13.0rg

10.3Erase Sector(s) (COh)

This command is used to pre- erase and condition data sectors prior to a Write Sector without Erase command or a
Write Multiple Without Erase command. There is no data transfer associated with this command but a Write Fault
error status can occur. Table 59 defines the Byte sequence of the Erase Sector command.

Table59: Erase Sectofs)

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND COh
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 to erase
CYLINDER LOW Cylinder[7:0] or LBA[15:8] of the first sector/LBA to erase
SECTOR NUM Sector[7:0] or LBA[7:0] of the first sector/LBA to erase
SECTOR COUNT The number of sectors/logical blocks to erase
FEATURES nu

10.4Execute Drive Diagnostic (90h)
This command performs the internal diagnostic tests implemented by the Card.
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In PCMCIA configuration, this command only runs on the Card which is addressed by the Drive/Head register when
the command is issued. This is because PCMCIA Card interface does not allow for direct interdrive
communication.

In True IDE Mode, 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 60 defines the Execute Drive Diagnostic command Byte sequence. The Diagnostic codes shown inTable 61
are returned in the Error Register at the end of the command.

Table 60: Execute Drive Diagnostic

Task File Register 7 | 66 | 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
Table 61 Diagnostic Codes
Code Error Type
01lh No Error Detected
02h Formatter Device Error
03h Sector Buffer Error
04h ECC Circuitry Error
05h Controlling Microprocessor Error
8Xh Slave Error in True IDE Mode
10.5Flush Cache (E7h)

This command causes the card to complete writing data from its cache. 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 command, the Compact FlashStorage Card shall return command aborted.

Table 62 Flush Cache

Task File Register 7 | 6 | 5 ] 4 | 3 | 2 | 1 T o
COMMAND E7h
DRIVE/HEAD nu | nu | nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

10.6Flush Cache EEih) 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 written 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 sipport the Flush Cache Ext command, the Compact Flash Storage Card shall return
command aborted. SeeTable63 for the DATA SET MANAGEMENT command inputs.

Table 63: Flush cache Ext

register write previous current
Task File Register | 15:8 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
COMMAND - EAA
DRIVE/HEAD - 1 | 1 | 1 | bDrive | Reserved
LBA High nu nu
LBA Mid nu nu
LBA Low nu nu
SECTOR COUN] nu nu
FEATURES nu nu
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An unrecoverable error encountered while writing data res ults 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 thestirsector after the
sector in error.

This command is used by the host to request 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.

10.7Format 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 Cad expects a sector
buffer of data from the host to follow the command with the same protocol as the Write Sector(s) command
although the 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 recommended.

Table 64: Format track

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND 50h
DRIVE/HEAD nu L nu D H[3:0] or LBAR7:24] of the starting
sector/LBA
CYLINDER HI Cylinder[15:8] or LBA[23:16] of the first sector/LBA
CYLINDER LOW Cylinder[7:0] or LBA[15:8] of the first sector/LBA
SECTOR NUM nu
SECTOR COUNT Sector Count (LBA only)
FEATURES nu
10.8ldentify [2vice(Eh)

The Identify Device command enables the host to receive parameter information from the Card. This command
has the same protocol as the Read Sector(s) command.Table 65 defines the Identify Device command Byte
sequence. All reserved bits or Words are zro.

Identify Device table shows the definition of each field in the Identify Drive Information.

Table 65: Identify D evice

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
COMMAND Eh
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 66: Identify D evice Information

A\tlj\:jor:edss Dve;ahu;t g;,)ttgls Data Field Type Information
General Configuration (REMOVABLSignature of the CompactFlash™ Memory Card) In
848Ah* 2 PC cardmode the HxBU cards have normally the value 848Ah
0 but other configurations are possible
Alternate Configuration FIX,
045Ah* 2 In IDE mode the HxBU cards have normally the value 045Ah
but other configurations are possible
1 XXXK 2 Default number of cylinders
2 0000h 2 Reserved
3 00XXh 2 Default number of heads
4 0000h 2 Obsolete
5 0200h 2 Obsolete
6 XXXXh 2 Default number of sectors per track
7-8 XXXXh 4 Number of sectors per Card (Word 7 = MSW, Word 8 = LSW)
9 0000h 2 Olsolete
10 19 aaaa 20 Serial number in ASCII (right justified)
20 0002h 2 Buffer type
21 0001h 2 Buffer size
22 0004h 2 Reserved
23 26 aaaa* 8 Firmware revision in ASCII. Big Endian Byte Order in Word
Model number in ASCII (right justified) Big Endian Byte Order in Word
2F46 aaaa’ 0 5 QDADV WTOF xi-&(xj- XXXL) ) Blo 4
47 8001h 2 Maximum number of sectors on Read/Write Multiple command
48 0000h 2 Reserved
49 OFO0Oh* 5 Capabilitieg with DMA
0EDOh* without DMA
50 4001h 2 Capabilities: device specific standby timer minimum
51 0200h 2 P10 data transfer cycle timing mode
52 0000h 2 Obsolete
53 0007h* 2 Field validity
54 XXXXh 2 Current numbers of cylinders
55 XXXXh 2 Current numbers of heads
56 XXXXh 2 Current sectors per track
57-58 XXXXh 4 Current capacity in sectors (cylinders*heads*sectors)(Word 57 = LSW, Word 58 = MSW)
59 010xh 2 Multiple sector setting is valid
60-61 XXXXh 4 Total number of sectors addressable in LBA Mode
62 0000h 2 Single- Word DMA not implemented
63 0007h* 2 Multi - Word DMA transfer Mode Q 1, 2
0000h* forinPCcarck mbc* rfgq t_jsc gq ". . f %,
64 0003h 2 Advanced PIO modes supported
*
65 88(7)82* 2 Minimum Multi - Word DMA transfer cycle time per Word.
0078h* . )
66 0000h* 2 Recommended Multi- Word DMA transfe 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
69-79 0000h 22 Reserved
80-81 golc%?] 4 ATA versions,6,7,8
702Bh*
82-84 7405h* 6 Features/command sets supported
4020h*
7009h*
85-87 3405h* 6 Features/command sets enabled
4000h*
88 207Fh* 2 Ultra DMA Mode0,1,2,3,45,6 Supported and Selected (changes in operation)
89 0000h 2 Time required for Security erase unit completion
90 0000h 2 Time required for Enhanced security erase unit completion
91 0000h 2 Current Advanced power mana9ementvalue
92 FFFR* 2 Master Password Revision Code
93 )éz)(é(o)? 2 Hardware reset result, 0000h in PC cardmode
94- 99 0000h 12 Reserved
100 103 XXXXh 8 Total number of sectors addressable in LBA48 mode
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A\tlj\:jor:ads s Dve;ﬁlu;t g;,)ttgls Data Field Type Information
104 0000h 2 Reserved
105 0001 2 Number of sectors per Data Set Management command
106 107 0000h 4 Reserved
108 11 0000h* 8 World Wide Name
112127 0000h* 36 Reserved
128 OXXXK* 2 Security status
129 XX00h 2 Write Protect Status
136 159 0000h 60 vendor unique bytes
160 A064h* 2 Power requirement description (100mA)*
161 0000h 2 Reserved for assignment by the CFA
162 0000h 2 Key management schemesnot supported
163 0012h* 2 CFAdvanced True IDE Timing Mode Capability and Setting (PIO6/MDMA4)*
164 gg;g‘: 2 CF Advanced”C card/O and Memory Timing Mode Capability
165 168 0000h 8 Reserved
169 0001 2 Trim bit in Data Set Management supported
170- 216 0000h 94 Reseved
217 0001 2 Solid State Device (non rotating media)
218 254 0000h 74 Reserved
255 XX 2 Integrity Word
* Standard values for full functionality, d epending on configuration

XXXX Depending on Card capacity and drive geometry

10.8.1Word 0: General Configuration

This field indicates the general characteristics of the device.

The default value for Word 0 is set to 848Ah. It is recommended that PC cardmodes of operation report only the
848Ah value as they are always intended as removable devices.

Alternate Configuration Values for Word 0 is 045Ah.

Qmkc mncp_rgle gwqrckg pcosgpc -i@yavablé dewmat) tdusepHe Card as tme root
storage device. The Card must be the root storage device when a host completely replaces conventional disk
storage with a CompactFlash™ Card in True IDE mode. To support this requirement and provide capability for any
future removable media cards, alternate value of Word 0 is set in True IDE Mode of operation.

10.8.2Word 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.

10.8.3Word 3: Default Number of Heads
This field contains the number of translated heads in the default translation m  ode.

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

10.8.5 Word 7 8: Number of Sectors per Card

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

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

10.8.7Word 23 26: Firmware Revision
This field contains the revision of the firmware for this p roduct.

10.8.8 Word 27 46: Model Number
This field contains the model number for this product and is left justified and padded with spaces (20h).
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10.8.9 Word 47: Read/Write Multiple Sector Count

This field contains the maximum number of sectors that can be read or writt en per interrupt using the Read
Multiple or Write Multiple commands.

10.8.10Word 49: Capabilities
1 @gr /1 Qr _I b w Rgkcp8 gq gcr rm %. % rm gl khega_rc rf
manufacturer .
i Bit11: IORDY Supported
If bit 11 is set to 1 then this CompactFlash™ Storage Card supports IORDY operation.
If bit 11 is set to 0 then this CompactFlash™ Storage Card may support IORDY operation.
1 Bit 10: IORDY may be disabled
Bit 10 shall be set to 0, indicating that IORDY may not be disabled.
1 Bit 9 LBA support: CompactFlasi™ Memory Cards support LBA mode addressing.
1 Bit 8 DMA Support: Read/Write DMA commands are supported.

10.8.12Word 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 highest original PIO mode it can support (PIO
mode 0, 1 or 2). Bits 15:8 are set to 02H.

10.8.12Word 53: Translation Parameter Valid

1 BitO:is setto %o indica te that Words 54 to 58 are valid
1T @gr /8 gg qcr rm ~/ % rm glbga_rc rf_r Umpbg 42 rm
9 Bit 2 shall be set to 1 indicating that word 88 is valid and reflects the supported True IDE UDMA

10.8.13Word 54- 56: Current Number of Cylinders, Heads, Sectors/Trdc

These fields contain the current number of user addressable Cylinders, Heads, and Sectors/Track in the current
translation mode.

10.8.14Word 5% 58: Current Capacity
This field contains the product of the current cylinders, heads and sectors.

10.8.15Word 59: Multiple Sector Setting
f Bitsil357 _pc pcgcptcb _I'b ksqgr ~c¢c qcr rm . %,

5

T @r 6 ggqg qcr 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 pcrsplcb _pc ~..f%

10.8.16Word 60- 61: Total Sectors Addressable in LBA Mode
This field contains the number of sectors addressable for the Card in LBA mode only.

10.8.1”Word 63: Multi- Word DMA transfer

Bits 15 through 8 of word 63 of the Identi fy 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 CompactFlash ™ Storage Card 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. Bit 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 CompactFlasi™are reported in word 163 as
described in Word 163.

Bits 7 through O of word 63 of the Identify Device parameter information is defined 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 CompactFlasH" Storage Card 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 CompactFlash ™ Storage Card
supports Multiword DMA mode 0. Bit 1, if set to one, indicates that the CompactFlash ™ Storage Card supports
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Multiword DMA modes 1 and 0. Bit 2, if set to one, indicates that the CompactFlash ™ Storage Card supports
Multiword DMA modes 2, 1 and 0.

Support for Multiword DMA modes 3 and above are spedfic to CompactFlash™ are reported in word 163 as
described in Word 163.

10.8.18Word 64: Advanced PIO transfer modes supported

Rfgq dgcjb gq “gr qgqgelgdga_Ilr, 2l w | sk’ cp md"Memorygarkto w
indicate the adv anced PIO modes it is capable of supporting.

3 Bits 7- 2 are reserved for future advanced PIO modes.
4 @gr / g9gg qcr rm ~/ % g™Mudanary Cacdguppofts PO moded. Amk n _
5 @r . ggq qgqcr rm ~/ % r m "§MemayeCad suppart§ PI® modef3c A mk n

Support for PIO modes 5 and above are specific to CompactFlash*are reported in word 163 as described in Word
163.

10.8.19Word 65: Minimum Multi - Word DMA transfer cycle time

Word 65 of the parameter information of the Identify Device co mmand 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
CompactFlash™ Storage Card guarantees data integrity during the transfer.

If this field is support ed, 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 fastest DMA mode supported by the device. This field shall be supported by all
CompactFlash" Storage Cards supporting DMA modes 1 and abay If bit 1 of word 53 is set to one, but this field is
not supported, the Card shall return a value of zero in this field.

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

Word 66 of the parameter information of the Identify Device command is defin ed 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 CompactFlash ™ Storage Card will need to negate the
DMARQ signal during the transfer of a sector.

If this field is supported, bit 1 of word 53 shall be set to one. The value in word 66 shall not be less than the value

in word 65. This field shall be supported by all CompactFlash ™ Storage Cards supportihg DMA modes 1 and above.
If bit 1 of word 53 is set to one, but this field is not supported, the Card shall return a value of zero in this field.

10.8.21Word 67: Minimum PIO transfer cycle time without flow control

Word 67 of the parameter information of the Ide ntify 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 CompactFlash™ Storage Card 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 CompactFlash" Storage Card that supports PIO mode 3 or above shall support this field, and the value in word
67 shall not be less than the value re ported in word 68.

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

10.8.22Word 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 nanoseco nds, the minimum cycle time that the
CompactFlash" Storage Card 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 CompactFlash" Storage Card that supports PO mode 3 or above shall support this field, and the value in word
68 shall be the fastest defined PIO mode supported by the CompactFlash™ Storage Card.

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

10.8.23Words 82 84: Features/command sets supported

Words 82, 83, and 84 shall indicate features/co mmand sets supported. The value 0000h or FFFFh was placed in
each of these words by CompactFlasi" Storage Cards prior to ATA3 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
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shall be cleared to zero to provide indication that the features/command sets supported words are valid. The
values in t hese words should not be depended on by host implementers.

If bit 0 of word 82 is set to one, the SMART feature set is 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 Rem ovable 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 CompactFlash™ Storage Card suports the Write Buffer command.
Bit 13 of word 82 shall be set to one; the CompactFlash™ Storage Card supports the Read Buffercommand.
Bit 14 of word 82 shall be set to one; the CompactFlash™ Storage Card supports the NORommand.

Bit 15 of word 82 is obsolete.

= =4 =4 -_8_8_98_92_-92_9_9_-2_-242_-2_5._-42-49_-2

Bit 0 of word 83 shall be set to zero; the CompactFlash ™ Storage Card does not support the Download
Microcode command.

Bit 1 of word 83 shall be set to zero; the CompactFlash™ Storage Card does not support the ReadDMA
Queued and Write DMA Quead commands.

Bit 2 of word 83 shall be set to one; the CompactFlash™ Storage Card supports the CFA featurset.

If bit 3 of word 83 is set to one, the CompactFlash ™ Storage Card supports the Advanced Power
Management feature set.

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

Bit 5 of Word 83 shall be cleared to zero; the Power Up in Standby feature set is not supported.

Bit 6 of Word 83 shall be cleared to zero; Set Features subcommand requirement to spin - up after power -
up is not supported.

Bit 7 of Word 83 shall be cleared to zero

Bit 8 of Word 83 shall be cleared to zero; the SET MAX security extension is not supported.

Bit 9 of Word 83 shall be cleared to zero; automa tic acoustic management is not supported.

Bit 10 of word 83 shall be set to one, the 48 - bit Address feature is supported,

Bit 11 of Word 83 shall be cleared to zero; the DCO feature set is hot supported.

Bit 12 of Word 83 shall be set to one; the Flush Cache command is supported.

Bit 13 of Word 83 shall be set to one, the 48- bit Address feature including the Flush Cache Ext command is
supported.

Bit 14 of Word 83 shall be set to one.

Bit 15 of Word 83 shall be cleared to zero.

= =a-a -9

E ]

Bit 0 of Word 84 shall be cleared to zero; SMART error logging is not supported.

Bit 1 of Word 84 shall be cleared to zero; SMART seltest is not supported.

Bit 2 of Word 84 shall be cleared to zero; Media serial number is not supported.

Bit 3 of Word 84 shall be cleared to zero; Media Card Pass Through feature set not supported.

Bit 4 of Word 84 shall be cleared to zero.

Bit 5 of Word 84 shall be set to one if General Purpose Logging feature set is supported, or cleared to zero

if the General Purpose Logging feature is not supported.

Bit 6 of word 84 shall be set to one if the WRITE DMA FUA EXT and WRITE MULTIPLE FUA EXT commands are

supported, or cleared to zero if they are not supported.

1 Bit 7 of word 84 shall be cleared to zero. The CompactFlasi" Storage Card does not suppot the WRITE DMA
QUEUED FUA EXT command.

1 Bit 8 of word 84 shall be cleared to zero. The CompactFlash™ Storage Card does not support a world- wide
name.

1 Bit 9 of word 84 shall be cleared to zero. The CompactFlash™ Storage Card does not support the Streaming
feature set.

1 Bit 10 of word 84 shall be cleared to zero. The CompactFlasiH™ Storage Card does not support the

Streaming feature set.

=4 =4 -8 _—a_a_9 E ] =4 =48 _a_-a_-9a_-9
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9 Bit 11 of word 84 is reserved.

I Bit 12 of word 84 is reserved.

1 Bit 13 of word 84 shall be cleared to zero. The CompactFlasfA" Storage Card does not support IDLE
IMMEDIATE with UNLOAD FEATURE.

1 Bit 14 of Word 84 shall be set to one.

1 Bit 15 of Word 84 shall be cleared to zero.

10.8.24Words 85- 87: Features/command sets enabled

Words 85, 86, and 87 shall indicate features/command sets ena bled. The value 0000h or FFFFh was placed in
each of these words by CompactFlasi™ Storage Cards prior to ATA4 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 O-
13 of word 87 are reserved. Bit 14 of 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 ho st implementers.

1 Ifbit 0 of word 85 is setto one; the SMART feature set is enabled.
Bit O can be changed by the host and is not reset after power cycle
If bit 1 of word 85 is set to one, the Security Mode feature set has been enabled via the Security
SetPassword command.
Bit 2 of word 85 shall be set to zero; the Removable Media feature set is not supported.
Bit 3 of word 85 shall be set to one; the Power Management feature set is supported.
Bit 4 of word 85 shall be set to zero; the Packet Command featu re set is not enabled.
If bit 5 of word 85 is set to one, write cache is enabled.
If bit 6 of word 85 is set to one, look - ahead is enabled.
Bit 7 of word 85 shall be set to zero; release interrupt is not enabled.
Bit 8 of word 85 shall be set to zero; Serv ice interrupt is not enabled.
Bit 9 of word 85 shall be set to zero; the Device Reset command is not supported.
Bit 10 of word 85 shall be set to zero; the Host Protected Area feature set is not supported.
Bit 11 of word 85 is obsolete.
Bit 12 of word 85 shall be set to one; the CompactFlash™ Storage Card supports the Write Buffer command.
Bit 13 of word 85 shall be set to one; the CompactFlash™ Storage Card supports the Read Buffer command.
Bit 14 of word 85 shall be set to one; the CompactFlash™ Storage Card supports the NOP command.
Bit 15 of word 85 is obsolete.

=4 =48 _8_-8_8_9_9_90_-9_-2_-42_-24_-29_-2._-2°

=

Bit 0 of word 86 shall be set to zero; the CompactFlash ™ Storage Card does not support the Download
Microcode command.

Bit 1 of word 86 shall be set to zero; the CompactFlash™ Storage Carddoes not support the Read DMA
Queued and Write DMA Queued commands.

If bit 2 of word 86 shall be set to one, the CompactFlash ™ Storage Card supports the CFA feature set.
If bit 3 of word 86 is set to one, the Advanced Power Management feature set has been enabled via the
Set Features command.

Bit 4 of word 86 shall be set to zero; the CompactFlash ™ Storage Card does not support the Removable
Media Status feature set.

Bit 5 of word 86 shall be cleared to zero. The PUIS feature set is not supported.

Bit 6 of word 86 shall be cleared to zero. The PUIS feature set is not supported.

Bit 7 of word 86 is reserved for ATA.

Bit 8 of word 86 shall be cleared to zero. The ATA Security Extension is not supported.

Bit 9 of word 86 shall be cleared to zero. The AAM feature set is not supported.

Bit 10 of word 86 is set to one, the 48 - bit Address feature set is supported.

Bit 11 of word 86 shall be cleared to zero. The DCO feature set is not supported.

If bit 12 is set to one, the Flush Cache command is supported.

If bit 13 is set to one, the Flush Cache Ext command is supported.

Bit 14 of word 86 is reserved for ATA.

Bit 15 of word 86 shall be set to one indicating that words 119 and 120 are valid.

= =a -

=

=4 =4 _8_8_a_92_-9_92_-42_-29_-2

Bit 0 of word 87 shall be cleared to zero. The CompactFlash™ Card does not support SMART error logging.
Bit 1 of word 87 shall be cleared to zero. The CompactFlash" Card does not support SMART selfest.

Bit 2 of word 87 shall be cleared to zero. The CompactFlasiH" Card does not support the media serial
number fie Id in words (205:176).

= =4 =8
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1 Bit 3 of word 87 shall be cleared to zero. The CompactFlasiH" Card does not support the Media Card Pass
Through feature.

1 Bit 4 of word 87 shall be cleared to zero. The CompactFlash’™ Card does not support the Streaming feature
set.

1 Bit 5 of word 87 shall be set to one if the CompactFlash ™ Storage Card supports the General Purpose
Logging feature set, or cleared to zero if the General Purpose Logging feature is not supported.

1 Bit 6 of word 87 shall be set to one if the WRITE DMA A EXT and WRITE MULTIPLE FUA EXT commands are
supported, or cleared to zero if they are not supported.

1 Bit 7 of word 87 shall be cleared to zero. The CompactFlasi™ Card does not support the WRITE DMA QUEUED
FUA EXT command.

1 Bit 8 of word 87 shall be cl eared to zero. The CompactFlasi Card does not support a world wide name.

1 Bit 9 of word 87 shall be cleared to zero. The CompactFlash™ Card does not support the Streaming feature
set.

1 Bit 10 of word 87 shall be cleared to zero. The CompactFlash" Carddoes not support the Streaming feature
set.

1 Bit 11 of word 87 is reserved.

1 Bit 12 of word 87 is reserved.

1 Bit 13 of word 87 shall be cleared to zero. The CompactFlasH” Card does not support IDLE IMMEDIATE with

UNLOAD FEATURE.
1 Bit 14 of 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.

10.8.25Word 88: True IDE Ultra DMA Modes Supported and Selected

Word 88 identifies the Ultra DMA transfer 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 0O if the
device is not in True IDE mode orif it does not support UDMA in True IDE Mode.

Bit 15: Reserved

Bit 14: 1 = Ultra DMA mode 6 is 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 is selected 0 = Ultra DMA mode 3is not selected
Bit 10: 1 = Ultra DMA mode 2 is selected 0 = Ultra DMA mode 2is not selected
Bit9:1 = Ultra DMA mode 1 is selected 0 = Ultra DMA mode 1lis not selected
Bit8:1 = Ultra DMA mode 0 is selected 0 = Ultra DMA mode 0is not selected

Bit 7: Reserved

=4 =48 _8_8_98_98_9_92_-9_-29_-9._-92_4_-29_-12-

Bit6: 1 = Ultra DMA mode 6 and below are supported. Bits O - 5 shall be set to 1.
Bit5:1 = Ultra DMA mode 5 and below are supported. Bits O - 4 shall be set to 1.
Bit4:1 = Ultra DMA mode 4 and below are supported. Bits O - 3 shall be set to 1.
Bit3: 1 = Ultra DMA mode 3 and below are supported, Bits O - 2 shall be set to 1.
Bit2: 1 = Ultra DMA mode 2 and below are supported. Bits O - 1 shall be set to 1.
Bit1:1 = Ultra DMA mode 1 and below are supported. Bit O shall be s et to 1.

1

Bit O: = Ultra DMA mode 0 is supported
10.8.26 Word 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 0000hor FFFFh indicates that the Master Password
Revision is not supported. Support of this word is mandatory if the Security feature set is supported.

10.8.27Words 100 103: Maximum user LBA for 48 bit address feature set

Words (103100) contain a value that is one greater than the maximum LBA in user addressable space using 48- bit
Addressing. The maximum value that shall be placed in this field is 0000FFFFFFFFFFFFh. Support of these words is
mandatory.
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10.8.28 Word 105: Maximum number of 512 byte blocks of LBA Range Entriesised by the Trim feature of
the Data Set Management command

Word 105 contains the maximum number of 512- byte blocks of LBA Range Entries included with the Trim feature of
the Data Set Management command that the CompactFlash™ device shall accept. A value of 0000h indicates that
the maximum number of 512 - byte blocks is not specified.

10.8.29 Word 128: Security Status

1 Bit 8: Security Level
If set to one indicates that security mode is enabled and the security level is maximum. If cleared to zero
and security mod e is enabled, indicates that the security level is high.

1 Bit 5: Enhanced security erase unit feature supported
If set to one, indicates that the Enhanced security erase unit feature set is supported.

1 Bit 4: Expire
If set to one, indicates that the secu rity count has expired and Security Unlock and Security Erase Unit are
command aborted until a power - on reset or hard reset.

1 Bit 3: Freeze
If set to one, indicates that the security is Frozen.

1 Bit2: Lock
If set to one, indicates that the security is | ocked.

9 Bit 1: Enable/Disable
If set to one, indicates that the security is enabled. If cleared to zero, indicates that the security is
disabled.

1 Bit 0: Capability
If set to one, indicates that CompactFlash ™ Storage Card supports security mode featureset. If cleared to
zero, indicates that CompactFlash™Card does not support security mode feature set.

10.8.30 Word 160: Power Requirement Description

This word is required for CompactFlash™ Storage Cards that support power mode 1.
1 Bit15: VLD
If set to 1, indicates that this word contains a valid power requirement description.
If set to 0, indicates that this word does not contain a power requirement description.

1 Bit14: RSV
This bit is reserved and shall be 0.
T Bitl13:-XP

If set to 1, indicates that the Compact Flash™ Storage Card does not have Power Level 1 commands.
If set to 0, indicates that the CompactFlash ™ Storage Card has Power Level 1 commands
1 Bit12:-XE
If set to 1, indicates that Power Level 1 commands are disabled.
If set to O, indicates that Power Level 1 commands are enabled.
1 Bit0-11: Maximum current
This field contains the CompactFlash™Qr mp _ec A_pb%gq k_vgksk asppclr gl

10.8.31Word 163: Advanced True IDE Timing mode capabilities and settings

This word describes the capabilities and current setting s for CFA defined advanced timing modes using the True
IDE interface.

Notice! The use of True IDE PIO Modes 5 and above or of Multiword DMA Modes 3 and
above impose significant restrictions on the implementation of the host as indicated in
section 5.3 : Additional Requirements for CF Advanced Timing Modes.

There are four separate fields defined that describe support and selection of Advanced PIO timing modes and
Advanced Multiword DMA timing modes. The older modes are reported in words 63 and 64.
1 Bits 2- 0: Advanced True IDE PIO Mode Support
Indicates the maximum True IDE PIO mode supported by the card.

0 Specified in word 64
1 PIO Mode 5
2 PIO Mode 6

37 Reserved
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1 Bits 5- 3: Advanced True IDE Multiword DMA Mod Support
indicates the maximum True IDE Multiword DMA mode supported by the card.

0 Specified in word 63
1 Multiword DMA Mode 3
2 Multiword DMA Mode 4

37 Reserved

1 Bits 8- 6: Advanced True IDE PIO Mode Selected
indicates the current True IDE PIO mode skected on the card.

0 Specified in word 64
1 P1O Mode 5
2 P10 Mode 6

37 Reserved

9 Bits 119: Advanced True IDE Multiword DMA Mode Selected
indicates the current True IDE Multiword DMA Mode Selected on the card.

0 Specified in word 63
1 Multiword DMA Mode 3
2 Multiword DMA Mode 4

37 Reserved
 Bits 15 12 are reserved.

10.8.32Word 164: AdvancedPC card/O and Memory Timing modes capabilities and settings

This word describes the capabilities and current settings for CFA defined advanced timing modes using the
Memory and PC Card I/O interface.

Notice! The use of PC Card I/O or Memory modes that are 100ns or faster impose
significant restrictions on the implementation of the host as indicated in

section 5.3 : Addition al Requirements for CF Advanced Timing Modes.

1 Bits 2= 0: Maximum Advanced PC Card I/0 Mode Support
Indicates the maximum I/O timing mode supported by the card.
255 ns Cycle PC Card I/0 Mode
120 ns Cycle PC Card I/0 Mode
100 ns Cycle PC Card I/0 Med
80 ns Cycle PC Card I/O Mode
-7 Reserved

A WNPEFLO

1 Bits 5- 3: Maximum Memory timing mode supported
Indicates the Maximum Memory timing mode supported by the card.
250 ns Cycle Memory Mode
120 ns Cycle Memory Mode
100 ns Cycle Memory Mode
80 ns CycleMemory Mode
-7 Reserved

A WNPEFLO

I Bits 8- 6: Maximum PC Card 1/0O UDMA timing mode supported
Indicates the Maximum PC Card 1/O UDMA timing mode supported by the card when bit 15 is set.

0 PC Card I/O UDMA mode 0 supported

1 PC Card I/O UDMA mode 1 supported

2 PCCard 1/0 UDMA mode 2 supported

3 PC Card I/O UDMA mode 3 supported

4 PC Card I/O UDMA mode 4 supported

5 PC Card I/O UDMA mode 5 supported

6 PC Card I/O UDMA mode 6 supported

7 Reserved

1 Bits 119: Maximum PC Card Memory UDMA timing mode supported

Indicates the Maximum PC Card Memory UDMA timing mode supported by the card when bit 15is set.

0 PC Card Memory UDMA mode 0 supported

1 PC Card Memory UDMA mode 1 supported
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PC Card Memory UDMA mode 2 supported
PC Card Memory UDMA mode 3 supported
PCCard Memory UDMA mode 4 supported
PC Card Memory UDMA mode 5 supported
PC Card Memory UDMA mode 6 supported
Reserved

~NOoO R~ WN

1 Bits 14 12: PC Card Memory or /O UDMA timing mode selected
Indicates the PC Card Memory or I/O UDMA timing mode selected by theard.

PC Card I/O UDMA mode 0 selected

PC Card I/O UDMA mode 1 selected

PC Card I/O UDMA mode 2 selected

PC Card I/O UDMA mode 3 selected

PC Card I/O UDMA mode 4 selected

PC Card I/O UDMA mode 5 selected

PC Card I/O UDMA mode 6 selected

Reserved

~N~No ok~ WNEO

I Bit15: PC Card Memory and 10 Modes Supported

10.8.33Word 169: Data Set Management Support

Bits 15 1: reserved
Bit 0: shall be set to one to indicate support of the Trim bit of the Data Set Management command.

10.9idle (97h or E3h)

This command causesthe Card 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. If no Idle command is performed, the card goes to sleep mode after 20ms.
Table 67 defines the Byte sequence of the Idle command.

Table 67: 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

10.10dle Immedia (95h or E1h)

This command causes the Card to set BSY, enter the Idle mode, clear BSY and generate an interrupt.Table 68
defines the Idle Immediate command Byte sequence.

Table 68: Idle | mmediate

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
COMMAND 95h or E1h

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

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.11nitialize Drive Parameters (91h)

This command enables the host to set the number of se ctors per track and the number of heads per cylinder. Only
the Sector Count and the Card/Drive/Head registers are used by this command. Table 69 defines the Initialize Drive
Parameters command Byte sequence.
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Task File Register 7 6 5 | 4 | 3 | 2 | 1 | o
COMMAND 91h

DRIVE/HEAD nu nu nu | D | Number of Heads minus 1
CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT Number of Sectors per Track

FEATURES nu

10.10P (00h)

This command always fails with the CompactFlash™ Memory Card returning command aborted. Table 70 defines
the Byte sequence of the NOP command.

Table 70. 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

10.1Read Buffer (E4h)

Rfc Pc_b @sddcp amkk _ I b ¢l _“jcg rfc fmgr rm pc_bmmand a:s
has the same protocol as the Read Sector(s) command.Table 71defines the Read Buffer command Byte sequence.

Table 71 Read buffer

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
COMMAND E4h

DRVE/HEAD nu | nu | nu | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.14Read DMA (C8h)

This command uses DMA mode to read from 1 to 256 sectors as specified in the Sector Cat 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 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 s et DRQ, clear BSY. The Card asserts DMAREQ while
data is available to be transferred. The Card asserts DMAREQ while data is available to be transferred. The host
then reads the (512 * sector count) bytes of data from the Card using DMA. While DMAREQ is asged by the Card,
the Host asserts- DMACK while it is ready to transfer data by DMA andasserts- 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 transfer of the entire
to be transferred or upon the occurrence of an unrecoverable error.

At command completion, the Command Block Registers contain the cylinder, head and sector number of the last
sector read. If an error occurs, the read terminates at the se ctor where the error occurred. The Command Block
Registers contain the cylinder, head, and sector number of the sector where the error occurred. The amount of

data transferred is indeterminate.

When a Read 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.

number of sectors
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Task File Register 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND C8h

DRIVE/HEAD LBA | 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

10.1Read DMA E26H 48bit LBA

This command uses DMA mode to read from 1 to 65536 sectors as specified in the Sector Count Register. A sec
count of 0 requests 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 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 comple tion 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 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 amount of data transferred is indeterminate.

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

Table 73 Read DMA Ext

register write previous current
Task File Register 15:8 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 25h
DRIVE/HEAD - 1 | 1 | Drive | Reserved
LBAHigh 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

10.16Read 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 the 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 command. When the Read Multiple

command is issued, the Sector Count Register contains the number of sectors (not the number of blocks or the
block count) requested. If the number of requested sec tors 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) module (block count).

If the Read Multiple command is attempted before the Set Multiple Mode command has been executed or when
Read Multiple commands are disabled, the Read Multiple operation is rejected with an Aborted Command error.
Disk errors encountered during Read Multiple commands are poste d 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 bloc k 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
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Count register. A sector count of 0 requests 256 sectors. The transfer begins at the sector specifed in the Sector
Number Register.

If an error occurs, the read terminates at the sector where the error occurred. The Command Block Registers
contain the cylinder, head and sector number of the sector where the error occurred. The flawed data are
pending i n the sector buffer.

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

Table 74 defines the Read Multiple command Byte sequence.

Table 74 Read Multiple

Task File Register 7 | 6 | 5 | a4 | 3 | 2 [ 1 ] o
COMMAND C4h

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

CYLINDER LOW Cylnder Low (LBAL5:8)

SECTOR NUM Sector Number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu

10.1ReadMultiple Ext(2h) 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 sectors 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 w ithout 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 shall be executed prior to the Read Multiple command. When the Read Multiple

command is issued, the Sector Count Register contains the number of sectors (not the number of blocks or the
block count) requested. If the number of requested sectors is not evenly divisible by the block count, as many full
blocks as possible are transferred, followed by a final, partial block transfer. The partial block transfer is for n
sectors, where n = (sector count) modulo (block count).

If the Read Multiple Ext command is attempted before the Set Multiple Mode command has been executed, 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 o f 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 thesector 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 transfe r of the block that contained the error.

Table 75 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)
SECTOR COUN] 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.
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10.18Read Sector(spki2or 21h)

This command reads 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

and after each sector of data (except the last one) has been read by the host, the 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.

If an error occurs, the re ad terminates at the sector where the error occurred. The Command Block Registers

contain the cylinder, head, and sector number of the sector where the error occurred. The flawed data are

pending in the sector buffer. Table 76 defines the Read Sector command Byte sequence.

Table 76. Read sector(s)

Task File Register 7 | 6 | 5 | a4 ] 3 | 2 ] 1 ] o
COMMAND 20h (or 21hLegacy

DRIVE/HEAD 1 | tBA | 1 | D | Head (LBA27:2)
CYLINDER HI Cylinder High (LBR3:1§

CYINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector Number (LBZ:Q)

SECTOR COUNT Sector Count

FEATURES nu

10.1Read Sectors E24H) 48bit LBA

This command reads from 1 to 65536 sectors as specified in the Sector Count Register. A sector count of O 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 CompactFlash ™ Storage Card sets BSY, puts the sector of
data in the buffer, sets DRQ, dears 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 e rror 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 77 Read Multiple Ext

register write previous current
Task File Register 158 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 24h
DRIVE/HEAD - 1 | 1 | 1 | prive | 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

10.2(Read Verify Sector(s) (40h)

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 Card sets BSY. When the requested sectors have been verified,
the Card 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 the error occurred. The Sector Count Register contains
the number of sectors not yet verifi ed.

Table 78 defines the Read Verify Sector command Byte sequence.

Table 78: Read Verify Sector(s)

Task File Register 7 | 6 | 5 | 4 | 3 | 2 ] 1 ] o0
COMMAND 40h

DRIVE/HEAD 1 | tBA|] 1 | D | Head (LBA27:2)

CY.INDER HI Cylinder High (LBA&3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector Number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu
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10.2Read Verify Efdz) 48bit LBA

This command is identical to the Read Sector(s) Ext command, except that DRQs never set and no data is
transferred to the host. When the command is accepted, the CompactFlash ™ Storage Card sets BSY.

When the requested sectors have been verified, the CompactFlash™ Storage Card clears BSY and generates an
interrupt. Upon comman d 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 where 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 79: 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 ] Reerved
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

10.2Recalibrate (1Xh)
This command is effectively a NOP command to the Card and is provided for compatibility purpose s. Table 80
defines the Recalibrate command Byte sequence.

Table 80: Recalibrate

Task File Register 7 6| 5 4 | | 2 | 12 | o
COMMAND h

DRIVE/HEAD 1 LBA [ 1 D | nu

CYLINDER HI nu

CYLINDER LOW nu

SEETOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.2Request Sense (03h)

This command requests extended error information for the previous command. Table 81defines the Request
Sense command Byte sequence.Table 82 defines the valid extended error codes. The extended error code is

returned to the host in the Error Register.

Table 81 Request sense

Task File Register 7 6 | 5 | 4 | | 2 | 1 | o
COMMAND 03h

DRIVE/HEAD 1 IBA | 1 | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu
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Extended Error Code Description
00h No Error Detected
01lh Self Test OK (No Error)
09h Miscellaneous Error
21h Invalid Address (Requested Head or Sector Invalid)
2Fh IAddress Overflow (Address Too Large)
35h, 36h Supply or generated Voltage Out of Tolerance
11h Uncorrectable ECC Error
18h Corrected ECC Error
05h, 30- 34h, 37h, 3Eh Self Test or Diagnostic Féed
10h, 14h ID Not Found
3Ah Spare Sectors Exhausted
1Fh Data Transfer Error / Aborted Command
0Ch, 38h, 3Bh, 3Ch, 3Fh Corrupted Media Format
03h \Write / Erase Failed
10.245eek (7Xh)

This command is effectively a NOP command to the Card 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 83 shows the Seek command Byte

sequence.

Table 83: Seek

Task File Regiter 7 | 6 | 5 | 4 | 3 | 2 | a1 ] o
COMMAND 7Xh

DRIVE/HEAD 1 [ BA | 1 | D ] Head (LBA27:29
CYLINDER HI Cylinder High (LBA&3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM nu (LBA7:0)

SECTOR COUNT nu

FEATURES nu

10.255ecurity Disable Password (F6h)

This command requests a transfer of a single sector of data from the host.

Table 84 defines the content of this

sector of information. If the password selected by word O matches the password previously saved by the device,
the device di sables the lock mode. This command does not change the Master password that may be reactivated

later by setting a User password.

Table 84: Security Disable Password

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
COMMAND F6h
DRIVE/HEAD 1 [ 1BA | 1 | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
Table 85: Security Password Data Content
Word Content
0 Control word
Bit O: identifier
O=compare User password
1=compare Master password
Bit 1- 15: Reserved
116 Password (32 bytes)
17255 Reserved
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10.265ecurity Erase Prepare (F3h)

This command shall be issued immediately before the Security Erase Unit command to enable device erasing and
unlocking. This command pr events accidental erase of the CF card.

Table 86: Security Erase Prepare

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
COMMAND F3h

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

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.2Becuty Erase Unit (F4h)

This command requests transfer of a single sector of data from the host. Table 85 defines the content of this
sector of information. If the password does not match the password previously saved by the CF card, the CF card
rejects the command with command aborted. The Security Erase Prepare command shall be completed
immediately prior to the Security Erase Unit command. If the CF Card receives a Security Erase Unit command

without an immediately p rior Security Erase Prepare command, the CF card aborts the Security Erase Unit
command.

Table 87: Security Erase Unit

Task File Register 7 | 6 | 5 | 4 | 3 | 2 | 1 ] 0
COMMAND F4h

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

CYLINDER HI nu

CYLINDER LOW nu

SECTRONUM nu

SECTOR COUNT nu

FEATURES nu

10.28ecurity Freeze Lock (F5h)

The Security Freeze Lock command sets the CF card to Frozen mode. After command completion, any other
commands that update the CF card Lock mode are rejected. Frozen mode is disabled by power off or hardware
reset. If Security Freeze Lock is issued when the CF card is in Frozen mode, the command executes and the CF card
remains in Frozen mode. After command completion, the Sector Count Register shall be set to 0.

Commands disabled by Securty Freeze Lock are:

i Security Set Password
1  Security Unlock
1  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 88: Secuity Freeze Lock

Task File Register 7 | e | 5 | 4 | 3 | 2 | 1 | 0
COMMAND F5h

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

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.2%Becurity Set Password (F1h)

This command requests a transfer of a single sector of data from the host. Table 90 defines the content of the
sector of information. The data transferred controls the function of this command.
Table91defines the interaction of th e identifier and security level bits.
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Table 89: Security Set Password

Task File Register 7 | e | 5 | 4 | 3 | 2 | 1 | 0
COMMAND Flh
DRIVE/HEAD 1 [ 1BA | 1 | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
Table 90: Security Set Password Data Content
Word Content
0 Control word
Bit O: 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)
17255 Reserved

Table 91 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 CF card shall then be unlocked by
either the User password or the previously set Master password.

User Maximum [The password supplied with the c ommand shall be saved as the new User password. The lock mode
shall be enabled from the next power - on or hardware reset. The CF card shall then be unlocked by
only the User password.

'The Master password previously set is still stored in the CF card shall not be used to unlock the CF
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.
10.30Becurity Unlock (F2h)

This command requests transfer of a single sector of data from the host. Table 85 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 wit h the stored Master password. 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 com pare fails then the device 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 92 Security Unlock

Task File Register 7 | 6 | 5 ] | | 2 | 1 | 0
COMMAND F2h
DRIVE/HEAD 1 [ 1BA | 1 ] | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu
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10.3B5et FeaturesHE

Table 93; Set Features

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

DRIVE/HEAD nu | D | nu

CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT Config

FEATURES Feature

Table 94: Features Supported

Feature |Operation

01W81h |[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 Power 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 usedo 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 na enable this feature for DMA transfers.

Features 02h and 82h allow the host to enable or disable write cache in CompactFlash ™ Storage Cards that
implement write cache. When the subcommand disable write cache is issued, the CompactFlasi" Storage Card
shall initiate the sequence to flush cache to non - volatile memory before command completion.

Feature 03h allows the host to select the PIO or Multiword DMA transfer mode by specifying a value in the Sector
Count register. The upper 5 bits define the type of t ransfer and the low order 3 bits encode the mode value. One
P10 mode shall be selected at all times. For Cards whichsupport DMA, one DMA mode shall be selected at all
times. The host may change the selected modes by the Set Features command.

Table 95: 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

(IMode = transfer mode number
Notes: Multiword DMA is not permitted for devices configured in the PC Card Memory or the PC Card /O interface
mode.

If a CompactFlasi" Storage Card supports PIO modes greatethan 0 and receives a Set Features command with a

Qcr Rp_ I gdcp Kmbc n_p_kcrcp _I'b _ Qcarmp Amslr pcegqr cy
Gd rfec _jsc gq §. ... . .™gtorage Card supporfs disalimglofiOR®DYthBr) theq f
CompactFIasﬁM Storage Card shall set its default PIO mode and disable IORDY. A CompactFld&Storage Card shall
support all PIO modes below the highest mode supported, e.g., if PIO 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.
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A CompactFlash" Storage Card reporting support for Multiwvord DMA modes shall support all Multiwvord DMA modes
below the highest mode 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 CompactFlash Storage Card reporting support for Ultra DMA modes shall support all Ultra DMA modebelow 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 Multiwvord DMA mode shall be disabled by the device. If
a Multiword D MA 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 advan ced 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 maximum performance level of F Eh.

Table 96: Advanced power management levels shows these values.

Table 96: Advanced power management levels

Level Sector Count Value
Maximum performance Feh
Intermediate power management levels without Standby 81h FDh
Minimum power consumption without Standby 80h
Intermediate power management levels with Standby 02h- 7Fh
Minimum power consumption with Standby 01h
Reserved FFh
Reserved 00h

In the current version the advanced power management levels are accepted, ~ sr bml %r gl dj scl ac
and power consumption.

Device performance may increase with increasing power management levels. Device power consumption may
increase with increasing power management levels. The power management 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 F Eh. Advanced power management levels 80h
and higher do not permit the device to spin downt o 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 Level 1 commands. Feature OAh is the ddault feature
for the CF+ CompactFlash' Storage Card with extended power as they require Power Level 1 to perform their full
set of functions.

Power Enhanced CF Storage Cards are required to power up and execute all supported commands and protocols in
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. The 8Ah default allows the
cards to restrict their operating power to Power Level 0 limits for compatibility with hosts that do not recognize or
support the extended power capabilities of Power Enhanced CF Storage Cards. It also allows hosts that support
extended power to take advantage of it by setting the feature to OAh : Enable Power Level 1 Commands.

Features 55h and BBh are the default features for the CompactFlash™ Storage Card; thus, the host does not have
to issue this command with these features unless it is necessary for compatibility reasons.

Feature code9Ahen ~jcq rfc fmgr rm amldgespc rfc a_pb rm ~cqr
host sets a value 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 performance 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 mi nimum value is
set in the Cylinder Low register, and the maximum value is set in the Cylinder Hi register. The 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)efaults shall be set
when a soft reset occurs. The default setting is to revert to the POR defaults when a soft reset occurs.

10.35et Multiple Mode (C6h)

This command enables the Card to perform Read and Write Multiple operations and establishes the block count
for these commands. The Sector Count Registeis loaded with the number of sectors per block. Upon receipt of the
command, the Card sets BSY and checks the Sector Count Register.
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If the Sector Count Register contains a valid value and the block count is supported, the value is loaded for all
subsequent Read Multiple and Write Multiple commands and execution is enabled. If a block count is not
supported, an Aborted Command error is posted, and Read Multiple and Write Multiple commands are disabled. If

rfc Qcarmp Amslr

P ¢ e g g r nen@andasnssued, Rebdand’ WrittoMultiple dommafds area m

disabled. At power on the default mode is Read and Write Multiple disabled, unless it is disabled by a Set Feature
command. Table 97 defines the Set Multiple Mo de command Byte sequence.

Table 97: Set Multiple Mode

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

DRIVE/HEAD nu | D ] nu
CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT Sector Count

FEATURES nu

10.3%et Sleep Mode (99hE6)

This command causes the CompactFlash" Memory Card 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 exp ire so the host does not need to issue this command except when it wishes to
enter Sleep mode immediately. The default value for the timer is 20 milliseconds. Note that this time base (5ms)
is different from the ATA Specification. Table 98 defines the Set Sleep Mode command Byte sequence.

Table 98: Set Sleep Mode

Task File Register 7 6 | 5 | 4 ] 3 | 2 | 1 ] o
COMMAND 99h or E6h
DRIVE/HEAD nu | D | nu
CYLINDER HI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOROUNT nu
FEATURES nu

10.345.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 likelihood 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 bit 0).

Table 99: SM.A.R.T. Features

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 XXh

FEATURES Feature

Details of S.M.A.R.T. featuresare described in Section 11
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10.3%5tandby (96h or E2)

Rfggq amkk I b a_sqcqg rfc A_pb rm gqgcr @QW* clrcp rfc Qjcc
clear BSY and return the interrupt immediately. Recovery from Sleep mode is accomp lished by issuing another
command. Table 100defines the Standby command Byte sequence.

Table 100 Standby

Task File Register 7 | 6 | 5 | 4 ] 3 | 2 | 1 ] o
COMMAND 96h or E2h
DRIVE/HEAD nu | D ] nu
CYLINDEHI nu
CYLINDER LOW nu
SECTOR NUM nu
SECTOR COUNT nu
FEATURES nu

10.365tandby Immediate (94h or EOh)

This command causes the Card 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 101defines the Standby
Immediate Byte sequence.

Table 101 Standby Immediate

Task File Register 7 | 6 | 5 | 4 | 3 | 2 [ 1 ] o
G@MMAND 94h or EOh

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

10.37ranslate Sector (87h)

This command is effectively a NOP command and only implemented for backward compatibility. The Sector Count
Registerugjj _ju_wq ~¢ pcrsplcb wugrf _ ~. . f% glbga_rgle Rp_
Table 102defines the Translate Sector command Byte sequence.

Table 102 Translate Sector

Task File Registe 7 | 6 | 5 | 4 ] 3 | 2 | 1 ] o
COMMAND 87h
DRIVE/HEAD 1 [ BA | 1 | D ] Head (LBA27:29
CYLINDER Hl Cylinder High (LBR3:16
CYLINDER LOW Cylinder Low (LBA5:8
SECTOR NUM nu (LBAY:0)
SECTOR COUNT nu
FEATURES nu
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10.38N'rite Buffer (E8h)

The Write Buffer command enablesthc f mgr r m mt cpupgrc amlrclrqgqg md rfc
pattern desired. This command has the same protocol as the Write Sector(s) command and transfers 512 Bytes.
Table 103defines the Write Buffer command Byte sequence.

Table 103 Write Buffer

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

DRIVE/HEAD nu | D ] nu
CYLINDER HI nu

CYLINDER LOW nu

SECTOR NUM nu

SECTOR COUNT nu

FEATURES nu

10.39Nrite DMA £8)

This command uses DMAnode 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 CompactFlash™ Storage Cardsets 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 DMAREQ while
data is available to be transferred. The host then writes the (512 * sector - count) byte s of data to the Card using
DMA. While DMAREQ is asserted by the Card, the Host assertOMACK while it is ready to transfer data by DMA and
asserts- IOWR once for each 16 bit word to be transferred from the Host.

Interrupts are not generated on every sect or, 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 cylinder, head and sector number of the last sector w ritten. 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 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 104 Write DMA

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

COMMAND Gth

DRIVEHEAD LBA | D | Head (LBA27:29
CYLINDER Hl Cylinder High (LBAR3:16

CYLINDER LOW Cylinder Low (LBA5:8)

SECTOR NUM Sector nhumber (LBA:0)

SECTOR COUNT Sector Count
FEATURES nu

10.40Write DMA E@5H) 48bit LBA

This command uses DMA mode to write from 1 t065536 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 CompactFlash™ Storage Card sets BSY, puts allrgpart 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 assertdDMACK while it is ready to transfer data
by DMA and asserts- IOWR once for each 16 bit word to be transferred from the Host.

Interrupts are not generated on every sector, but u pon 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.
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register write previous current
Task File Register 15:8 7 6 | 4 | 3 | 2 | 1 | o
COMMAND - 35h
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|  15:8 7:0
FEATURES nu nu

10.4MWrite Multiple Command (C5h)

This command is similar to the Write Sectors command. The Card sets BSY within 80ns of accepting the
command. Interrupts are not presented on each sector but on the transfer of a block which contains the number
of sectors defined by Set Multiple. Command execution is identical to the Write Sectors operation except that the
number of sectors defined by the Set Multiple command is transferred without intervening interrupts.

DRQ qualification of the transfer is required only at the start of the data block, not on each sector. The block

count of sectors to be transferred without interveni

ng interrupts is programmed by the Set Multiple Mode

command, which must be executed prior to the Write Multiple command.

When the Write Multiple command is issued, the Sector Count Register contains the number of sectors (not the
number of blocks or the b lock count) requested. If the number of requested sectors is not evenly divisible by the
sector/block, as many full blocks as possible are transferred, followed by a final, partial block transfer. The partial

block transfer is for n sectors, where:
n = (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 disabled, the Write Multiple operation will be rejected with an aborted command

error.

Erors encountered during Write Multiple commands are posted after the attempted writes of the block or partial
block transferred. The Write command ends with the sector in error, even if it is in the middle of a block.
Subsequent blocks are not transferred in the event of an error. Interrupts are generated when DRQ is set at the

beginning of each block or partial block.

The Command Block Registers contain the cylinder, head and sector number of the sector where the error
occurred and the Sector Count Regiser 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 sectors is issued
and an error occurs on the third sector. The Sector Count Register cortains 6 and the address is that of the third

sector.

Note: The current revision of the CompactFlash™ Memory Card only supports a block count of 1 as indicated in the

Identify Drive Command information. The Write Multiple command is provided for compatibil

products which may support a larger block count.

Table 106 defines the Write Multiple command Byte sequence.

Table 106 Write Multiple

ity with future

Task File Register 7 | 6 | 5 | 4 | 3 | 2 [ 1 ] o
COIMAND Gh
DRIVE/HEAD 1 [ BA | 1 | D ] Head (LBA27:29
CYLINDER HI Cylinder High (LBAR3:1§
CYLINDER LOW Cylinder Low (LBA5:8)
SECTOR NUM Sector number (LBA:0)
SECTOR COUNT Sector Count
FEATURES nu

10.42Nrrite Multiple EXB89H 48bit LBA

The Write Multiple Ex 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 field.
The second (lower in the table) part of each 16 bit field ¢ an 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.

Error handling is similar to the Write Multiple command, except th at the error sector address is always returned as

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

Swissbit AG
Industriestrasse 4
CH 9552 Bronschhofen

Switzerland

Swissbit reserves the right to change products or specifications without notice.

WWW.swissbit.com
industrial @swissbit.com

Revision: 1.3

G 440_data_sheet CFHxBU_Rev123.doc
Page85 of 106




Table 107 Write Multiple Ext

suwlissbit”®

register write previous current
Task File Register 15:8 7 6 | 5 | 4 | 3 | 2 | 1 | o
COMMAND - 39
DRVE/HEAD - 1 1 | 1 | Dprive ] 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

10.43Nrite Multiple without Erase (CDh)

This command is similar to the Write Multiple comma nd with the exception that an implied erase before write
operation is not performed. The sectors should be pre - erased with the Erase Sector(s) command before this
command is issued. Table 108 defines the Write Mult iple without Erase command Byte sequence.

Table 108 Write Multiple without Erase

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

COMMAND CDh

DRIVE/HEAD 1 [ BA | 1 | D ] Head (LBA27:29
CYLINDER HI Cylinder High (LBA&3:16

CYLINDER LOW Cylinder Low (LBAL5:8)

SECTOR NUM Sector number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu

10.44Write Sector(s) (30h or 31h)

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 Card sets BSY, sets DRQ and clears BSY, then waits for the host to fill the sector buffer with the data

to be written. No interrupt is generated to start

the host until BSY has been cleared by the host.
For multiple sectors, after the first sector of data is in the buffer, BSY will be set and DRQ will be cleared. After the
next buffer is r eady for data, BSY is cleared, DRQ is set and an interrupt is generated. When the final sector of
data is transferred, BSY is set and DRQ is cleared. It will remain in this state until the command is completed at
which time BSY is cleared and an interrupt is generated. If an error occurs during a write of more than one sector,
writing terminates at the sector where the error occurred. The Command Block Registers contain the cylinder,
head and sector number of the sector where the error occurred. The host ma y then read the command block to

determine what error has occurred, and on which sector.

sequence.

Table 109 Write Sector(s)

the first host transfer operation. No data should be transferred by

Table 109defines the Write Sector(s) command Byte

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

COMMAND 30h or 31h

DRIVE/HEAD 1 IBA | 1 [ D | Head (LBA27:29
CYLINDER HI Cylinder High (LBA&3:16

CYLINDER LOW Cylinder Low (LBA5:8

SECTOR NUM Sector number (LBA:0)

SECTOR COUNT Sector Count

FEATURES nu
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10.485Nrrite Sector(s) H3#l 48bit LBA

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

This command writes from 1 to 65,536 sectors as specified 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 the 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 110 Write Sector(s) Ext

register write previous current
Task File Register 15:8 6 5 | 4 | 3 | 2 | 1 | 0
COMMAND - 34h
DRIVE/HEAD - 1 1 | Drive ] Resrved
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

10.46Write Sector(s) without Erase (38h)

This command is similar to the Write Sector(s) command with the exception tha t an implied erase before write
operation is not performed. This command has the same protocol as the Write Sector(s) command. The sectors
should be pre- erased with the Erase Sector(s) command before this command is issued. If the sector is not pre -
erased a normal write sector operation will occur. Table 11Hefines the Write Sector(s) without Erase command

Byte sequence.

Table 119Write Sector(s) without Erase

Task File Register 7 6 | 4 ] 3 | 2 ] 1 ] o
COMMAND 38h
DRIVE/HEAD 1 LBA | 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
10.4Mrite 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 112efines the Write Verify

command Byte sequence.

Table 112Write Verify
Task File Register 7 6 | 4 ] 3 | 2 ] 1 | o
COMMAND 3Ch
DRIVE/HEAD 1 LBA | D ] Head (LBA27:29
CYLINDER HI Cylinder High (LBAR3:1§
CYLINDER LOW Cylinder Low (LBA5:8
SECTOR NUM Sector number (LBA:0)
SECTROCOUNT Sector Count
FEATURES nu
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The C4x0 CF cards support the following SMART commands, determined by the Feature Register value.

Table 113S.M.A.R.T. Features Supported

Feature |Operation
DOh SMARTRead Data
D1h 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 Feature Register values not mentioned in the above table are not supported, and will be

aborted.

11.5.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 disabled) is preserved across power cycles.

Table 114S.M.A.R.T. Enable Disable operations (Feature D8h / D9h)

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 D8h / D9h

11.5.M.A.R.T. EnabBisable 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

Table 115S.M.A.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
11.5.M.A.R.T. Read data
This command returns one sector of SMART data.
Table 116 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 | b ] 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 117

Swissbit AG Swissbit reserves the right to change products or specifications without notice. Revision: 1.3
Industriestrasse 4

CH 9552 Bronschhofen WWwW.swissbit.com G 440_data_sheet CFHxBU_Rev123.doc

Switzerland industrial@swissbit.com Page89 of 106























































