














































































































































































































































































































































































































































































































Linked Commands 

• Last COB Byte (Control Byte): 

Bit 7 6 5 4 3 2 1 0 

Vendor 
Reserved Flag Link Unique 

• Flag bit is normally not supported (left over from early SCSI days). 
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Zatiian 'Iecfinowgies 

• Bus Free 

Linked Commands 
(Continued) 

• First Linked Command 
- Arbitrate 
- Select - ATN 
- Message Out (IDENTIFY) 
- Command (LINK COB Bit Set) 
- Data 
- Status (Intermediate) 
- Message In (Linked Command Complete) 

Octo6er 1/ 1992 228 



Zadian rreclinowgies 

Linked Commands 
(Continued) 

• Next Linked command(s) 
- Command (LINK COB Bit Set) 
- Data 
- Status (Intermediate) 
- Message In (Linked Command Complete) 

• Last Command 
- Command (LINK COB Bit Clear) 
- Data 
- Status (Good) 
- Message In (Command Complete) 

• Bus Free 
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• Optional Feature 

Linked Commands 
(Continued) 

• For Sending Multiple Commands Without Freeing the Bus 

• No Bus Free, Arbitration, and Selection Between Linked Commands 

• Use Link Bit in Last COB Byte to Link Commands 

• Intermediate (10h) Status and Linked Command Complete (OAh) Message 
Between Linked Commands 

• Other Status Terminates 110 Process 
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INITIATOR 

Memory 

COMMAND 

STATUS 

DATA 

Host Adapter Pointers 

H/A 
Pointers 

COMMAND 

STATUS 

DATA 

~ .-
SCSI 
Bus 

TARGET 

Buffer 

• Pointers are allocated by the host device driver and handed over to the host adapter. 
• Pointers move as bytes are transferred during the 110 process. 
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Command 

Status 

Host Adapter Pointers 
(Continued) 

Current (Active) Pointers 

Arbitration 
Selection 

Message Out 
After 

Command 
After 
Data 

Data : 

Zaiian %cfmofogies Octo6er 1, 1992 

After 
Status 
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Before 
Command 

Zadian Tecfmofogies 

Host Adapter Pointers 
(Continued) 

Command Pointer 

After 
Command 

Octo6er 1, 1992 

Restore 
Pointers 

Command 
Retransmit 
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Before 
Status 

Zatfian'Iecfinofogies 

Host Adapter Pointers 
(Continued) 

Status Pointer 

After 
Status 

Octo6er 1, 1992 

Restore 
Pointers 

Status 
Retransmit 
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Before 
Data 

Zadian Cfeclinofogies 

Host Adapter Pointers 
(Continued) 

After 
Some 
Data 

nt .---_--, 

Data Pointers 

Save 
Data 

Pointer 

DctoGer 1, 1992 

After 
More 
Data 

Restore Data 
Pointers Retransmit 
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Zatfian Teclinofogies 

Host Adapter Pointers 
(Continued) 
Summary 

• Pointer Set: 
- Command, Status, and Data 

• Save Data Pointer: 
- Saved Data Pointer = Current Data Pointer 

• Restore Pointers: 
- Current Data Pointer = Saved Data Pointer 
- Current Command Pointer = Starting Command Pointer 
- Current Status Pointer = Starting Status Pointer 

• Sample Pointers in 'C': 
unsigned char *current_data_ptr; 
unsigned char *saved_data_ptr; 
unsigned char *command_ptr; 
unsigned char *statusJltr; 

• One set of Pointers per 1/0 Process. 
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Bus Free 

Bus Free 

Bus Free 

Bus Free 

Zacfian rrecfmo{ogies 

Arbitration 

Host Adapter Pointers 
(Continued) 

Selection - ATN 

Arbitration 

Message Out - Identify 
Command 
Data 
Message In - Save Data Ptrs 

- Disconnect 

LU N + Disconnect Allowed 

Reselection 

Arbitration 

Message In - Identify LU N + implicit Restore Pointers 
Data 
Message In - Save Data Ptrs 

- Disconnect 

Reselection 
Message In - Identify LUN + implicit Restore Pointers 
Data 
Status 
Message In - Command Complete 
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Host Adapter Pointers 
(Continued) 

Write Example 
• Assume iid = 6, tid = 4, LUN = 0, and Disconnection allowed - only initiator is 
arbitrating durning Connection and only target is arbitrating during Reconnection. 

• What are the D'ata Bus contents in hex in all phases except command and data? 

Bus Arb 
Sel Msg Out Cmd Data Msg In Msg In Bus 

f-J r-- ~ r-- ~ M I-J Disconnect I--Free (ATN) Identify LBA=12345h Out Save Data Ptr Free NB=ABCh 

Bus 
~ Arb f-J Resel f-f 

Msg In Data H Free Identify Out 
I Msg 1;,1 
Save Data Ptr L ___ .J 

.~ 
Msg In Bus 

Disconnect f-J 
Free 

1 
Implicit Restore Pointers 

Bus Arb Resel Msg In Status Msg In Bus 
~ I-- ~ ~ ~ 

Free Identify Good QnndQnplt Free 

1 
Implicit Restore Pointers 
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Host Adapter Pointers 
(Continued) 

Read Example 

• Repeat the exercise as in the previous page. 

Bus Arb 
Sel Msg Out Cmd --.j 

Free 
... ... 

(ATN) 
:.... 

Identify f-. 
'Msgini 
Save Data Pt L __ .J 

~ 

Bus ... Arb Resel Msg In Data Msg In 

Free 
... ~ 

Identify ~ In 
I-J Save Data Ptr -iI 

t 
Implicit Restore Pointers 

Bus Arb Resel Msg In Data Status 
Free 

... ... -iI 
Identify r--

In 
-iI 

Good 
-iI 

~ 
Implicit Restore Pointers 

Zaaian 'Tecfinofogies October 1, 1992 

Msg In 
-JI 

Bus 
Disconnect Free 

Msg In 
-JI 

Bus 
Disconnect Free 

Msg In ... Bus 
Cmnd Cmplt Free 
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• Message In 

• Message Out 

• Status 

• Sense Key 

Parity Error Handling 
SCSI Tools Used 

03h Restore Pointers 

05h Initiator Detected Error 
09h Message Parity Error 

02h Check Condition 

4h Hardware Error 
Bh Aborted Command 

• Additional Sense Code (ASC) - in byte 12 of the sense data 
43 h Message Error 
48 h Initiator Detected Error Message Received 
4Ah Command Phase Error 
4Bh Data Phase Error 
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Target 

Data Out Parity Error 

"".,. 

Zat{ian 'Ieclinowgies 

Parity Error Handling 
(Continued) 

During Data Out Phase 

.... Msg In 

Options 
,. Rest Ptrs 

Octo6er 1, 1992 

.10.. ,. 

III. ,. 

Data Out 
(Retransmit) 

Target 

"" 
... Parity Error 

Status = 02h 
Sense = Bh or 4h 
ASC = 4Bh 

"III ... 

Msg In 
OOh 

"",. 

Bus Free 
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Target 

Command 
Parity Error 

....... 

Zadian rrecfmoCogies 

Parity Error Handling 
(Continued) 

During Command Phase 

II.. 
Msg In 

,. Rest Ptrs 

Options 

Octover 1/ 1992 

... 
po 

... 

... 
po 

Command 
(Retransmit) 

Target 
Parity Erro r 

Options 

... ,.. 
Status = 02h 
Sense = Bh 
ASC = 4Ah 

~ 
Msg In 

OOh 

.... ,.. 

Bus Free ~ 
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Data In 

Zadian rrecfmowgies 

Initiator 
P 't an y 
Error 

II.. 

ATN r 

Parity Error Handling 
(Continued) 

During Data In Phase 

Msg Out ... Msg In 
Init Det Er r 

Rest Ptrs 

Options 

...... 

Octo6er 1, 1992 

H 

J 
r 

Data In 
(R etransmit) 

Initiator 
Parity Error 

"'III 
.. ATN 

Msg Out 
Init Det Er 

"'III 
". Options 

Status = 02h 
Sense = Bh or 4h 
ASC = 48h 

~ 
Msg In 

OOh 

... ,.. 

Bus Free L..t ., 
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Initiator 
Parity 

Status 
Error .. 
ATN ,. 

Zadian %clinowgies 

Parity Error Handling 
(Continued) 

During Status Phase 

Msg Out .. Msg In 
Init Det Er Options 

,. Rest Ptrs 

Status = 02h 

.110. ,. Status 
(Retransmit) 

Initiator Initiator 
Parity Parity 
Error Error 

... ,. l Msg In 
H Sense = Bh or 4h Rest Ptrs ATN 

ASC = 48h .... ,.. 
No Msg Out 

Parity Init Det Er 
Error 

.... ,., 
Msg In 

OOh 

.... ." 

.... .... ... J Bus Free ... , 
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I .. nltlator 

Msg In 
Parity Error 

... ,. 
ATN 

Zaaian'Teclinowgies 

Parity Error Handling 
(Continued) 

During Message In Phase 

Msg Out ... 
Msg Par Er Options 

,.. 

"II1r-

October 1, 1992 

Msg In 
(Retransmit last complete msg) 

Initiator 
Parity 
Error 

ATN 

... ,.. 

Msg Out 
Msg Par Er 

'11,.-

... Bus Free ,.. 
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Parity Error Handling 
(Continued) 

During Message Out Phase 
Target Target: Stay in Msg Out 

Parity Error Initiator: Re-assert ATN 
r---===:--~t------.t~ (Retransmit complete set of messages from 

.---~... Msg Out 
r ATN 

L..--__ --l1 Target 
ATN Parity Error 

Zadian tfeclinoCogies 

ATN last Message Out phase) 

Options 

Target 
Parity 

""II'" Error 

Options 

Status = 02h 
Sense = Bh 
ASC = 43h 

+ 
Msg In 

OOh 

,. 

1..---------", Bus Free "'~ __ --l 
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iii... 
r 

Parity 
Error 

Handling 
Options 

Zaaian rrecfmofogies 

Parity Error Handling 
(Continued) 

General Summary 

Finish successful .. Status 
Restransmit the 1/0 .. ~ " " OOh 

Process 

unsuccessful 

Options 

.. .. 
" Status " 

02h .. 
" 

Octo6er 1, 1992 

Msg In .. 
OOh " 

.... 

" Bus 
Free 

.. 
Msg In " 

OOh 

.. 
" 
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Index 

Track 1 

Sectors 

Head 

Zadian fJ'eclinofogies 

First Sector Up (Zero Latency) 

Buffer 

0 
1 
2 
3 
4 
5 
6 
7 

Seek to 0 
Read 0-7 
Return 0-7 

October 1, 1992 

Buffer 

4 
5 
6 
7 
0 
1 
2 
3 

Read 4-7 
Read 0-3 
Return 0-7 

I~" 

Buffer 
Modify 

4 
5 
6 
7 M odify 

0 
1 
2 
3 

"",.. 

Modify Data Ptrs 
Read 4-7 
Return 4-7 
Modify Data Ptrs 
Read 0-3 
Return 0-3 
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First Sector Up (Zero Latency) 
(Continued) 

Zero Latency Without Modify 

Example: Read full track (Blocks O-N), landing on Block X-1. 

Bus Free 
Arbitrate 

Select (ATN) 

Bus Free 

Zaiian 'Ieclino[ogies 

Message Out - Identify 
Command 

Read Blocks X to N into Buffer 
Data (Blocks O-N) Read Blocks 0 to X-1 
Status 
Message In 

Octooer 1, 1992 249 



First Sector Up (Zero Latency) 
(Continued) 

Modify Data Pointers 

Example: Read Full Track (Blocks O-N), landing on Block X-1. 

Bus Free 
Arbitrate 

Bus Free 

Select (A TN) 
Message Out 
Command 
Message In 
Data 
Message In 
Data 
Status 
Message In 

Identify 

Modify Data Pointers 
(Blocks X to N) 
Modify Data Pointers 
(Blocks 0 to X-1) 
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OB __ 

REQ 

ACK 

Synchronous REOI ACK Handshake 
Data In 

I+- PERIOD-..I 

~ ~ ~ ~ 
A N 

I~ OFFSET ~I 

I I 
~ ~~ 

A 

• A = Assertion Period (90 ns min), N = Negation Period (90 ns min) 
• DB valid for Skew (10 ns) + Deskew (45 ns) Delay before REO 
• DB valid for Skew (10 ns) + Deskew (45 ns) + Hold Time (45 ns) after REO 
• Min period = 200 ns 
• Transfer Rate = 1/period, 5 MBPS max 

Zatlian rreclinoCogie.s Octo6er 1, 1992 

r 
~ 

N 
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Synchronous REal ACK Handshake 
(Continued) 

Data Out 

INITIATOR 

OD----------------------------

1.- PERIOD -.1 

R EQ __ I I 1 L..-l------.I 
~ A .~ N • 
I~ OFFSET ---------~I 

ACK ____________________________ ~ ~~r-
~ A • ~ N • 
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REO 

ACK 

Pending 
Bytes 

Synchronous REal ACK Handshake 
(Continued) 

Example with Offset 3 

012 345 6 7 8 9 10 11 12 13 14 15 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 2 2 33332 32 3 2 3 2 2 12 3 232323232323232 1 0 

Basic Rules: 
• REO is never ahead of ACK by more than the offset 
• ACK is never ahead of REO 
• Number of REO and ACK pulses must be equal at end of phase 
• Target doesn't change phase until all ACK pulses received 
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Initiator 

Memory DMA 

Offset =< FIFO Size 

Zatfian'Tecfinofogies 

Synchronous SCSI 
Hardware Implementation 

Target 

DMA 
SCSI SCSI 
Chip 

SCSI Chip 

Bus 

FIFO FIFO 

Octooer 1, 1992 

Buffer 
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I 

I 

I 

I 

I 

Zatfian Teclinologies 

Synchronous SCSI 
(Continued) 

How Bytes are Transferred 

Message·Out 
I Asynchronous 

Command 
I 

Asynchronous 

Synchronous or 
Data In/Out 

I Asynchronous 

Status 
I 

Asynchronous 

Message In 
I 

Asynchronous 
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Initiator or 
Target Starts 
Negotiation 

No need to 
negotiate again 

Zaiian %cfmofogies 

Synchronous SCSI 
(Continued) 

How to get into Synchronous 

Power-On or Reset 

Execute SCSI Commands Asynchronous 

Execute a Command 
With Negotiation Synchronous Data 

Subsequent Commands Synchronous Data 
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Synchronous SCSI 
(Continued) 
Summary 

• Synchronous is optional, default is asynchronous 
• Command, status, and messages are transferred asynchronously 
• Data In/Out May be Synchronous (Optional) or Asynchronous (Mandatory) 
• Typical Asynchronous Data Rate = 3-4 MByte/Sec 
• Max Synchronous Data Rate = 5 MByte/Sec 
• Typical offset 8-16 
• Negotiation is needed to use synchronous 
• Negotiation: 

- Exchange Extended Messages 
- Agree On Period (Data Rate) and Offset 
- Invalidated by Power Recycle or Reset 
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· Synchronous Negotiation 
Multi-Initiator Multi-Target Negotiation Example 

Initiator Initiator 
Synchronous 

Asynchronous (offset, period) 
(7, 250ns) 

Target Asynchronous (7, 250ns) 
8, 200ns 

Target Asynchronous Asynchronous 
Asynchronous 

Target Asynchronous (6, 300ns) 
(6, 300ns) 

Target Asynchronous (5, 250ns) 
(5, 200ns) 
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Synchronous Negotiation 

ATN 

ATN 

Initiator 
Negotiation 

Bus Free 

Arbitration 

1---DATA ----, 
L____ _ ___ -.J 

Status 

Message In 

Bus Free 

Zaaian rreclinofogies 

(Continued) Ne~~~T:'~on 

initiator's period target's period 
and offset and offset 

slower period slower period 
and offset and offset 

October 1, 1992 

Bus Free 

Arbitration 

Selection 

Message Out 
Identify 

1--- DATA ----, 
L____ _ ___ -.J 

Status 

Message In 

Bus Free 

ATN 

ATN 

ATN 
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Zaaian 'Teclinofogies 

Synchronous Negotiation 
(Continued) 

Synchronous Negotiation Message 

Byte Value Description 

0 01h Exte~ded Message 

1 03h Extended Message Length 

2 01h Synchronous Data Transfer Request Code 

3 m Period/4 nanoseconds 

4 x Offset 
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• Offset 

Synchronous Negotiation 
(Continued) 

A Few Reminders 

OOh = Asynchronous 
FFh = Infinite (memory is fast enough to keep up with synchronous) 

• Message Reject reply results in Asynchronous 

• Negotiation agreements are invalidated by power cycle and hard reset 

• Negotiation with every Inquiry and Request Sense Command is Recommended. 
This protects against cases where the target reverts to asynchronous after Reset 
or power cycle, while the initiator is synchronous based on previous negotiation 
with that target. 
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Supported Periods 

Agreement 

Transmit at 

Can Receive at up to 

Zatfian 'TecfinoCogies 

Synchronous Negotiation 
(Continued) 

Example 

Device A Device B 

200,300,400 250,350,450 

250 250 

300 250 

200 250 
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Zacfian rreclinoCogies 

Fast Bus 

• Synchronous Transfer with Periods of 100-196ns. 

• Assertion and Negation Periods of 30ns. 

• Up to 10 MBPS Over 8-Bit Bus. 

• Synchronous Transfer Negotiation Needed. 

• Single-ended Implementation Recommendations: 
- max cable length of 3 meters. 
- active negation drivers for REO, ACK, and DB. 
- active terminators. 
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Phase 

Bus Free-RST 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zeu{ian 'Iecfmofogies 

Sample Phase Sequences 

Test Unit Ready After Reset 

Data Bus (hex) 

10 
50 
80 
00 00 00 00 00 00 
02 
00 

Octo6er 1, 1992 

Notes 

Bus Reset 

iid 4 
iid 4, tid 6 
Identify 
Test Unit Ready 
Check Condition 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data In 

Status 
Message In 

Bus Free 

Zatfian'TecfinofOgies 

Sample Phase Sequences 
(Continued) 

Request Sense 

Data Bus (hex) Notes 

10 iid 4 
50 iid 4, tid 6 
80 Identify 
03000000 FFOO Request Sense 
70 00 06 00 00 00 00 OA Unit Attention 
00 00 00 00 29 00 00 00 Power On or Reset 
0000 
00 Good 
00 Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data In 

Status 
Message In 

Bus Free 

Zcu£ian rrecfmofogies 

Sample Phase Sequences 
(Continued) 

Request Sense 

Data Bus (hex) Notes 

10 iid 4 
50 iid 4, tid 6 
80 Identify 
03 00 00 00 FFOO Request Sense 
70 00 00 00 00 00 00 OA No Sense 
00 00 00 00 00 00 00 00 
0000 
00 Good 
00 Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zcufian'Ieclinowgies 

Sample Phase Sequences 
(Continued) 

Test Unit Ready 

Data Bus (hex) 

10 
50 
80 
00 00 00 00 00 00 
00 
00 

Octover 1, 1992 

Notes 

iid 4 
iid 4, tid 6 
Identify 
Test Unit Ready 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data In 
Status 
Message In 

Bus Free 

Zaaian 'Iecfmofogies 

Sample Phase Sequences 
(Continued) 

Inquiry (Pending Unit Attention) 

Data Bus (hex) 

20 
60 
80 
12 00 00 00 08 00 
000001 01 70000000 
00 
00 

October 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Inquiry 
Inquiry Data 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zatfian %cfmoCogies 

Sample Phase Sequences 
(Continued) 

Test Unit Ready (Pending Unit Attention) 

Data Bus (hex) 

20 
60 
80 
00 00 00 00 00 00 
02 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Test Unit Ready 
Check Condition 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data In 
Status 
Message In 

Bus Free 

Zaaian rreclinowgies 

Sample Phase Sequences 
(Continued) 

Request Sense 

Data Bus (hex) 

20 
60 
80 
03 00 00 00 06 00 
70 00 06 00 00 00 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Request Sense 
Unit Attention 
Good 
Command Complete 

270 



Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zatfian'Ieclinofogie.s 

Sample Phase Sequences 
(Continued) 

Test Unit Ready 

Data Bus (hex) 

20 
60 
80 
00 00 00 00 00 00 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Test Unit Ready 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zcu{ian 'Teclinofogies 

Sample Phase Sequences 
(Continued) 

Test Unit Ready (With Identify) 

Data Bus (hex) Notes 

iid 5 
iid 5, tid 6 

20 
60 
CO 
00 00 00 00 00 00 
00 

Identify - Disconnect allowed 
Test Unit Ready 
Good 

00 Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Status 
Message In 

Bus Free 

Zaaian 'Tecfinofogies 

Sample Phase Sequences 
(Continued) 

Seek 

Data Bus (hex) 

20 
60 
80 
DB 00 00 00 00 00 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Seek 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data Out 
Status 
Message In 

Bus Free 

Zatfian rreclinofogies 

Sample Phase Sequences 
(Continued) 

Write (No Disconnect) 

Data Bus (hex) 

20 
60 
80 
DADO 00 00 01 00 
xx xx xx .... 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Write 
Data Bytes 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data Out 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Status 
Message In 

Bus Free 

Zatfian fJ'ecfinowgies 

Sample Phase Sequences 
(Continued) 

Write (With Disconnect) 

Data Bus (hex) 

20 
60 
CO 
OA0000000100 
xx xx xx .... 
04 

40 
60 
80 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify - Disconnect allowed 
Write 
Data Bytes 
Disconnect 

tid 6 
iid 5, tid 6 
Identify 
Good 
Command Complete 
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Phase 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data Out 
Message In 
Message In 

Bus Free· 
Arbitration 

Reselection 
Message In 
Data Out 
Message In 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Status 
Message In 

Bus Free 

Zadian rreclinowgies 

Sample Phase Sequences 
(Continued) 

Write (With Disconnects) 
Data Bus (hex) 

20 
60 
CO 
OA 00 00 00 64 00 
xx xx xx ... 
02 
04 

40 
60 
80 
xx xx xx ... 
02 
04 

40 
60 
80 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify - Disconnect allowed 
Write 
Data Bytes 
Save Data Ptrs 
Disconnect 

tid 6 
iid5, tid 6 
Identify 
Data Bytes 
Optional Save Data Ptrs 
Disconnect 

tid 6 
iid 5, tid 6 
Identify 
Good 
Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data In 
Status 
Message In 

Bus Free 

Zat[ian rreclinowgies 

Sample Phase Sequences 
(Continued) 

Read (Without Disconnect) 

Data Bus (hex) Notes 

20 iid 5 
60 iid 5, tid 6 
80 Identify 
08 00 00 00 01 00 Read 
xx xx xx .... Data Bytes 
00 Good 
00 Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Data In 
Status 
Message In 

Bus Free 

Zatfian tJeclinofogies 

Sample Phase Sequences 
(Continued) 

Read (With Disconnect) 

Data Bus (hex) 

20 
60 
CO 
08 00 00 00 01 00 
04 

40 
60 
80 
xx xx xx .... 
00 
00 

Octo6er 1, 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify - Disconnect allowed 
Read 
Disconnect 

tid 6 
iid 5, tid 6 
Identify 
Data Bytes 
Good 
Command Complete 
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Phase 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Data In 
Message In 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Data In 
Status 
Message In 

Bus Free 

Zcufian rreclinoCogies 

Sample Phase Sequences 
(Continued) 

Read (With Disconnects) 
Data Bus (hex) Notes 

20 iid 5 
60 iid 5, tid 6 
CO Identify - Disconnect allowed 
08 00 00 00 64 00 Read 
04 Disconnect 

40 tid 6 
60 iid 5, tid 6 
80 Identify 
xx xx xx ... Data Bytes 
02 Save Data Ptrs 
04 Disconnect 

40 tid 6 
60 iid 5, tid 6 
80 Identify 
xx xx xx ... Data Bytes 
00 Good 
00 Command Complete 
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Phase 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Status 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Data In 
Status 
Message In 

Bus Free 

Zac£ian rreclinowgies 

Sample Phase Sequences 
(Continued) 

Read (With Multiple Initiators) 
Data Bus (hex) Notes 

30 iid 5, iid 4 
60 iid 5, tid 6 
CO Identify - Disconnect allowed 
08 00 00 00 20 00 Read 
04 Disconnect 

10 iid4 
50 iid 4, tid 6 
80 Identify 
08 Busy 
00 Command Complete 

50 iid 4, tid 6 
60 iid 5, tid 6 
80 Identify 
xx xx ... Data Bytes 
00 Good 
00 Command Complete 
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Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Data Out 

Message In 
Data Out 
Status 
Message In 

Bus Free 

Zaaian rrecfinofogies 

Sample Phase Sequences 
(Continued) 

Write (Data Out Parity Error) 

Data Bus (hex) Notes 

20 
60 
80 
OA 00 00 00 01 00 
xx xx xx ... 

iid 5 
iid 5, tid 6 
Identify 
Write 
Data Bytes 

03 
Target Detects Parity Error 
Restore Pointers 

xx xx xx ... 
00 
00 

Octo6er 1, 1992 

Data Bytes Again 
Good 
Command Complete 
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Phase 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection 
. Message In 
Data In 
ATN 

Message Out 
Message In 
Data In 
Status 
Message In 

Bus Free 

Zaaian fJ'edmofogies 

Sample Phase Sequences 
(Continued) 

Read (Data In Parity Error) 

Data Bus (hex) Notes 

20 iid 5 
60 iid 5, tid 6 
CO Identify - Disconnect allowed 
08 00 00 00 01 00 Read 
04 Disconnect 

40 tid 6 
60 iid 5, tid 6 
80 Identify 
xx xx xx ... Data Bytes 

Initiator Detects Parity Error 
05 Initiator Detected Error 
03 Restore Pointers 
xx xx xx ... Data Bytes again 
00 Good 
00 Command Complete 
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Phase 
Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Command 

Message In 
Command 
Data Out 
Message In 
Data Out 
Data In 
Status 
Message In 

Bus Free 

Zatfian rrecfinofogies 

Sample Phase Sequences 
(Continued) 

Vendor Unique Command (With Parity Errors) 
Data Bus (hex) 

20 
60 
80 
EO 00 00 01 01 00 74 80 

03 

Notes 

iid 5 
iid 5, tid 6 
Identify 
Vendor Unique CDB 
Target Detects Parity Error 
Restore Pointers 
Re-transmit CDB EO 00 00 01 01 00 74 80 

xx xx xx ... 
03 

Data Bytes, Target Detects Parity error 
Restore Pointers 

xx xx xx .. . Data Bytes again 
xx xx xx .. . Data Bytes 
00 Good 
00 Command Complete 
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Sample Phase Sequences 
(Continued) 

Test Unit Ready (Synchronous Negotiation) 

Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out-ATN 
Message Out-ATN 
Message In 
Command 
Status 
Message In 

Bus Free 

Zatfian rrecfinofogies 

Data Bus (hex) Notes 

20 
60 
80 
01 03 01 32 07 
01 03 01 3E 06 
00 00 00 00 00 00 
00 
00 

Octo6er 1, 1992 

iid 5 
iid 5, tid 6 
Identify 
Period = 200ns, offset = 7 
Period = 250ns, offset = 6 
Test Unit Ready 
Good 
Command Complete 
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Sample Phase Sequences 
(Continued) 

Test Unit Ready (Target-initiated Synchronous Negotiation) 

Phase 

Bus Free 
Arbitration 

Selection-ATN 
Message Out 
Message In 
Message Out-ATN 
Command 
Status 
Message In 

Bus Free 

Zatfian rrecfinowgies 

Data Bus (hex) Notes 

10 
50 
80 
01 03 01 3E 06 
01 03 01 3E 06 
00 00 00 00 00 00 
00 
00 

Octo6er 1, 1992 

iid 4 
iid 4, tid 6 
Identify 
Period = 250ns, offset = 6 
Period = 250ns, offset = 6 
Test Unit Ready 
Good 
Command Complete 

285 



Phase 
Bus Free 

Arbitration 
Selection - ATN 

Message Out . 
Command 
Data Out 
Message In 

Bus Free 
Arbitration 

Selection - ATN 
Message Out 
Command 
Data In 

Status 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Status 
Message In 

Bus Free 

Zac{ian rrecfinofogies 

Sample Phase Sequences 
(Continued) 
Copy Command 

Data Bus (hex) 

20 
60 
CO 
18 00 xx xx xx 00 
xx xx ... 
04 

40 
42 
CO 
28 00 xx xx xx xx 00 xx xx 00 
xx xx ... 

00 
00 

40 
60 
80 
00 
00 

Octo6er 1~ 1992 

Notes 

iid 5 
iid 5, tid 6 
Identify - Disconnect allowed 
Copy 
Data Bytes 
Disconnect 

iid 6 
iid 6, tid 1 
Identify - Disconnect allowed 
Read (or 2a - write) 
Data Bytes (or Data Out) 
Possible disconnect/reconnect 
Good 
Command Complete 

tid 6 
iid 5, tid 6 
Identify 
Good 
Command Complete 
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Phase 
Bus Free 

Arbitration 
Selection - ATN 

Message Out 
Command 
Status 
Message In 
Command 
Data In 
Status 
Message In 
Command 
Status 
Message In 

Bus Free 

Zadian 'Ieclinofogies 

Sample Phase Sequences 
(Continued) 

Linked Commands 

Data Bus (hex) 

10 
50 
80 
00 00 00 00 00 01 
10 
OA 
12 00 00 00 01 01 
00 
10 
OA 
00 00 00 00 00 00 
00 
00 

Octo6er 1, 1992 

Notes 

iid 4 
iid 4, tid 6 
Identify 
Test Unit Ready, Linked 
Intermediate 
Linked Command Complete 
Inquiry, Linked 
Inquiry Data 
Intermediate 
Linked Command Complete 
Test Unit Ready, not Linked 
Good 
Command Complete 
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Phase 
Bus Free 

Arbitration 
Selection - ATN 

Message Out 
Bus Free 

Arbitration 
Selection - ATN 

Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection -ATN 
Message In - ATN 
Message Out 

Bus Free 
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Sample Phase Sequences 
(Continued) 
Abort Message 

Data Bus (hex) 

10 
50 
06 

10 
50 
CO 
08 00 00 00 01 00 
04 

40 
50 
80 
06 

October 1, 1992 

Notes 

iid 4 
iid 4, tid 6 
Abort 

iid4 
iid 4, tid 6 
Identify - Disconnect allowed 
Read 
Disconnect 

tid 6 
iid 4, tid 6 
Identify 
Abort 
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Phase 
Bus Free 

Arbitration 
Selection - ATN 

Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Selection - ATN 
Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Status 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Status 
Message In 

Bus Free 
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Sample Phase Sequences 
(Continued) 

Multi-Threading/Untagged Queueing 

Data Bus (hex) 

10 
50 
CO 
OB 00 00 00 00 00 
04 

20 
60 
C1 
OB 01 00000000 
04 

40 
60 
81 
00 
00 

40 
50 
80 
00 
00 

OctoGeT 1, 1992 

Notes 

iid 4 
iid 4, tid 6 
Identify - Disconnect allowed - LUN 0 
Seek 
Disconnect 

iid 5 
iid 5, tid 6 
Identify - Disconnect allowed - LUN 1 
Seek 
Disconnect 

tid 6 
iid 5, tid 6 
Identify - LUN 1 
Good 
Command Complete 

tid 6 
iid 4, tid 6 
Identify - LU N 0 
Good 
Command Complete 
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Phase 
Bus Free 

Arbitration 
Selection - ATN 

Message Out 
Command 
Message In 

Bus Free 
Arbitration 

Reselection 
Message In 
Data In 
Message In - ATN 
Message Out 
Data_In 
Status 
Message In 

Bus Free 

Zaaian rzecfmofogies 

Sample Phase Sequences 
(Continued) 

Multiple Identify Messages 

Data Bus (hex) 

10 
50 
CO 
28000000000000 FF FF 00 
04 

40 
50 
80 
xx xx ... 
02 
80 
xx xx ... 
00 
00 

Octo6er 1, 1992 

Notes 

iid 4 
iid 4, tid 6 
Identify - Disconnect allowed 
Read 
Disconnect 

tid 6 
iid 4, tid 6 
Identify 
Data Bytes 
Save Data Ptrs 
Identify - No Disconnect 
Data Bytes 
Good 
Command Complete 
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SCSI-2 Featu res 
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SCSI-2 Highlights 

• Mainly SCSI-1 and CCS Compatible 

• Minor Hardware Changes 

• Optional Fast Bus 

• Optional Wide Bus 

• Some SCSI-1 Options are Mandatory in SCSI-2 

• More Device Types 

• More Commands 

• More Messages 

• More Status Bytes 

• More Optional Features, e.g., Command Queueing 
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Zadian 'IecfmoCogies 

Document Changes 

• Commands, Messages, and Pages Listed Alphabetically 
(By Code in SCSI-1) 

• More Details and Clarifications 

• More Implementors Notes 
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Hardware Changes 

• High-Density Non-Shielded Connector 
• Arbitration is Mandatory 
• Parity is Mandatory 
• Optional Fast Bus 
• Optional Wide Bus 
• Initiators Supply Terminator Power (Optional in SCSI-1) 
• New Single-Ended Terminator Alternative 
• Arbitration Delay = 2.4 us (2.2 in SCSI-1) 
• New Bus Timings: 

- Disconnection Delay 
- Power-on to Selection Time 
- Reset to Selection Time 
- Fast Bus Timings 

• Pins 23,24,27, and 28 Reserved (GROUND in SCSI-1) 
• Or-Tied SEL 
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Standard Byte Bit Cable 
Width Width Name 

SCSI-1 1 8 A 

SCSI-2 1 8 A 
SCSI-2 2 16 A+B 
SCSI-2 4 32 A+B 

SCSI-3 1 8 A 
SCSI-3 2 16 P 
SCSI-3 4 32 P+Q 

- A is most commonly used. 
- P is getting popular. 

Wide Bus 
Summary 

Pin Max Transfer 
Count Rate M Byte/sec 

50 5 

50 10 
50+68 20 
50+68 40 

50 10 
68 20 
68+68 40 

Max SCSI 
Devices 

8 

8 
8 
8 

8 
16 
32 

- A+B is currently not popular due to cost and space issues. 

Zaiian 'fecfinowgies Octooer 1, 1992 

Description 

synchronous 

fast 
fast & wide with 2 cables 
fast & wide with 2 cables 

fast 
fast & wide with 1 cable 
fast & wide with 2 cables 
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Wide Bus 
(Continued) 

Two-Byte Wide SCSI-3 Implementation 

• Single Cable (P-Cable) with 68 Lines 

• Signals: Control -
Data 

BSY SEL ATN RST REO ACK CIO liD MSG 
OBO-7, P 
OB8-15, P1 

• Narrow (1-byte) is mandatory, wide is optional, default is narrow 

• Wide bus negotiation using extended messages needed to use wide 

• Agreements invalidated with power cycle and hard reset 

• Only data phases may use wide, other information transfer phases use narrow only 

• Ignore Wide Residue message is used when data transfers do not fit on wide boundary 
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Wide Bus 
(Continued) 

Single-Ended P-Cable 

Signal Name Cable Conductor Number Signal Name 

GROUND 1 2 -D8(12) 
GROUND 3 4 -D8(13) 
GROUND 5 6 -D8(14) 
GROUND 7 8 -D8(15) 
GROUND 9 10 -D8(P1 ) 
GROUND 11 12 -D8(0) 
GROUND 13 14 -D8(1 ) 
GROUND 15 16 -D8(2) 
GROUND 17 18 -08(3) 
GROUND 19 20 -08(4) 
GROUND 21 22 -D8(5) 
GROUND 23 24 -08(6) 
GROUND 25 26 -D8(7) 
GROUND 27 28 -D8(P) 
GROUND 29 30 GROUND 
GROUND 31 32 GROUND 
TERMPWR 33 34 TERMPWR 
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Wide Bus 
(Continued) 

Single-Ended P-Cable 

Signal Name Cable Conductor Number Signal Name 

TERMPWR 35 36 TERMPWR 
RESERVED 37 38 RESERVED 
GROUND 39 40 GROUND 
GROUND 41 42 -ATN 
GROUND 43 44 GROUND 
GROUND 45 46 -BSY 
GROUND 47 48 -ACK 
GROUND 49 50 -RST 
GROUND 51 52 -MSG 
GROUND 53 54 -SEL 
GROUND 55 56 -C/D 
GROUND 57 58 -REQ 
GROUND 59 60 -1/0 
GROUND 61 62 -DB(8) 
GROUND 63 64 -DB(9) 
GROUND 65 66 -08(10) 
GROUND 67 68 -DB(11) 
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Wide Bus 
(Continued) 

SCSI Devices With SCSI-3 P-Cable 

• P-Cable allows up to 16 devices on bus 

• Arbitration priorities: 
Highest 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 Lowest 

• Example 

device device device device device 
5 2 7 10 15 

- 2,. 5, and 7 can connect, disconnect, and reconnect with one another 
- 5, 10, and, 15 can connect, disconnect, and reconnect with one another 
- 10 and 15 can connect to 2 and 7 with SASI selection without disconnect 
- 2 and 7 cannot connect or reconnect to 10 and 15 
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Wide B"us 
(Continued) 

Four-Byte Wide SCSI-3 Implementation 

• Two Cables: P-Cable and Q-Cable 

• Q-Cable: 
- 68 pins 
- Signals: OB16-31, P2-3, and REQQ/ACKQ 

• Allows 32 devices on bus 

• Maximum Data Byte Burst Rate: 

Frequency MHZ 1-Byte Bus 2-Byte Wide 4-Byte Wide 
5 5 MB/s 10 MB/s 20 MB/s 
10 10 MB/s 20 MB/s 40 MB/s 
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Zatfian fJecfinowgies 

Extended Contingent Allegiance 

Error Detected 
While executin a command 

Check Condition Status 

Command Complete-DO 
then Bus Free 

Request Sense Command 

Error Recovery Commands 

Arbitrate and Select Target 
Send Identify Message 

Bus Free 

GctoGer 1, 1992 

Command 
In Error 

Busy to 
Other 
Initiators 

Final 
Command 
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Extended Contingent Allegiance 
(Continued) 

• Optional Feature 

• For Error Condition Preservation and Tying Data to Initiator 

• For Devices that Buffer Data (e.g., tape) 

• Device Blocks Out Other Initiators, so the Affected Initiator 
can Take Action 

• When a CHECK CONDITION is Detected, the Target is· 
"Reserved" to the Calling Initiator and returns Busy to other Initiators 

• Used When Error Recovery Requires Multiple Commands 
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Zadian rrecfinoCogies 

Asynchronous Event Notification 

Normal 

Processor 
Device 
Initiator 

SCSI 
Bus 

Peripheral 
Device 

Bus 
Free 

Octo6er 1, 1992 

A.E.N. 

Processor 
Device 

SCSI 
Bus 

Initiator 
Peripheral 

Device 
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Asynchronous Event Notification 
(Continued) 

• Optional Feature. 

• Used for Reporting: 
- device initialization completion. 
- unit attention. 
- errors. 

• Starts From Bus Free. 

• Target Becomes Initiator and Transfers a "SEND" Processor 
Command with AEN Bit Set. Sense Data is Transferred During 
Data Phase. 

• Reported to Processor Devices that Support AEN Only. 

• Peripheral Device Scans the Bus, using Inquiry, to Find 
Processor Devices that Support AEN. 
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Untagged Queueing 

Initiator Initiator Initiator 

Target 

L.U. 

• Multiple Initiators Send One Command Each, to the Same Target/L.U. 

• Optional feature in SCSI-1 and SCSI-2. 
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Process 
A 

I 

Zadian 'Iecfinofogies 

Tagged Queueing 

The Problem 

Process 
B 

Operating System 
(Request Queue) 

Host Computer 
(Initiator) 

SCSI Bus 

Peripheral Device 
(Target) 

Octo6er 1, 1992 

Process 
C 

I 

Request A - LBA 
Request B - LBA 
Request C - LBA 

10,000 
40,000 
20,000 
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Zadian Teclinofogies 

Process 
A 
I 

Tagged Queueing 
(Continued) 
The Solution 

Process 
B 

Operating System 
(Request Queue) 

Host Computer 
(Initiator) 

SCSI Bus 
Peripheral Device 

(Target) 

Command Queue 
LBA 10, 000 Tag OOh 
LBA 20, 000 Tag 02h 
LBA 40, 000 Tag 01 h 

Octo6er 1, 1992 

Process 
C 

J 

Request A - LBA 10,000, TAG OOh 
Request B - LBA 40,000, TAG 01 h 
Request C - LBA 20,000, TAG 02h 
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Tagged Queueing 
(Continued) 

• Types of Queueing: 
Simple 
Head of Queue 
Ordered 

Target decides order (e.g., elevator seek) 
Last In Fi rst Out 
Initiator decides order (First In First Out) 

• Example: Requests for LBA 10,000 40,000 20,000 - Drive is at LBA ° 
Simple 
Head of Queue 
Ordered 

• Messages: 
Code 

1 20h I Tag 

121h I Tag I 

I 22h I Tag I 

Zlufian TeclinoCogies 

10,000 20,000 40,000 
20,000 40,000 10,000 
10,000 40,000 20,000 

Name Direction 

Simple Queue OuVln 

Head of Queue Out 

Ordered Queue Out 
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IT Nexus 

ITl Nexus 
ITlQ Nexus 

Zatlian 'Ieclinowgies 

ATN 

Tagged Queueing 
(Continued) 
Connection 

Bus Free 
I 

Arbitration 
I 

Selection 
I 

Message Out 
--------------

r 
L 

Identify 
Queue Tag 

I 

Command 
_____ ..1. ______ 

Data 
-----1------

Message In 
--------------

Save Data Ptr 
Disconnect 

Bus Free 

Octo6er 1, 1992 

COh 
20h, 21 h, or 22h + Tag 

COB 

02h 
04h 
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Zatfian %cfinofogies 

Tagged Queueing 
(Continued) 

Reconnection 

Bus Free 

Arbitration 

Reselection 

__ Messa.9.eJ~ __ _ 
Identify 80h 

Sim Ie Queue Ta 20h + Tag 

[=== Data ===J 
Message In Status 

- -Save Data-Ptrs-
Disconnect Message In 

Bus Free 
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• Optional Feature 

Tagged Queueing 
(Continued) 

Rules 

• Maximum of 256 Queued Commands (1/0 processes) 
per ITL, each with Unique Tag 

• Tags are assigned by the Initiator. 

• When Queue is Full, QUEUE FULL status is Returned to 
Tagged Commands and BUSY to Untagged Ones. 

• When Queued Commands are Pending Without Contingent Allegiance, 
Commands Without Disconnect Privilege Result In BUSY Status, and 
Untagged Commands from the Same Initiator Result in CHECK CON­
DITION Status (Aborted Command Sense Key). 
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Tagged Queueing 
(Continued) 
More Rules 

• Ordered Commands are Executed in the Order Received 
(Initiator Order). 

• Simple Commands are Executed in the Order Determined by the 
Target (Target Order). 

• If a Set of Simple Commands is Received Before a Set of 
Ordered Ones, the Simple Commands are Executed First, 
and Vice Versa. 

• Linked Commands Use One Queue Tag, i.e., They are 
Considered a Single I/O Process. 
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1/0 Process Termination Messages 

Bus Device Reset OCh 

Clear Queue OEh 

Abort 06h 

Abort Tag ODh 

Terminate I/O Process 11 h 

Zat[ian Teclinofogies 

Clear All Commands from All Initiators 
Perform Reset Function 
Report Unit Attention 

Clear All Commands from All Initiators 
Report Unit Attention 

Clear All Commands from this Initiator 
No Sense Data 

Clear Current command from this Initiator 
No Sense Data 

Finish Command if possible 
Return COMMAND TERMINATED status 
Prepare Sense Data 
(Sense Key = Aborted Command) 
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PRACTICAL ASPECTS 
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SCSI Testing 

• Types of Testers: 
- Bus Monitors 
- Logic Analyzers 
- Initiator Emulators 
- Target Emulators 
- Multiport Test Systems 

• Types of Testing 
- SCSI Protocol Compliance under legal and illegal conditions: 

commands, messages, etc. 
- Device Hardware Operation: 

read, write, seek, etc. 
- Traditional analog testing through SCSI cable not possible 
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SCSI Testing 
(Continued) 

Self-Test 

• Download Test Firmware Using Write Buffer or Vendor-Unique Command 

• Start Test Using Send Diagnostic or Vendor-Unique Command 

• Upload Results Using Receive Diagnostic or Vendor-Unique Command 

• Types of Testing: 
- Seek 
- Write/Read 
- Media Scan 

• SCSI Interface Still Needs Testing 
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ATA Bus 
(PC AT is a registered trademark of IBM) 

Disk Cable 
(Data, Port Address, 
Control, and Status 
Signals) 

Zatfian 'Iecfinofogies 

Drive 
o 

HOST COMPUTER 

connector 

Adapte r Board 

Octo6er 1, 1992 

Drive 
1 
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Zcu[ian IJ:'edinowgies 

ATA Bus 
(Continued) 

• ATA - Advanced Technology (AT) Attachment 
IDE - Integrated Drive Electronics 

• Mandatory Commands: 

Recalibrate 
Seek 
Read 
Write 
Read Long 
Write Long 
Format Track 
Read Verify 
Execute Drive Diagnostics 
Initialize Parameters (heads and sectors per track) 
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Zadian rrecfinoCogies 

ATA Bus 
(Continued) 

• Cylinder, Head, Sector Addressing. 

• For in-cabinet Application (18" cable). 

• 512 Bytes Per Sector. 

• Host Driven (Target Follows Host). 

• Disk Task File Interface - 8 Registers (ports): 
Data 
Error (bits) or Write Precomp 
Sector Count (Decremented During Transfer) 
Sector Number (Incremented During Transfer) 
Low Cylinder 
High Cylinder 
Drive/Head 
Command or Status 
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Control Cable 
(Head Select, 
Drive Select, 
Write Select, 
Req, Ack, ... ) 

Zatfian %cfmofogies 

ESDI Bus 

HOST COMPUTER 

ESDI Controller 

Data Cable 

Control 
Cable 

Data 
Cable 

Control 
Cable 

Disk or Optical Devices 

Octo6er 1, 1992 

(Write Clock, Write Data, 
Drive Selected, Sector 

Found, Read Reference 
Clock, Index, ... ) 
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ESDI Bus 
(Continued) 

• Enhanced Small Device Interface. 

• Magnetic and Optical Disk. 

• One to Seven Devices Per Controller. 

• Up to 24 Mbits/second. 

• Disk Commands (16 bits plus parity): 
Seek Data Strobe Offset 
Recalibrate Track Offset 
Request Status Initiate Diagnostics 
Request Configuration Set Unformatted Bytes/Sector 
Select Head Group Set High Order Value 
Control (reset, start, ... ) Set Configuration 
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Interface Function Comparison 

-
SCSI Buffer Formatter Data R/W H Disk } 
Chip - I-- - Separator 

I--

- """ 

SCSI 
Bus 

~ ST506 
Processor Servo 

..I. ESDI , 

~ SCSI 
ATA 
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Apple SCSI 
(Apple and Macintosh are registered trademarks of Apple Computer, Inc.) 

Hardware 

• Single-ended 

• Asynchronous 

• External 25-pin Apple SCSI connector (08-25): 
- 18 Lines for Standard SCSI Control, Data, and Parity Signals 
- TERMPWR on pin 25 

• Terminator power mayor may not be supplied by Mac (model-dependent) 

• Internal termination mayor may not be installed on host 
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MAC 

Initiator 
107 

Terminator 

Zatfian'Iecfr.nofogies 

Apple SCSI 
(Continued) 

Optional Internal Drive Configuration 
(e.g., Mac-SE and Mac-II) 

--I Connector 50-pin 
SCSI 

Connector 

50-pin 
SCSI 

Octo6er 1, 1992 

Terminator 
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Apple SCSI 
(Continued) 

External Drive Configuration - No Internal Termination 
(e.g., Mac-Plus) 

MAC 

10 7 

z.atfian 'Teclinowgies 

25-pin 
18" 

50-pin SCSI 

Terminator 

Connector 

Octo6er 1, 1992 

Terminator 
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Apple SCSI 
(Continued) 

External Drive Configuration-With Internal Termination 
(e.g., Mac-FX) 

MAC 

107 
Internal 
Terminator 

Zatiian rr'ecfinofogies 

50-pin SCSI 

Connector 

Octo6er 1, 1992 

Terminator 
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• CCS Based 

Apple SCSI 
(Continued) 

Software 

• Selection without Attention 

• Identify message not sent 

• Disconnect/Reconnect not supported 

• Unit Attention not allowed in some models (Mac-Plus) 
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Target Driver 

I 

Zatfian crecfinofogies 

Apple SCSI 
(Continued) 

Software Architecture 

Target Driver Target Driver 
Prepare COB, 
Phases 

SCSI Manager 

SCSI Protocol Chip 

SCSI Bus 
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I 
Arbitrate, Sele et, 

ages Transfer, Mess 
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SCSI 
Cable 

SCSI Bus 
Connector 
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Terminator 

System Bus 
Connector 

Host Adapters 

DMA 
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Memory 

Processor ROM 

Typically contains 
Host Adapter 

Driver Software 
(Firmware) 
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Cable 

SCSI Bus 
Connector 
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~ 
.... 

Terminator 

Target Controllers 

SCSI 
Chip DMA 

I Processor 
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Logical 

Buffer Unit 

Memory Elec-

I 

tronics 

ROM 
.. ,.. 

Typically contains 
Target Firmware 
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Target Firmware 
Initialization 

Initialize Hardware 

Read Configuration Jumpers 

Initialize Device - Spin Up, Rewind, etc. 

Read Saved or Default Mode Parameters 

Setup Unit Attention Condition 
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Command 

Chip 
Command 
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Target Firmware 
(Continued) 

Common Execution Loop 

• Wait for Selection 
• CheckATN 
• Receive Message Out 
• Receive First CDS Byte: 

- Determine COS Length 
'----_ • Receive Remaining CDS Bytes 

• Check CDS Validity 
• Check Reservation Conflict 
• Check Contingent Allegiance 
• Execute Command: 

- Transfer Data 
- Disconnect/Reconnect 

• Send Status Byte 
• Send Message In Byte 
• Free Bus 
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SCSI Chips 
Functions Provided by Chips 

- Bus Timings 

- Bus Phases 

- Parity generation and checking 

- SCSIID 

- REQ/ACK handshake 

- Synchronous FI FO 

- DMA interface 

- Microprocessor interface 

- Single-ended Chips usually include Drivers and Receivers 
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SCSI Chips 
(Continued) 

• Chips normally support initiator and target modes 

• Initiator Mode Functions: 
- Arbitrate and Select 
- Set ATN 
- Get Phase 
- Wait for Reselection and respond to it 

• Target Mode Functions: 
- Arbitrate and Reselect 
- Wait for Selection and respond to it 
- Set Phase 

• Transfer Methods: 
- DMA - Direct Memory Access 

(Multiple bytes at hardware speed) 
- PIO - Programmed 1/0 

(Single byte at a time) 
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• Interrupts: 
- Reset 
- Parity Error 
- Chip Command Done 
- Selected/Reselected 

SCSI Chips 
(Continued) 

- Bus Free (Initiator Mode) 
- Phase Change (Initiator Mode) 
- ATN (Target Mode) 

• Chip Generations: 
- First Generation: Asynchronous, Many Interrupts 
- Second Generation: Synchronous, Less Interrupts 
- Third Generation: Built-in Sequencer, Less Interrupts, Handles Basic 

Sequences Except Error Conditions 
- Fourth Generation: Built-in RISC Processor, No Interrupts, Can Handle 

Everything Based on User Code 

Zaaian 'TecfmoCogies Octo6er 1, 1992 335 



MODE PORT 
bit description 
a initiator/target 
1 selection watch 
2 reselection watch 
3 parity 
4 interrupt 
5 auto ATN on error 

SOURCE 10 PORT 

OFFSET PORT 

CMD PTR PORT 
auto increments 

SCSI Chips 
(Continued) 

Hypothetical Chip Register Set 
(All registers are read/write) 

COMMAND PORT INTERRUPT PORT 
val description bit description 
a initialize chip a reset detected 
1 arbitrate/select 1 chip command done 
2 arbitrate/reselect 2 selected 
3 transfer 3 reselected 
4 arb/sel/transfer 4 bus free (initiator) 
5 arb/resel/transfer 5 phase change (initiator) 
6 abort 6 ATN detected (target) 

7 parity error 
DESTINATION 10 PORT 8 time out 

PERIOD PORT TIMEOUT PORT 

STATUS PTR PORT DATA PTR PORT 
auto increments auto increments 

CMD LENGTH PORT STATUS LENGTH PORT DATA LENGTH PORT 
auto decrements auto decrements auto decrements 

Ztufian Teclinowgies Octo6er 1, 1992 

SCSI SIGNALS PORT 
bit description 
a BSY (target) 
1 C/O (target) 
2 I/O (target) 
3 MSG (target) 
4 REO (target) 
5 ACK (initiator) 
6 ATN (initiator) 
7 RST 

DATA BUS PORT 

MSG PTR PORT 
auto increments 

MSG LENGTH PORT 
auto decrements 
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Host Device Drivers 
Initialization 

Single-Initiator System 

- Initialize hardware and SCSI chip 
- If not Bus Free, Reset Bus 
- Scan the Bus (Determine Present Devices): 

For All SCSI Addresses Except Mine: 
Send Inquiry Command . 
Negotiate for Synchronous Transfer 
If Selection Time out, Device not Present 

- Initialize Present Devices: 
Clear Unit Attention 
Start Stopped Drives 
Mode Select (If required) 

- Find Device Characteristics: 

Zadian rrecfinofogies 

Device Type, Compliance, Vendor, ... 
Capacity 
Mode Sense Parameters 
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Host Device Drivers 
(Continued) 

Application • • • • • Application 

Operating System 

Peripheral Driver 
(e.g., Disk) 

Host Adapter 
Driver 

Host Adapter 

SCSI Bus 

• • • • • 

• •••• 
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Peripheral Driver 
(e.g., Tape) 

Host Adapter 
Driver 

Host Adapter 

SCSI Bus 
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Host Device Drivers 
(Continued) 

• Host Adapter Driver 
- Host Adapter Specific 
- Arbitrates, selects, then follows the target phases 
- Does Not Interpret Commands 
- Handles Data Pointers 
- Handles Messages 
- May Handle CHECK CONDITION 

• Peripheral Driver 
- Operating System and Device Specific 
- Prepares CDBs 
- Calls the Host Adapter Driver to execute the command 
- Handles Some Status Errors 
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Host Device Drivers 
(Continued) 

SCSI Driver Error Handling 

Error Types: 

• Errors Reported by Target: 
- Status 
- Check Condition/Sense 
- Unexpected Disconnect 

• Errors Detected by Driver: 
- Arbitration Loss 
- Selection Timeout 

Error Handling: 

- Analyze 
- Retry 
- Reassign Block 

(Repeatable Recovered and 
Write Medium Errors) 

- Bus Device Reset Message 
- Bus Reset 

- Command Timeout - Report Error Details to Operating 
- Data Underrun System 
- Data Overrun - Keep Statistics 
- Reset Detected 
- Invalid Bus Phase 
- etc. 
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Common Access Method (CAM) 

Application • • • • • Application 

Operating System 

I I 
Peripheral Driver Peripheral Driver Pass-Thru 

••••• Driver 
I 
I CCB 

Transport Layer (XPT) 

SCSI Interface SIM •••••••••••••• 
Module (SIM) 

Host Adapter •••••••••••••• Host Adapter 

I SCSI I SCSI 

• See next page for details. 
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Common Access Method (CAM) 
(Continued) 

• Pass-through Driver: 
- for diagnostics 

• Transport Layer (XPT) responsibilities: 
- system initialization, including bus scan 
- routing of requests from Peripheral Drivers to the proper SIM 

• SCSI Interface Module (SIM): 
- host adapter driver 

• CAM Control Block (CCB): 
- a block of bytes prepared by the Peripheral Driver and sent to 
the XPT, which may route it to the proper SIM 

Zatfian 'TecfmoCogies 

- may contain description of the SCSI command to execute, 
such as target ID, LUN, COB, data pointers, and timeout. 
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System Interactions 

Application ---- Data ----I Device 

I 
1 

O.S. Electronics 

---- Commands ----
Peripheral Driver ---- Status ----

Memory Firmware Buffer 
H/A Driver ---- Messages ----

---- Bus Phases - - - -

---- Arbitration ----

SCSI Chip ---- Selection ---- SCSI Chip ---- Reselection - - - -
---- Transfer ----

SCSI Bus 
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Controller 

initiator 

Disks 

Disk Arrays 
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Controller 

••• • t------4 

••• • a....-----4 
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Advantages: 

• Increased capacity 

Disk Arrays 
(Continued) 

• Data redundancy: mirroring and down-time minimization 

• Performance: parallel execution 

RAID - Redundant Array of Inexpensive Disks 

• Different methods (called levels) for connecting drives to the controller 
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Zadian 'Technologies 

Cache 

• Write Cache: 
- Target report Good status when all Write data is received in its 

buffer, and writes the data to the media in the background later. 

• Read Cache: 
- After Read commands, target prefetches next blocks into its 

buffer in the background. 

• Mode Select Page 8 has cache parameters such as: 
- cache enable/disable 
- maximum prefetch: number of blocks to prefetch under normal 

conditions. 
- minimum prefetch: number of blocks to prefetch when new 

command is received while prefetching. 
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SCSI Command Overhead 

Data 

October 1, 1992 

Seek 
Rotational Latency 

Media Transfer Rate 
Head Switch 
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Advantages of SCSI 

• Interface with different device types done through the same cable 
- easy integration 
- expansive 
- multi-media applications 

• Peripheral devices of the same type have similar characteristics 
- easy to replace drives with new ones 

• Peripheral devices are intelligent and independent 
- frees up the computer to do other work 

• 110 is independent of system bus 
- peripheral devices can work with different computer types 
- preserves computer hardware investment 

• Fast hardware 
- 10MB/sec on 8 bit bus, 20 MB/sec on 16 bit bus 

• Fast software 
- multi-threaded using disconnect/reconnect and queueing 
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SCSI-3 

• Single Cable Wide Bus 

• Max Devices: 16 or 32 

• Max Logical Units: 32 

• Diagnostic Command Set for Direct Access Devices 

• Mode Select and Sense Enhancements 
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Port 
a 

Initiator 

Port 
1 
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SCSI- 3 
(Continued) 

Dual Port 

SCSI Bus 

SCSI Bus 
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Port 
a 

Target 

Port 
1 
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Block Commands 
- disk and optical -

(SBC) 

Interlocked 
Protocol 

(SIP) 

Parallel 
Interface 

(SPI) 

Zatfian'Tecfinofogies 

SCSI - 3 Documents 

SCSI-3 Common Access Method (CAM) 
interfacing device drivers to host adapters 

Stream Commands Graphic Medium Changer 
- tape - Commands Commands 
(SSC) (SGC) (SMC) 

SCSI-3 Core Commands (SCC) 
commands for all device types 

SCSI-3 Architecture Model (SAM) 
I/O process and data structures 

Fibre Channel 
Protocol 
(FCP) 

Fibre 
Channel 
(FC-PH) 

Serial Bus 
Protocol 
(SBP) 

IEEE 
P1394 

Serial Bus 
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r------, Phases, 
Generic Messages, 

Packetized 
Protocol (GPP) 

.----------, Cables, 

Almost any 
interface 

Connectors, 
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Fixed Block Mode 151,159 Tagged Queueing 306 
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Group Code 43 Termination Devices 172 
History 2 Testing 315 
Host Adapters 329 Test Unit Ready Command 58 
Identify Message 218 Timings 185 
Information Transfer Phases 195 Unexpected Disconnect 226 
Inquiry Command 60 Untagged Queueing 305 
Linked Commands 227 Unit Attention 83 
Logical Block Addressing 140 VariableE}lock Mode 151,159 
Medium Changer Devices 148 Wide Bus. 295 
Message Subsystem ·212 Write Command (Disk) 94 
Mode Select Command 97,99,107 Write Command (Tape) 161 
Mode Sense Command 97,99,109 Write Once Devices 144 
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