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1. 0 SCOPE 

This document describes the features, functional itY and 
specification of SC2111E, the DISK/TAPE controller. 

2.0 GENERAL DESCRIPTION 

SC2111E is a high performance, microprocessor-based, 
sin91e board controller capable of control I ing a MaximuM 
of four 5 1/4 '' hard disk drives and an ARCHIVE'S SIDEWINDER 
•:art1-id9e tape drive. eith•?l- 91Zl20B •::>r 9045B. 

board is designed to be easi IY integrated 
int•::> the syste1,1. It a 1 so s i '3n if i •:ant I Y redu•:es tho:- t rad it i •::ina I 
; nteraction with the sYste~ CPU for controller operations and 
automatical IY handles the disk and tape media defects. 

SC2111E is the Ext~nded Series, which is eQUiPPed with 
define disk Parameters command to al low the controller interfacing 
to al I ST506 interface compatible disk drives. 

2. 1 PRODUCT FAMILY 

SC2111E controller can interface to a variety of disk and 
tape d 1- i ves. 

PRODUCT 

SC2111E 

Disk drive group: 
SE"a<Jate ST506 
Seagate ST412 
Al I drives of ST506 

TaPe drive : 

Ar•:h i ve' s 
UP to 4 disk drives! Sidewinder 
from the group !9020B or 90458 

x 

£.38 MbYtes 
12.76 MbY~es 

x 

153 CY I. 

306 CY I. 

4 tra•:ks/cy 1. 

4 tra•:ks/•:YI. 

9020B or CiPher Quarterback 
9045B 

20 MbYtes 
45 MbYte-s 

450 Ft. 
450 Ft. 

4 tracks 
9 tracks 
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3. 12 TAPE READ-WHILE-WRITE ERROR CORRECTION 
The controller Performs a read-while-write on tape during 
backuP operation and wi I I rewrite anY blocks in error. 

3. 13 TAPE READ RETRY CAPABILITY ON RESTORE 
The controller aut1;:.rr1atica1 IY Perf•::>i-rr1s read retries on anY 
data block in error during restore operat i on. 

3. 14 MAXIMUM UTILIZATION OF TAPE CAPACITY 
It al lows use1-s to aPPend tr1ore files on the rerr1ainin9 
portion of the cartridge after Power-down. reMoval of 
cartridge, or other interruptions causing misal i9nment of 
the read head in the tape drive. Therefore uti I izat i on of 
a whole cartrid9e is wa .- ranted. 

3. 15 RETRY CAPABILITY ON DISK OPERATIONS 
Aut•::irr1ati•: retries a1-e bui It in the cc>ntrol le1- i n 
the event C•f seek, read or write errors en•:ountered. 

3.16 INTEGRAL TAPE DATA SEPARATOR 
On board data separator circuitry for the streaming taPe data. 

3. 17 STATISTICAL COUNTER FOR TAPE ERROR 
A two-bYte statistical counter for taPe rewrite or re-read 
errors is maintained in the controller. 
the system to monitor any degradation 
cartrid9e and the tape drive. 

3. 18 DIRECT TAPE READ ACCESS 

These information al lows 
in tape qua.I itY of the 

The controller Provides direct read access to the taPe 
bY the host without 9oin9 through the disk drive. 

3. 19 NON-STOP STREAMING 
The controller is designed to handle non-stoP taPe streaMin9 
i::iperat i •:::>n at 90 IPS und.:or n1::>r11 i na I 1:ond it ions. 

3.20 DATA ERROR DETECTED AND CORRECTED 
During disk data transfer. the controller with on board ECC 
circuitry can detect 11 bit burst error and correct 4 bit 
1?1- 1-or bu1-st. 

3.21 BAD TRACK HANDLING 
Bad tracks on disk may be assigned to have alternate tracks 
so that hard di:o-fe•:ts are tr1aske'd •:>ff -fr•:::>tr1 the sYste(T1. The 
controller wi I I Perform the automatic seek to alternate 
tracks on encountering any defective tracks. 

3.22 LOGICAL ADDRESSING TO DISK DATA 
The sectors on the disk are addressed lo9ical IY usin9 
logical address bYtes instead of CYI inder. head and sector 
PhYS i ca 1 I ocat ions. 

3.23 LOGICAL UNIT NUMBER 
Al I disk drives are accessed bY I09ical unit number 
independent of the PhYsical Port connections. 
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3.24 OVERLAPPED SEEK 
In MUltiPle drives environment. the host can issue seek to 
next drive without waiting for the current drive to COMPiete 
its seek operation. 

IMPLIED DISK POSITIONING DURING DATA TRANSFER COMMAND 
For data transfer coMMands requiring new positioning on the 
driv~. seek. head select and track verification are 
PerforMed aut0Matica1 IY bY the control 1er. 

3.25 AUTOMATIC HEAD AND CYLINDER SWITCHING 
For data transfer COMMands involving multiPle sectors 
across track or CYI inder boundaries. the controller auto-
Matical IY switches to the next head or seeks to the next CYI inder 
respectively. The new track is also verified to have the correct 
cYI inder and head bYtes in the ID field. 

3.27 MULTIPLE SECTORS BUFFER 
buffer is used to Prevent data overrun 

disk/taPe or host/taPe data transfers. 
On board sector 
durin9 disk/host. 

FAST COPY COMMAND 
Fast disk coPY is iMPlemented bY concurrent multiPle sector 
transfer between source and destination devices. 

3.29 DEFINE DISK PARAMETERS 
Definable disk Parameter al lows the control 1er to interface 
with al I Present and future interface comPatible disk 
drives. 

3.30 DISK CAPACITY INQUIRY 
The host can send disk caPacitY inQuirY command to find out 
the maximum I09ical address of the sPecif ied disk drive. 

3.31 SEEK PROGRESS INQUIRY 
The host can inquire about the completion of ~he Previous 
seek coMmand. This is sPecial IY useful in overlaPPed seek 
operation. 
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4.0 COMMAND DESCRIPTION 

The host initiates the coMmands bY Passing a command 
descriptor block <CDB> to the control 1er. The first byte of 
the block contains the class and OP code of the command. 
DePending on this bYte. the controller wi 11 further inter
pret the fol lowing bYti:E-s as 1•:>9ical unit nu1nbe1·, logical 
address, nu111ber of blo•:ks t•;, be transferi-ed. 
constant. control flag and etc. 

The fol lowing is the command summary: 

CLASS OPCODE 

00 
01 
0 ·-· 6!:. 

03 
04 
05 
06 
07 
08 
09 
0A 
!21B 
0C 
0D 

COMMAND 

Test drive readY 
Re-•:a I i b rate 
Request syndrome 
Rec:iuest sense 
Format the drive 
Check track format 
Fon,1at a track 
Reserved 
Read b I o•:ks 
Reserved 
W1· i te b I •:•cks 
Seek 
Select taPe track 
Resei· ved 

i nte 1· I eave 

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

0E 
0F 

Format bad track with alternate address 
Erase the cartrid9e 

1 
1 
1 
1 
1 

e; 
e; 
6 
e; 

10 
11 
12 
13 
14 
15 

00 
01 
0 ·-· .::. 

03 
1214 

00 
01 
02 
03 

f 2-1) 

1 z. I 
1? /_ 
f 2.Z 
f 2. 'f 

le~ 
{Cl 
1',; z. 
-Jc3 

Rec:iuest statistic 
Position to end of file 
Disk capacity inquiry 
Controller type inquirY 
Seek Progress inquirY 
Max i mum taPe track inC1uirY 

CoP Y from disk to disk 
Rest•:•re 
Ba•:kuP 
Read file from tape to host 
Read ta.Pe file header 

Reserved 
Ri:osE-rved 
Define taPe drive tYPe 
Def i ne disk Parameters 
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4.1 COMMAND DESCRIPTOR BLOCK DEFINITION: 

The host passes comMands to the control 1er throu9h command 
descriPtor block CCDB). which consists of either six bYtes 
or twelve bYtes dePendin9 on the comMand class. 
The first bYte of the block always denotes a class code 

4. 1. 1 

and an operation code. 

Because of variation of formats in commands. refer to 
Section 4.2 for each command's CDB format. 

LOGICAL ADDRESS COMPUTATION 

The PhYsical address to lo~ical address conversion is as 
f •:> I I ow i n"3: 

LOGICAL ADR = CCYL * HDCYL + HEAD) * SECTRK + SECT 

CYL 
HEAD 
SECT 

= CYI inder address 
= head address 
= sector address 

HDCYL =number of heads Per CYiinder 
SECTRK = number of sectors Per track 

Bit 0 o'f 
Bit 4 •:tf 

I09ical adr bYte 0 =the least Si9ni'f icant bit 
logical adr byte 2 =the most significant bit 

4. 1. 2 BLOO( SIZE 

Data transferred bY the control 1er are in blocks. 

1 block = 256 bYtes 
1 se•: toi· = 1 block: 
1 disk traci.: = ~-· ._..!.. se•:tors 

• 
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COMMAND DESCRIPTOR BLOCK FORMAT 

Class 0 

OPC•:Ode 00 

COB 

bYte 0 

1 

2 

4 

5 

CDB 

bYte 0 

1 

,.., 
.::. 

"7.' .., 

4 

5 

Test drive readY - Selects drive and tests if 
i t i s read Y. 

7 5 4 2 1 0 

0 0 0 0 0 

< LUN > 0 0 0 0 

l2l 0 0 l2l 0 0 0 0 

l2l 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

Recat ibrate - Positions the head to track 0 and 
resets error status on the drive. 

7 5 4 3 ..... ..:.. 1 

0 0 0 0 1 

< LUN > 0 

0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
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02 

COB 

bYte 0 

1 

2 

3 

4 

5 

ReQuest sYndroMe sense bYtes - The control ter 
sends the bit offset position and syndrome 
resPonse upon system reQuest for data field 
error correction. 

---------------------------------
7 6 5 4 3 2 1 0 

---------------------------------
0 0 0 0 0 1 0 

---------------------------------
< LUN > 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 

---------------------------------

2 Syndrome Sense bYtes definition 

---------------------------------
7 5 4 "T .... .... 

.::.. 1 0 

---------------------------------
bYte 0 M. S. bit offso;-t 

1 
---------------------------------
! L. s. bit 

•:>ff set 
---------------------------------

Note: If the 4 SYndroMe bits returned are al 
zerc•S• it 1neans the er ro1- o•:cu1- red in 
ECC bYtes of the data field and no 
correction is needed. 
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OPC•:>de 03 

. .... ;:_.~ :.. .... ' . -. "';.·~:"· ~ -.. ... 

Request sense bYtes - This comMand Must be 
issued iMMediatelY after error detected 
( The host detects error bY checking the 
coMPosite error bit of COMPietion status 
bYte ). 
The 4 bYtes response further exPlains the 
t YPe o;;,f er r•:>r. 

COB 

bYte 

7 6 5 4 3 2 1 0 

0 0 0 0 0 1 1 

1 < LUN > 0 0 

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 

4 Sense bYtes definition after disk error 
logical adr 2.1.0 only val id when bit 7 of 
bYte 0 is set. 

7 

bYte 0 b I •:>•:k ~ 

addr 
val id! 

6 

1 < LUN 

2 

3 

5 4 2 1 0 

> I og i 1:a I ad 1· 2 

I 09 i ca I ad r 1 

I C•9 i ca·1 ad r 0 
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4 Sense bYtes definition after taPe related error 
( i.e. tape full and Missing block errors) 

bYte 

OPCOde 04 

CDB 

bYte 0 

1 

2 

3 

4 

5 

---------------------------------
7 6 5 4 3 2 1 0 

---------------------------------
0 0 ! error tYPe ! error code 

---------------------------------
1 < TP LUN > 

---------------------------------
~ 
~ 

---------------------------------
~ 
~ 

---------------------------------
* = this 21-bit counter contains the number of 

blocks that have been sucessful IY 

saved or restored when tape ful I or 
missing block error was detected 

ForMat drive - ForMats the whole disk. 
Refer to Track For~at section in this 
docuMent. To obtain the best performance 
of taPe data transfer. the user should 
use interleave constant of 0B (11 in deciMal). 

---------------------------------
7 6 5 4 3 1 0 

---------------------------------
0 1 0 0 

---------------------------------
< LUN > 0 

---------------------------------
0 0 0 

---------------------------------
0 0 0 0 0 

---------------------------------
interleave 'constant 

---------------------------------
0 0 0 0 0 

---------------------------------
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OPCOde 05 

COB 

bYte 0 

1 

2 

3 

4 

5 

CDB 

bYte 0 

1 

2 

'T ._. 

4 

5 

. -.· .. . : 

Check track forMat - Checks the format on 
the track for correct ID field and 
interleave constant. 

7 6 5 4 3 2 1 0 

0 0 0 0 1 0 1 

< LUN > I •:::>9 i •:a I ad r 2 

I •:::>9 i •:a I ad r 0 

interleave constant 

0 0 0 0 0 0 0 0 

Format a track - Formats a single track. 

7 6 5 4 2 1 0 

0 0 0 l2l 0 1 1 0 

< LUN > I •:::>9 i •:a 1 ad r 2 

I •:::>9 i •:a I ad r 1 

I og i ca I ad r l2l 

i nterleave constant 

0 0 0 0 0 0 0 

ReservE"d 

11 
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OPCOde 08 

COB 

bYte 0 

1 

2 

3 

4 

5 

CDB 

bYto? 0 

1 

2 

3 

4 

~ 

Read blocks - Reads the sPecified nuMber of 
blocks starting froM the given logical 
add1-ess. 

7 6 5 4 3 2 1 

0 0 0 0 1 0 0 

< LUN > logical adr 2 

I og i ca I ad r 1 

I •:>9 i •=a I ad r 0 

nu~ber of blocks 

* ** 0 0 0 0 

*=Disable retry flag 
**=Disable data correction flag 

Ri:-si:orved 

Write blocks - Writes the specified nuMber of 
blocks starting from the given logical 
address. 

7 6 5 4 3 2 1 0 

0 0 0 1 0 1 0 

< LUN > 

1 •::>g i ca I ad r 1 

nuMber of blocks 

0 0 0 0 0 0 0 

*=Disable retry flag 

00 in bYte 4 C number of blocks bYte in 
class 0 ) is equivalent to FF+ 1 = 256 
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OPCOde 0B 

CDB 

bYte 0 

1 

'"'.I .:. 

3 

4 

5 

OP•:ode 0C 

CDB 

bYte 0 

1 

2 

3 

4 

5 

Note: 

7 

Seek - Seeks to the specified CYI inder and 
immediately returns completion status before 
seek comPlete. This al lows overlap seeks in 
a multiPle drives environment. 

6 5 4 2 1 0 

0 0 0 1 0 1 1 

< LUN > 

1 •::>9 i •:a I ad r 1 

I •::>9 i •:a I ad r 0 

0 0 0 0 0 

0 0 0 0 

*=Disable retry flag 

Select tape track - Returns the tape to 
Beginning of TaPe Position and selects 
the starting track #. For SPI it taPe drive 
m•::>de, tho:- sta1·t;ng track# is either 0. 2. 
4, or 8. For the whole taPe driv~ mode, the 
starting track #should be always 0. 

7 6 5 4 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

<TP LUN> 0 0 

0 0 0 0 

3 

1 

0 

0 

0 

0 

1 

1 0 

0 0 

0 0 

0 0 

starting 
track # 

0 0 

0 

0 

0 

0 

0 

0 

Since the controller can onlY interface to one 
Archive tape drive, the two-bit TP LUN shOuld 
always be 00 in alt CDB's. 

s-e4'(7 ""Tr,,,r~ /".,.,·,,;,,,;, s- 7. ~I 
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•~PCOde 00 

oi:>code 0E 

CDB 

b:Yte 0 

1 

..... ..:.. 

3 

4 

5 

Rese1·ved 

ForMat bad track with alternate address -
This coMmand sets the M.S. bit of head b:Yte 
in I.D. field t•~ indicate it is a bad track 
and writes the given alternate address into 
the first two bYtes of the data field. 
This operation is done on al I sectors of the 
bad track and it is assumed at least one 
sector is good enough to hold the alternate 
address. Refer to bad track forMat section in 
this do•:ument. 

**Also note this is the onlY command where the 
address given in the CDB is in terMs of 
PhYsical address instead of 1ogica1. ** 

---------------------------------
7 6 5 4 2 1 

---------------------------------
0 0 0 0 1 1 1 0 

---------------------------------
< LUN > l2l 0 0 

---------------------------------
bad track 
head adr 

M. S • 
•:Y 1. ad r 

---------------------------------
L. S. •:Y I i nde1· ad r 

---------------------------------
alt tra•:k 
head ad1-

M. S. 
CY I. ad r 

---------------------------------
L.S. cYI inder adr 

---------------------------------
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OPC•:>de 0F 

COB 

bYte 0 

1 

2 

3 

4 

5 

COB 

bYte l2l 

l 

2 

3 

4 

5 

Erase taPe - The controller erases the 
whole tape and positions the taPe to 
Beginning Of Tape C BOT ) position 
when f i l"'I i shed. 

7 6 5 4 3 2 1 0 

0 0 0 1 1 1 1 

0 0 0 0 0 0 0 l2l 

0 0 0 0 l2l 

0 0 0 0 0 0 0 

<TP LUN> 0 0 0 0 l2l 

0 0 0 0 0 0 0 0 

Request statistic - This command is issued to 
inquire the nu~ber of rewrite counts after 
backuP or number of reread counts after restore. 
The control 1er returns 4 bYte response upon this 
request. 

7 6 5 4 

0 0 0 1 

0 0 0 

0 0 0 0 

0 0 0 

<TP LUN> 0 0 

0 0 0 0 

"'l' ..... 

0 

0 

0 

0 

...... 
~ 

0 

0 

1 0 

0 0 

0 0 

0 

0 0 

0 0 

l2l 

4 bYte statistic response definition 

7 6 5 4 3 2 1 0 

bYte 0 0 0 0 0 

1 < TP LUN > 0 0 

2 rewrite or reread count bYte 1 

3 rewrite or reread count bYte 0 

15 



OPCOde 11 

COB 

byte 0 

1 

2 

3 

4 

5 

Position to End of Fite - The control ter 
Posit i •:ms the tas:>e to the end of tne 1 i I e. 

---------------------------------
7 6 5 4 3 2 1 0 

---------------------------------
0 0 1 0 0 0 1 

---------------------------------
0 0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 

---------------------------------
<TP LUN> file I.D. number 

---------------------------------
0 0 0 0 0 

---------------------------------
* = Tas:>e retension f la9 
$ = SuPs:>ress BOT flag; when set. avoid BOT 

PC•S i t i •::>n i n9 
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COB 

bYte 0 

1 

2 

3 

4 

5 

bYte 0 

1 

2 

3 

12 

7 

0 

0 

0 

Disk CaPacitY inquirY - This coMmand al lows 
the h•:::>st tc1 inquire abc1ut the Ma>< imuM I og i •:a I 
address existing on the specified disk drive. 
The controller wi II return 4-bYte response 
to the host. 

6 5 4 3 2 1 

0 0 1 0 1 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 0 

0 0 0 0 0 

4 bYte response 

7 5 4 2 1 0 

0 CZl CZl CZl 0 0 

< LUN > Max I •:•9 i •:a I ad r 

Max 

Max I •::>9 i •:a I ad r 0 

MaxiMum I09ical address bYtes reflects the MaximuM 
caPacitY of the drive as dictated bY the max cYI inder 
adr and Max head adr. Therefore, the actual caPacitY 
would be smaller if there are some bad tracks exist i ng 
in the dr i ve. 

17 



OPCOde 

COB 

byte 0 

1 

2 

3 

4 

5 

bYte 0 

1 

13 Control 1er TYPe InQuirY - This coMMand al lows 
the host to inQuire about what Class and TYPe of 
this control 1er and also what revision of the 
f i n11wa re in it. 
The controller wi I I return 4-bYte response to 
the host. 

---------------------------------
7 6 s 4 3 2 1 

---------------------------------
0 1 0 0 1 1 

---------------------------------
0 0 0 0 

---------------------------------
0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 

---------------------------------
0 0 0 

---------------------------------
0 0 0 

---------------------------------
4 bYte response 

--------------------------------
7 6 5 4 3 2 1 0 

---------------------------------
# <Other reserved bits for classes> 

---------------------------------
Controller tYPe bYte 

---------------------------------
Reserved 

---------------------------------
3 Controller's firmware revision 

---------------------------------
# = 1 for SC2111E 

control 1er tYPe bYte = 21 hex for SC2111E 

18 



~ . <If: - .. ~ • .. ;....:.............::..-. ..... ~ 

COB 

bYte 0 

1 

2 

3 

4 

5 

4 

bYt>? 0 

1 

2 

3 

14 Seek progress inquirY - This coMMand al lows 
the host to inQuire about the seek Progress 
on the disk d r i ve. This is usef u 1 t•::> 
determine if the last overlaPPed seek has 
been c1:>rr1P I et ed. 
The control 1er wi I I return 4-bYte response 
to the host. 

7 6 5 4 3 1 

0 1 1 0 0 

< LUN > 0 0 0 0 

0 0 0 0 0 0 0 

0 0 IZl 0 IZl IZl 0 

0 0 0 0 0 

0 0 

bYte resPc•nse 

7 6 5 4 .-. ..::. 1 0 

* < ) 

< LUN > Reserve 

Rese1·ve 

* = if set. the seek sti I I in Pro9ress 
= if reset. the seek is cornPlet~d 
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OPCOde 

CDB 

bYte 0 

1 

~ 
~ 

3 

4 

5 

bYte 0 

1 

15 MaxiMUM TaPe Track InQuirY - This comMand 
echoes back MaximuM Track Address and Tape 
Drive TYPe to the host. as previously defined 
bY the user in ' Define TaPe Drive Type' 
command. 

The control ter wi I I return 4-bYte response 
to the host. 

---------------------------------
7 6 5 4 3 2 1 0 

---------------------------------
0 1 1 0 1 

---------------------------------
< LUN > 0 0 0 0 

---------------------------------
0 0 0 0 0 0 0 

---------------------------------
0 0 0 0 0 0 

---------------------------------
0 0 0 0 

---------------------------------
0 0 0 0 0 

---------------------------------
4 bYte response 

--------------------------------
7 6 5 4 3 1 0 

---------------------------------
0 0 0 0 0 0 0 

---------------------------------
0 0 0 

---------------------------------
2 MaxiMUM Tape Track Address 

---------------------------------
3 TaP~ Drive TYPe 

---------------------------------
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Ctass 1 

•::>PCOde 00 

COB 

bYte IZl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Commands in this class are 12-bYte tong 

Disk COPY - This COMMand cos:>ies the data blocks 
froM the ss:>ecified source disk starting 
location to the specified destination disk 
starting location. The number of data blocks 
to be transferred is specified in bYtes 7-9. 

7 6 5 4 3 2 1 0 

0 0 1 IZl 0 0 0 0 

lo<Ji•:at adr 2 

I •::>9 i •:a I ad 1· 1 

{dst. LUN> I •:>9 i •:a I ad r 2 

I •::>9 i •:a I ad r 1 

number of blocks bYte 2 

number of blocks bYte 1 

number of blocks bYte 0 

0 0 IZl 0 0 

*'* 0 0 0 0 0 

* = Disable retry f tag 
**=Disable data correction fla9 
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01 

CDB 

bYt.e '2'J 

1 

2 

'"'!' ._, 

4 

5 

6 

7 

8 

9 

10 

11 

7 

Restore - This coMmand rest.ores the tape data 
SPe•: i 1 i ed in taPe 1 i le ID 4t int•:> the 0 i sk -f 1·oh1 

starting disk I09ical adr. The nuMber of 
blocks to be restored is sPeci-fied in bYt~s 
7-9. 
BYtes 5 and 6 are the block o-ffset. This 
al lows the controller to skiP a certain 
number of blocks before reading the taPe. 
In other W•:>l"ds, 
to the 1 i I e. 

the user can randoMIY access 
But the user should be aware 

that the maximum of-fset is 65.536 blocks 
where the maximum number of blocks in the 
file could be greater than this value. 

to Section 11. 0 fo1· restore 
OPerational descriPtion. 

6 5 4 2 1 0 

0 1 0 1 

{disk LUN> I og i •:a I ad r 2 

I •:>9 i •:a I ad r 1 

<TP LUN> f i I e I. D. n urrtb>:.> r 

taPe read block offset bYte 1 

taPe read block offset bYte '2'J 

number of blocks bYte 2 

nu~ber of blocks bYte 1 

number of blocks bYte 0 

$ 0 0 l2l 

l2l l2l 0 0 l2l l2l 

* = TaPe retension flag 
$ = SuPPress BOT flag; when set. avoid BOT 

P•:>s i t i on i ng 
~ = Read next N block fig; if this is set. 

the controller WILL IGNORE Fi le I.D. 
and block of-fset, assuming to read from 
the Position of the current file. 

# = Disable retry -flag 

22 



OPCOde 02 

CDB 

bYte> 0 

l 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

BackuP - This command saves the disk data from 
the startin9 disk I09ical adr into the taPe. 
These data are written onto the taPe as a 
tape file and the file is also 9iven the file 
ID number specified in the COB. 
The number of blocks to be saved is specified 
in bytes 7-9. 

Refer to Section 11.0 for the backuP 
operational descriPtion. 

7 6 5 4 ""!' ..... 2 1 0 

0 0 1 0 1 0 

{disk LUN> I 09 i •:a I ad i- 2 

I 09 i ca I ad r 1 

I •=>9 i •:a I ad 1· 0 

<TP LUN> file I.D. nut11ber 

0 0 0 0 

0 0 0 0 0 

number of blocks bYte 2 

number of blocks bYte 1 

number of blocks bYte 0 

0 0 0 

0 0 0 0 
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03 

COB 

bYte l2l 

1 

2 

~ ·-· 
4 

5 

6 

7 

8 

9 

10 

11 

7 

0 

0 

Read file from tape to host - This coMmand 
is siMi lar to restore comMand except the 
the data read from the taPe is directly 
sent to the host instead of to the disk. 

**** WARNING **** If the host transfer rate 
is slower than 11 Msec Per block. 
the user MUST NOT sPecifY more than 14 
blocks at a time. 
Refer to section 11.0 for the operational 
des•:r i Pt i •:::>n. 

6 5 4 2 1 

0 1 0 0 1 1 

0 0 0 

0 CZl 0 0 

0 0 0 0 

<TP LUN> file I.D. nutT1be1· 

taPe read block offset bYte 1 

tape read block offset bYte 0 

number of blocks bYte 2 

number of blocks bYte 1 

number of blocks bYte 0 

$ 0 0 0 0 0 

0 0 CZl 0 0 

* = TaPe retension flag 
$ = SuPPress BOT flag; when set. avoid BOT 

POS it i •:::>n i ng 
~ = Read next N block ftg; if this is set. 

the contro11er WILL IGNORE Fi le I.D. 
and block offset, assuming to read from 
the Position of the current file. 

Note: 000000 in bYtes 7,8,9 ( number of blocks 
bYtes in Class 1 ) is ILLEGAL. These three 
bYtes range from 000001 to FFFFFF (16777215>. 
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CDB 

bYte 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

04 

7 

0 

Read tape file header - This command is to 
read the tape I.D. block and the first few 
data blocks of the taPe files and transfer 
theM to the specified disk address. 
BY using this command. the user can QUiCklY 
retrieve the header information on the taPe. 

6 5 4 3 2 1 

0 1 1 0 

(disk LUN> I og i •:a I ad r 2 

I •::>g i ca I ad r 1 

I •::>g i ca I ad r 0 

<TP LUN> nuMber of files 

0 0 

0 0 

0 

0 0 

l2l 0 

* $ 0 

IZl 121 

0 

0 

0 

0 0 

0 0 

IZl 

0 0 

0 

nu111be r of 
blocks 

0 0 

121 0 

* = TaPe retension flag 
$ = SuPPress BOT flag; when set, avoid BOT 
# = Disable retry flag 

number of files = ~umber of file headers to 
be read 

nutriber of blocks =the size of each file 
header. It ranges 
frorn 1-5, inclusive of 
Fi le I.D. bl•::>•:k. 

25 



C1ass 6 

OPCOde 00 

l'.)PCOde 01 

OPC•:>de 02 

CDB 

bYte 0 

1 

2 

3 

4 

5 

The Di- i ve 

_,._ ... ; .... - .:. -.:-- ... -. ..;~.----· 

Reserved 

Reserved 

Define tas:>e drive tYPe - This command is 
to define the Model of the taPe drive and 
whether oi:>erated as a Whole Drive mode or as a 
•SP I it Dr i vi::• mode. 

SPI it Drive is to divide the taPe drive into 
portions as if there were more than one taPe 
drive available to the user. 
With the Track Selection coMmand. the user can 
then select that particular Portion to speed UP 

the access time to the taPe data and conse~uentlY 
also expand number of fi 1es per cartrid9e 
beyond 256. 

---------------------------------
7 6 5 4 

...., . ..;, 2 1 

---------------------------------
1 1 0 1 

-----~---------------------------
0 0 

---------------------------------
0 0 0 0 0 0 

---------------------------------
Maximum TaPe Track Address 

---------------------------------
0 0 0 <TP DR TYPE> 

---------------------------------
0 0 0 0 0 0 

---------------------------------
tYPe 0 = SPI it into Poi·t i •:ins 1::>f ..... .:.. 

1 = SPI it int•:> P•:J rt i •::>liS of 4 

2 = SPI it into Po1·t ions Of 8 
"'t' 
•.J = SPI it int•:::> P•::>rt i •:::>ns 1jf 1 ·-· .::. 

( is 12"QUiva1ent to al I 9 
9045B ) " 

tracks each 
t ra•:ks each 
tracks ea•=h 

t i·acks eoach 
tracks in 

The MaxiMum Tape Track Address is actual IY the TaPe Drive 
Model in the con~iguration. 

25 



For examPle. the user has 904SB in his sYsteM and wants to 
SPI it it into 4,4,1 tracks. He should issue this comMand 
with the fol 1owin9 : 

Maximum TaPe Track Address = 08 
TaPe Drive Type = 01 

C 9 track drive > 
< 4 tracks each ) 

Should the user never issue this coMmand after Power-up, 
the control 1er WILL ASSUME MaHiMum track address 03 
C 9020B drive ) and drive tYPe 01 C whole 4 tracks ). 
And if the user defines the maximum track address 00. 
the controller WILL ASSUME maximum track address 03 also. 
and this is to be software compatible with the existing 
P l"•::>du•:ts. 

When the user backuPs disk data onto the tape, the taPe drive 
tYPe information is also recorded in the 6th bYte of ID 
block of the tape file. BY usin9 'read taPe file header' 
command. he can retrieve this bYte and determine whether 
it was saved in the whole drive mode or SP! it drive mode at 
the tittle of backuP. (See Section 11. 1 'read tap.:- file 
header' explanation) 
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Define disk ParaMeters - This command is 
an added feature in Extended Series 200121 
control 1er. It al 1ows thll? controller to 
interface to anY ST506 interface coMPatible 
disk d r i ves. 
The user MUST sPecifY disk Parameters of 
al 1 LUN~s in the system at the Power-uP. 
The controller wi I I not response to anY 
other coMmands without those Parameters. 

COB 

bYte 0 

1 

,..., 
~ 

3 

4 

5 

---------------------------------
7 6 5 4 3 1 

---------------------------------
1 1 0 IZl IZl 1 1 

---------------------------------
< LUN > Max CYI adr bYte 1 

---------------------------------
Max CYI adr bYte 0 

---------------------------------
Max head adr per cYI 

---------------------------------
Seek steP rate interval 

---------------------------------
0 0 121 0 IZl 

---------------------------------
*=Disable reduced write current/ PrecoMP 

fla'3 

Max CYI address - For exaMPle. there are 31216 cYI inders 
in ST412 but the max CYI address is 305. Therefore 
hex entries bY the user should be 0131H. 

Max head adr Per CYI - There are 4 hii?ads Per CYI in 
ST412 but the max head address is 03. 

Seek steP rate interval - This entrY is used to sPecifY 
the time interval between seek Pulses. Every count 
in this bYte is equal to 15 microseconds. 
For examPte. ST412 is specified 30 microseconds 
between Pulses in buffered seek Mode and 02 should be 
entered. 
For ST506, onlY slow s~ek mode of 3 mi I I iseconds is 
available to the user. The entry in this bYte should 
then be CSH C or 200 in decimal ). 

Disable reduced wri~e current I PrecomP fla9 -
For ST412, redu•:ed write cu 1-rent is riot ava i I ab I e, 
but precoMP is reQuired as specified. therefore 
this fla9 should be '0' to enable PrecomP function. 
For ST506, this fla9 should then also be '0' for the 
reason of reduced write current reQuirement. 
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5.0 CONNECTOR DEFINITION 

5.1 HOST INTERFACE CONNECTION 

PIN# NAME DRIVEN DESCRIPTION 
BY 

0--:· ..:... DB0- HT/CL Bi di re•:tional data bus 12) 

04 DBl- HT/CL Bid i re•:t i ona I data bus 1 
05 DB2- HT/CL Bidi 1·ectiona1 data bus 2 
08 DB3- HT/CL Bid i re•:t i•:mat data bUS 3 
10 DB4- HT/CL Bid i re•:t i •:>na I data bus 4 
12 DBS- HT/CL Bid i 1·ect i ona I data bus 5 
14 DB6- HT/CL Bid i re•:t i•:::>nal data bUS £ 
16 DB7- HT/CL Bidirectional data bus 7 
18 PARITY- HT/CL Bid i 1·e·:t i ona 1 ParitY bit 
20 N/A Not used 
.-..-. 
~..::. NIA N•::it used 
24 NIA Nc•t used 
26 NIA Not used 
28 NIA Nc•t used 
3121 NIA N•:it used 
.... ..... 
....; • .!.,. NIA Ni::>t used 
34 NIA N•:::>t used 
35 BSY- CL Busy 
38 AC~\- HT A·:kr11::iw 1 edge 
40 RST- HT Reset 
4 ·-:0 ..:... MSG- CL Message-
44 SEL- HT Select cont r•:::> I I er 
46 CID- CL C•:::>l'Tltnand/Data t11i:>de select 
48 REQ- CL R..:-cwest 
50 IIO- CL InPut/OutPut l'llC•de select 

Note: All odd Pins are connected to ground. 
HT = Host 
CL = Control ter 

=negative true signals 

Signals received at the host side should be terminated 
with 220 ohms to +5V and 330 ohms to Gnd. 
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5.2 TAPE INTERFACE CONNECTION - Archive Sidewinder 

PIN# NAME 

0'"=' .... GO-
04 REV-
06 TR3-
08 TR2-
10 TR1-
12 TR0-
14 RES 
16 053-
18 DS2-
20 051-
.-,.-. .::..,:.. DS0-
24 RDL-

26 RDP-

28 UTH-
30 LTH-, ..... 
-·.:.. SLD-
34 CIN-
36 USF-

38 TCH-

40 WDA-
4 ·> .... WDA+ 
44 NIA 
46 HSD-

48 WEN-
50 EEN-

Note: 

DRIVEN 

CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
TP 

TP 

TP 
TP 
TP 
TP 
TP 

TP 

CL 
CL 

CL 

CL 
CL 

DESCRIPTION 

Go control for capstan servo 
Direction control for caPstan servo 
Track select bit 3 
Track select bit 2 
Track select bit 1 
Track select bit 0 
Reserved for cartridge lock control 
Drive 3 select control 
Drive 2 select control 
Drive 1 select control 
Drive 0 select control 
Read level outPut - a di9itized 
derivative of the analog read signal 
Read pulse outPut a Pulse Per flux 
transit i •:)O 

UPPer ta.Pe position code 
Lower taPe Position code 
Selected response from selected drive 
Cartridge in Place 
Unsafe - cartridge safe Plug in 
"unsafe" P•:)Siti•:)n (i.e. writing is 
enabled) 
CaPstan tachoMeter PUise - each PUise 
eQuals 112 +/- 3~ mi Is of tape 

triovernent 
Write data si9nal 
Inverse write data signal 
Not used 
Hi9h speed select control for model 
3020B 
Write enable control 
Erase enable control 

Al I odd Pins are signal returns. are connected to 
signal GND at the drive and should be connected to 
si9nal GNO at the Host. 
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5.3 DIS•< DRIVE INTERFACE - CABLE A CONNECTION 

PIN# SIGNAL NAME DRIVEN BY 

01 GND 
02 -REDUCED WRITE CURRENT CL 
IZ)"'! •..I GND 
04 RESERVED (-HEAD SELECT 2) CL 
05 GND 
05 -WRITE GATE CL 
07 GND 
08 -SED< COMPLETE Oh 
09 GND 
10 -TRACt\ 00 m< 
11 GND 
12 -WRITE FAULT m..: 
13 GND 
14 -HEAD SELECT 0 CL 
15 GND 
16 -RESERVED 
17 GND 
18 -HEAD SELECT 1 CL 
19 GND 
20 -INDEX m< 
21 GND 
22 -READY Dh 
23 GND 
24 -STEP CL 
25 GND 
25 -DRIVE SELECT 1 CL 
27 GND 
28 -DRIVE SELECT ...... 

,[.. CL 
29 GND 
30 -DRIVE SELECT 3 CL 
31 GND 
~ ·· ....:·.::. -DRIVE SELECT 4 CL 
""!'<" 
•.J·.J GND 
34 -DIRECTION IN CL 
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DISK DRIVE INTERFACE - CABLE B CONNECTION 

01 -DRIVE SELECTED 
0·-:0 .... GND 
03 RESERVED 
04 GND 
05 RESERVED 
06 GND 
07 RESERVED 
08 GND 
09 RESERVED 
10 RESERVED 
11 GND 
12 GND 
13 +MFM WRITE DATA 
14 -MFM WRITE DATA 
15 GND 
16 GND 
17 +MFM READ DATA 
18 -MFM READ DATA 
19 GND 
20 GND 

6. 1 MECHANICAL SPECIFICATION 

Width 
Length 

8.25 
15.0 

inches 
i n•:hes 

6.2 ELECTRICAL SPECIFICATION 

+5lJDC +/- 5'1-

Oh: 

CL 
CL. 

Dh: 
m-;: 

Voltage reQuir~Ment 
Current reQuirement +5VDC@ 4.5 AMPS (nominal) 

+5VDC @ 6.0 AmPs (max i mum) 

6.3 ENVIRONMENTAL REQUIREMENTS 

TemP. de9 n?e
F /C 

Relative HuMiditY 
@ 40 de9 l·ees F 

Altitude 
of nJhl sea I eve I 

32/0 to 131/55 

10Y. to 95'1-

0 t•j 10, 000 'ft 

-40/-10 to 167/75 

10Y. to 95Y. 

IZl to 15.000 'ft 



· .~ ... · 

7.0 HOST BUS INTERFACE 

7.1 Si9nal Definition 

7. 1. 1 

7. 1. 2. 

Bidirectional signals 

DB0 - DB7 

ODD PARITY 

Data Bus betweeen the controller and 
h•:ist. 

the 

Asserted when number of asserted bits on DB0-7 
is even; deasserted when number of 
asserted bits on DB0-7 is odd. 

Unidirectional signals driven bY control ter 

IIO 

CID 

BUSY 

MSG 

REQ 

I/O 

d 

d 

a 
a 

a 

a = 
d = 

CID 

a 
d 
d 
a 

a 

asserted 

InPut/OutPut. When asserted the data on 
the bus is inPut to the host; when 
deasserted the data on the bus is outPut 
bY the host. 

Cc11r1tr1a n d I Data. When asserted the data 
transmitted across the bus wi I I be 
command bYtes; when deasserted the 
wi I I be the data bytes. 

the 
data 

When deasse rted, it ind i •:ates the 
controller is readY to be selected bY the 
host and it is asserted after being 
se I ected. 

Message. When assert ed. it ind i •:ates that 
the command is comPleted. 

Ro:-c:iuest. After a I 1 cc•nt ro I s i gna 1 s been 
set UP• REQ in conJunction with ACK are 
uso:-d 'for data and comtriand trar1sfer 
handshake. 

MSG Cont 1·0 I tTIC•de 

d Get •:•::>mniand fr•::>m h1::>St 
d Get data f rotri host 
d Send data t•::i t-i•::ist 
d Si2'nd COtrlP I et ion status bYtE' 

to hi::>st 
a Send c•::>nimand done Message 

bYte to host 

deasse 1 .. ted 
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7. 1. 3 

7 .-. . .:... 

Unidirectional Signals driven bY Host 

ACK 

SEL 

RST 

Acknowledge. This signal is asserted as 
a handshake response to control ter's 
REQ. 

Select. The host uses this signal to 
gain controller's attention at the 
beginning of coMMand processing. 

Reset. Asserted-then-deasserted on this 
bit 1·einitial izes the c•:mt1·1:>l l.;:or. 
MiniMUM reQuireMent of Reset Pulse 
(du1·atio11 OT this asso:-rtio:in) is 21Zl 
1r1 i •: r•:>se•:onds. 

0Perational Descr i Ption 

The fol lowing out I ines the seQuence OT stePs 
con~and to the controller; 

tc• issue a 

1> Host POI Is on BUSY si9nal unti I deasserted to show 
the controller is readY to accePt coMmand. 

2) Host asserts SEL and DB<x> ( control 1er address b i t ) 
to gain the controller's attent i on and waits for the 
BUSY asserted bY the control 1er indicating it has 
recognized the selection. 

3) Host deasserts SEL and DB<x> The controller froM now 
has the control of the bus and is readY to accePt 
Command from the host. 

SELECTION TIMING ILLUSTRATION 

--------------------------
SEL I I ·--------------------- · 

----------------------------------------
DB <x> 

I I ·-------------- · 
-----------------

BUSY 
I ·-------------------------------------

----> < -- n •::> t i Me I i n1 i t 

---> ! (--- 60 US>?C 

DB<x> = •:ontro11er address bit; DB0, 1. 2, 3, 4, S, 6, or 1. 
DePendin9 on the control ter address ID froM the diP switch. 
the corresPondin9 control 1er wi I I response to the Selection. 
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4) The controller then asserts CID and deasserts I/O 
to indicates comMands bYtes outPut from the host 
the controller. Six command bYtes are requested 
and transferred over the host bus with REQ/ACK 
handshake Protocol. The control ter determines 
from the first command bYte what class it belongs. 
If it is class 1, additional six command bYt~s wil I 
be requ~sted and transferred. 

COMMAND TRANSFER TIMING ILLUSTRATION 

I/O ---------X 

C/D ---------X---------------------------------------------

DB7-0 
____________________________ x ___________________ x _____ _ 

I 

REQ 
! ________ L _______________ ! 

I ----------------------· A Ch 

----> ! ! <-- /no tinie I i trl i t 

----> I <--- 50 ns rr1ax 

---> ! <--
0 ns 111 in 
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5> For COMMands involving Dat• transfer, the controller 
deasserts C/D to indicate data mode transfer on the 
bus. I/O is to asserted for READ coMwand and deasserted 
for WRITE coMMand. REQ/ACK form the saMe handshake as 
in COMMand transfer case. 

DATA TRANSFER TIMING ILLUSTRATION 

I /0 f•:ir 
data write 
( ti::i host> 

I/O f•::>r 
Data read 
( f rott1 host) 

C/D 

DB7-0 f•::>r 
data write 

DB7-0 for 
data read 

REQ 

I ---------
1>- ---------X-----------------------------------------

( --------- -----------------------------------------rf _________ x 

I --------- -----------------------------------------{; _________ x 

__________________ l ____ _ 

---) 

---> . 

36 
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<- - 1 i 0 ns "1 i Ii 

-> 

<-

<--t no ti•• I im i t 

I <--- 50 ns\ ma~ 
900 ns to in--> ~ 

<-700 11s max-> 

no t i Me limit--> <--



6) LiP•:m co111P I e't ion of any co111111and, 'the cont ro I I er Puts a 
coMPle'tion status bYte on the data bus. with CID and 
I/O asser'ted. REQ/ACK handshake is used to 'transfer 
this completion status bYte to the host. 

COMPietion status bYte definition 

7 6 

< LUN 

* = 
** = 

$ = 

5 4 3 2 1 0 

> <SPARE> $ 

composite error bit 
host bus Pari'tY error bit 
tape rela'ted error flag 

7) Then the controller Places al I zero's on the data bus 
with MSG asserted. The saMe REQ/ACK handshake to 
transfer this Message byte to the host. 
Such message bYte returned bY the controller 
used to generate an interrupt to system to signify the 
comPletion of the command. 

COMPLETION STATUS 
TIMING ILLUSTRATION 

AND MESSAGE BYTES TRANSFER 

I/0 ----------X--------------------------------------! 

C/D ----------X--------------------------------------~ 

BUSY 

DB7-0 

MSG 

REQ 

AC~< 

I ------------------------------------------------- · 

con1PI. status a I I 0' S 

______________ x ______________ x x __________ _ 

I I ·-------- · 

I I I I ·---------- · . ------. 

I I I I ·----------- · ·-------- · 
titnin9 
above 

requirements are same as I/O data write case 
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8) After sendin9 Message to the host, the controller 
deasserts REQ, MSG, I/Q, CID , BUSY and 
returns to the tooP where can be again selected for 
the next coMmand. 

8.0 DATA FORMAT 

8. 1 Sector forMat on the disk 

Tn.:
The 

track is tYPical IY formatted for 32 sectors per 
layout for every sector is as fol towing: 

Good track format 

GaP 1 
P 1·ea1Y1b I es 
ID A.M. 
ID field 
ECC 
GaP 2 
GaP 2 
Data A. M. 
Data 
ECC 
GaP 3 
Gap 4 

Bad track fonnat 

GaP 1 
P n?alf\b t es 
ID A. M. 
ID field 
ECC 
GaP 2 
GaP 2 
Data A. M. 
A I te1·nate ID 
Data 
ECC 
GaP 3 
GaP 4 

BYtes 

56 
13 

2 
4 
3 
2 

1 ·-:• 
""' 

256 
. . 3 

2 
15 

56 
13 

2 
4 
3 .-. 
..!.. 

1·"') 
""' 
2 
3 

253 
3 
2 

15 

8.2 Tape data block format 

DescriPtion 

'4E' 
, 00' 

CYiinder h i , I•=•• 
ECC bYtes f•::>r 

'00' 
'00' 

hi:oad, sector 
ID ·field 

ECC bYtes for data field 
'00' 
'4E' 

'4E' 
'00' 

CY Ii nde1· hi, I•=>• he-ad, sector 
ECC bytes ~or ID field 

• 00' 
'00' 

ECC bytes for data field 
, 00' 
'4E' 

-----------------------------------------------------------
1 7 BYTES!MK1 4 bYtes 

'ff' !bYte! of taPe 
headia-r 

256 bytes 
of data 

!3 bYtes!MK2 !7 bytes! 
!of ECC !byte! 

----------------------------------------------------------
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9.0 ERROR TYPE, ERROR CODE AND LED's DISPLAY DEFINITION 

Should any e1·r1:>1- •:::>•:•:ur during •:::>Pe1·ati•:::>ns. the 1:ontro11e1· 
Posts error tYPe and error code in Sense bYte 0 and 
1 i9hts led' s a•:c•:::>1· d i ng I Y. 

TYPe 0 (Disk Drive> Error codes 

0 

1 no index Pulse detected 

no seek comPlete 

.•. • 

4 

5 d ri ve not selected 

5 no track 00 detected during recal 

7 Multi Pie drives selected 

8 no sector Pulse detected 

9 alternate to a bad disk address 

Type 1 (Controller) error codes 

1 

2 

·-· 

4 

ECC error in the ID field 

uncorrectable data error in data field 

1·eserved 

record not found. Found correct CYI inder 
and head but not sector. 

seek error. R/W head Postioned on a wrong 
cYI inder or wrong head selected. 

E, reserved 

7 i-eserved 

8 correctable data error in data ~ield 

9 al I sectors on the track are bad. no 
val id alternate track information found. 
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LED disPlaY 

{01> 

<02> 

{ 03 > 

<04) 

<05> 

<0E> 

<07> 

<08> 

<09> 

LED's diSPlaY 

<HZl> 

( 11) 

{ 14> 

<15> 

<18> 

( 19> 



...: .... -

c incorrect track format incorrect CYI. adr <lC> 

D incorrect track ~ormat ( 10> 

E incorrect track format incorrect sector adr<lE> 

F ECC error in data field during read ID operation <1F> 

Type 2 (Command) Error codes LED's diSPlaY 

invat id Command received from the host (2(2)) 

1 i I te9al disK address. beYond max address <21) 

2 r.;oserved 

3 drive tYPe undefined {23) 

TYPe 4 CTaPe transfer) Error codes LED's disPtaY 

0 

1 

3 

4 

5 

excessive rewrite/reread errors 
during backup/restore -
taPe rewrite or reread count is more 
than 2048 during operations 

taPe drive is write protected 

cartridge is not in 

taPe fut I - Dur ins backuP operation. 
no rnore taPe space on the cartridge 
while there are more disk blocks 
to be saved in the backuP operation. 
Or durin9 restore operation, no More tape 
space while there are more blocks to be 
restored according to the given coMmand 
descriptor block. 

detected a missing block error during 
restore operation 

detected unexpected hole -
control ter detected unexpected BOT 
Cbe9inning of tape) or EDT (end of tape) 
ho 1 es. 

reserved 
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<40> 

<41 > 

<42> 

<43> 

<44) 

<45> 



7 reserved 

8 number of blocks to be restored. sPecifi~d in (48) 
the restore comMand. is greater than the number 
of blocks existing ~n the taPe file. 

9 file Mark is not found in restore operation <49) 

A cartridge been changed, rePostion or erase <4A> 
f i 1-st before do ar11::itt-.er ba•:kuP; or i I I ega I I Y 

SUPPress BOT flag during tape read operations. 

B 

c 

D 

taPe drive is not ready 

timeout in tape read - controller did not 
detect val id data in tape read operations 
for more than 2 seconds. 

i I lesal tape drive track or 
di- i ve tYPe 

1 1 ega I taPe 

<4B> 

<4C> 

<4D> 

tYPe 5 (controller oPeration)error LED's diSPlaY 

1 

controller operation error 0 

controller operation error 1 or 
maY also caused bY drive error or track 
not formatted in read/write operation. 

host bus ParitY error 
not Posted in sense bYte 0, Just led's 
disPlaYed and ParitY error bit set in 
comPletion status 

10.0 MICRODIAGNOSTIC CAPABILITY 

<50> 

<51> 

<61> 

A diagnostic EPROM can be used to rePlace the Operational 
EPROM for Fault Isolation Purpose. With this firmware, the 
user can initiate diasnostic routines, bY switch sett ins 
to fault isolate the hardware on the controller. Any error 
froM the diasnostic routine wi I I be disPlaYed on LED's. 
This oPti•:m is us>?ful in •:he•:kin9 the b•::ia.rd. 
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11.0 TaPe related operational descriPtion 

i 1. 1 

This section is devoted to helP users better understand 
the taPe coMmand usage, their features. and I iMitations. 

TaPe coMMand execution 

Cl) BACKUP - This controller can handle the Fi le BackuP 
as wel I as the traditional !Mage BackuP. 

a) Fi le backuP - In file backuP. the user saves onlY 
Part of the disk onto the taPe. He defines the 
logical address on the disk where the backuP starts. 
the nuMber of blocks to be saved and the file I.D. # 
associated with this file. 

An Erase comMand must be issued at the very first 
time of using the cartridge for backuP operation. 
After an Erase Pass. the controller Positions the 
tape to the BOT (Beginning of TaPe) Pos i ton and 
it is now ready for the first file ba•:kuP on the taPe. 

The taPe stops after the first file has been saved. 
If the second backuP command is issued. the taPe starts 
to move aga i n and the next file is to be saved. 
The subsequent backups are handled simi tarlY unti I the 
whole cartridse is fi I led. 

user should trY to save the files at I at 
once because any interruPtion. such as Power-down of 
the control 1er. removal of the cartridge and others. 
between backuPs maY require extra procedure to 
real i9n the tape Position. For instance. the 
control 1er was Powered down after the tast backuP. 
the user Must first reposition to the end of that file 
bY using 'Position to End of Fite• command 
( see 11.2 of this section J And then he maY 
a file backuP comMand for the next file. This 
necessary because the controller lost vital 
when Powered down. 

issue 
is 

i nf•::>l"tTlat ion 

Should error occur at the comPletion, 'Sense request' 
is issued to get the eyror code. And if it is tape 
fut I error ( error code = 43 ), the Sense bYtes 1.2.3 
contain the number of blocks that have been 
successful IY saved onto the taPe when the error was 
detected. BY usin9 these three-byte inforMation. the 
user can easi IY configurate another CDB and cont i nue 
this file backUP onto another cartrid9e. 
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To further 
f 0 I I •:::>W i n g : 

I lustrate the above. an exaMPle is '3iven as 

a backuP CDB is issued - logical address = 005000 
1 i I e I. D. = 08 
n urr1bo:-1· •:if b IO•: ks= 002001Zl 

At the coMPletion of backuP and a sense request 
is issued and 4 sense bYtes returned are 

sense byte 0 = 43 
sense bYtes 1.2,3 = 001FF0 

This means tape is ful 1 and onlY 1FF0 blocks out of 
2000 have been transfered. 

Another backuP CDB may be issued to save rest of the 
file •::>nt•:i ani::>ther •:a rt r i d'3e -

1.;,g i cal address = 005000 + 001FF0 = 006FF0 
file I. D. = 08 

nurr1ber OT bl •::>Cks= 002000 001FF0 = 001ZH2l10 

b) Image backuP - Since the contri::>I ler treats al I backuP 
oPerations in terms of files. the image backuP is Just 
a special case of the "file backuP where the whole 
disk is saved onto the taPe. The user de"f ines the 
starting ti::>gicat address equal to 00, an arbitrary 
file I.D.#, and the maximum number o"f blocks avai table 
•:ir1 the disk. 

(2) RESTORE - With the bui It-in block offset feature in this 
command, the controller can Perform the 'Unique block 
restore' in add it i ona I to the n•::>rn1a I Fi I e Resto1·e. 

a) Fi le restore - This comMand is to restore the data 
onto the disk. The user defines the file I.D. #, 
the starting logical address and the number of 
blocks to be restored on the disk. If the number of 
blocks to be restored SPecif ied bY the user is 
greater than the number of blocks existing in the 
taPe file. the controller sti 11 restores all blocks 
in the file and flags error <48> at its comPletion. 

UPon receiving the comMand. the controller first POSitons 
the tape to BOT. If the taPe retension flag is set in the 
CDB the controller runs the tape forward Pass and reverse 
Pass before Positions it to BOT. 
After BOT Positioning, the controller then searches the 
fi te , restores it onto the disk and stops the taPe. 
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If the user issues another restore command. the 
t.:•::>nt n::> I I er again P•::>S it ions to BOT be'fo re sea 1- •:n and 
restore. However. he also has an option to set 
'suPPress BOT' flag to bYPass BOT Positioning or 
tape retension. This al lows the user to QUicklY 
read the subsequent files fol lowin9 the current 
POS it i•:JO. 

b) Unique block restore - There is also a two-byte block 
offset defined bY the user in the restore CDB. 
The controller can restore part of the file bY using 
this offset to skiP a certain number of blocks after file 
mark is found ( fi te mark is the be9innin9 of the file > 
and then it starts the restore operation froM that 
b I ock •:in. 

Should error occur in the restore operation. 'sense 
1-equest' is issued tc1 '3et err•:>r •:•:•de. If it is eithe-r 
taPe fut I or missing block error ( error code = 43 or 
44 ) the sense bYtes 1.2,3 contain the number of 
blocks have been successful IY restored onto the disK 
when the error was detected. BY using these three- byte 
information. the user can easi IY configurate 

anoth>E-r rest•::;.re CDB and continue this file rest•:>re frOhl 
another cartridge or retrY the missing block again. 

To further i I lustrate the above. an exaMPle is given as 
f •:::>I I ow i ng : 

A restore CDB is issued- logical address = 005000 
read block offset = 100~ 
number of blocks = 002000 

At the comPletion of restore and a sense request is 
issued and 4 sense bytes returned are -

sense byte 0 = 44 
sense bYtes 1,2,3 = 001FF0 

This Means 1FF0 blocks have been restored when the 
Missing block was detected. 

Another restore CDB maY be issued to retry the 
operation from the missing block to the end of the file 

logical address = 005000 + 001FF0 = 006FF0 
read block offset= 1000 + 001FF0 = 2FF0 
number of blocks = 002000 001FF0 = 000010 
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C3> Read file froM tape to host - This operation is very 
Much similar to 'Restore' except blocks of data read 
froM the tape are sent to the host rather than to the 
disk. 

a) Read a file from tape to host - Al I concerns described 
in 'Restore' of this section are aPPI icable here also. 

b) Read a Partial file from taPe to host - Al 1 conerns 
described in 'Restore' of this section are aPPI icable 
here a I so. 

(4) Read taPe file header - This operation is to read the 
taPe I.D. block and the first few data blocks of 
the taPe fi 1es and transfer them to the disk. 

A 'Read tape file header' command as fol lowing is 
issued : 

I0'3ical address 
nurr1be1- of f i I es 
nuMber of blocks 
suppress BOT flag 

= 
= 

005000 
8 

= 4 
= 0 

and assuming there are 40 files 
narr1elY file #0, #1, ••••• ~38, 

in the •:artrid'3e. 
#39. ( the f i I e #' s 

do not have to be in sequence as shown here ) 

UPon the completion of this command. the disk lo9ical 
addresses •:onta in i ng: 

5000 •:on ta ins the 
5001 •:onta ins the 
5002 1:1:111ta ins the 
5003 contains th>? 

5004 contains the 
5005 contains the 
5005 •:•:in ta ins the 
5007 •:on ta ins the 

II 

II 

501C contains the 
5010 •:•:::>nta ins the 
501E •:or.ta ins the 
501F •=•:::>nta ins the 

where 1st bYte ()f I.D. 
2nd 
3rd.4th.5th 

6th 

I. D. block ()f Fi le # 121 
first data block in Fi le # 0 
Se•:•:::>l"'ld data b l•::>•:k in Fi le # (Z) 

third data block in Fi le # 121 

I. D. block Of Fi le # 1 
f i 1-st data b IO•:k in Fi le .. 1 
si:- •:ond data bl O•:k in Fi le * 1 
th i 1-d data b I •:::>Ck in Fi le *" 1 

I. D. block Of Fi le * 7 
first data b l•:::>Ck in Fi le # 7 
sec•:::>nd data block in Fi le tt 7 
third data b I •:»•:k in Fili:- tt 7 

b I •::icK = 1210 
= Fi le # 
= Nutr1ber •::>1 blO•:ks exist-

il"l9 in this 'f i IE' 

= 01 i ., data was saved in 
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Then the user can again issue the second 'Read taPe file 
header' command with the 'SuPPress BOT flag' set. 
UPon its completion. the disk logical addresses 
C•::>nta in i ng: 

5000 contains 
512101 •:•::>nta ins 
5002 contains 
512103 1:onta i 1-.s 

5004 c•::>nta ins 
512105 •:•:::>nta ins 
5006 contains 
512107 •:on ta ins 

II 

II 

II 

501C contains 
501 D C•:::>nta ins 
51211 E 1:c•r1ta i 1-.s 
512l 1F contains 

the 
the 
the 
the 

the 
the 
the-
the 

the 
the 
the 
the 

I.D. block of Fi le* S 
first data block in Fi le* 8 
second data block in Fi le * S 
third data block in Fi le* 8 

I.D. block of Fi le* 9 
first data block in Fi le# 9 
second data block in Fi le * 9 
third data block in Fi le* 9 

I.D. block of Fi le# 15 
first data block in Fi le# 15 
second data block in Fi le # 15 
third data block in Fi le# 15 

The examPle here shows that while there is not enou9h 
scatch disk area for holding al I headers at one time. 
the user can utilize the 'Suppress BOT flag' to read 
8 headers at a time. 

There are two advantages of this commands. 
FirstlY. the user can retrieve the first few data blocks 
of multi Pie files in one command. Often time. these blocks 
contain the header information of that file. 
SecondlY. the user can read the headers of PhYSical IY 
contiguous files on the tape and use them to bui Id a ta.Pe 
f i I e di 1·ectorY. 
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11.2 APPendin9 data blocks on the existing cartrid9e -

This feature at tows users to continue backuPs on the 
remaining Portion of the cartridge taPe after Power-down, 
removal of cartridge, or other interruPtions causin9 Mis
al i9nMent of the read head in the taPe drive. Therefore, 
uti I ization of a whole cartridge is warranted. 

AssuMing there is file #51, which is the last file 
in the cartridge. In order to append data blocks, the 
issues a 'Position to End 
the end of the last file 

•':1-f Fi I e' •=•=>tTHTtand 
on th.:- taPe. 

t•::i POS it ion 
user 
to 

After receiving this comMand, the controller Performs a 
search on Fi le I.D. #51 and Positions to the end of this 
file. At the comPletion of this coMmand, it is readY to 
backuP more fi tes on the remaining unused Portion of the taPe. 

11.3 Read next N blocks -

This feature al lc1ws th.:- usi:-r to •:ontinue to read 1r1.:He 
blocks from the current file. 

Fc•r e><aMP 1 e. assu1r1 i r,g the re is f i t e #25 of 10 data b I ocks 
in the cartrid9e and a 'Read file froM taPe to host' command 
is issued to the controller: 

Fi le I.D. = # 25 
number of blocks = 5 

At the comPletion of this command. the user then decidi:od 
there are more infor~ation on this file to be read. Now he 
can issue the second 'Read file from tape to host' command 

Fi I e I. D. - D·:.r1., t •:a re 
nuMber of blocks = 5 
read ne><t N block flag =set 

The controller wi I I ignore the file search Process and 
go ahead to read the next 5 blocks from file #25. 

Since th~ file mark has been Passed after the first 
C•:>mmand, anothe1- file sea1-1:h •::>n this file W•::>Uld invc•lve 
the tedious BOT. BY using this flag, the user can 9reatlY 
reduce his access time to the· next 5 blocks of data on 
the taPe. 

The user should not confuse this flag with SuPPress 
BOT f I ag. Unde1- SuPPress BOT f 1 ag, th•::>U9h the •:ont rot ler 
does not do BOT, it sti II Pe1-for1r1s the no1·mal file 
search Process and of course. 
1ocati:-d. 
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11. 4 

···. 

Error Hand I ing and RePortin9 

ReQuest Statistics - The control 1er Maintains a 11-bit 
counter( UP to 2048 > to keeP track of the re-write or 
re-read tries in anY single ba•:kuP or ro:ostore •::>Perati•:>n. 
Regardless of error or not at the COMPietion of the 
taPe-\·e1ated •::>Perations. it is advisable to issue 
'Re~uest Statistic' to get this count. which can be 
used to determine anY degradation in the QUal itY of 
the tape drive and cartridge. 

11.5 User's concerns in taPe operations 

Cl) TaPe gaps between files - the controller puts a gap 
on the taPe between fi 1es during backuP os:>erations. 
Therefore increasing number of fi 1es in the cartridge 
decreases the Percentage in taPe utilization. 

(2) Interleave constant - To accomodate efficient disk/taPe 
transfer operations. the disk should be formatted with 
an interleave constant of 11 (decimal value>. 
Otherwise. there wi I I be a si9nificant penaltY in tape 
ut i I i zat ion. 

Interleave constant is a number used to assign relative 
positions to 32 sectors throughout the disk track. For 
examPle• an interleave constant of 11 assigns the 
sectors in the fol lowing SeQuence: 

0. 11. 22 •. 1. 12. 23. 2. 13. 24. 3, 14. 25. 4, 15, 26. 5, 16, 27. 6. 17. 28. 
7' 18 ' 29 ' 8 ' 1 9 7 30 ' 9 ' 2121. 31 , 1121. 21 • 

(3 ) Host transfer rate - If 'Read Fi le from TaPe to Host' 
•:•:.'ll'r\rr1and is used. the use1- sh•::>Uld n\ake sure "that the host 
can maintain a data transfer rate equal to that of the 
taPe (ab•:.'lut 11. 7 use•:/bYte). H•:::>wever. f•:::>r the f i les of 
less than 3584 bYtes (14 blocks), this concern is waived 
be•:ause •:'If the •:•::>ntr•:d ler' s se•:tor buffi:-r. 

~••• WARNING **** If the host transfer rate is slower 
than 11 msec per block. the user MUST NOT sPecifY 
more than 14 blocks at a time. 
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12.0 USER'S GUIDE FOR REQUIRED JUMPERS AND SWITCH SETTINGS 

12.1 Jumpers and switching settin9s on the disk drive 

1.-. ~ 
..:. • .!,.. 

For Seagate ST506 & ST412 drives: 

Drive select .i UtrlPo? r DS1 'for LUN #0 
Drive se I ei:t .; UhlPer DS2 'f•:i 1· LUN tu 
Drive st?lect .; utr1Per DS3 'fo 1· LUN #2 
Drive sel e•:t .; UhlPer DS4 'for LUN #3 
H shunt not selected 'fo1· No Ha I 'f Step option 
D shunt se le•:ted i'•:i r Defeat Auto Recal 
R shunt not selected 'for No Radial Conne•:t i on 

TerMination on the last disk drive 

OnlY one drive in the SYsteM should be terMinated. This 
drive should be PhYsical IY located at the end of the cable 
and terMinated bY the removable 220/330 ohM resistor Pack 
near the cable connector. 
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12.3 JUMPERS AND SWITCH SETTINGS ON THE TAPE DRIVE 

This control ter can onlY interface to one Archive taPe 
drive. TaPe LUN 0 should be selected as: 

Pin #4 & Pin #11 shunt = TaPe LUN 0 

12.4 JUMPERS AND SWITCH SETTINGS ON THE CONTROLLER 

----------------------------------------------------------
Jl J-· .::.. J3 J4 DSl •:::> 

DS2 0 

I I I I I I I I DS3 0 

I I I I I I I I SW bit 87654321 DS4 0 

------------ DS5 0 

J0 JH I I I I I I I I ........ 056 0 

------------ DS7 •:::> 
I I I I W7 058 0 

I I I I 
I I I I ! W6 

W4 
JD JA 

-- W3 
I I I I 
I I I I Jl0 
I I I I ------ w·-· .:. 

Wl 
------

•--------------------------------------------------------' . . 
J0 
Jl,J2,J3,J4 
JH 
JD 
JA 
J10 

DS 8-1 

34 Pi110.10" sPa•:in<:J connector to Disk's A •:able 
20 Pin 0. 10" sPa•: i ng •=•:::>11nect•:::>rs to Disk's B •:ab I es 
50 Pin 0. 10" sPa•: i ng connectoi- to Host cab I e 
n•:::>t c•:::>nne•:ted 
50 Pin 0. 10" spacing connector to Ar•:hive cable 
6 Pin AMP ~1-380999-0 connector to power cable 
where Pin5 connected to +5V and Pin6 to ground 

LED's for error code, where DSB is the Most 
si<:Jnificant bit Position. 

User should orient the board as shown above and 
check al 1 shunts are in Proper Positions. 

Wl 
W2 
W3 
W4 

W6 

JUMPer left adJusted (Used in Manufacturin9) 
JuMPer ri~ht adJusted CUsed in Manu~acturin9) 
JuMPer left adJusted (Product Strap) 
Jumper left adJusted CUsed in Manu~acturinw) 

oPen 
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W7 JUMPer bottoM adJusted CUser to disable ParitY) 
JumPer toP adJusted <User to enable ParitY) 

Switch 

Keys 5.4.3.2.1 are DON'T CARE in this controller 

Keys 8.7,6 are bits to define controller address ID. 
For examPle. the user wants to select control 1er ID as 
#4 Which w i I I l"eSP•::>nse t•::> DB4 i n h•::>St Se I ea:t ion 1 the 
settin'EI is 

keys 8 
7 
6 

= ON 
= OFF 
= OFF 

See Section 7.2 for host selection operation. 

12.5 DISK PARAMETER DEFINED BY USER 

For Extended Series 2000 controllers. the user MUST issue 
'Define Disk Parameter' command to the controller after 
Power-up to define al I LUN's in the system. 
CSee Class 6 command descr iPtion in Section 4.2) 

However. bacause the track 00 (logical address 000000 
00001F) is •::i"ften t i111e used as a bo•::>t ari:?a. the •:•::>ntrot 1e1-
al lows the user to read or write to this track without 
those Parameters defined. 

It should also be noted that the controller can only 
al low UP to two different disk drive tYPes throu9hout 
four LUN's in the system. LUN 0 belon'Els to one type 
and LUNl.2.3 belon9 to another tYPe. There-fore. as the 
user issues this command to the controller for any one 
from LUNl.2,3 9roup, al I three of them are defined with 
the same tYPe simultaneouslY. 

12.6 TAPE PARAMETER DEFINED BY USER 

For this cont r oller. the user MUST also issue 'Define 
Tape Drive Type• command to the control 1er after Power
UP to define the Di- i ve Mode I a·rad Who I e/SP I i te d 1- i ve 
modes in his system. 
However. the controller ASSUMES it 
and operated as whole 4-track mode 
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is 20 MbYtes drive 
if they are not defin>:-d. 


