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1.0 SCOPE 

Th,is Specification pcovides the mechanical. electrical. and 
functional requirements for a small computer input/output bus and 
command sets foe periphecal device types commonly used with small 
computex:s. 

• 'rhe CDC SCS ! implementation includes support for multiple 
a initiators. disconnect/reconnect function, self-configuring host 
• software. and automatic features that relieve the host from 
• knowing the physical addressing of a specific product. 

a. The mandatory commands listed here will be required on every CDC 
• product offered as compatible with this specification. This set of 
• commands is chosen so customer software that uses only those 
m commands will maximize functionality while allowing many 
• interchangeable px:oducts to be used. Future revisions of this 
• specification will never delete commands or messages from the 
a mandatory list. but new commands or messages may become mandatory 
m on future products. 

• Optional commands listed here are not guaranteed to be available on 
all CDC products. 

~ Some pcoducts may use commands not documented here. As such 
s instances occur. the CDC SCSI Committee will include those 
• commands as 11 opt.ional 11 so that implementation guidelines will be 
• available if other new products want that function. 

I • The commands described in this specification conform to the 
I • requirements of the Common Command Set {CCS) document. Rev. 4. 

2.0 APPLICABLE DOCUMENTS 

• ANSI SCSI Standard X3T9.2 

-,\6@14 MV, 2!93 C:C 
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3.0 GLOSSARY AND CONVENTIONS 

3.1 Glossary 

Byte - This term indicates an 8-bit (octet) byte. 
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Command Descriptor Block (CDB) - The structure used to communicate 
requests from an initiator to a target. 

Connect - The function that occurs when an initiator selects a 
target to start an operation. 

Disconnect - The function that occurs when a target releases 
control of the SCSI bus, allowing it to go to the BUS FREE phase. 

• FRU (Field Replaceable Unit) - An assembly that is believed faulty 
a based on test results. A value of OOH indicates either an unknown 
a cause or the end of a list of known possible causes. Non-zero 
• values have product unique meanings. 

Initiator - An SCSI device (usually a host system) that requests an 
operation to be performed by another SCSI device. 

INTERMEDIATE Status - A status code sent from a target to an 
initiator upon completion of each command in a set of linked 
commands except the last command in the set. · 

Logical Unit - A. physical or vii:tual device ·addressable through a 
target. 

Logical Unit Number - An encoded three-bit identifier for the 
logical unit. 

LSB - Least significant byte. 

LUN - Logical unit number. 

mm - Millimeter. 

ms - Millisecond. 

MSB - Most significant byte. 

ns - Nanosecond. 

One - A true signal value. 

Reconnect - The function that occurs when a target selects an 
initiator to continue an operation after a disconnect. 

0 
\,._j 
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Reserved - The term used for bits. bytes. fields. and code values 
that are set aside for future standardization. 

SCSI Address - The octal representation of the unique address (0-7) 
assiqned to an SCSI device. This addr.ess would normally be 
assigned and set in the SCSI device during system installation. 

SCSI ID - The bit-siqnificant representation of the SCSI ·address 
referring to one of the signal lines DB(7-0). 

SCSI device - A host computer adapter or a peripheral controller or 
an intelligent peripheral that can be attached to the SCSI bus. 

Signal Assertion - The act of driving a siqnal to the true state. 

Signal Negation - The act of driving a signal to the false state or 
allowinq the cable terminators to bias the signal to the false 
state Cbt placing the driver in the high impedance condition). 

Signal Release - The act of allowing the cable terminators to bias 
the signal to the false state (by placing the driver in the hiqh 
impedance condition). 

Status - one byte of information sent from a tarqe~ to an initiator 
upon completion of each command. 

Target - An SCS! device that performs an operation requested by an 
initiator. 

us - Microsecond. 

Vendor Unique - In this specification, this term indicates bits. 
fields. or code values that are vendor specific. 

xxH - Numbers followed by capital H are hexadecimal values. All 
other numbers are decimal values. 

Zero - A false siqnal value. 

Editorial Conventions 

Certain words and terms used in this specification have a specific 
meaning beyond the normal English meaninq. These words and terms 
are defined either in the glossary (see 3.l) or in the text where 
they first appear (e.g., initiator). Names of signals. phases. 
conditions. messages. commands. statuses. and sense keys are in all 
uppercase (e.g •• REQUEST SENSE). Lowercase is used for words 
having the normal English meaning. 
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• A box (•) in the left marqin indicates a difference between this 
I • specification and the ANSI SCSI Standard Rev l7B. A double box 

• precedinq a f iqure title indicates that an entirely new f iqure 
• or paragraph was added. A vertical line Cl> in the left margin 
• indicates a change from the previous revision of this specification. 

4.0 PHYSICAL CHARACTERISTICS 

This section contains the physical definition of the SCSI. The 
- connectors. cables, signals. terminators. and bus timing needed to 

implement SCSI are covered. 

4.l Physical Description 

• SCSI devices are daisy-chained together using a common cable. Both 
ends of the cable are terminated. All signals are common between 

m all SCSI devices. Four physical configurations are available: 

• • Single-ended drivers and receivers with non-shielded connectors. 

• ~ Sinqle-ended drivers and receivers with shielded connectors. 

u • Differential drivers and receivers with non-shielded connectors. 

~ • Differential dtivers and receivers with shielded connectors. 

• Single-ended and differential drivers/receivers cannot be mixed on 
• a common SCSI bus. CDC intends to provide single-ended 
a drivers/receivers on all products with a differential option 
• offered as required by the marketplace. 

4.2 Cable Requirements 

An ideal impedance match with cable terminators implies a cable 
characteristic impedance of 132 ohms (single-ended option) or 122 
ohms (differential option). A characteristic impedance of 90 to 
100 ohms is recommended for unshielded flat or twisted pair ribbon 
cable. A characteristic impedance greater than 90 ohms is 
preferred for shielded cables. To minimize discontinuities and 
signal reflections. cables of different impedances should not be 

• used in the same bus. If shielded and unshielded cables are mixed 
• within the same SCSI bus, the effect of impedance mismatch must be 
• carefully considered. 

A minimum conductor size of 28 AWG shall be employed to minimize 
noise effects and ensure proper distribution of optional terminator 
power. 
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4.2.l Single-Ended Cable 

A SO-conductor flat cable or 25-siqnal twisted-pair cable shall be 
used. The maximum cable lenqth shall be 6.0 meters. 

A stub lenqth of no more than O.l meters is allowed off the 
mainline interconnection within any connected equipment. 

SCSI bus termination may be internal to the SCSI devices that are 
at the ends of the cable. 

4.2.2. Differential Cable 

A SO-conductor cable or 25-siqnal twisted-pair cable shall be 
used. The maximum cable length shall be 25 metets. 

A stub length of no more than 0.2 meters is allowed off the 
mainline interconnection within any connected equipment. 

SCSI bus termination may be internal to the SCSI devices that are 
at the ends of the cable. 

4.3 Connector Requirements 

m Both shielded and nonshielded connectors are specified. The 
nonshielded connectors are typically used for in-cabinet 

n applications. CDC products designed to meet FCC Standards as a 
a standalone box will use shielded connectors. 

Either type of connector may be used with the single-ended or 
differential drivers. 

4.3.l Nonshielded Connectors 

The nonshielded SCSI device connector (Figure 4-l) shall be a 
50-conductot connector consisting of two rows of 25 male pins with 
adjacent pins 2.54 mm (.l inch) apart. A shroud and header body 

m should be used. The header must accept keyed cable connectors. 

The nonshielded cable connector (Fiqure 4-2)shall be a 
SO-conductor connector consisting of two rows of 25 female contacts 
with adjacent conta.\cts 2. 54 mm (. l inch) apart. It is recommended 
that keyed connectors be used. 

I • • The unshielded connector pin assignments shall be as shown in Table 
4-l for single ended drivers and as shown in Table 4-2 for 
differential drivers. 

•891• ~l!V. 21113 coc 
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4.3.2 Shielded Connectors 

I • NOTE: This text is from Appendix D of the ANSI SCSI Standard. 

II 

The connector shieldinq system shall provide a de resistance of 
less than 10 milliohms from the cable shield at its termination 
point to the SCSI device enclosure. 

In order to support daisy-chain connections. SCSI devices that use 
shielded connectors will provide two shielded device connectors on 
the device enclosure. These two connectors may be wired 
"one-to-one" with a stub to the SCSI device 1 s drivers and receivers 
provided the maximum stub length is not violated. Alternatively. 
two cables may be run from the two shielded connectors to the 
drivers and receivers so that the maximum stub length is not 
violatee. The length of the cable within the device enclosure is 
included when calculating the total cable length of the SCSI bus. 

The shielded device connector (Figure 4-4) shall be a SO-conductor 
connector consisting of two rows of ribbon contacts spaced 2.16 mm 
(0.085 inch) apa~t. The nonmating portion of the connector is 
shown for referance only. FCC document 68 Subpart F 68.SOO should 
be used for reference. 

The shielded cable connector (Figure 4-3) shall be a SO-conductor 
connector consisting of two rows of ribbon contacts spaced 2.16 mm 
(0.085 inch) apart. The nonmatinq portion of the connector is 
shown for reference only. 

The connector pin assignments shall be as shown in Table 4-3 for 
single-ended drivers and as shown in Tabla 4-4 for differential 
d.r:ivers. 
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t 
cs 
l 

f 

...... ____ ])6 ______ .,. 

.... -------oz _____ _,..,. 

01 1e 
·- -

03--.., 

DIMENSIONS MILLIMETERS INCHES 
Dl 2.54 0.100 
D2* 82.80 3.260 
03 2.54 0.100 
D4 4.83 0.190 
DS• 8.51 0.335 
D6• 72.64 2.860 
07* 78.74 3.100 
DS* 13.94 0.549 
D9 4.19 0.165 
DlO 6.09 0.240 
Dll 6.60 0.260 

NOTES: 

ca 

l . 

v .. v 
" I"\ 

I o03A] 

i(.· l. Fifty Contacts on 2.54 mm (O.lOO-inch.) spacing"" 60.96 mm (2.40 inch). 
\._~, ... ~:,., 2. Tolerances :0$127 mm co.cos inch} noncumulative. 

3. Dimensions listed with asterisks (•) are shown for ~eference only. 

FIGURE 4-l. NONSHIELDED SCSI DEVICE CONNECTOR 
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•so"" 

.a . Cl . .. .... 
.;::-.=.-. .::::::= . . == 
I CZ . . 

Piii r--m: HC1't I I 
' -- - .. __!_ ct., 1

1 1-r 
~: . l_j_ 
c1s Q;-:=...-=---=·---:U c.7 

t •so ;ttr .. 7 r. 

'--------------...w-r 
c: Cl-El -----+1 l 

~10 
~~ '~ 

1!-.:".=.:.·==-=-"==--ijl __ c:_iz 
f j aou I 

MILLIMETERS 
2.5400 

60.9600 
2.5400 
8.3570 
3.3025 

68.0720 
6.0960 
8.1530 

13.4670 

INCHES 
O.lOO 
2.400 
O.lOO 
0.329 
0.130 
2.680 
0.240 
0.321 
o .• 531 

DIMENSIONS 
ClO* 
Cll* 
Cl2* 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 

MILLIMETERS 
3.8100 
l.2700 
6.0960 

32.3850 
3.3020 
7.4930 
2.6670 
l. 6250 

64721700 
9 

12 

INCHES 
0.150 
o.oso 
0.240 
l.275 
0.130 
0.295 
0.105 
0.064 

oj 

i 

l. Fifty contacts on l. 27 mm ( o. OS-inch)* staqqered spacing = 62. 23 m(Cn:···· ..... \ 
(2.450 inch)*. 

2. Tolerances ~0.127 mm (0.005 inch) noncumulative. 
3. Dimensions listed with asterisks (*) are shown for reference only. 

FIGURE 4-2. NONSH!ELDED CABLE CONNECTOR 
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Iii'~==* ~ -"]__._' ::: J. 

F'l2 

F"2 

Dll"'lens1on~ MllliMe"t ers !nc::hes 

f'l 56.26 MO.XIMUM 2.215 MC.Xll"'IUM 
F'2 64.Z9 Mltlll"IUl"I 2.531 MtnlMul"I 
F':llll 15.24 0.600 
F' 4 7.29 MlnlMUM 0.287 M!f'llMUM 
F"S.11 1.02 0.040 
F"6 4.09 MO.Xh"'IUl"I 0.161 Ma.xi MUM 
F"711 S.08 0.200 
F'9'll 6.lO C.240 
F"9 12.04 HtntMUM 0. 4 7 4 Mln!MUl"I 

F"lO• 68.45 2.695 
F'll is•~ 2• 1:5' :: 2• 
n2111 76.71 'J.020 
F't3 2.~6 0.085 

NOTES: 

·(.···. l. Tole.ranees :0.127 mm. (O.OOS inch) noncumulative, unless specified 
·· · · · otherwise. 

2. Dimensions listed with asterisks (*) a.re shown fo.c .reference only. 

FIGURE 4-3. SHIELDED SCSI CABLE CONNECTOR, ALTERNATIVE 2 
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PIN 2' E:6 

8 
c 

PIN SO 

e:s 

D1,.,ens1ons Mlllll'le'ter-s Inc:hes 

e:1 56.39 Hlnll'!UM 2.220 Mtntl'IUM 
£2 (3) 2.62 Hlnll"IUl'I 0.103 Mlnll'IUl'I 
E'.3 3. 99 HlnlM\JM 0.157 Mlnll'IUl'I 
E:4 5.9 4 Mlnll"IUl'I 0.230 Mll'llMUl"I 
E:S 74.85 2.947 
E:6 64.29 Ma.xlMYM 2.531 Ma.Xll'IUM 
E'.7• 93.06 :J.270 
e:s• 15.24 0.600 
(9 12.04 Ma..xlMUM 0.4 7 4 Ma.xtMUl'I 
e:10 9.78 MC.XIMUl'I 0.385 MQ.Xll'IUl'I 
e:11 2.16 o.oas 
e:12 1s•: 2' is•: 2• 

NOTES: 

£4 

_.J 
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l. Tolerances :0.127 mm (0.005 ·inch) noncumulative. unless specified 

11 

(, 

otherwise. onl f7f···_.\ -~ 
2. Dimensions. listed with asterisks (*) are shown for reference ~V 
3. Dimension E2 to accomodate 4-40 or 6-32 threaded screws. 

FIGURE 4-4. SHIELDED SCSI DEVICE CONNECTOR. ALTERNATIVE 2 
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TABLE 4-1 SINGLE-ENDED CABLE PIN ASSIGNMENTS 
(NONSRIELDED ALTERNATIVE l CONNECTOR) 

SIGNAL 
-DB(O} 
-DB(l) 
-DB(2) 
-DB(3) 
-DB(4) 
-DB(S) 
-DB(6) 
-DB(7) 
-DB(P) 
GROUND 
GROUND 
GROUND 
TERMPWR 
GROUND 
GROUND 
-ATN 
GROUND 
-BSY 
-ACK 
-RST 
-MSG 
-SEL 
-C/D 
-REQ 
-I/O 

PIN NUMBER 
2 
4 
6 
8 

10 
12 

. 14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
so 

l. All odd pins except pin 25 shall be connected to qround. Pin 25 
should be left open. Some products designed prior to the qeneration 
of this standard connected this pin to ground. 

2. The minus sign next to the signals indicates active low. 

Aesu ~ev. ve3 c;,c 
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I TABLE 4-2 DIFFERENTIAL CABLE PIN ASSIGNMENTS 
I (NONSHIELDED ALTERNATIVE l CONNECTOR) 
l 
I 
I SIGNAL NAME PIN NUMBER SIGNAL NA..'IB 
l SHIELD GROUND l 2 Gae···UND 
I +DB(O) :3 4 -Dl:.-i(O) 
i +DB(l) 5 6 -DB(l) 
I +DB(2) 7 8 -DB(2) 
I +DB(3) 9 10 -DB(3) 
I +DB(4)· ll 12 -DB(4) 
I +DB(S) 13 14 -DB(S) 
I +DB(6) 15 16 -DB{6) 
I +DB(7) 17 18 -DB(7) 
I +DB(P) 19 '20 -DB(P) 
I D!FFSENS 21 22 GROUND 
I GROUND 23 24 GROUND 
I TERMPWR 25 26 TER.'fi>WR 
I GROUND 27 28 GROUND 
I +ATN 29 30 -ATN 
I GROUND 31 32 GROUND 
I +BSY 33 34 -BSY 
I +ACX 35 36 -ACK 
I +RST 37 38 -RST 
I +MSG 39 40 -MSG 
I +SEL 41 42 -SEL 
I +C/D 43 44 -C/D 
I +REQ 45 46 -REQ 
I +1/0 47 48 -I/O 
I GROUND 49 so GROUND 
I 
I 
I NOTES: 
I 
I l. SHIELD GROUND is optional on some cables. 

(r~. 
"'"-.j/ 
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TABLE 4-3 SINGLE-ENDED CABLE PIN ASSIGNMENTS 
(SHIELDED ALTERNATIVE 2 CONNECTOR) 

SIGNAL 
-DB(O) 
-DB(l) 
-DB(2} 
-DB(3) 
-DB(4) 
-DB(S) 
-DB(6) 
-DB(7) 
-DB(P) 
GROUND 
GROUND 
GROUND 
TERMPWR 
GROUND 
GROUND 
-ATN 
GROUND 
-'BSY 
-ACK 
-RST 
-MSG 
-'SEL 
-CID 
-REQ 
-!/O 

PIN NUMBER 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 

l. Pins l through 12 and 14 through 25 shall be connected to ground. 
Pin 13 should be left open. 

2. The minus sign next to the signals indicates active low. 
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TABLE 4-4 DIFFERENTIAL CABLE PIN ASSIGNMENTS 
(SHIELDED ALTERNATIVE 2 CONNECTOR) 

SIGNAL NAME PIN NUMBER SIGNAL NAME 
SHIELD GROUND l 26 GROUND 
+DB(O) 2 27 -DB{O) 
+DB(l) 3 28 -DB(l) 
+DB(2) 4 29 -DB(2) 
+DB(3) 5 30 -DB(3) 
+DB(4) 6 31 -DB(4) 
+DB(5) 7 32 -DB(5) 
+DB(6) 8 33 -DB(6) 
+DB(7) 9 34 -DB(7) 
+DB(P) lO 35 -DB(P) 
DIFFSENS ll 36 GROUND 
GROUND l2 37 GROUND 
TERMPWR 13 38 TERMPWR 
GROUND 14 39 GROUND 
+ATN 15 40 -ATN 
GROUND 16 41 GROUND 
+BSY 17 42 -BSY 
+ACK 18 43 -ACK 
+RST 19 44 -RST 
+MSG 20 45 -MSG 
+SEL 21 46 -SEL 
+C/D 22 47 -CID 
+REQ 23 48 · -REQ 
+I/O 24 49 -I/O 
GROUND 25 50 GROUND 

NOTES: 

l. SHIELD GROUND is optional on some cables. 

6472l700 
9 

18 
O· 

\ 

':"-. 

/if"\ 
~ 

j:1,.1Mf!d 1n U ! 



ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVISION 

4.4 Electrical Description 

SPEC 64721700 
CD 9 
REV 
DATE 
PAGE 19 

NOTE: For these measurements. SCSI bus termination is assumed to 
be external to the SCSI device. An SCSI device may have the 
provision for allowing optional internal termination. 

4.4.l Sinqle-Ended Alternative 

All assigned signals shall be terminated with 220 ohms to +5 volts 
(nominal) and 330 ohms to ground at each end of the cable. (See 
Figure 4-5.) All signals shall use open-collector or three-state 
d.civers. 

4.4.l.l Output Characte.cistics 

Each signal driven by an SCSI device shall have the following 
output cha.cacte.cistics when measu.ced at the SCSI device's connector: 

Signal assertion = o.o V de to 0.4 V de 
Minimum driver output capability = 48 milliamps (sinking) at 
o.s V de C Signal negation = 2.5 v de to S.25 v de 

.. ( 

4.4.l.2 Input Characteristics 

Each signal received by an SCSI device shall have the following 
input characteristics when measured at the SCSI device's connector: 

·Signal true = o.o V de to o.a V de 
Maximum total input load = -0.4 milliamps at 0.4 volts de 
Signal false = 2.0 V de to 5.25 V de 
Minimum input hysteresis = 0.2. V de 
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All siqnals consist of two lines denoted +SIGNAL and -SIGNAL. A 
siqnal is true when +SIGNAL is more positive than -SIGNAL. and a 
siqnal is false when -SIGNAL is more positive than +SIGNAL. All 
assigned siqnals shall be terminated at each end of the cable as 
shown in Fiqure 4-6. 

NOTE: As an option. the DIFFSENS signal of the connector is 
reserved for an active hiqh enable for the diffetential drivers. 
If a sinqle-ended receiver or terminator is inadvertently 
connected. this siqnal is grounded. disablinq the drivers. (See 

• Fiqure 4-7.) If this option is not implementated. this pin must be 
• left open. • 

4.4.2.l Output Characteristics 

Each siqnal driven by an SCSI device shall have the followinq 
output characteristics when measured at the SCSI device•s connector: 

VOL (Low-level output voltaqe) = 2.0 V maximum at IOL 
(Low-level output current) = SS milliamps. 

VOH (High-level output voltaqe) = 3.0 V minimum at IOH 
(Hiqh-level output current) = -55 milliamps. 

VOD (Differential voltage) = l.O V minimum with common-mode 
voltage ranges from -7 V de to +12 V de. 

VOL and VOH shall be as measured between the output terminal and 
the SCSI device•s loqic qround reference. 

The output characteristics shall additionally conform to EIA 
RS-485-1983. 

4.4.2.2 Input Characteristics 

Each signal received by an SCSI device shall have the following 
input characteristics when measured at the SCSI device•s connector: 

II (Input curtent on either input) .. +2.0 milliamps maximum. 

NOTE: These characte~istics include both receivers and passive 
dl:ivei::s. 

This requii::ement shall be met with the input voltaqe varyinq 
between -7 v de and +l2 V de. with power on oi:: off. and with the 
hysteresis equaling 3S mv. minimum. 

The input chatactetistics shall additionally confotm to EIA 
RS-485-1983. 

~8111• Al!V. V13 COC 
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4.4.3 Terminator Power Requirements 

• • • 
• • • 
• 
• 
Ill 

• 
II 

Single-ended SCSI devices providinq terminator power (TERMPWR} 
shall have the following characteristics: 

VTerm • 4.0 V de to 5.25 V de 
aoo milliamps minimum source drive capability 
l.O milliamp maximum sink capability (except for the purposes 
of providinq power to an internal terminator) with l.O amp 
recommended current limiting (e.g., a fuse). 

Diff~rential SCSI devices providing termination power (TERMPWR) 
shall have the following characteristics: 

VTerm • 4.0 V de to 5.25 V de 
600 milliamps minimum source drive capability 
l.O milliamp maximum sink capability (except for the purposes 
of providing power to an internal terminator) with l.O amp 
recommended current limiting (e.g., a fuse). 

SCSI devices that supply terminator power shall do so through a 
diode or similar semiconductor that prevents the backf low of power 
to the SCSI device. 

CDC products will not provide terminator power to the SCSI bus for 
other devices. All products will be configurable to receive 
terminator power either from the SCSI bus (pin 26) or the CDC 
device's power source. CDC recommends that terminator power be 
provided to the SCSI bus by a host adapter device. This allows 
peripheral devices to be powered down without risking loss of _ 
terminator power . 

Ptimary power consumption specifications for CDC products will 
assume host supplied termination power. The additional power for 
the terminator, if it must be supplied by the tarqet power supply, 
is defined in the product specifications. 

•@914 ~'.!V. 2193 COC 
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+5 V. (nominal) 

220 St.. 
-SIGNAL 

330 .st. 

GROUND 

--
, 

FIGURE 4-5. TERMINATION FOR SINGLE-ENDED DEVICES 

+5 V. (nominal) 

330 .st \ 

·SIGNAL 

I 50 .5t 

+SIGNAL 

330 Jt 

GROUUO 

--
FIGURE 4-6. TERMINATION FOR DIFFERENTIAL DEVICES 

+5 V (HOM) 

SIUCOH Otooe 

1K Q (T'Vpt 

io,~#sWI OAIVER ENABLE (MIGMl 

180bA I 
FIGURE 4-7. DIFFERENTIAL DRIVER PROTECTION CIRCUIT (OPTIONAL) 
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4.5 SCSI Bus 

Communication on the SCSI bus is allowed between only two SCSI 
devices at any qiven time. There is a maximum of eiqht SCSI 
devices. Each SCSI device has an SCSI ID bit assiqned as shown in 

111 Figure 4-8. These devices can be any combinatio·n of initiators and 
• tarqet:s. 

• • 
• • 

• • 

• • • 

When two scs I devices communica-te on the scs I bus. one acts as an 
initiator and the other acts as a target. The initiator oriqinates 
an operation and the target performs the operation. CDC SCSI 
devices will always function as a tarqe-e; but some CDC devices 
may be able to assume tQe initiator role also . 

An initiator may address up to eight peripheral devices (ref erred 
to as loqical units) that are connected to a target. Three sample 
system configurations are shown in Figure 4-9. 

Bus functions are assigned to initiator or tarqet as shown in 
Table 4-4 • 

Information transfers on the. DATA BUS are asynchronous and follow a 
defined REQ/ACK handshake protocol. One byte of information may be 
transferred with each handshake. All CDC products will support 
asyncronous transfers and some may also support syncronous 
ti::ansfers . 

DB(7) DB(6) DB(S) DB(4) DB(3) DB(2) DB(J.) DB(O) <-- DATA BUS 
I I I I I I I I 
I I I I I I I SCSI ID .. 0 
I I I I I I I 

I I I I I SCSI ID .. · 1 

I I I I I 
I I I I SCSI ID .. 2 
I I I I 
I I I SCSI ID .. 3 
I I I 
I I SCSI ID .. 4 
I I 
I SCSI ID .. s 
I 
SCSI ID .. 6 

SCSI ID • 7 

FIGURE 4-8. SCSI ID.BITS 

Al691' R!V. 2/83 CCC :liq"lfl!'!J ... ·.: s ~ 
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Lll I I I SCSI BUS I I ______ _ 
ICOMPUTERl.ill.l~-------------~1coNTROLLERI _J_, _J_ 
I I I I I I .... I I 

1_1 1_1 

SINGLE INITIATOR. SINGLE TARGET 

I I I SCSI BUS I I _______ _ 
I COMPUTER I .ill.I~··--------+----~ I CONTROLLER I _J_ ....L 
I I I 'I I I I .... I I 

I l_I l_l-
1 
I I I I ______ _ 
+----~I CONTROLLER I _J_ _J_ 

I I I I .... I I 
l_I l~I 

SINGLE INITIATOR, MULTIPLE TARGET 

I I I SCSI BUS I I ______ _ 
ICOMPUTERl.ill.l~--+-----+----~1coNTROLLERI _J_ _J__ 
I I I I I I I I .... I I 

I I l_I l_I 
I . I 

I I I I I I I _____ _ 
ICOMPUTSRl.ill.I~--+ +----~!CONTROLLER! 
I I I I I 

I -
I 

_J_ ..J__ 
I I .... I I 
1_1 l_l 

I I ·1-·------
+----~1coNTROLLERI 
I I I 
I 
I 

_J_ ..J__ 
I I .... I I 
l_I l_I 

I I I ______ _ 
+----~ICONTROLLERI _J_ _J_ 
I I I . I I .... I I 
I l_I l_I 
I I I I I I I _______ _ 

ICOMPUTERl.ill.l~--------+----~1coNTROLLERI _J_ ..J__ 
I I I I I I .... I I 

1:_1 l_I 

MULTIPLE INITIATOR, MULTIPLE TARGET l{f-'\ 
.ill. Hos~ Adapter . \.tY. 
~ Peripheral devices such as maqnetic disks, tapes. printers. etc. 

These devices may be embedded with the controller. 

FIGURE 4-9. SAMPLE SCSI CONFIGU1U1.TIONS 
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4.6 SCSI Bus Signals 

There are a total of eighteen signals. Nine are used for control 
and nine are used for data. (Data signals include the parity 
signal option). These signals are described as follows: 

BSY (BUSY) - An 11 0R-tied 11 siqnal that indicates that the bus is 
being used. 

SEL (SELECT) - A signal used by an initiator to select a target or 
by a target to reselect an initiator. 

C/D (CONTROL/DATA} - A signal driven by a target that indicates 
whether CONTROL or DATA information is on the DATA BUS. True 
indicates CONTROL. 

I/O (INPUT/OUTPUT) - A signal driven by a target that controls the 
direction of data movement on the DATA BUS with respect.to an 
initiator. True indicates input to the initiator. This signal is 
also used to distinguish between SELECTION and RESELECTION phases. 

MSG (MESSAGE) - A signal driven by a target during the MESSAGE 
phase. 

REQ (REQUEST) - A signal driven by a target to indicate a request 
for a REQ/ACK data transfer handshake. 

ACK (ACKNOWLEDGE) - A siqnal driven by an initiator to indicate an 
acknowledgment for a REQ/ACK data transfer handshake. 

ATN (ATTENTION) - A signal d:::iven by an initiator to indicate the 
ATTENTION condition. 

RST (RESET} - An "OR-tied" signal that indicates the RESET 
condition. 

DB(7-0,P) (DATA BUS). Eight data-bit signals. plus a parity-bit 
signal that form a DATA BUS. DB(7) is the most significant bit 
and has the highest priority during the ARBITRATION phase. Bit 
number, significance, and·priority decrease downward to DB(O). A 
data bit is defined as one-when the signal value is true and is 
defined as zero when the signal value is false. 

Data parity DB(P) is odd - The use of parity is a system option. 
• All CDC products will generate parity, but must include the 
• capability to enable/disable parity detection. Parity is not valid 

during the ARBITRATION phase. 
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Signals may assume true or false values. There are two methods of 
driving these signals. In both cases. the signal shall be actively 
driven true. or asserted. In the case of OR-tied drivers. the 
driver does not drive the signal to the false state. rather the 
bias circuitry of the bus terminators pulls the signal false 
whenever it is released by the drivers at every SCSI device. If 
any ~river is asserted, then the signal is true. In the case of 
non-OR-tied drivers, the signal may be actively driven false. or 
negated. In this standard, wherever the term negated is used. it 
means that the signal may be actively driven false. or may be · 
simply released (in which case the bias circuitry pulls it false), 
at the option of the implementor. The advantage to actively drive 
signals false is that the transition from true to false occurs more 
quickly, and noise margins may be somewhat improved; this may 
permit somewhat faster data transfer. · 

4.6.2 OR-Tied Siqnals 

The BSY and RST siqnals shall be OR-tied only. In the ordinary 
operation of the bus. these signals are simultaneously driven true 
by several drivers. No signals other than BSY. RST. and DB(P) are 
simultaneously driven by two or more drivers. and any signal other 
th.an BSY and RST may employ OR-tied or non-CR-tied drivers. · DB (P) 
shall not be driven false during the ARBITRATION phase. There is 
no operational problem in mixing OR-tied and non-OR-tied drivers on 
signals other than BSY and RST. 

4.6.3 Signal sources 

Table 4-4 indicates which type of SCSI device is allowed to source 
each signal. All SCSI device drivers that are not active sources 
shall be in the passive state. Note that the RST signal may be· 
sourced by any SCSI device at any ti.me. 

·' .n1 • ~l!V. 2183 COC 
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BSY 

None 
All 
I&T 
I&T 
·Target 
Target 
Target 
Target 
Target 
Target 

TABLE 4-4 SIGNAL SOURCES 

SEL 

None 
Winner 
Initiator 
Target 
None 
None 
None 
None 
None 
None 

SIGNALS 
CID. I/O, 
MSG, REQ ACK/ATN 

None 
None 
None 
Target 
Target 
Target 
Target 
Target 
Target 
Target 

None 
None 
Initiator 
Initiator 
Initiator 
Initiator 
Initiator 
Initiator 
Initiator 
Initiator 

DB(7-0,P} 

None 
SCSI ID 
Initiator 
Target 
Initiator 
Target 
Initiator 
Target 
Target 
Initiator 

All: The signal shall be driven by all SCSI devices that are 
actively arbitrating. 

:\( SCSI ID: A unique data bit (the SCS.I ID) shall be driven by each 
SCSI device that is actively arbitrating: the other seven 
data bits shall be released (i.e., not driven) by this 
SCSI device. The parity bit (DB(P)) may be undriven or 
driven to the true state, but shall never be driven to 
the false state during this phase. 

I&T: The signal shall be driven by the initiator, target. or 
both, as specified in the SELECTION phase and RESELECTION 
phase. 

Initiator: If this siqnal is driven. it shall be driven only by the 
active initiator. 

None:. 

Winner: 

Target: 

The siqnal shall be released: that is, not be driven by 
any SCSI device. The bias circuitry of the bus 
terminators pulls the signal to the false state. 

The signal shall be driven by the one SCSI device that 
wins arbitration. 

If the signal is driven, it shall be driven only by the 
active target. 
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4.7 SCSI Bus Timing 

Unless otherwise indicated, the delay-time measurements for each 
SCSI device, shown in 4.7.l throuqh 4.7.14, shall be calculated 
from signal conditions existing at that SCSI device's own SCSI bus 
connection. Thus, these measurements (except cable skew delay) can 
be made without considerinq delays in the cable. 

4.7.l Arbitration Delay (2.2 us) 

The minimum time an SCSI device shall wait from asserting BSY for 
arbitration until the DATA BUS can be examined to,see if 
arbitration has been won. There is no maximum time. 

4.7.2 Assertion Period (90 ns) 

The minimum time that a tarqet qhall assert REQ while using 
synchronous data transfers. Also, the minimum time that an 
initiator shall assert ACK while usinq synchronous data transfers. 

4.7.3 Bus Clear Delay (800 ns) 

The maximum time for an SCSI device to stop driving all bus signals t: ·' 
after: 

(l) The BUS FREE phase is detected (BSY and SEL both false for a 
bus settle delay) 

(2) SEL is received from another SCSI device during the 
ARBITRATION phase. 

(3) The transition of RST to true. 

NOTE: For the first condition above, the maximum time for an SCSI 
device to clear the bus is 1200 ns from BSY and SEL first becoming 
both false. If an SCSI device requires more than a bus settle 
delay to detect BUS FREE phase. it shall clear the bus within a bus 
clear delay minus the excess time. 

4.7.4 Bus Free Delay csoo ns) 

The minimum time that an SCSI device shall wait from its detection 
of the BUS FREE phase· (BSY and SEL both false for a bus settle 
delay) until its assertion of BSY when qoinq to the ARBITRATION 
phase. 

4.7.S Bus Set Delay (l.8 US) 

The maximum time for an SCSI device to assert BSY and its SCSI ID 
bit on the DATA BUS after it detects BUS FREE phase (BSY and SEL 
both false for a bus settle delay) for the purpose of entering the 
ARBITRATION phase. 
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4.7.6 Bus Settle Delay (400 ns) 

The time to wait for the bus to settle after changing certain 
control signals as called out in the protocol definitions. 

4.7.7 Cable Skew Delay (10 ns) 

The maximum difference in propagation time allowed between any two 
SCSI bus signals when measured be~ween any two SCSI devices. 

4.7.S Data Release Delay (400 ns) 

The maximum time for an initiator to release the DATA BUS signals 
following the transition of the I/O signal from false to true. 

4.7.9 Deskew Delay (45 ns) 

The minimum time required for deskew of certain signals. 

4.7.10 Hold Time (45 ns) 

The minimum time added between the assertion of REQ or ACK and the 
changing of the data lines to provide hold time in the initiator or 
target. respectively. while using synchronous data transfers. 

4.7.ll Negation Period (90 ns) 

The minimum time that a target shall negate REQ while using 
synchronous data transfers. Also. the minimum time that an 
initiator shall negate ACK while using synchronous data transfers. 

4.7.12 Reset Hold Time (25 us) 

The minimum time for which RST is asserted. There is no maximum 
time. 

4.7.13 Selection Abort Time {200 us) 

The maximum time that a target (or initiator) shall take from its 
most recent detection of being selected (or reselected) until 
asserting a BSY response. This timeout is required to ensure that 
a target (or initiator) does not assert BSY after a SELECTION (or 
RESELECTION) phase has been aborted. This is not the selection 
timeout period: see Sections 5.1.3.5 and S.l.4.2 for a complete 
description. 

4.7.14 Selection Timeout Delay (250 ms. recommended) 

The minimum time that an initiator (or target) should wait for a 
BSY response during the SELECTION (or RESELECTION) phase before 
starting the timeout procedure. Note that this is only a 
recommended time period. The specifications for the peripheral 
devices shall be consulted for the actual timing requirements. 
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4.7.15 Transfer Period (set durinq a MESSAGE phase) 

The Transfer Period specifies the minimum time allowed between the 
leading edges of successive REQ pulses and of successive ACK pulses 
while usinq synchronous data transfers. .(See Sections s.1.s.2 and 
5.5.4.). 

5.0 LOGICAL CHARACTERISTICS 

S.l SCSI Bus Phases 

• • • 

The SCSI architecture includes eight distinct phases: 

BUS FREE phase 
ARBITRATION phase 
SELECTION phase 
RESELECTION phase 
COMMAND phase \ 
DATA phase \ 
STATUS phase I 
MESSAGE phase I 

These phases are collectively termed the 
information transfer phases. 

The SCSI bus can never be in more than one phase at any given 
time. Unless 4therwise noted in the following descriptions, 
siqnals that are not mentioned shall not be asserted. 
CDC products will support all eight phases. but will be equally 
compatible with systems that do not use ARBITRATION. RESELECTION • 
and messages other than COMMAND COMPLETE message· . 

5.l.l BUS PREE Phase 

• • • 
• • 

The BUS FREE phase is used to indicate that no SCSI device is 
actively .using the SCSI bus and that it is available for subsequent 
users. 

SCSI devices shall detect the BUS PREE phase after SEL and BSY are 
both false for at least a bus settle delay. 

SCSI devices shall release all SCSI bus signals within a bus clear 
delay after BSY and SEL become continuously false for a. bus settle 
delay. If an SCSI device requires more than a bus settle delay to 
detect the BUS FREE phase then it shall release all SCSI bus 
signals within a bus clear delay minus the excess time to detect 
the BUS FREE phase. The total time to clear the SCSI bus shall not 
exceed a bus settle delay plus a bus clear delay. 

' - '·, 

If the initiator detects the BUS FREE phase (except as a result of 
a RESET condition, an ABORT messaqe. or a BUS DEVICE RESET MESSAGE) 
without first receivinq a DISCONNECT or COMMAND COMPLETE message, 
it shall be considered to be an error condition. If the target 
intentionally creates this condition, the target shall: 

c ' .... 

r ., 

~. ) 
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• l. Clear the current command, -if any, for that initiator. 
• 2. Set up REQUEST SENSE data with appropriate Sense Key and 
m Error Code if the LUN is known. 

• Whenever an initiator detects an unexpected BUS FREE, 
• it should attempt to select and issue REQUEST SENSE 
• to determine if the previous command was: 

• l. Aborted with valid REQUEST SENSE data, or 
• 2. Aborted without any. valid REQUEST SENSE data. 

S.l.2 ARBITUATION Phase 

The ARBITUATION phase allows one SCSI device to gain control of the 
SCSI bus so that it can assume the role of an initiator or tarqet. 

The procedure for an SCSI device to obtain control of the SCSI bus 
is as follows. 

l. The SCSI device shall first wait for the BUS FREE phase to 
occur. The BUS FREE phase is detected whenever both BSY and 
SEL are simultaneously and continuously false for a minimum 
of a bus settle delay. (Implementers note: This bus settle 
delay is necessary because a transmission line phenomenon 
known as a "wire-OR glitch" may cause BSY to btiefly appeaz: 
false. even though it is being driven true.) 

2. The SCSI device shall wait a minimum of a bus free delay 
after detection of the BUS FREE phase (i.e. after BSY and SEL 
are both false for a bus settle delay) before driving any 
signal. 

3. Following the bus free delay in Step (2), the SCSI device may 
az:bitrate foz: the SCSI bus by asserting both BSY and its own 
SCSI ID, however the SCSI device shall not arbitrate (i.e. 
assert BSY and its SCSI ID) if more than a bus set delay has 
passed since the BUS FREE phase was last observed. 
(Implementors Note: There is no maximum delay before 
asserting BSY and the SCSI ID following the bus fz:ee delay in 
Step (2) as long as the bus remains in the BUS FREE phase. 
However. SCSI devices that delay longer than a bus settle 
delay plus a bus set delay from the time when BSY and SEL 
first become false may fail to paz:tic~pate in arbitration 
when competing with faster SCSI devices.) 
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4. After waiting at least an arbitration delay (measured from 
its assertion of BSY) the SCSI device shall examine the DATA 
BUS. If a higher priority SCSI ID bit is true on the DATA 
BUS (DB(7) is the highest). then the SCSI device has lost the 
arbitration and the SCSI device must release its signals .and 
return to Step (l). If no higher priority SCSI ID bit is. 
true on the DATA BUS, then the SCSI device has won the 
arbitration and it shall assert SEL. Any other SCSI device 
that is participatinq in the ARBITRATION phase has lost the 
arbitration and shall release BSY and its SCSI ID bit within 
a bus clear delay after SEL becomes true. An SCSI device 
that loses arbitration may return· to Step (l). 

5. The SCSI device that wins arbitration shall wait at least a 
bus clear delay plus a bus settle delay after asserting SEL 
before changing any signals. 

NOTE: The SCSI ID bit is a single bit on the DATA BUS that 
corresponds to the SCSI device's unique SCSI address. All other 
seven DATA BUS bits shall be released by the SCSI device. Parity 
is not valid during the ARBITRATION phase. During the ARBITRATION 
phase, DB(P) may be undriven or driven to the true state, but shall 
not be driven to the false state. 

5.l.3 SELECTION Phase 

The SELECTION phase allows an initiator to select a target for the 
purpose of initiating some target function (e.g., READ or WRI'l'.E 
command). 

NOTE: Durinq the SELECTION phase the I/O siqnal shall be neqated 
so that this phase can be distinguished from the RESELECTION phase. 

S.l.3.l Non Arbitratinq Systems 

In systems with the ARBITRATION phase not implemented, the 
initiator shall first detect the BUS FREE phase and then wait a 
minimum of a bus clear delay. Then, except in certain single 
initiator environments with initiators employinq the sinqle 
initiator option (see 5.l.3.4), the initiator shall. assert· the 
desired target's SCSI ID and its own initiator SCSI ID on the DATA 
BUS. After two deskew delays the initiator shall assert SEL . • 

/ 
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5.l.3.2 Arbitratinq Systems 

In systems with the ARBITRATION phase implemented. the SCSI device 
that won the arbitration has both BSY and SEL asserted and has 
delayed at least a bus clear delay plus a bus settle delay before 
ending the ARBITRATION phase. The SCSI device that won the 
arbitration becomes an initiator by releasing I/O. Except in certain 
sinqle initiator environments with initiators employing the single 
initiator option (see S.l.3.4). the initiator shall set the DATA BUS 
to a value which is the OR of its SCSI ID bit and the tarqet's SCSI 
ID bit. The initiator shall then wait at least two deskew delays and 
release BSY. The initiator shall then wait at least a bus settle 
delay before looking for a response from the target. 

S.l.3.3 All Systems 

In all systems. the target shall determine that it is selected when 
SEL and its SCSI ID bit are true and BSY and I/O are false for at 
least a bus settle delay. The selected target will examine the DATA 
BUS in order to determine the SCSI ID of the selecting initiator 
unless the initiator employed the single initiator option (see 
5.l.3.4). The selected target shall then assert BSY within a 
selection abort time of its most recent detection of being selected: 
this is required for correct operation of the timeout procedure. In 
systems with parity implemented. the target shall not respond to a 
selection if bad parity is detected. Also. if more than two SCSI ID 
bits are on the DATA BUS. the target shall not respond to selection. 
At least two deskew delays after the initiator detects BSY is true, 
it shall release SEL and may change the DATA BUS. 

S.l.3.4 Sinqle Initiator Option 

Initiators that do not implement the RESELECTION phase and do not 
operate in the multiple initiator environment are allowed to set only 
the target's SCSI ID bit during the SELECTION phase. This makes it 
impossible for the target to determine the initiator's SCSI ID. 

S.l.3.5 SELECTION Timeout Procedure 

• 
• 

A SELECTION timeout procedure is specified for clearinq the SCSI 
bus. If the initiator waits a minimum of a selection timeout delay 
and there has been no BSY r~sponse from the target. then a CDC 
initiator shall continue asserting SEL and shall release the DATA 
BUS. If the initiator has not detected BSY to be true after at least 
a selection abort time plus two deskew delays. the initiator shall 
release SEL allowinq the SCSI bus to qo to the BUS FREE phase. SCSI 
devices shall ensure that when responding to selection that the 
selection was still valid within a selection abort time of their 
assertion of BSY. Failure to comply with this requirement could 
result in an improper selection (two targets connected to the same 
initiator. wronq target connected to an initiator. or a ta~qet 
connected to no initiator). 

:),.,...0., .. '~ :: .. 
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• RESELECTION is a phase that allows a target to reconnect to an 
initiator for the purpose of continutnq some operation that was 
previously started by the initiator but was suspended by the target 
(i.e., the target disconnected by allowing a BUS FREE phase to occur 
before the operation was complete). 

RESELECTION can only be used in systems that have ARBITRATICN phase 
implemented. 

5.l.4.l RESELECTION Procedure 

Upon completing the ARBITRATION phase. the winning SCSI device has 
both BSY and SEL asserted and has delayed at least a bus clear delay 
plus a bus settle delay-. The winning SCSI device becomes a target by 
asserting the I/O signal. That device shall also set the DATA BUS to 
a value that is the OR of its SCSI ID bit and the initiator's SCSI ID 
bit. The target shall wait at least two deskew delays and release 
BSY. The target shall then wait at least a bus settle delay before 
looking for a response from the initiator. 

The initiator shall determine that it is reselected when SEL. I/O. 
and its SCSI ID bit are true and BSY is false for at least a bus 
settle delay. The reselected initiator may examine the DATA 'BUS in 
order to determine the SCSI ID of the reselecting target. 

The reselected initiator shall then assert BSY within a selection 
abort time of its most recent detection of being reselected: this is 
required for correct operation of the timeout procedure. In systems 
with parity implemented. the initiator shall not respond to a 
RESELECTION if bad parity is detected .. Also. the initiator shall not 
respond to a RESELECTION if more than two SCSI ID bits are on the 
DATA BUS. 

After the target detects BSY. it shall also assert BSY and wait at 
least two deskew delays and then release SEL. The target may then 
change the I/O signal and the DATA BUS. After the reselected 
initiator detects SEL false, it shall release BSY. The target shall 
continue asserting BSY until the target is ready to relinquish the 
SCSI bus. 

NOTE: When the target is asserting BSY. a transmission line 
phenomenon known as a 11 wire-OR glitch" may cause BSY to appear false 
for up to a round-trip propagation delay following the release of BSY 
by the initiator. This is the reason why the BUS FREE phase is 
recognized only after both BSY and SEL are continuously false for a 
minimum of a bus settle delay. Cables longer than 25 meters should 
not be used even if the chosen driver, receiver. and cable provide 
adequate noise margins. because they increase the duration of the 
glitch and could cause SCSI devices to inadvertently detect the BUS 
FREE phase. 

,.egu Rl!V. %183 CCC 
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S.l.4•2 RESELECTION Timeout Procedure 

This RESELECTION timeout procedure is specified for clearinq the SCSI 
bus durinq a RESELECTION phase. If the tarqet waits a minimum of a 
selection timeout period and there has been no BSY response 

• from the initiator. then a CDC tarqet shall continue asserting SEL 
and I/O and shall release al1 DATA BUS siqnals. If the target has 
not detected BSY to be true after at least a selection abort time 
plus two deskew delays. the target shall release SEL and I/O allowing 
the SCSI bus to qo to the BUS FREE phase. SCSI devices that respond 
to RESELECTION shall ensure that the RESELECTION was still valid 
within a selection abort time of their assertion of BSY. Failure to 
comply with this requirement could result in an imptoper reselection 
(two initiators connected to the same target or the wronq initiator 
connected to a ~arqet). 

• If RESELECTION fails, the current command will be aborted. If an 
• initiator times out while waitinq to be reselected, the initiatot 
a should attempt to select and issue REQUEST SENSE to detetmine if the 
• previous command is: 

• l. 
• 2. 
• 3. 

Still in process (busy STATUS will be returned). 
Aborted with valid REQUEST SENSE data. or 
Aborted without valid REQUEST SENSE data. 

5.1.5 Information Transfer Phases 

NOTE: The COMMAND. DATA. STATUS. and MESSAGE phases are all grouped 
together as the information transfer phases because they are all used 
to transfer data or control information via the DATA BUS. The actual 
contents of the information is beyond the scope of this section. 

The CID. I/O, and MSG signals are used to distinguish between the 
different information transfer phases. (See Table 5-l.) The target 
drives these three signals and therefore controls all changes from 
one phase to another. The initiator can request a MESSAGE OUT phase 
by asse.ctinq ATN, while the target can cause the BUS FRE:::·phase by 
releasing MSG, C/D, 1/0, and BSY. 

I SIGNAL I 
!MSG C/D I/OI 
I 0 0 0 I 
I 0 0 l I 
I 0 l 0 I 
I 0 l l I 
I l 0 0 I 
I l 0 l I 
I l l 0 I 
I l l 1 I 

TABLE S-l. INFORMATION TRANSFER PHASES 

PHASE NAME 
DATA OUT 
DATA IN 
COMMAND 
STATUS 
* 
* 
MESSAGE OUT 
MESSAGE IN 

DIRECTION OF TRANSFER 
Initiator to target 
Initiator from target 
Initiator to target 
Initiator from target 

Initiator to target 
Initiator from target 

COMMENT 
\ Data 
I Phase 

\ Message 
I Phase 

Key: o = False. l • True, * = Reserved for future standardization. 
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The information transfer phases use one or more REQ/ACX handshakes to 
cont.col the information transfer. Each REQ/ACK handshake allows the 
transfer of one byte of information. Durinq the information transfer 
phases BSY shall remain true and SEL shall remain false. 
Additionally. durinq the information transfer phases. the target 
shall continuously envelope the REQ/ACK handshake(&) with C/D, !/O, 
and MSG in such a manner that these control signals are valid for a 
bus settle delay before the assettion of REQ of -the fi.cst h.2, .,dshake 
and remain valid until the negation of ACK at the end of the last 
handshake. 

5.l.5.l Asynchronous Information Transfer 

The target shall contr'l the direction of information transfer by 
means of the I/O signaL. When 1/0 is true. info.cmation shall be 
transfe.cred from the target to the initiator. When I/O is false. 
information shall be transferred from the initiator to the target. 

~f I/O is true (transfer to the initiator), the t ~get shall first 
drive DB(7-0,P) to their desired values, delay at least one deskew 
delay plus a cable skew delay, then assert REQ. DB(7-0,P) shall 
remain 1alid until ACK is true at the target. The initiator shall ."· ~. 
read 0~(7-0,P) after REQ is true, then signal its acceptance of the 
data by asserting ACK. When ACK becomes true at the target, the 
target may change or release DB(7-0,P) an4 shall negate REQ. After 
REQ is false the initiator shall then negate ACK. Afte.c ACK is false 
the target may continue the transfer by driving DB{7-0,P) and 
asserting REQ, as described above. 

If I/O is false (transfer to the target) the target shall request 
information by asserting REQ. The initiator shall drive DB(7-0,P) to 
thei~ desited values, delay at least one deskew delay plus a cable 
skew delay and assert ACK. The initiato.c shall continue to drive 
DB(7-0,P) until REQ is false. When ACK becomes true at the target. 
the target shall read DB(7-0,P), then negate REQ. When REQ becomes 
false at the initiator. the initiator may change or release DB(7-0,P) 
and shall negate ACX. The target may continue the transfer by 
asserting REQ. as described above. 

41!91 • ,.!'/, 2193 coc 
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Synchronous data transfer is optional, and may be used only in the 
data phase if previously agreed to by the initiator and target 
throuqh the message system (see SYNCHRONOUS DATA TRANSFER REQUEST 
message. 5.5). The messages determine the use of synchronous mode by 
both SCSI devices and establish a REQ/ACK offset and a transfer 
period. 

The REQ/ACK offset specifies the maximum number of REQ pulses that 
can be sent by the target in advance of the number of ACK pulses 
received from the initiator. ·establishing a pacinq mechanism. If the 
number of REQ pulses exceeds the number of ACK pulses by the REQ/ACK 
offset. the target shall not assert REQ until the next ACK pulse is 
received. A requirement for successful completion of the data phase 
is that the number of ACK and REQ pulses be equal. 

The tarqet shall assert the REQ signal for a minimum of an assertion 
period. The target shall wait at least the greater of a transfer 
period from the last transition of REQ to true or a minimum of a 
negation period from the last transition of REQ to false before 
asserting the REQ signal. 

The initiator shall send one pulse on the ACK signal for each REQ 
pulse received. The initiator shall assert the ACK signal for a 
minimum of an assertion period. The initiator shall wa~t at least 
the greater of a transfer period from the last transition of ACK to 
true or for a minimum of a negation period from the last transition 
of ACK to false before asserting the ACK signal. · 

If I/O is true (transfer to the initiator). the tarqet shall first 
drive OB(7-0.P) to their desired values. wait at least one deskew 
delay plus one cable skew delay, then assert REQ. DB(7-0,P) shall be 
held valid for a minimum of one deskew delay plus one cable skew 
delay plus one hold time after the assertion of REQ. The target 
shall assert REQ for the minimum of an assertion period. The target 
may then negate REQ and change or release OB(7-0,P). The initiator 
shall read the value on OB(7-0,P) within one hold time of the 
transition of REQ to true. The initiator shall then respond with an 
ACK pulse. 

If I/O is false (transfer to the tarqet), the initiator shall 
transfer one byte for each REQ pulse received. After receiving a REQ 
pulse, the initiator shall first drive DB(7-0,P) to their desired 
values, delay at least one deskew delay plus one cable skew delay, 
then assert ACK. The initiator shall hold DB(7-0,P) valid for at 
least one deskew delay plus one cable skew delay plus one hold time 
after the assertion of ACK. The initiator shall assert ACK for a 
minimum of an assertion period. The initiator shall then negate ACK 
and may change or release OB(7-0,P). The target shall read the value 
of DB(7-0,P) within one. hold time of the transition of ACK to true. 

•e9u ~ev. 21113 c::ic 
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S.l.6 COMMAND Phase 

The COMMAND phase allows the tarqet to request command information 
from t~e initiator. 

The tarqet shall assert the C/D siqnal and negate the I/O and MSG 
signals during the REQ/ACK handshake(s) of this phase. 

5.l.7 Data Phase 

The data phase is a term that encompasses both the DATA IN phase .and 
the DATA OUT phase. 

S.l.7.1 DATA IN Phase 

The DATA IN phase allows the target to request that data be sent to 
the initiator from the target. 

The target shall assert the I/O signal and negate the C/D and MSG 
signals durinq the REQ/ACK handshake(s) of this phase. 

S.l.7.2 DATA OUT Phase 

The DATA OUT phase allows the target to request that .data be. sent 
from the initiator to the target. 

The target shall negate the C/D~ I/O, and MSG signals during the 
REQ/ACK handshake(s) of this phase. 

S.l.8 STATUS Phase 

The STATUS phase allows the target to request that status information 
be sent from the target to the initiator. 

The target shall assert C/D and I/O and negate the MSG siqnal during 
the REQ/ACK handshake of this phase. 

S.l.9 Message Phase 

. 

The message phase is a term that references either a MESSAGE IN. or a 
MESSAGE OUT phase. Multiple ~essaqes may be sent during either 
phase. The first byte transferred in either of these phases shall be 
either a single-byte message or the first byte of a multiple-byte 
messaqe. Multiple-byte messaqes shall be wholly contained within a 
sinqle messaqe phase . 

~agu • .,., V,3 c~c 
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S.l.9.l MESSAGE IN Phase 

The MESSAGE IN phase allows the target to request that messages be 
sent to the initiator from the target. 

The target shall assert CID. I/O. and MSG during the REQ/ACK 
handshake(s) of this phase. 

5.1.9.2 MESSAGE OUT Phase 

.. 
• 
II 

1111 

• • .. 
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The MESSAGE OUT phase allows the target 
sent from the initiator to the target. 
phase at its convenience in response to 
5.2.l) created by the initiator. 

The target shall assert C/D and MSG and 
handshake(s) of this phase. The target 
this phase until ATN goes false. unless 
REJECT. S • 5 • 2 ) • 

to request that message(s) be. 
The target may invoke this 
the ATTENTION condition (see 

negate I/O during the REQ/ACK 
shall handshake byte(s) in 
an error occurs {see MESSAGE 

If the target detects one or more parity error(s) on the message 
byt.e(s) received. it may indicate its desire to retry the message(.s) 
by asserting REQ after detecting ATN has gone false and prior to 
chanqinq to any other phase. The initiator. upon detecting this 
condition. shall resend all of the previous message byte(s) sent 
durinq this phase. When resending more than one message byte, the 
initiatot shall assert ATN ptior to asserting ACK on the first by-:e 
and shall maintain ATN asserted until the last byte is sent as 
described in s.2.1. 

If the target receives all of the message byte(s) successfully (i.e., 
no parity errors). it shall indicate that it does not wish to retry 
by changing to any information transfer phase other than the MESS11.GE 
OUT phase and transfer at least one byte. The target may also 
indicate that it has successfully received the message byte(s) by 
changing to the BUS FREE phase (e.g., ABORT or BUS DEV!CE RESET 
messages). 

Only the following combinations of messages will be accepted during 
the same MESSAGE OUT transfer (and only immediately after SELECTION): 

l. IDENTIFY message followed by ABORT message 
2. IDENTIFY messaqe·followed by BUS DEVICE RESET message 
3. IDENTIFY message followed by NO OPERATION message 
4. IDENTIFY message followed by SYNCHRONOUS DATA XFER REQUEST 

message • 

If a tarqet receives illegal multiple messages, it will send a 
MESSAGE REJECT message and go to BUS FREE and abort any command in 
process for that initiator. 



ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVISION 

5.l.10 Signal Restrictions Between Phases 

SPEC 64721700 
CD 9 
REV 
DATE 
PAGE 40 

When the SCSI bus is between two information transfer phases. the 
following restrictions shall apply to the SCSI bus signals: 

l. The BSY, SEL. REQ. and ACK signals shall not change. 

2. The C/D, I/O, MSG. and DATA BUS signals may change. When 
switching the DATA BUS direction f.tom out (initiatoi:: driving) 
to in (target driving). the target shall delay driving the 
DATA BUS by at least a data release delay plus settle delay 
after asserting the I/O signal and the initiator shall release 
the DATA BUS no later than a data release delay after the 
transition of the I/O signal to true. When switching the DATA 
BUS direction from in (target driving) to out (initiator 
driving), the target shall release the DATA BUS no later than 
a deskew d~lay after negating the I/O signal. 

3. The ATN and RST signals may change as defined under the 
descriptions for the ATTENTION condition (5.2.l) and RESET 
condition (5.2.Z). 

5.2 SCSI Bus Conditions 

The SCSI bus has two asynchronous conditions: the ATTENTION 
condition and the RESET condition. These conditions cause the SCSI 
device to perform certain actions and can alter the phase sequence. 

S.2.l ATTENTION Condition 

The ATTENTION condition allows an initiator to inform a target that 
the initiator has a message ready. The target will get this 
message at its convenience by performing a MESSAGE OUT phase. 

The initiator creates the ATTENTION condition by asserting ATN at 
any time except during the ARBITRATION or BUS ?REE phases. 

• The initiator must assert the ATN signal before asserting ACX for 
• the last byte transferred in a bus phase for the ATTENTION 
• condition to be honored before transition to a new bus phase. An 
111 ATN asserted later may not be honored until a later bus phase. 
• A CDC target will respond with MESSAGE OUT phase as follows: 

• l. If ATN occurs during a DATA phase, MESSAGE OUT will occur at a 
• logical block boundary. It may not occur until several logical 
a blocks after ATN is first asserted. 

.~· .. 
~-)i 

~< "' ' • 

a 2. If ATN occurs during a COMMAND phase, MESSAGE OUT will occur ,1 
• after transfer of all Command Descriptor Block bytes has been {~ ,,,,~ 
• completed. ~~· 
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• 3. If ATN occurs durinq a STATUS phase. MESSAGE OUT will occur 
a after the Status byte has been acknowledqed by the initiator. 

• 4. If ATN occurs during a MESSAGE IN phase, MESSAGE OUT will occur 
• after the last byte of the current messaqe has been acknowledged 
• by the initiator. 

• 5. If ATN occurs during a SELECTION or RESELECTION phase. MESSAGE 
a OUT will occur immediately after that SELECTION or RESELECTION 
• phase. 

The initiator shali keep ATN asserted if ~ore than one byte is to 
be t:cansferred. The initiator may negate the ATN signal at any 
time except it shall not negate the ATN signal while the ACK signal 

• is asserted during a MESSAGE OUT phase. Recommended practice is 
that the initiator negates ATN while REQ is true and ACK is false 
during the last REQ/ACK handshake of the MESSAGE OUT phase. 

S.2.2 RESET Condition 

The RESET condition is used to immediately clear all SCSI devices 
from the bus. This condition shall take precedence over all other 
phases and conditions. Any scs·r device may create the RESET 
condition by asserting RST for a minimum of a reset hold time. 
During the RESET condition. the state of all SCSI bus signals other 
than RST is not defined. 

• CDC peripheral products will not assert RESET. Host adaptor 
• products may assert RESET. 

All SCSI devices shall release all SCSI bus signals (except RST) 
within a bus clear delay of the transition of RST to true. The BUS 
FREE phase always follows the RESET condition. 

• CDC SCSI devices will implement the "hard" RESET option. Upon 
detection of the RESET condition. they shall: 

• 
S.3 

l. Clear all uncompleted commands 
2. Release all SCSI device reservations 
3. Return any SCSI device operating modes (MODE SELECT. 

PREVENT/ALLOW MEDIUM REMOVAL commands. etc) to their default 
conditions. 

4. Activate UNIT ATTENTION condition for all initiators • 

SCSI Bus Phase Sequences 

The order in which phases are used on the SCSI bus follows a 
prescribed sequence. 

In all systemsD the RESET condition can abort any phase and is 
always followed by the BUS FREE phase. Also. any other phase can 
be followed by the BUS FREE phase. 

-=-· r-'~':! ,.. - -s 
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5.3.l Nonarbitratinq Systems 

In systems where the ARBITRATION phase is not implemented, the 
allowable sequences shall be shown as in Fiqure 5-l. The normal 
proqression is from the BUS FREE phase to SELECTION, and from 
SELECTION to one or more of the information transfer phases 
(COMMAND, DATA. STATUS, or MESSAGE). 

5.3.2 Arbitrating Systems 

In systems where the ARBITRAT'ION phase is implemented, the allowable 
sequences shall be as shown in Figure 5-2. The normal progression is 
from the BU~ FREE phase to ARBITRATION. from ARBITRATION to SELECTION 
oc RESELECTION, and from SELECTION or RESELECTION to one or more Of 
the information transfer phases (COMMAND, DATA, STATUS. or MESSAGE). 

5.3.3 All Systems 

There are no restrictions on the sequences between information 
transfer phases. A phase type may even be followed by the same phase 
type (e.g .• a data phase may be followed by another data phase). 

I 
I +--..1 COMMAND or 

BUS FREE I I SELECTION I I DATA or 
PHASE . 1~-------- .... 1 PHASE , _______ ...,, STATUS or 

______ ! . , ______ I , __ ME ___ s __ s __ A __ G __ E_P __ HA........,S ... E __ 

t t t I 
• I I I 
I I I I I l ________________________________ I 

I 
I RESET CONDITION 

FIGURE 5-l. PHASE SEQUENCES WITHOUT ARBITRATION 

I 
I ARBIT- I SELECTION +-.... I COMMAND or 

BUS FREE I I RATION I I OR I I DATA or 
PHASE 1-.... 1 PHASE , ___ .... , RESELECTIONl-------.... 1 STATUS or 

______ I l ____ I I PHASE I I MESSAGE PHASE 
t t t t I I 
I I I I I I 

() 

! 1_1~~~~~~~~~~~~~~~~~~~~-' ________ 1 ~-) 
I RESET CONDITION 

FIGURE 5-2. PHASE SEQUENCES WITH ARBITRATION 
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Consider the system shown in Figure 5-2 in which an initiator and 
target communicate on the SCSI bus in order to execute a command. 

Function 
Oriqin 

Initiatorl-----------------1 Tarqet Function I 
Path I SCSI BUS I Path Execution! 

~~~~~-----c.o~n_t_r_o_l...__l-----------------1_...C=o~n~t=r=o=l~..._..._~~~~-1 

Initiator Target 

FIGURE 5-3. SIMPLIFIED SCSI SYSTEM 

The SCSI architecture provides for two sets of three pointers 
within each initiator. The pointers reside in the initiator path 
control. The first set of pointers are known as the ~urrent {or 
active) pointers. These pointers are used to represent the state 
of the interface and point to the next command. data. or.status 
byte to be transferred between the initiator's memory and the 
target. There is only one set of current pointers in each 
initiator. The current pointers a.ce used by the target currently 
connected to the initiator. 

The second set of pointers are known as the saved pointers. There 
is one set of saved pointers for: each command that is currently 

·active (whether or not it is currently connected). The saved 
command pointer always points to the start of the command 
descriptor block {see 6.2) for the current command. The saved 
status pointer always points to the start of the status area for 
the current -command. At the beqinninq of each. command. the saved 
data pointer points to the start of the data area. It remains at 
this value until the target sends a SAVE DATA POINTER message (see 
5.5.2) to the initiator. In response to this message. the 
initiator stores the value of the current data pointer into the 
saved data pointer. The target may restore the current pointers to 
their saved values by sending a RESTORE POINTERS message (see 
S.5.2) to the initiator. The initiator moves the saved value of 
each pointer into the corresponding current pointer. Whenever an 
SCSI device disconnects from the bus, only the saved pointer values 
are retained. The current pointer values are restored from the 
saved values upon the next reconnection. 

•1!914 ::iev. :!183 CCC 
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The message system allows communication between an initiator and 
tarqet for the purpose of physical path management. 

5.5.l Messaqe Protocol 

All SCSI devices shall implement the COMMAND COMPLETE message. 
• Non-CDC products (initiators or targets) are only required to 
• support the COMMAND COMPLETE messaqe. Support for any other 
• message will be assumed to be optional. 

. ~ 

SCSI devices indicate their ability to accommodate more than the 
COMMAND COMPLETE messaqe by assertinq or respondinq to the ATN 
siqnal. The initiator indicates this in the SELECTION phase by 
assertinq ATN prior to the SCSI bus condition of SEL true. and BSY 

• false. If the tarqet hasn't received ATN by this point. it will 
• assume the initiator doesn't support disconnection or messaqes 
• other than COMMAND COMPLETE. If the ATN siqnal is asserted later, 
• it will be ignored until after the next BUS FREE phase. The tarqet 

indicates its ability to accommodate more messages by respondinq to 

Q 

the ATTENTION condition with the MESSAGE OUT phase after going '· 
through the SELECTION phase. ~: ,, 

For SCSI devices that support messaqes other than COMMAND COMPLETE. 
the first message sent by the intitator after the SELECTION phase 
shall be the IDENTIFY message. This allows the establishment of 
the physical path for a particular logical unit specified by the 
initiator. After the RESELECTION phase, the tarqet's first message 
shall be IDENTIFY. This allows the physical path to be 
re-established for the target's specified logical unit numbe~. 

• An initiator may send the ABORT message or the BUS DEVICE RESET 
message instead of the IDENTIFY message. as the first message. 
Only one logical unit number shall be identified for any one 
selection sequence: a second IDENTIFY message with a new·logical 
unit number shall not be issued before the SCSI bus has been 
released (BUS FREE phase). 

Whenever a physical path is established in an initiator that can 
accommodate disconnection and reco.nnection. the initiator shall 
ensure that the active pointers of the physical path are equal to 
the saved pointers for that particular loqical unit number. (An 
implied restore pointers operation occurs as a result of connect or 
reconnect.) 
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TABLE 5-2. MESSAGE CODES 

CDC CDC 
CODE TARGET lNIT DESCRIPTION DIRECTION 
OOH M M COMMAND COMPLETE In 
OlH/OlH 0 0 SYNC DATA TRANSFER REQUEST In Out. 
OlH/XXH 0 0 OTHER EXTENDED MESSAGES 
02H M 0 SAVE DATA POINTER In 
03H M 0 RESTORE POINTERS In 
04H M· M D I.SCONNECT In 
OSH M 0 INITIATOR DETECTED ERROR Out 
06H M M ABORT Out 
07H M M MESSAGE REJECT In Out 
08H M M NO OPERATION Out 
09H M M MESSAGE PARITY ERROR Out 
OAH 0 0 LINKED COMMAND COMPLETE In 
OBH 0 0 LINKED COMMAND COMPLETE W/FLAG In 
OCH M 0 BUS DEVICE RESET Out. 
ODH--7FH R R RESERVED CODES 
SOH--FF'H M M IDENTIFY In Out 

The CDC !NIT column applies to targets that become initiators to 
execute certain commands (e.g. COPY or COMPARE) along with applying 
to host adapter products .. 

Kay: 
M = 
0 = 
R = 

{Type definitions are defined in 6.l.2) 
Command implementation is mandatory. 
Command implementation is optional. 
Operation code is reserved for future standardization. 

In = Target to initiator. Out = Initiator to target. 

I 
I 
I 
I 
I 
I 
I 
I 
! 
I 
i 
I 
l 
I 
I 
l 
I 
I 
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S.5.2 Messaqes 

The sinqle byte messaqes (Table S-2) are.listed alonq with their 
code values and their definitions. 

----1 
( 

COMMAND COMPLETE OOH (Mandatory) - This message is sent from a 
target to an initiator to indicate that the execution of a command 
(or series of linked commands) has terminated and that valid status 
has been sent to the initiator. After successfully sending this 
message. the target shall qo to the BUS FREE phase by releasing BSY. 

NOTE: The command may have been executed successfully or 
unsuccessfully as indicated in the status . . 

EXTENDED MESSAGE OlH (Optional) - This message is sent from either 
the initiator or the target as the first byte of a multiple-byte 
message. (See S.S.~ for descriptions of extended messages.) 

• SAVE DATA POINTER 02H (Mandatory) - This message is sent from a 
target to direct the initiator to save a copy of the present active 
data pointer .for the.currently attached logical unit. (See 5.4 for 
a definition of pointers.) 

• 

• 

• • • • 
• 

RESTORE POINTERS 03H (Mandatory) - This message is sent from a 
target to direct the initiator to restore the most recently.saved 
pointers (for the currently attached logical unit) to the active 
state. Pointers to the command. data. and status locations for the 
logical unit shall be restored to the active pointers. Command and 
status pointers shall be restored to the beginning of the present 
command and status areas. The data pointer shall be restored to 
the value at the beginning of the data area in the absence of a 
SAVE DATA POINTER message or to the value at the point at which the 
last SAVE DATA POINTER message occurred for that logical unit. 

DISCONNECT 04H (Mandatory) - This message is sent from a target to 
inform an initiator that the present physical path is going to be 
broken (the target plans to disconnect by releasing BSY), but that 
a later reconnect will be required in order to complete the current 
operation. If the initiator detects the BUS FREE phase (other than 
as a result of ~ RESET condition) without first receiving a 
DISCONNECT or ~OMMAND COMPLETE message. the initiator shall 
consider this as a catastrophic ertor con~ition. If the target 
intentionally creates this condition. the target shall clear the 
current command. This message shall not cause the initiator to 
save the data pointer. Note: If DISCONNECT messages are used to 
break a lonq data transfer into two or more shorter transfers. then 
a SAVE DATA POINTER will be issued.before each DISCONNECT message. 
CDC products will disconnect when a substantial delay is 
anticipated. The exact situations will be described in individual 
product specifications. These situations may only include: 
after receipt of a Command Descriptor Block or during a data 
transfer • 
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• INITIATOR DETECTED ERROR OSH (Mandatory) - This messaqe is sent 
from an initiator to inform a target that an error (e.q •• parity 
error) has occurred that does not preclude the target from retrying 

• the operation. Since present pointer integrity is not assured. 
• a RESTORE POINTERS message shall be sent by the target to cause 
• the pointers to be restored to their defined pcior state. 
• An initiator should not issue this message unless the RESTORE 
• POINTERS message is accepted by it. If the target is not sure it 
• can recover properly. CHECK CONDITION status will be created with 
•. Sense Key Of ABORTED COMMAND. 

• ABORT 06H (Mandatocy) - This messaqe is sent from the initiator to 
the target to clear the present operation. If a logical unit has 
been identified. all pending data and status for the issuing 
initiator from the affected logical unit shall be cleared. and the 
target shall go to the BUS FREE phase. Pending data and status for 
other initiators shall not be cleared. If a logical unit has not 
been identified, the target shall go to the BUS FREE phase. No 
status or ending message shall be sent for the operation. It is 
not an error to issue this·messaqe to an logical unit that is not 
currently performing an operation for the initiator . 

• MESSAGE REJECT 07H (Mandatory) - This message is sent from either 
the initiator or tarqet to indicate that the last message it· 
received was inappropriate or has not been implemented. 

• CDC targets may optionally retry the original message. If the 
• messaqe is still rejected. then response will depend upon what the 
• original message was: 

• ORIGINAL MESSAGE 
• Command Complete 
• Synchronous Request 
• save Data Pointer 
• • Restore Pointers 
• • • Disconnect 
• • Message Reject 
• • • Linked Cmd Complete 
• Identify 
• 

RECOVERY ACTION 
Go to BUS FREE state anyway . 
Assume asynchronous transfers and continue. 
Don't disconnect and continue data transfer 
command . 
Terminate command immediately with CHECK 
CONDITION status and HARDWARE ERROR in 
Sense Key • 
Don•t disconnect and continue command 
normally. . 
Terminate command immediately with CHECK 
CONDITION status and HARDWARE ERROR in 
Sense Key . 
Go to BUS FREE phase • 
Go to BUS FREE (catastrophic error). save 
ABORTED CMD in the Sense Key . 

•6911 "EV 2193 COC =····~~ • ·- S · 
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• CDC initiators may optionally retry the oriqinal messaqe one time. 
• if the message is still rejected, response will be as follows: 

• ORIGINAL MESSAGE RECOVERY ACTION 
• Synchronous Request Assume asynchronous transfers and continue. 

Send Abort message and retry the command. 
Send host adapter CHECK CONDITION status 
(to COPY command) and HARDWARE ERROR in 
Sense Key • 

• Initiator Detected Error 
• Abort 
Iii 

• • Messaqe Reject Same response as Abort. 
• No Operation 
• Message Parity Error 
• Bus Device Reset 
• Identify 

Continue on without any special action. 
Same response as Abort. 
Same response as Abort. 
Same response as Abort. 

In order to indicate its intentions of sendinq this messaqe, the 
· initiator shall assert the ATN siqnal prior to its release of ACK for 
the REQ/ACK handshake of the message that is to be rejected. When a 
target sends this messaqe, it shall change to MESSAGE IN phase and 
send this messaqe prior to requesting additional message bytes from 
the initiator. This provides an interlock so that the initiator can 
determine which message is rejected. 

• NO OPERATION oaa (Mandatory) - This messaqe is sent from an.initiator 
in response to a tarqet•s request for a message when the initiator 
does not currently have any other valid message to send. 

• MESSAGE PARITY ERROR 09H (Mandatory) - This message is sent from the 
initiator to the target to indicate that one or more bytes in 

• the last message it received had a parity error. CDC targets that 
• receive this message will attempt to resend. the original message 
• one time. If the retry attempt also results in a parity error, the 
• target will go to BUS FREE phase. 

In order to indicate its intentions of sending this message, the 
initiator shall assert the ATN signal prior to its release of ACK fot 
the REQ/ACX handshake of the message that has the parity error. This 
provides an interlock so that the target can determine which message 
has the parity error. 

LINKED COMMAND COMPLETE OAH (Optional) - This message is sent from a 
target to an initiator to indicate that the execution of a linked 
command has completed and that status has been sent. The initiator 
shall then set the pointers to the initial state for the next linked 
command. 

LINKED COMMAND COMPLETE (WITH FLAG) OBH (Optional) - This message is 
sent from a target to an initiator to indicate that th.e execution of «· '\ 
a linked command (with the flag bit set to one) has completed and · · . .J 
that status has been sent. The initiator shall then set the pointers'./ 
to the initial state of the next linked command. Typically this 
message would be used to cause an interrupt in he initiator between 
two linked commands. 

~e91 • """· 2183 CCC 
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• BUS DEVICE.RESET OCH (Mandatory) - This message is sent from an 
initiator to direct a tarqet to clear all current commands on that 
SCSI device. This messaqe forces the SCSI device to an initial 
state with no operations pendinq for any initiator. Upon 
recoqnizinq this messaqe. the target shall qo to the BUS FREE phase. 

Reserved ODH to 7FH - These codes are reserved for future use. 

a IDENTIFY 80H to FFH (Mandatory) - These messages are sent by either 
• the initiator (after SELECTION phase) or the tarqet (after 
• RESELECTION phase) to establish the physical path connection 

between an initiator and target for a particular logical unit • 
• 

Bit 7 - This bit is always set to one to distinguish these messages 
from the other messages. 

Bit 6 - This bit is.only set to one by the initiator. When set to 
one. it indicates that the initiator has the ability to accommodate 

• disconnection and reconnection. When set to zero, CDC targets will 
• not attempt to disconnect. 

( Bits 5-3 - Reserved. 

Bits 2-0 - These bits specify a loqical unit number in a target. 

Only one logical unit number shall be identified for any one 
selection sequence: a second IDENTIFY messaqe with a new logical 
unit number shall not be issued before the bus has been released 
(BUS FREE phase). 

When sent from a tarqet to an initiator during reconnection. an 
implied RESTORE POINTERS message shall be performed by the 
initiator prior to completion of this message. 

• If an initiator specifies an invalid LUN in the IDENTIFY message. 
• a CDC target will accept the IDENTIFY message but will reject the 
• next command. See 6.2.2. 

>69U '1!V 2!!3 COC 
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5.5.3 Extended Messages (Optional) 

• 
• 

A value of OlH in the first byte of a messaqe indicates the 
beqinning of a multiple-byte extended message. The minimum number 
of bytes sent for an extended messaqe is three. The extended 
message format and the extended message codes are shown in Tables 
5-3 and 5-4. respectively. 

TABLE 5-3 • EXTENDED MESSAGE FORMAT 

. I BYTE VALUE I DESCRIPTION I· 
I 0 OlH I Extended message I 
I l nH I Extended message length I 
I 2 yH I Extended message code I 
I 3 nH+l xH ·I Extended message arguments I 

The extended messaqe lenqth specifies the length in bytes of the 
extended message code plus the extended message arguments to 
follow. Therefore. the total lenqth of the message is equal to the 
extended message length plus two. A value of zero for the extended 
message length indicates 256 bytes follow. 

The extended message codes are listed in Table 5-4. The extended 
message arquments are specified for the defined extended messages 
in Section 5.5.4. 

CODE CyH) 
OOH 
OlH 
02H--7FH 
80H--FFH 

TABLE 5-4. EXTENDED MESSAGE CODES 

DESCRIPTION 
Reserved 
SYNCHRONOUS DATA TRANSFER REQUEST (Optional) 
Reserved 
Reserved 
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• 5.5.4 SYNCHRONOUS DATA TRANSFER REQUEST Messaqe (Optional) 

TABLE 5-5. SYNCHRONOUS DATA TRANSFER REQUEST 

I BYTE VALUE DESCRIPTION 
I_ o OlH Extended message 
I l 03H Extended message length 
I 2 OlH SYNCHRONOUS DATA TRANSFER REQUEST code 
I 3 mH Transfer period CmH times 4 ns) 
I 4 XH REQ/ACK off set 

A pair Of SYNCHRONOUS DATA TRANSFER REQUEST messages (Table 5-5) 
are exchanged between an initiator and a target whenever an SCSI 
device that can support synchronous data transfer recognizes that 
it has not communicated with the other SCSI device since receiving 
the last 11 hard 11 RESET condition or a BUS DEVICE RESET message. The 
SCSI devices may also exchanqe messages to establish synchronous 
data transfer when requested to do so. The message exchange 
establishes the transfer period and the REQ/ACK offset. The 
transfer period is the minimum time between leading edges of 
successive REQ pulses and of successive ACK pulses. 

The REQ/ACK offset is the maximum number of REQ pulses that may be 
outstanding before its corresponding ACK pulse is received at the 
target. A REQ/ACK offset value of zero shall indicate asynchronous 
mode: a value of FFH shall indicate unlimited offset. 

If the initiator recognizes that neqotiation is required, it 
asserts ATN and, if the target implements message transfers. sends 
a SYNCHRONOUS DATA TRANSFER REQUEST message indicating an REQ/ACK 
off set and minimum transfer period. The REQ/ACK offset is chosen 
to prevent initiator buffer overflows, while the minimum transfer 
period is chosen to meet the data handling requirements of the 
initiator. The tarqet responds in any of the following ways: 

TARGET RESPONSE 
l. REQ/ACK offset less than or equal 

to the requested value. 
Minimum transfer period equal to 
or greater than requested period. 

2. REQ/ACK offset equal to zero. 

3. MESSAGE REJECT. 

IMPLIED AGREEMENT 
REQ/ACK off set equal to 
tarqet value. 
Minimum transfer period 
equal to the tarqet value. 

Asynchronous transfer. 

Asynchronous transfer. 

• CDC targets will never send SYNCHRONOUS DATA TRANSFER REQUEST 
(:.) • message unless an initiatot sends this message to the target first. 

"""·M•• 
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The implied agreement shall remain in effect until a BUS DEVICE 
RESET message is received. until a "hard" RESET condition occurs. 
or until one of the two SCSI devices elects to modify the 
agreement. Renegotiation at every selection is not recommended. 
since a significant performance impact is likely. The default mode 
of data transfer is asynchronous mode. The default mode is entered 
at powe.c on. after a BUS DEVICE RESET message,· or after a 11 hard 11 

RESET condition. The SYNCHRONOUS DATA TRANSFER REQUEST message 
exchange can only take place following a SELECTION phase that 
includes the SCSI IDs for both the initiator and the target. 
Violation of this rule may make data transfer impossible owing to 
d.isaqreements among SCSI devices about the data transfer mode. 

6.0 SCSI COMMANDS 

This section defines the SCSI command structure and gives several 
examples~ 

The command definitions assume a data structure providing the 
appearance at the interface of a contiguous set of logical blocks 
of a fixed or explicitly defined data length. ··The SCSI device maps 
the physical characteristics of the attached peripheral devices to 
one of seve.cal logical structures defined by the device type code. 

A single command may transfer one or more logical blocks of data. 
Multiple commands may be linked if they are sent to the same 
logical unit. A target may disconnect from the SCSI bus to allow 
activity by other SCSI devices while a loqical unit is being 
prepared to transfer data. 

Upon command completion (successful or unsuccessful). the tarqet 
returns a status byte to the initiator. Since most error and 
exception conditions cannot be adequately described with a single 
status byte. one status code. CHECK CONDITION. indicates that 
additional information is available. The initiator may issue a 
REQUEST SENSE command to retrieve this additional information. 

By keeping to a minimum the functions essential to communicate via 
this protocol. a wide range of peripheral devices of varying 
capability can operate in the same environment. 

6.l Command Implementati9n Requirements 

The first byte of any SCSI command shall contain an operation code 
as defined in this document. Three bits (bits 7 - S) of the second 
byte of each SCSI command specify the logical unit if it is not 
specified usinq the IDENTIFY message (see 5.5.2). The last byte of 
all SCSI commands shall contain a con.trol byte as defined in 6. 2. 6. 

C' I 
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6.l.l Reserved 

Reserved bits. bytes. fields, and code values are set aside for 
future standardization. Their use and interpretation will be 
specified by future extensions to this specification. A reserved 
bit. field. or byte shall be set to zero. or in accordance with a 
future extension to this specification. A target that receives a 
reserved code value shall terminate the command with a CHECX 
CONDITION status and. if extended sense is implemented, the Sense 
Key shall be set to ILLEGAL REQUEST. It shall also be acceptable 
for a target to interpret the bit. field. byte. or code value in 
accordance with a future extention to this specification. 

6.l.2 Operation Code Types 

II 

• 
Ill 

lllll 

I.Ill 

Ill 

Ill 

OPERATION 
CODE TYPE 

M 

0 

v 

DESCRIPTION 
Mandatory - All CDC SCSI products will implement these 
commands. No other commands must be required for proper 
operation. 

Optional - Commands so designated. if implemented. shall 
be implemented as defined in this specification. They 
are not guaranteed to be available on all CDC products. 

Vendor unique - Operation codes so designated are 
available for product defined commands. See the product 
specification for descriptions. Caution: these 
commands will not be standardized for different products. 

R Reserved - Operation codes so designated shall not be 
used. They are reserved for future standardization. 

6.l.3 Unit Attention Condition 

Ill 

• 
1111 

• • 
• 
II 

• 

A Unit Attention Condition shall begin (after the device becomes 
ready) for each initiator whenever the removable medium may have 
been changed. the target has been reset (by a BUS DEVICE RESET 
message or a "hard 11 RESET condition). or one or more MODE SELECT 
parameters affecting this initiator were changed by another 
initiator. The Unit Attention condition shall persist for each 
initiator until that initiator clears the condition as described in 
the following paragraphs. 

If an INQUIRY command is received from an initiator with a pending 
Unit Attention condition {before or after the target reports CHECK 
CONDITION status). the target shall perform the INQUIRY command and 
shall not clear the Unit Attention Condition • 

~-·-·a-: -
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If a REQUEST SENSE command is received from an initiator with a 
• pending Unit. Attention Condition (before or after the target 
• reports CHECK CONDITION status). then the target shall discard any 
• ~ending sense data, report the UNIT ATTENTION Sense Key, and clear 
• the Unit Attention condition foe that initiator. 

If an initiator issues a command other than INQUIRY or REQUEST 
SENSE while a Unit Attention Condition exists for that initiator. 
the target shall not perform the command and shall report CHECK 

• CONDITION status. If a REQUEST SENSE is issued next, the Unit 
• Attention condition will be reported and cleared as noted in the 
• preceding paragraph. If another command other than REQUEST SENSE 
• or INQUIRY is issued instead then the target shall perform the 
• command and return the appropriate status. The Unit Attention 
• condition for that initiator is cleared and the sense data is lost. 

16.l.4 Command Queuing (optional) 
I 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I 
I • 
I • 
I • 
I • 
I II 

I • 
l 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I 
I • 
I • 
I • 
I • 

Targets that do not implement command queuing will not accept 
another command, even from a different intiator, if it has a 
command being processed. In this case, the target will allow 
itself to be selected and will accept the command bytes for a new 
command. It will then go to the STATUS phase and send BUSY status 
back to the. initiator (see section 14.0). After a COMMAND COMPLETE 
message and going to BUS FREE phase. the target will resume 
execution of its current command. An initiator that received BUSY 
status in this manner will have to resend the command later in 
order to have it executed. 

Command queuing can only be done for initiators that support 
ARBITRATION and RESELECTION phases, send an IDENTIFY message after 
SELECTION, and allow disconnection. Initiators that don't support 
these options will be handled as described in the preceeding 
paragraph even though commands may be queued for other initiators 
that do meet these requirements. 

CDC Targets that implement command queuing will accept one command 
from each initiator for each attached Logical Unit. A target may 
implement full queuing (for all 7 possible initiators) or limited 
queuing (commands are queued for a few initiators and commands from 
any other initiators are not queued). When commands are queued, 
after the target is selected it will accept the command bytes. send 
a DISCONNECT message,. go to BUS FREE phase, and continue command 
execution. A BUSY status will only be returned if the command 
queue is full and another command cannot be stored. 

A target that implements command queuing for other commands may or 
may not queue RESERVE commands because of the s-pecial 
considerations involved with queuing these commands. See the 
sections describing the RESERVE command for further details. 
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I • All commands that are queued will eventually be executed in 
• accordance with the target's priority scheme unless a hard RESET. a 
• Power on Reset. or a BUS DEVICE RESET message is received. In 
• these cases, all queued commands will be cleared and no status wiil 
• be sent to the initiator. 

a If a target implements both command queuing and command linking 
• (see section 6.2.6), the tarqet shall complete execution of all 
• linked commands sent by the same initiator before beginning 
• execu·tion of any. queued commands for other ini tia to.cs even if the 
• target disconnects from the SCSI bus during ~xecution of the linked 
• commands. However, new commands from other initiators may still be 
• added to the command queue if space is available.· 

6.2 Command Descriptor Block 

A request to a peripheral device is performed by sending a command 
descriptor block to the target. For several commands, the request 
is accompanied by a list of parameters sent during the DATA OUT 
phase. See the specific commands for detailed information. 

The command descriptor block always has an operation code as the 
first byte of the command. This is followed by a logical unit 
number. command parameters (if· any), and a control byte. 

For all commands, if there is an invalid parameter in the command 
descriptor block. then the target shall terminate the command 
without altering the medium. 

6.2.l Operation Code 

!II 

• • 

The operation code (Table 6-1) of the command descriptor block has 
a qroup code field and a command code field. The three-bit group 
code field provides for eight groups of command codes. The 
five-bit command code field provides for thirty-two command codes 
in each group. Thus, a total of 256 possible ope.cation codes 
exist. Operation codes are defined in Sections 7 through 13. 

The group ·code specifies one of the following groups: 

Group 0 - Six-byte commands (see Table 6-2) 
Group l - Ten-byte commands (see Table 6-3) 
Group 2 - Reserved 
Group 3 - Reserved 
Group 4 - Reserved 
Group 5 - Reserved 
Group 6 - CDC proprietary manuf acturinq usage 
Group 7 - Product Unique 

,A8914 l'l!V. 2/83 COC :=i,..,..l!O ,,. -· ~ 
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Group Code Command Code 

0 

TABLE 6-2. TYPICAL COMMAND DESCRIPTOR BLOCK FOR SIX-BYTE COMMANDS 

I BIT 
!BYTE 
I o 
I l 
I 2 
I 3 
I 4 
I s 

1 6 Is 4 3 2 l o I 
·1 I f \. 

Qoeration Code I l J 

Logical Unit Number !Logical Block Address(if reauired)CMSB>l 
Logical Block Address Cif required) · I 
Logical Block Address(if reguired)CLSB) ! 
Transfer Length Cif required) I 

Control Byte I 

TABLE 6-3. TYPICAL COMMAND DESC~IPTOR BLOCK FOR TEN-BYTE COMMANDS 

I BIT 7 6 5 I 4 I 3 2 l 0 I 
!BYTE I I I 
I 0 OJaeration Code I 
I J: Logical Unit Number I Reserved IRelAdr I 
I 2 Logical Block Address{if ~eguired l !MSB l I 
I 3 Logical Block Address !if reguiregl I 
I 4 Logical Block Address !if reauiz::edl I 
I 5 Logical Block Address{if z::eguiredl 'LSBl I 
I 6 Reserved I 
I 7 Transfer Length {if reguiredl 'MSBl · 1<!' I a Transfer Length !if reguiredl 'LSBl I ... / I 9 Control Byte 
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6.2.2 · Loqical Unit Number 

• • • • • 
Ill 

• • 
Ill 

Ill 

II 

• 

The logical unit number addresses one of up to eiqht physical devices 
or virtual devices attached to a tarqet. This method of addressinq 
is provided for systems that do not implement the IDENTIFY messaqe. 
A target that accepts an IDENTIFY message shall use the logical unit 
number specified within the message. In this case. the target shall 
ignore the logical unit number specified within the command 
descriptor block •. 

CDC targets will reject commands which select an invalid LUN (except 
REQUEST SENSE and INQUIRY) by requesting and accepting the command 
bytes. then going to STATUS phase and sending CHECK CONDITION 
status. Note that the LUN is sent in the LUN field of a CDB (if no 
IDENTIFY message has been received for this selection) or by the LUN 
field of an IDENTIFY messaqe. 

REQUEST SENSE commands selecting an invalid LUN will receive a Sense 
Data block with the. ILLEGAL REQUEST Sense Key and an INVALID LUN 
Error Code. INQUIRY commands will return Inquiry Data with the 
Peripheral Device Type field set to Logical Unit Not Present (7FH). 
REQUEST SENSE and INQUIRY commands will not send CHECK CONDITION 
status due to an invalid LUN selection . 

6.2.3 Loqical Block Address 

The logical block address on loqical units shall begin with block 
zero and be contiguous up to the last logical block on that logical 
unit. 

Group o command descriptor blocks contain 21-bit loqical block 
• addresses. Group 1 command descriptor blocks contain 32-bit logical 

block addresses. 

The logical block concept implies that the initiator and target shall 
have previously established the number of data bytes per logical 
block. This may be established throuqh the use of the READ CAPACITY 
command or the MODE SENSE command or by prior arrangement. 

6.2.4 Relative Address Bit 

I • 

I • 
I 

CDC products will not support relative addressinq. 

I 
I 

~(-'':I 
. , I 

The relative address {RelAdr) bit of the group 1 commands is set to 
one to indicate that the loqical block address portion of the command 
descriptor block is a two's complement displacement. This negative 
or positive displacement is to be added to the loqical block address 
last accessed on the loqical unit to form the logical block address 
for this command. This feature is only available when linking 
commands. The feature requires that a previous.command in the liked 
qroup have accessed a block of data on the loqicai unit. 

I 
I 
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The Transfer Length specifies the amount of data to be transferred. 
usually the number of blocks. For several commands the transfer 
length indicates the requested number of bytes to be sent as 
defined in the command description. For these commands the 
transfer lenqth field may be identified by a different name. See 
the following descriptions and the individual command descriptions 
for fu~ther inf ocmation. 

Commands that use one byte for Transfer Lenqth allow up to 256 
blocks of data to be transferred by one command. A Transfer Length 
value of l to 255 indicates the number of blocks that shall 
transferred. A value of zero indicates 256 blocks. 

Commands that use two bytes for Transfer Length allow up to 65.535 
blocks of data to be transfez:i:ed one command. In this case. a 
Transfer·Lenqth of zero indicates that no data transfer shall take 
place. A value of l to 65.535 indicates the number of blocks that 
shall be transferred. 

For several commands more than two bytes are allocated for Transfer 
Length. Ref er to the specific command description for further 
information. 

The Transfer Length of the commands that are used to send a list of 
parameters to a target is called the Parameter List Length. The 
Parameter List Length specifies the number of bytes sent during the 
DATA OUT phase, 

The Transfer Length of the commands that are used to return sense 
data (e.g. REQUEST SENSE. INQUIRY. MODE SENSE. etc) to an initiator 
is called the Allocation Length. The Allocation Length specifies 
the number of bytes that the initiator has allocated for returned 
data. The target shall terminate the DATA IN phase when Allocation 
Length bytes have been transferred or when all available sense data 
have been transferred to the initiator. whichever is less. · 

a The REQUEST SENSE command is an exception. An Allocation Length of 
• zero indicates that four bytes are to be transferred, not zero. 

i'F'"' 
H~ . 
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6.2.6 Control Byte 

• 

Ill 

The control byte is the last byte of every command descriptor 
block. A typical control byte is described in Table 6-4. 

BIT 
£1YTE 
Last 

Bit 

7-2 

l 

0 

TABLE 6-4. CONTROL BYTE 

7 6 I s 4 3 2 l a 
I I 
RESERVED FLAG LINK 

Description 

Reserved 

Flaq bit - If the link bit is zero. then the flag bit shall be 
set to zero. If the link bit is one. and if the command 
terminates successfully, the target shall send LINKED COM}ll..AND 
COMPLETE message if the flag bit is zero and shall send LINKED 
COMMAND COMPLETE (WITH FLAG) message if the flag bit is one. 
Typically. this bit is used to cause an interrupt in the 
initiator between linked commands. 

Link bit - This bit is set to one to indicate that the initiator 
desires an automatic link to the next command upon successful 
completion of the current command. Implementation of linked 
commands is optional. If the link bit is one. targets that 
implement linked commands, upon successful termination of the 
command, shall retuJ.:n INTERMEDIATE status and shall then send one 
of the two messages defined by the flaq bit (above). 

Targets that do not implement linked commands shall return a CHECK 
CONDITION status and, if extended sense is implemented, shall set the 
sense key to ILLEGAL REQUEST if either of the link and flag bits are 
set to one. 
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A typical operation on the SCSI bus is likely to include a single 
READ command to a peripheral device. This operation is described 
in detail starting with a request from the initiator. This example 

• assumes that no malfunctions or errors occur and is illustrated in 
• Figure 6-l. · 

The initiatoi: has active pointers ~nd a set of stored pointers 
i:epresentinq active disconnected SCSI devices (an initiator without 
disconnect capability does not require ~tored pointers). The 
initiator sets up the active pointers for the operation requested, 
arbiti:ates for the SCSI bus, and selects the target. Once this 
pi:ocess is completed, the target assumes control of the operation. 

The target obtains the command from the initiator (in this case, a 
READ command). The tai:qet interprets the command and executes it. 
In this case, the target gets the data from the peripheral 
device56nd sends it to the initiator. At the completion of the 
READ command, the target sends a status byte to the initiator. To 
end the operation. the ~arqet sends a COMMAND COMPLETE message to '/ 
the initiator. ~ 

I B I I I I I I 
I u I A I SEL I CMD I D I s I 
I s I I R I I I I I I A I I T I I 
I 1---+I B 1---+I (no 1---+IRead 1---+I T 1---+I A 1---+I 
I F I I I I I ATN) I I OSH I I A I I T I I 
l R I I T I I I I I I I I u I I 
I E I I I I I I I I I I I s I I 
I E I I I I I I I IN I I I I 
1_1 1_1 I I I I 1_1 1_1 I 

•• FIGURE 6-l. SIMl?LE COMMAND EXAMPLE 

I B 
MSG I u 
In I I s 

1---+I 
cmd I I F 
comp I I R 

I I E I 
I I E I 
I 1_1 

lf'1 
~ 
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In the above sinqle command example. the lenqth of time necessary to 
obtain the data may require a time-consuming physical seek. In order 
to improve system throughput. the target may disconnect from the 
initiator. freeinq the SCSI bus to allow other requests to be sent to 
other loqical units. To do this. the initiator needs to be 
reselectable and capable of restorinq the pointers upon 
reconnection. The tarqet needs to be capable of arbitrating for the 

• SCSI bus and teselecting the initiator. See Figure 6-2. · 

After the target has received the READ command (and has determined 
that there will be a delay). it disconnects by sendinq a DISCONN.ECT 
messaqe and releasing BSY. 

When the data is ready to be transferred, the target reconnects to 
the initiator. As a result of this reconnection. the initiator 
restores the pointers to their most recent saved values (which. in 
this case. are the initial values) and the target continues (as in 
the si.ngle command example) to finish the operation. The initiator 
recoqnizes that the operation is complete when COMMAND COMPLETE 
message is received. 

If target wishes to disconnect after transf errinq part of the data 
(e.q .• while crossinq a cylinder boundary). it may do so by sending a 
SAVE DATA POINTER message and a DISCONNECT message to the initiator 
and then disconnectinq. When reconnection is completed, the.current 
data pointer value is restored to its value immediately prior to the 
SAVE DATA POINTER messaqe. 

On those occasions when an error or exception condition occurs and 
the target elects to repeat the information transfer. the target may 
repeat the transfer by either issuing a RESTORE POINTERS message or 
by disconnecting without issuing a SAVE DATA POINTER message. When 
reconnection is completed, the most recent saved pointer values are 
restored. 
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· IBI 1-1 1-1 IMS'GI 1-1 . 1-1 I I 1-1 1-1 181 
I u I I A I Ism. I I ouT I I om I I o I I o I I s I I MSG I I u I 
I s I I R I I Cwithl I I I I I A I I A I I T I I IN I I s I 
I 1-+I B 1-+I ATH) 1-+I i 1--+I r L 1-.. 1 T L 1-+I T 1--.. 1 A 1--+lc 1---+I I 
I F I I I I I I I d I I e I I I I A I I I I A I I T I Im c I I F I 
I R I I T I I I I e I I a I I I I I I I I I I u I Id o I I R I 
IEI I I I I lnl ldlll IIlll III ISi I ml IEI 
l...LI l_I I I I-LI l_I I I l.JLI I I l.JLI l_I 1--2...1 l...LI 

I I I I 
(device begins seek) _I I I I 

I I I _____ I II 
IMSGI I B I I I I I IMSGI I I I 
IIN I I u I I A I I R I IIN I I I I ( ' 
I I I s I I R I I E I I I I I I 

1-+I d 1--+I 1-.. 1 B 1-+I s 1---+I i 1_1 I I 
Iii IFI III IEI ldl II 
Isl IRI LTI ILi lel II 
I c l I E I I I I I I n I I I 
I o I I E I I I I I I t I I I 
l..!LI l_I l_I l_I l_I I I 

I I 
I I 

(device begins seek or retry) I I 
I I 
I I 
I l~I 1M5G1 I B I 1-1 1-1 IMSGI I 
I I I.~ I IIN I I u I I A I I R I lni I I 
I I I I I I· s I I R I I E I I I I 
1-+I s 1--+I d 1---+I 1---+I B 1---+I s 1---+I i l_I 

la I Iii IFI III IEI ldl 
lvpl Isl IRI ITI ILi lei 
letl lc:I le:I I I I I lnl 
I rl lol IEI I I I I ltl 
l_I l..!LI 1_1 · l_I l_I l_t 

•• FIGURE 6-2. DISCONNECT EXAMPLE 
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•• TABLE 6-5. MEASUREMENTS TO DETERMINE TARGET PERFORMANCE 

I SYS.APPLICABILITY 
I I I IAI INI 
I INIOIDI IOI 
I IOINIDIDINI 
I INIEILI I I I 

DESCRIPTION I I I I Is IDI 
IAIAIMIMICIII 
IRIRISISIOISI 
lBIBIGIGINlCI 

WAVEFORM WAVEFORM 

I IYIYIYI IYI 
!YI IYIYIYIYI 
IYlYIYI IYIYI 
IYIYI IYIYIYI 
IYIYIYI IYIYI 
IYIY YIYIYIYI 
IYIY YIYIYIYI 
IYIY YIYIYIYI 
IYIY YIYIYIYI 
IYI IYIYI I 
!YI IYIYI I 
!YI IYIYI I 
I I I I I I 
IYI IYIYI I 
IYI IYIYI I 
IYI IYIYI I 
IYI IYIYI I 
IYI lYIYI I 
IYIY YIYIYIYI 
IY!Y YlYIYIYI 
IYIYIYIYIYIYr 
!YI I IYIYI I 
IYI I IYIYI I 
IYIYlYIYIYIYI 
IYIYlYIYIYIYI 
IYIYIYIYIYIYI 
IYIYIYIYIYIYI 
IYIYIYIYIYIYI 
IYIYIYIYIYIYI 
IYIYIYIYIYIYI 
IY!YIYIYIYIYI 
IYIYIYlYIYIYI 
IYIYIYIYIYIYI 
IYIY!YIYIYIYI 
I I I I l I I 
IYIYIYIYIYIYI 
!YIYIYIYIYIYI 
!YI I IYIYI I 

SYMBOL TABLE 
Target Select Time (no ARBITRATION) 
Target Select Time (with ARBITRATION) 
Target Select to Command 
Target Select to MSG OUT 
IDENTIFY msq to Command 
Command to Status 
Command to Data (parameters IN) 
Command to Data (parameters OUT) 
Command to Data (Write to data buffer) 
Command to DISCONNECT msq 
DISCONNECT msq to Bus Free 
DISCONNECT to ARBITRATION (for RESELECT) 

This measures disconnected CMD overhead 
Target win ARBITRATION (for· RESELECT) 
ARBITRATION to RESELECT 
RESELECT to IDENTIFY msq 'in 
RESELECT IDENTIFY msq to Status 
RESELECT IDENTIFY msg to Data (media) 
Data to Status 
Status to COMMAND COMPLETE msq 
COMMAND COMPLETE msq to BUS FREE 
Data to SAVE DATA POINTER msg 
SAVE DATA POINTER msq to DISCONNECT msg 
Command Byte Transfer 
Next Command Byte access 
Data In Byte Transfer (parameter) 
Data out Byte Transfer (parameter) 
Next Data In Byte access (parameter) 
Next Data out Byte access (parameter) 
Data In Byte Transfer (media) 
Data Out Byte Transfer (media) 
Next Data In Byte access (media) 
Next Data Out Byte access (media) 
MSG IN Byte Transfer 

MSG OUT Byte Transfer 
STATUS Byte Transfer 
Bad Message to MESSAGE REJECT msq 

TOO NA 
TOl 6-6,6-7 
T02 6-6 
T03 6-7 
T04 6-8 
TOS 6-10 
T06 6-14 
T07 6-15 
T08 6-15 
T09 6-11 
TlO 6-11,6-19 
Tll 6-ll 

Tl2 
Tl3 
Tl4 
TlS 
Tl6 
Tl7 
Tl8 
Tl9 
T20 
T2l 
T22 
T23 
T24 
T25 
T26 
T27 
T26 
T29 
T30 
T31 
T32 

T33 
T34 
T35 

6-12 
6-l.2 
6-12 
6-13 
6-16 
6-20 

6-· 10, 6-13, 6-20 
6-10,6-13,6-20 

6-19 
6-19 
6-9 
6-9 
6-17 
6-18 
6-17 
6-18 
6-17 
6-18 
6-17 
6-18 

6-10,6-12. 
6-13,6--19 

6-7 
6-10,6-13,6-20 

NA 

,oegu ••ev. :ve3 enc 
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•• TABLE 6-6. ARBITRATION, SELECTION (NO ATN), and CQMMAND PHASE 

BUS ~/ INIT \/I~IT & TARG \ ________ / lST \ ____ _ 
0-7 \ ___ I .... D...__ __ / \ ID I '----=B~YT=-=-=E:.-.._/ 

-ATN 

-SEL 

-BUSY I 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

A611' A!V. Z/83 CCC 

., ______ _ 
. . . . 

. . 

. ---------------=------...::..-....:.------------=-·--------------- ~-

. . 

:t------+: 
TOl : 

. . . . 
:+--------... : 

T02 . . 

(rf • 
~,: 
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TOl : 
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T03 

. . 
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: T33: 
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•• TABLE 6-8. IDENTIFY MSG OUT TO COMMAND PHASE 

BUS _/ IDENT \ ____________ / l ST \ __ _ 
0-7 \_.-.M __ s __ G,_ __ / \_-==B--Y.;;:.;TE=----·' 

-ATN I 
_I 

-SEL 

-BUSY 

-1/0 

-MSG 

-C/D 

-REQ 

-ACK 

Ae!l1 • REV 2193 COC 

. . 

. . 

. 
/ '. 

. . . . 
=~------------------------~: T04 

,!' ··, 

~1~ 
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•• TABLE 6-9. COMMAND DESCRIPTOR BLOCK TRANSFER 

_( 

. BUS 
0-7 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

______ / l ST \ ___ ./ 2 ND \_§_/ LAST \_ 

I 
_I 

'~~B~Y~T=E""-__ / \ __ ~B~Y~T=E-..._/ \ __ .......,BY~TE..._ ___ / 

I 
I 

. . . 
:+----+: : ._ __ _.: 
: T22: : T23: 

. . 

. . . . 

: _._, . . 

: T22: 

I 
I_§ 

s-= 
I 
I 

: +---·--.... : 
T23 : 

.. ( i 
\"· _: ·.-
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•• TABLE 6-10. COMMAND PHASE. STATUS PHASE. COMMAND COMPLETE MSG AND BUS FREE 

BUS _/ LAST \ __ / STATUS \ ___ / CMD 
0-7 \ 'BYTE I \ _____ ! \ COMP!. 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

A8914 ~!V 2193 CCC 

. . 

. . 

•. . 
. . 

4-------ti: 
TOS . . 

.. . 

+---+: 
T34: 

. . . . 
:+----.. : +----t: . TlB . T32: . . 

\ _____ _ 
I 

'\ 
: \ 

: +-------+: 
Tl9 . . 

,,. 

If'"'\ 
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•• TABLE 6-ll. LAST COMMAND BYTE, DISCONNECT MSG, BUS FREE, AND RESELECT 

BUS 
0-7 

-ATN 

-SEL 

I 
\ 

. . . . . . 

. . . . 

LAST \ 
BYTE I ~------' DISCON '~------------------~' ARB 

'~---------/ \ ID 

. . . . 

-BUSY I 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

~----,;_,-----------------------------------------' 

TlO 

NOTE: To prope~ly measu~e Tll, the~e must be no 
othe~ device contending for the SCSI bus. 

.. . 

. . . . 
Tll 

A69U ~EV. Z/33 CCC 
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•• TABLE 6-12. ARBITRATION, RESELECTION AND MESSAGE IN 

rz,, 
',.__/ 

BUS _/ TARGET \/ TARG & !NIT\ ________ ./ !DENT '~~~~~~-
0-7 \ ____ I~D--~~/\ ID I \~ ....... M~S-G _______ / 

-ATN 

-SEL · 

-BUSY 

-I/0 

-MSG 

-C/D 

-REQ 

-ACK 

. A8911 R!V. 2/83 CCC 

. . . . . 

. . 

. -· I 
I . . 
. . . . 

. . 

I 
r 
. . 
. . . . . . 

. . . . . 

. . 

. . . . 

. . 

. 
----------------------------------------· I 

'"-----------
. . 
. . . . . . . . . . . . 
:4'--------+: .. ---~: 

Tl2 : Tl3 : 

. . . . . . 

. . 

.. . 
:t------------... : 

Tl4 . . 
: ... _ ... : 
:T32: 
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• •• TABLE 6-13. RESELECT IDENTIFY MSG, STATUS PHASE, 
COMMAND COMPLETE MSG AND BUS FREE 

!DENT \ ____ / STATUS \ ___ / CMD \ _____ _ 

. . . . . 

. . . . . . 

. . -

MSG I \ I . \ COMPL I 

. . 

. . . . 

. . 
:t------... : 

· TlS 

. . . . . . 

. . . . . . . . . . . 

. . 

. . 

. . 
• . 

. . . .. _ ... : :+-----+: 
T34: : Tl8 : 

:+----.: 
: T32: 

:+-------+: 
Tl9 
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•• TABLE 6-14. LAST COMMAND BYTE TO DATA IN PHASE 

BUS -' LAST \ I l ST 
0-7 \ BYTE I \ BYTE 

-ATN . . 

-SEL 

. . 
-BUSY 

-I/O I 

\ 
I 

!. _________________ _ 

-MSG 

-C/D 

-REQ 

-ACK 

l 

. . 

1_. __ _ 

. . . . . . 
~-----------------------------~: T06 
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•• TABLE 6-15. LAST COMMAND BYTE TO DATA OUT· PHASE 

BUS _/ LAST \ ______________ / 1 ST \ 
0-7 \ _ __.B....,Y ..... TE......._ __ / \_--=B:.:.Y..;:,.TE=--__ / 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

=~-----------------------------~: T07. TOB 
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•• TABLE 6-16. RESELECT IDENTIFY MSG· TO DATA IN PHASE 

BUS 
0-7 

-ATN . . 

-SEL 
. . . . 

-BUSY 
. . . . 

-I/O . . 
. . 

-MSG 
. . 

-C/D 

-REQ 

-ACK 

A8'14 !!EV. 2193 CCC 

I DENT \ 
MSG I 

. . 

I 
\ . . 
. . 
. . . . 

. . 

. . 

. . . . . . 
=~-----------------------------~: 

Tl6 . . 

l ST 
BYTE 

\ 
I 

{[:1 
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•• TABLE 6-17. DATA IN BLOCK TRANSFER 

____ / l ST \ __ / 2 ND \_§_I LAST 
I \ BYTE '---

I 
_I 

I 

-' 

\ BYTE 

. . 

! 

:+-:--.... : 
T24: 
T28 

I \ BYTE 

. . 

. 

1 

----' . . 
-S----

I 
_ __._§_I 

. . . . 
: f----+: :+---.. : :.-----.: 

T26: T24: T26 
T30 T28 T30 

/ 
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•• TABLE 6-18. DATA OUT BLOCK TRANSFER 

_____ ! l ST 

\ BYTE 
\ __ I 2 ND \_§_/ LAST \ _ 
I \_~B~Y~TE:.=.. __ / \_~B~Y~T~E.__ __ / 

. .. 

. 
" 
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•• TABLE 6-19. LAST DATA BYTE. SAVE POINTER MSG. AND DISCONNECT MSG 

f 

BUS 
0-7 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSG 

-C/D 

-REQ 

-ACK 

~891' "~- ve3 coc 

LAST \ ___ / 
BYTE I \ 

- I 
I 

: +----.-----t: 
T20 

SAVE \ __ / DISCON \ ______ _ 
PTR I \ I 

: ._._ .... : 
:T32: 

. . . . 

. . . 
. . ' 

: +---+: 
:T2l: 

:+---+: 
:T32: 

: +---------.: 
TlO 
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•• TABLE 6-20. DATA IN PHASE, STATUS PHASE, COMMAND COMPLETE MSG, AND BUS FREE 

-REQ 

-ACK 

.t.69,. ~l!V 21!3 CCC 

. . 
:+---------+: 

Tl7 

. . . . 
+---+: 
T34: 

. . 
: . . . . . . . . . . . . . . . . . . . . 

:c---t: 
:TlS: 

. . . . . . . . 
:+--..... : 
:T32: 

. . . . 
: ... -------~: 

Tl9 
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7.0 COMMAND DESCRIPTIONS FOR ALL DEVICE TYPES 

7.l Group o Commands for All Device Types 

These commands shall be as listed in Table 7-l. 

TABLE 7-l. GROUP 0 COMMON COMMANDS FOR ALL DEVICE TYPES 

OPERATION 
CODE TYPE 

1111 OOH M 
OlH * 
02H R 
03H M 
04H * 
OSH ...: 
06H R 
07H * 
08H * 
09H R 
OAH * 
OBH • 
OCH R 
ODH R 
OEH R 
OFH * 
lOH * 
llH * 

• l2H M 
l3H * 
l4H * 
lSH * 
l6H * 
l7H * 
lSH 0 
l9H * 
lAH * 
lBH * 
lCH 0 

m lDH M 
lEH * 
lFH R 

COMMAND NAME 
TEST UNIT READY 

REQUEST SENSE 

INQUIRY 

COPY 

RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 

Key: (Type definitions are defined in 6.l.2) 
Command implementation is mandatory. 
Command implementation is optional. 

SECTION 
7.Ll 

7 .1. 2 

7.l.3 

7 .1. 4 

7.1.S 
7.l.6 

M 
0 
R = Operation code is reserved for future standardization. 

These operation codes may have different meanings for 
specific types of peripheral devices. (See the 
appropriate section for further information.) 
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7.l.l TEST UNIT READY Command (OOH) 

Peripheral Device Type: All 
• Operation Code Type: Mandatory 

TABLE 7-2. TEST UNIT READY COMMAND 

BITI 7 6 5 4 I 3 2 l 0 I 
BYTE I I I 

O· I 0 0 0 0 0 0 0 0. I 
l I Logical Unit Number 0 0 0 0 0 I 
2 I 0 0 0 0 0 0 0 0 I 
3 I 0 0 0 0 0 0 0 0 I 
4 1. 0 0 0 0 0 0 0 0 I 
s I 0 0 0 0 0 0 Flag: Link I 

The TEST UNIT READY command (Table 7-2) provides a means to check if 
the loqical unit is ceady. This is not a request foe a self test. 
If the loqical unit would accept an appropriate medium-access 
command without r:etucninq CHECK CONDITION status, this command shall 
return a GOOD status. \ 

A811A Al!Y. 2183 COC 
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7. l. 2 REQUEST SENSE Command (03H) 

Peripheral Device Type: All 
Operation Code Type: Mandatory 

TABLE 7-3. REQUEST SENSE COMMAND 

BIT 7 6 s 4 3 2 1 
·BYTE 
..s> 0 0 0 0 0 a 1 

1 Logical Unit Number 0 0 0 0 
2 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 
4 Allocation Length 
5 0 0 0 0 0 0 Flag 

The REQUEST SENSE command (Table 7-3} requests that t.he target 
transfer sense data to the initiator. 

0 

l 
0 
0 
0 

LinK 

The sense data shall be valid for a CHECK CONDITION status returned 
on the prior command. This sense data shall be preserved by the 
target for the initiator until retrieved by the REQUEST SENSE command 
or until the receipt of any other command for the same logical unit. 
from the initiator that issued the command resulting in the CHECK 
CONDITION status. Sense data shall be cleared upon receipt of any 
subsequent command to the logical unit from the initiator. receiving 

m the CHECK CONDITION status. 

11 

:311 

The Allocation Length specifies the number of bytes that the 
initiator has allocated for returned sense data. An Allocation 
Length of zero indicates that four bytes of sense data shall be 
transferred. Any other value indicates the maximum number of bytes 
that shall be transferred. The target shall terminate the DATA IN 
phase when allocation length bytes have been transferred or when all 
available sense data have been transferred to the initiator, 
whichever is less. 

The REQUEST SENSE command shall return the CHECX CONDITION status 
only to. report fatal errors for the REQUEST SENSE command. For 
example: 

l. The target receives a nonzero reserved bit in the command 
descriptor block. 

2. An unrecovered parity error occurs on the DATA BUS. 
3. A target malfunction prevents return of the sense data. 

If any non-fatal error occurs during execution of REQUEST SENSE. the 
target shall return sense data with GOOD status. Following a fatal 
error on a REQUEST SENSE comand. sense data may be invalid. 

CDC products are required to support the extended sense data format 
and will not support the non-extended sense format. 
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Error class 7 specifies extended sense. Error code zero specifies 
• the extended sense data format. Error codes lH through FH are 
ill reserved. 

The extended sense data format is shown in Table 7-4. 

TABLE 7-4. EXTENDED SENSE DATA FORMAT 

BIT I 7 6 s 4 3 2 l 0 I 
-=BY~TE--.~t ______ _._ ____ ~_._~--------------------"----------------------~I 
~-o __ .1_v..-.-a=l=i=d_.... __ __,;::,1 ______ -=1-------=1--~---o--------o--------o--------o--~1 
___ 1.__~'--------------------S~e-q.m=e~n=t-:.N_u~m~b=e=r _______________________________ I 
___ 2 ___ 1_F_i_1_e~m~r_k_t ___ E_o~M~·-----I-L~I..._ __ 1 __ _...o __ _.t _________ s_e_n~s_e __ K_e_y _______________ I 
___ 3 _______________________ t_n=f~o=rm ......... a_t_i_o~n.....,..B_y_t_e __ <~M~S_B_) _______________________ I 
___ 4,__-!'---------------~----In=f-......o=rm--.-a_t~i-o~n.....,..B_y_t_e,__ ________________________ ~-1 
___ s __ _._ ____________________ In=f""'"""o=r=m=a=t-i_o~n ....... B_y_t_e ________________________ ~---1 
___ 6 __ _._ __________________ -=-In=f""'"""o=r=m=a-t_i_o~n ....... B.y_t_e.._.C_L_s_B~>-----------------------1 
---'-----------~-----------A~d~d~1~·t~i-o=na;::.,;:,1--.s_e_n_s_e--=L-e~n~g~t~h"-o)<~n~l.__ ________________ I 

a I 

fj \..,. 

• 
tJ 9 bytes 8-ll are Reserved for use I/ 
II 

• • • • • • • 

lO by COPY or SEARCH commands I\ .· 
ll I . c 

--------------------------------------------------------------------~! 12 Error Code 
-"'1~3--~------------------~R~e~s~e---.rv........,e~d------------------------~-----------1 -=l-4 __ ~--~---------------F-R=u __ co::=.o=d-e _____________________________________ I 
-=l~S--~-.::.F.P,~V--.-.--C~/-D::.....,_,_ ___ o _________ o __ ,.-. ___ B~P~V----------B-i_t __ P~o-i~n~t-e_r~-----1 
_..l_6 ______________________ ~F_1~·e ....... ld-...._P_o_i~n_t~e-r__.<~M~S~B_l __________________________ I 
_..1~1 ___ 1 __________________ _...F ....... ie---.l~d_...P_o_i=n_t~e-r__..<~L-S~B-) __________________________ I 
_...1_a_-~n~l ________________ _...P~r_o_d~u_c_t __ u_n==i~gu=--e--.s_e_n_s_e_..D_a_t_a.__ ____________ ~------' 

The Information Bytes are not defined if the Valid bit is zero. 
If the Valid bit is one, the Information Bytes contain valid 
information as follows: 

l. The unsiqned logical block address associated wit~ the sense Key. 
for direct-access devices (Type O), write-once read-multiple 
devices (Type 4), and read-only direct-access devices (Type S). 

• Unless otherwise specified, the information bytes will contain the 
• address of the current logical block. ·For example, if sense Key 
• is MEDIUM ERROR, it will be the Logical Block Address of the 
• f ailinq block. 

2. The difference (residue) of the requested length minus the actual 
lenqth in either bytes or blocks, as determined by the command. 
for sequential-access devices (Type l), printer devices (Ty~e 2). 
and processor devices (Type 3). (Negative values are indicated by.A' ,, 
two 1 s complement notation.) ~/ 

3. The difference (residue) of the requested number of blocks minus 
the actual number of blocks copied or compared fot the current 

• seqment descriptor of a COPY command. 

A69ll "'!V 2!93 COC 
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The Seqment Number contains the number of the current segment 
• descriptor if the extended sense is in response to a COPY command. 

Up to 256 segments are supported beginning with segment zero. 

The Filemark bit indicates that the current command has read a 
f ilemark. This bit is only used for sequential-access devices. 

The End-Of-Medium {EOM) bit indicates that an end-of-medium condition 
(end-of-tape. beginning-of-tape. out-of-paper. etc) exists on a 
sequential access device or printer device. For sequential-
access devices. this bit indicates that the unit is at or past the 
early-warning end-of-tape if the direction was forward or that the 
command could not be completed because beginning-of-tape was 
encountered if the direction was reverse. Direct-access devices shall 
not use this bit: instead. these devices shall report attempts to 
access beyond the end-of-medium as ILLEGAL REQUEST sense key (see 
Table,7-5). 

The Incorrect Length Indicator (ILI) bit indicates that the requested 
logical block length did not match the logical block length of the 
data on the medium. 

The Sense Keys are described in Tables 7-5 and 7-6. 

The Additional Sense Length specifies the number of additional sense 
bytes to follow. If the Allocation Length of the command descriptor 
block is too small to transfer all of the additional sense bytes, the 
additional sense length is not adjusted to reflect the truncation. 

The additional sense bytes contain command-specific. peripheral
device-specific data. or both kinds of data that further define the 

• nature of the CHECK CONDITION status. For example. the COPY command 
defines a standard purpose for some of these bytes. The use of any 
additional sense bytes by products is optional; such additional bytes 
will be product unique. 

a The Error Code provides additional clarification of errors whenever 
I • the SENSE KEY is valid. Each Peripheral Device Type {as defined in 
I • the INQUIRY command) will have a unique list of Error Code 
l • definitions. Table 7-7 contains definitions fot Direct Access 
I • Devices. Other Device Types have not been defined yet. 

• The FRU (Field Replaceable Unit) Code is a product unique field that 
• indicates which assembly may have failed. 

• The Field Pointer Valid (FPV) bit. when set to one. indicates that the 
a C/D bit and bytes 16 and 17 are valid. When set to zero, these fields 
• shall be ignored. 

\A'391• "ll!V 2193 C:JC 
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• The Command/Data (CID) bit. when set to one. indicates that the value 
• reported in the Field Pointer bytes is the CDB's byte number for which 
• an Illegal Request sense key was issued. When set to zero, it 
• indicates that the value reported in the Field Pointer bytes is the 
m byte number in the DATA phase for which an Illegal Request sense key 
• ·was issued. 

• The Bit Pointer Valid (BPV) bit, when set to one, indicates that the 
~ Bit Pointer field is valid. The Bit Pointer field indicates which bit 
1 of the byte indicated by· the Field Pointer caused the Illegal Request 

• sense key. A value of 7 indicates the left most bit and zero indicates 
• the .ciqht most bit. 

• The Field Pointer bytes provide a 16 bit pointer to the first byte 
• that caused the target to generate the Illegal Request sense key. 

TABLE 7-5. SENSE KEY (OH-4H) DESCRIPTIONS 

SENSE KEY DESCRIPTION 

OH NO SENSE - Indicates that there is no specific sense key 
information to be reported for the designated logical unit. 
This would be the case for a successful command or a c~mmand 
that received a CHECK CONDITION status because one of the 
Filemark. EOM. or ILI bits is set to one. 

lH RECOVERED ERROR - Indicates that the last command completed 
successfully with some recovery action performed by the 

• target. NOTE: For some Mode settings, the last command may 
a have terminated before completing . 

. 2H NOT READY - Indicates that the logical unit addressed cannot 
be accessed. Operator intervention may be required to 
correct this condition. 

3H MEDIUM ERROR - Indicates that the command terminated with a 
nonrecovered error condition that was probably caused by a 
flaw in the medium or an error in the recorded data. 

4H HARDWARE ERROR - Indicates that the target detected a 
nonrecoverable hardware failu.ce while performing the command 

• or durinq a self test. This includes SCSI interface parity 
• error, controller failure, device failure. etc. 

( () 
'---" 
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TABLE 7-6. SENSE KEY (SH-FH) DESCRIPTIONS 

SENSE KEY DESCRIPTION 

SH ILLEGAL REQUEST - Indicates that there was an illeqal 
parameter in the command descriptor block or in the 
additional parameters supplied as data for some commands. 
(FORMAT UNIT. SEARCH DATA. etc). If the target detects an 
invalid parameter in the command descriptor block, then it 
shall terminate the command without altering the medium. If 
the target detects an invalid parameter in the additional 
parameters supplied as data, then the target may have already 
altered the medium. 

6H UNIT ATTENTION - Indicates that the removable medium may have 
been changed or the target has been reset. See 6.l.3 for 
more detailed information about the Unit Attention Condition. 

7H 

SH 

• 9H 

AH 

BH 

• CH 

DH 

EH 

FH 

DATA PROTECT - Indicates that a command that reads or writes 
the medium was attempted on a block that is protected from 
this operation. The read or write operation is not performed. 

BLANK CHECK - Indicates that a write-once read-multiple 
device or a sequential-access device encountered a blank 
block while reading or a write-once read-multiple device 
encountered a nonblank block while writing. 

Reserved for future CDC standardization. 

COPY ABORTED - Indicates a COPY, COMPARE, or COPY AND VERIFY 
command was abotted due to an ertor condition on the source 
device, the destination device, or both. (See 7.l.4.2 f~r 
additional information about this sense key.) 

ABORTED COMMAND - Indicates that the target aborted the 
command. The initiator may be able to recover by trying the 
command aqain. 

EQUAL - Reserved and not implemented on CDC products. 

VOLUME OVERFLOW - Indicates that a buffered peripheral device 
has reached the end-of-medium and data remains in the buff er 
that has not been written to the medium. 

MISCOMPARE - Indicates that the source data did not match the 
data read from the medium. 

This sense key is reserved. 

::: ....... ~~ .... ~ 
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TABLE 7-7A. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 

ERROR 
CODE 
00 
Ol 
02 
03 

04 

05 
. 06 
08 

09 

10 

ll 
12 

13 

14 

15 

17 
18 
19 

lA. 
lB 
lC 
lD 
20 
21 
22 
24 
25 
26 
27 
28 
29 

2A 

30 
31 
32 

A8914 A !V. 2183 CCC 

DESCRIPTION 
No additional information 
No index/sector siqnal 
No seek complete 
Write fault 

D.c i ve not ready · 

Drive not selected 
No track zero found 
Loqical Unit communication failure 

Track following error 

ID CRC or ECC error 

Unrecovered Read error of data 
No Address Mark found in ID field 

No Address Mark found in Data field 

No record found 

Seek positioninq error 

Read Retries applied to recover data 
ECC applied to recover data 
Defect list error 

Parameter overrun 
Synchronous transfer error 
Primary Defect List not found 
compare error 
Invalid command Operation Code 
Invalid Loqical Block Address 
Illegal function for device type 
Illegal use of bit or byte in CDB 
Invalid LON 
Invalid field in parametec list 
Write protected· 
Medium chanqed 
Powec on Reset, hard RESET, or 

BUS DEVICE RESET messaqe occured 
MODE SELECT parameters chanqed by 

another initiator 
Incompatible cartridqe 
Medium format corrupted 
No spare defect location available 

RECOMMENDED 
SENSE KEY 

NO SENSE 
HARDWARE ERROR 
HARDWARE ERROR 
HARDWARE ERROR or 

RECOVERED ERROR 
NOT READY or 

RECOVERED ERROR 
NOT· READY 
HARDWARE ERROR 
HARDWARE ERROR or 

RECOVERED ERROR 
HARDWARE ERROR or 

RECOVERED ERROR 
MEDIUM ERROR or 

RECOVERED ERROR 
MEDIUM ERROR 
MEDIUM ERROR or 

RECOVERED ERROR 
MEDIUM ERROR or 

RECOVERED ERROR 
MEDIUM ERROR. oi.: 

RECOVERED ERROR 
HARDWARE ERROR or 

MEDIUM ERROR or 
RECOVERED ERROR 

RECOVERED ERROR 
RECOVERED ERROR 
MEDIUM ERROR or 

RECOVERED ERROR 
ILLEGAL REQUEST 
HARDWARE ERROR 
MEDIUM ERROR 
MISCOMPARE 
ILLEGAL REQUEST 
ILLEGAL REQUEST 
ILLEGAL REQUEST 
ILLEGAL REQUEST 
ILLEGAL REQUEST 
ILLEGAL REQUEST 
HARDWARE ERROR 
UNIT ATTENTION 
UNIT ATTENTION 

UNIT ATTENTION 

MEDIUM ERROR 
MEDIUM ERROR 
MEDIUM ERROR 
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•• TABLE 7-7B. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS 

( 

ERROR 
CODE 
40 
41 
42 
43 
44 

45 
46 

47 
48 

41 
BO-FF 

DESCRIPTION 
RAM failure 
Data Path diagnostic failure 
Power On diaqnostic failure 
MESSAGE REJECT message retry failure 
Target internal parity/hardware error 

SELECTION/RESELECTION failure 
Unsuccessful soft RESET 

SCSI Bus parity error 
INITIATOR DETECTED ERROR retry failure 
tnaooropriate/illeqal messaae 
Produc~ Unique error codes 

RECOMMENDED 
SENSE KEY 

HARDWARE ERROR 
HARDWARE ERROR 
HARDWARE ERROR 
ABORTED COMMAND 
HARDWARE ERROR or 

RECOVERED ERROR 
ABORTED COMMAND 
HARDWARE ERROR or 

ABORTED COMMAND 
HARDWARE ERROR 
ABORTED COMMAND 
ABORTED CO:MMAND 

NOTE: All other codes are Reserved for future use. 

:;: .. .... ~r:: . ., • :-
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Table numbers 7-a. 7-9. and 7-10 are reserved for future Error Code 
Description tables. 
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7.l.3 INQUIRY Command ( l2H) -

• 
Peripheral Device Type: All 

Operation Code Type: Mandatory 

TABLE 7-ll. INQUIRY COMMAND 

BITI 7 6 s 4 3 2 l 
]LYTE I 

0 I 0 0 0 l 0 0 l 
l I Logical Unit Number 0 0 0 0 
2 I 0 0 0 0 0 0 0 
3 I 0 0 0 0 0 0 0 
4 1 Allocation Length 
s I 0 0 0 0 0 0 Flag_ 

The INQUIRY command (Table 7-ll) requests that information 
i:eqardinq parameters of the target and its attached peripheral 
device(s) be sent to the initiatot. 

0 

0 
0 
0 
0 

Link. 

The Allocation Length specifies the number of bytes that the 
initiator has allocated for: returned INQUIRY data. An Allocation 
Length of zero indicates that no INQUIRY data shall be 
transferred. This condition shall not be considered as an error. 
Any other value indicates the maximum number of bytes that shall be 
transferred. The target shall terminate the DATA IN phase when · 
allocation lenqth _bytes have been transferred or when all available 
INQUIRY data have been transferred to the initiator. whichever is 
less. 

A CHECK CONDITION status shall only be reported when the target 
cannot return the requested INQUIRY data. (I~plementors note: It 
is recommended that the INQUIRY data be returned even though the 
peripheral device .may not be ready for other commands.) 

If an INQUIRY command is received from an initiator with a pending 
Unit Attention Condition (before the target reports check condition 
status). the ta.rget shall pei:form the INQUIRY command and shall not 
clear the Unit Attention Condition. (See 6.l.3.) 

The INQUIRY data (Table 7-12) contains a five byte headei:. followed 
by the vendor unique parameters. if any. 

46914 f>!Y 21!3 CDC 



BITI 
J3YTE 

0 
l 
2 

Ill 3 
.-5.: 

II 

I II 5 I 
l • 6 I 
I llfi 7 I 

a 8 I 
Ill 9 I 
II :o l 
• 1.1 I 
II 12 l 
• 13 I 

• 14 l 
• -15 I 
Ill 16 l 
1111 17 I 
11111 18 l 

•• 19 I 
:a 20 I 
• 2J. I 
• .. :22 I 
1111 23 l 
Ii' _]4 I 
l!;_ 25 ! 
llll 26 l 
11 27 I 
Ill 28 I .. 29 I 
• 30 l 
II 31 I 
• 32 I 
• 33 I 
• __11,_ I 
• JS I 
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TABLE 7-12. INQUIRY DATA 

5 4 I 3 
I 

Peri2hetal Device T:t;:;ge 
Device-IYEe Qualifier 
l EO'!A Vei::sion 

2 
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0 

~'1SI Version 
0 0 0 0 I Res~onse Data Format. !lHl 

~dditional Length !n2 
CciJ.mon Command Set Parameters 

Reserved ~OOH} 
Reserved !OOH) 
Reserved ~OOH} 

Vendor Identification: ASCII 'C' ~43Hl 
Vendor Identification: ASCII 'D' ~44H2 
Vendor Identification: ASC!l 'C' (43Hl 
Vendor Identification: ASCII blank (20H2 
Vendor Ideritif ication: ASCII blank ~20H2 
Vendor Identification: ASCII blank ~20H2 
Vendor Identification: ASCII blank ~20Hl 
Vendor I.dentif ication: ASCII blank ~20H2 
Prod1: ct. Identification: 
Product !dentif ication: 
Pr:oduct Identification: 
Product Identification: 
Product Ide n_t if i cation : 
Product Identification: 
Product Identification: 
Product Identification: 
Product Identification: 
Product Identification: 
Product Identification: 
Product Identification: 
Product !dentif ication: 
Product Identification: 
Product Identification: 
Product Identification: 

Re"Tision Level 
Revision Level 
Revision Level 
Revision Level 

-/I 

·I 
I 
! 
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CODE 
OOH 
OlH 
02H 
03H 
04H 
OSH 
06H--7EH 
7FH 
BOH---FFH 
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Table 7-l3. PERIPHERAL DEVICE TYPE 

DESCRIPTION 
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Direct-access device (e.q .• magnetic disk} 
Sequential-access device (e.q .• magnetic tape) 
Printer device 
Processot device 
Write-once read-multiple device (e.g .• some optical disks) 
Read-only direct-access device (e.g .• some optical disks) 
Reserved 
Logical Unit not present 
Reserved 

The Peripheral Device Type is shown in Table 7-l3. 

A Removable Medium (RMB) bit of zero indicates that the medium is not 
removable. A RMB bit of one indicates that the medium is removable. 

The Device-Type Qualifier is a seven bit user specified code. This 
code may be set with switches or by some other means by the target 

m or peripheral device. CDC products snall return all zero bits. This 
feature allows each user to assiqn unique codes to each specific type 
of peripheral device that is supported on the system being used. These 
codes may then be used by self-configuring software to determine what 
specific peripheral device is at each loqical unit number. This is 
especially valuable for systems that support multiple types of 
removable medium. 

The usage of nonzero code values in the ISO Version and ECMA Version 
f ialds is defined by the International Standards Organization and the 
European Computer Manufacturers Association. respectively. A zero code 
value in these fields shall indicate that the target does not claim 
compliance to the ISO or ECMA versions of SCSI. Note that it is 
possible to claim compliance to more than one of these SCSI standa~ds. 

a The ANS! version is the implemented version of the ANSI SCSI standard 
and is defined as shown in Table 7-14. 

II 

• 
CODE 

OH 
lH 
2H--7H 

TABLE 7-14. ANSI VERSION 

DESCRIPTION 
Version is before ANSI standard is first approved. 
Complies with first release of ANSI SCSI standard. 
Reserved· 
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• The Response Data Format indicates the format that additional INQUIRY 
• data will be in. Codes are defined in Table 7-15. 

•• 
CODE 

OH 
lH 
2H--FH 

TABLE 7-lS. RESPONSE DATA FORMAT 

DESCRIPTION 
Vendor Unique 
Common Command Set (CCS) 
Reserved 

The Additional Length shall specify the length in bytes of the vendor 
• unique parameters. For CDC products this additional leng.th will 
• always be 31 decimal. If the Allocation Length of the command 

descriptor block is too small to transfer all of the vendor unique 
parameters. the additional length shall not be adjusted to reflect 
the truncation. 

• • • • 
• • • 
• • 

The Vendor Identification bytes for our company will be the ASCII 
characters for 'CDC' plus five ASCII blanks as shown in Table 7-12. 
Optical Storage International will use the ASCII characters for 1 0SI 1 

in bytes 8-lO • 

The Product Identification bytes will be the ASCII characters for the\./ 
product identification codes and will be defined in individual 
Product Specifications • 

The Revision Level is a product specific hardware and software 
revision level coded as four ASCII characters • 

Aet1' Pl E'(. 2183 CCC 
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7.1.4 COPY Command (l8H) 

Peripheral Device Type: All 
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a Operation Code Type: Optional (Mandatory for backup devices) 

TABLE 7-17. COPY COMMAND 

BITI 1 6 s I 4 3 2 l 0 
BYTE I I 

0 J 0 0 0 1 1 0 0 0 
1 ( Logical Unit Number 0 0 0 0 0 
2 I Parameter List Length (MSB) 
3 I Parameter List Length 
4 l Parameter List Length (LSB) 
s I 0 0 0 0 0 ..9 Flag Link 

The COPY command (Table 7-17) provides a means to copy data from one 
logical unit to another or the same logical unit. The logical units 
may reside on the same SCSI device or different SCSI devices. CDC 

• backup devices (i.e .• devices with removable media) must support COPY 
m to or from another SCSI device. All other COPY features a~e optional. 

111 A CDC device that implements COPY comman.d will only use commands 
• listed as mandatory (in this specification) when communicating with 
m other SCSI devices. 

The Parameter List Length specifies the length in bytes of the 
parameters that shall be sent during the DATA OUT phase of the 
command. A Pa~ameter List Length of zero indicates that no data 
shall be transferred. This condition shall not be considered as an 
error. 
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The COPY parameter list (Table 7-lB) beqins with a four-byte header 
that contains the COPY function code and priority. Following the 
header is one or more segment descriptors. 

BITI 
BYTE 

0 
l 
2 
3 

0 -
xx 

0 -
x:::c 

I 
I 
I. 
I 
I 

7 I 
I 

0 
0 
0 

TABLE 7-18. COPY PARAMETER LIST 

6 I 5 4 3 I l 
I I I 

COPY Function Code Priority 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

Segment Descr:iptorCsl 
Segment Descriptor 0 

csee specific table for length.) 

Segment Descriptor n 
(See specific table for length.) 

The COPY function code defines a specific format for the segment 
descriptors. The COPY function codes are defined in Table 7-19. 

0 

0 
0 
0 

The Prior:ity field of the COPY parameter list establishes the 
relative priority of this COPY command to other commands being 
executed by the same tarqet. All other commands are assumed to have 
a priority of l. Priority O is the highest priority with increasing 
values indicating lower priorities. · 

The Segment Descriptor formats are determined by the COPY function 
code. The Segment Descriptor format used for write-once read-multiple 
devices and for r:ead-only direct-access devices shall be the same as 
for direct-access devices. The Segment Descriptor format used for 
printer devices and for processor devices shall be the same as for 
sequential-access devices. Thus a COPY from a write-once 
read-multiple device to a pr:inter device uses the same Segment 
Descriptor format as for a COPY from a direct-access device to a 
sequential-access device. (See Table 7-19.) The Segment Descriptor 
formats are described in Tables 7-20 thtouqh 7-22. A maximum of 256 
segment descriptors are permitted. The segment descriptors are 
identified by ascending numbers beginning with zeto. 

A811• Al!V. 2113 COC 
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TABLE 7-19. COPY FUNCTIONS 

I PERIPHERAL DEVICE TYPE COPY SEGMENT 
I I FUNCTION DESCRIPTION 
I SOURCE I DESTINATION CODE TABLE COMMENT 
I 
I OOH OlH OOH Table 7-20 
I OOH 02H OOH Table 7-20 
I OOH 03H OOH Table 7-20 
I 04H OlH OOH Table 7-20 Direct Access 
I 04H 02H OOH ·Table 7-20 to 
I 04H 03H OOH Table 7-20 Sequential Access 
I OSH OlH OOH Table 7-20 
I OSH 02H OOH Table 7-20 
I OSH 03H OOH Table 7-20 
I 
I OlH OOH OlH Table 7-20 Sequential Access 
I OlH 04H OlH Table 7-20 to 
I 03H OOH OlH Table 7-20 Direct Access 
I 03H. 04H OlH Table 7-20 
I 
I OOH OOH 02H Table 7-21 
I OOH 04H 02H Table 7-21 Direct Access 
I 04H OOH 02H Table 7-21 to· 
I 04H 04H 02H Table 7-21 Direct Access 
I OSH OOH 02H Table 7-21 
I OSH 04H 02H Table 7-21 
I 
I OlH OlH 03H Table 7-22 
I OlH 02H 03H Table 7-22 Sequential Access 
I OlH 03H 03H Table 7-22 to 
I 03H OlH 03H Table 7-22 Sequential Access 
I 03H 02H 03H Table 7-22 
I 03H 03H 03H Table 7-22 
I 

Pe.cipheral device type: OOH Direct-access device 
OlH 
02H 
03H 
04H 
OSH 

COPY function code: OOH 
OlH 
02H 
03H 

04H--OFH 
a lOH--lFH 

Sequential-access device 
Printer device 
Processor device 
Write-once read-multiple device 
Read-only direct-access device 

Direct access to sequential access 
Sequential access to direct access 
Direct access to direct access 
Sequential access to sequential access 
Reserved 
Reserved 

o\69U i:t!V. 21113 COC 
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Two classes of unusual conditions may occur during execution of a 
COPY command. The first class consists of those unusual conditions 
detected by the SCSI device that received the COPY command and is 
managinq the execution of the command. These conditions include 
parity errors while transferring the COPY command and status byte, 
invalid parameters in the COPY command, invalid seqment descriptors, 
and inability of the SCSI device controlling the COPY functions to 
continue operatinq. In the event of such an unusual condition, the 
SCSI device manaqinq the COPY shall: 

l. Terminate the COPY command with a CHECK CONDITION status: 

2. Return the. sense data in the extended sense format. The Valid 
bit shall be set to one. The Segment Number shall contain the 
number of the segment descriptor beinq processed at the time the 
unusual condition is detected. The Sense Key shall contain the 
sense key code describing the unusual condition. The information 
bytes shall contain the difference between the number of blocks 
field in the segment descriptor beinq processed at the time of 
the failure and the number of blocks successfully copied. This 
number is the residue of unprocessed blocks remaininq for the 
segment descriptor. 

7.l.4.2 Errors Detected by a Target 

The second class of errors consists of unusual conditions detected by 
the SCSI device transferring data at the request of the SCSI device 
managinq the transfer. The SCSI device managing the COPY command 
detects unusual conditions by receiving a CHECK CONDITION status fiom 
one of the SCSI devices it is managinq. It then shall recover the 
sense data 1ssociated with the unusual condition. · 

The SCSI device managing the COPY command may also be the source or 
destination SCSI device (or both). It shall distinguish between a 
failure of the management of the COPY and a failure of the data 
transfer being requested. It shall then create the appropriate sense 
data internally. After recoverinq the sense data associated with the 
detected error. the SCSI device manaqinq the COPY command shall: 

l. Terminate the COPY command with a CHECK CONDITION status. 
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2. Return the sense data in the extended sense format. The Valid 
bit shall be set to one. The Segment Number shall contain the 
number of the Segment Descriptor beinq processed at the time 
the unusual condition is detected. The Sense Key shall be set. 
to COPY ABORTED. The Information Bytes shall contain the 
difference between the number of blocks field in the segment 
descriptor beinq processed at the time of the failure and the 
number of blocks successfully copied. This number is the 
residue of unprocessed blocks remaining for the seqment 
descriptor. The Additional Sense Lenqth shall specify the 
number of additional sense bytes. 

The first additional sense byte shall specify the byte number. 
relative to the first byte of sense data, of the beqinning of the 
source logical unit's status byte and sense data. A zero value 
indicates that no status byte or sense data is beinq returned for 
the source loqical unit. The first byte of the area pointed to by 
the first additional sense byte shall contain the status byte from 
the source logical unit. The subsequent bytes shall contain. 
unchanged. the sense data recovered from the source loqical unit. 

The second additional sense byte shall specify the byte number. 
relative to the first byte of sense data of the beqinninq of the 
destination loqical unit's status byte and sense data. A zero 
value indicates that no status byte or sense data is beinq returned 
for the destination loqical unit. The first byte of the area 
pointed to by the second additional sense byte shall contain the 
status byte from the destination loqical unit. The subsequent 
bytes shall contain. unchanged. the sense data recovered from the 
destination logical unit. 
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7.l.4.3 COPY Function Code OOH and OlH 

The format for the seqment descriptors for COPY transfers between 
direct-access and sequential-access devices is specified in Table 

I. 7-20. This format is required for COPY function codes OOH or OlH. 
The segment descriptor may be repeated up to 256 times within the 
Parameter List Lenqth specified in the command descriptor block. 

TABLE 7-20. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODES OOH AND OlH 

BITI 
BYTE I 

o I 
l I 
2 I 
3 I 
4 I 
5 I 
6 I 
7 ·! 
a I 
9 I 

10 I 
ll I 

7 6 s 4 3 2 l 0 

Source Address I o O I Source LUN 
Destination Address I O O I Destination LUN 

Sequential-Access Device Block-Length CMSB) 
Sequential-Access Device Block-Length CLSB) 
Direct-Access Device Number of Blocks CMSBJ 
Direct-Access Device Number of Blocks 
Direct-Access Device Number of Blocks 
Direct-Access Device Number of Blocks (LSB) 
Direct-Access Device Logical Block Address CMSB> 
Di~ect-Access Device Logical Block Address 
Direct-Access Device Logical Block Address 
Direct-Access Device Logical Block Address (LSB) 

Source Address and Destination Address fields specify the SCSI 
devices· and the Source LUN and Destination· I.UN fields specify the 
logical units to use for this segment of the ·COPY command. Some SCSI 
devices may not support "third-party" COPY in which the copying SCSI 
device is not the source or destination device. Some SCSI devices 
only suppo~t COPY within the SCSI device and no~ to other SCSI 
devices. If an unsupported COPY operation is requested. the command 
shall be terminated with a CHECK CONDITION status and the Sense Key 
shall be set to ILLEGAL REQUEST. 

The Sequential-Access Device Block-Length field specifies the 
block-lenqth to be used on the sequential-access logical unit during 
this segment of the COPY command. If this block-lenqth is known by 
the SCSI device managing the COPY to be not supported. the command 
shall be terminated with a CHECK CONDITION status and the Sense Key 
shall be set to ILLEGAL REQUEST. If the block-lenqth is found to be 
invalid while executing a read or write operation to the 
sequential-access device, the command shall be terminated with a 
CHECK CONDITION status .and the Sense Key shall be set to COPY ABORTED. 

..... .;,. 

The Direct-Access Device Number of Blocks field specifies the number . 
of blocks in the current segment. A value of zero indicates that no A . ; 
blocks shall be transferred in this seqment. The Direct-Access ~~ 
Device Logical Block Address specifies the starting loqical block .. 
address on the loqical unit for this segment . 

.>.9914 iaev. :?113 CDC 
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7.1.4.4 COPY Function Code 02H 

The format for the segment descriptors for COPY transfers among 
direct-access devices is specified by Table 7-21. This format is 
required for COPY function code 02H. The segment descriptor may be 
repeated up to 256 times within the parameter list length specified 
i.n the command descriptor block., 

TABLE 7-21. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODE 02H 

BITI 7 6 5 ! 4 3 2 l 0 
BYTE I 

0 Source Address_ __ l 0 0 Source LUN 
1 Destination Address I 0 0 Destina ti.on LUN 
2 0 0 0 0 0 0 0 0 
3 0 0 a 0 0 0 0 0 
4 Source Number of Blocks CM .. SBJ 
~ Sm.u:ce Number _of Blocks 
6 Source Number of Blocks 
7 Sou re.!/ Number of Blocks (LSB} 
8 Source Log_ical Block Address !MSfil._ 
9 §_gurce Logical Block Address 

.lP Source Log:ic_fil Block Addre~s 

.il.. source Logical Block Address (LSfil 
12 Destination Logical Block Address ~MS:§) 
13 Destination Loaical Block Address 
14 Destination Logical Block Address 
15 Destination Logical Block Address (.1,SB) 

The Source Address and Destination Address fields specify the SCSI 
devices and the Source LUN a.nd Destination LUN specify the logical 
units to use for this segment of the COPY command. Some SCSI 
devices may not support "third-party" COPY in which the copying 
SCSI device is not the source or destination device. Some SCSI 
devices only support COPY within the SCSI device and not to other 
SCSI devices. If an unsupported COPY operation is requested. the 
command shall be terminated with a CHECK CONDITION status and the 
sense key shall be set to ILLEGAL REQUEST. 

The Source Number of Blocks field specifies the number of blocks to 
be transferred from the source device during command execution. 
The Source Logical Block Address field specifies the starting 
logical block address on the source device. The Destination 
Logical Block Address field specifies the starting logical block 
address on the destination device. 
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7.1.4.S COPY Function Code 03H 

The format for the segment descriptors for COPY transfers among 
sequential-access devices is specified by Table 7-22. This format 
is required for COPY function code 03H. The segment descriptor may 
be repeated up to 256 times within the parameter list length 
specified in the command descriptor block. 

TABLE 7-22. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODE 03H 

BITI 7 6 5 4 3 2 l 0 
BYTE I 

0 I Source Address 0 0 Source LUN 
l I Destination Address 0 0 Destination Lt.TN 
2 ! 0 0 0 0 0 0 0 0 
3 I 0 0 a 0 0 0 0 0 
4 l Source Block Length (MSB) 
5 I Source Block Length (LSB) 
6 I Destination Block Length CMSB) 
7 l Destination Block Length (LSB) 
8 ! Source Number of Blocks (MSB) 
9 I Source Number of Blocks 

10 I Source Number of Bloc Its 
ll I Source Number Of Blocks Ct.SB) 

Source Address and Destination Address fields specify the SCSI 
devices and the Source LUN and Destination LUN fields specify the 
logical units to use for this segment of the COPY command. Some SCSI 
devices may not support "third-party" COPY in which the copying SCSI 
device is not the source or destination device. Some SCSI devices 
only support COPY within the SCSI device and not to other SCSI 
devices. If an unsupported COPY operation is requested. the command 
shall be terminated with a CHECK CONDITION status and the sense key 
shall be set to ILLEGAL REQUEST. 

The Source Block-Length field specifies the block-lenqth of the 
source device for this segment of the COPY. A zero in this field 
indicates variable block-length. For nonzero values. this field 
shall match the logical unit's actual block-lenqth. If block-length. 
mismatches are detected by the SCSI device manaqing the COPY. the 
command shall be terminated with a CHECK CONDITION status and the 
sense key shall be set to ILLEGAL REQUEST. If the mismatches are 
detected during the read operation by the COPY manager, the command 
shall be terminated with a CHECK GONDITION status and the Sense Key 
shall be set to COPY ABORTED. 

The Destination Block-Length field specifies the block-length to be 
used on the destination logical unit during the COPY. Destination 
block-length mismatches are handled in the same manner as source 
block-length mismatches . 

• A6914 REV. 211!3 CDC 
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The Soui::ce Number: of Blocks field specifies the numbet of. blocks to be 
transferi::ed from the soui::ce device during this segment. A value of zero 
indicates that no blocks shall be transferted. 

7.l.5 RECEI'\TE DIAGNOSTIC RESULTS Command (lCU) 

Peripheral Device : 
Operation Code Type: 

~,,,11 

Optional 

TABLE 7-23. RECEIVE DIAGNOSTIC RESULTS COMMAND 

BITI 7 6 s 4 3 2 
BYTE 

o_ 0 0 0 l l l 
l Logical Unit Number L 0 0 0 

l a 

0 0 
0 0 

I 
I 
I 
I 

2 0 0 a __ ......Q. ___ 0 0 0 __ o __ l 
3 Allocation Length (MSBL I 

-n 4 
11111 -·---

Allocation L~ngth !LSB} _.I 
~-s • .Q.. - 0 ___ o 0 0 0 Flag Link 

The RECEIVE DIAGHOSTIC RESULTS command (Table 7-23) requests analysis 
data be sent to the initiator after completion of a SEND DIAGNOSTIC 
command (see 7.l.6). 

The Allocation Length shall specify the number of bytes that the 
initiator has allocated for returned diagnostic data. An Allocation 
Length of zero indicates that no diagnostic data shall be 
transferred. Any other value indicates the maximum number of bytes 
that shall be transferred. The target terminates the DATA IN phase 
when allocation length bytes have been transfer~ed or when all 
available diagnostic data have been transferred to the initiate~. 
whichever is less. 

s The diagnostic data returned is vendor unique. CDC products will 
l • return bytes as defined in Table 7-24. 

! 
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TABLE 7-24. CDC DIAGNOSTIC DATA BYTES 

BYTE 
0 
l 
2 
3 
4 
5 
6 
7 

n 

DESCRIPTION 
Additional Length (MSB) 
Additional Length (LSB) 
FRU Code (most probable) 
FRU Code 
FRU Code 
FRU Code (least probable) 
Error Code (MSB) 
Error Code (LSB) 
Optional product 

unique bytes. 

REV 
DATE 
PAGE 102 

This two byte value indicates the number of additional 
bztes included in the diagnostic data list. For example. 
if no product unique bytes were available, this value 
would be 0006H. A value of OOOOH means th.at there a.i::e no 
additional bytes. 

A Field Replacable Unit code is a byte that identifies an 
assembly that may have failed. The codes will be listed 
in probability order. with the most probable assembly 
listed first and the least probabie· listed last. A code 
of OOH indicates that there is no FRU information and a 
code of OlH indicates that the entire unit should be 
replaced. Other values have product unique meanings. 

Error Code: This two byte value provides information about what part 
of a diagnostic operation has failed. 

J~ .. 
r'I!' ·. 
\'l .. ,i! 
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7.l.6 SEND DIAGNOSTIC Command (lDH) 

Peripheral Device Type: 
• Operation Code Type: 

All 
Mandatory 

PAGE l03 

TABLE 7-25. SEND DIAGNOSTIC COMMAND 

BIT! 7 I 6 s 4 3 2 l o I 
BYTE L ~.;::.=-'-~--~-'-~----_,_--____ _._ ______ _._ __ ~---i--------i-------...._~-----1 

0 0 a 0 l l l 0 1 I 
l Logical Unit Number 0 a !SelfTstl DevOfL! UnitOfLI 
2 0 0 0 0 0 a 0 
3 Parameter List Length CMSB) 
4 Parameter List Length CLSB) 
s 0 0 0 0 0 0 Flag 

The SEND DIAGNOSTIC command (Table 7-25) requests the target to 
perform diagnostic tests on itself. on the attached peripheral 

0 l 

• devices, or on both. CDC products shall support use of the SelfTs 
• bit. Other SEND DIAGNOSTIC command features are 
• optional. 

The Parameter List Lenqth specifies the length in bytes of the 
parameter list that shall be transferred during the DATA OUT phase. 
A Parameter List Length of zero indicates that no data shall be 
transferred. This condition shall not be considered as an error. 

• The parameter list is vendor unique and reserved for future 
• standardization by CDC. 

A logical Unit Off-Line (UnitOfL) bit of one enables write operations 
on user medium or operations that affect user visible medium 
positioning. An SCSI Device Off-Line (DeVOfL) bit of one enables 
diagnostic operations that may adversely affect operations to other 
logical units on the same target. 

The Logical Unit Off-Line and SCSI Device Off-Line bits are generally 
set by operating system software. while· the parameter list is 
prepared by diagnostic application software. Thus. by preventing 
operations that are not enabled by these bits, the target assists the 
operating system in protecting its resources. 

A Self Test bit of one directs the target to complete its default 
self test. If the self test is requested. the parameter list length 
shall be set to zero and no data shall be transferred. If the self 
test successfully passes. the command shall be terminated with a GOOD 
status; otherwise. the command shall be terminated with a CHECK 
CONDITION status and. if extended sense is implemented. the Sense Key 
shall be set to HARDWARE ERROR . 

.. 1111,. Fl!V. 2183 coc 
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7.2 Group l Commands for All Device Types 

.. 
• 

These commands shall be as listed in Table 7-26. 

TABLE 7-·2 6. GROUP l COMMANDS FOR ALL DEVI CE TYPES 

OPERATION 
CODE TYPE COMMAND NAME 

20H R 
2lH R 
22H R 
23H R 
24H R 
25H * 
26H R 
27H R 
28H * 
29H R 
2AH * 
2BH R 
2CH R 
2DH R 
2EH * 
2FH * 
30H * 
3lH * 
32H * 
33H * 
34H R 
3SH R 
36H R 
37H R 
38H R 
39H 0 COMPARE 
3AH 0 COPY Ai..'ID VERIFY 
3BH M WRITE DATA BUFFER 
3CH M READ DATA BUFFER 
3DH R 
3EH R 
3FH R 

Key: (Type definitions are defined in 6.l.2) 
.o • Command implementation is optional. 

SECTION 

7.2.l 
7.2.2 
7.2.3 
7.2.4 

R = Operation code is reserved for future standardization. ~-". 
* == . These oper~tion codes. may have different mea~inqs for. spec .. ::.'_ ) 

types of pei:ipheral devices. (See the appropriate section f ;,.•
further information.) 

.A691 • II !!V 2/93 CtlC 
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7.2.l COMPARE comm.and (39H) 

I • CDC products do not implement this command at this time. 

7.2.2 COPY AND VERIFY command (3AH) 

I • CDC products do not implement this command at this time • 

•• 7.2.3 WRITE DATA BUFFER Command (3BH) 

Peripheral Device Type: All 
Operation Code Type: Mandatory 

TABLE 7-27. WRITE DATA BUFFER COMMAND 

BITI 7 6 5 4 3 2 
BYTE 

0 ·O 0 1 1 l 0 
l Logical Unit Number 0 0 
2 0 0 0 a 0 0 
3 0 0 0 0 a 0 
4 0 0 0 a 0 0 
s 0 0 0 a 0 0 
6 0 0 0 0 0 0 
1 Byte Transfer Length (MSB) 
8 Byte Transfer Length CLSB) 

l 

1 
0 
0 
0 
0 
0 
0 

9 0 0 0 0 0 0 I Flag 

0 

l 
0 
0 
0 
0 
0 
0 

I link 

The WRITE DATA BUFFER Command is used in conjunction with the READ 
BUFFER command as a diagnostic function for testing the tarqet•s data 
buffer memory and the SCSI bus integrity. The medium shall not be 
accessed during the execution of this command. 

The Byte ·Transfer Length includes a four byte header and the WRITE 
DATA BUFFER data. Up to 65.535 bytes may be transferred, consisting 
of four bytes of header and up to 65,S3l bytes of data. A t~ansfer 
length of zero indicates that no data transfer shall take place. 
This condition shall not c:eate the CHECK CONDITION status. If the 
transfer lenqth is qreater than the Available Lenqth reported by the 
READ DATA BUFFER header, the target shall create the CHECK CONDITION 
status with the Sense Key of ILLEGAL REQUEST. In this case no data 
shall be transferred from the initiator. 

It shall not be considered an error to request a transfer length less 
than the Available Length. 

Aev1 • Al!V. 2193 c::>c 0 ""1l"ltea :n u S 
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TABLE 7-28 WRITE DATA BUFFER HEADER 

6 s 4 . I 3 2 
I 

Reserved 
Reserved 
Reserved 
Reserved 

Buff er Data B:Ites 

SENSE KEY 
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l 0 

Transfer length greater than 
buffer size. 

ILLEGAL REQUEST 

Target reset or medium.change since 
last command from this initiator . 

•• 7.2.4 READ DATA BUFFER Command (3CH) 

Peripheral Device Type: All 
Operation Code Type: Mandatory 

UNIT ATTENTION 

TABLE 7-29. READ DATA BUFFER COM!A..A.i.'lD 

BIT! 7 6 5 4 3 2 
BYTE 

0 0 0 1 l l l 
l Logical Unit Number 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
s 0 0 0 0 0 0 
6 0 0 0 0 0 0 
7 Allocation Lencrth (MSB) 
8 Allocation Length ( LS'E) 
9 0 0 0 0 0 0 

l 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Flaa I Link 

The READ DATA BUFFER Command is used in conjunction with the WRITE 
DATA BUFFER command as a diagnostic function for testing the target's 
data buffer memory and the SCSI· bus integrity. The medium shall not 
be accessed during the execution of this command. 

I 
I 
I 
I 
I 
I 
I 

The Al?ocation Lenqth specifies the number of bytes that the initiator 
has allocated for returned READ DATA BUFFER data. An Allocation 
Length of zero indicates that no READ DATA BUFFER data shall be 
transferred. This condition shall not create the Check Condition 
status. Any other value indicates the maximum number of bytes to be 
t~ansferred. This data is to ~e used by the initiator for comparison~ , 
with the data pattern sent dur:i.nq the WRITE DATA BUFFER ::o~and. Up ~i ,,.; 
to 65.535 bytes may be requested to be transferredr consisting of fo~ 
bytes of header and up to 65.531 bytes of data. 
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If the Allocation Lenqth is qreater than the Available Lenqth (from 
READ DATA BUFFER Header), only the Available Lenqth shall be 
transferred to the initiator •. It shall not be considered an error to 
request an Allocation Lenqth less than the Available Lenqth. 

The tarqet shall terminate the DATA IN phase when allocation lenqth 
bytes have been transferred or when all available READ DATA BUFFER 
data have been transferred to the initiator. whichever is less. 

The READ DATA BUFFER contains a four byte header. followed by the READ 
DATA BUFFER data. 

TABLE 7-30. READ DATA BUFFER HEADER 

BITI 7 6 5 4 3 2 l 0 
BYTE 

0 Reserved 
l Reserved 
2 Available Length CMSB) 
3 Available Length CLSB) 
4-n Buffer Data Bytes 

Some targets may optionally try to detect whether buffer data is 
changed between a WRITE DATA BUFFER and a READ DATA BUFFER command. 
If that target detects that buffer data was chanqed. the target shall 
create CHECK CONDITION status with a Sense Key of Miscompare. In 
this case no data shall be transferred to the initiator. 

To avoid corruption of data. it is recommended that the initiator do 
one of the following: 

l. issue the RESERVE UNIT command prior to the WRITE DATA BUFFER 
command and issue RELEASE UNIT command after the READ DATA BUFFER 
command. 

2. select without allowing disconnection and link the WRITE DATA 
BUFFER and READ DATA BUFFER commands toget.her. 

The Available Lenqth of data bytes returned by the target may be up 
to 65.531 bytes (64k bytes minus 4 byte header) or the target maximum 
buffer size. whichever is less. CDC products shall support an 
Available Lenqth of one loqical block or larger. If the Allocation 
Lenqth of CDB is too small to transfer all of the Available Length. 
the Available Length shall not be adjusted to reflect the trunctation. 
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7.3 Group 2 Commands for All Device Types 

The Group 2 comma~ds (operation codes 40H throuqh SFH) are all reserved 
for future standardization. 

7.4 Group 3 Commands for All Device Types 

The Group 3 commands (operation codes 60H throuqh 7FH) are all reserved 
for future stand&rdization. 

7. 5 Group 4 Comma.nds for All Device Types 

The Group 4 commands (operation codes SOH through 9FH) are all reserved 
for future standardization. 

7.6 Group 5 Commands for All Device Types 

• The Group s commands with operation codes AOH through BFH are reserved 
• . for futu:e standardization. 

7.7 

• 
• • 

7.8 

• • 

Group 6 Commands for All Device Types 

The Group 6 commands (operation codes COH th.rough DFH) are all reserve/ \ 
for proprietary CDC manufacturing usage. Customers should not attempt~"::; . 
use these functions • 

Group 7 Commands for All Device Types 

The Group 7 commands (operation codes EOH through FFH) are all CDC 
reserved • 

•A89U I! l!V. 2183 CCC 
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The Group o commands for direct-access devices shall be as shown in Table 
8-l. 

TABLE 8-l. GROUP 0 COMMANDS FOR DIRECT-ACCESS DEVICES 

OPERATION 
CODE TYPE COMMAND NAME SECTION 

• OOH M TEST UNIT READY 7.l.l 
• Ol!i M REZERO UNIT 8.l.l 

02H R 
03H M REQUEST SENSE 7.l.2 
04H M FORMAT UNIT 8.l.2 
OSH R 
06H R 

(( • 07H M REASSIGN BLOCKS 8.l.3 
08H M READ 8.l.4 

\ 09H R 
OAH M WRITE 8.l.S 

• OBH M SEEK 8.1.6 
OCH R 
ODH R 
OEH R 
OFH R 
lOH R 
1lH R 
l2H M INQUIRY 7.l.3 
l3H R 
l4H R 

• lSH M MODE SELECT 8. l. 7 
• l6H M RESERVE 8.l.8 
• l7H M RELEASE a. l. 9 

l8H 0 COPY 7.l.4 
l9H R 

• lAH M MODE SENSE 8.l.lO 
lBH 0 START/STOP UNIT 8.1.ll 
lCH 0 RECEIVE DIAGNOSTIC RESULTS 7.1.S 

• lDH M SEND DIAGNOSTIC 7.l.6 
lEH 0 PREVENT/ALLOW MEDIUM REMOVAL 8.l.12 
lFH R 

'( Key: (Type definitions are defined in 6.l.2) 
~. M .. Command implementation is mandatory. """.r 

0 .. Command implementation is optional. 
R .. Operation code is reserved f o:r:: future standardization. 

,oet1• "i!V 2193 CDC Pnnted ,,, JS 
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8.l.l REZERO UNIT Command (OlH) 

Peripheral Device Type: 
a Operation Code Type: 

Direct Access· 
Mandatory 
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TABLE 8-2. REZERO UNIT CO'MMAND 

BIT! 7 6 5 4 3 2 
BYTE 

0 0 0 0 0 0 0 
l Logical Unit Number 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
s 0 0 0 0 0 a 

II The REZERO UNIT command (Table S-2) requests that 
3 the logical unit to logical block address 

a.1.2 FORMAT UNIT Command (04H) 

Peripheral Device Type: 
Operation Code Type: 

Direct Access 
Mandato.cy 

zero. 

TABLE 8-3. FORMAT UNIT COMMAND 

BITI 7 6 5 4 3 
BYTE 

0 0 0 0 0 0 

l 0 

0 l 
0 0 
0 0 
·o 0 
0 0 

Flag Link 

the target set 

2 1 

1 0 

0 

0 
l Logical Unit Number FmtData! CmoLstl Defect· List Format 
2 0 0 0 0 0 0 0 0 
3 ! nter: 1 eave {MSB) 
4 Interleave (LSB) 
5 0 0 0 0 0 0 0 0 

The FORMAT UNIT command (Table 8-3) ensures that the medium is 
• formatted so that all of the user addressable data blocks can be 

accessed. There is no guarantee that the medium has or has not been 
altered. In addition. the medium may be certified and control 
structures be created for the management of the medium and defects. 

The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT 
status if any extent (see 8.1.S.2) in the specified logical unit is 
reserved. 

•6Q1 • ~EV. 2193 COC 



r 1=\ MAGNETIC rtRJMiE~LS INC. 
(' ~ aCcnnol O.V..Camp.tny 

ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVISION 

SPEC 6472l700 
CD 9 
REV 
DATE 
PAGE lll 

A Format Data (FmtData) bit of one indicates that format data is 
supplied during the DATA OUT phase. The defect list included with 
this data specifies the defects that shall be entered into the defect 
map. The format of the defect list is determined by Defect List 
Format field. A FmtData bit of zero indicates that the DATA OUT 
phase shall not occur (no defect data shall be supplied by the 
initiator). 

A Complete List (CmpLst) bit of one indicates the data supplied is 
• to be the complete list of Growth defects. Any previous Growth or 
• Certification defect data shall be erased. The target may add to 

this list as it formats the medium. The result is to purge any 
• previous Growth or Certification defect list and to build a new 

defect list. A CmpLst bit of zero indicates that the data supplied 
• is in addition to existinq Growth defect list. 

• The use of the P and C defect lists is controlled by byte l of the 
• defect list header (See fiqure 8-5). 

The Defect List Format field specifies additional information related 
to the defect list. (See Table 8-4 for further information.} 

The Interleave field requests that the logical blocks be related in a 
specific fashion to the physical blocks to facilitate speed 
matching. An interleave value of zero requests that the target use 
its default interleave. An interleave value of one requests that 
consecutive logical blocks be placed in consecutive physical order. 

• Values of two or greater indicate that one or more (respectively) 
• physical blocks separate consecutive logical blocks. 

• The definitions listed below are needed to help in understanding the 
m alternatives listed in Table 8-4. 

• P = Primary Defect List: The list of defects supplied by the original 
• manufacturer of the disk (and stored within the peripheral). 

• c = Certification Defect List: The defects that are found by the 
• target controller during a FORMAT UNIT command. 

• G = Growth Defect List: The defects detected after the disk has been 
• used to store and retrieve data. These include defects automatically 
• reallocated by the target. by a REASSIGN BLOCKS command. or by a Data 
• Defect List of a previous FORMAT UNIT command. 

• D = Data Defect List: This list is supplied to the tarqet by the 
• initiator in the Data Out phase of a FORMAT UNIT command. 

~61114 Rl!V 2183 C::lC 
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TABLE 6-4. FORMAT UNIT COMMAND VARIATIONS 

BIT REFERENCE 
4 
Fmt 
Data 
I 

• 0 

• l 

• l 

• l 
• l 

• l 

• l 

• l 

• l 

• l 

• l 

l 

3 
Cmp 
List 
I 

x 

0 

l 

0 
l 

0 

l 

0 

l 

0 

l 

x 

2 l 0 
Defect List 

Format 

x 

0 

0 

0 
0 

l 

l 

l 

l 

l 

l 

l 

I 

x 

x 

x 

x 
x 

0 

0 

0 

0 

l 

l 

l 

x 

x 

x 

x 
x 

0 

0 

l 

l 

0 

0 

l 

X a Bit ignored by target. Recommend 
that the initiator send a zero. 

COMMAND 
TYPE COMMENTS 

Mandatory No Data out phase (no defect lis~ 
P+C .header, no defect descriptors). 

CDC pr.oducts will use P and c 
defect types. 

Mandatory 
with G 

Mandatory 
erase G 

Not 
Supported 

Optional 
G + D 

Optional 
D 

Optional 
G + D 

Optional 
D 

Optional 
G + D 

Optional 
D 

Reserved 

Defect List Lenqth must be zero 
but four byte header is sent. 
See Note l. 

Non-zero Defect List Length is 
unsupoorted by CDC products. 

Defect Descriptors in Bytes From 
Index Format (see Table 8-6). 
Defect List Length must be a 
multiple of a. See Note l. 

Defect Descriptors in Physical 
Sector Format (see Table 8-7). 
Defect List Length must be a 
multiple of 8. See Note l. 

Defect Descriptors in Product 
Unique Format. See product 
specification. See Note l. 

NOTE l: Byte l of the.Defect List Header determines if the P and C 
defects are used or ignored. 

NOTE 2: Each CDC product is required to support one of the three 
Defect List Format codes (Bytes From Index. Physical Sector, 
Vendor Unique) listed as optional in this Table . 

. AffU -;ev. 21113 COC 
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The defect lists shown in Tables 8-6 and 8-7 contain a four-byte header 
followed by one or more defect descriptors. The lenqth of the Defect 
Descriptors vary with the format of the defect list. 

The Defect List Length in each table specifies the total length in 
bytes af the defect descriptors that follow. In Tables 8-6 and 8-7 the 
Defect List L,engtl1. is equa.l to eight times the number of defect 
descriptors. 

sm TABLE 8-5. DEFECT ·LIST HEADER (All List ~ypes) 

BIT 
BYTE 

1 6 s 4 I 3 2 
I 

l I o 
-1--~·. 

~~~--~--~~~--~~------D~e~f.ect List Header 
o l Reserved 

__..l~-----l~-F~O~V-~~F-··-----1--·----R-e_s_e-_;_-v~e-d--~--~----~--~--
__ ... 2 ____ 1 --·--------,__;;;;1{,§!:f ec.L_L is t Length Ql!SB) 

3 Defect List Length (LSB) 
Defect Oescriptorls) 

O-n Def ec~ Descriptor Bytes 

The Format Options Valid (FOV) bit. when set to one • enables the 
DPRY. DCRT. and STPF bits. The other bits are iqno.r:ed when this bit 
is a zero. The CDC default when the FOV bit is zet:o is: 
• DPRY bit equal to zero • 
• DCRT bit equal to zero • 
• STPF bit equal to zero . 

Tl1e Disable Primary List (DPRY) bit. when set to one. asks that the 
flaws from the Primary defect list not be deallocated during 
formatting. When set to zero, the flaws from the Primary Defect Lis 
shall be deallocated during formatting. The Disable Certification 
(DCRT) bit. when set to one, asks that certification not be performed 
during formatting. When set to zero, certification is allowed during 
formatting. The Stop Format (STPF) bit. when set to one. requests 
that formatting be terminated if an error is encountered in accessing 
a defect list or if the target runs out of spare locations for 
defects. The target shall create Check Condition status with Medium 
Error Sense Key. When set to zero, formatting shall continue if an 
error in accessinq a defect list is encountered or if the target runs 
out of spare locations for defects. After completion of formatting, 
the target shall create Check Condition status with Recovered Error 
Sense Key. 

Support for FOV. DPRY and STPF bit functions is mandatory for CDC 
products. Support of the DCRT bit is required only if the product 
does certification during format. 
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TABLE 8-6. DEFECT LIST - BYTES FROM INDEX FORMAT 

7 6 s 4 I 3 :z 1 
I 

Defect List Header 
Reserved 

FOV DPRY DCRT ! STPF i Reserved 
Defect List Length (MSB) 
Defect List Length (LSB) 

Defect Descciptor(s) 
Cylinder Number of Defect (MSB) 
Cylinder Number of Defect 
cylinder Number of Defect (LSB) 
Head Number of Defect 
Defect Bytes from Index (MSBl 

((~~, 

"'-

0 

_s I --~~-'-~~~~~~~~~-D_e_f_e_c.-..-.t...-B .... y_t_e_s.._·:f:J;. ..... o_m.__I_n_a_e_x.._~~~-~~~~~~--
6 I ____ _._ __________ D::;..e;:;.;t"'--e.;;.c.;;:;_;:ot......;;:;B..._v ... t_e_s'-"'f' ,..-o_m:.....::::I_n_a_e_x.._ __________ _ 
7 I Detect Bytes f ~om Index (LSB) 

m Byte l of header is described in Table 8-5. The Defect List Format 
a field must be lOO (binary) for this description to apply. 

Each Defect Descriptor for the bytes from index format specifies 
the beginning of an eight-byte defect location an the medium. Each 
defect descriptor is comprised of the Cylinder Number of Defects. 
the Head Number of Defect, and the Defect Bytes from Index. 

The Defect Descriptors shall be in ascending order. For 
determininq ascending order. the Cylinder Number of Defect is 
considered the most siqif icant part if the address and the Defect 
Bytes from Index· is considered the least significant part of the 
address. 

m A value for Defect Bytes From Index of FFFFFFFFH is illegal for CDC 
products. 
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TABLE 8-7 DEFECT LIST - PHYSICAL SECTOR FORMAT 

BIT 7 6 S 4 I 3 2 l 
BYTE I 

Defect List Header 

0 

_..o.__~-''----~--~~~--~~~--R~e.:..:.s~e~r-v_e_d~--------------~-----------------1 
I 11 l .• J FOV DPRY DCRT I STPF I Res~rved I · 

_fr Defect List Length {MSB) ! 
.....;;;3~~-*-~--~~----~~~~-D~e~.f::..::.e~c~t-=L-i_s~t:.....::L~e~n~q~t~h~. _D~L:.:::.SB:.:::..i.)~~~--------~--~ .. 1 
--·-··-=--·-·---·----·-= p_e_f_~ D~~~· i::..:E..i::..t.:::..o;;:..:..r . ..1.C .::::.s.) ____ , ______ _ 
__ g ..L-·~•«-•-,.~--.~-·~y l in.de r Tt!J:.fil!.2.~ !: 0 f Def e ct (MS B) 

l I __ cvlinde:c N1LLllfL.~..LD'?:';..:.::f:..;:e:..;:c::..:t::...-__________ _ 
2 I Cylinder Number of Detect (LSB} 
3 Head Number of Defect 
4 ! Defect Sector Number (MSB) 
5 I Defect Sector Number 
6 I Defect Sector Number 
L L--- _ Defect _sector Number (LSB) 

a Byte l of heade~ is described in Table 8-5. The Defect List Format 
a field must be 101 (binary) for this description to apply. 

Each Defect Descriptor for the physical sector format specifies a 
sector size defect location comprised of the Cylinder Number of 
Defect • the Head Number of Defect. and the Defect Sector. Number. 
The Defect Descriptocs shall be in ascending ceder. Foe 
dete.r:mining ascending o.r:de.c. the Cylindet Number of defect i:: 
considered the most significant part of the address and the Defect 
Sector Number is considered the least siqnif icant part of the 
addx:ess. 

m A Defect Sector. Number of FFFFF~FFH is illegal for CDC products. 

~6014 ~!V. ?183 COC 
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. 8. l. 3 REASSIGN BLOCKS Command .. (07H) 

Peripheral Device Type: 
• Operation Code Type: 

Direct Access and W'J=i.te-Once Read-Multiple 
Mandatory 

• • • 
• 
• • 

TABLE 8-9. REASSIGN BLOCKS COMMAND 

BITI 7 6 s I 4 3 2 l 0 
BYTE ·I 

0 0 0 0 0 0 l l l 
·l Logical Unit Number 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 
3 0 0 0 0 o· 0 0 0 
4 0 0 0 0 0 0 0 0 
s 0 0 0 0 0 0 Flag Link 

The REASSIGN BLOCKS command (Table 8-9) requests the tarqet to 
reassign the defective logical blocks to an area on the logical unit 
reserved for this purpose. 

The initiator transfers a defect· list that contains the logical block 
addresses to be reassigned. The target shall reassign the physical 
medium used for each logical block address in the list. The data 
contained in the logical blocks specified in the defect list may or 
may not be preserved, but the data in all other logical blocks on the 
medium shall be preserved. It is recommended that the initiator 
recover the data trom the logical block(s} to be reassigned before 
issuing this command. After completion of this command. the 
initiator can write the recovered data to the same Logical Block 
Addressees) . 

The effect of specifying a logical block to be reassigned that 
previously has been reassigned is to reassign the block again. Thus. 
over the life of the medium. a logical block can be assigned to 
multiple physical addresses (until no more spare locations remain on 
the medium). 

The REASSIGN BLOCKS defect list (Table 8-lO) contains a four-byte 
header followed by one or more De~ect Descriptors. The length of 
each Defect Descriptor is four bytes. 

The Defect List Length specifies the total length in bytes of the 
Defect Descriptors that follow. The Defect List Length is equal to 
fou= times the number of Defect Descriptors . 

• A691& REV :!1113 COC 
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TABLE 8-lO. REASSIGN BLOCKS DEFECT LIST 

BYTE DEFECT LIST HEADER 
0 Reser~d 

_J. --~ ....... ~~~~~~-~ Re=s_e=r~v~e~d--~~-~~~-~~~--~~-~-~~~~ 
-=~ ....... ~~--~~~~~~~~D~e~f~e~c ....... ~t. Li§.!_~L~e~.n~g~t~h--~<~~-S~B~'"'""'~~~~~~~~~~~~ ~ 

3 ....... _ ___, ___________ o"-e;;.;,f""'~'""S!"""'. -.t-""L=i=s-.t_Le nqth C LSB) • l 
.. pefect Descriptor(s] 

0 I Defect LQ..SLL~ock Address CMSB) J 
l I 

I 
....... .__~~-------~D-...e: .... f._. e;;;.,,c.._t...__L.,. ..... o .... q_,..i..-.c.-.a..-l_.-.B ... l._..o...,.c .... Jt.__..A.-d""'d""". r-.e-.s .... s...._ ____________ J 
---~--'~--~~~~-----D~e~f~e~c~t'"'-"'L ... Qg_ical Block Address 2 

3 I Defect Logical Block Address (LSB) 

The Defect Descriptor specifies a four-byte Defect Logical Block 
Addtess that contains the defect. The Defect Descriptors shall be 
in ascending order. 

If the loqical unit has insufficient capacity to reassign all of 
the defective logical blocks. the command .shall terminate with a 
CHECK CONDITION status and the sense key shall be set to 'MEDIUM 
ERROR. The logical block address of the f i:st logical block not 
reassigned shall be returned in the information bytes of the sense 
data. 

8. L 4 READ Command ( OSH) 

Peripheral Device Type: 
Operation Code Type: 

Di.i::ect Access 
Mandatory 

TABLE 8-ll. READ COMMAND 

BITI 7 6 5 4 3 
BYTE I 

0 I 0 0 0 0 l 

2 1 0 

0 0 0 

l 
I 
I 

-1:... I Logical Unit Number !Logical Block Address (MSB} _I 
2 I Logical Block Address 

__ 3 '-· Logical Block Address {LSB} 
4 I T.ransfer: Length 
s I 0 0 0 0 0 0 Flag Link -

The READ command {Table 8-ll} requests that the target transfer 
data to the initiator. 

The Logical Block Address specifies the logical block at which the 
read ope~ation shall begin. 

I 
I 
I 
I 
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The Transfer Length specifies the number of contiguous loqical blocks 
of data to transferred. A Transfer Length of zero indicates that 256 
logical blocks shall be transferred. Any other value indicates the 
number of logical blocks that shall be t·ransferred. 

The most recent data value·written in the addressed logical block 
shall be returned. 

This command shall be terminated with a RESERVATION CONFLICT status 
if any reservation access conflict (see 8.l.8) exists and no data 
shall be read. 

If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status, and if extended sense is 
implemented. the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 

CONDITION 

Invalid Logical Block Address 

Target reset or medium chanqe since 
last command from this initiator 

Unrecoverable read error 

Recovered read error 

Overrun or other error that might 
be resolved by repeating the command 

SENSE KEY 

ILLEG~L REQUEST (see note) 

UNIT ATTENTION 

MEDIUM ERROR 

RECOVERED ERROR 

ABORTED COMMAND 

NOTE: The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. 

A891• "1!V. 2193 CCC 
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B.l.S WRITE Command (OAH) 

Peripheral Device Type: 
Operation Code Type: 

TABLE 

BITl 7 c 
rrf TE 

0 0 0 

Direct Access 
Mandatory 

8-12. WRITE 

s ( 

L 
0 0 

COMMAND 
.... .., ... ,,, 

l 0 
l Logical Unit Number Logical Block Address 
2 Logical Block Address 
3. Logical Block Address 
4 Transfer Length 

REV 
DATE 
PAGE ll9 

j,_ 0 

l 0 
(MSB) 

CLSB) 

s 0 0 0 0 0 0 Flag I Link 

The WRITE command (Table B-12} requests that the target write the 
data transferred by the initiator to the medium. 

The Logical Block Address specifies the logical block at which the 
write operation shall begin. 

The Transfer Length specifies the number of contiguous logical blocks 
of data to transferred. A Transfer Lenqth of zero indicates that 256 
logical blocks shall be transferred. Any other value indicates the 
number of logical blocks that shall be transferred. 

This command shall be ter:minated with 2. RESERVATION CONFLICT status 
if any rese.tva.tion. access conflict (see a. l. 8 ). exists and no data 
shall be written. 

If any of the following conditions occur. this command shall be 
terminated with a CHECK CONDITION status. and if extended sense is 
implemented. the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECX CONDITION status. 

CONDITION 
Invalid Logical Block Address 

Target reset or medium change since 
last command from this initiator 

Overrun or other error that miqht 
be resolved by repeating the command 

SENSE KEY 
ILLEGAL REQUEST (see note) 

UNIT ATTENTION 

ABORTED COMMAND 

NOTE: The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. In this 
case. no data shall be written on the logical unit . 

• 891. """ ?J83 c::c 
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Peripheral Device Type: Direct Access, Write-Once Read-Multip.le, 

• 
and Read-Only Direct·Access 

Operation Code Type: Mandatory 

TABLE 8-13. SEEK COMMAND 

BT.Tl 7 6 s 4 3 2 l 0 
BYTE 

0 0 0 0 0 l 0 l l 
l Logical Unit Number Logical Block Address (MSB) 
2 Logical Block Address 
3 Logical Block Address CLSBl 
4 0 0 0 0 a 0 0 0 
5 0 0 0 0 0 0 I Flag Link 

The SEEK command (Table B-13) requests that the loqical unit seek to 
the specified Loqical Block Address. 

.... , .. ~!V. 2193 coc 
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8.l.7 MODE SELECT Comma.nd (lSH) 

Pei:ipti.e:al De·v-::.ce Ty)','le: 
s Operation Code Type: 

D:L.rect. ~~cc:esf3 
Mandatory 

I a 

I m 
I • 
l Ill 

! 211 

! !'! 

j !ID 

I :11 

l ill 

I a 

! !I 

I 11 

I • 

T:;3r..E 8-14 • MODE: SELECT CC~1M.~ID 

BIT! 7 6 s I 4 3 2 l 
BY'J.'E ! J 

a ..J o 0 a - ------ l 0 1 a 
l I _Logical ~umber 0 0 0 0 
2 l 0 0 0 0 0 0 0 

...J ! 0 0 0 a 0 9 0 
4 l Par a m,e t: er List Lengt:h 

_§.. I 0 -~--w a 0 0 a f lacr ......... 

The MODE SELECT command (Table 8-14) provides a means for: tl:.l.e 
iniiiator to specify medium. logical unit, or periphei:al device 
parameters to the target. 

0 

l 
SMP 

0 
0 

Link 

The Save Mode Parameters (SMP) bit, ~hen set to one. requests that 
the target save the saveable pages. Pages 3 and 4 may only be sto:ed 
during FOR...V.AT commands. so they cannot be saved via a MODE SELEC::'1 
command. The target must update the Current made values ~ith 
parameters included with this comm.and, save the current values of the 
saveable parameters. and repor~ GCOD stat.us only after the save 
operation is completed. The Saved parameters shall not be changed i: 
an erro.c is detected during the MODE SELECT command. When the SM: 
bit is se~ to zero, the saved parameter values will net be changed. 

Support fo: Saved ?arameters is op'tional for C!lC products. I:E th<~ 
SMP bit is set and Saved parameters are not supported, the target 
sh.all ret.ur::i C:-iECX CCNDI'!'ION status wit:h. ILLEGAL REQUEST Sense Key. 

The Parameter List Length specifies the length in bytes of the MODE 
SELECT parameter list that shall be transferred during the DATA OUT 
phase. A Parameter List Length of zero indicates that no data shall 
be transferred. This condition shall not be considered as an error. 

The MODE SELECT parameter list (Table 8-15) contains a four-byte 
• header, followed by zero or one block descriptor. followed by the 
• paqes of MODE SZLECT parameeers. 



?I 

:I 

JI 

MACNETIC f'ER)f'HER!;LS INC 
.. c°""" ::i..u~ 

ENGJl'JEERli'IG 
SPEClF1CAT10N 

SPEC 64721700 
CD 9 

BIT! 7 
BYTE I 

0 
~ 

2 -3 

0 
l" 
2 
3 
4 
s 
6 
7 

O-n 

T"dIN CITIES DISK DIVISION 

REV 
DATE 
l?AGE 122 

TABLE 8-15. MODE SELECT PARAMETER LIST 

6 s 4 . ! 3 

~eserv~d <all zsros) 

Reserved fall =~=osl 
Block Desc=iotor Lengr.h 

Block Descrintor(s) 
Densicv Code 
Number of Blocks (MSE) 
Number of Blocks 
Number of Blocks CLSB) 
Reserved (all zeros) 
Block Lencrth (MSB) 
Bloclc Lencrth 
BlocK Lencr~h CLSB) 

Pacametec Information 
Mode Select Page Headers 
and their ~acameters 

l 0 

3 ~ll CDC hard magnetic disk and optical disk products shall only 
:m support COB in. the Medium Ty-ge field. 

The Block Descriptor Length specifies the length in bytes of the Bloc~ 
a Descriptor. It is equal to the number of bytes in the Block Desc:i~tc= 
2 (either o or 6) and does not include the paqe headers and mode 
• parameters, if any. A Block Descriptor Length of zero indicates that 
~ no block descriptor shall be included in the parameter list. This 
a condition shall not be considered as an error. CDC products ~ill 
• support one Block Descriptor per LUN. 

II 

• 

lil 

II 

II 

lll 

Each Block Descriptor speci!ies the medium characteristics for all or 
part of a logical unit. Each Bloc~ Descriptor contains a Density 
Code. a Number of Blocks, and a Block Length. 

~ll CDC hard magnetic disk and optical disk products shall only 
suppo:~ OOH in the Density Code field • 

The Number of Blocks field specifies the number of logical blocks on 
the medium that meet the Density Code and Block Length in the block 
descriptor. A Number of Blacks of zero indicates that all of the 
remaining logical blocks of the logical unit shall have the medium 
characteristics specified by the Block Descripto:. I! there is only ,1 
one Bloclt Descti-gt.or. a Number of Blocks of zero means all logical (· ·.:'t . 
blocks of the logical unit shall have the medium cha.i::acteristics ,, -~ 
s~ecified by the Block Descriptor. 
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The Block Length specifies the length in bytes of each logical block 
described by the Block Descriptor. 

m The rest of the MODE SELECT parameters are organized into pages that 
m group the parameters by function. The parameter definitions are the 
m same as those described in the MODE SENSE command (paragraph 8.l.10) 
m and will not be repeated here. 

IHI TABLE 8-16 MODE SELECT PAGE DESCRIPTOR HEADER 

.. BITI 7 6 5 4 I 3 2 l a 
BYTE 1 = L. 

0 I 0 0 Page Code 
l I Page Length 

-2-n I Mode P.:c3.rameters 

I m Each page of mode parameters begins with a two byte Page Descriptor 
Header. ·The Page Code identifies which page of mode parameters is 
being transferred. The Page.Length indicates the number of additional 
bytes of mode parameters contained in this page. The number of 
additional by~es sent must always match the Page Length value. 

I • 
I u 
I • 
I a 

I 1111 

I Ill 

I a 
I • 
j II 

I • 
I l!ll 

I m 

If the initiator sends mode parameter bytes that are not supported by 
the target, the target will set CHECK CONDITION status with ILLEGAL 
REQUEST Sense Key. The initiator may only send mode parameters for 
pages if the target supports Changeable parameters within that page. 
The Page Length sent by the initiator must be the same as the Paqe 
Length value received from the target during a MODE SENSE command with 
PCF set to Ol (binary). CDC products may optionally support the 
following Page Codes: 

11 f_a.:_ge Co.£.Q. 
1111 OOH 
111 0 lH 
111 02H 
11 03H 
111 04H 

Product Unique. See individual product specifications. 
Error Recovery parameters. 
Disconnect/Reconnect Control parameters. 
Format parameters. 
Rigid Disk Drive Geometry Parameters. 

I • The initiator shall issue a MODE SENSE command requesting the target 
I n to return all pages with Changeable values (see PCF field description 
I • for MODE SENSE command) prior to issuing any MODE SELECT commands. 
I • This allows the initiator to correctly determine which pages are 
l • supported. the proper length for those pages. and which parameters in 
I • those pages may be changed fo~ that Logical Unit Number. 
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8.l.8 RESERVE Command (l6H) 

Peripheral Device Type: Direct Access. Write-Once Read-Multiple. 
and Read-Only Direct Access 

• Operation Code Type: Mandatory 

TABLE 8-17. RESERVE COMMAND 

BITI 7 6 5 4 3 2 l 
BYTE 

0 0 0 0 l 0 l l 

0 

0 

~ "· .~ 

l 
I 
I 

la Logical Unit Number 3rdPtI:I Third PartI; Device ID Extent.I 
2 Reservation Identification I 
3 Extent List Length !MSBl I 
4 Extent List Length !LSBl I 
s 0 0 0 0 0 0 I Flag: I Link I 

The RESERVE command (Table 8-17) is used to reserve logical units or. 
if the extent reservation option is implemented. extents within logical 
units for the use of the initiator. If the third party reservation 
option is implemented. the logical units or extents may be reserved 
another specified SCSI device. The RESERVE and RELEASE commands 
provide the basic mechanism for contention resolution in. 
multiple-initiator systems. 

for 
( 

l~ ) 
S.l.8.l Logical Unit Reservation 

If the Extent bit is zero. this command shall request that the entire 
logical unit be reserved for exclusive use of the initiator until the 
reservation is superceded by another valid RESERVE command from the 
initiator that made the reservation. released by a RELEASE command from 
the same initiator. by a BUS DEVICE RESET message from any initiator. 
or by a "hard" RESET condition. A logical unit reservation shall not 
be granted if any extent or logical unit is reserved by another 
initiator or if any extent with a read shared reservation type is 
reserved by this initiator. It shall be permissible for an initiator 
to reserve a logical unit that is currently reserved by that 
initiator. If the Extent bit is zero. the Reservation Identification 
and the Extent List Length shall be iqnored. 

If the logical unit. or any extent within the logical unit is reserved 
for another initiator. the target shall respond by either: 

l. Returning a RESERVATION CONFLICT status. 

2. Queuing the reservation request and then disconnecting until all 
previously queued reservations have been released and the logical 
unit is available. then reconnecting to perform the reservation. 

If. after honoring the reservation. any other initiator then 
subsequently attempts to perform any command on the reserved logical 
unit other than a RESERVE command. which may be queued. or a RELEASE 
command. which shall be ignored. then the command shall be rejected 
with RESERVATION CONFLICT status. 

A891' REV 2193 COC 
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B.l.8.2 Extent Reservation 

• CDC products will not suppoi::t Extent reservations. This bit must 
m always be zero. Since the Reservation Identification byte and the 
e Extent List Length ara only valid for extent reservation~. c~r 
u products will ignore these fields. 

8.l.8.3 Third Party Reservation 

• 

1111 

All CDC products vill support the third party reservation option • 
The third-party reservation option for the RESERVE command allows an 
initiator to reserve a loqical unit or extents within a logical unit 
for another SCSI device. This option is intended for use in 
multiple-initiator systems that use the COPY command. Any target that 
implements the third-party reservation option shall .also implement the 
third-party release option (see 8.I.9.3). 

If the third-party (3rdPty) bit is zero. then the thicd-pacty 
reservation option is not requested. If the 3rdPty bit is one and the 
third-party reservation option is implemented. then the RESERVE command 
shall reserve the specified logical unit or extents foe the SCSI device 
specified in the third-party device ID field. The target shall 
preserve the reservation until it is supercedad by another valid 
RESERVE command from the initiator that made the reservation or until 
it is released by the same initiator, by a BUS DEVICE RESET message 
fz:om any initiator. or a "hard" RESET condition. The target shaLi .. 
ignore any attempt to release the reservation made by any oth.e.!:' 
initiator. 

B.l.8.4 Supercedinq Reservations 

An initiator that holds a current reservation may modify that 
reservation by issuing another RESERVE command to the same logical unit 
and. if the extent bit is one. using the same reservation 
identification. The superceding RESERVE command shall release the 
previous cese~vation state when the new reservation request is 
granted. The previous reservation shall not be modified if the new 
reservatio~ request cannot be granted. If the supercedinq reservation 
cannot be granted because of conflicts with a previous active 
reservation (other than the reservation being superceded) then the 
target shall either: 

(l) return RESERVATION CONFLICT status 

(2) queue the reservation request and disconnect until it i.s allowed to 
be active. The reservation request shall be made active when it is 
free from conflict with all resrvations. A superceding reservation 
takes place over any previously queued reservation request. 

IMPLEMENTORS NOTE: Superceding reservations are principally intended 
to allow the SCSI device ID to be changed on a reservation using 
third-party reservation option. This capability is necessary for 
certain situations when using the COPY command. 
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Peripheral Device Type: Direct Access. Write-Once Read-Multiple. 
and Read-Only Direct Access 

• Operation Code Type: Mandatory 

TABLE 8-18. RELEASE COMMAND 

BITI 7 6 5 4 3 2 l 0 
BYTE 

0 0 0 0 l 0 1 1 l 

I 
I 
I 

l Logical Unit Number 3rdPty! Third Party Device ID Extent! 
2 Reservation Identification ! 

I 

...] 0 a 0 0 0 0 0 0 _I 
4 0 0 0 0 0 0 0 0 
s 0 0 0 0 0 0 Flag Link 

The RELEASE command (Table 8-18) is used to release previously 
reserved logical units. or. if the extent release option is 
implemented, previously reserved extents within logical units. It is 
not an error for an initiator to attempt to release a reservation 
that is not currently active. In this case. the target returns GOOD 
status without altering any other reservation. · 

8.l.9.l Logical Unit Release 

If the extent bit is zero. the RELEASE command shall cause the target 
to terminate all logical unit and extent reservations that are active 
from the initiator to the specified logical unit. 

8.1.9.2 Extent Release 

• CDC products will not support extent reservations. T.his bit must 
• always be zero. Since the Reservation Identification byte is only 
• valid for extent reservations, CDC products will ignore this byte. 

8.l.9.3 Third Party Release 

• All CDC products will support the third party release option. 
The third-party release option for the RELEASE command allows an 
initiator to release a logical unit or extents within a logical unit 
that were previously reserved using the third-party reservation 
option (see 8.1.8.3). This option shall be implementated if the 
third-party reservation option is implemented. This option is 
intended for use in multiple·-initiator systems that use the COPY 
command. 

•egu 1=1ev. 2!!3 coc 
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If the third-party (3rdPty) bit is zero. then the third-party release 
opt·ion is not· requested. If the 3tdPty bit is one and the tarqet 
implements the third-paz:ty release option. then the target shall 
release the specified logical unit oz: extents. but only if the 
z:esez:vation was made using the thiz:d-paz:ty reservation option by the 
initiator that is requesting the release and foz: the same SCSI device 
as specif led in the third-party ID field. 

8.l.lO MODE SENSE Command (lAH) 

Peripheral Device Type: 
• Operation Code Type: 

Direct Access 
Mandatory 

lflil 

TABLE 8-19. MODE SENSE COMMAND 

BITI 7 6 s 4 I 3 2 l a 
BYTE _l 

0 a 0 0 l 1 0 l 0 
l ·Logical Unit Nu~.Q_er 0 0 0 0 0 
7. PCF I Page Code 
3 0 0 0 0 0 0 0 0 
4 Allocation Length 

....2- 0 0 0 0 0 0 Flag Link 

The MODE SENSE command (Table 8-19) provides a means for a target to 
report its medium. logical unit. ·or peripheral device parameters to 
the initiator. It is a complementary command to the MODE SELECT 
command for support of medium that may contain multiple block lengths 
or densities. 

•av1• 1'1EV. 21113 c::ic 
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The Page Control Field (PCF) defines the type of mode parameter 
values to be returned. The tarqet shall return the same Page Length 
f o·.c each suppo.cted paqe reqa.cdless of the value in the PCF. The 
field is defined as follows: 

Bit 7 Bit 6 
0 0 

0 l 

l 0 

l l 

Return Current values. The current values are the 
values currently being used by the tarqet to control its 
operation. After a Power on Reset, a hard RESET. or a 
BUS DEVICE RESET messaqe the Current values will be 
equal to the Saved values (if Saved values are supported 
and can be retrieved) or the Default values (if Saved 
values aren't supported or cannot be retrieved). The 
current value of a parameter is updated whenever a MODE 
Select command that changes that parameter ends with 
GOOD status being returned. 

Return Changeable values. The changeable values of any 
page is a mask that indicates which parameters may be 
changed via a MODE SELECT command and which parameters 
may not. Each returned parameter byte shall contain 
ones where a field or bit may be changed and zeros where 
a field or bit may not be chanqed. 

Return Default values. The Default values are ~he 
values a tarqet will set the.Current values to after a 
.ceset condition unless valid Saved values are available. 

Return Saved values. The Saved values are the values a 
target stores in non-volatile memory. The Saved values 
of any chanqeable parameter can be set via a MODE SELECT 
command. For nonchangeable parameters, the Default 
value will be used. support for saved parameter values 
is optional for CDC pr~ducts. 

I a The Block Descriptor will contain its normal values regardless of the 
I s value of the PCF. Unsupported firlds or bits within a page will be 
I • returned as zeros for all PCF values. 

'let14 11!11. 21113 coc 
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• The Page Code allows the initiator to select one or all of the pages 
I a of Mode parameters supported by the target. Page Codes which may be 

• supported by CDC products are listed here: 

• 
1111 

Cl 

ill 

• • • 

Page Code 
OOH 
OlH 
O:ZH 
03H 
04H 
3FH 

Description 
Product Unique. See individual product specifications. 
Error Recovery parameters. 
Disconnect/Reconnect Control parameters. 
Format parameters . 
Riqid Disk Drive Geometry parameters. 
Return all supported pages . 

The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned MODE SENSE data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when allocation length bytes 
have been transferred or when all available MODE SENSE data has been 
transferred to the initiator. whichever is less. 

14 /• The MODE SENSE data (Table 8-20) will always include a four-byte header, 
\ ·· • followed by one eight-byte block descriptor. followed by the requested 

• paqe or pages of MODE SENSE parameters. 

( ' 

.. / 

\ .. · 
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BITI 7 6 s 4 3 2 l 0 1 · 
BYTE 
___ """"'...._. ___ __....__~_.__ ___ ..._ _________________________ 1 

0 ........ _ __...._ __________ s_e_n __ s_e_...D_a_t_a ........ L_e_n_g_t_h _______________ ~I 
l -=:..-__......_ __________ M_e_d;::..:.iu-==m--=T~v~p-e:..-----------------~J 
2 --=--__....._--WP;.;.:.. _ _.__ ______ R~e-s=e.::.r..;.v..;;:;e..;;:;d-.....<-a:.:l:.:1::..-;z_e_r_o-s~)------------·--' 
3 _..;;:; _ __..__ __________ B:.:.lo=c~k--=D_e_s_c_r_i~o_t_o_r __ L~e;;..:::n~g-t_h:-. __________ I 

Block Descriptor(s} 
0 Density Code 
l Number of Blo.cks CMSB} 
2 Number of Blocks 
3 Number of Blocks CLSB> 
4 Reserved Call zeros> 
s Block Length CMSB) 
6 Block Length 
7 Block Length CLSB) 

Y.I Parameter Information 
• O-n Mode Select Page Headers I 
• __ __......_ ________ ... a_n:::od=-t=h.:.e.:i.:r--i;p_a:..::r:.::a:.:;m-e-t ... e ... r=-s=--------------1 / 

( \ 

The Sense Data Length specifies the length in bytes of the following 
MODE SENSE .data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itself. 

• All CDC hard magnetic disk and optical disk products shall only 
• support OOH in the Medium Type field. 

A Write Protected (WP) bit of zero indicates that the medium is write 
enabled. A WP bit of one indicates that the medium is write 
protected~ 

\ ~ O' 

The Block Descriptor Length specifies the length in bytes of the Block 
• Descriptor. It is equal to the number of bytes in the Block Descriptor 
• (8) and does not include the page headers and mode parameters. if 
a ·any. CDC products will send one Block Descriptor per LUN. 

Each Block Descriptor specifies the medium characteristics for all or 
part of a loqical unit. Each Block Descriptor contains a Density 
Code. a Number of Blocks. and a Block Length. 

• All CDC hard magnetic disk and optical disk products shall only 
• support OOH in the Density Code field. 

The Number of Blocks field specifies the number of logical blocks of 
the medium that meets the Density Code and Block Length in the Block ( 
Descriptor. A Number of Blocks of zero indicates that all of the ~ _/ 
remaininq logical blocks of the logical unit have the medium ·· 
characteristics specified by the Block Descriptor. 

~ee14 "'l!V U83 CCC 
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The Block Length specifies the length in bytes of each loqical block 
described by the Block Descriptor. 

•• TABLE 8-21 MODE SENSE PAGE DESCRIPTOR HEADER 

BITI 7 6 s 4 I 3 I 2 l 0 
BYTE I I 

0 PS 0 Page Code 
l Page Length 

2-n Mode Parameters 

a Each page of mode parameters (for the MODE SENSE command) begins with 
a a two byte Page Descriptor Header. The Page Code identifies which 
• page of mode parameters is beinq transferred. The Page Length 
• indicates the number of addi tiona.l bytes of mode parameters being sent 
• by this target. Multiple pages of mode parameters may be transferred 
• in one MODE SENSE data in phase (using paqe code 3FH). 

• • 
11111 

• 
Ill 

• 
a 

• 

The Parameters Saveable (PS) bit. when set to one. indicates that the 
page contains saved parameters. Since the support of Saved values is 
optional. refer to individual product specifications to see which 
parameters are saved. When the PS bit is set to zero. none of the 
parameters within the page are saved. Since the parameters within 
pages 3 and 4 will always be saved du~ing FORMAT commands (but not 
via a MODE SELECT command with the SMP bit set to one). these pages 
will return a one for the PS bit if these paqes are supported . 

• Since support for mode parameters is optional. some .CDC products 
• will return a Paqe Length that is shorter than the ~umber of bytes 
• defined in this specification. 

•• TABLE 8-22 ERROR RECOVEiiY PAGE 

BITI 7 6 5 4 3 2 l 0 
BYTE 

0 PS 0 0 0 0 0 0 1 
l Page Length 
2 AWRE ARRE TB I RC EEC PER DTE DCR 
3 Retry Count 
4 Correction Span 

5-7 Reserved 

• The Automatic1Write Reallocation of defective data blocks Enabled 
• CAWRE) bit. when set to one. allows the target to automatically 
• relocate bad blocks detected during write operations. This function 
• doesn't apply to the FORMAT UNIT command. When set to zero, the 
• target shall not perform automatic reallocation but shall create the 
• CHECK CONDITION Status with Sense Key of MEDIUM ERROR instead. 

'e111 a ;:iev. 2/!S3 coc 
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The Automatic Read Reallocation of defective data blocks Enabled 
(ARRE) bit. when set to one. allows the target to automatically 
relocate bad blocks detected durinq read operations. When set to 
zero, the target shall not perform automatic reallocation but shall 
create the CHECK CONDITION. Status with Sense Key of MEDIUM ERROR 
instead. 

The Transfer Block (TB) bit, when set to one. indicates that the . 
failing data block shall be transferred to the initiator . 
When set to zero, the failing data block shall not be transferred . 

The Read Continuous (RC) bit, when set to one, requests the target to 
transfer the requested data length without addinq delays (for retries 
or ECC correction) that may be required to ensure data integrity . 
The target may send data that is erroneous in order to maintain the 
continuous flow of data. This bit shall override the DTE bit if it 
is set. When set to zero. recovery actions during data transfer are 
allowed . 

The Enable Early Correction (EEC) bit, when set to one, allows the 
target to apply ECC correction as soon as possible, before the retry 
count is exhausted. Seek error retries are not affected by this bit. ~ . 
When this bit is set, the DCR bit must be zero. When the EEC bit is \:,, 
set to zero, the target shall exhaust the retry count before. applying 
ECC correction . 

The Post Error (PER) bit, when set to one, indicates that the target 
will report CHECK CONDITION status and appropriate Sense Key for any 
recovered errors encountered. Repo£ting of unrecoverable errors will 
have priority over Reporting of recoverable errors. When set to 
zero, any errors recovered within the limits established by the other 
Error Recovery Flaqs will not be reported. Any, unrecoverable errors 
will still be reported. · 

The Disable Transfer on Error (DTE) bit is only valid when the PER bit 
is also set to one. When the DTE bit is set to one, it indicates 
that the target will terminate data transf e.c even for recoverable 
errors. The setting of the TB bit determines whether the block in 
error will be transferred. When DTE is set to zero, data transfer 
will continue if .cecoverable ·err.ors a.ce encountered. If the PER bit 
is one and the DTE bit is zero. recoverable er.co.cs will be reported 
after all data has been transferred • 

ECC The Disable Co.erection (DCR) bit, when set to one. indicates that 
correction shall not be applied to the data even if co.erection is 
possible. When set to zero. ECC correction shall be applied if 
correction is possible . 

The Retry count is the maximum number of times that the target should f . 
attempt its read recovery algorithm . 

•69,. REV. 2/93 COC 
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a The Correction Span is the size of the largest read data error. in 
a bits, on which ECC correction may be attempted. Data errors longer 
a than this span will be reported as unrecoverable errors. 
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ea TABLE 8-23 DISCONNECT/RECONNECT CONTROL PARAMETERS 

BITI 7 6 s 4 3 2 1 0 I 
BYTE I I 

O I PS · O O Q. 0 0 l 0 I 
1 I Paige L~ . .!lqth _,_ ! 

I 

_I 
I 

6 I Disconnect Time Limit CMSB) I 
7 I Disconnect Time Limit (LSB) .. 1 
8 I Reserved (always zeros) __ J 

__ 9 __ L Reserved (alwavs zeros) 

Both the ratio parameters are the numerator of a fractional 
multiplier that has 256 as its denominator. 

The Buffer Full Ratio indicates, on READ commands, how full the 
target 1 s buffer shall be prior to reconnecting. Targets that include 
a larger granular buff er block size shall round down to the nearest 
whole buffer block. 

The 'fh.llff<:i.r ty Ratio indicates. on Trffi.ITE commands. how empty 
the target's buffer shall be prior to reconnecting to fetch mace 
data. Targets that include a larger granular buffer block size shall 
round up to the nearest whale buffer block. 

The Bus Inactivi~y Limit field (bytes 4 and 5) indicates the time, 
in 100 microsecond increments. that the target is allowed to assert 
the BUSY signal without handshakes until it shall disconnect. The 
target may round down to its nearest capable value. A value of zero 
indicates that the target is allowed to maintain the bus busy 
indefinitely without handshakes . 

I 

The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum 
time. in lOO microsecond increments. that the target shall remain 
disconnected until it shall attempt to reconnect. The target may round 
down to its nearest capable value. A value of zero indicates that the 
target is allowed to reconnect immediately. 
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•• TABLE 8-24 FORMAT PARAMETERS 

6 s 4 3 2 l 0 

0 0 0 0 0 1 l 
Page Length 
Trac!ts oer Zone !MSBl 
Trac!ts 12er Zone ~LSB) 

Alternate Sectors oer Zone !MSB} 
Alternate Sectors ~r Zone {LSB) 
Alternate Tracks 2er Zone .{MSB l 
Alternate Tracks :eer Zone (LSB2 
Alternate Tracks ,eer volume !MSB) 
Alternate Tracks :eer volume ~LSB) 

Sectors 12er Track ~MSBl 
Sectors :eer Track !LSBl 

' ! 
I 
I 

12 I Bytes :eer Physical Sector {MSB2 ~I 
13 I Bytes Qer Physical Sector ~LSBl I 
14 I Interleave <MSBl I 
15 I Interleave !LSB2 ! 
16 ! Track Skew Factor !MSBl I 
17 I Track Skew Factor ~LSB2 
18 ! Cvlinder Skew Fact.or !MSBl 
19 I Cylinder Skew Factor !LSB2 l 
20 I SSEC HSEC l RMB I SURF I INS ! Reserved ~always zero,ll 
21 l Reserved ~alwa.y:s zerol 
22 l Reserved ialway:s zero) 

I • This page of parameters may only be sent immediately prior to sending 
I u a FORMAT UNIT command to the target. The Current parameters for this 
I • page will be updated immediately but any changes between these 
I • Current parameters and the existing media format will not be in 
I • effect until after the FORMAT UNIT command is completed. 

I a The Tracks per Zone field indicates the number of tracks that the 
I a target will allocate to each defect management zone. Spare sectors 
l • or tracks will be placed at the end of each defect management zone. 
I • A value of zero indicates that the entire unit will be taken as one 
I • defect management zone. 

I • The Alternate Sectors per Zone field indicates the number of spare 
I a sectors that is to be reserved at the end of each defect management 
I • zone. A value of zero indicates that no sectors are to be reserved 
I • for defect management. This is to accommodate hosts that want to 
I • manage the defects themselves. 

I • The Alternate Tracks per Zone field indicates the number of spare 
I • tracks that is to be reserved at the end of each defect management 
l • zone. A value of zero indicates that no spare tracks are to be 
I • reserved in each zone for defect management. 

' I 
I 
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I • The Alternate Tracks per Volume field indicates the number of spare 
I • tracks that is to be reserved at the end of the logical unit. The 
I • target may use these locations for replacing defective tracks or 
I • sec~ors depending upon the target defect management scheme. A value 
I m of zero indicates that no spare tracks are to be reserved at the end 
I n of the unit for defect management. 

! 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
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The Sectors per Track field indicates the number of physical sectors 
that the target shall allocate per disk track. A value of zero 
indicates that the numbec of sectors pee track may be variable or the 
target is to determine the best value . 

The Bytes per Physical Sector field indicates the number of dat2 
bytes that the target shall allocate per physical sector. The target 
may assign multiple physical sectors to a logical block if this value 
is smaller than the logic<il block size. This value may not be larger 
than the logical block size . 

The Interleave field is the interleave value sent to the target 
during the last FORMAT UNIT command. This field is only valid for 
MODE SENSE commands. The Target shall ignore this field during MODE 
SELECT commands. 

The Tx:ack Skew Factor field indicates the number of physical sectors 
between the last logical block on one track and the first logical 
block on the next sequential track of the same cylinder. A value of 
zero indicates nc skev. 

The Cylinder Slcew Factor field indicates the numbe.t of physical 
sectors between the last logical block of one cylinder and the first 
logical block of the next cylinder. A value of zero indicates no 
skew. 

The Soft Sectoring {SSEC) bit, when set to one. indicates that the 
target shall use soft sector formatting. 

The Hard Sectoring (HSEC) bit. when set to one, indicates that the 
target shall use hard sector formatting. The SSEC and HSEC bits 
cannot both be set to one in MODE SELECT commands . 

The Removable Media (RMB) bit. when set to one. indicates that the 
loqical unit contains removable media. This same bit is also 
returned in the INQUIRY parameters (see section 7.l.3) • 

(,, 
i ...... , . I a 

The surface Map (SURF) bit, when set to one, indicates that the 
target shall allocate successive logical blocks to all sectors on a 
surface prior to allocating logical blocks to the next surface. When 
SURF is set to zero. the target shall allocate successive logical 
blocks to all sectors within a cylinder prior to allocating logical 
blocks to the next cylinder. 

•69U ~Ell. 2/~3 CDC 
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I • The Inhibit Save (!NS) bit. when set to one. indicates that the 
I • target shall inhibit the saving of any parameters other than those 
I • ·contained in pages 3 o.c 4 during the next FORMAT command. The 
I • preexisting values of any saveable parameters will be maintained. 
I • When INS is set to zero. any saveable parameters shall be updated per 
I a their current values and saved during the next FORMAT command. 
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TABLE 8-25 RIGID DISK DRIVE GEOMETRY PARAMETERS 

7 6 s 4 3 2 l 0 

PS 0 0 0 0 1 Q 0 
Page Len_g_th 

Number or Cylinders (MSB) 
Number or Cylinders 
Number or Cylinders CLSB) 
Number: of Heads 5 ..L.~~-~-~~~~..;;.;..;;---..-:::...-......... --.:=.;;;=---~~~~--~--~~~~~-~--~~ 

_..§__J.._,, __ ~~------~~~..=,;;..;;;...;;;..;;;...;;~---~~--------~--~~~~~~--~ Reser'lred 
7 I ~eserved 
a I Reserved . i 
9 I Reserved I 
10 I Reserved I 

Reserved I 
· :-or: i ve St.e_p Rate (MSB} I 

11 I 
12 I 

Driye _§,tep Rate (_LSB} -- _I 

I a 
I • 
I 111 

l Ill 

I u 

Reserved 
Reserved 

16 I Reserved 

This page of parameters may only be sent immediately prior to sending 
a FOR..~T UNIT command to the target. The Current parameters for this 
page will be updated immediately but any changes between these 
Current parameters and the existing media format will not be in 
effect until after: the FORMAT UNIT command is completed. 

! • The Number of Cylinders field indicates the maximum number of 
I a cylinders that is to be formatted by the tar t. The target may use 
I a some of the allowed cylinders for staring target parameters. defect 
I ~ lists. or diagnostic purposes. 

I • The Number of Heads field indicates the maximum number of heads that 
I • is to be formatted by the target. 

I a The Drive Step Rate field is the minimum time, in 100 nanosecond 
I • increments. between step pulses. The target shall use the lowest 
I • step rate, qreater than or equal to this number, that it is capable 
I • of implementing. A value of zero allows the drive to determine its 
I • own step rate. 

I • 
I ill 

I • 
I a 
I II 

For Paqe Code 3FH. all pages supported by the target will be 
returned. Some page codes may be supported for one PCF value {for 
example, Default) but may not be supported for another PCF VALUE (for 
example. Changeable). However, a Default value and a current value 
is required for all supported parameters. 

I 
I 
I 
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8.1.ll START/STOP UNIT Command (lBH) 

SPEC 64721700 
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Periphera~ Device Type: Direct Access. Write-Once Read-Multiple, and 
Read-Only Direct Access 

Operation Code Type: Optional 

TABLE 8-26. START/STOP UNIT COMMA..~D 

BIT! 7 6 5 4 3 2 l 0 
BYTE I 

0 I 0 0 0 i l 0 1 1 
l Logical Unit Number I. 0 0 0 0 Immed 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 Start 
5 0 0 0 0 0 0 Flag Link 

The START/STOP UNIT Command (Table 8-26) requests that the target 
enable or disable the logical unit for further operations. 

An Immediate (Im.med) bit of one indicates that the status sha.11 be 
returned as soon as the operation is initiated. An !mmed bit of 
zero indicates that status shall be returned after the operation is 
completed. 

A Start bit of one requests the logical unit be made ready for use. 
A Start bit of ze~o requests that the logical unit be stopped. 
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8.l.12 PREVENT/ALLOW MEDIUM REMOVAL Command (lEH) 

Peripheral Device Type: Direct Access. Write Once 
Read-Only Direct Access 

Operation Code Type: Optional 

TABLE 8-27. PREVENT/ALLOW MEDIUM REMOVAL 

BITI 7 6 s 4 3 2 
BYTE 

0 0 0 0 l l· l 
l Logical Unit Number 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 

SPEC 6472l700 
CD 9 
REV 
DATE 
PAGE l39 

Read Multiple. 

COMMAND 

l 0 

l 0 
0 0 
0 0 
0 0 

and 

I 
I 
I 
I 
I 
I 

4 0 0 0 a 0 0 0 !Prevent! 
s 0 0 0 0 0 0 Flaa I Link: 

The PREVENT/ALLOW MEDIUM REMOVAL command (Table 8-27) requests that 
the target enable or disable the removal of the· medium in the logical 
unit. 

A Prevent bit of one shall inhibit mechanisms that normally allow 
removal of the medium. A Prevent bit of zero shall allow removal of 
the medium. 

This prevention of medium removal condition shall terminate upon 
receipt of a PREVENT/ALLOW MEDIIM command with the Prevent bit set to 
zero. or by the receipt of a BUS DEVICE RESET message from any 
initiator or by_ a "hard" RESET condition. 

I 
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Group l Commands for Direct-Access Devices 

The Group l commands for direct-access devices shall be as shown 
Table B-28. 

TABLE a...;2a. GROUP l COMMANDS FOR DIRECT-ACCESS DEVICES 

OPERATION 
CODE TYPE COMMAND NAME 

20H R 
2lH R 
22H R 
23H R 
24H R 
25H M READ CAPACITY 
26H R 
27H R 
28H M READ EXTENTED 
29H R 
2AH M WRITE EXTENDED 
2BH M SEEK EXTENDED 
2CH R 
2DH R 
2EH 0 WRITE AND VERIFY 
2FH 0 VERIFY 
30H R 
3lH R 
32H R 
33H R 
34H R 
3SH R 
36H R 
37H M READ DEFECT DATA 
38H R 
39H R 
3AH R 
3BH M WRITE DATA BUFFER 
3CH M READ DATA BUFFER 
3DH R 
3EH R 
3FH R 

key: (Type definitions are defined in 6.l.2). 
M = Command implementation is mandatory. 
o = Command implementation is optional. 

SECTION 

8.2.l 

8.2.2 

8.2.3 
8.2.4 

8.2.S 
8.2.6 

8.2.9 

7.2.3 
7.2.4 

R = Operation code is reversed for future standardization. 

in 

() 

,,,--·· 
' 
\_, 

t 
,. 

-.7' ., .. 



I 
, ·-::,1 .. corwm1 O.W.Ca11PN'Y (

,r::'\ MAGNE.TIC rERJl'HERl\LS INC. 
ENGINEERING 
SPECIFICATION 

SPEC 64721700 
CD 9 
REV 

\: 

1( 

DATE 
PAGE 141 

TWIN CITIES DISK DIVISION 

8.2.l READ CAPACITY Command (2SH) 

Pe.cipheral Device Type: Direct Access, W.cite-Once Read-Multiple, and 
Read-Only Direct Access 

m Operation Code Type: Mandatory 

TABLE 8-29. READ CAPACITY COMMAND 

BITI 7 6 5 4 3 2 l 0 
'BYTE I 

I 
I 

0 I 0 0 l a 0 l 0 1 J 
1 I Logical Unit Number I 0 0 0 . a 0 I 
2 I Logical Block Address .LJ1SBJ I 
3 I .r..ogical Block: Address I 
4 i Logical Block. Address _I 
s Logical ·Block Address (LSB l I 
6 I 0 0 0 0 .Q 0 0 0 I 
7 -· ! 0 0 0 0 0 0 0 0 I 
8 I g_ 0 0 0 - 0 0 0 ?MI __ I 

__ 9 I 0 a 0 Q.___Q___,_, 0 Flag: r..ink 

The READ C.APAC!TY command (Table 8-29) provides a means for the 
initiator to request inf or:rnation .regarding the capacity of the 
logical unit. 

A Partial Medium Indicator (PMI) bit of ze.co indicates that the 
inf or:rnation returned in the READ CAPACITY data shall be the Logical 
Block Address and Block Length (in bytes) of the last logical block 
of the logical unit. The Logical Block Address in the Command 
Descriptor Block shall be to set zero foe this option. 

A PMI bit of one indicates that the information returned shall be the 
Logical Block Address and Block Length (in bytes) of the last logical 
block address after which a substantial delay in data transfer will 
be encountered. This Logical Block Address shall be greater than or 
equal to the Logical Block Address specified in the Command 
Descr.iptor Block. 

a Suppa.ct for the PMI function is mandatory for CDC pr·oducts. 

The eight· bytes of READ CAPACITY data shown in Table 8-30 shall be 
sent during the DATA IN phase of the command. 

I 
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TABLE 8-30. READ CAPACITY DATA 

DESCRIPTION 
Logical Block Address CMSB) 
Logical Block Address 
Logical Block Address 
Logical Block Address CLSB> 
Block Length CMSB) 
Block Length 
Block: Length 
Block Length CLSB) 

SPEC 64721700 
CD 9 

(J REV 
DATE 
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8.2.2 READ EXTENDED Command (28H) 

Peripheral Device Type: 
• Operation Code Type: 

Direct Access 
Mandat.ocy 

TABLE 8-31. READ EXTENDED COMMAND 

BITI 7 6 5 4 3 2 
BYTE 

0 0 0 l 0 , 0 .... 
l Logical Unit Number 0 0 0 
2 Logical Block Address !MSB} 
3 Logical Block Address 
4 Logical Block Address 
s Logical Block Address ~LSB} 
6 0 0 0 0 0 0 
7 Transfer Length {MSB} 

DATE 
PAGE 143 

l 0 

0 0 
0 0 

! 
I 

0 0 I 
I 

a Transfer Length (LSB} __ I 
9 0 0 0 0 0 0 Flag Link 

The READ command (Table 8-31) cequests that the ta.cqet tcansf er data 
to the initiatoi:. 

The Logical Block Addcess specifies the logical block at which the 
~ead operation shall begin. 

I 

The Tcansf er Length specifies the number of contiguous logical blocltE: 
of data that shall be transferred. A Transfer Length of zerc 
indicates that no logical bl9cks shall be transferced. This 
condition shall not be considered as an error. Any other value 
indicates the numbe.c of logical blocks that shall be tz:ansferrea.o 

The most .cecent data value wz:itten in the addressed logical block 
shall be returned. 

~091 • ;::1 !V 2/83 CCC 
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This command shall be terminated with a RESERVATION CONFLICT status 
if any reservation access conflict (see 8.l.8) exists and no data 
shall be read. 

If any of the followinq conditions occur. this command shall return a 
CHECK CONDITION status and the sense key shall be set as indicated in 
the following table. This table does not provide an exhaustive 
enumeration of all conditions that may cause the CHECK CONDITION 
status. 

CONDITION SENSE KEY 
Invalid .Logical Block Add·ress ILLEGAL REQUEST (see note) 

Target reset or medium change 
since last command from this initiator UNIT ATTENTION 

Unrecovered read error MEDIUM ERROR 

Recoverable read error RECOVERED ERROR 

Overrun or other error that might 
be resolved by repeating the command ABORTED COMMAND 

NOTE: The extended sense information by~es shall be set to the 
Logical Block Address of the first invalid address. 

\691& ~EV. 2193 CCC 
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8.2.3 WRITE EXTENDED Command (2AH) 

Peripheral Device Type: 
a Operation Code Type: 

Direct Access 
Mandatory 

TABLE 8-32. WRITE EXTENDED CO~.MAND 

-·BITl 7 l 

SPEC 64721700 
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0 

~TI~E l .. "-.....L.-~__.,__, ___ ,__, ---"-----------------__Q__j_ o o_._1 _o_· ___ .......... 1 __ , __ 0 _____ 1 ____ 0 __ 
-1__,.L_r.og:} . .£? i Urd t _Num.P..-:•e._.r.....__ .... i _ ........ o ___ -'o,_· ___ __.._q_ ____ o _____ o..___ 
;.....:;;~ .. - Logic.al "Block ~ddress LMSB) I 
~- Lo_g,ical Bloclc Address I 

4 I f&gical Block Address I 
....... s __ ..._.l~~~---~~----~~-L-o_g_i_c_a __ l_B..._..l_o_c_k--A~d_d_r~e_s~s~{.k~J \ 

6 I o o o a o o o o _l 
_7 I Transfer Length (MSB) I 

a I Transfer Length (LSB) I 
9 I a a o o o o l Flag Link I 

The WRITE command (Table 8-32) requests that the target write the 
data transferred by the initiator to the medium. 

The Logical Block Address specifies the logical block at which the 
write operation shall begin. 

'l'he Transfer r,,ength specifies the num.bei:: of contiguous logical block;:s 
of data that shall be transfe~red. A Transfer Length of zero 
indicates that no logical blocks shall be transfecced. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
shall be transferred. 

This command shall be terminated with a RESERVATION CONFLICT status 
if any reservation access conflict (see 8.1.6) exists and no data 
shall be written. 

If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status and the sense key shall be 
set as indicated in the following table. This table does not provide 
an exhaustive enumeration of all conditions that may cause the CHECK 
CONDITION status. 
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SENSE KEY 
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Invalid Logical Block Address ILLEGAL REQUEST (see note) 

Target reset or medium change since 
the last command from this initiator 

overrun or other error that might 
be resolved by tepeating the command 

UNIT ATTENTION 

ABORTED COMMAND 

NOTE: The extended sense information bytes shall be set to the 
Logical Block Address of the first invalid address. In this case. 
no data shall be written on the logical unit. 

8.2.4 SEEK EXTENDED Command (2BH) 

Peripheral Device Type: Ditect Access. Write-Once Read-Multiple. and 
Read-Only Direct Access 

~• Operation Code.Type: Mandatory 

TABLE 8-33. SEEK EXTENDED COMMAND 

BITI 7 6 I s 4 3 2 l 0 
BYTE l 

0 0 0 l 0 l 0 1 1 
1 Logical Unit Number I 0 0 0 0 0 
2 Logical Block Address !MSBl 
3 Logical Block Address 
4 Logical Block Address 
s Logical Block Address {LSBl 
6 0 0 0 ·o 0 0 0 0 
7 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 
9 0 o· 0 0 0 0 Flag Link 

The SEEK EXTENDED command (Table 8-33) requests that the logical unit 
seek to the specified Logical Block Address. 
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S.2.5 WRITE AND VERIFY Command (2EH) 

Peripheral Device Type: 
Operation Code Type: 

Direct Access 
Optional 

DATE 
PAGE 147 

TABLE 8-34. vJRITE AND VERIFY COMM..1\ND 

BITI 7 6 s 4 3 2 I· l 
BYTE I 

0 I 0 0 1 0 1 l l 
l I Logical Unit Number I 0 0 0 BytCllkl 
2 I Logical Block Address (MSB) 

_3 I Logical Block Address 
~ l Logical Block Address 

s I Logical Block A.,gdress (LSB) 
6 I ·o 0 0 0 0 0 0 
7 l Transfer Length (MSB 
8 I Transfer Lenqth {LSB) 

0 

0 
0 

0 

9 I 0 0 0 0 0 0 Fl~g L T...ink 

The WRITE AND VERIFY comma11d (Table S-34) requests that the target 
write the data transferred from the initiator to the medium and then 
verify that the data is correctly written. 

A Byte Check (BytChk) bit of zero causes the verification to be 
simply a medium verification (CRC. ECC. etc). A BytChk bit of one 
causes a byte-by-byte compare of data written on the peripheral 
device and the data transferred from the initiator. If the compare 
is unsuccessful. the comm.and shall be terminated with a CHECK 
CONDITION status and th.e sense key shall be set to MISCOMPARE. 

The Logical Block Address specifies the logical block at which the 
write operation shall begin. 

The Transfer Length s~ecif ies the number of contiguous logical bloc~s 
of data that shall be transferred. A Transfer Length of zero 
indicates that no logical blocks shall be transferred. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
shall be transferred. 
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8.2.6 VERIFY Command {2FH) 

Peripheral Device Type: 
Operation Code Type: 

Direct Access 
Optional 

TABLE 8-35. VERIFY COMMAND 

SPEC 64721700 
CD 9 
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BITI 7 6 s 4 ·I 3 2 l I o I 
=BY~TE~~~~~--~~~--~~--~~~-' ....... ~~--~~~--~~~·~1~~~1. _...o ______ _...o..,.... ______ 0 ________ 1 _______ 0.._ ______ 1.._ ______ 0 ________ 0 ________ 0 __ ~1 

....... 1..__..--L_o_q~i-c_a_1 ___ u_n_i_t ....... N~u-m_b_e~r..._....,..._1 __ _...o ______ _..o ______ __,o.__ __ ~B~Y~t-c~h=k-....l ____ o ___ I 
__ 2 __ _.. __________________ _..L_o_q.......,i_c_a_1 __ a_1_o_c_k...__A_d_d_r_e_s_s......,C~M-S_B~>..._ ________________ I 
_.-3 __ --i. __________________ _..L~o~q-..::.i_c_a_l-=B-l_o_c_k-..:.:A_d_d_r_e_s_s ________________________ I 
__.4 __ ~ __________________ __,L_o_q~i~c_a_l~B_l~o-c_k.......,A_d_d_r_e_s_s ________________________ I 
__..s __ _.. __________________ __.L_o_g ...... i_c=a-l-=B-l_o_c_k.......,A_d~d~r-e_s_s.._.C~L~S-B_l..._ ________________ I 
_.6 __ _.. __ __.o.__ ____ __,o.__ ______ o.._....,.,.....,.. ___ o..,.... _____ .~o---------0--------a---------~o---1 
_...7 __ _.. ____________________ v~e.-..-r~i=f~i-c=a~t~i-o=n,__L_e~n~q~t~h...._.<~M=s_B~>.__ __________________ I 
_.a __ _.. ____________________ v~e~r=i=f_i_c_a_t_i_o~n,__L_e~n~q~t~h.._.C_L~s-B_l.__ __ ~------~~----' 
__ 9 __ __. __ __.o.__ ______ o ________ o.._ _______ o ____ ~~o..__ ____ __.o.._ __ ......,F~l~a~q...__.._...L~i=n~k __ I 

The VERIFY command (Table 8-35) requests that the target verify the 
data written on the medium. 

A Byte Check (BytChk) bit of zero causes the ·verification to be 
simply a medium verification (CRC. ECC. etc). A BytChk bit of one 
causes a byte-by-byte compare of data on the medium and the data 
transferred from the initiator. If the compare is unsuccessful. the 
command shall be terminated with a CHECK CONDITION status and the 

· sense key shall be set to MISCOMPARE. 

The Logical Block Address specifies the logical block at which the 
verify operation shall begin. 

The Verification Length specifies the number of contiguous logical 
blocks of data that shall be verified. A Verification Length of zero 
indicates that no logical blocks shall be verified. This condition 
shall not be considered as an error. Any other value indicates the 
num.ber of logical blocks that shall be verified. 

8.2.7 SEARCH DATA Commands (30H. 31H. or 32H) 

I • CDC products do not implement these commands at this ti~e. 

8.2.8 SET LIMITS Command (33H) 

I • CDC products do not implement this command at this time. 
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•• 8.2.9 READ DEFECT DATA Command (37H) 

Peripheral Device Type: 
Operation Code Type: 

Direct Access 
Mandatory 

SPEC 64721700 
CD 9 
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TABLE 8-36. READ DEFECT DATA CO~..AND 

------·-··--··--· ·~~-.,-·~~··=--,-----.,..,.--------......,..·----.,----
BIT I 7 I 6 ! 5 l 

~~TE I I I o I o o l 1 _li'---------1,,,_ ____ ~_1 _____ ._-__ 1 __ ~_ ... i 
l I Logical Unit Number o o o o o 
2 I O O O P G Defect List Fo~m=a~t __ _ 
3 Io o o o o o o o 
4 Io a o o o o o o 

_..2._.__j____c_1~--------o--~~--o _________ o ________ o __ ~~--o----............ o ____ ~---o~-
6 Io o o o o o o o 

--.7 _ __.I _______ -· • llloca t ion Length (MSB) 
(LSB) 8 I Al lo cat ioq_J.ength 

9 Io o o o o o L Flag_ __ l Link 

T~e READ DEFECT DATA command requests that the target transfers the 
medium defect data to the initiator. 

The Defect List Format field indicates the defect data format 
preferred by the initiator. The meaning is the same as the Defect 
List Format field in the Format command (indicated in Table 8-4). 
The Defect List Format field is intended for those targets capable of 
returning various formats. If not. the target may return its default 
format and create the CHECK CONDITION status with RECOVERED ERROR 
Sense Key at the end of the READ DEFECT DATA data transfer. 

The P and G bits indicate the defect data ty?es preferred by the 
initiator. The P and G bits are defined as follows: 

BIT p BIT 
0 0 
0 l 
l 0 
l l 

G 
Retui:n 
Return 
Retutn 
Return 

Defect List Header only. 
the Growth list and Certification list. (Optional) 
the Primary list only. 
all lists (Primary, Growth. and Certification). 

The Allocation Length specifies the number of bytes that the initiate! 
has allocated for the·teturned defect data. An Allocation Length of 
zeta indicates that no READ DEFECT DATA shall be transferred. Any 
othet value indicates the maximum number of bytes to be transferred. 
The tarqet shall terminate the DATA IN phase when the Allocation Length 
bytes have been ttansferted or when all available defect data has been 
transferred to the initiatot. whichever is less. 
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Defect List·Header 

BITI 7 6 5 4 3 
BYTE 

0 Reserved 
1 Reserved I p G I 
2 Defect List Length {MSB) 
3 Defect List Length (LSB) 

4-n Defect Descriptor Bytes 

2 

SPEC 64721700 
CD 9 
REV 
DATE 
PAGE lSO 

l 0 

Defect List Format 

The first 4 bytes returned are the Defect List Header. The P bit. G 
bit. and Defect List Format fields indicate the defect format that is 
actually cetur~ed by the target. The definitions are the sami as for 
byte 2 of the READ DEFECT DATA Command Descriptor Block. These codes 
are not required to be the same as the ones sent by the initiator if 
the target doesn't support those options. 

The Defect List Length specifies the total length in bytes of_ all the 
defect descriptors available from the target. If the Allocation 
Length of the CDB is too small to transfer all of the defect 
descriptors. the Defect List Length is not adjusted to reflect the 
t~uncation. The Defect Descriptors do not have to be in ascending 
order. 

,A691• FIEV. 2183 CCC 
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9.0 GROUP 0 COMM.ANO DESCRIPTIONS FOR SEQUENTIAL ACCESS DEVICES 

1111 

!II 

• 
Ill 

11111 

II 

The Group o commands for sequential-access devic~s shall be as shown 
in Table 9-l. 

'rABLE 9-l. GROUP 0 COMMANDS FOR SEQUENTIAL-ACCESS DEVICES 

OPERATION 
CODE TYPE 

OOH 
OlH 
02H 
03H 
04Ii 
OSH 
06H 
07H 
08H 
09H 
OAH 
OBH 
OCH 
OOH 
OEH 
OFH 
lOH 
llH 
l2H 
l3H 
l4H 
lSH 
16H 
l7H 
lSH 
l9H 
lAH 
lBH 
lCH 
lDH 
lEH 
lFH 

M 
M 
R 
M 
R 
M 
R 
R 
M 
R 
M 
0 
R 
R 
R 
0 
M 
0 
M 
0 
0 
M 
M 
M 
M 
0 
M 
0 
0 
M 
0 
R 

COMMAND NAME 

TEST UNIT READY 
REWIND 

REQUEST SENSE 

READ BLOCK LIMITS 

READ 

WRITE 
TRACK SELECT 

READ REVERSE 
WRITE FILEMARKS 
SPACE 
INQUIRY 
VERIFY 
RECOVER BUFFERED DATA 
MODE SELECT 
RESERVE UNIT 
RELEASE UNIT 
COPY 
ERASE 
MODE SENSE 
LOAD/UNLOAD 
RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 
PREVENT/ALLOW MEDIUM REMOVAL 

Key: {Type definitions are defined in 6.l.2). 
M = Command implementation is mandatory. 
O = Command implementation is optional. 

SECTION 

7. l. l 
9.l 

7. l. 2 

9.2 

9.3 

9.4 
9.5 

9.6 
9.7 
9.8 
7.l.3 
9.9 
9.10 
9.11 
9.12.l 
9.12.2 
7. l. 4 
9.13 
9.14 
9.15 
7.1.5 
7. l. 6 
9.16 

a = Ope~ation code is reserved for future standardization. 
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9.l REWIND Command (OlH) 

9.2 

• 

Peripheral Device Type: Sequential Access 
Mandatory Operation Code Type: 

TABLE 9-2. REWIND COMMAND 

BIT 7 6 s 4 3 
BYTE 

0 0 0 0 0 0 
l Logical Unit Number 0 0 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 0 0 0 0 
5 0 0 0 0 0 

2 l 

0 0 
0 0 
0 0 
0 0 
0 0 
0 Flag 

The REWIND command {Table 9-2) requests that the tarqet rewind 
loqical unit to the beqinninq-of-medium or load-point. 

0 

l 
Immed 

0 
0 
0 

Link 

the 

An Immediate Cimmed) bit of one indicates that status shall be 
returned as soon as the operation is initiated. An Immed bit of 
indicates that status shall .be returned after the operation is 
completed. 

READ BLOCK LIMITS Command (OSH) 

Peripheral Device Type: Sequential Access 
Operation Code Type: Mandatory 

TABLE 9-3. READ BLOCK LIMITS COMMAND 

BIT! 7 6 I. s 4 3 2 l 0 
BYTE I 

0 0 0 0 0 0 l 0 l 
l Logical Unit Number 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 Flag Link 

The READ BLOCK LIMITS command (Table 9-3) .i:equests that the tarqet•s 
capability for block lenqth limits be returned for the logical unit. 
The READ BLOCK LIMITS data shown in Table 9-4 .s.hall be sent during 
the DATA IN phase of the command. 

;14 qey 21113 CCC 
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TABLE 9-4. READ BLOCK LIMITS DATA 

BYTE DESCRIPTION 
o R~~ved Call zeros) 
l Maximum Block Length (MSB) 

_...2 __ ........ ______ ~--~-------M_a_x_i_m_u_m ___ B_1_o_c_k __ L_e_n_g.t_h ______ ~----------~--~·=' 
3 Maximum Bloclt t.enqt.h CLSB) 
4 Minimum Block Length CMSB) 
5 Minimum Block Length CLSB> 

If the Maximum Block Lenqth equals the Minimum Block Lenqth. 
fixed-length blocks of the lenqth indicated are supported. 
Otherwise. variable-length blocks are supported. For variable-length 
blocks, if the Maximum Block Length equals zero. no upper limit is 
specified. 

9.3 READ Command (08H) 

Peripheral Device Type: Sequential Access 
Mandatory Operation Code Type: 

TABLE 9-5 • READ COMMAND 

BITI 7 6 5 4 3 
BYTE 

0 0 0 0 0 l 
l Logical Unit Number 0 0 
2 T:cansf er Length {MSB) 
3 Transfer Length 
4 Transfer Length CLSB) 
s 0 0 0 0 0 

l 0 

0 0 0 
0 0 Fixed 

0 I Flag Link 

The READ command (Table 9-5) transfers one or more block(s) to the 
initiator beqinninq with the next block on the loqical unit. The 
Fixed bit specifies both the meaninq of the Transfer Lenqth field 
and whether f ixed-lenqth or variable-length block(s) are to be 
transferred. 
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If the Fixed bit is zero. a single block shall be transferred with 
the Transfer Length specifying the maximum number of bytes the 
initiator has allocated for the returned data. If the actual block 
lenqth is different from the specified transfer length. a CHECK 
CONDITION status shall be sent to the initiator and the incorrect 
lenqth indicator (ILI) bit· and Valid bit in extended sense shall be. 
set to one. The Information Bytes in extended sense shall be set to 
the difference (residue) between the requested Transfer Length and 
the actual Block Length. Tarqets that do not support negative 
residues shall set the ILI bit to one and the residue to zero when 
the actual Block Lenqth·is larqer than the Transfer Lenqth. In any 
case. no mo.c"e than Transfer Length bytes shall be transferred to the 
initiator and the medium shall be positioned after the block 
(end-of-medium side). 

If the Fixed bit is one. the Transfer Length specifies the number of 
blocks to be transferred to the initiator. This form of the READ 
command is valid only if the logical unit is currently operating in 
fixed block mode. A logical unit is in fixed block mode when either 
of the following conditions are true: 

l •. The logical unit reports the same value for Minimum Block Length 
and Maximum Block Length in response to the READ BLOCK LIMITS 
command. In this case. the current Block Length is the value 
teturned. 

2. The logical unit has been instructed to use fixed-length blocks 
with the.MODE SELECT command. In this case, the current Block 
Lenqth is the Block Lenqth defined in the MODE SELECT command. 

Otherwise, the logical unit is in variable block mode. The tarqet 
may implement fixed block mode. vatiable block mode, or both modes. 
If the Fixed bit does not match the curtent mode, o.c the mode 
indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the sense key to ILLEGAL REQUEST. 

A successful RE.AD command with the Fixed bit equal to one shall 
transfer the cut.cent Block Length times the Transf~r Length bytes of 
data to the initiatot. Upon termination of the READ command. the 
~edium shall be positioned after the last block transferred 
. end-of-medium side). · · 

If the Fixed bit is one and if a block is tead that is larqer or 
smaller than the current Block Length. a CHECK CONDITION status shall 
be returned to the initiator. The ILI bit and the Valid bit in 
extended sense shall be set.to one. The Infotmation Bytes shall be 
set to the difference (residue) between the tequested Transfer Length 

"1 
I , 

and the actual number of blocks read (not including the incorrect · ·~ 
length block). Upon termination. the medium shall be positioned ( 
after the incorrect length block (end-of-medium side). '--_r~ 

,t.8111• REV VB3 CCC 
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If a logical unit reads a filemark during a READ command. it shall 
send a CHECK CONDITION status to the initiator and shall set the 
Filemark bit in extended sense. Upon termination. the medium shall 
be positioned after the filemark {end-of-medium side). If the Fixed 
bit is one. the target shall set the Valid bit to one and the 
Information Bytes shall be set to the difference (residue) between 
the requested Transfer Length and the actual number of blocks read 
(not including the filemark). 

If a logical unit encounters the physical end-of-medium during a READ 
command. the target shall return a CHECK CONDITION status to the 
initiator and shall set the End-Of-Medium (EOM) bit to one in 
extended sense. The Sense Key shall be set to MEDIUM ERROR. If the 
Fixed bit is one. the target shall set the Valid bit to one and the 
Infotmation Bytes to the difference (tesidue} between the requested 
Tz:ansfet Length and the actual numbe.r: of blocks successfully read. 
The medium position following this condition is not defined. 

When the Transfet Length is zero. no data shall be transferred and 
the current position on the logical unit shall not be chanqed. This 
condition shall not be consideted as an etro~. 
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Peripheral Device Type: Sequential Access 
Mandatory Operation Code Type: 

TABLE 9-6. WRITE COMMAND 

BIT 7 6 I . 5 4 3 
BYTE I 

0 0 0 0 0 l 
l Logical Unit Number 0 0 
2 Transfer Length !MSB} 
3 Transfer Length 
4 Transfer Length . ~LSB l 
5 0 0 0 0 0 

2 

0 
0 

0 
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l I 0 
I 

l 0 
0 Fixed 

Flag I Link 

The WRITE command (Table 9-6) transfers one or more block(s) from the 
initiator to the current position on the logical unit. The Fixed bit 
specifies both the meaning of the Transfer Length field and whether ~ 
fixed-length or variable-length block(s) are to be transferred. 

If the Fixed bit is zero, a single block shall be transferred from 
the initiator and shall be written to the logical unit beginning at 
the current medium position. The Transfer Length specifies the 
length of the block to be written (in bytes). The requested block 
length shall be within the minimum and maximum block length ranqe 
(returned by the READ BLOCK LIMITS command. Section 9.2). If this 
condition is not met. a CHECK CONDITION status shall be returned and 
the Sense Key shall be set to ILLEGAL REQUEST and no data shall be 
written. Upon successful termination. the medium shall be positioned 
after the block written by this command (end-of-medium side). 

If the Fixed bit is one, the Transfer Length field specifies the 
number of block(s) to be transferred to the loqical unit beqinning at 
the current medium position. This form of the WRITE command is valid 
only if the logical unit is currently operating in fixed block mode 
(see 9.3). Upon termination. the medium shall be positioned after 
the block(s) written by this command (end-of-medium side). 

The tarqet may implement fixed block mode. variable block mode. or 
both modes. If the Fixed bit does not match the current mode. or the 
mode indicated by the Fixed bit is not implemented. the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 

•eou i;e:v. 2/Sl coc 
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If the early warning end-of-medium condition is encountered while 
writing. an attempt to finish writing any buffered data may be made. 
The command shall terminate with a CHECK CONDITION status and the EOM 
bit in extended sense shall be set to one. If any data remains in 
the target's buffer. then the sense key shall be set to VOLUME 
OVERFLOW. If the Fixed bit is one and the logical unit is not 
buff8'red (buffered mode of tl1e MODE SENSE command is zero). then the 
Valid bit in extended sense shall be set to one and the Infoc~ation 
Bytes shall be set to the diffetence (residue) between the requested 
Transfer Length and the actual number of blocks wr.i t ten to the 
medium. lf the Fixed bit is one and the loqical unit is buffered 
(buffered mode of the MODE SENSE command is one). then the Valid bit 
shall be set to one and the Information Bytes shall be set to the 
total number of blocks not written (the number of blocks not 
transferred from the initiator plus the number of blocks remaining in 
the target's buffer). Note that in this case it is possible for the 
value in the Information Bytes to exceed the Transfer Length. 

When the Transfer Lenqth is zero. no data shall be transferred and 
the current position on the logical unit shall not be changed. This 
condition shall not be conside~ed as an error. 

,, 9 • 5 TRACK SELECT Command ( OBH) 

Peripheral Device Type: 
Operation Code Type: 

Sequential Access 
Optional 

TABLE 9-7. TRACK SELECT COMMAND 

-'ETTI 7 6 s I 4 3 
BY°Z'E I .. .L 

0 l 0 0 0 0 l 
l I Logical Unit Number 0 0 
2 I 0 0 0 0 0 
3 I 0 0 0 0 0 

_4 l ·rrack Value 
5 I 0 0 0 0 0 

2 l 

0 l 
0 0 
0 0 
a 0 

0 fJ..ag 

The TRACK SELECT command (Table 9-7) requests that the track 
specified in the Track Value field be selected. 

0 

l 
0 
0 
0 

Link 
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9.6 READ REVERSE Command (OFH) 

Peripheral Device Type: 
Operation Code Type: 

Sequential Access 
Optional 

TABLE 9-8. READ REVERSE COMMAND 

BIT! 7 6 5 4 3 2 
BYTE 

0 0 0 0 0 l l 
l Logical Uni(,: Number 0 0 0 
2 Transfer Lencrth !MSBl 
3 Transf et Length 
4 Transfer Length (LSBl 
s 0 0 0 0 0 0 

SPEC 6472l700 
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REV 
DATE 
PAGE l58 

l 0 

l l 
0 Fixed 

! Flag Link 

The READ REVERSE command (Table 9-8) functions identically to the 
READ command except that medium motion is in the reverse direction. 
Thus. the block(s) and bytes within the block(s) are transferred in 
the reverse order and the medium position upon termination is before r ·~ 
the last block read (begi·nninq-of-medium side). This command shall \_ j 

tetminate with a CHECK CONDITION status and the EOM bit in extended 
sense shall be set to one if beginning-of-medium or load-point is 
encounteted. The Sense Key shall be set to NO SENSE. If the Fixed 
bit is one. then the Valid bit shall be set to one and the 
Information Bytes shall contain the difference (residue) of the 
requested Transfer Length and the actual number of blocks transferred 
before beqinninq-of-medium or load-point was encountered. 

Filemark handling is the same as in the READ command except that the 
medium position upon command termination shall be before the f ilemark 
(beginning-of-medium side). 

If the Transfer Length is zero, no data shall be transferred ~nd the 
current position on the logical unit shall not be changed. This 
condition shall not be considered as an error. 

The target may implement fixed block mode, variable block mode. or 
both modes. If the Fixed bit does not match the current mode, or the 
mode.indicated by the Fixed bit is not implemented. the target shall 
reject the command by· returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 

•.6~14 ~EV. 2183 CCC 
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9.7 WRITE FILEMARKS Command (lOH) 

Peripheral Device Type: 
Operation Code Ty~e: 

Sequential Access 
Mandatory 

TABLE 9-9. WRITE FILEMARKS COMMAND 

BITI 7 6 5 4 3 2 
BYTE I 

a I a 0 0 l a 0 
_L_J Logical Unit Number 0 0 a 

SPEC 64721700 
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l 

0 
a 

0 

0 
Immed 

I 
I 
I 
I 

2 l ~ of Filemarks ~MSB2 _I 

I m 
I 111 

I 111 

I • 
I • 
I 111 

I • 
I • 
I • 
! 111 

I 111 

_L_ I Numqer of Filemarks 
.J_ I Number of Filemar}\s ..(LSB2 

5 I 0 0 0 0 0 0 Fl§g I Link 

The WRITE FILEMARKS command (Table 9-9) causes the specified Number 
of Filemarks to be written beginning at the current medium position 
on the logical unit. A zero in this field indicates that no 
filemarks are to be written. 

This command is also used to force any buffered data (see buffered 
mode in the MODE SENSE command. Section 9.14) to be written. If the 
logical unit is not buffered (Buffered Mode of the MODE SENSE comma~d 
is zero) or the Immediate (Immed) bit is zero. then this command 
shall not return a·GOOD status unless all buffered data blocks and 
the filemarks (if any) are cor.rectly written on the medium. If the 
logical unit is buffered (Buffered Mode of the MODE SE~SE command is 
one) and the !mmed bit is one. then status shall be returned 
immediately after the operation is ini tiat.ed. Errors and e:ccept ion 
conditions on the logical unit that are detected after status is 
returned shall be reported on a subsequent command from the same 
initiator. 

If the early warning end-of-medium condition is encountered while 
writing. an attempt to finish writing any buffered data may be made. 

I • The command {or subsequent comm.and) shall terminate with a CHECK 
CONDITION status and t.he EOM bit in extend.ed sense shall be set to 

I • one. If any blocks or filemarks remain to be written. then the Sense 
Key shall be set to VOLUME OVERFLOW. If the logical unit is not 
buffered (buffered mode of the MODE SENSE command is zero). then the 
Valid bit in extended sense shall be set to one and the Information 
Bytes shall be set to the number of unwritten filemarks. If the 
logical unit is buffered (buffer.ad mode of the MODE SENSE command is 
one). then the Valid bit shall be set to one and the Information 
Bytes shall be set to the total number of blocks not written (the 
number of unwritten f ilemarks plus the number of blocks remaining in 
the target 1 s buffer). Note that in this case it is possible for the 
value in the Inf o~mation Bytes to exceed the T~ansf e~ Length. 

MOU Rl!V. 2153 COC 

I 
I 
I 



/'::JC\MAGNETIC PERJrHER,A.LS _INC. 
\::I r::J .. caraa o.w.Cc:imp.\ny 

9.8 SPACE Command (llH) 

ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVI·SION 

Peripheral Device Type: Sequential Access 
Optional Operation Code Type: 

SPEC 64721700 
CD 9 
REV 
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TABLE 9-10. SPACE COMMAND 

BIT 7 6 s 4 3 l 0 
BYTE 

0 0 0 0 l 0 0 0 l· 
l Logical Unit Number 0 0 o Code 
2 Count CMSB) 
3 Count 
4 Count CLSB) 
s 0 0 0 - 0 0 0 Flag Link 

The SPACE command (Table 9-lO) provides a variety of positioning 
functions that are determined by the Code and Count. Both forward 
(toward end-of-medium) and reverse (toward beqinninq-of-medium) 
positioning are provided, although some SCSI devices may only support 
a subset of this command. such SCSI devices shall return a CHECK / 
CONDITION status and set the Sense Key to ILLEGAL REQUEST in tesponse\._ ' 
to any attempt to invoke a function that is not supported.· 

The Code field is defined as follows: 

DBCll DBCO) 

0 0 
0 l 
l 0 
l l 

DESCRIPTION 

Blocks 
Filemarks 
Sequential Filemarks 
Physical End-of-Data 

When spacing over blocks or filemarks, the Count field specifies the 
number of blocks or filemarks to be spaced over. A positive value N 
in the count field shall cause forward medium movement over N blocks 
or filemarks endinq on the end-of-medium-side of the last block or 
f ilemark. A zero value in the Count field shall cause no medium 
movement. A negative value -N (2's complement notation) in the count 
field shall cause reverse medium movement over N blocks or f ilemarks 
ending on the beginning-of-medium side of the last block or f ilemark. 

~881' ~EV. 2183 CCC ~r1n1ea '" '..J S 
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If a filemark is encountered while spacing over blocks. medium 
movement shall be stopped. The medium shall be positioned on the 
end-of-medium side of the f ilemark if movement was in the forward 
direction and on the beginning-of-medium side of the f ilemark if 
movement was in the revetse direction. A CHECK CONDITION status 
shall be sent to the initiator and the Filemark and Valid bits in 
extended sense shall be set to one. The Information Bytes shall be 
set to the difference (residue) in the requested Count and the actual 
number of blocks spaced over (not including the filemark). 

If the physical end-of-medium is encountered while spacing forward 
over blocks or filemarks. the target shall retu~n a CHECK CONDITION 
status to the initiator and shall set the End-Of-Medium (EOM) bit in 
extended sense to one. The Sense Key shall be set to MEDIUM ERROR. 
The target shall set the Valid bit to one and the Information Bytes 
to the difference (tesidue) between the requested Count and the 
actual number. of blocks or filemarks spaced over. 

If beginninq-of-medium or load-point is encountered while spacing 
over blocks oc f ilemarks in the ceverse direction. the target shall 
return a Ch""ECK CONDITION status to the initiator and shall set the 
End-Of-Medium (EOM) bit in extended sense to one. The Sense Key 
shall be set to NO SENSE. The target shall set the Valid bit to one 
and the Information Bytes to the difference (residue) between the 
requested Count and the actual number of blocks or filemarks sp:2ced 
over. 

When spacing over sequential filemarks. the Count field is 
interpreted as follows: 

l. A positive value N shall cause forward medium movement to the 
first occurrence of N oc more consecutive filemarks stopping 
after the Nth f ilemark. 

2. A zero value shall cause no medium movement. 

3. A negative value -N (2's complement notation) shall cause reverse 
medium movement to the first occurrence of N or more consecutive 
f ilemarks stopping on the beqinninq-of-medium side of the Nth 
f ilema.rk. 

When spacing to physical end-of-data, the Count field is ignored. 
Forward medium movement shall occur until the logical unit encounters 
physical end-of-data as defined by the sequential-access device. 
Some sequential-access devices define physical end-of-data as an 
erased area on the medium: however., other definitions are not 
precluded. Targets that implement this function shall leave the 
medium positioned such that a subsequent WRITE command would append 
data to the last recorded information on the medium. 
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9.9 VERIFY Command (l3H) 

Pecipheral Device Type: 
Ope~ation Code Type: 

Sequential Access 
Optional 

TABLE 9-ll. VERIFY COMMAND 

BITI 7 6 5 4 3 
BYTE I 

0 0 0 0 l 0 
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2 l 0 

0 l 1 
l Logical Unit Number I 0 0 l Immed -1 B:ItCmJ21 Fixed 
2 Verification Length !MSBl 
3 Verification Length 
4 Verification Length !LSBl 
s 0 0 0 0 0 0 ! Flag Link 

The VERIFY command (Table 9-ll) vecifies one or more block(s) 
beginning with the next block on the logical unit. The Fixed b-it 
specifies both the meaning of the Verification Lenqth field and 
whether fixed-length or variable-length block(s) are to be verified. 

I • If the loqical unit is not buffered (Buffered Mode of the MODE SENSE 
I • command is zero) or the Immediate (Immed) bit is zero. then this 
I • command shall not return a GOOD status unless all specified bytes or 
I • blocks have been successfully verified. If the logical unit is 
I • buffered (Buffered Mode of the MODE SENSE command is one) and the 
I • Im.med bit is one. then the status shall be returned immediately after 
I • the operation is initiated (but after the data transfer, if any). 
I • Errors and exception conditions on the logical unit that are detected 
I • after the status is returned shall be reported on the next VERIFY 
I • command ftom the same initiator. In order to insure that no errors 
I • are lost. the initiator should set the Immed bit to zero on the last 
I • VERIFY command when issuing a series of VERIFY commands. 

A Byte Compare (BytCmp) bit of zero indicates that the verification 
shall be simply a medium verification (CRC, ECC, etc). No data shall 
be transferred between the initiator and tarqet. A Byte Compare bit 
of one indicates that a byte-by-byte compare of the data on the 
medium, and the data transferred from the initiator shall be 
performed by the target. Data shall be transferred from the 
initiator to the target as in a WRITE command. 

•8914 ~!V. 21113 CCC 
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I a 
I • 

I • 
I 111 

I 1111 

I • 
I II 

I II 

I • 
I 111 

TWIN CITIES DISK DIVISION 

A Fixed bit of zero requests that the next block of the logical unit 
be ve.r:if ied. The Verification Length specifies the number of bytes 
to verify. A Fixed bit of one requests.Verification Length blocks be 
verified beginning with the next logical block on the logical unit. 
This form of the VERIFY command i.s only valid if the logical unit is 
currently in fixed block mode as defined in the READ command. If the 
data does not compare (byte compare bit equals one). the comm.and 
{oz: the next VER.I.FY command. if the Immediate bit is one and the 
logical unit is in Buffered Mode) shall terminate with a CHECK 
CONDITION status and the Sense Key shall be set to MISCOMPARE. If 
the Fixed bit is one. the Valid bit shall be set to one and the 
Information Bytes shall be set to the difference (residue) between 
the Verification Length and the actual number of blocks successfully 
verified. This number may be laz:ger than the requested Verification 
Length if the error occurred on a previous VERIFY command with an · 
Immediate bit of one. The medium shall be positioned after the block 
containing the miscompare (end-of-medium side). 

The target may implement fixed block mode. variable block mode. or 
both modes. If the-Fixed bit does not match the current mode. or the 
mode indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 

The VERIFY command shall terminate when the Verification Length has 
been satisfied, when a filemark is encountered, or when physical 
end-of-medium is encountered. The status and sense data for each of 
these conditions are handled the same as in the READ command. except 
that the status and sense may be z:eported on the next VERIFY command 
if the Immediate bit is one and the logical unit is in Buffered 
Mode. In this case. the residue reported in the extended sense may 
exceed the requested verification length. Upon completion of the 
VERIFY command, t,he medium sball be positioned after: the last block 
from which data was verified or after the filemar~. if encountered. 

When the Verification Lenqth is zero. no data shall be verified and 
the current position on the logical unit shall not be changed. This 
condition shall not be conside~ed as an erro~. 



t::t c:\ MAGNETIC PERJl'HE!VILS INC. 
\::',: CJ ~ C01mli O.W Company 

ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVISION 

9.10 RECOVER BUFFERED DATA Command (l4H) 

Peripheral Device Type: 
Operation Code Type: 

Sequential Access 
Optional 
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TABLE 9-12. RECOVER BUFFERED DATA COMMAND 

BITI 7 6 s 4 3 2 l 0 
BYTE 

0 0 0 0 l 0 l 0 0 
1 Logical Unit Number 0 0 0 0 Fixed 
2 Transfer Length !MSBl 
3 Transfer J .. eng:th 
4 Transfer Length lLSB2 
s 0 0 0 a 0 0 Flag: Link 

The RECOVER BUFFERED DATA command (Table 9-12) is used to read data 
that has been transferred to an SCSI device buffer but has not been 
written· on the medium. It is normally only used to recover from 
error or exception conditions that make it impossible to write the 
buffered data on the medium. 

This command functions similarly to the READ command except that 
the data is transf&r~ed from the SCSI device buff er instead of the 
medium. The order in which block(s) are transferred is the same as 
if they would have been transferred to the medium. · One or more 
RECOVER BUFFERED DATA commands may be used to read the unwritten 
buffered data. 

The target may implement fixed block mode. variable block mode, or 
both modes. If the Fixed bit does not match the current mode. or 
the mode indicated by the Fixed bit is not implemented, the target 
shall reject the command by returning a CHECK CONDITION status and 
by setting the Sense Key to ILLEGAL REQUEST. 

If an attempt is made to recover more logical blocks of data than 
are contained in the SCSI device buffer. the command shall be 
terminated with a CHECK CONDITION status. The EOM bit in extended 
sense shall be set to one. If the Fixed bit is one, the Valid bit 
shall be set to one and the Information Bytes shall be set to the 
difference (residue) between the requested Transfer Length and the 
actual number of blocks transferred. 

The Transfer Length specifies the number of contiguous logical 
blocks of data to be transferred. A Transfer Length of zero 
indicates that no data shall be transferred. This condition shall 
not be considered as an error. 
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9.ll MOOE SELECT Command (lSH) 

Peripheral Device Type: 
• Operation Code Type: 

Sequential Access 
Mandatory 

TABLE 9-13. MOOE SELECT COMMAND 

BITI 7 6 5 4 3 I 2 
BYTEJ - I 

0 l 0 0 0 1 0 l --
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l 0 

0 1 

I 
I 
I 

I 111 _l I Logical Unit Number a 0 0 0 SMP _I 

( 

2 I 0 0 ·o 0 0 0 0 0 
3 I 0 0 0 0 0 0 0 0 
4 ! PaJ;ametei: List Length 
s I 0 0 0 0 0 0 I F'l§g__ Link I. 

The MODE SELECT command (Table 9-13) provides a means tor the 
in.itiator to specify medium. loqical unit. or· pe.cipheral device 
pa.cameeers to t.he target.. 

1111 The Save Mode Parameters (SMP) bit, when set to one, requests that 
I s the target save the saveable pages. The target must update the 
! a Cutrent mode values with parameters included with this command. save 
I a the Current values of the saveable parameters. and report. GOOD status 
I • only after the save operation is completed. The Saved parameters 
I m shall not be changed if an error is detected during the MODE SELECT 
I • command. When the SMP bit is set to zero. the Saved parameter values 
I • will not be changed. 

I • Support for Saved parameters is optional for CDC products. If the 
I m SMP bit is set and Saved parameters are not suppo~ted. the target 
I m shall return CHECK CONDITION status with ILLEGAL REQUEST Sense Key. 

The Parameter List Length specifies the length in bytes of the MOOE 
SELECT paramete.t list that shall be transferred during the DATA OUT 
phase. A zero Parameter List Length indicates that no data shall be 
tr.ansferred. This condition shall not be considered as an error. 

The MODE SELECT parameter list (Table 9-l4) contains a four-byte 
a header. followed by zero or one block descriptor. followed by the 
• pages of MOOE SELECT parameters. 

i 
I 
I 
l 
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BITI 
BYTE ! 

o I 
1 I 
2 I 
3 I 

0 
l 
2 
3 
4 
5 
6 
7 

o-n 

7 

0 

TWIN CITIES. DISK DIVISION 

TABLE 9-14. MODE SELECT PARAMETER LIST 

6 5 4 3 2 

Reserved (all zeros) 
Reserved Call zeros) 

Buffered Mode I Speed 
Block Descriptor Length 

Block Descriptor(s) 
Density Code 
Number of Blocks CMSB) 
Number of Blocks 
Number of Blocks CLSB) 
Reserved 
Block Length CMSB) 
Block Length 
Block Length CLSB) 

Parameter Information 
·Mode Select ?age Headers 
and their parameters 

l 0 

A Buffered Mode of zero _indicates that the target shall not report a 
GOOD status on WRITE commands until the data blocks are actually 
written on the medium. A Buffered Mode of one indicates that the 
target may teport a GOOD status on WRITE commands as soon as the data 
block has been transferred to the SCSI device buffer. One or more 
blocks may be buffered prior to writing the block(s) to the medium. 
Buffered Modes of 2H through 7H are reserved. 

Code values 
OH 
lH 
2H--FH 

for the Speed field shall be assigned as follows: 
Default (Use the peripheral device's default speed). 
Use the peripheral device•s lowest speed. 
Use increasing peripheral device speeds. 

The Block Descriptor Length specifies the length in bytes of all the 
block descriptors. It is equal to the number of block descriptors 

• times eiqht and does not include the paqes of MODE SELECT parameters. 
A Block Descriptor Length of zero indicates that no block descriptors 
are included in the parameter list. This condition shall not be 
considered as an error. 

Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Density 
Code, a Number of Blocks, and a Block Length. 

A6914 """· 2/e3 C:::C 
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Code values for the Density Code field are defined in Table 9-15. 

TABLE 9-15 SEQUENTIAL-ACCESS DENSITY CODES 

Code Value Density 

OOH Default (peripheral device's default o~ only density) 

Magnetic: Tapes 

Width Density 
mm {inchl Tracks BPMM !BP!) 

Olli 12.7 ( • 5) 9 32 (800) 
02H 12.7 ( • 5) 9 63 (1600) 
03H 12.7 ( • s) 9 246 (6250) 
04H 6.3 (.25) 4/9 315 (8000) 
OSH 6.3 (.25) 4/9 315 (8000) 
06H 12.7 ( • 5) 9 126 (3200) 
07H 6.3 (.25) 4 252 {6400) 
OBH 3. 8 l ( .15) 4 315 (8000) 
09H 12.7 ( • s) lB 
CAR 6.3 (. 25) 12 394 (10000) 
OBH 6.3(0.25) 4 63 (1600) 
OCH 12.7 (0.5) 24 500 (12690) 
ODH 12.7 (0.5) 24 999 (25380) 

SOH-FFH Vendo.t Unique 

All others Reserved 

Key: 
Code 

NRZI-Non-Return to Zero. change on ones 
GCR -Group Code Recording 

PE -Phase Encoded 

Code 
NRZI 

PE 
GCR 
GCR 
GCR 
PE 
IMFM 
GCR 

GCR 
PE 
GCR 
GCR 

IMFM-Inverted Modified Frequency Modulation 

~ Standard 
R X3.22-l983 
R X3.39-l973 
R X3.54-l976 
c 
c X3.136-198X 
R X3BS/8S-98 
c X3.ll6-l98X 
cs XJBS/85-77 
c X3BS/85-76 
c X3BS/8S-82 
c X3.56-198X 
c 
c 

Tvue 
R Reel-to-Reel 
C Cartridge 

CS Cassette 
MC 

Note 
3 
3 
3 

2.4 
2 

1.3 
2 

l,2 
l,3 

2 
2 
2 
2 

NOTES: 
l Working Oraf t. X3BS assigns 

revision of their documents. 
X3BS for the latest document 
Serially Recorded 

a new document number to each 
Please contact the Chairman of 

number. 
2 
3 
4 

Parallel Recorded 
Old format known as QIC-ll 

The Number of Blocks field specifies the number of logical blocks on the 
medium that meet the Density Code and Block Length in the block 
descri~tor. A Number of Blocks of zero indicates that all of the 
remaininq loqical blocks of the logical unit shall have the medium 
c:hatacteristics specified by the Block Descriptor. 

The Block Length specifies the length in bytes of each logical block 
described by the Block Descriptor. A block length of zero indicates that 
the lenqth shall be va~iable. 
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• The rest of the MODE SELECT parameters are organized into pages that 
• qroup the parameters by function. The parameter definitions are the 
• same as those described in the MODE SENSE command (paragraph 9.14) 
• and will not be repeated here. 

111111 TABLE 9-16 MODE SELECT PAGE DESCRIPTOR HEADER 

BITI 7 6 5 4 3 2 l a 
BYTE 

0 0 0 Paae Code 
l Page Length 

2-n Mode Parameters 

I • Each paqe of mode parameters begins with a two byte Page Descriptor 
I • Header. The Page Code identifies which page of mode parameters is 
I • being transferred. The Page Length indicates the number of additional 
I • bytes of mode parameters contained in this page. The number of 
I • additional bytes sent must always match the Page Length value. 

I • If the initiator sends mode parameter bytes that are not supported by 
I • the target:. the target: will set CHECK CONDITION status with ILLEGAL 
I • REQUEST Sense Key. The initiator may only send mode parameters for 
I • pages if the target supports Changeable parameters within that page. 
I 11 The Paqe Length sent by the initiator must be the same as the Page 
I • Length value .received from the target during a MODE SENSE command with 
I • PCF set to Ol (binary). CDC products may optionally support the 
I • following Page Codes: 

• Pacre Code 
11111 OOH 

I 1111 OlH 
m 02H 

Description 
Product Unique. See individual product specifications. 
Tape Control parameters. 
Disconnect/Reconnect Control parameters. 

l • The initiator shall issue a MODE SENSE command requesting the target 
I • to return all pages with Changeable values (see PCF field description 
I • for MODE SENSE command) prior to issuing any MODE SELECT commands. 
I • This allows the initiator to correctly determine which pages are 
I m supported, the proper length for those pages. and which pa~ameters in 
I • those pages may be changed for that Logical Unit Number. 
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9.12 RESERVE UNIT and RELEASE UNIT Commands (l6H and 17H. respectively) 

Peripheral Device Type: 
• Operation Code Type: 

Sequential Access 
Mandatory 

TABLE 9-18. RESERVE UNIT AND RELEASE UNIT COMMANDS 

BITI 7 6 s 4 3 2 l 
BYTE L 
-9 L 0 0 0 1 0 1 1 

l I ·Logi_£al u_nit Number L3rdPtyl Third Party Device _lD 
J I 0 0 0 0 0 0 0 
_,;,1 I 0 a --- 0 0 0 0 0 
_ _j_ I 0 !) 0 0 0 0 0 

0 

x 
0 
0 
0 
0 

_.? I 0 0 0 0 0 0 Fl~g Link 

The RESERVE UNIT and RELEASE UNIT commands both use the Command 
Descriptor Block shown in Table 9-18. 

( J.12.l RESERVE UNIT Command (16H) 

The RESERVE UNIT command shall reserve the specified logical unit for 
the exclusive use by the requesting initiator or. if third-party 
reservation option is implemantated. to another specified SCSI device. 

The reservation shall remain in effect until superceded by another 
RESERVE UNIT command from the same initiator that made the 
reservation or until released by a RELEASE UNIT command from the sa~e 
initiator, or a BUS DEVICE RESET message is received from any 
initiator, or.: a 11 hard" RESE'r condition. The occuz:rence of the last 
two conditions is indicated by a Sense K,ey of UNIT ATTENTION on the 
next command following the condition. It is not an error to issue 
this command to a logical unit that is currently reserved to the 
requesting initiator. 

If the logical unit is previously reserved for another initiator, 
then the target shall either: 

l. return a RESERVATION CONFLICT status 

2. queue the reservation request and then disconnect until all 
previously queued reservations have been released. When the 
logical unit is available. the tarqet shall reconnect to perform 
the reservation. 

If. after honoring the reservation, any other initiator then 
subsequently attempts to perform any command on the reserved logical . 
unit other than a RESERVE UNIT command. which may be queued. or a 

·RELEASE UNIT command. which shall be ignored. then the command shall 
be rejected with a RESERVATION CONFLICT status. 
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The third-party reservation option for the RESERVE UNIT command 
allows an initiator to reserve a logical unit for another SCSI 
device. This option is intended for use in multiple-initiator 
systems that use the COPY command. Any target that implements the 
third-party reservation option shall also implement the third-party 
release option (see 9.12.2). 

If the third-party {3rdPty) bit is ze~o. then the third-party 
reservation option is not requested. !f the 3rdPty bit is one and 
the third-party reservation option is implemented. then the RESERVE 
UNIT command shall reserve the specified logical unit for the SCSI 
device specified in the third-party device ID field. The target 
shall preserve the reservation until superceded by anothe.r RESERVE 
UNIT command from the same initiator. or by a BUS DEVICE RESET 
message from any initiator. or by ,:'Ii uhard" RESET condition. The 
target shall ignore (i.e., return GOOD status) any attempt made by 
any other initiator to release the reservation. 

• CDC products will support the third-party reservation option. 

An initiator that holds a current reservation may modify that 
reservation (e.g .• switch third-parties) by issing another RESERVE 
UNIT command to the same Logical Unit. The superceding RESERVE UNIT 
command shall release the previous res·ervation state only when the 
new reservation is granted. A supe.cceding reservation takes. priority 
over any previously queued reservation request. 

9.12.2 RELEASE UNIT Command (17H) 

The RELEASE UNIT command shall release the logical unit if it is 
currently reserved by the requesting initiator. 

It is not an error to attempt to release a logical unit that is not 
currently reserved to the requesting initiator. However, it shall 
not be released if it is reserved by another initiator. 

The third-party release option for the RELEASE UNIT command allows an 
initiator to release a logical unit that was previously reserved 
using the third-party reservation option (see 9.12.l). This option 
shall be implemented if the third-party reservation option is 
implemented. This option is intended for use in multiple-initiator 
systems that use the COPY command. 

If the third-party (3rdPty) bit is zero, then the third-party release 
option is not requested. If the 3rdPty bit is one and the target 
implements the third-party release option. then the tarqet shall 
release the specified logical unit, but only if the reservation was 
made using the third-party reservation option by the same initiator 
that is requestinq the release and for the same SCSI device as 
specified in the third-party device ID field. 

• CDC products will support the third-party release option. 

•61114 REV. 211!3 CCC 
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9.13 ERASE Command (l9H) 

Petiphetal Device Type: Sequential Access 
Optional Opetation Code Type: 

TABLE 9-19. ERASE COMMAND 

BIT! 7 6 s 4 3 
BYTE I 

0 I 0 0 0 l l 
l I Logical Unit Number 0 0 

_L_L__Q_ 0 0 a 0 
3 I 0 0 0 0 Q 
4 l 0 0 0 0 0 
5 I 0 0 0 0 - _o 

DATE 
PAGE 171 

2 l 0 

0 0 l 
0 0 Long 
0 0 0 
0 0 0 
0 0 0 
0 Flag Link 

The ERASE command (Table 9-19) causes part or all of the remaining 
medium to be erased beginning from the current medium position. As 
used here. "etased" means either the medium shall be erased or a 
pattern shall be wtitten on the medium that appears as gap to the 
target. 

The distance to be erased is controlled by the Long bit. A Long bit 
of one indicates that all remaining medium on the logical unit shall 
be erased. A Long bit of zero indicates that a peripheral device 
specified portion of the medium shall be erased. Normally. short 
erases are used to create an extended gap for soft~ace controlled 
error recovery oc for support of "update in place" functions. The 
medium position following an ERASE command with a Long bit of one is 
not defined by this specification. 

NOTE: Some targets may reject ERASE commands with the Long bit set 
to one if the medium is not positioned at the beginning-of-medium. 

I 
I 
I 
I 
I 
I 
I . 
I 
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9.14 MODE SENSE Command (lAH) 

Peripheral Device Type: 
• Operation Code Type: 

Sequential Access 
Mandatory 

I • 

TABLE 9-20. MODE SENSE COMMAND 

BITI 7 6 5 4 3 2 l 0 
BYTE 

0 0 0 0 l .. 0 l 0 .I. 

l Logical Unit Number I 0 0 0 0 0 
2 PCF I Page Code 
3 0 0 0 0 0 0 0 0 
4 Allocation Length 
s 0 0 0 0 0 0 Flag Link 

The MODE SENSE command (Table 9-20) provides a means for a tarqet to 
report its medium. loqical unit. or peripheral device parameters to 
the ini t.iator. It is a complem.entary command to the MODE SELECT 
command (see 9. ll) for support of a medium that may contain different ( 
densities. such as half-inch tapes. ~ 

I • The Page Control Field (PCF) defines the type of mode parameter 
I • values to be returned. The tarqet shall return the same Page Length 
I • for each supported page regardless of the value in the PCF. The 
I • field is defined as follows: 

I • Bit 7 Bit 6 
I :a o o 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 
I • 

I • 
I • 
I • 
I • 
I • 
I • 

Ml1• R!V. 2183 CCC 

0 l 

Return Current values. The Current values are the 
values currently beinq used by the target to control its 
operation. After a Power On Reset, a hard RESET. or a 
BUS DEVICE RESET message the current values will be 
equal to the saved values (if Saved values are supported 
and can be retrieved) or the Default values (if Saved 
values aren't supported or cannot be ratrieved). The 
Cu:rent value of a parameter is updated whenever a MODE 
Select command that changes that parameter ends with 
GOOD status being returned. 

Return Changeable values. The changeable values of any 
page is a mask that indicates which parameters may be 
changed via a MODE SELECT command and which parameters 
may not. Each i:eturned parameter byte .shall contain 
ones where a field or bit may be changed and zeros where 
a field or bit may not be changed. 
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I Ill Bit 7 Bit 6 
I a l o Retu.cn Default values. The Default values a.re t.he 

values a target will set. the Cu.crent values to afte.c a 
teset condition unless valid Saved values ate available. 

I 111 

I 111 

I 111 

! 111 

I a 
I II 

I • 
I • 

l l ietu.cn Saved values. The Saved values a.re the values a 
target states in non-volatile memory. The Saved values 
of any changeable pa.cameter can be set via a MODE SELECT 
command. For nonchanqeable paramete.cs. the Default 
value will be used. Support for Saved paramete.c values 
is optional·fo.c CDC products. 

I a The Block Desc.ciptor will contain its normal values regardless of the 
I • value of the PCF. Unsupported firlds or bits within a page will be 
l m returned as zeros for all PCF values. 

a The Page Code allows the initiator to select one or all of the pages 
a of Mode parameters supported by the target. Page Codes which may be 
m supported by CDC p~oducts are listed here: 

111 j>_sg_~ ___ c ode 
1111 OOH 
am OlH 
m 02H 
111 3FH 

Descriptioq_~,,,__,......,.~~~~..-,.~~~~~~...,.....~...,...~ 
Product Unique. See individual products specification. 
Tape Control parameters. 
Disconnect/Reconnect Control parameters. 
Retu~n all supported pages. 

The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned MODE SENSE data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when Allocation Length bytes 
have been transfer~ed or when all available MODE SENSE data have been 
transferred to the initiator, whichever is less. 

m The MODE SENSE data {Table 9-21) will always include a four-byte header, 
• followed by one eight-byte block descrip~or. followed by the requested 
s page or pages of MOOE SENSE parameters. 
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TABLE 9-21. MODE SENSE DATA 

BITI 7 6 5 4 3 2 l 0 
BYTE 
.o Sense Data Length 
l Medium Type 
2 WP Buffered Mode ! Speed 
3 Block: Descriptor Length 

Block Descriptor(s) 
0 I Density Code 
1 I Number of Blocks CMSB) 
2 I Number of Blocks 
3 I. Number of Blocks (LSB) 
4 I Reserved 
s I Block Length CMSB) 
6 I Block Length 
7 ! Block Length (LSB) 

Parameter Information 
0-n Mode Select Page Headers 

and their parameters 

The Sense Data Length specifies the length in bytes of the following 
mode sense data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itself. 

Code values for the Medium Type field shall be assigned as follows: 

OOH 
OlH--7FH 
60H--FFH 

Default (Only one medium type supported) 
Reserved 
Reserved 

A Write Protected (WP) bit of zero indicates that the meaium is write 
enabled. A Write Protected bit of one indicates that the medium is 
write protected. 

A Buffered Mode of zero indicates that the target does not report a 
GOOD status on WRITE commands until the data blocks are actually 
written on the medium. A Buffered Mode of one indicates that the 
target may report a GOOD status on WRITE commands as soon as the data 
block has been transferred to the SCSI device buffer. One or more 
blocks may be buffered prior to writinq the block(s) to the medium. 
Buffered Modes of 2H through 7H are reserved. 

•691 a FIEV. 2193 CCC Cwited ,,, '.J S t 
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Code values for the Speed field shall be assigned as follows: 

OH 
lH 
2H--FH 

Default (only one speed supported) 
Lowest peripheral device speed 
Increasing peripheral device speeds 

The Block Descriptor Length specifies the length in bytes of the Block 
• Desc~iptor. It is equal to the number. o~ bytes in the Block Descrip~or 
• (8) and does not include the page headers and mode parameters. if 
• any. CDC products will send one Block Descriptor per LUN. 

lll 

Sil 

Iii 

II 

• 
a 

• 
II 

Jiii 

• 
Ill 

1111 

!!Ill 

Ill 

Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Density 
Code. a Number of Blocks. and a Block Length. 

Code values foe the Density Code field ate defined in Table 9-14.l. 

The Number: of Blocks field specifies the number: of logical blocks on 
the medium that meet the Density Code and Block Length in the block 
desctiptor. A Number: of Blocks of zero indicates that all of the 
remaining logical blocks of the logical unit have the medium 
characteristics specified by the Block Descriptor. 

The Block Length specifies the lenqth in bytes of each logical block 
described by the Block Descriptor. A Block Length of zero indicates 
that the length is variable. 

•• TABLE 9-22 . MODE SENSE PAGE DESCRIPTOR HEADER 

BIT! 7 6 5 4 3 2 l 0 
BY_:r'E I 
_g I J?S 0 . ?age Cod(~ 

l L Page Len th. 
_2-n I Mode Parametei:s 

Each page of mode parameters (for the MODE SENSE command) begins with 
a t•o byte Page Descriptor Header. The Page Code identities which 
page of. mode paz:ameters is being transferred. The Page Length 
indicates the number of additional bytes of mode parameters being sent 
by this target. Multiple pages of mode parameters may be transferred 
in one MODE SENSE data in phase (usinq paqe code 3FH). 

The Parameters Saveable (PS) bit. when set to one. indicates that the 
page contains Saved parameters. Since the support of Saved values is 
optional. refer to individual product specifications to see which 
parameters are saved. When the PS bit is set to zero. none of the 
parameters within the page are saved. 

Since support for most mode parameters is optional, some CDC products 
will return a ~age Length that is shorter than the number of bytes 
defined in this specif icatian. 

~1!1114 "EV 2/53 CDC 
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am TABLE 9-23 DISCONNECT/RECONNECT CONTROL PARAMETERS 

BIT! 7 6 5 4 3 l 
BYTE 

0 PS 0 0 0 0 0 1 
l __ Page_ _Length 
2 I Buf_fer: Full Ratio 
3 j Buffer Empty Ratio 
4 I Bus Inactivity Limit CMSB) 
s I ~-=----'--~~~~~~~--~--=B~.112.. Inactivity Limit (LSB} 
6 L Disconnect Time Limit (MSB) 
7 I Disconnect Time Limit (LSB) 
a ! Reserved _La lways zeros'· 
9 l Reserved (a lwaYJL zeros) 

Both the ratio parameters are the numerator of a fractional 
multiplier that has 256 as its denominator. 

0 

0 

The Buffer Full Ratio indicates. on READ comm.ands. how full the 
tarqet•s buffer shall be pcioc to cecannecting. Targets that include 
a la~ger granular buffer block size shall round down to the neares~ 
whale buffer block. 

The Buffer Empty Ratio indicates. on WRITE commands, how empty 
the tarqet 1 s buffer shall be prior to reconnecting to fetch more 
data. Targets that include a larger granular buffer block size shall 
round up to the nearest whole buff er block • 

The Bus Inactivity Limit field (bytes 4 and 5). indicates the time. 
in 100 microsecond increments. that the target is allowed to assert 
the BUSY signal without handshakes until it shall disconnect. The 
tai:get may round down to its nearest capable value. A value of zero 
indicates that the target is allowed to maintain the bus busy 
indefinitely without handshakes . 

The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum 
time. in 100 microsecond increments. that the target shall remain 
disconnected until it shall attempt to reconnect. The target may round 
down to its nearest capable value. A value of zero indicates that the 
target is allowed to reconnect immediately • 

For Page Code 3FH. all pages supported by the target will be 
returned. Some page codes may be supported for one PCF value (for 
example, Default) but may not be supported for another PCF VALUE (for 
example, Changeable). However. a Default value and a Current value 
is required for all supported parameters. 
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9.lS LOAD/UNLOAD Command (lBH) 

Peripheral Device Type: 
Operation Code Type: 

Sequential Access 
Optional 

TABLE 9-26. LOAD/UNLOAD COMMAND 

BITI 7 6 5 4 3 2 
BYTE 

0 0 a 0 l l 0 
l Logical Unit Number 0 a 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 

SPEC 64721700 
CD 9 
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l 0 

l l 
0 !mmed 
0 0 
0 0 

Re-Ten I Load 
Flag I Link 

The LOAD/UNLOAD comm.and (Table 9-26) requests that the target enable 
or disable the logical unit for further operations. This command may 
also be used to request the re-tension function on peripheral devices 
that support this function. / ··-

( 

\, 
A Load bit of one indicates that the medium on the logical unit shall ·· 
be loaded and positioned to the beginning-of-medium or load~point as 
determined by the peripheral device. A Load bit of zero indicates 
that the medium on the logical unit shall be positioned for removal 
from the peripheral device. 

Status shall be returned after the medium is positioned unless the 
Immediate (lmmed) bit is one. If the lmmed bit is one, status may be 
returned as soon as the command has been accepted. 

A Re-Tension (Re-Ten) bit of one indicates that the medium on the 
addressed logical unit shall be correctly tensioned before the 
LOAD/UNLOAD command is completed. This is an optional function 
intended for use by those peripheral devices that support the 
re-tension function. 

c . , 



ENGINEERING 
SPECIFICATION 

TWIN CITIES DISK DIVISION 

9.16 PREVENT/ALLOW MEDIUM REMOVAL Command (lEH) 

Petipheral Device Type: 
Operation Code Type: 

Sequential Access 
Optional 
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TABLE 9-27. PREVENT/ALLOW MEDIUM REMOVAL COMMAND 

BIT! 7 6 5 4 3 2 l 0 
BYTE 

0 0 a 0 l 1 l l 0 
l Logic_al_Uni t Number 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 
3 0 a 0 0 () 0 0 0 

I 
I 
I 
I 
I 
I 

4 0 0 0 0 0 0 0 lPreven-cl 
5 0 0 0 0 0 0 Flag: I Link 

The PREVENT/ALLOW MEDIUM REMOVAL comm.a11d (Table 9-27) .cequests that 
the target enable or disable the removal of the medium in the logical 
unit. 

A Prevent bit of one shall inhibit mechanisms that normally allow 
removal of the medium. A Prevent bit of zero shall allow removal of 
the medium. 

This prevention of medium removal condition shall terminate upon 
receipt of a PREVENT/ALLOW MEDIUM REMOVAL command with .the prevent 
bit set to zero. or by the receipt of a BUS DEVICE RESET message fi:om 
any initiato.r or by a "haI:d 11 RESET condition. 

10.0 GROUP 0 COMMAND DESCRIPTIONS FOR PRINTER DEVICES 

a CDC doesn't plan to offer SCSI products of this ty~e. 

ll.O GROUP 0 COMMAND DESCRIPTIONS FOR PROCESSOR DEVICES 

• CDC doesn 1 t plan to offer SCSI products of this type. 

115111 • 111ev. 21113 c::ic 
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12.0 COMMAND DESCRIPTIONS FOR WRITE-ONCE READ-MULTIPLE DEVICES 

12.l Group O Commands for Write-Once Read-Multiple Devices 

• • 

• • 
• • 

• 

• 

• 

The Group o commands for write-once read-multiple devices shall be as 
shown.in Table 12-l. 

TABLE 12-l. GROUP 0 COMMANDS FOR WRITE-ONC~ READ-MULTIPLE DEVICES 

OPERATION 
CODE TYPE 

OOH 
OlH 
02H 
03H 
04H 
OSH 
06H 
07H 
08H 
09H 
OAH 
OBH 
OCH 
ODH 
OEH 
OFH 
lOH 
llH 
l2H 
l3H 
l4H 
lSH 
l6H 
l7H 
l8H 
l9H 
lAH 
lBH 
lCH 
lDH 
lEH 
lFH 

M 
M 
R 
M 
R 
R 
R 
M 
M 
R 
M 
M 
R 
R 
R 
R 
R 
R 
M 
R 
R 
M 
M 
M 
M 
R 
M 
0 
0 
M 
0 
R 

COMMAND NAME! 

TEST UNIT READY 
REZERO UNIT 

REQUEST SENSE 

REASSIGN BLOCKS 
READ 

WRITE 
SEEK 

INQUIRY 

MODE SELECT 
RESERVE 
RELEASE 
COPY 

MODE SENSE 
START/STOP UNIT 
RECEIVE· DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 
PREVENT/ALLOW MEDIUM REMOVAL 

key: (Type definitions are defined in 6.l.2). 
M = Command implementation is mandatory. 
o = Command implementation is optional. 

SECTION 

7.l.l 
0.1.1 

7.l.2 

8.1.3 
12.l.l 

12.l.2 
8.l.6 

7.l.3 

12.l.3 
8.l.8 
8.1.9 
7.l.4 

12.1.4 
8.1.ll 
7.1.S 
7.1.6 
8.1.12 

R = Operation code is reversed for future standardization. 

4891 A REV 2183 COC 

tee···· .. ,_.! 



ENGINEERING 
SPECIFICATION 

SPEC 64721700 

TWIN CITIES DISK DIVISION 

12.l.l READ Command (08H) 

CD 9 
REV 
DATE 
PAGE 181 

Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 

a Operation Code Type: Mandatory 

TABLE 12-2. READ COMMAND 

BtTI 7 6 5 4 3 2 l 
BYTE I 

0 I 0 0 0 0 l 0 0 

J I Logical Unit Number !Logical Block Address ~MSB} 
2 I Logical Block Addr~ss 
3 1 Logical Block Address ~LSB} 
4 1_ Transfer: Lenc[t:h 
5 I 0 0 - 0 Q.. 0 0 J Flasr_ 

0 

0 

I Link 

The READ command (Table 12-2) requests that the target transfer data 
to the initiator. 

The Logical Block Address specifies the logical block at which the 
n read operation shall begin. Leading zeros will be assumed (ahead of 
w the 21 bit address) if the device cequires an address larger than 21 
s bits. 

The Transfer Length specifies tlle number.: of contiguous logical blocks 
of data to be transferred. A Transfer Length of zero indicates that 
256 logical blocks shall be transferred. Any other value indicates 
the number of logical blocks that shall be transferred. 

This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.1.8) exists and no 
data shall be transferred. 

If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status. and if extended sense is 
implemented. the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 

I 
I 
I 
I 
I 
I 
I 
! 
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Invalid Loqical Block Address ILLEGAL REQUEST (see note l) 

Target reset or medium change since the 
last command from this initiator 

Unrecoverable read error 

Overrun or other error that miqht 
be resolved· by repeating the command 

Attempt to read a blank or previously 
unwritten block 

NOTES: 

UNIT ATTENTION 

MEDIUM ERROR 

ABORTED COMMAND 

BLANK CHECK (see note 2) 

l. The extended sense Information Bytes shall be set to the Loqical 
Block Address of the first invalid address. 

2. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first blank block encountered. The data 
read up to that block shall be transferred. 

12.1.2 WRITE Command (OAH) 

Peripheral Device Type: 
m Operation Code Type: 

Write-Once Read-Multiple 
Mandatory 

• • 

TABLE 12-3. WRITE COMMAND 

BITI 7 6 5 4 3 2 l 0 
BYTE 

0 0 0 0 0 1 0 l 0 
l Logical Unit Number !Logical Block Address (MSB) 
2 Logical Block Address 
3 Logical Block Address (!..SB) 
4 Transfer Length. 
5 0 0 0 0 0 0 Flag I Link 

The WRITE command (Table 12-3) requests that the target write the 
data transferred from the initiator to the medium. 

The Logical Block Address specifies the loqical block at which the 
write operation shall beqin. Leadinq zeros will be assumed (ahead of 
the 21 bit address) if the device requires an address larger than 2l 
bits • 

o .. ,:itett ,,.. '-· S , 
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The Transfer Lenqth specifies the number of contiguous logical blocks 
of data that shall be written. A Transfer Length of zero indicates 
that 256 logical blocks shall be written. Any other value indicates 
the number of logical blocks that shall be written. 

This command shall be ter:minated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.l.8) exists and no 
data shall be written. 

If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status, and if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
condi.tions that may cause the CHECK CONDITION status. 

CONDI'l'lON 
Invalid Logical Block Address 

Target reset or medium change since the 
last command from this initiator 

overrun or other error that might 
be resolved by repeating the command 

Attempt to write a previously 
written block and blank checking is 
enabled (see 12.l.3) 

NOTES: 

SENSE KEY 
ILLEGAL REQUEST (see note l) 

UNIT ATTENTION 

ABORTED COMMAND 

BLANK CHECK (see note 2) 

l. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first invalid address. 

2. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first non-blank block encountered. 
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12.l.3 MODE SELECT Command (lSH) 

Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 

• Operation Code Type: Mandatory 

TABLE 12-4. MODE SELECT COMMAND 

BITI 7 6 5 4 3 2 
BYTE 

0 0 0 0 l 0 l 

• 1 Logical Unit Number 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 Parameter List Length 

CD 9 
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l 0 

0 l 
0 SMP 
0 0 
0 0 

s ·o 0 0 0 0 0 Flag· Link 

The MODE SELECT command (Table 12-4) provides a means for the 
initiator to specify medium. logical unit. or peripheral device 
parameters to the target. 

l 111 The Save Mode Parameters {SMP) bit. when set to one. requests that 
I • the target save the saveable pages. The target must update the 
I a Current mode values with parameters included with this command. save 
I • the current values of the saveable parameters, and report GOOD status 
I ~ only aftar the save operation is completed. The Saved parameters 
I m shall not be changed if an error is detected during the MODE SELECT 
I 111 command. When the SMP bit is set to zero. the saved parameter values 
i a will not be changed. 

I m Support for Saved parameters is optional for CDC products. If the 
I • SMP bit is set and Saved parameters are not supported. the target 
l si shall return CHECK CONDITION status with ILLEGAL REQUEST Sense Key. 

The Parameter List Length specifies the length in bytes of the MODE 
SELECT parameter list that shall be transferred from the initiator to 
the target. A Parameter List Length of zero indicates that no data 
shall be transferred. This condition shall not be considered as an 
error. 

The MODE SELECT parameter list (Table 12-5) contains a four-byte 
111 header. followed by zero or one eight-byte block descriptors. 
• followed by the pages of MODE SELECT parameters. 

A69U ?EV. 21!13 CCC 
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TABLE 12-5. MODE SELECT PARAMETER LIST 

-BITI 7 6 s 4 3 2 l 0 I 
~ "'-'---------~----_._ ______ _... _______ _._ _______ _._ __ ~ __ _._ ____ ~_._------i 

a 
_J. 

-----~-------~-----------R:e.==.s~e~r~v-e~,d.._ ____________ ~~--------------~-----1 
.._ ________ ~----~~----~R~e~s~e~r~v_...e~d~--~------~------------------------1 

""'I• _..~ ....... ~--~~--~~~----~R~e~s~e_r_v_e~.d---~--------~----------------------E='B~C..__I '· 3 ---------~--~~~--------~-B_l_o~c-k.._D~e ....... s~c=r~i-P-t~o-r.__.L_e~n-g_t_r_1 ____ ~------~--------l 
Block Descriptor(s) 

0 _.. __ __, _____________________ R_e_s_e_r_v_e_d=-~----------~----------~-----------1 
1 -=,___.... ______________ ~--~-N-u~m-b_e_)r=-=o~f-=B~l-o~c-k~s~.....:<-M~S-B->'--------~-----·--~------l 
-2 -=----'------~-------~-----N-u~m_b_e_r=-=o~f-=B~l-o_c_k~s.._ ____ ~-----------------~----1 
------'~-------~-----------N-u~m_b_e_r=-=o-f-=B~l-o_c_k~s__,(~L~s-B_)'------------------------1 _3 

4 __ ..____, ______________ ~----~R-e~s_e_r~v--ed.;::... ______________ ~---------------------1 
5 I --~------~---------------B~l-o_c,~.k ....... L~e-n~g......,.t~h_....(_M~S-B_l ______________ ~~·~----------1 

--~ L ~----~----~~~~~~--~B~l~o~c~k..._L......_e~n_g_t~h....._ ___________ ~---------------------l 
_1_ I 

0-n I 
J 

Block Length (LSJll~~~---~--~----------~--~-1 
Parameter Information 
Mode Select Paga Headers I 

~----~~~a~n~d.......,.t~.h.~e~i~r._.p_a~r~a~m~e..._..t~e~r~s~~-~~----------------------1 

An Enable Blank Check (EBC) bit of zero disables blank checking of 
the medium during write operations. An EBC bit of one enables blank 
checking. If a non-blank block is found during a write operation. 
the· command shall be terminated with a CHECK CONDITION status and the 
sense key shall be set to BLANK CHECK. For read-only direct-access 
devices, the EBC bit is reserved. 

The Block Descriptor Length specifies the length in bytes of the Block 
m Descriptor. It is equal to the number of bytes in the Block Descriptor 
• {either o or 8) and does not include the page headers and mode 
a parameters, if any. A Block Descriptor Lenqth of zero indicates that 
m no block descriptor shall be included in the parameter. list. This 
• condition shall not be considered as an error. CDC products will 
• support one Block Descriptor per LUN. 

Each Block Descriptor s~ecif ies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Number of 
Blocks and a Block Length. The Number of Blocks field specifies the 
number of logical blocks to be formatted with the Block Length 
specified in the Block Descriptor. The Block tenqth field specifies 
the lenqth in bytes of the logical block to be formatted. 

• The rest of the MODE SELECT parameters are orqanized into pages that 
• group the parameters by function. The parameter definitions are the 
• same as those described in the MODE SENSE command (paragraph 12.l.4) 
• and will not be repeated here. 

A6'914 R!Y. 2/$3 ::CC 
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•• TABLE 12-6. MODE SELECT PAGE DESCRIPTOR HEADER 

7 6 5 4 3 2 l 

0 0 Page Code 
Page Length 
Mode Parameters 

0 

I • Each page of mode parameters begins with a two byte Page Descriptor 
I a Header. The Page Code identifies which page of mode parameters is 
I • beinq transferred. The Page Length indicates the number of additional 
I • bytes of mode parameters contained in this page. The number of 
I • ·additional bytes sent must always match the Page Length value. 

I • If the initiator sends mode parameter bytes that are not supported by 
I • the target, the target will set CHECK CONDITION status with ILLEGAL 
I • REQUEST Sense Key. The initiator may only send mode parameters for 
I • pages if the target supports Changeable parameters within that page. 
I • The Paga Length sent by the initiator must be the same as the Paqe 
I • Length value received from the target during a MODE SENSE command with 
I • PCF set to Ol (binary). CDC products may optionally support the 
I a following Page Codes: 

• Page Code 
211 OOH 
a OlH 
• 02H 

Description 
Product Unique. See individual product specifications. 
Error Recovery parameters. 
Disconnect/Reconnect Control parameters. 

i • The initiator shall issue a MODE SENSE command requesting the target 
, I a to return all pages with Changeable values (see PCF field description 
I a for MODE SENSE command) prior to issuinq any MODE SELECT commands. 
I a This allows the initiator to correctly determine which pages are 
l • supported, the proper length for those pages. and which parameters in 
I • those pages may be changed for that Logical Unit Number. 

cf ' 

~) 
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12.1.4 MODE SENSE Command (lAH) 

Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 

• Operation Code Type: Mandatory 

• 

• 
• 
• 
• 
II 

II 

al 

II 

:II .. 
• 
• .. 
• 
• 
1111 

• 

TABLE 12-7. MODE SENSE COMMAND 

BITT 7 6 5 4 3 2 I 1 0 I 
~YTE I L _I 

0 I 0 ·a 0 l 1 0 l 0 I 
l I Logical Unit Number 0 0 0 0 0 I 
2 _J PCF I Page co_g_e I 
3 - I 0 0 0 0 0 0 0 0 I 
4 I 1Ulocat.ian Length --- u __ I 
s J. 0 0 0 0 0 0 Flag I Link I 

The MODE SENSE command (Table 12-7) provides a means for a target to 
report its medium. logical unit, or peripheral device parameters to 
the initiator. It is a complementary command to the MODE SELECT 
command for support of medium that may contain multiple bloc~ lengths. 

The Page Control Field (PCF) defines the type of mode parameter 
values to be returned. The target shall return the same Page Length 
f o.r: each supported page regardless of the value in t:he PCF. The 
field is defined as follows: 

Bit 7 
0 

0 

Bit 
0 

l 

6 
Return curren.t values. The Curz:ent values a.re the 
values currently being used by the target to control its 
operation. After a Pewee On Reset. a hard RESET. or a 
BUS DEVICE RESET message the Current values will be 
equal to the Saved values (if Saved values are supported 
and can be retrieved) or the Default values (if Saved 
values aren't supported or cannot be retrieved). The 
Current value of a parameter is updated whenever a MCDE 
Select command that changes that parameter ends with 
GOOD status being returned. 

Return Changeable values. The changeable values of any 
paqe is a mask that indicates which parameters may be 
changed via a MODE SELECT command and which parameters 
may not. Each returned parameter byte shall contain 
ones where a field or bit may be changed and zeros where 
a field or bit may not be chanqed • 
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Return Default values. The Default values are the 
values a target will set the current values to after a 
reset condition unless valid Saved values are available . 

Return Saved values. The Saved values are the values a 
tarqet stores in non-volatile memory. The saved values 
of any chanqeable parameter can be set via a MODE SELECT 
command. For nonchanqeable parameters, the Default 
value will be used. Support for Saved parameter values 
is optional for CDC products. 

I • The Block Descriptor will contain its normal values reqardless of the 
I • value of the PCF. Unsupported•firlds or bits within a page will be 
I • returned as zeros for all PCF values. 

• The Paqe Code allows the initiator to select one or all of the pages 
I • of Mode parameters·supported by the tarqet. Paqe Codes which may be 

• supported by CDC products are listed here: 

• Page Code Descriotion 
a OOH 

,, ' • Olli 
• 02H 

I • 3FH 

Product Unique. See individual products specification. 
Error Recovery parameters. 
Disconnect/Reconnect Control parameters. 

I 
\ .. 

Return all supported pages. 

The Allocation Lenqth specifies the number of bytes that the initiator 
has allocated for teturned MODE SENSE Data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when Allocation Length bytes 
have been transf etred or when all available MODE SENSE data have been 
transferred to the initiator, whichever is less. 

• The MODE SENSE data (Table 12-8) will always include a four-byte header. 
• followed by one eiqht-byte block descriptor, followed by the requested 
• page or pages of MODE SENSE parameters. 

.Aet1a i'l!Y. 21113 C:lC 
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TABLE 12-8. MODE SENSE DATA 

s 4 3 

Sense Data Length 
~edium T:!Ee 
Reserved 

2 
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l 0 

EBC 

I 
I 
l 
i 
I 

3 Block DescriEtor Length __ I 
Block Descri2tor!s} 

·a I Reserved 
1 I Number of Blocks {MSBJ_ 
2 I Number Of Blocks 
3 I Number of Blocks ~LSB) 
4 I Reserved 
s I -~l.oclt Length (MSBL 
6 J__ Block Length 
7 L Block Length .. (I .. ,SBJ 

1111 Parameter Information 
• O-n Mode Select Page Headers 
a and their Jia:cameters 

( ( The Sense Data Length specifies the length in bytes of the following 
MODE SENSE data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itself. 

Code values for the Medium Type field shall be assigned as follows: 

OOH 
OlH--7FH 
SOH--FFH 

Default (only one medium type supported) 
Reserved 
Reserved 

An Enable Blank Check (EBC) hit of zeco indicates that blank checking 
of the medium during write operations is disabled. An EEC bit of one 
indicates that blank checking during write operations is enabled. 
For read-only direct-access devices. the EBC bit is reserved. 

A Write Protected (WP) bit of zero indicates that the medium is write 
enabled. A WP bit of one indicates that the medium is write 
protected. For read-only direct-access devices. the WP bit is 
r:eser:ved. 

The Block Descriptor Length specifies the length in bytes of the Block 
• Descriptor. It is equal to the number of bytes in the Block Descriptor: 
a (0) and does not include the page headers and mode parameters. if 
• any. CDC products will send one Block Descriptor per LUN. 
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Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Number of 
Blocks and a Block Length. 

. 
The Number of Blocks field indicates the number of logical blocks 
that have the block lenqth specified in the Block Descriptor. The 
Block Length field indicates the length in bytes of each logical 
bloclc 

•• TABLE 12-9. MODE SENSE PAGE DESCRIPTOR HEADER 

BITI 7 I 6 5 4 3 2 l 0 
BYTE I , I 

0 I PS I 0 Page Code 
l I Page Lenqth 

2-n I Mode Parameters 

~ Each page of mode parameters (for the MODE SENSE command) begins with 
a a two byte Page Descriptor Header. The Page Code identifies which 
a page of mode parameters is being transferred. The Page Length 
s indicates the number of additional bytes of mode parameters being sent 
a by this target. Multiple pages of mode parameters may be transferred / 

I m in one MODE SENSE data in phase (using page code 3FH). 

! a The Parameters Saveable (PS) bit, when set to one. indicates.that the 
I • page contains Saved parameters. Since the support of Saved values is 
l • optional. refer to individual product specifications to see which 
I a parameters are saved. When the PS bit is set to zero, none of the 
I • parameters within the page are saved. 

a Since support for most mode parameters is optional. some CDC products 
• will return a Page Length that is shorter than the number of bytes 
• defined in this specification. 

Ae91<l R!!V. 2/113 CCC 
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•• TABLE 12-lO ERROR RECOVERY PAGE 

BITI 7 I 6 s 4 3 2 l 0 
BYTE I 

0 PS L 0 0 0 0 0 0 l 
1 Page Length 
2 AWRE ARRE TB I RC EEC PER DTE DCR 
3 Retry count 
4 Correction Span 

S-7 Reserved 

• The Automatic Write Reallocation of defective data blocks Enabled 
m (AWRE) pit. when set to one. allows the target to automatically 
• relocate bad blocks detected durinq write operations. This function 
• doesn't apply to the FORMAT UNIT command. When set to zero. the 
a target shall not perform automatic reallocation but shall create the 
a CHECK CONDITION Status with Sense Key of MEDIUM ERROR instead. 

a The Automatic Read Reallocation of defective data blocks Enabled 
• (ARRE) bit. when set to one. allows the target to automatically 
u relo~ate bad blocks detected during read operations. When set to 
• zero, the target shall not perform automatic reallocation but shall 
1111 create the CHECK CONDITION Status wit.ti Sense Key of MEDIUM ERROR 
• instead. 

a The Transfer Block (TB) bit. when set to one. indicates that the 
a failing data block shall be transferred to the initiator. 
• When set to zero. the failing data block shall not be transferred. 

111 The Read Continuous (RC) bit. when set to one. requests the target to 
111 transfer the requested data length without adding delays (for retries 
• or ECC correction) that may be required to ensure data integrity. 
a The target may send data that is erroneous in order to maintain the 
11 continuous flow of data. This bit shall override the DTE bit if it 
m is set. When set to zero. recovery actions during data transfer are 
11 allowed. 

a The Enable Early Correction (EEC) bit. when set to one. allows the 
a target to apply ECC correction as soon as possible. before the retry 
• count is exhausted. Seek error retries are not affected by this bit. 
• When this bit is set. the DCR bit must be zero. When the EEC bit is 
• set to zero. the target shall exhaust the retry count before applying 
• ECC correction. 

• The Post Error (PER) bit, when set to one. indicates that the target 
• will .report CHECK CONDITION status and appropriate Sense Key for any 
• .recovered errors encountered. Reportinq of unrecoverable errors will 
• have p.ciority over Reporting of recoverable errors. When set to 
u zero, any errors recovered within the limits established by the other 
• Error Recovery Flags will not be reported. Any unrecoverable errors 
• will still be reported. 
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• The Disable Transfer on Error (DTE) bit is only valid when the PER bit 
• is also set to one. When the DTE bit is set to one. it indicates 
• that the target will terminate data transfer even for recoverable 
• errors. The setting of the TB bit determines whether the block in 
• error will be transferred. When DTE is set to zero. data transfer 
• will continue if recoverable errors are encountered. If the PER bit 
• is one and the DTE bit is zero, recoverable errors will be reported 
• after all data has been transferred. 

• The Disable Correction (DCR) bit. when set to one. indicates that ECC 
• correction shall not be applied to the data even if correction is 
• possible. When set to zero. ECC correction shall be applied if 
• correction is possible. · 

• The Retry Count is the maximum number of times that the target should 
• attempt its read recovery algorithm. 

• The Correction Span is the size of the largest read data error. in 
• bits. on which ECC correction may be attempted. Data errors longer 
• than this span will be reported as unrecoverable errors. 

• • 
• • • • 

•• TABLE 12-ll DISCONNECT/RECONNECT CONTROL PARAMETERS 

BIT! 7 6 5 4 3 2 l 
BYTE 

0 PS 0 0 0 0 0 l 
l Page Length 
2 Buff er Full Ratio 
3 Buff er Empty Ratio 
4 Bus Inactivity Limit (MSB) 
s Bus Inactivity Limit CLSBl 
6 Disconnect Time Limit CMSB) 
7 Disconnect Time Limit (LSB) 
8 Reserved (always zeros) 
9 Reserved (always zeros) 

Both the ratio parameters are the numerator of a fractional 
multiplier that has 256 as its denominator . 

0 

0 

The Buffer Full Ratio indicates. on READ commands. how full the 
tarqet's buffer shall be prior to reconnectinq. Targets that include 
a larger qranular buf.f er block size shall round down to the nearest 
whole buffer block • 

The Buffer Empty Ratio indicates. on WRITE commands. how empty 
the tarqet•s buffer shall be prior to ieconnectinq-to fetch more 

/' 

• • • • 
data. Ta.:gets that include a larger qranular buffer block size shall(, 
round up to the nearest whole buffer block. ·.) 

..·' 

~d9H REV. 2183 CCC 
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• The Bus Inactivity Limit field (bytes 4 and 5) indicates the time. 
m in lOO microsecond increments. that the target is allowed to assert 
m the BUSY signal without handshakes until it shall disconnect. The 
• target may round down to its nearest capable value. A value of zero 
m indicates that the target is allowed· to maintain the bus busy 
m indefinitely without handshakes. 

• The Disconnect Time Limit field (bytes 6 and 7) indicates the time, 
• in lOO microsecond increments. that the target shall remain disconnected 
• until it shall attempt to reconnect. The target may round down to 
• its nearest capable value. A value of zero indicates that the target 
m is allowed to reconnect immediately. 

I a For Page Code 3FH. all pages supported by the target will be 
I • returned. Some paqe codes may be supported for one PCF value (for 
I • example, Default) but may not be supported for anothe~ PCF VALUE (for 
I a example. Changeable). However. a Default value and a Current value 
l m is required for all supported parameters. 
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12. 2 . Group l Commands f o.c Write-Once Read-Multiple Devices 

• 

• 

• 

• • 

The Group l commands for write-once .cead-multiple devices shall be as 
shown in Table 12-13. 

TABLE 12-13. GROUP l COMMANDS FOR WRITE-ONCE READ-MULTIPLE DEVICES 

OPERATION 
CODE TYPE 

20H 
21H 
22H 
23H 
24H 
25H 
25H 
27H 
28H 
29H 
2AH 
2BH 
2CH 
2DH 
2EH 
2FH 
30H 
3lH 
32H 
33H 
34H 
3SH 
36H 
37H 
38H 
39H 
3AH 
3BH 
3CS 
3DH 
3EH 
3FH 

R 
R 
R 
R 
R 
M 
R 
R 
M 
R 
M 
M 
R 
R 
0 
0 
0 
0 
0 
R 
R 
R 
R 
R 
R 
0 
0 
M 
M 
R 
R 
R 

COMMAND NAME 

READ CAPACITY 

READ EXTENDED 

WRITE EXTENDED 
SEEK EXTENDED 

WRITE AND VERIFY 
VERIFY 
SEARCH DATA HIGH 
SEARCH DATA EQUAL 
SEARCH. DATA LOW 

COMPARE 
COPY AND VERIFY 
WRITE DATA BUFFER 
READ DATA BUFFER 

key: (Type definitions are defi-ned in 6.1.2). 
M • Command implementation is mandatory. 
o • Command implementation is optional. 

SECTION 

8.2.l 

12.2.l 

12.2.2 
8.2.4 

12.2.3 
12.2.4 
12.2.S.l 
i2.2.s.2 
12.2.5.3 

12.2.5 
12.2.6 
7.2.3 
7.2.4 

R = Operation code is reversed for future standardization. 

•6911 ~EV. :!193 CCC 
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12.2.l READ EXTENDED Command (28H) 

Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 

Operation Code Type: Mandatory 

TABLE 12-14. READ COMMAND 

BIT 7 6 5 .I 4 3 I 2 
BYTE I I 

0 0 0 l 0 l 0 
l Logical Unit Number: 0 0 0 
2 Logical Block Address (MSBl 
3 Logical Block Address 
4 Logical Block Address 
5 Logical Block Address (LSBl 

l 

0 
0 

0 

0 
0 

I 
I 
I 
I 
I 
I 
I 
I 

6 0 0 0 0 0 0 0 0 _I 

( 

7 Transfer Length po!SB} 
a Transfer Length (LSBl 
9 0 0 0 0 0 0 Flag: Link 

The READ command (Table 12-14) requests that the target transfer data 
to the initiato.c from the medium. 

The Logical Block Address specifies the logical block at which the 
r:ead operation shall begin. 

The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no data shall be transferred. This condition shall 
not be considered as an error. Any other value indicates the number 
of logical blocks that shall be transferred. 

This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.1.8) exists and no 
data shall be transferred. 

A8914 ?!!Y. 2fl3 CDC 

I 
I 
I 
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If any of the following conditions occur. this command shall be 
terminated with a CHECK CONDITION status and. if extended sense is 
·implemented. the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 

CONDITION 
Invalid Logical Block Address 

Target reset or medium change since 
the last command from this initiator 

Overrun or other error that might 
be resolved by repeating the command 

Attempt to read a blank or previously 
unwritten block 

NOTES: 

SENSE KEY 
ILLEGAL REQUEST (see note l) 

UNIT ATTENTION 

ABORTED COMMAND 

BLANK CHECK (see note 2) 

1. The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. · 

2. The extended sense Information Bytes shall be set to the 
Logical Black Address of the first blank block encountered . 

. The data read up to that block shall be transferred . 

• M9H "EV. 2183 CDC 
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l2.2.2 WRITE EXTENDED Command (2AU) 

Peripheral Device Type: 
Operation Code Type: 

Write-Once Read-Multiple 
Mandato.i::y 

REV 
DATE 
PAGE l97 

TABLE 12-lS. WRITE EXTENDED COMMAND 

BITI 7 6 s 3 2 l 
BYTE 

0 0 0 
l Logical Unit Number I o o o o 
2 Logical Block Address {MSB) 
3 . .I Logical Block Address ! __ ~ogical Block Address 

0 

0 
0 

s 
6 

_ J 
! 

Logical Bl qc k Address .!J:...§.E.,..._ ________ _ 
0 0 o o o o_~ ____ o _______ ~_o __ _ 

7 L..............~~~~~--~~T.:..::..r--~a;n~s~f~e~r--=L~e~n~g~t~k~1-i..:{~~S~B""'""')--~ 
_!L__L___ Transfer Length (LSBL ... 

9 L __ o _o _o o _o_____ o_ Flaa Link 

The WRITE comm.and (Table 12-15) requests that the target write the 
data transferred from the initiator to the medium. 

The Logical Block Address specifies the logical block at which the 
write operation shall begin. 

The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Ttansfer Length of zero 
indicates that no data shall be ttansfecrad. This condition shall 
not be considered as an error and no data si1all be written.. Any 
other value indicates the number of logical blocks that shall be 
trari.sf erred. 

This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.l.8) exists and no 
data shall be written. 
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If any of the following conditions occur, this command shall be 
tecminated with a CHECK CONDITION status and. if extended sense is 
implemented, the Sense Key shall be set as indicated in the followinq 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 

CONDITION -
Invalid Logical Block Address 

Target reset or medium change since 
the last command from this initiator 

Overrun or other error that might 
be resolved by repeating the command 

Attempt to write a previously 
written block and blank checking is 
enabled (see 12.l.3) 

NOTES: 

SENSE KEY 
ILLEGAL REQUEST (see note l) 

UNIT ATTENTION 

ABORTED COMMAND 

BLANK CHECK (see note 2) 

l. The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. 

2. The extended sense Information Bytes shall be set to the 
Loqical Block Address of the first non-blank block 
encountered. 

(() 

V.· 
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12.2.3 WRITE AND VERIFY Command (2EH) 

Petipheral Device Type: 
Operation Code Type: 

Write-Once Read-Multiple 
Optional 

TABLE 12-16. WRITE AND VERIFY COMMAND 

BITI 1 I 6 5 4 3 2 

SPEC 64721700 
CD 9 
REV 
DATE 
PAGE 199 

1 0 I 
BY'l"E l __ I 

0 0 0 l 0 l l 1 Q. i 
l, Logical Unit Number l _o 0 0 1 BytChk! 0 I 
2 Logical Block Address ~MSB, I 
3 Logical Block Address I 
4 Logical Block Address I 
5 ·-· t.og:ical Block Address !LSB l. I 
6 0 0 0 0 0---9...._ 0 0 I 
7 TI: an.sf er Length !MSB) __ I 
8 Tra.nsf_~ Length ~LSBl 
9 0 _o .---9~ 0 0 ~_f_l:~g l _Link 

The WRITE AND VERIFY comm.and (Table 12-16) requests that the ta:cqet 
write the data transf er:ced from the initiator to the medium and then 
verify that the data is correctly written. 

A Byte Check (BytChk) bit of zero causes the verification to be 
simply a medium verification (CRC. ECC~ etc). A BytCbk bit of one 
causes a byte-by-byte compare of data written to the peripheral 
device and the data transferred from the initiator. If the compare 
is unsuccessful. the command shall be terminated with a CHECK 
CONDITION status and the Sense Key shall be set to MISCOMPARE. 

The Logical Block Address specifies the logical block at which the 
write operation shall begin. 

The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no logical blocks shall be transferred. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
shall be transferred. 

I 
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Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 

Operation Code Type: Optional 

TABLE l2-l7. VERIFY COMMAND 

BITt 7 6 5 4 3 2 l 0 
BYTE 

0 0 0 l 0 l i· l l 
l Logical Unit Number I 0 0 BlkVf:I! B:ItChkl 0 
2 Logical Block Address ~MSBl 
3 Logical Block Address 
4 Logical Block Address 
s Logical Block Address !LSB} 
6 0 0 0 0 0 0 0 0 
7 Verification Length 'MSBl 
a Verification Length !LSBl 
9 0 0 0 0 0 0 Flag I Link 

The VERIFY comm.and (Table 12-17) requests that the target verify the 
data on the medium. 

A Byte Check (BytChk) bit of zero causes the verification to be 
simply a medium verification (CRC. ECC. etc). A BytChk bit of one 
causes a byte-by-byte compare of the data on the medium and the data 
transferred from the initiator. The data shall be transferred as it 
would be for a WRITE command. If the compare is unsuccessful, the 
command shall be terminat~d with a CHECK CONDITION status and the 
Sense Key shall be set to MISCOMPARE. 

A Blank Verify (BlkVfy) bit of one causes a verification that the 
blocks are blank. 

The Logical Block Address specifies the loqical block at which the 
verify operation shall beqin. 

The Verification Lenqth specifies the number of contiquous loqical 
blocks of data or blanks that shall be verified. A Verification 
Lenqth of zero indica~es that no loqical blocks shall be verified. 
This condition shall not be considered as an error. Any other value 
indicates the number of loqical blocks that shall be verified. 

/ 
f 
\. 

... , • l>l!V. 2183 coc ;i .. H"lfe(f 1'1 U 5 I 
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12.2.S SEARCH DATA Commands (JOH. 3lH or 32H) 

Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and 
Read-Only Dir.ect Access 

Operation Code Type: Optional 

TABLE 12-18. SEARCH DATA COMMANDS 

Bit.I 
Byte 

7 6 s I 
I 

4 3 2 

0 0 0 l 1 0 0 
l Logical Unit Number I Invert! o o 
2 Logical Block Address (MSB) 
3 Lo~ical Block Address 

l 0 

x x 
SpnDatl O 

__.4~--~~~~~~~~~~L~o __ g_i_c_a_l.__.B~l-o_c_k..__.A_d~d_r.._eJLs-...~~--~~~--------~-
5 Logical _Block Address (L.§J}J 
6 o o a o o a 0 0 

_J_ Transser Length (MSBl 
8 Transfer Length {LSB) 
9 0 0 0 0 0 0 Fla.q J Link 

The SEARCH DATA commands (Table 12-18) search one or more logical 
blocks for equality or inequality to a data pattern. The concept of 
records within a logical block is used to allow multiple records 
within a logical block to be searched. 

An Invert bit of one indicates that the seaxeh condition is to be 
inverted. See 12.2.5.l through 12.2.5.3 for a description of the 
search conditions for the individual SEARCH DATA commands. 

A Spanned Data (SpnDat) bit of zero indicates that each record shall 
be wholly contained within a single block. Any space at the end of a 
block that is smaller than the record length is ignored by the SEARCH 
DATA commands. A SpnDat bit of one indicates that records span block 
boundaries. Thus. a record may start in one block and end in the 
next or a subsequent block. 

A Transfer Length of zero indicates that no data shall be searched. 
This condition shall be treated the same as an unsatisfied search. 
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A Link bit of zero indicates a nonlinked command and if the search 
is satisfied. the command shall be terminated with a CONDITION MET 
status. A REQUEST SENSE command can th.en be issued to determine 
the Logical Block Address and record offset of the matching record. 
If the search is not satisfied and no error occurs. the command 
shall be terminated with GOOD status. 

A Link bit of one indicates a command is linked to the SEARCH DATA 
command and if the search is satisfied. CONDITION MET status is 
returned and the next command is executed. If the RelAdr bit in 
the next command is one. the logical block address of the next 
command is used as a displacement.from the Logical Block Address at 
which the search was satisfied. If a·linked search is not 
satisfied. the command is terminated with a CHECK CONDITION 
status. A REQUEST SENSE command may then be issued. 

A REQUEST SENSE command following a satisfied SEARCH DATA command 
sh.all: 

(l) Return a Sense Key of EQUAL if the search was satisfied by an 
exact match. If the search was ·satisfied by an inequality then 
a Sense Key of NO SENSE shall be returned. 

(2) Return the Valid bit set to one. 

( 3) Return the ·Loqical Block ·Address of the lo,;;ical block 
containing the first matching record in tlJ Information Bytes. 

(4) Return the record offset of the matching record in the first 
four bytes of additional sense bytes. 

A REQUEST SENSE command followinq an unsatisfied SEARCH.DATA 
command shall: 

(l} Return a Sense Key of NO SENSE. if no errors occurred during 
the command execution. 

(2) Return the Valid bit set to zero. 

The SEARCH DATA parameter list (Table 12-14) contains a 
fourteen-byte header. followed by one or more search arqument 
descriptors. 
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TABLE l2-l9. SEARCH DATA PARAMETER LIST 

=B~v~t~e__.~~~~~~~---~~P~a~r_a=m~'t..~t~e_r __ L==i=s~t-=H~e~a~d~e~r--~~~~~~~~~~~~~I 
_Q ~~--~~~=L~o~g~i~c~a~l..._.R~e-.c~o_r~_d __ L=e~·=n~g~t-h.._.(~M=S~B~)..._~~~--~~~~~~! 
__ 1,____.~~~~~~~~~-L_o_g~i_c_a~~;:;;.,,,..;R"'-'~~0-r_d:::.-;L_e_n_q.t_h;;;.;;.... __ ~~~~~~~~--~~--I 

2 Logical Recor:d_Lengtll _I 
__ 3 t.o_g__t_cal R~cord Length (LSE) I 

4 First Record Offset CMSB) I 
_s First Record Off set I 

6 First Record Off set I 
7 First Record-Off set Ct.SB) I 
8 Numbe.c of Reco.cds (,MSB l I 
9 Number of Reco.cds I 

JO Number of Records I 
1 .... l-.__..._ __________ _.N_.u .... m .... b.._e.._r ....... o .... LReco rd s ( LSB) .1 
12,~--'--~~----~--~~~S~e==ar~h Argument Length (MSB ~! 
13 Search A.i;gument Length {LSB) __ I 
~~~~----~----~-~~-S~e~a_r_c_h~.~ment Descriptor(s} 

o ! Displacement CMSB} 

_.fr...___J ___ Dis :e 1 a cement 
3 I Displacement (t.SB) 
4 I PatterIL_Length (MSB) 

__ s __ __.l ______ ~~~----~~P ...... a~J:ern Length Ct.SB) 
6-n l Pattern 

The Logical Record Length field specifies the record lenqth in 
bytes. 

The First Record Off set field specifies the number cf bytes that 
shall be ignored in the first logical block before the search 
begins. The value in the First Record Offset field shall not 
exceed the length of the logical block. Subsequent logical blocks 
shall be.searched beginning with the first byte in the logical 
block. This permits one or more records to be skipped initially. 

The Number of Records field specifies the maximum number of records 
that shall be searched by this command. An unsatisfied search 
shall terminate when the Number of Records or the number of blocks 
(from the Command Descriptor Block) have been exhausted. 

The Search Argument Length specifies the lenqth in bytes of all the 
Search Argument Descriptors that follow. Since the Pattern Length 
can vary. the.re is no fixed multiple of the Search Argument 
Descriptor to determine the Search Argument Length. 

The Search Arqument Descriptors specify one or more search 
conditions to execute within a single cecocd in o.cder to satisfy 
the search. Each Search Argument Descriptot is made up of a 
Displacement# a Pattern Length. and a Pattern. 
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The Displacement field specifies the displacement in bytes of the 
first byte of the data to be compared from the start of the logical 
record. 

The Pattern Length field specifies the length in bytes of the 
pattern that follows. 

The Pattern specifies the data to compare to the logical record. 

12.2.5.l SEARCH DATA HIGH Command (JOH) 

The SEARCH DATA HIGH command shall be satisfied by the first 
logical record searched that contains data that satisfies all of 
the Search Argument Descriptor(s). lf the Invert bit in the 
Command Descriptor Block is z.ero. the Search Argument Descriptor(s) 
shall be satisfied by data in the logical record being greater than 
the data in the patt~rn. If the Invert bit is one. the Search 
Argument Descriptor(s) shall be satisfied by data in the logical 
record being less than or equal to the data in the pattern. (See 
12.2.5). 

12.2.s.2 SEARCH DATA EQUAL Command (3lH) 

The SEARCH DATA EQUAL command shall be satisfied by the first 
logical record searched that contains data that satisfies all of 
the Search Argument Descriptor(s). If the Invert bit in the 
Command Descriptor Block is zero. the Search Argument Descriptor(s) 
shall be satisfied by data in the logical record being equal to the 
data in the pattern. If the Invert bit is one. the Search Argument 
Descriptor(s) shall be satisfied by data in the logical record 
being not equal to the data in the pattern. (See 12.2.5). 

l2.2.5.3 "SEARCH DATA LOW Command (32H) 

The SEARCH DATA LOW command shall be satisfied by the first logical 
record searched that contains data that satisfies all of the Search 
Arqument Descriptor(s). If the Invert bit in the Command 
Descriptor Block is zero. the Search Argument Descriptor(s) shall 
be satisfied by data in the logical record being less than the data 
in the pattern. If the Invert bit is one. the Search Argument 
Descriptor(s) shall be satisfied by data in the logical record 
being greater than or equal to the data i~ the pattern. (See 
l2.2.S). 

Q . 
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12.2.6 COMPARE Command (39H) 

Peripheral Device Type: 
Operation Code Type: 

TABLE 

BITI 7 6 
~YTE .L_,_ 

All 
Optional 

12-20. 

5 

COMPARE COMMAND 

4 3 2 1 I 0 
I l 

0 I 0 0 1 l l 0 0 _1._I 
1 I Logical Unit Number J 0 0 0 0 0 I 
2 l 0 0 0 0 0 0 a 0 I 
3 I Parameter List Length !MSBl I 

_4 t Par_ameter List Length I 
5 I Parameter List Leng: th !LSBJ... I 
6 I 0 0 0 0 0 0 0 0 I 
7 I 0 0 0 0 0 0 0 a _I 
8 I 0 0 0 0 0 0 0 0 
9 l 0 a 0 0 0 0 I Flag Link 

The COMPARE command (Table 12-20) provides the means to compare 
data from one logical unit with another or the same logical unit in 
a manner similar to the COPY command. 

This command functions, in the same manner as the COPY command, 
except that the data from the source is compared on a byte-by-byte 
basis with the data from the destination. The parameter list 
transferred to the target is the same as for the COPY command. 
This parameter list contains the information to identify the 
logical units involved in the comparison and the length of the 
comparison. (See 7.1.4 for additional information abouc the COPY 
command.) 

If the comparison is unsuccessful, the command shall be terminated 
with a CHECK CONDITION status and the Sense Key shall be set to 
MISCOMPARE. The remaining fields in the extended sense shall be 
set as documented in the COPY command. 

I 
l 
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12.2.7 COPY AND VERIFY Command (3AH) 

Peripheral Device Type: 
Operation Code Type: 

All 
Optional 

TABLE 12-21. COPY AND VERIFY COMMAND 

BITI 7 6 5 4 3 2 
BYTE 

0 0 0 1 l 1 0 
l Logical Unit Number 0 0 0 
2 0 0 0 0 0 0 
3 Parameter Li.st Length (MSB) 
4 Parameter List Length 
5 Parameter List Length (T...SB) 
6 0 0 0 0 0 0 
7 0 0 0 0 0 0 
8 0 0 0 0 0 0 
9 0 0 0 0 0 0 

l 0 

l 0 
IBvtChk 0 

0 0 

0 0 
0 0 
0 0 

Flaa Link 

The COPY Ai.'ID VERIFY command (Table 12-21) performs the same 
function as the COPY command. except that a verification of the 
data written to the destination logical unit is performed after the 
data is written. The parameter list transferred to the target is 
the same as for the COPY command. This parameter list contains the 
information to identify the logical units involved in the copy and 
the length of the copy. (See 7.l.4 for additional information 
about the COPY command.) 

A Byte Check (BytChk) bit of zero causes the verification to be 
simply a medium verification (CRC, ECC. etc). A BytChk bit of one 
causes a byte-by-byte comparison of data written to the destination 
logical unit and the data read from the source logical unit. 

If the comparison is unsuccessful. the command shall be terminated 
with a CHECK CONDITION status and the Sense Key shall be set to 
MISCOMPARE. The remaining fields in the extended sense shall be 
set as documented in the COPY command • 

. Ae91' ~EV 2183 COC 
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13.0 COMMAND DESCRIPTIONS FOR READ-ONLY DIRECT-ACCESS DEVICES 

13.l Gtoup o Commands fat Read-Only Ditect-Access Devices 

Ill 

• 

• 
DI 

a 

• 
• 

The Gr:oup O comm.ands fot read-only direct-access devices shall be as 
shown in Table l3-l. 

TABLE l3-l. GROUP 0 COMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES 

OPERATION. 
CODE TYPE 

OOH 
OlH 
O:ZH 
03H 
04H 
OSH 
06H 
07H 
OSH 
09H 
OAH 
OBH 
OCH 
ODH 
OEH 
OFH 
lOH· 
llH 
l2H 
l3H 
l4H 
lSH 
16H 
17H 
lBH 
l9H 
lAH 
lBH 
lCH 
lDH 
lEH 
lFH 

M 
M 
R 
M 
R 
R 
R 
R 
M 
R 
R 
M 
R 
R 
R 
R 
R 
R 
M 
R 
R 
M 
'M 
M 
M 
R 
M 
0 
0 
M 
0 
R 

COMMAND NAME 

TEST UNIT READY 
REZERO UNIT 

REQUEST SENSE 

READ 

SEEK 

INQUIRY 

MODE SELECT 
RESERVE 
RELEASE 
COPY 

MODE SENSE 
START/STOP UNIT 
RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC I 

PREVENT/ALLOW MEDIUM REMOVAL 

key: (Type definitions are defined in 6.l.2). 
M = Comm.and implementation is mandatory. 
o = Command implementation is optional. 

'SECTION 

7.l.l 
8. l. l 

7.l.2 

l:Z.l.l 

8.l.6 

7. l. 3 

12. l. 3 
8. l. 8 
8.1.9 
7.l.4 

12.l.4 
8.1.l.l 
7.l.S 
7.l.6 
a.1.12 

R = Operation code is reversed for future standardization. 
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13.2 Group l Commands for Read-Only Direct-Access Devices 

• 

• 

1111 

• • 

· The Group l commands for read-only direct-access devices shall be as 
shown in Table 13-2. 

Table 13-2. GROUP l COMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES 

OPERATION 
CODE TYPE 

20H 
2lH 
22H 
23H 
24H 
2SH 
26H 
27H 
28H 
29H 
2AH 
2BH 
2CH 
2DH 
2EH 
2FH 
30H 
3lH 
32H 
33H 
34H 
3SH 
36H 
37H 
38H 
39H 
3AH 
3BH 
3CH 
3DH 
3EH 
3FH 

a 
R 
R 
R 
R 
M 
R 
R 
M 
R 
R 
M 
R 
R 
R 
0 
0 
0 
0 
R 
R 
R 
R 
R 
R 
0 
0 
M 
M 
R 
R 
R 

COMMAND NA..'IB 

READ CAPACITY 

READ EXTENDED 

SEEK EXTENDED 

VERIFY 
SEARCH DATA HIGH 
SEARCH DATA EQUAL 
SEARCH DATA LOW 

COMPARE 
COPY A.."ID COMPARE 
WRITE DATA BUFFER 
READ DATA BUFFER 

key: (Type definitions are defined in 6.l.2). 
M = Command implementation is mandatory. 
o = Command implementation is optional. 

SECTION 

8.2.l 

12.2.l 

B.2.4 

12.2.4 
12.2.5.l 
12.2.S.2 
12.2.S.3 

12.2.6 
12.2.7 
. 7.2.3 
7.2.4 

R = Operation code is reversed for future standardization. 

A6914 REV. 2f83 COC 
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l4.0 STATUS 

A status byte shall be sent from the target to the initiator during 
the STATUS phase at the termination of each command as specified in 
Tables l4-l and 14-2 unless the command is cleared by an ABORT 

• messaqe, by a BUS DEVICE RESET message. by a 11 hard 11 RESET condition. 
• or -by a catastrophic reset condition. 

• 

BITI 
BYTE I 
o I 

7 

0 

Bits 
7 6 5 
R 0 0 
R 0 0 
R 0 0 
R 0 0 

R 0 0 
R 0 0 
R 0 0 
R 0 0 

R 0 0 
R 0 0 
R 0 0 
R 0 0 

R 0 0 
R 0 0 
R 0 0 
R 0 0 

TABLE l4-l. STATUS BYTE 

6 , 5 4 3 2 

0 0 Status Byte Code 

TABLE 14-2. STATUS BYTE COOE BIT VALUES 

of S·tatus Byte 
4 3 2 l 0 StatusCes} Repcesented 
0 0 0 0 0 GCOO 
0 0 0 l 0 CHECK CONDITION 
0 0 l 0 0 CONDITION MET/GOOD 
0 0 l l 0 Reserved 

0 l 0 0 0 BUSY 
0 l 0 l 0 Reserved 
0 l l 0 0 Reserved 
0 l l l 0 Reserved 

l 0 0 0 0 INTERMEDIATE/GOOD 
1 0 0 l 0 Rese.cved 
l 0 l 0 0 INTERMEDIATE/CONDITION 
l 0 l l 0 Reserved 

l l 0 0 0 RESERVATION CONFLICT 
l l 0 l 0 Reserved 
l l l 0 0 Reserved 
l 1 l 1 0 Reserved 

Key: R - Reserved bit {always zero). 

l 0 

0 

MET/GOOD 



r.:n:::'.\ MAGNETIC rrnJrHE~l..S INC. 
~ r:::J aCcn!l'Oi a-~ 

ENGINEERING 
SPECIFICATION 

SPEC 64721700 
CD 9 
REV 
DATE 
PAGE 210 

r~ 
v ' ' 
~,' 

TWIN CITIES DISK DIVISION~--~~~~~~~~~~~-

A description of the status byte codes is given below: 

GOOD - This status indicates that the target has successfully 
completed the command. 

CHECK CONDITION - Any error. exception, or abnormal condition that 
causes sense data to be set. shall cause a CHECK CONDITION status. 
The REQUEST SENSE command should be issued following a CHECX 
CONDITION status. to determine the nature of the condition. 

CONDITION MET - The SEARCH DATA co~ands shall return this status 
whenever a search condition is satisfied. This status does not break 
a chain of linked commands. The logical block address of the logical 
block that satisfies the search may be determined with a REQUEST 
SENSE command. 

BUSY - The target is busy. This status shall be sent whenever a 
target is unable to accept a command from an initiator. The normal 
initiator recovery action is to issue the command again at a later 
ti!lle. 

INTER.."IBDIATE - This status shall be returned for every command in a 
series of linked commands (except the last command), unless an error, 
exception. or abnormal condition causes a CHECK CONDITION status or a 
RESERVATION CONFLICT status to be set. If this status is not 
returned. the chain of linked commands is broken: no further commands 
in the series are executed. 

RESERVATION CONFLICT - This status shall be retutned whenever an SCSI 
device attempts to access a logical unit or an extent within a 
logical unit that is reserved for -that type of access to another SCSI 
device. 

( .. 

I' 
\;4. .._,.v_, . 

~y .,., 
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APPENDIX A 

SCSI PROTOCOL ERROR HANDLING ~LOW CHARTS 
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Glossary of Flowchart Abbreviations 

ATTN ATTENTION signal on SCSI bus 
BDR BUS DEVICE RESET message 
BF BUS FREE phase 
CMD Command 
DISCON DISCONNECT message 
ERR CD Erro.z: Code in Request Sense byte 12 
HDWE ERR - HARDWARE ERROR Sense Key 
ID IDENTIFY message 

. IDE--~ INITIATOR DETECTED ERROR message 
LUN - Logical Unit Number 
MPE - MESSAGE PARITY ERROR message 
MR MESSAGE REJECT message 
MSG - Message 
NOOP NO OPERATION message 
PAR ERR Parity Error was detected during MESSAGE OUT phase 
RES - Any Reserved or unimplemented message code 

RP 
SDP -
STR -
U.A. 

(extended or non-extended) 
RESET POINTERS message 
SAVE DATA POINTER message 
SYNCHRONOUS DATA TRANSFER RREQUEST message 

Unit Attention condition 

3127-l 022lD · 

(() ' . 
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TO caitWID pH!S§ (B) 
I I I I 

I ABOR't (BP) I I I 
I I I ~ I t 

I I I I 
I l BpR 1--;;;;-1_ (BP) NO I ICl...Da om, DAV. I I 

I llO I l_l l'l'DI I MOO IS"ll'l'US nilS I __ (BP) I 
t l'ml I . I I Il!ll/t.tn1 I I 

SELEC'raD I I !p IPROCBSS ,_, I 
\ I IWM?PXI \ lT'.l.'l!I lm!l I usn I __ (BP) I 
\lnv_ I \ _I I I _ I 
\_ll'!SGI I OTHTm 1-g!I_ CBP) \_!l'fSOl_I /llBG. \ I 

t IQ!!!I I MBSSJIOl!S 1---11 t I!:'!!!! I I Stnm SDC I l_/RSSUI..'?\ OOM§/OIC I 
I <"ll I I 1_.m._I REQC.ll!ST 11 \osss I 
1 I IMl!SSlGa our! n.n. <BV> I I i !:!SSSAQ! ! I \_! 
I I {.PM l!RR) I RET.RX 1_amx_ ! I I 
I ISE~C! I I I I I 
I (•·u I I Io~+ hml·i_/~\_l!L_ (llil.") 
I I I I ~ L.LI \...i!lLI 
I .._ I I I xgs 

I I -=------! 
I I I 
I I {pg pR) l'IBSSllGa: I Fl\Il,. (Bl.') I 
I OUT Rftrl I Rl!:TR,l ' I 
I sgi;m:Ng___ I I I 
I \ '"4) I I 

llOt!?S: I + 
l. l'l5G OU'? may 11CC119t the nest complete 11111ssaqe ( l or 5 Bytes) or 

aay accept and buff er all masS&qe bytes avail&.bla wbile A'?lll 1.s asserted. 

2. Retry 1.s optional 1n these cues. If WtSS4CJGS are buffered; d1acllrd. 

3. 'nle llJSCi OUT retry sequence will insure that any buffered auaaqes ue 
diccarcled and that ATnl 1s false. 

4. 1-11 
1----1.l :tndicates a tran:smission to tne Host. 
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NOTS: POR ll.Y, ;t,Tm•s 
(PM !D) • Rima ONCB - (BP) 

(3) 
/A'l"nl 

_I DISCCll 11__..L_CBPl 
I I !'!BSSAGB 11 

/OIPP HOST i\ND 
ABOa'? 
BDR 
YOOP 

• ABOr.r - (BP) I DISCOll OIC (QUIUB QID) 
.. USB'l' - (BP) _1 Gft 9 I_ QI) DI I 
.. eotrrDM!: I I Pl:>RH ams I I PROCBSS _, 

I GBT lst I 
(Bl.__;I BYTS OP I 

I CC!7'NlD I 

_w_ 
'IDB .. ,_ - CCz) 
s-m .. ,. - <es> 
Piil • (C) 

110 arm I (2l I \ SMB HOST on 
/CQ91UJ) I 'Aft)J/ - I \ DISCCll YO'? OK 

I I// \I\ 
1 6 s?T!: 1 aBT s 1 + / 1 DIVN.ID 'HlL' no-'---' sn susx 1_1 TO snTUs 
\ CCl9WIO I l'!)R! sngs I \ \ l.uJI ? I \ I STATUS I \ PHASB 
\ I ,_, \ llO QID DI 

\PMI'.r! PMI'.r! ~ I 'XIS \ noass _1 m vum 
\KUQll aaat I I \ I \ aawro Pacczss 
\ I I \ I VlU.Il) calWID 

\ I ·1 '-' \ I I · \ 
\ I I \ DMU.II> CCMWID 
\ I I \ 
\ I I \ ISi'? . ,, \. _______ __._! Il..1..BGAl. I_ 

MPI .. ltma OUCI - (BP) 
m • Piil - CCz> 

I I Rl!QOBS'1' I 
I I sps1m1 

RBS .. D - (Cxl 

...ilL 
ms • RP - CB> 
S'fJt .. MR - <<:.c> 
KR .. MR - (Cz) 
MPS .. MR - (Cz) 
m •MR - CCzl 
ass .. • - <e:> 

..ill.. 
lDI .. M - CCzl 
STR .. Mil - (Cxl 
MR .. (M) 
MP!S • R8'12Y CtlCS - (BP) 
ID .. KR - CCzl 
RBS .. l'lll - (Cz) 

(Cl 

I 
I Cl> 
I I 
I /A'r!'JI 
I\ !!CS'?' ACC!P'!'S I iP 11 _L { B) 
I MSGS ' lsc imn 1...E..11 
I 
I 
I 
\ a'lD C'IPLT ONLY OR ---
\ Rm)C UUL?D I Sll'1' l__+_I sn CH8CIC l_/TO STATUS 

ll!pVI !RRI t ICCND ST?\'lUSI \pffASS: 
I 
I 

<<=x>-1 sr. SBNSB xzx 1_1 sir: 1_1 
l•Q'!PABCR'f (mcpj 

( 

\. 
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I SB'l' UP 
_I a.ZAR U.A. l_I U.A. 

I I PEN'DINO I I StDISB 
I I mm 

I Sft 
_I ama 1_1 '?O STA'1'US 

. , I CCHDinCll I \ PHASB 

I lltO 1BO I mm I 
J_/ SIDISS om 
I \ 

lilOT DIQUIRI lUID I 
I ' uo \SIDISS om 

tnlrt A'.ml I \ 
PIDIDDIO I \ 

I .-~~------~.J...---~-~' 'l'OCCf'JIVIHD I I I \ IDC£CUTION 
VJU.ID _1 lll!O DtSCOIOllCf UQUIUD Oil I 
CCflllUD \ DIQUIU Oil UNll' I DISCOWBC'! MSG lilOT 01t I 

\ A'l't'M lilOT PIDIDDIO I I 
\ I (D) 

\ 

....w.. 
mg .. - - <<::> 
S'ft .. - - <<::> 
1'lll .. (D) (DO llO'? DtsCOllllBC'!) 
JllPS • ltr:n OllC3 - (BF) 
m .... - <<::> 
US .. MR - (Cs) 

. ...lli.L 
ID& • Mil - (Cz) 

S'1'2 • - - <<::> 
1IR • MR - (BP) 
l'IPB • lBD! oalC3 - (BP) 
ID • MR - (<;:) 
HS• MR - (<;:) 

\ DlSCC'NllBC1' IBQUDBZ> lUm 
\DISC:aDIBC MSG Cit (6) 

\ I 
\ /'AftW 
\_JDUCCIDIBC'?i l-...:1--.. __ (BP) 

Im II 

(10) 
l'A.T'I:ll 

GCClD I 
JIBSSLIC'!IClll ---..---"Sl.ltm.m::'!'ai==..__ I tl)!Dl'1' 1 I _J_/ CCll'fDIUB 

\ I MSG II \ mtCll 
\ Sm.acrIOU 

\ l"ULBD 
\_ (BP) 
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_I 'all Wl'IL. I_/ 'ro STA'l"US 
DtSCOOINBC' I I WIT!!: o::l'!Pl.Zm) I \ PHAS8 

liO'l' AU.OWBD I 
. I 

I \ DISCOHNBC'!' ( 8) ( 8 l 
I \ M.1..CMm I I 
I \ /A'l!"nl l'A'?"::!il 
I \ _ I I 
I \_l SD.P 11 __ , _IOISCCNHBCTI ,_,_(BJ.Pl 
I I l..l§Ll.l I !'!SO ...J.l 
I I 

(7) I I DISCCIDIBa lU!TWU:tam> (8) 
I _l..J!2 I AHD A1.LOi1BD I 

/l\Tm I \ I -- I ;>.Tnf 
__ ! UQIV!l: DATA OU't j_....l ____ ..,.... ___ ---"I JICfl& \'as I . _l SDP I l_L_ 

I i (F'Rg! HOSil l \ DATA \ DATA 7 I \ OISCOUHlte? VO'? I 1..ll§SL.Ll \ 
t I PMIITY '-' \ UQUIJUm ca /SDP »DDtu> MID 1 
I I l!IDOl'il \. »Of w..oim.o I AOCN • L. !'!SGS CK ! 
I -L... \ I I 
l I \ \ I 
I I ur.r:n \..J!L_(C) \ C1D CCMP!.!rrS I 
I C 9') \ ? I \cm.,x lW..aaD I 
I I \_I \ I 
I I A"!"!:M I I I 
I on_I D I LL_ I m I I 
I I 1'!'SO li I -=L- 111.-r:w I I 
I I I JU> I l_L._ I I 
I I l~I I I I 
I + + + + 
'~~~~~~~~~-'--~~~~~~---'~~~~~~~~~~~~~~-'~~~~~~--' 

..ilL 
U)8 .. (1") 

STR .. MR - (Cx) 
MR • MR - (Cx) 
l'!Pll .. l'!R - ( Cx) 
ID .. MR - (Cg) 
US .. l'!R - (C:i;) 

.. 891& ?EV. Zl!l3 CCC 

(9 & 9') 

IDS: .. l'lR - (f:x) 
S'l'R + l'l!it - (C1i:) 
MB • (Cxl ca (Cx') 
l'!P8 .. Uft? ala - {BF) 
ID .. MR - (Cx) 
ll8S .. l'!ll - <Cxl 

..l§L 
Il)K .. M - (f:x) 
STll .. MR - (Cx) 
MR .. CCHTIWK 
l'!P!I .. RBTB.I ONC!: - (BP) 
m .. MR - CCx> 
us .. l'!R - <ex> 
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(12) {12) 
1 I 

/J.TrJI /At"!.'11 
_ I I 

'?'O _I SDP 11._L_(DlSCONNBC?l l..L.__CaP) 
1- STA'l'US I l...!§!..11 I MSG 11 
I PtlllS& I 

(ll) I I DlSC:OIOUIC!' REQUUm.> (12) 
I 1_..LJ!Q I lU!D M.1.0lif!:D I 

/A'm \ I - I A'l'Tlll 
<H> __ I saw Oii.TA n1 11~'---------·' MJRB \ .. m ... .I _I SDP II_!__ 

I I (W l!QSI) 11 \ DATA ? I \ l>l~BC'r 1'10'r I 1..1".SG_JJ \ 
t ,_, \ UQUIU:D Oil /st)p NUDEX> AND I 
I \ lW1' ~ I ACOM'!.. !'!SGS Olt I 
I \ I I 
I \ I 
I \ Q'll) <:n1Puml I 
I I u > \oan.x Al..l..Owtl I 
I I \ I 
I _ I A'1:f:JI I I 
I m_I mt iLL. I I 
I 1-llli!LI.I I I I 
I I I I 
I I I I 
I • + + 
'----~~------~--'--~~--~----~------~~~~--~~------'--~----~--........ ' 

_J.llL 
IDB ... (1) 

sra .. I'll! - <ex> 
MR • l'IR - (Cy) 
l'IPB .,. Mil - CCxl 
IJ) .. l'l!it - <11> 
us• g - CCxl 

iill_ 
IDB • Kil. - CCzl 
S'm • IC - (<;:) 
Piil .. (C'"'J:) 
l'IPI • RBTTl:'! OlllC3 •• (BF) 
1D .. MR - CCsl 
us .. Ml - ('it) 

.Jlll._ 
ID& ,. IGl - (Cii;) 

SD • Mii - <<=:> 
MR • (H) 
MPI • U'?n OHCS - (Bl') 
m .. Mii - <ex> 
us .. Mil - <e:c> 
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l Sft S'?ATUS I I !..INKED \ 
SV.'l'US_I (COOD, sun, j_/ CCl9WIO \_.,,""o __ _ 

I CHBCX I \ ' 'GQOI)' I 
I !T(;.2 I \ Rgsyt.T?/ 

I XIS 

1' 
l 
I 
I 
I 

(14) 
I 
I~ 

I 

I 

I SIT I I 
I Dmal!'llDIA"nl_l I 
I nm I I 

I 
I 

Cl5l I 
I I 

l>.'f:m I 
I I 

00_1 S1D1D 11 _ _.1 __ 1 smm 11 I I 
I sor ?!!SQ II I RP ?!SQ 11 

...till.. 
ms .. !'Ill - CCHTDru& 
S'Cl • l'lll - COMTDIU8 
l'lll .. CCllTDIUB 
!'!PB • !lml1C OHCI - (Br) 
Ii> .. Mil - CCHTtllUI 
us .. l'lll - carr:DIU8 
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