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SECTION 1 

1.0 INTRODUCTION 

1.1 Scope of Guide 

'his 9u1de, for Data Technology corporation's 500DB Series Disk Drive 
Controllers, provides: 

Equipment Information and Specifications 
Interface and Configuration Info~ation 
Command and Testing Instructions 
Maintenance and Troubleshooting Hints . 
Differences between SOOB Series and 500DB Series 

'his guide is intended to satisfy the 1nfo~tion requirements of OEM 
Engineers; Engineering and Production Technicians; Personal computer 
Enthusiasts; and others with a need to know about these disk 
Controllers. 
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1.2 OVervie".· of Equipment 

the DTC-SOODB Series are high performance microproeellor..;baled 
controllers with on-board Data Separataor logic. ~he OTC-SOODB Series 
Controllerl are designed to control 5.25 inch Winchester disk drivel and 
combination Winchester/flexible disk/quarter-inch Itreaming tape drives. 
the DTC-SOODB Series consist of a lingle printed circuit board, 5.75 
inchel by 8 •. 00 inches for5XOX. 5.75 x 7.85 for 5101. 

Commands to the controller are illued over a bl-directional bus 
connected to the host computer via a bost adapter. !be data 
,p"!.rator '-Ierdes- logic aerializes bytes and conv~rtl to IIFM data, and 
d" .erializes MFM data into 8-bi t bytes. 

l'ue to the IIl1croprogranned approach utilized in the controller, 
extensive diagnostic capabilities are implemented. !hi. ~tbodolO9Y 
increases fault ilolation efficiency and reduces .Yltem down t~e. 
Irror detection and corrrection occurs via a powerful -computer 
generated- 32 bit-ECC polynomial. 

'he DTC-SIODS Controller is designed to control two industry Itandard 
STS06/406 or compatible 5.25 inch Winchester disk drives. 

'he DTC-S20DS Controller is designed to control a maximum of four disk 
drives. It lupports up to two ST506/406 or compatible 5.25 inch 
Winchester disk drives plus two industry standard SA460, or equivalent, 
(48 or 96 tpi) floppy disk drives. 

'he DTC-SlODS Controller is designed to control up to two STS06 drives 
or equivalent and one OIC-02 streaming tape drive. 

. 
'he.DTC-S400S Controller is designed to control a maximum of four drives 
of any combination of up to two ST506 drives or equivalent, or up to 
four 5.25 inch floppy disk drives, and/or one OIC-02 Itreaming tape 
drive. 

'he interface to the Host Computer is via the industry Itandard SASI bus 
and ia easily accomplished by a standard DTC Host Adapter.DTC is a 
major lupplier of SASI compatible Host Adapters for DOst computer 
IYltems. 
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1.3 Controller Features 

the capabilities lupplied as standard with the DTC-SOOD! Beriesare 
listed belo"": 

AUTOMATIC SEEK AND VERIFY 

A leek command is implied 1n every data transfer command (READ, 
WRITE, CHECK tRACK FO~AT, etc.). If the beads are not positioned 
over the correct cylinder, a leek 11 initiated, and a cylinder 
verification is performed after the leek 11 campleted. 

CONSECUTIVE SECTOR !RANSFERS 

An entire track may be transferred in one revolution of tbe dilk. 

MULTIPLE BLOCK !RANSFERS 

Up to 256 sectorr can be transferred with a single command. 

AUTOMATIC HEAD JJ ) CYLINDER SWITCHING 

If during a multi-block data transfer the end of a track il reached, 
the controller automatically switches to the next track. If the end 
of a cylinder is reached, the controller issues a leek to the Dext 
'cylinder, switches to head 0 and resumes the transfer. 

PARITY SELECTION 

Odd parity is generated within the controller for all information 
put on the I/O bus. When parity is enabled (by jumper lelection), 
all bad parity information is flagged. 

PROGRAMMABLE SECTOR INTERLEAVING 

Sector interleaving provided 1S programmable with up to 16 way 
interleave. 

256/512/1024 BYTES/SECT ON HAlO DISKS 

Switch lelectable lector lize. 

Winchester disk sectors sizes at 256 or 512 or 1024 bytes per lector 
are jumper lel~ctable. the number of lectors per track for 256 (33 
or 32 sectors) and 512 (18 or 17 lectors) are programmable. 

PROGRAMMABLE DISK PARAMETERS 

!he disk parameters for both hard and floppy can be passed to the 
controller from the host (as data) to define the drive's 
characteristics. Firmware supports up to 1024 _.cylinders and 16 
heads. 
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PROGRAMMABLE FLOPPY !RACK FORMAT 

~he type of track format on the floppy media that is going to be 
used can be passed to the controller through loftvare. 

EFFICIENT HOST INTERFACE PROTOCOL 

• bidirectional bus between the controller and host provides a 
Itmple yet efficient communication path. . In addition, a high l~el 
command let perEdts effective command initiation. 

LOGICAL !'O PHYSICAL DlllVE CORRELATION 

Logical u~i t J ·.ambers (LON's) are independent of physical port 
Dumberl. All accelles Ipecify LON's. 

DOUBLE STEP FUNCTION 

!he function allows the user to read/write 48 tpi diskettes on 96 
tpi disk drive. 

SELECTABLE CONTROLLER ID 

A j'umper is provided to specify the controller ID nUlDber. 

ON BOARD SECTOR BUFFER 

A sector buffer 1s provided on the controller to eliminate the 
possibility of data overruns during a data transfer. 

ALTERNATE !RACK ASSIGNMENT 

'l'he host can assign an alternate track for each defective track. 
Subsequent accesses to the defective track will caule the controller 
to transfer data from the track automatically. 

DATA EIlIlOR SENSING AND CORRECTION 

If a data error is detected during a disk data transfer, the 
controller indicates whether or not is ilcorrectable. If 
correctable, the error can be automatically corrected by the 
controller. . 

FAULT DETECTION 

!WO classes of faults are flagged to improve error handling: 

o Controller faults 
o Disk faults 

COMMAND LINKING 

Allows commands to be linked together upon successful completion of 
the prior command. 
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1.4 'ape Features 

SINGLE ~~ BACKUP/RES'ORE 

Single command disk image back-up and restore on sector or block 
boundaries accomplished transparent to the host. 

HEADER RECORD 

An optional user defined header at the beginning of the cartridge 
allows cartridge identification while being transparent to back-up 
and restore operations. Special commands allow reading and writing 
of the header record. 

DIRECT TAPE ACCESS 

Block oriented host tape read and write operations .ay be perfor.med. 

TAPE STREAMING BUFFER 

8192 bytes of buffer space is provided to maintain Itreaming 
operations under all nO~lal conditions. 
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1.5 Differences letween the SOOOB andthe:SOOB Series 

the differences between the S20DB and the 5201 are a. follows: 

I. Command Set Differences 

1. aecalibrate Command - (Olh) 

500DI aecalibratecammand viii only step in for the ~ 
nUmber of cylinders that have been apecified by the 
drive. 

5001 'he lecalibrate Command wil~ step in for a ~ of 
·1024 cylinders regardless o~ the drive parameters. 

2. aequest S)'drome Ccnnand - (02h) 

500DI lot included in 500DB. 

5001 Included. 

3. Check Track command - (OSh) 

SOODI Checks the interleave and 10 fields of the lectors on 
specifi~d tracks. 10 fields and Data Fields are 
verified against ECC value recorded. 

SOOB Checks the interleave and 10 fields of the lectorl on 
Ipecified tracks. Data fields are not verified. 

4. Change Cartridge Command - (llh) 

SOODB This command causes the -Change Cartridge- interface 
lignal to be asserted for lms, allowing a cartridge 
to be replaced in a fixed/removable cartridge drive. 

SOOB Group 1 Command not Inciuded in SOOB. 

5. Assign Drive Parameter Command (C2h) for Winchelter Drives. : 

A. IYTE 0 - Step Pulle Width 

SOODB the time the Step lignal is asserted in 50001 il in 
3.5 usec increments. !he default for 500D8 is 10.8 ulec. 

500B the tfme Step lignal is Isserted ranges from 1.1 to 217.6 
.ucroseconds. The default for 5008 is 1~.' usee. 

I. IYTE 2 - Step Mode 

500D8 Step Mode 4 is specified as llusec Step Period. 

SOOB Step Hode 4 is specified as 13usec Step Period. 
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I. Command Set Differences (continued) 

5. Assign Drive Parameter Command (C2h) for Winchester Drives. 

c. Iyte 3 - Maximum Head Address 

50001 Supports I maximum of 16 heads. 

SOOB Supports I maximum of 8 heads. 

D. IYTE ,- Reduced Write CUrrent 

500DB ·~his is .n 8 bit (byte' only) value. 

500B ~hil il an 8 bit (byte' only) value. 

!. IYTE 7 - Drive Type Identifier 

500DB Bit 7 is set to 0 to indicate that parameters are for a hard 
disk drive. 

lit 6 is fo· the seek complete signal. 

lit 5 and 4 indicate whether the drive is fixed or removable •. 

lit 1 and 0 of Byte 7 are part of the 10 bit Write 
Precompensation value of Byte 6. 

SOOB lit 7 is set to 0 to indicate that parameters are for a bard 
disk drive. 

lit 6 is for the seek complete signal. 

All other bits are set to zero (0) in the 5001 Series. 

F. IYTE B - Maximum Sector Address 

SOODB This byte may be used to override the default number of 
sectors per track. If it is left zero the default remains 
the lame. The byte is defined as lectors per track adnus 
one. 

5001 Byte 8 in the SOOB Series is let to zero (0). 
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I. Command Set Differences (continued) 

6. Drive Parameters for Floppy Drives - (C2h) 

A.ITTE 0 - Step Pulle Width 

520DB Does not care. Value not analyzed. 

520B 14nge il 17 to 255 ulec. Default 11 for 17 ulec. 

I. BYTES 1 to 3 are the lame for the 520DB and the 500B •. 

c. BYTE • to .~ 

520DB Does not care. 

5201 See SOOB Series Manual. 

D. BYTE 7 - Mini Floppy Parameters 

5200B Bit 7 is let to 1 to indicate a floppy disk. 
Bit 6 il .et to one if Bytes 8 and 9 are to be read. 

520B Bit 7 is .et to 1 to indicate a flopppy disk. 
All other bits are zero (0). 

E. BYTE 8 - Floppy Disk Drive 

500DB Specifies the type of flexible disk. Zero il for 5 1/4" 
interface. 

520B This Byte is reserved. 

F. IYTE 9 - Starting Write Precompensation 

500DB Write Precompensation will be applied to all cylinders 
greater t~an this value: 

SOOB aeserved. This byte is set to zero (0). 

7. Write ICC -(Elh) 

500DB Writes a lector of data bytes plus. more bytes where the 
• ECC bytes normally reside. 

500B Writes a lector of data bytes and dilplaces the data on the 
dilk by 3 bytes. 

8. lead ID - (E2h) 

50001 ·Returns 4 bytes of data including High Cylinder, Low cylinder 
Head or Track Flags and Physical Sector Number. It does not 
return ID ECC bytes. 
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I. Command Set Differences (continued) 

9. lead ECC - (EAh) 

SOODB Compliment of Write ECC. 

SOD! Mot included in the SOD! command let. 

10. lead Data Buffer - (ECh) 

500D! Transfers the Controller Data Bufter to the host. 

!)OS Mot included in the SOOB command le~. 

11. Write Data Buffer - «EFh) 

SOODB Causes the Controller Data Buffer to be written fram the 
host. 

SOOB Not included in the 500B command set. 

II. Functional Differences 

1. Sector Formats 

SOODB The format for the 500DB Series is incompatible with the SOOB 
Series. The SOODB Series supports the following Winchester 
Disk formats: 

2S6 bytes/sector with either 32 or 33 sectors/track. 
512 bytes/sector with either 17 or 18 lectors/track. 
1024 bytes/sector with 9 sectors/track. 

SOOB The 500B Series supports the follOwing Winchester Disk 
formats: 

256 bytes /sector with 3·3 lectors/track. 
512 bytes/sector with 18 lectors/track. 
1024 bytes/sector with 9 lectors/track. 

2. Linked commands 

SOOD! Supports Linked commands. 

SOO! Does not lupport Linked commands. 

3. Consecutive Sector Transfer 

SOODS If the Host is fast enough the 500DS Series can transfer a 
full track on a single disk revolution. 

SOOB Does not support Consecutive Sector Transfer. 
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II. Functional Differences (continued) 

4. ECC Correction 

50008 Corrects up to 5 bit burst errors. 

~he F8 Data Address Mark and Data are included in the 
calculation of the ECC. 

5008 Corrects up to 4 bit burst errors. 

~he Data is included in the ICC calculation. !herefore, 
if the data of a lect-or 11 all lero'l, then the ICC will 

. allo be zero. " 

5. Error Code Description 

50008 10h Tape Exception 

IFh Tape Drive Failure 

llh FOC 765 error (52008 and 54008 models only) 

5008 . 10h 10 lead Error 

IFh Sequence timeout during disk or host tranfer. 

llh Not included 
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SECTION 2 

2.0 ELECTRICALIMECHANICAL SPECIFICATIONS 

2.1 Phlsical Dimensions 

Width 5.75 inches (14.6 CIIl) 

Length 8.0 inches (21.6 an) 

Height 0.75 inches (2.3 ell) 

Weight 9.0 ounces (.25 kg) 

!!Q!£ 

Mounting holes are identical to 5.25 inch 
disk drive mou: :.ing holes. 

(7.15 for 5101) 

2.2 Environmental Parameters 

Operating Storage Temp. 
(degree) 

FIC 32/0 to 131155 -40/-40 to 167/75 

Relative Humidity 
(@ 40 degrees F, 
vet bulb temp no 
condensation) 

Altitude 

2.3 Power Requirements 

Voltage (all Models) 

10\ to 95\ 10' to 95' 

0-10000 Ft 0-15000 Ft. 

+5 Volts DC + S' 

Model S10DB Model 5200B Model 5300B Model S40DB 

+5 volts 
1.0 amp 
5.0 watts 

+5 volts 
1.5 amps 
7.5 watts 

+5 volts 
1.5 amps 
7.5 watts 
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2.4 Power Conneetor 

Power is applied to the controller via JI0 which il a • pin AMP 
connector. !he recommended mating connector P10, 1. an AMP P'I 1-
.80424-0 using AMP pins PIN 60617-4 or equivalent. 

JIO 

MC Pin 1 
~~-~~--- --------

MC Pin 2 -------- --------
+ SRTN Pin 3 

-------- --------
+ 5WC Pin • +-----------------+ 

WARNING! 

Pin 2 is not connected to ground 

2.5 Maintenance Philosophy 

the error detection capability of these controllers allows isolation of 
a fault to a defective disk drive or controller. If the disk drive is 
faulty, the manufacturer's documentation should be reviewed to determjne 
disposition. 

A two level maintenance philosophy is recommended for the DTC-SOODS 
Series Controller and associated Host Adapter. 

Level 1 - Replacement of the defective module at the user'. lite. 

Level 2 - Replacement of defective comp~nent at DTC'. aanufacturing 
facility. 

Section 5.7 of this manual provides maintenance and troubleshooting data 
that Ihould be reviewed for additional information. 

Contact DTC prior to returning any material. 

2.6 Related Documents 

lelated documents include: 

- HOlt CPU documentation 

- Manufac~urer's Disk Drive documentation 

"- Host Adapter Installation and Software Instructions. 
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SECTION 3 

3.0 HOST AND DISK DRIVE INTERFACES 

3.1 Interface Connections 

rigure 3-1 is a block diagram of a typical IYltem confiquration. (See 
the Appendices in back of this aanual for the location of the 
Controller'l Cable and Power Connections). the Host COmputer'. I/O lUI 
11 attached to the controller with the appropriate HOlt Adapter. the 
Host Adapter ensures li9nal compatibility between the hOlt computer and 
the controller. !he Host Adapter translates the lignals transferred 
between the Host Computer's 1/0 Ius and the Controllers S\lI Interface. 
!'his includes directingli9nals with the correct. polarity, level and 
timing to the corresponding COMector pin. 

·!he Winchester Disk Drive Control Interface exchanges Itatus and control 
information between the controller and disk drive II). It il dailY
chained to each disk drive attached to the controller, and a te~nator 
11 installed in the last physical disk drive connected to the chain. 

Disk drive parameters, such as the maximum number of cylinders and 
number of heads, are passed to the controller fram the hOlt computer. 
!hil allows disk drives with different parameters and characteriitici to 
be attached concurrrently to the controller with no 'pecial 
requirements. 

'he Winchester Disk Drive's Data Interface has a 'eparate cable for each 
disk drive. It exchanges serial MFM data between the controller and the 
selected disk drive. 

The Flexible Disk Drive Interface exchanges data and control infor,mation 
between the controller and disk drive (I). It 11 daily-chained to each 
disk drive attached to the controller, and a terminator is inltalled in 
the lalt physical disk drive connected to ~he chain. 

!he OIC-02 Streaming Tape Interface has a leparate cable to exchange 
status and information between the DTC Controller and the Intelligent 
Tape Drive Controller. 
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3.2 System Configuration 

~he hOlt computer is interfaced to the controller by a So pin cable 
connected to Jl on the controller. The host interface cable Ihould not 
exceed 20 feet (6 meters) in length. 

the Winchester disk drives are interfaced to the controller vi. "2, .,3 
and J4. .,2 il • 34 pin beader type connector which connects all . 
Winchester dilk drives in a daisy chain configuration. !his cable 
earriel control information for the fixed dilk driyel. the~· 
cable length Ihould not exceed 20 feet (6 aeterl) or the drive 
.. nufacturer'l ltmit, whicbever il leiS. J3 and J4 are 20 pin he.~.r 
type connectorl uled to radially connect the Winchelter dilk drive data 
l1nel to the controller. the JaaXimum cable lengthabould DOt exceed 20 
feet (6 aeterl) or the drive .anufacturer'. limit. 

the flexible disk drives are interfaced to the controller via J7 which 
is • 34 pin header type connector. the maximum cable length Ihould not 
exceed 20 feet (6 meters) or the drive manufacturer'. limit, whichever 
is less. 

the OIC-02 interface 'ompatible Itreaming tape drives are connected to 
the controller by a 50 pin cable connected to J8 on the controller. 
this cable Ihould not exceed 20 feet (6 meterl) in length. 

the recommended part numbers for the connectors are as follows: 

Jl and JB - 3M PIN 3425-6050 
J2 and J7 - 3M PIN 3414-6034 
J3 and J4 - 3M PIN 3421-6020 

(Refer to appropriate Appendices for Board OUtlines) 
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I .. HOST COMPUTER 110 BUS.',· ... I 

, •...................... ~ 
• • • • • • • • • • • • • • • • • 
: 5 1/4 • Winchester Drives 
: 51008, 52OOB. 530DB and 540db 
~ •....••.................. ., 

\ 
• • • 
• • • • • . . ................ ~ 

........ ..•................ ~ 
\ 
• ., 
• • • • • • • • • • • • • • 51'4· Floppy Drives • 

(Up to • drives If no Winchester) : 
S2COB ard S40DB • ~ ••••••••••••••••••••••••• J 

I Tc Terminator I 
Figure 3·1 Typfcal System Configuration 
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3.3 Host Interface 

~he controller'l Host Interface il attached, via the appropriate Host 
Adapter, to the 1/0 Ius of the host canputer. Each computer 
manufacturer specifies the lignal names and timing considerations for 
their I/O Bus. 

ri9ure 3-2 shows the name and pin designation of tbe lignall on the 
controller's Host Interface connector. 

'he Bost I/O BUI ules a 50-pin connector (AMP PIN 2-87227-5 or the 
equivalent). ~he unused lignal-pins are conlidered to be spares for 

. future ule. the pin alsignmentl are as follows: 

Figure 3-2 Host I/O Connector Pin Assignment 

Signal Pin lumber 

DATA 0 2 
DATAl 4 
DATA2 6 
DATA 3 8 
DATA 4 10 
DATA 5 12 
DATA 6 14 
DATA 7 16 
PARITY 18 

GND 20 
GND 22 I GND 24 
OPEN 25,26 Future 
GND 28 Usage 
GND 30 I ATN (not used) 32 
GND 34 

BUSY 36 
ACK 38 
1ST 40 
MSG 42 
SEL 44 
C/D 46 
lEO 48 
1/0 50 

IfOTE: All lignals are negative true and all odd pinl except 25, are 
connected to ground. The signal lines are terminated with 220 ohms 
to SV and 330 ohms to ground. 
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SECTION 4 

•• 0 DTC HOST BUS 

•• 1 Introduction 

~he DTC Host Bus is a negative-logic, bidirectional I-bit data bUI 
utilizing odd parity. The controller regulates tranlferl acrOl1 the bus 
in .uch a vay that permits the connection of hOlt .Yltems tbat utilize 
direct memory transfer capability as well as thole that only lupport 
program input/output implementations. 

4.2 Electrical Requirements on the Host Interface 

~he Host Bus 11 an open-collector terminated on each- end with 220 ohms 
to Vee and 330 ohms to ground. the typical cable Uled 11 a SO-pin, .... 
terminated, cable with a characteristic impedance of approximately 100 
ohms. 'typical recommended drivers and receiver. for the HOlt lUI il 7.38 
and 74LS240, respectively. The maximum length of the HOlt Ius 11 20 
feet. Driver IC's must be rated at .8 mAe 

•• 3 Signal Definitions 

~he lignals that comprise the Host BUI are leparated into those that are 
driven by the controller, those that are driven by the hOlt adaptor 
(H/A), and those that are bidirectional. 'he term -.llerted- means that 
the lignal on the Host Bus il between ov and o •• V. ~he term -deaslerted" 
means that the signal on the host bus is between 2.SV and S.2SV 
(negative or low true logic). 

I. Unidirectonal Signals Driven By Controller 

I/O Input/OUtput 
When asserted, the data on the bus 
is driven by the controller. When 
deasserted, the data on the bus is 
driven by the ~ost adapter. !he 
host adapter must use this line to 
enable its drivers onto the data bus. 

C/D a-w""/Data . 
When asserted, the bytes tranlmitted 
across the bus are interpreted al command 
bytes. When deasserted, the bytes 
are data bytes. 

BUSY This bit is asserted as a relponle 
to the SEL line from the host " 
adapter and to indicate that the 
host bus is currently in use. 
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I. Unidirectonal Signals Driven By Contro~ler , (continued) 

IISG lIea.age 
When asserted, indicates that the 
command is completed. 'his bit is 
always followed with the assertion of 
1/0, and the assertion of IEQ. 

IIQ Iequ_t 
!his bit operates in conjunction with 
1/0, CID, 'MSG. When aSlerted and 1/0 
Is asserted, lEO will mean that the 
data on the host bus il driven by the 
controller. When alserted and 1/0 1s 
delsserted, lEO will mean that the data 
is driven by the hOlt adapter (RIA). 
'he following table llltl the legal 
Itltes of the control bitl on the 
bus; the Itates are valid only when 
lEO is asserted. 

I/O C/O MSG Meaning 

d a d Get a command byte fram RIA 
d d d Get a data byte fram RIA 
a d d Send a data byt~ to RIA 
a a d Send the statuI byte to BIA 
a a a Send the~l.age byte to RIA 

(command is campleted.) 

a = asserted, d c deasserted 
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4.3 Signal Definitions (continued) 

II. Unidirectional Signals Driven By Host Adapter 

&0: .lCtDCJWledge 
rhis bit is asserted as a relponle to lEO from the 
controller. ACK must be returned for each lEO 
assertioh. !he controller will wait for the 
assertion of ACK before lEO 11 dea'ierted. the RIA 
must not deassert ACK until after lEO ha. been 
deasserted. If the HIA keeps ACK allerted, the 
controller will not reallert REO until after ACK 11 
deaaserted. !his provides the HI! with a .. ana of 
regulating the transfer of bytes .crOII the bus. 
Byte transfer regulation can OC~lrr for either 
command or data bytes. . 

IS'r leaet 
Wher asserted, this bit forces the controller to 
the beginning of ita Ddcrocode. 'ollowing a aeset, 
the controller will monitor the bus and wait for 
the RIA to assert Select. Reset will t.mediately 
tetminate any pending command without the 
transmission of the Itatus or the ae.aage bytes. 
All signals to the drives are deasaerted. 1ST must 
be asserted for a minimum of 25 UI and a aaximum 
clf 10 seconds. 

Select 
When asserted, indicates the beginning of the 
command transaction. !he HI! asserts SEL to gain 
the attention of the controller. Dati lit 0 on the 
bus must also be asserted during SEL t~e to 
select the controller. !he controller will return 
BUSY as acknowledgement for SEL. After the 
assertion of BUSY, the HIA will deaa.ert SEL. 
The controller will wait until SEL is deaalerted 
before it asserts REO. !his provides a vay for 
the H/A to hold off the command byte fetch until 
it is ready for the controller. SEL can be 
asserted immediately following a Relet. 

III. Bidirectional Data 

DB(7-0,P) - Data lines 7 thru 0 represent the eight 
data bitl (DBO • lsb). Parity il 
represented by P. !he controller 
utilizes odd parity (the number.of 
asserted bits on the host bus 1. alvays odd). 
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4.4 Controller Interfaces 

DTC-SOODB SERIES 
. WINCHESTER 

CONTROL INTERFACE 

• 2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

SIGNAL )lAME 

REDUCED WRITE CURRENT---) 
HEAD SELECT 2

2 
__________ ) 

WRITE GATE -------------) . 
(---SEE' roMPLETE 

(---'l'lA~ 00 

(---WRITE FAULT 
HEAD SELECT 2° __________ ) 

RESERVED 
HEAD SELECT 2

1 
__________ ) 

(---INDEX 

<---READY 

STEP ~------------------) 

DRIVE SELECT 1----------) 

DRIVE SELECT 2----------) 

DRIVE SELECT 3----------) 

DRIVE SELECT 4----------) 

DIRECTION IN -----------) 

IT-50"41 
COMPATIBLE 
CONTROL INTElF ACE 

ID!I: All odd numbered pins are connected to s1gnal ground. 
All lignals are negative true. 
See Figure 4-2 for Drive'. Data Interface information 

• When Controller is programmed to interface with drives having more 
than eight (8) heads, this line il uled as a head lelect 3 line. 

rIGURE 4-1 CONTROLLER to WINCHESTER DRIVE CONTROL INTERFACE 
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DTC-SOODB SERIES 
WINCHESTER 

ST-S06/412 
COMPATIBLE 

DATA INTERFACE SIGNAL HAM! DATA INTERFACE 

1 (---DRIVE SELECTED 

2 
I I 

3 RESERVED 

- -4 - -
5 IlES'~RVED 

6 

7 RESERVED 
: 

e 

9 RESERVED 

10 RESERVED 

11 

12 

13 +MFM WRITE DATA--------) 

14 -MF~ WF.ITE DATA~-------) 

15 

16 

17 ( - - +MFM READ DATA 

IS (-- -MFM READ DATA 

19 
20 

ID!I: Reserved lines may be spares. . 
See Figure 4-1 for Drive's Control Interface information 

FIGURE 4-2 CON!ROLLER to WINCHESTER DRIVE DATA INTERFACE 

-21-



DTC-S20D! SERIES 
FLOPPY DISK DRIVE SIGNAL RAME 5.2S· rLOPPY OlIVE 

INTERFACE SA4XX COMPATIBLE 

2 SPAR! 

4 IN USE/SPAR! 

, DRIVE C SEL!CT----) 

• c----INDEX 

10 DRIVE 1 SELECT----) 

12 DRIVE 2 SELECT----) 

14 DRIVE 3 SELECT----) 

16 MOTOR ON----------) 
18 DlRECTION---------) 

20 STEP--------------) 

22 WRITE DATA--------) 

24 WRITE GATE--------) 

26 <----TRACK 000 

28 <----WRITE PROTECT 

30 <----READ DATA' CLOCKS 

32 SIDE SELECT-------) 

34 SPARE 

ID!I: All odd numbered pins are connected to lignal ground. 
All lignals are negative true. 

rIeuR! 4-3 CONTROLLER to FLOPPY DISK DRIVE INTERFACE 
(S20DB and SCODB) 
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The following table defines the pin assignments for QIC-D2 1/4 inch 
Cartridge Streaming Tape drive. . 

'rAPE DRIVE CONNECTOR [J81 

G~'D 1 2 NOT USED 
3 4 NOT USED 
5 , NOT USED 
7 8 NOT USED 
9 10 -PARITY 

11 12 -DATA lIT 7 
13 14 -DATA lIT , 
f5 16 -DATA lIT 5 
17 18 -DATA I~T 4 
19 20 -DATA lIT 3 
21 22 -DATA BIT 2 
23 24 -DATA lIT 1 
2S 26 -DATA 11'1' 0 
27 28 -ON LINE 
29 30 -REQUEST 
31 32 -RESET 
33 34 -TRANSFER 
35 36 -ACKNOWLEDGE 
37 38 -lEADY 
39 40 -EXCEPTION 
41 42 -DIRECTION 
43 44 NOT USED 
4S 46 NOT USED 
47 4B NOT USED 

GND 49 50 NOT USED 

FIGURE 4-4 CONTROLLER TO OIC-02 STREAMING 'APE INTERFACE 
(S30DS and 540DB) 
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4.5 Theory of operation 

There are' possible phases to a complete command -as follows: 

1) Bus Free Phase 

2) Arbitration Phases (NECESSARY FOR MUL'l'IPLE HIA' S) 

3) Selection Phase 

.) Command retch Phase 

5') Data '1'ransfer Phalt: 

') StatuI Phale and Message Pbase 

I. Bus Free Phale 

'lhe IUS FREE phase 11 used to indicate that no device il actively uling 
the HOlt Ius and that the bus is available for an arbitration phale. 
During BUS FREE PHASE all bus signals are not alserted. The IUS FREE 
PHASE is defined by the simultaneous (within 45 ns) condition of both 
SEL* and ISY* non-asserted while RESET il not active. Vhen entering the 
IUS FREE STATE all devices must release all lines within 100 ns of 
releasing ISY* and SEL·. 

II. Arbitration Phase 

'he ARBITRATION PHASE allows a device to gain control of the bus so that 
it can assume the role of INITIATOR (HfA). The AlBI'l'RATION PHASE is not 
needed if there is only one Host Adapter. 

After a device detects the BUS FREE condition it must wait for a Bdntmum 
of 100 ns or a maximum of 1.1 us (if it has hope of winning) in order to 
assert ISY and its own device 10 bit. All other data bits are deaslerted 
by the INITIATOR. After a minimum time·of 1.7 ulec the data bus is 
examined to see if no other higher priority bit is asserted. ('l'he 
highest priority is DB7, lowest is DBO). If a higher priority·bit has 
been detected the losing device deasserts all bus lines. If the device 
deter.mines that It is the highest priority device .rbrtrating for the 
bus it •• aerta SEL. . . . 

If a device that is arbitrating detects SEL* It must •• Iume that 11 has 
10lt the arbitration and deassert all lines. 
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III. Selection Phase 

In order to 9ain the attention of the controller, it is n~cessary to 
perform the following selection sequence: 

!he host must first test ISY to deter,mine if the bus is available. If 
ISY and all other I/O lines are deasserted, the bost vill assert one of 
the data lines (DBX • controller ID) and then .ssert BEL. the 
appropriate controller will then respond by allertin9 ISY. At this 
point the host .ust deassert SEL and DBX. !he controller responds to . 
BEL deasserted by asserting the C/D line. I/O remains dealerted 
throughout the selection lequence. 

!2nl 
Upon power on reset the controller will execute a comprehensive aelf 
telt. During the lelf test the controller will not relpond to a 
Selection sequence for a period of COO msee (typical) after the 1ST 
pulse. !he controller will not assert ISY during this time. 

(-------) 
50 ns--) 14 us· 
min max 

DBX I 

SEL 
15 us (typical) 

(-------) 
BSY· 

C/D 

I/O 

KSG 

IlST 

• 14 us .ax after a Reset with non 'l'ape commands (S10DB, S30DB, S40DB). 
60 us max with S200B. 

200 us .ax with 'l'ape commands (S30DB, 540DB). 
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IV. Command Fetch Phase 

Following the lelection lequence, the controller will allert CID, 
(indicating the Itart of the command phase) then .llertlEQ requelting 
the first byte of command. 'he host viII then plaee the first byte of 
the dilcriptor bloek on the data bus. the hOlt will then allert ACK. 
the controller will then respond by reading the byte on the data bUI and 
then deallert lEQ. the bost must then dealsert ACK to begin the Dext 
IEQ/ACK handshake. the handshake continues until all bytel of the 
command have been ilsued. . ' 

CID .1 

I/O 

HSG 

UQ 1-'_1 
-~-) 'BOns 

ACK ---'14S0ns <---
DATA X X 

() 0) --.Ir:=:TI,-- I' 0) 
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v. Data Transfe~.Phase 

If the command sent to the controller involves a data transfer ·the 
controller will deassert the C/D line to indicate a dati transfer,' If 
the data transfer is from the controller to the host (read data) the 1/0 
line will be asserted. If the data transfer is from the host to the 
controller (write data) the I/O line will be deaaserted. !hecontroller 
vill then assert the lEO line to request a byte transfer. the host will 
then respond by transferring a byte across the data bus and tben ••• ert. 
ACK. this handshake continues until all data bytes have been . 
transferred. 

c/o 

1/0 

MSG 

REQ 

) B I ( 

ACK 

_DA_T~A ______________ X _____ X _______ X _____ X ____ X _____ X ____ _ 

BOns-) () <60ns 
min min 

DATA IN - READ 

!iming A: 190 ns 
I: tCSO ns 
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v. Data Transfer Phase ('Continued) 

DATA FROM HOST 

C/D 

I/O 

IISG 

DQ _I 

~A~~ ____ -_)I~r_(~-~--___ -__ '~~~~~~ __ ~I_----___ ' ____ __ 
~DA~T~A _______ X X X X ____ X. __________ _ 

Timing A: 4S0ns 
B: 700ns 

DATA OUT - READ 
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VI. Status and Message Transfer Sequence 

Following a command or data transfer, the controller will init·iate a 
Itatus byte and completion message transfer. When a Itatus byte 1s 
required, the controller will assert CID and I/O. the controller vill 
then a.sert REQ. The host must then accept the Itatul byte on the data 
bus and alsert AeK. 'he controller will thendealsert lEO and the host 
deasserts ACK. Following the Status byte transfer, a campletion aellage 
vill be transferred to indicate operation camplete. the controller vill 
aSlert the MSG line, along with CID and I/O, then allert IEQ. 'he hOlt 
accepts the completion mellage byte on the data bUI and a'lertl ACK. 
'he controller then responds by deasserting REQ and the bOlt by 
deaslertin9 ACK. At this point ISY and all other controller ai9nal 
lines will l,e deasserted and the controller will Tetu~r to an IDLE 
Itate. SlL remains deaslerted throughout this .equer~e. 

BSY 2us min 
(---------) 

200us 
C/O max I 

I/O I 
SG I I 

lEQ I_I 

ACK 

) 4S0ns ( 

DATA X-- -----X-- X X 
............... -----=-SO~. n-s-) .... II (------) 1""1-:( S::'""!:~~n-s-- ---' '-----------

mln mln 
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4.6 Ius Conditions 

'he bus has one asynchronous condition: IESET 

Reset Condition 

'he RESET OONDlfION is uled to immediately clear alf devices from the bus . 
and to relet all attached drives or other devices. It 11 to be uled 
carefully as it can cause data to be lost during a write • 

. 'he IESET CONDITION is created by the allertion of the 1ST· line for a 
IIlinimwn of 2Sus. 

4.7 'hale SequenCing 

the order in which phases can occur follows a prescibed lequence. 

the RESET condition can always return the Iystem to the IUS rREE Itate. 

In aystems where the ARBITRATION PHASE is not used IUS FREE is followed by 
SELECTION and by one or more information transfer phases (COMMAND, DATA, 
STATUS, or MESSAGE) 

When the AR.BITRATION PHASE il uled it il followed by SELECTION and the 
information transfer phases. 

there are no restrictions on the lequencing between infor,mation transfer 
phases. 'hus a DATA PHASE may follow another DATA PHASE. 

After the information transfer phases are campleted the Iystem returns to 
the IUS FREE state. 

4.8 Signal Sources 

the following table shows which type of bus device Ilay drive which lines 
during the various bus phases. . 

lUI Phale ISY* SEL* 

IUS FREE none none 
ARBITRATION ALL One 
SELECTION I , T Init 
COMMAND 'arg none 
DATA IN 'arg none 
DATA OUT Targ none 
STATUS Targ none 
MESSAGE IN !arg none 

C/D* 
1/0* 
MSC* 
BO* 

none 
none 
none 
'arg 
!arg 
!arg 
'larg 
!arg 

ACX* 

Done 
Done 
Init 
Init 
Init 
Init 
Init 
Init 

DATA IUS 

none 
' ID bitl 
Init 

' lnit 
!arg 
Init 
rarg 
'arg 

~~---------~--------------------------------------~---------------
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4.9 Abnormal Command Termination 

If no errors occur, the command will proceed as previously described. 
However, if errors do occur the controller will termdnate the command and 
immediately enter the status , message phase. Error conditions can be 
classified as follows: 

1) Ius. Parity errors - 'he·controller checks for bus parity error 
after each command descriptor and each block transfer. 'he Itatul byte 

. will indicate if a parity error has occurred. 

2) Drive Interface or Controller related errors - Aiter the lix 
command bytes .have been accepted, errorl of this type can be detected. 
Upon the detection of th~ error condition (~rive Fault, Drive Mot aeady, 
Illegal cammand,etc.) the controller will enter the Itatul ' ... sage 
phale. 'he status byte will have the error bit aet. : 

3) Read/Write Channel errors - Upon detection of thele error. (Read 
data error, Record not found, Drive Fault during a write,etc.) the 
controller may transfer a lector, or more, of data before it enters the 
status , lIlelsage phase. Ti ! error bit is set in the Itatus byte. 

In cales 2 , l a Request ~ense command may be issued to retrieve error 
information. In either case, any other command may be issued if the host 
aystem does not care about the details of the errorl • 

. See Section 5.3.1 for Command Completion Status. 

4.10 SCSI Functions Supoo~ted bv SOODP 

Al!ITRATION - This is a Host function 

SELECTION - The S20DB controller 1D is jumper selectable 

STATUS 

DATA IN/OUT 

MESSAGE IN - Command complete (00) only. 
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SECTION S 
-

S.O COMMANDS / PROGRAMMING 

5.1 Description of Commands by Class 

Coamands to the controller are categorized into various clalses as 
indicated below: 

Cla •• 0 - lon-data 'ransfer, Data 'ransfer and Status Commands 

Cla.s 1 Disk Copy command 

CIa.. 2-5·- le'drved 

Cla..' - Disk Parameter ~.ign commands 

Clals 7 - Diagnostic COIIInands 

5.2 Disk Command Specifications 

5.2.1 Command Formats 

~he Host issues a command to the controller by passing it a CDB (command. 
Descriptor Block). 

Figure 5-1 shows the format of a typical Class 0 COB. 

Iyte 0 1s the first byte lent to the controller. 

+-------------------------------+ 
Byte I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 

o Command Code 
-----------+-------------------

1. 0 I LUN ILogical Addr2 (MS) 

2 

3 

Logical Addrl 

Logical AddrO (LS) 
---~------------~---~-~-~------4 • of Sectors/Interleave Code 
-------------------------~-----5 Control 

+-----------------------------~-+ 

Figure 5-1 
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'5.3 Command Formats 

Description of the fields used in the Command Descriptor Il~cks 

LUN 

!his field Ipecifies the logical unit number of the drive we are 
attempting to communicate with. It corresponds to Drive Select jumper on 
the drive. a. follows: 

Drive Select 1 • LUN 0 
Drive Select 2 • LON 1 
Drive Select 3 • LUN 2 
Drive Select 4 • LUN 3 

SLUN • Source drive LUN 
DLUN • Destination drive LUN 

A Winchester drive can only be assigned as logical units 0 and 1. A 
Winchester drive cannot be asigned as logical units 2 or 3. See 
Appendices F, G, H, or J for the proper LUN assignment for your drive and 
controller type. 

LAD (0-2) 

Refer to Appendices F, G, H, J, for proper jumper lettings. 

!his is a 21 bit logical sector address of the beginning lector of the 
group of lectors we wish to access. LAD 0 is the LSB. the LAD field can be 
from 0 up to the total number of sectors available on I particular drive. 

JUMBER OF BLOCKS 

!his field holds the number of sectors we wish to transfer per command. A 
value of 0 will result in a transfer of 256 sectors. 

INTERLEAVE 

!his field is used to tell the controller what interleave to ule during 
the fo~at commands or check track command. 

Interleave is a factor used while fotmatting a drive 10 the uler can 
opt!mdze the throughput of the data transfer of the IYltem. the throughput 
of the system depends on the controller's turnaround t~e for next sector 
and the data transfer ,rate on the host bus. 

NOTE: 

!he drive should be formatted with the same interleave 
throughotit the whole drive ie., when using Fotmat Track, 
Format Bad Track, Assign Alternate Track Commands the 
interleave specified should be the same as the rest of 
the tracks. If interleave is not consistent throughout 
the drive, performance degradation may result. 
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5.3 'Command Formats (continued) 

CONTROL 

"his field contains the control bits that tells the controller how to 
react if an error condition is encountered during the command execution 
phase. . 

. ~hi. byte i. defined as follows: 
.-~-.~~-.---.--~.---.---.---.---. I 7 I , I 5 I 4 I 3 I 2 ill 0 I 
.---.~--.---.---.---.---.---.---. 

000 0 n 0 
I ____ Link command 1f let 

Dilable Data Error COrrection ,-----------------------, _______________ Dilable letry 

DISABLE ItETRY 

If the DISABLE RETRY bit is 1, the controller will not attempt to retry 
the command. 

If the DISABLE RETRY bit is 0, the following errors result in a retry 
attempt: 

,a) Record not found, b) seek error, c)'uncorrectable data error, d) 
correctable data error, e) no ID address mark, f) no Data addrels .. rk. 
ror seek error, a recalibrate and reseek are perfo~ed., . 
A total of eight attempts are performed before an error is reported. If 
the retry is successful, the controller will not report the error to the 
bost. !he retry count is incremented for any retry attempted (refer to 
Request Logout command). 

NOTE: 

No retry is performed if the check track command 
encounters the No ID address mark error. 

DISABLE DATA EnOR COJlR.ECTION 

If the DISABLE DATA ERROR CORRECTION bit 1s 0, the controller vl11 correct 
the data if a correctable data error occurred. the controller viii 
continue with the command as though there was no data error. the error il 
Dot reported to the host. 

If the DISABLE DATA ERROR CORRECTION bit 11 1, the controller viii not 
correct the data if a correctable data error occurred. the controller 
te~inates the command after the block il transferred to the bost and the 
error is reported to the host. 

!he pe~anent error count (refer to Request Logout command) is incremented 
by one in both cases (disable/enable data error correction). 
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5.3 Commands Formats (continued) 

LINK COMMAND 

If this bit is let, and the previous command was executed vithout error, 
the controller will skip the STATUS and MESSAGE transfer sequence as veIl 
as the SELECTION lequence and request the next command immediately. this 
cuts down en command/status overhead when no error occurred. 

5.3.1 Completion Status Byte 

COMPLETION STATUS 

At termir-~hion of a command or following an error, the controller vill 
cause a ~tatus byte to be transferred to the host from the host controller 
to the host. the completion status byte will report only that an error 
(CHECK CONDITION) occured, not the type of error. to obtain the error . 
code a Request Sense command must be issued (03 Hex). -

Bit 0 will be let to 1 if the controller detects a parity error condition 
during the transfer of by !s from the host. Bit 1 will be set to 1 if the 
controller detects an err' rcondition during command execution. 

Bits 5 and 6 represent the LUN of the device causing the error. In a 
Backup command the LUN specified is the disk address. If a disk error 
occurs the disk LON is reported in the Completion Status Byte. If a 
.tape error occurs the tape LUN (3) is reported. 

If no error occurs, bits 0 - 4 will be set to to O. 

'l'he Completion Status Byte Format is as Follows: 

I 7 I 6 I S I 4 I 3 121 1 101 
.~~-.-~-.--~.---.--~.---.---.---. 

BIT 0 
lIT 1 
lIT 2-C 
lIT 5-6 
lIT 7 

o I LON '0 0 0 X X 

Check Condition c 1_1 1 
I 

Parity Error c 1 ____ __ 

Parity Error 
Error occured during Command Execution 
Spare (set to 0) 
Logical Unit lumber of the drive 
Set to 0 

5.3.2 MESSAGE IN BYTE 

Following the transfer of the completion status byte, the controller 
asserts the MSG line to indicate a Message In phase. !his Message 
consists of I single byte transfer, with all bits set to 0, indicating 
Command Complete. 
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5.4 Description of Commands by Opcode 

GROUP 0 COMMANDS FORMAT AND DESCRIPTION 

Croup 0 Command fable 

00 Test Drive leady 
01 leealibrate 
03 lequest Sense 
04 Format Drive 
OS Check 'rack Format 
06 Format !rack 
07 . ro~at Bad Track 
08 lead 
DA Write 
OB Seek 
DE Assign Alternate 'rack 

5.4.1 type 0 Commands 

!'EST DRIVE READY (HEX 00) 

Selects the drive and verifies that the drive 11 leady and a leek 11 not 
in progress. 

04 

+-------------------------------+ 
Byte , 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---o 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
-----------+-------------------

1 0 I LUN I Set to 0 
-----------+-------------------2 Set to 0 

3 . 

4 

5 

............ -- -....... -~ ......... -_ ........ -:- ............... _ .. -- ... 
Set to 0 

Set to 0 

Control 

VALID ERROR CODES 

Error Code Interpretation 
m 

OS 
07 
00 

Drive not ready 
Drive not selected 
Multiple drives selected 
Seek in progrels 
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).4.1 !ype 0 Commands (continued) 

RECALIBlATE (HEX 01) 

rhe drive Ipecified by the LUN il stepped toward the outside track until 
lither: 

1. !rack 0 fll9 il detected or 
2. aore Iteps have been issued than available track for the 

device type. . 

Since the recalibrate command must Itop and look for track 0, all Iteps 
.re non-overlapped. (i.e., step, lO".l for seek camp~eteand track 0, 
repeat if no track 0) . 

+-------------------------------+ Byte M 716151413121110 
---+---+---+---+---+---+---+---o 0 I 0 I 0 I 0 I 0 I 0 101 1 
-----------+-------------------

1 0 I LON I Set to 0 
-----------+-------------------2 Set to 0 

3 

4 

5 

Set to 0 

Set to 0 

Control 
+-------------------------------+ 

Error Code 
HEX 

"02 
04 
OS 
06 
07 

VALID ERROR CODES 

Interpretation 

No leek complete 
Drive not ready 
Drive not lelected 
No track 0 found 
Multiple drivel lelected 
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5.4.1 'type 0 Conunands (continued) 

REQOEST SENSE (HEX 03) 

this command returns .. bytes of drive and controller lense a. Data (C/D 
deaserted) for the Ipecified LUN. It must be ilsued immediately after an 
error (Bit 1 of the StatuI byte let to 0) to get the valid lenle of the 
error. 

.+----~--~-----------------------+ Iyte •. 7 I , I 5 I .. I 3 I 2 I 1 I 0 
---+---+---+---+---+---+---+---o 0 0 I) I- 0 0 0 1 1 

------~----+-------------------
1 0 I LUN I Set to 0 

-----------+-------------~-----2 Set to 0 

3 

.. 
5 

Set to 0 

Set to 0 

Set to 0 

+-------------------------------+ 
!he required fields for this command are: OPOODE and LUN. 

the lense bytes are returned in the following format. 

+-------------------------------+ Iyte 4# 

o 
7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---
SENSE !YTE 

1 

2 

3 

-----------+-------------------o I LUN I LAD 2 
-----------+--------;----------

LAD 1 

LAD 0 

~ 

If a permanent tape error occurred during 
a -Restore- operation, the logical lector 
address points to the lector in error +1. 
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REQUEST SENSE (HEX 03) (continued) 

DEFINITIONS or THE FIELDS USED IN THE SENSE BLOCK 

SENSE lYrE 

this 11 the byte that describes the details or the nature of the error 
itlelf. !he bits are defined as follows: 

+~-~----~----------------------~+ 
Iyte 0 I 7 I 6 I S I 4 I 3 I 2 I 1 I 0 I 

+---+---+---+---+---+---+---+---+ : I I IC--Erro~ code-'I 

, ,---,-------- Error type 
,---------------- Spare (let to lero) 

,-------------------- Block address valid 

Block Address Valid (Bit 7; 
~his bit indicates that th! Logical Sector Address, LAD 1n bytes 1 thru 3 
contain the valid logical ddre,s of the block at which the error 
occurred. 

Error Type (Bit 5,4) 
~hese two bits describes the general type of error. It can contain either 
one of the following: 

00 for drive related errors 
01 for controller related errors 
10 for command related errors 
11 for miscelleneous errors 

Error Code (Bit 3-0) 
~his is a 4 bit field that describes the actual error interpretation under 
each general type of error. 

LUN 

this field indicates the logical unit number of the drive where the error 
bad occurred. 

LAD 2,1,0 

this 1s a 21 bit logical address of the sector at which the error" 
occurred. this field is valid only if the Block Address Valid bit 1s let 
in the SENSE byte. 

For Error Codes and descriptions refer to Section 6.0'1n the Controller 
specification and Section 4.0 in the !ape Interface and Command 
specification. " 
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5.4.1 type 0 commands (continued) 

FORMAT DRIVE (HEX 04) 

this command caules the specified LUN to be fo~atted using the interleave 
factor specified in byte 4. ro~atting starts from track 0 of cylinder 0 
and continues until all tracks. have been written. Data fields are written 
with a HEX·ES. Interleave factors of 0 and 1 are set to 1. Invalid 
interleave factors are thole that are greater than one balf the number of 

. lectors per track. track and cylinder overflow is handled automatically 
by the controller. 

HEX or 

ROTE: 

~his command "does not check data. ror verification 
of format aee CHECK !RACK fORMAT COMMAND. 

+--------~----------------------+ 
Byte M 7 I "6 I 5 I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---
o 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 

-----------+-------------------1 0 I LUN I Set to 0 
-----------+-------------------2 Set to 0 

3 

s 

Set to 0 

Interleave Factor 

Control 
+-------------------------------+ 

VALID ERROR CODES 

Error Code Interpretation 

02 
03 
04 
OS 
06 
07 
09 
17 
30 

No index 
No leek complete 
Write fault 
Drive not ready 
Drive not aelected . 
No track 0 found 
Multiple drives selected 
Disk media changed 
Write protected 
lam error 
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5.4.1 type 0 Commands (continued) 

CHECK 'rRACK (HEX OS) (not valid for Floppy) 

!his command. checks the integrity of the track Ipecified by the Logical 
Block address. ID fields and data fields are verified againlt ICC value 
recorded. the command also ensures that the interleave recorded .. tches 
the value in Iyte S. An interleave factor of 0 il let equal to one. 10 
data is transferred to the host. '0 Ipecify the track addrell, any 
Logical Block address on that track may be uled. 

+----~~------------------~------+ 
Iyte • 7 I , I s I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+-~-o ~ 0 0 I 0 0 101 

1 

2 

3 

4 

5 

---+-------+------------~------01 LUN LAD 2 

---+-------+-------------------
LAD 1 

LAD 0 

Interleave Factor 

Control 
+-------------------------------+ 

VALID ERROR CODES 

Error Code 
HEX 

Interpretation 

No index or 
02 
03 
04 
OS 
06 
07 
11 
13 
14 
15 
18 
19 
lA , 9A 
lC 
21 
22 
23 
30 

No seek complete 
Write fault 
Dr i ve not ready . 
Drive not lelected 
No track 0 found 
Multiple drives lelected 
Uncorrectable data error 
No address found 1n data'field 
No record found 
Seek error 
Correctable data error 
Bad track flag let 
Incorrect interleave factor 
Unable to read alternate track data 
Illegal lector address 
Illegal function for drlve type 
Volume overflow 
Power up diagnostic error . 
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5.4.1 !ype 0 commands (continued) 

FORMAT TRACK (HEX 06) 

'his command fo~atl the Ipecified track with no fllgl let 1n the tD 
fields of all sectors on the track. It allo filll the data field with 
data pattern IS Rex. 

Iyte ,. 7 I , I S I 4 I 3 I 2 I 1 I 0 
---+---+---+---+---+---+---+---o 010101010111110 
~~---~-----+---------------~---

1 LUN I LAD 2 

-----------+-------------------2 

3 

4 

5 

LAD 1 

LAD 0 

Interleave Factor 

Control 
+-------------------------------+ 

~he required fields for this command are OPOODE, LUN, LAD 2,1,0 and 
INTERLEAVE • 

Error Code 
HEX 
OI 

02 
03 
04 
OS 
06 
07 
09 
17 
30 

VALID ERROR CODES 

Interpretation 

No index 
No leek complete 
Write fault 
Drive not ready 
Drive not lelected 
No track 0 found 
Multiple drives lelected 
Cartridge changed 
Write protected 
Power up diagnostic error 
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rOR¥AT BAD TRACK (HEX 07) (not valid for floppy) 

Format bad track command formats the specified track with the bad block 
flag let in all ID fields on the track. Data pattern of IS hex il filled 
in the data field. Future accesses to the sectors on this track will get 
-bad block found" error. 

!2nl 
lefer to lead ID Command (Opcode E2 
for ID bit definition). 

+---~-----------------------~---+ Byte , 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
---+---+---+---+---+---+---+---o 0 I 0 I 0 I 0 I 0 I 1 I 1 I 1 
-----------+-------------------

1 LUN I lAD 2 

2 

3 

4 

5 

-_ ...... _ ... -.. _+-------------------
LAD 1 

LAD 0 

Interleave Factor 

Control. 
+-------------------------------+ 

!he required fields for this command are: OPCODE, LUN, LAD 2,1,0 and 
. INTERLEAVE • 

Error Code 
HEX 
°or 

02 
03 
04 
OS 
07 
09 
17 
21 
30 

VALID ERROR CODES 

Interpretation 

No index 
No seek complete 
Write fault 
Drive not ready 
Drive not selected 
Multiple drives selected 
Disk media changed 
Write protected 
Illegal lector address 
lam error 
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5.4.1 !ype 0 Commands (continued) 

lEAD DATA (HEX 08) 

!his command causes the number of lectors specified by byte 4 to be 
transferred to the host. 'he starting sector is Ipecified by the logical 
lector address in bytes 1,2 and 3. Up to 256 lectors can be transferred 
with a lingle lEAD command • 

. +------------~------------------+ 
.yte , 7 I , I 5 I 4 I 3 I 2 I 1 I 0 

~--+---+---+---+---+---+---+---
·0 0 I 0 I 0 ,- 0 I 1 I 0 I 0 I 0 

1 

2 

3 

4 

5 

-----------+-------------------
o I LON I LAD 2 

-----------+---------------~---LAD 1 

LAD 0 

Sector Ifer count 

Control 
+-------------------------------+ 

VALID ERROR CODES 
Error Code 

HEX 
Interpretation 

T2 
04 
OS 
07 
09 
10 
11 
12 

. 13 
14 
15 
18 
19 
1C 
1E 
21 
23 

No leek complete 
Drive not ready 
Drive not selected 
Multiple drives selected 
Disk media changed 
ECC error in 10 field 
Uncorrectable error in data field 
No IO address mark found 
No data address mark found 
No record found 
Seek error 
Correctable data error 
lad track fla9 .et 
Unable to read alternate track data 
Illegal 'access to alternate track 
Illegal lector address 
Volwne overflow 
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5.4.1 Type 0 Commands (continued) 

WRITE DATA (HEX OA) 

~he number of sectors Ipecified by byte 4 are written to the lelected LUN 
beginning with the lector Ipecified by the logical lector addrell in bytes 
1,2, and 3. 

+-----------~-------~~-------~--+ 
Iyte , 7 I , I 5 I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---o 0 I 0 I 0 101 1 101 1 I 0 

1 

2 

3 

4 

5 

-----------+-------------------o I LON I LAD 2 

---------~-+--------~----------
LAD 1 

LAD 0 

Sector Xfer count 

Control 
+-------------------------------+ 

VALID ERROR CODES 

Error Code 
HEX 

Interpretation 

02 
03 
04 
05 
07 
09 
10 
12 
14 
15 
17 
19 
lC 
IE 
21 
23 

No leek complete 
Write fault 
Drive not ready 
Drive not selected 
Multiple drives selected 
Disk media changed 
lCC error in "10 field 
No 10 address mark found 
No record found 
Seek error 
Write protected 
Bad track flag let. 
Unable to read alternate track data 
Illegal access to alternate track 
Illegal lector address 
Volume overflow 
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5.4.1 type 0 Commands (continued) 

lEEK (HEX OB) 

this command initiates a leek to the cylinder where the block"pecified in 
the LAD field il located. ror,Winchester drives capable of doing overlap 
leekl, depending on how the drive parameter (Iyte 7 bit ') 11 .et, It 
could immediately returncampletion statuI before the leek complete II 

, found from the drive. Bor,mally it returns the campletion statuI only 
after the .eek had been campleted. 

tlOTE: 

For further information on implementation of 
, overlapped leek refer to Appendix I, page '1. 

Iyte M 7 1 6 1 5 1 4 I 3 1 2 1 1 1 0 
---+---+---+---+---+---+---+---o 010101011101111 

1 

2 

3 

4 

5 

-----------+-~-----------------o I LUN I LAD 2 

-------~---+-------------------
LAD 1 

LAD 0 

Set to 0 

Set to 0 

+-------------------------------+ 
the required fields for this command are: OPCODE, LON and LAD 2,1,0. 

Error Code 
HEX 
D2 

04 
OS 
07 
21 

VALID ERlOR CODES 

Interpretation 

Bo leek complete 
Drive not ready 
Drive not selected 
Multiple drives lelected 
Illegal lector addrel. 

-46-



'5.4.1 'type 0 Commands (continued) 

ASSIGN AL'l'ERNATE 'rRACK (HEX OE) (not valid for Floppy) 

!his command formats the track (Winchester drives only) lpecified in the 
LAD field with the alternated bad track flag let in the 1D fields and with 
the track address of the alternate track written in the data fields. 

!QI.lt 

1D bit definition may be found under aead 
1D Command (Opcode E2). 

Future write/read access to that .pecifi~d track will elUle the ~rlve to 
leek to the alternate track, transparent to the host loftvare, and do the 
write/read on the alternate track. 

Byte 41 

1 

2 

3 

s 

+~------------------------------+ 
7 I 6 I s I 4 I 3 I 2 I 1 I 0 

-------- ---+-------------------
o I LLN I LAD 2 

LAD 1 

LAD 0 

Interleave Factor 

Set to 0 

+-------------------------------+ 
!he required fields for this command are: OPCODE, LON, LAD 2,1,0 and 
INTERLEA vt : 

After the controller receives the command, it will collect the alternate 
track address as data (C/D deasserted) from the host in the following 
format: 

Iyte fI 

o 

1 

2 

3 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
---+---+---+---+---+---+---+---o 001 LAD 2 

-------------------------------
LAD 1 

-------------------------------
LAD 0 

-------------------------------Set to 0 
+-------~~-----~----------------+ 
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ASSIGN ALTERNATE TRACK (HEX OE) (continued) .. 

ROTE 1: 

Alternate tracks can be assigned one level 
only. 'hat is, an alternate track cannot 
have another alternate track a •• igned to it. 
Allo no two defective tracks Ihould be a'ligned 
to the lame alternate. (For further information 
on alternate track a.signment and ulage, refer 
to Appendix D). 

WARNING I 

1. Data written on the original track as well 
as the alternate track will be destroyed. 

2. Since the controller does not check whether a 
track has been previously assigned as an 
alternate to another track, the user must be 
careful not to assign two defective tracks to 
the lame alternate. 

Error Code 
HEX 
or 

02 
03 
04 
OS 
07 
09 
17 
21 
30 

VALID ERROR CODES 

Interpretation 

No index 
No leek complete 
Write fault 
Drive not ready 
Drive not lelected 
Multipl~ drives lelected 
Disk media changed 
Write protected 
Illegal lector address 
lam error 
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CHANGE CARTRIDGE (HEX lB) 

~hil command causes the ·Change Cartridge M line (J2 - Pin 2) .to be 
asserted for a period of one (1) millisecond. !here are no valid error 
codes for this command. 

+---~---------------------------+ Iyte M 7 I , I 5 I 4 I 3 I 2 I 1 I 0 
---+---+---+---+---+---+---+---

o 010101111101111 
-----------+-------------------

1 0 1 LON I lot used 
-----------+-------------------

2 Not used 
--~----------------------------3 Jot used 

4 Not used 

5 Not used 
+-------------------------------+ 
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s.s TYpe 1 Commands 

COpy COMMAND (HEX 20) 

!hi. command copies I Ipecified number of records from I source LON to • 
destination LUN. If either device reaches volume end prior to the lector 
count being exhausted, I volume overflow error il posted. Source and 
destination LON's .. y be the lame. 

+-~~---~----~~--~---------~-~--~+ 
Iyte,: 7 I' 15 I 4 13 121 1 10 

---+---+~--+---+---+---+---+--~ 
o 0 101 1 I 0 I 0 I 0 I 0 I 0 

-----------+------------~------
1 0 ISRC LUNILoqical Addr2 (MS) -----------+---------------_._--
2 Logical Addrl 

3 

4 

Logical AddrO (LS) 

Sector Ifer count 

5 0 IDST LUNILogical Addr2 (MS) 

6 

7 

8 

9 

Error Code 
HEX 
T2 

03 
04 
OS 
06 
07 
09 
10 
11 
12 
13 
14 
IS 
17 
18 
19 
Ie 
IE 
21 
23 

Logical Addrl 

Logical AddrO (LS) 

Not used 

Control 

VALID ERROR CODES 
Interpretation 

No seek compl ete . 
Write f&lllt 
Drive not ready 
Drive not lelected 
No track 0 found 
Multiple drives lelected 
Disk media changed 
ECC error in ID field 
Uncorrectlble error in data field 
No ID address mark found 
No data address mark found "0 record found 
Seek error 
Write protected 
Correctable dati error 
lad track fll9 let 
Unable to read alternate trick data 
Illegal Iccess to alternate track 
Illegal sector address 
Vol ume overf lo~· 
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5 -. 6 Type 5 Comma nd 5 

COpy COMMAND (HEX AO) 

this command transfers the data blocks from the Ipecified louree device 
location to the specified destination device location. the number of data 
blocks to copy is specified in the number of blocks field (byte 7 - byte 9 
is LSB). If the field is zero, '16,777,216 blocks vill be copied. . 

Iyte fI 

o 

1 

2 

3 

.c 

5 

6 

7 

8 

9 

~--~-~-------------------------I 7 I 6 I 5 I .. I 3 I 2 I 1 101 
-------------------------------I 1 0 1 I OPCODE I 
----~-~------~-----------------I LUN/s I LAD 21.* I 

LAD I/s'* 

LAD O/s* 

LUN/c LAD 2/d* 

LAD I/d* 

LAD O/d* 

44 OF BLOCKS 2 

44 OF BLOCKS 1 

44 OF BLOCKS 0 

10 0 I 
---------------------------------

11 CONTROL I 

·SM c the source device 
·d M 

c the destination device. 

-aefer to Appendix A for Logical Address comPutation 

NOTE: Lun/., Lun/d and logical addresses are only applicable to the disk 
drives. 
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VALID ERROR CODES 
Error Code 

HEX 
02 

03 
04 
OS 
06 
07 
09 
10 
11 
12 
13 
14 
15 
17 
18 
19 
Ie 
IE 
21 
23 

Interpretation 

Ho leek complete 
Write fault 
Drive not ready 
Drive not lelected 
50 track 0 found 
Multiple drives lelected 
Disk media changed 
ECC error in IDfield 
Uncorrectable error in data field 
10 ID addre.s .ark found 
10 data address .ark found 
10 record found .. 
leek error 
Write protected 
Correctable .data error 
Bad track flag set 
Unable to read alternate track data 
Illegal access to alternate track 
Illegal lector address 
Volume overflow 
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S~7 Type 6 Commands 

OPCOOE 00 

~his command is sub divided into two commands. the lub-command opcode i. 
Ipecified in byte 2 of the COB. 

Sub-Opeode 

o 
1 

DESCRIPTION 

Define floppy disk track format 
Enable/disable double Itep function 

SUS-OPCODE 00 DEFINE FLOPPY DISK !RACK FORMAT 

this command 11 used for defining the track format of the floppy .edia to 
the controller, i.e., lides, density and byteS/lector. If Iyte ~ il aero, 
the number of lectors per track will be as described in Iyte 5 1n the 
track Format Code. If Byte 4 is non-zero, the number of lectors per track 
will be as Ipecified in byte 4 and override the number of lectors per 
track as implied in the Track Format Code. 

+-------------------------------+ 
Byte , 7 I 6 I 5 I 1 I 3 I 2 I 1 I 0 

---~---~---+---+---+---+---+---
o 1 I 1 I 0 I 0 I 0 I 0 I 0 I 0 

-~~--------+------------~--~-~-
1 0 I LUN I Set to 0 

-----------~-------------------
2 Set to 0 

3 

4 

5 

Error Code 
HEX 
T2 

Set to 0 

Sectors per !rack 

!rack Format Code 

VALID EnOR CODES 

Interpretation 

Illegal function for drive type 

NOTE: 

!his command cannot be -Linked" to another 
command. 
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5.7.1 Track Format Codes 5 1/4 Inch (250 Xb~~) (Type 6) 

~ Description 

00 Single density, lingle lided, PM recording, 
128 bytes per lector, 16 lectors per track. 

01 Single density, double lided, PM recording, 
128 bytes per lector, 16 lectorl.per track. 

06 Double density, lingle lided, 
Side 0 - Cylinder 0 • PM recording 
16 lectors per track 
All other tracks • Inll recording " 
256 bytes per lector, 16 lectors per track 

07 Double density, double lided, 
Side 0 - Cylinder o. PM recording. 
All other tracks • MFM recording 
256 bytes per lector, 16 lectors per track. 

86 Double density, lingle lided, MFM recording, 
256 bytes per sector, 16 sectors per track. 

87 Double density, double lided, MFM recording, 
256 bytes per lector, 16 lectors per track. 

8A* Double density, single sided, MFM recording, 
512 bytes per sector, 8 lectors per track. 

8B* Double density, double lided, MFM recording, 
512 bytes per lector, 8 lectors per track. 

8E Double density, lingle lided, HFM recording, 
1024 bytes per sector, 5 lectors per track. 

IF Double density, double lided, MFM recording, 
1024 bytes per lector, 5 lectors per track. 

!m.t 
If track format information for floppy il not 
specified after each reset or power-on, the 
default code will be al follows: 

Track format 8A (hex) 
Double desity, single-sided; 
512 bytes/sector, 8 lectors/trick 

• Also supports 9 sectors per track using byte 4 of the CO cammand 
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5.7.1 'track ronnat Codes 8 Inch (500 JCbit) (-Type 6) 

~ Description 

00 Single density, lingle lided, PM recording, 
128 bytes per lector, 26 lectors per track. 

-01 Single density, double lided, PM recording, 
128 bytes per lector, 26 lectors per track. 

06 Double density, lingle lided 
Side 0 • Cylinder 0 • 1M recording 
128 bytes per lector, 26 lectorl per track 
All other tracks • MFM recording 
256 bytes per lector, 26 lectors per track 

07 Double density, double lided, 
Side 0 - Cylinder 0 • FM recording 
128 bytes per lector, 26 lectors per track 
All other tracks • MFM recording 
256 b tes per lector, 26 sectors per track. 

86 Double density, single sided, MFM recording, 
2S6 bytes per lector, 26 sectors per track. 

87 Double density, double sided, MFM recording, 
256 bytes per sector, 26 sectors per track. 

8A* Double density, single sided, MFM recording, 
512 bytes per sector, 15 sectors per track. 

8B* Double density, double sided, MFM recording, 
512 bytes per sector, 15 sectors per track. 

8E Double density, single sided, MFM recording, 
1024 bytes per le~tor, 8 sectors per track. 

IF Double density, double sided, MFM recording, 
1024 bytes per lector, S sectors per track. 

!!Q1!l 

If track format information for floppy 11 not 
specified after each reset or power·on, the 
default code will be as follows: 

'track format SA (hex) 
Double desity, single-sided; 
512 bytes/sector, 8 sectors/track 

• Also lupports 16 sectors per track using Byte 4 of the co Command. 
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5.7.1 ~rack Format Codes (Type 6) (continu~~) 

SUB-OPCODE 01 ENABLE/DISABLE DOUBLE STEP FUNCTION 

~his funetion allows the user to read/write 48 tpi dilkettes on a " tpi 
disk drive. Set bit 0 of byte 4 of the CDS tol to enable double step 
funetion. leset bit 0 of byte 4 of the CDB to 0 to dil.ble double Itep 
funetion. 

+-----~~~---~-------------------+ Iyte • 7 1 , I 5 1 4 1 3 1 2 1 1 I 0 
---+---+---+---+---+---+---+---o 111101010101010 
------~----+-------------------1 0 I LON I Set to 0 

-----------+-------------------2 0 10 I 0 I 0 I 0 I 0 1'0 I 1 

3 Set to 0 

4 Enable/Disable Double Step 

5 Set to 0 

+-------------------------------+ 

Error Code 
HEX 
22 

VALID ERROR CODES 

Interpretation 

Illegal function for drive type 

NOTE: 

Upon power-up or reset the default .is -disable 
double Itep" 

-56-



·5.7.1 Track Format Codes (Type 6) (continu.ed) 

ASSIGN DISK PAlAMITERS (HEX C2) 

this command allows the host to let up rigid disk variable parameterl for· 
the Ipecified LUN. the FIXED, REMOVABLE, or FIXED/REMOVABLE disk drive 
variables are Itep pulse width, Itep period, step .ade, maximum bead 
addrels, maximum cylinder address, reduced write current cylinder addrell, 
write precompenlltion cylinder addrels and number of lector. per track, 
thus, different manufacturer's drives can be used for each LON. there are 
ftO valid error codes for this command. 

+------------------------------~+ Iyte 1# 7 6 5 432 1 0 
-~-+---+---+---+---+---+-.. .. +---

o 111101010101110 
-----------+-------------------

1 0 I LUN I 0 I 0 I 0 1 0 I 0 

2 

3 

5 

~--~-------+-------------------Set to 0 

Set to 0 

Set to 0 

Set to 0 
+-------------------------------+ 

the required fields for this command are: OPCODE and LUN. 

Depending on how the jumpers are set up on the controller, 10 bytes of 
parameters will be collected from the host as Data (C/D deasserted) using 
two different formats for floppy drives or Winchester drives. (For more 
information on the proper jumper settings refer to Appendices F through 
J) • 
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ASSIGN DISK PARAMETERS (HEX C2) (continued) 

When defining Winchester drive parameters the following 10 bytes of dilk 
paramters are passed as data • 

• yte • 7 I , I S I 4 I 3 I 2 I 1 I 0 
-~-+---+-~-+--~+-~-+---+--~+-~-

o Step pulse width 

1 

2 

3 

4 

5 

-------------------------------Step period 
-~-----------------------------SteplftOde 

Maximum bead address 

Max cylinder addr HI 

Max cylinder addr LO 

6 WSI/Write precompensation cyl 

,. 0 I osl X I X I 0 I 0 I y I y 

8 Max Sector address 

9 Reserved 
+-------------------------------+ 
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5.7.1 !rack Format Codes (Type 6) (continued) 

DEFINITION OF BYTES 

IYTE 0 - Step Pulse Width 

this il the time the STEP sigoal 1s asserted 1n 3.5ulec increments. 

Parameter Value 

1 - , 
7 - 13 

14 - 20 
21 - 27 
• 
• 
• 

BYTE 1 - Step Period 

Yield 

7.0 usec 
10.5 ulec 
14.0 ulec 
17.5 usec 

this byte determines the . ime between two step pulses. the STEP lignal is 
deasserted between two st,p pulses. 
the range is from SO usee to 12.8 msee 1n SO usec increments. 

BYTE 2 - Step Mode 

'his byte defines the type of stepping for which the controller is 
·configured. !he following deeribes the modes supported by the controller. 

MODE 0 Normal or Buffered Step 

!his mode generates step pulses using the pulse width and rate specified 
1n Bytes 0 and 1. 

MODE 4 11 usee Step Period 

BYTE 3 - Maximum Head Address 

!his byte specifies the maximum head address on,the drive. !he controller 
can address a maximum of 16 heads. . 
the range is from 0 to 15. (i.e., 1 to 16). 

BYTE 4-5 Maxtmum Cylinder Address High and Low Iytes 

'hese two bytes specify the maximum cylinder address on the drive. Iyte 5 
is the least significant byte. 
the range is from 0 to 1023. (i.e., up to 1024 cyli~ders). 
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DEFINITION OF BYTES (continued) 

IYTE ,- leduce Write CUrrent Cylinder/Write Precompensation cylinder 

!his byte Ipeeifies the cylinder address where reduce write current and 
write precompensation are initially applied. Write precompensation is 
applied to all cylinders greater than or equal to the 10 bit value (byte , 
and bitl 0-1 of byte 7). A value of 0 in byte 7.eanl the reduced write 
current function il dilabled. A 10 bit value of 0 (byte , and bitl 0-1 of . 
byte. 7) ~ans the write precompensation function 11 dilabled. 

NOTE: 

If controllpr is programmed to interface with drives 
having more than 8 heads, (i.e., Iyte 3 il greater 
than 7) then leduce Write CUrrent il not implemented. 

IYTE 7 - Drive Type Identifier 

!his byte 11 defined as follows: 

lit 7 
MUlt be let to 0 to indicate parameters are for bard dilk. 

lit 6 
!hil bit informs the controller to wait for the leek complete after a leek 
command (Opcode OB) to the Winchester drive. If the drive il capable of 
overlap leek, this bit can be let to utilize the function. 

1. When bit 6 • 1 then the controller will not wait for the leek 
complete lignal to become asserted after the last It~p pulle • 

. 2. When bit' • 0 then the controller will wait for the Seek 
Complete Signal to become asserted after the last atep pulle. 

NOTE: 

!he aeek incomplete timeout is set to approximately 
3 aeconds. !hat is, any leek must be completed within 
3 leconds or the controller will report an error. 

lit 5 , 4 
!hele bitl notify the controller when the drive il a fixed or removable 
type of drive. 

00 • fixed drive 
01 • reserved 
10 • removable/fixed 
11 • removable 

;,.60-



DEFINITION OF BYTES (continued) 

lits 3 and 2 
Set these bits to zero. ~hese bits are reserved for future ule. 

lit 0 , 1 . 
Part of the lO-bit write precompensation value. See description for Iyte .,. 
Iyte • - Kax~um Sector Address 

'lil byte aay be uled to override the defa',lt lector/traC'\ or the last 
lector/track parameter, iSlued. A zero (Oi caules the current value to 
remain tbe lame. the default value il let up during' power up 
initialization. this number il the count of the lectorl per track ~nul 
one (1). !he default value is let up by the Winchelter lector lize 
jumpers. 

Iyte , - leserved 

Set byte , to o. ~his byte is reserved for future use. 

Upon power-on or any reset command the controller defaults to the 
following parmeters for the Winchester 'drives: 

Byte 0 
Byte 1 
Byte 2 
Byte 3 
Byte • 
Byte 5 
.yte 6 
Byte 7 
Byte 8 

Iyte , 

(HEX OA) Step pulse width • 10.5 microseconds 
(HEX 3C) Step pulse period • 3.0 millileconds 
(HEX 00) Buffered step mode 
(HEX 03) Number of heads c 4 
(HEX 00) Maximum cylinder address HI • 0 
(HEX 98) Maximum cylinder address LO • 153 
(HEX 80) Reduced write current • 128 
(HEX 00) Wait for Seek COmplete 
(HEX 00) 2S6 bytes/sector' 33 lectors/track or 

512 bytes/sector , 18 lectors/track or 
1024 bytes/sector' 9 lectors/track as let 
up by jumper. 

(HEX 00) Reserved 

-61-



DEFINITION OF BYTES (continued) 

DESCRIPTION OF !HE PARAMETERS FOR FLOPPY DRIVES 

Iyte , 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
---+---+--~+-~~+--~+-~-+--.+---

o Step pulle width 

1 

2 

3 

• 
5 

6 

-----------~-------------------Step interval 

Max cylinder addr 

---------------------~---------Head lettling delay 
-------------~-----------------Head lelect delay 

Drive lelect delay 

Write gate delay 

7 1 I X I 0 I 0 I 0 I 0 I 0 I 0 

8 Floppy type/write precamp 

, Start write precomp cylinder 
+-------------------------------+ 

DEFINITION OF BYTES 0 to 9 

BYTE 0 - Step Pulse Width 

Doesn't care. Value fixed at 10usec. 

, BYTE 1 - Step Interval 

~he t1me between two step pulses. ~he value of this byte 11 .pecified 
with bits 3,2 1, and 0 only. Since the roc 765 controls these step 
pulses, the pulse period changes depending on the drive. !be data'rate is 
as follows: ' 

- For. 500K bit/lee data transfer rate, the value 11 1n one (1) 
~llilecond increments from one (1) to sixteen (1') ~llilecond •• 

- ror a 250K bit/see data transfer rate, the value il in two (2) 
~llilecond increments fram two (2) to thirty-two (32), 
ILillileconds. 

- In both cases, zero (0) speeifies the maximum step rate. 
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DEFINITION OF BYTES (continued) 

BYTE 2 - Max~um Cylinder Address 

!'he maximum number of cylinders -1. 

Byte 3 - ~ead Settling Delay . 

~hil Ipeeifies the delay required from the last STEP pulle to valid 
lead/Write. !be range is from 1.0 asec to 256.0 ~ec in 1.0 .. ec 
increments. 

BYTE • - Head Select Delay 

Doesn't care. !his value is not analyzed by the controller. 

BYTE 5 - Drive Select Delay 

Doesn't care. This value is not analyzed by the controller. 

BYTE 6 - Write Gate Delay 

Doesn't care. This valJe is not analyzed by the controller. 

BYTE 7 - Vrive Type Indentifier 

Set bit 7 to 1 to indicate parameters are for floppy disk. 

Set bit 6 to 1 to indicate that Bytes 8 and 9 are to be read. Bits 0 
through S are not used. Set these bits to o. 
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DEFINITION or BYTES (continued) 

IYTE 8 - rloppy Dilk Drive (If bit' of Iyte 7 il let to 1) 

Specifies the type of flexible disk. 

II! 7 • 0 for a 250Kbitl data rate drive (5 1/4- interface) 
II! 7 • 1 for a SOOKbitl data rate drive (5 1/4- interface) 
II! , • 1 aeans that Pin 16 (motor on) .hall not be al.erted. 

let tbil bit to 1 when uling high capacity Dilt Drivel 
(192 !PI) and their pre-fo~atted dilkettes. 

II! , • 0 .eanl that Pin 16 (motor on) will be a'ierted. 
lIT 0 and 1 specify the amount of write preccmpenlation to be 

applied to data written at and after the STARTING 
WJlITE 'RECOMPENSATION CYLIRDER (I)'te ') . 

250 D 

bit 0 bit.l 
o 0 o .. 1 
1 0 
1 1 

-
WRITE PRECOMPENSATION VALUE 

500 lB 

bit 0 bit 1 
• 0 nSee o o· 0 nSec 
• 125 nSee o .1 • 62.5 nSec 
• 250 nSec 1 o. 125 nSec 
• 375 nSee 1 1· 187.5 nSee 

NOTE: 

If bit 60f Iyte 7 is let to 0, this 
byte will set to 01 Hex. 

I 

IYTE 9 - Sta~tin9 Write Precompensation cylinder (if bit' of Iyte 7 . 
is eet to I). 

~hil byte specifies the cylinder (-1) where write precampensation will be 
applied. 

)lOTE: 

If bit 6 of Iyte 7 is set to 0, the whole 
drive will be precompenlated. 
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DEFINITION or BYTES (continued) 

DEFAULT PARAMETERS FOR A MINI FLOPPY DRIVE 

Upon reset, the controller will default to the parameterl of an SA410 
drive (1 head, 80 cylinders). !his also applicable for the drives that are 
pr~assi9ned as floppy drives on the dipswitch. If the floppy drive (I) . 
uled are other than the SA410 Drive, the uler Ihould let the paramterl for 
the type of floppy drive being used after every relet or power-on for each 
floppy LUN. 

Iyte 0 (N/A) 'ulle Width • value not analy~ed. 

Iyte 1 (HEX 07) Step Pulle Period • 7.0 ~lll.econds. 

. Iyte 2 (HEX 4F) Maximum cylinder • 80 cylinders • 

Iyte 3 (HEX 16) Head Settling Delay • 22 Bdllileconds. 

Iyte 4 (N/A) Head Select Delay • value not analyzed. 

Iyte 5 (N/A) Drive Select Delay • value not analyzed. 

Iyte 6 (N/A) Write Gate Delay • value not analyzed. 

Byte 7 (HEX 80) Drive type • Floppy drive. 

Byte B (HEX 00) Floppy Disk Drive Type • 5 1/4- interface. 

Byte 9 (HEX 00) Starting precompensation. 
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S.8 MAINTENANCE AND TROUBLESHOOTING 

5.8 OVerview 

'tWo uintenance and troubleshooting aids are provided with the Controller: 
Senle Iyte Irror Codes and Class Code 7 CCIIIDands. . 

!'he lenle Iyte Irror Codes (given in Section ')are provided with the 
Clasl Code 0 OpCode 03 (Request Sense Bytes) Command. the Senle Byte Irror 
Codel, delcribed in section 5.4.1, define an error as: 

type 0 - Drive lelated 
type 1. - Controller Related 
!ype 2 - COmmand Related 
type 3 - Milcellaneous 

!hil lection describes the Class Code 7 cOIIInands. 

5.8.1 Cla.s Code 7 Commands 

Class Code 7 commands are diagnostic commands that are ilaued with a 
Itandard Command Descriptor Block (CDB). 'he valid COB for each OpCode is 
.hown in this lection. See Sections 5 of this .anual for additional 
information on CDB'. and commands • 

. 1Wt DIAGNOSTIC (HEX EO) 

this command writes the lector buffer with a data pettern, reads it, and 
compares 1t byte by byte. The check is perfo~ed with the data pattern. 
00, FF, AA and 55. . 

+-------------------------------+ 
Byte fI 7 I 6 I 5 I 4 I 3 I 2 I 1 I .0 

--~+-~-+~-~+---+---.---+---+---o 11111iOlofoiOlO 
1 

2 

3 

5 

Set to 0 

-----------+-------------------Set to 0 

Set to 0 

----------------------------~--Set to 0 

Control 
+-------------------------------+ 

VALID ERROR CODES 

Error Code 
HEX 

Interpretation 

To RAM error 
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S.8.1 Type 7 Commands (continued) 

WRITE ECC (HEX E1) (not valid for floppy) 

~his command displaces data on the disk to allow testing of the ECC logic. 
!his command requests the number of data bytes, as dete~ned by the 
lector lize, plus four (4) ECC bytes. 

+-------------------------------+ 
Iyte M 7 I 6 I 5 I , I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---
'0 1 I 1 I 1 I 0 I 0 I 0 I 0 I 1 

1 

2 

3 

4 

5 

-----------+-------------------
o I LON I LAD 2 

-----------+--~----------------
LAD 1 

LAD 0 

Set to 0 

Control 
+-------------------------------+ 

VALID ERROR CODES 

Error Code 
HEX 

Interpretation 

02 
03 
04 
05 
06 
07 
09 
10 
12 
14 
15 
17 
19 
Ie 
1E 
21 
22 
23 

No seek complete 
Write fault 
Drive not ready 
Drive not selected 
No track 0 found 
Multiple drives lelected 
Disk me~ia changed 
ECC error in ID field 
No ID address mark found 
No record found 
Seek error 
Write protected 
Bad track flag let 
Unable to read alternate track data 
Illegal access to alternate track 
Illegal lector address 
Ilegal function for drive type 
Volume overflow 

-67-



5.8.1 TYpe 7 Commands (continued) 

lEAD ID (HEX 12) 

the ID field of the lector Ipecified by the logical lector address is 
tranlferred to the host. Only 'one (1) lector 11 procelled. the" data 
length vill be • bytes. If this command il illued to • flexible dilk 

·drive the HIGH CYLINDER byte will alwaYI contain a zero (0) and the 
PHYSICAL SECTOl byte will contain the number of the first lector found ~n 
the track. . . 

Iyte • 7 I 6 I 5 I • I 3 I 2 I 1 I 0 
---+---+--~+---+---+--~+---+-~-o· 1 , 1 I 1 I 0 I 0 I 0 I 1 I 0 

1 

2 

3 

• 
5 

-----------+-------------------o I tUN I LAD 2 

~----------+-----------~-------
LAD 1 

LAD 0 

Not used 

Control 
+-------------------------------+ 

the ID bytes are returned in the following format: 

+---~----~----------------------+ 
Byte I 7 I 6 I s I 4 I 3 I 2 I 1 I 0 

---+---+---+---+---+---+---+---o MSB cylinder 
-------_ .. _-+--------.-----------

1 ° LSB cylindeor 

2 

3 

Flags/Head 

Sector 
+-------------------------------+ 
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5:8.1 Type 7 Commands (continued) 

lit I 0 • Head 1 
1 • Head 2 
2 • Head 4 
3 • Head 8 
4 • 0 
5 • Alternate track flag , • Bad track ¥ith alternate assigned 
7 • Bad track 

VALID EklO: .. CODES 

Error Code 
HEX 

Interpretation 

02 
04 
OS 
06 
07 
10 
12 
14 
IS 
Ie 
21 

No leek complete 
Drive not ready 
Drive not selected 
No track 0 found 
Multiple drives .elected 
ICC error in ID field 
No 1D address mark found 
No record found 
Seek error 
Unable to read alternate track data 
Illegal sector address 
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5.8.1 Type 7 Commands (continued) 

DRIVE DIAGNOSTIC (HEX E3) JOT CUJUtENTLY SUPPORTED 

this command performs a diagnostic on the specified LON. It reads .ector 
o on the tracks sequentially and then reads .ector 0 on 256 random tracks. 

+---~-------------------------~-+ Iyte •. j I , I 5 I 4 I 3 1 2 1 1 I 0 
---+---+---+---+---+---+---+---

o 111111010101111 
-----------+-------------------

1 0 I LUN I Set to 0 
-----------+-------------------

2 Set to 0 

3 

4 

5 

Set to 0 

Set to 0 

Set to 0 
+----~~--~----------------------+ 

Error Code 
HEX 
02 

04 
OS 
06 
07 
10 
12 
14 
15 
lC 

VALID ERROR CODES 

Interpretation 

No leek complete 
Drive not ready 
Drive not selected 
No track 0 found 
Multiple drives selected 
ECC error in ID field 
No ID address mark found 
No record found 
Seek error 
Unable to read alternate track data 

-70-



5.8.1 Type 7 Comrr,ands (continued) 

REQUEST LOGOUT (HEX £6) 

This command is used to retrieve four bytes of log for the .pecified LON. 

Byte f 7 I 6 I 5 ~ 4 , 3 , 2 I 1 I 0 
---+---+---+---+---+---+---+---

o 111111010111110 
-----------+-------------------

1 0 I LUN I Set to 0 
-----------+-------------------

2 Set to 0 
-----------------------_ .. ------

3 Set to 0 

Set to 0 

5 Set to 0 I laNK 

+-------------------------------+ 
The log transferrd to the lost as Data using the following for.at: 

+-------------------------------+ 
Byte , 7 I 6 I 5 I 4 1 3 I 2 1 1 1 ° 
° Retry count high 

-----------+-------------------1 Retry count low 

2 

3 

Permanent error high 

Permanent error low 
+-------------------------------+ 

~he following errors get accumulated ip the error log: 

1. Unc·orrectable error in data field. 
2. No IO address mark 
3. Mo data address mark. 
4. Seek error 
S. Record not found 
6. Correctable data error. 
7. ID read error. 
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5.8.1 Type 7 Commands (continued) 

lEAD ECC (HEX EA) 

~his command reads a block of data fram the disk vi thou t detecting 
Icorrecting ECC errors. It transfers the data and four (4) bytes of ICC 
to the bOlt in order to verify' the ECC logic of the controller. 

Iyte • 7 I 6 I 5 I 4 1 3 I 2 I 1 1 0 
---+---+---+-~-+---+---+---+---o 111111011101110 
~---~------+-------------~-----1 LUN I LAD 2 

2 

3 

4 

5 

-------~---+-------------------LAD 1 

-------------------------------lAD 0 

Set to 0 

Control 
+-------~-----------------------+ 

~he required fields for this command are: OPCODE, LUN LAD and CONTROL. 
!his ',ector count is forced to one (1) internally. 'he error codes are 
the lame as lEAD except data ECC errors are not reported. 

lEAD DATA BUFFER (HEX EC) 

!his command transfers the specified number of blocks from the controller 
data buffer to the host. A value of zero (0) for the number of blocks 
defaults to one (1). The LON can be any number linee no device 
participates. The number of bytes returned is dete~ned by the lector 
lize of the specified LON. The host can use this command following a 
WRITE DATA BUFFER command to verify ~fWRITE ,equences without drive 
participatio~ or, on a pe~anent ECC error in the data field, to obtain 
the bad record. There are no valid error codes for thil command. 

+-------------------------------+ Iyte • 7 I 6 I s I 4 I 3 I 2 I 1 I 0 
---+---+--~+-~-+---+---+--~+---

o 111111011111010 
1 

2 

3 

4 

5 

o I LUN I Not used 
----~------+-~---------~--~-~--Not used 

Not used 

41 of Blocks 

Control 
~-------------------------------+ 
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5.8.1 Type 7 Commands (continued) 

WRITE DATA BUFFER (HEX IF) 

this command causes the Ipecified number of data blocks to be written from 
the bost to the controller data buffer. A value of lero (0) for the 
number of blocks defaults to one (1). the LUN can be any number linee no " 
device participates. !he number of bytes written il determined by the 
lector lize of the Ipecified LON. The host can use this command preceding 
• lEAD IUFFER command to verify a lEAD/WRITE sequence without device 
participatio.n. !here are no valid error codes for thil cCIIIn&nd. 

+----------------~--------------+ Iyte • 7'" I 5 I 4 I 3 I 2 I 1 I 0 
---+---+---+---+---+---+-~-+---o 1 I 1 I 1 101 1 I 1 I 1 I 1 

1 

2 

3 

4 

5 

-----------+-------------------o I LUN I Not used 

Not used 

Not used 

II of "Blocks 

Control 
+-------------------------------+ 
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6.0 ERROR CODE DESCRIPTIONS 

these error code descriptions are related to Iyte 0 of the Sense Ilock 
. after the Request Sense command (Class 0, Opeode 03). 

type 0 
o 
1 
2 
3 
4 
5 
6 
7 , 
D 

'lYpe 
0 
1 
2 
3 
4 

5 

7 
. 8 , 
A 

C 

E 
F 

1 

TYpe 2 
o 
1 

2 
3 

(Drive) Error Codes 
110 error Itatul. 
110 Index 11gnal. .0 I~ek Complete. (approximately 1 lee) 
Write fault. 
Drive bot ready. 
Drive bot lelected. 
110 'rack 00. 
Multiple Winchester drives lelected •. 
Cartridge changed 
leek in progress. 

(Controller) Error Codes 
~.pe exception. (Tape Only) 
Uncorrectable data error during a read. 
ID Address Mark not found. 
Data Address Mark not found. 
Record not found. Found correct cylinder and head 
but bot lector. 
leek error. R/W head positioned on a wrong cylinder 
and/or selected a wrong head. 
Write protected • 
Correctable data field error. 
lad block found • 

. ror.mat Error. 'he controller detected that during 
the Check Track command, the format on the drive was 
not expected. 
Unable to read the Alternate Track address. the 
address of the alternate track cannot be read 
correctly with no ECC error. 
Attempted to directly access. an alternate track. 
tape drive failure. (Tape Only) 

(Command) Error codes 
Invalid Command received fram the hOlt. 
Illegal disk address. Address il beyond the .ax~ 
address. 
Illegal function for the current drive type. 
Volume overflow. Maximum lector address vas pasled 
during a multiple lector read or write. 

TYpe 3 (Mise) Error codes 
o lam error or power up lelf test error. 
1 rDC 765 error (52008 and 54008 models only) 
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7.0 INSTALLATION AND GENERAL INFORMATION 

Introduction 

~he following Appendices contain general information, jumper lettings and 
board outlines for the DTC SOOD! Series Controllers. 

Mounting 

·!here are no special mounting requirements. the Appendices for the board 
outlines provide the location if the eounting holes. ~o facilitate 
aounting the controller on the drives, the mounting holes provided are 
compAtible to.those used with industry standard 5.25· dr,ives. 

Up to eight (8) controllers can be .a.ily dailY chained on the IASI bUB. 
Only the controller that is physically at the end of the dailY chain 
ahould bave the te~inator resiltors inltalled. 

~he temperature Ipecificat:ons given in Section 2 aUlt be aaintained to 
ensure reliability standards. 
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APPENDIX A LOG I CAL ADDRESS 

A.l OVerview 

Logical Address is an accumulation of the number of Sectora, for 
.ach bead, at each cylinder. 

ror exuaple: 

If the drive (designated by the LUN) bas 16 Sector I per track 
(0 through IS) and 2 heads (0 and 1). 

CYlinder 0, Head 0 would contain Logical Address 000 through 
015, and Head 1 ·would contain Logical Addrreaa 01.6 ~ou9b 031. 

CYlinder 1, Head 0 would contain Logical Addrels 032 through 
047, and Head 1 would contain Lo9ical Addrress 048 through 
063,etc. the highest possible Logical Address il assigned to 
the 16th Sector of Head 1, at the maximum allowable cylinder 
Addreas. 

the Logical Address concept is an attempt to enable loftvare to 
be written which is device independent. This is accomplished by 
using the lelected drive's parameters (such as the highest polsible 
cylinder address, number of lectors per track) when calculating the 
Logical Address. 

When the .elected drive is changed (a new LUN) the parameters can 
be changed if required. The formula (used to calculate the Logical 
Address) determines the new Logical Addresses assigned to each 
Sector within the drive. 

A.2 Calculation of Logical Address 

Each Logical Address is calculated by ~ultiplying the cylinder 
address, by the number of heads per cylinder, then multiplying this 
result by the number of lectors per track, and then adding this 
result. the results obtained by multiplying the number of lectors 
by the bead addressi to this value the lector addresl 11 added. 

~he for.mula for this calculation 1s: 

LA • ( (e) (h) CI» + ( (H) (I» + (8) 

Where LA· Logical Address 
C· Cylinder Address 
h -= lumber of heads per cylinder 
I· Number of lectors per track 
H· HeadAddress 
S c Sector Address 
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A.2 Calculation cf Logical Address (continuedl 

With this formula a unique Logical Address for each Sector on any drive 
can be established. . 

For example: 

As~ume LON 0 il a drive with a .ax~um Cylinder Addresl of 256 (0 to 255) 
that hal' beads per cylinder (head addresses of 0 to 3), and 33 lectors 
per track (lector addresses of 0 to 32). the highest Logical Address for 
thil drive would be calculated as follows: 

( (:\5) (t) (33) ) + ( (3) (33) + 32 • Logi~al Addrels 

or 

33,660 + 99 + 32 • 33,791 

which i. the highest Logical Address for this drive. 

Another way to visualize the formula is to recognize that the Logical 
Address is being incremented by a value of 1 each lector during a format 
of the drive. 

In the.bove example, each bead at cylinder 0 would advance the Logical 
Address by 33, and the Logical Address, at cylinder 0, Sector Address 32 
(the 33rd lector), Head 3 (the 4th head) would be 131 (4 t~es 33 less 1 
because of starting at 0). 

Each cylinder increment would advance the Logical Address an equivalent 
amount (132) and since there are 256 cylinders the largest Logical Address 
is 132 x 256 • 33,792 - 1 (because of 0) or 33,791. 
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A.3 Determining cylinder Addresses 

One method of determining the cylinder address from the Logical Addrels is 
to divide the Logical Address value by the result obtained by .ultiplying 
the number heads per cylinder by the number of lectors per track. 

the results of this calculation will be a whole number and a fraction. the 
Whole number is the Cylinder Address, the fraction il explained below. 

(LA I h x I) - Cylinder Address and fraetion 

Where LA -Logical Address 
b a heads per cylinder 
• a·lectors per track ' 
I a indicates divide and x indicates aultiply 

'he fraction il • function of the number of heads. In our example (with ~ 
beads): . 

A fraction between .001 and .250 indicates head 0, .251 to .500 
indicates head 1, .501 to .750 indicates bead 2, and .751 to .", 
indicates bead 3. 

If we had chosen an example using 2 beads, a value of .50 or less 
would indicate head 0 and a value of .51 or vreater vouldindicate 
bead 1. 
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APPENDIX B 

INTERLEAVE 

Interleaving is I process which Issi9ns a Logical Sector Address to each 
Sector that differs from its 'hysical Address. 'he purpole 1. to allow 
the Host time to manipulate the data received fram a Sector and be able to 

. get the next required Sector of information fram the disk without baving 
to wait for a full revolution of the disk. 

'he Interleave factor is assigned by byte 4 in Cllss Code 0 CDB'. with a 
format Drive,. format 'rack, Format lad 'r.c~, Check 'rack ror.at, lead ID 
and alsign alternate 'rack OpCodes. j 

A representation of Physical Sector yerlUS Logical lector, with a 33 
lector format and an interleave factor of 6, is ahown in rigure 1-1. 

32 • 31 
, 

25 

2~ 

l' " l' 15 
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APPENDIX C 

SECTOR FORMATS 

e.l Winchester Drive Sector Formats 

'he M'CSOPDB Series Controller has the option of five different types of 
Wincbelter drive format.. the formats are a. followl: -

256 bytesllector' 32 lectors/track 
256 bytes/lector' 33 lectorl/track 
512 bytes/lector' 17 lectorl/track 

'512 bytes/lector '-18 lectorl/track 
1024 bytes/lector' 'lectors/traCk 

'be track layout for the 256 by tel/lector • 32 aector./traclt J.I ahcNn 
below: 

+-.... - .. .,-------.. ------~---------------... ---------.. --.----+ 
10 a FIe 0 0 10 a F 256 e 0 0 13 

bytes 1 E D cOO bytes 1 8 bytes cOO bytes 
~O's cOO's data c 4E'. 

+-----------------------------------------------------+ a,1, rE, 00, F8 c 1 byte 
ecc • 4 bytes, ID c 4 bytes 
'rack Capacity c 10416 

- 11 • Index Gap (4£) 
10048 • 32 lectors , 309 byteS/lector 

517 • Speed Tolerance 

10416 

this track fo~at provides (+ or -) 4.96' lpeed tolerance. 

the track layout for the 256 bytes/sector, 33 aectors/track il Ihown 
bel~: . 

10 a FIe 0101 10 a F 256 e 0 0 13 
bytes 1 E D cOO bytes 1 8 bytes cOO bytes 
DO'. cOO'. data c 4E'1 

aI, PE, 00, r8 • I byte 
ecc • 4 bytes, ID c 4 bytes 
'rack Capacity • 10416 

11 ~ Index Gap (4£) 
10197 • 33 lectors • 309 byteS/lector 

208 • Speed Tolerance 

10416 

this track format provides (+ or -) 2.00' speed tolerance. 
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eel Winchester Drive Sector Formats (continued) 

'he track layout for the 512 bytes/lector, 17 lectorl/track·t •• hewn 
belo,.·: 

+--~------------------------------------------~---~---+ 
10 a FIe 0 0 10 a F 512 e 0 0 ·17 

bytes 1 E D cOO bytes 1 8 byte I cOO bytes 
DO'. cOO'. data c tE'. 

+---------------------~----------------------------~--+ aI, FE, 00, r8 • 1 byte 
ecc • • bytes, ID •• bytes 
!rack Capacity • 10416 

11 • Index Gap (4£) 
'673 • 17 lectors @ 569 byteS/lector 
732 • Speed Tolerance 

10416 

this track format provides (+ or -) 7.02' speed tolerance. 

'he track layout for the 512 bytes/sector, 18 lectors/track il .hown 
belo\l.·: 

+---------------------------------_._-----------------+ 
10 a r leO 0 10 a r 512 e 0 0 '17 

bytes 1 E D cOO bytes 1 8 bytes cOO bytes 
00'1 cOO', data c 4E's 

aI, FE, 00, F8 • 1 byte 
ecc • 4 bytes, ID • 4 bytes 
'rack Capacity • 10416 

11 • Index Gap (4£) 
10242 • 18 lectors , 569 bytesllector 

163 • Speed !olerance 

10416 

'this track format provides (+ or -) 1.56' .peed tolerance. 
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e.l Winchester Drive Sector Formats (continued) 

!he track layout for the 1024 bytes/lector , lectorl/track is Ihewn 
below. 

+-~-~--------------------------------~-----------------+ 
10 a FIe 0101 10 a F 1024 e 0 0 51 

bytes 1 E D cOO bytes 1. bytes cOO .bytes 
00'. cOO's data c CE'I 

+--~---------------------------------~-----------------+ al,rE, 00, F. · 1 byte 
ecc • C bytes, ID • 4 bytes 

track CApacity·. 10416 

11 • Index Gap (4£) 
10125 • 'lectors' 1125 byteS/lector 

280 • Speed Tolerance 

10416 

!his track fo~at provides (+ or - ) 2.69' lpeed tolerance. 

C.2 !ape Format 

.!he tape media is an ANSI compatible 450 foot tape cartridge. the tape is 
recorded bi-directionally on five megabyte serpentine tracks. the ten 
megabyte. drive has two tracks. The twenty megabyte drive bas four tracks, 
of which the first two tracks are compatible with the two tracks on the 
ten megabyte drive. 

the backup/restore fo~at for the 1/4" tape cartridge consilts if a group 
of 512 byte records which make up a file. 

PM Beader 512 

c-header record--)I 
(optional) 

e.3 Header 

TAPE FORMAT 

1M Data 512 Gap Data 512 PM 
lectors 

last block----)I 

~he beader il an optional field that il used by the bblt to identify and 
label tape cartridges. Jt is written to the first 512 byte block. 
Writing the header -initializes" the cartridge and any existing dati on 
the tape il lost. A cartridge does not need I header to be ulable. It is 
the host's relponsibility to verify any identifing information in a 
beader. ~ 
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APPENDIX D 

AL!ERNATE ~RACK USAGE WITH DTe CONTROLLERS 

Alternate Tracks are uled to replace the bad tracks found during ayltem 
initialization 10 that the Host Iystem will have a continuous range of 
dilk ~ry with no defeets.!he preferred Icheme il to place all the 
alternate tracks at the top of the disk memory, (i.e., the inner track), 

.10 that the HOlt ',Item can I~ply .ap out the.e trackl and reduce the 
aaxtmum logical address that the Host Iystem il allowed to acee.s on the 
dilk. rollowing this Icheme, a lample procedure for a •• igning alternate 
tracks ~ght be as follows: 

1. ~nitalize Controller with the appropriate drive characteriitici. 
(All cylinders and heads .ust Ipeeified). 

2. rormat the entire drive and verify the disk. 

3. Assign an alternate for each defective track .. king lure that 
no two defective trrcks are assigned to the .ame alternate • 

•• Consider assigning j lternates for tracks on the drive 
manufacturer', list of defects. 

s. Accumulate the number of tracks taken by the alternatel and .. p 
them out from the range of disk memory which the Bost 1,Item is 
allowed to access on the disk (i.e., if the top two tracks are 
used for alternates, the maximum·track address that the 'Yltem 
Ihould access directly is two less than the amount Ipecified 
in the Define Drive Parameter Command). 

6. Repeat steps 1 through 5 if more than one Winchester drive is to 
be implemented. 

Future accesses to those defective tracks will ~esult in accelsing the 
corresponding alternates and will be ~ransparent to the Bost I,stem. 
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APPENDIX E 

IMPLEMENTING OVEIlLAPPED SEEKS ON DTC DISI CONTROLLERS 

ror Winchester drives capable of performing overlapped leeks, the overlap 
function can be utilized by le~ting a bit in the drive parametera while 
ilauing the Class' OpCode 2 coamand. When the DTC dilt COntroller 
receives a leek command it ilsues the required Itep pullel which the drive 

.. bufferl. !'he Controller then checks a bit in the internal drive 
characteriltic table and if the overlapped function ilallowed, it returnl 
the CCIIlpletion Itatus to the HOlt vithout vaiting for the .eek ccaplete 
condition from the drive. 

A tJPical implementation of thil function ~ght be where the BOlt illues 
an overlapp~d leek to drive -A- and vhile the drive ·il ... ting, the Bolt 
could perform other tasks which includes lervicing or initiating ,et 
another ta.k on other drives. 

If ~est Drive Ready command il received for the drive while the drive i. 
atill leeking, the Controller will respond with an error type 0 COde D, 
leek in progress. the Host can decide to perform lame other talk or keep 
ilsuing the command until I normal termination i. received, lignifying a 
auccessful campletion of the command. 

this ·mode cannot be used on drives like the STS06 that cannot lupport 
overlap aeek operation. the Controller viiI delelect the drive after the 
step pulles have been lent to the driv~. 

START 

Test :Drlve Ready 

laue R.d, Write 
or Other Command 

Manltor 
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APPENDIX F JUMPER CONFIGURATIONS rOR 510DB 

!he 500DB Series Controllers allow the user to jumper lelect various 
controller functions. fhese functions are: 

WO - CONTROLLER ADDRESS 

.. 0 Ihorted ID • 0 
1 Ihorted ID • 1 
2 Ihorted ID • 2 
3 Ihorted ID • 3 
4 Ihorted ID • 4 
5 Ihnrted ID • 5 
6 shorted ID • 6 
7 Ihorted ID • 7 

WI - HOST 'AlITY 

• Pins 1 - 2 Ihorted • enabled. 
Pins 2 - 3 shorted • dilabled. 

W3 and W4 - WINCHESTER DISK SECTOR SIZE 

W3 I W4 I Bytes per Sector 

Open Open -= 128 bytes per lector 
*Shorted Open 8: 2S6 bytes per lector 
Open Shorted -= 512 bytes per lector 
Shorted Shorted -= 1024 bytes per lector 

W5, W6, .7 and W8 - LON assignment. Mot analyzed on 510DB. Winchester 
drives can be assigned as logical units 0 and 1 only. 

LUN 
o 
1 
2 
3 

JUMPER 
WS 
116 
W7 
W8 

OPEN 
·Winchester 
*Winchester 
not used 
not used 

SHORTED 
not used 
not used 
not uled 
not uled 

W31 - OPTIONAL RESET - For Internal Use Only 
• Open : !his jumper should not be in place • 

. See Figure F-l for DTC-SIODB Jumper locations. 

.. As shipped 
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Figure F-1 DTC-SI0DB Cable COnnectors 

Jl - 50 pin connector: 

J2 - 34 pin connector: 

Connects the Host to the COntroller. 
See Figure r-1 for pin designations. 

Connects Winchester Drive'. Control 
Interface to the COntroller. 
See Pigure r-l for pin designatioDs. 

J3,J4 - 20 pin connector: Connects Winchester Drive'. Data 
Interface to COntroller. 

JIO - • p1n connector: 

'.Jilw31 10 wo

-

WI 
€!3 

• 

lee Figure r-l for pin designations. 

AMP - 1-48042-1 for connector, 
AMP- 350078-4 for pins (or equly.lent), 
connects D.C. Power to Controller. 
Pin assignment 1s .hown below: 

Pin 1 - Ho connection 
Pin 2 - Ground 
Pin 3 - Ground 
Pin 4 - +5 vDC, 2.6 Amps 

WI 

:~ WI 

'" W6 
Wi .' 

FIAr1WARE 

, 

not ctawn to KIlle 

Fiaure F-1 
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.... ~----------7 .• 50--------..... ~1 
ALL DIMENSIONS AlE INCHES 

ROT DRAWN 'to SCALE 

Figure F-2 DTC 510DB Board Dimensions with Mounting Boles 
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APPENDIX G JUMPER CONFIGURATIONS FOR S20DB 

'he SOODB Series Controllers allow the user to jumper lelect various 
controller functions. 'these functions are: 

WO - CONTROLLER ADDRESS 

* 0 ihorted ID • 0 
1 ahorted ID • 1 
2 ahorted 10 • 2 
3 aborted 10 • 3 

WI - BOS'1' PAIlIn 

4 ahorted ID • 4 
S Ihorted ID • 5 
, ahorted ID • , 
7 ahorted 10 • 7 

* Pins 1-~ Ihorted • enabled, Pins 2-3 Iborted • dilabled 

W2 • .ot On loard 

W3 and W4 Winchester Disk Sector Size 

W3 W4 Bytes f)er Sector 
Open Open • 128 bytes per lector 

* Shorted Open r. 256 bytes per lector 
Open Shorted. 512 bytes per lector 
Shorted Shorted • 1024 bytes per lector 

+~~----~----------------------------------------+ 
W5, "6, 17, W8 • LUN assignment. these jumpers are aled to lelect 
the default LUN assignment for Winchester and flexible drives. 

LUN 
o 
1 
2 
3 

JUMPER 
W5 
W6 
W7 
W8 

OPEN 
*Winchester 
Winchester 
not used 
not used 

W12, W13 • Hot On loard. 

W14 • Motor On OVerride. 

SHORTED 
Flexible 

*Flexible 
Flexible 
Flexible 

SHORTED: 'he Motor On Signal will always be al.erted. 'hil overrides 
bit , of byte 08 in the ASSIGN FLEXIBLE DISK PARAMETERS command. 

·OPEN: the Motor On signal is asserted or deallerted according to 
bit , of byte 08 in the ASSIGN FLEXIBLE DISK PARAMETERS cammand. 

VIS • Ready OVerride. 
SHORTED: 'he flexible drive il considered to alwaYI be ready. 

·OPEN: !his jumper Ihould not be in place for 250 kb flexible drives. 

V31 - OPTIONAL RESET - * Open : this jumper Ihould not be in place. 

W32 - FLOPPY ~CK - *P!ns 1-2 must be shorted for 520DB. 

See Figure G-1 for DTC-S20DB Jumper locations. 
* As shipped 
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Figure G-l DTC-S20DB Cable C~nnectors 

Jl - SO pin connector: 

J2 - 34.pin connector: 

Connects the Host to the COntroller. 
See Figure G-1 for pin designations. 

Connects Winchester Drive'. COntrol 
Interface to the Controller. 
See Figure G-1 for pin designations. 

J3,J4 - 20 pin connector: Connects Winchester Drive'. Data 
·Interface to COntroller. 

J7 - 34 pin connector: 

J10 - • pin connector: 

'lilfl IWI5 . '0 WI4 

,U 

I 
.IS '" 

not to Itlt. 

I~e Figure XXX for pin deaignations. 

Connects floppy ':ri' bl to the Controller 
lee Figure G-l for pin designations. 

AMP - 1-48042-1 for connector, 
AMP- 3S0078-4 for pins (or equivalent), 
connects D.C. Power to COntroller. 
Pin assignment is a. .hewn below: 

Pin 1 - No connection 
Pin 2 - Ground 
Pin 3 - Ground 
Pin 4 - +S VDC, 2.6 Amps 

wo If·····!! ~ ..... -

w. 
lED 

Figure &-1 
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APPENPIX H JUMPER CONFIGURATIONS rOR 530D! 

~he 500DI Series Controllers allow the uler to jumper aelect .arlous 
controller functions. '1'hese functions are:. 

WO - CONTROLLER ADDRESS 

• 0 aborted 10 • 0 
I.borted 10 • 1 
2 ahorted 10 • 2 
3 aborted 10 • 3 

WI - BOST PAA1'1'Y 

• aborted 10 • • 
5 aborted 10 • 5 
, ahorted ID • , 
7 .horted 10 • 7 

• l"lns 1· - 2 jumpered • enabled. 
'iDI 2 - 3 jumpered • disabled. 

~ - QIC-02 PARITY 
• Pins 1 and 2 shorted • parity enabled. 

,inl 2 and 3 .horted • parity disabled • 

• 3 and W4 - Winchester Oisk Sector Size 

W3 I W4 Bytes per Sector 

Open Open • 128 bytes per .ector 
·Shorted Open • 256 bytes per .ector 
Open Shorted • 512 bytes per lector 
Shorted Shorted • 1024 bytes per lector 

W5,W6, 17, W8 - LUN assignment W5, W6, W7 and W8 il·uled to jumper 
.elect the default LUN assigrunent for Winchester 
and '1'ape Drive. 

LUN JUMPER OPEN SHORTED 
0 WS ·Winchester not; used 
1 W6 ·Winchester not uled 
2 W7 not used not used 
3 WB ·Tape not used 

ROTE: 

tape il always LUN 3 • 

• 12, W13, W14, V15 - Rot On loard • 

• 31 - OPTIONAL RESET - ror Internal Use Only 
• Open : !hi. jumper should not be in place. 

W32 - FLOPPY CLOCK - • Pins 2-3 must be shorted for 530DI. 

See Figure H-l forDTe-S30D! Jumper locations. 

• As sh~pped 
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riqure H-1 DTC-S30DB Cable Connectors 

Jl - SO pin connector: 

J2 - 34 pin connector: 

Connects the Host to the Controller. 
See Figure H-l for pin delignations. 

Connects Winchester Drive'l Control 
Interface to the Controller. 
See Figure H-l for pin delignations. 

J3,J4 - 20 pin connector: Connects Winchelter DriY.'. Data 
Interface to Controller. 

J8 - 50 pin' connector: 

JI0 - • pin connector: 

See Figure B-1 for pin designations. 

Connectl the Host to the QIC-02 
Interface Streaming 'ape Drive. aee 
rigure 8-1 for pin designatiofts. 

AMP - l-C8042-1 for connector, 
AMP- 350078-4 for pins (or equivalent), 
connects D.C. Power to Controller. 
Pin assignment il as abown below: 

Pin 1 - No connection 
Pin 2 - Ground 
Pin 3 - Ground 
Pin 4 - +S vDC, 2.6 Amps 

'"", 111].31 

Ilk 
.2 

lIED 

1 

II" 

not to aclle 

wo 
1:' ••••• "B ••••• !! 

-.... t .... ., 
lEI! 

Figure "-1 
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APPENDIX J JUMPER CONFIGURATIONS FOR 54001 

~he 50001 Series Controllers allow the uler to jumper aelect various 
controller functions. these functions are: 

wo - CONTROLLER ADDRESS 

• 0 ahorted 10 • 0 
1 ahorted ID • 1 
2 ahorted ID • 2 
3 ahorted ID • 3 

WI _. BOST 'Al!TY 

C ahorted ID • • 
5 ahorted ID • 5 
, ahorted ID • , 
7 ahorted ID • 7 

- 'ins 1-2 ahorted • enabled Pins 2-3 ahorted • diaabled 

W2- OIC-02 PAlITY 
·P1ns 1-2 ahorted • enabled. 'ins 2-3 ahorted • dilabled • 

• 3 and W4 - Winchester Disk lector lize 

W3 W4 Iytes per Sector 
Open Open c 128 bytes per aector 

-ahorted Open c' 256 bytes per lector 
Open Shorted c 512 bytes per aector 
Shorted Shorted c 1024 bytes Der lector 

V5,W6, .7, W8 II: LON assignment. !hese jumpers are used to lelect 
the default LUN assignment for Winchester and flexible drives. 

LUN 
o 
1 
2 
3 

JUMPER 
W5 
W6 
.7 
W8 

OPEN 
·Winchester 
Winchester 
Dot used 

-Tape 

W12, W13 c Mot On loard. 

W14 II: Motor On OVerride. 

SHORTED 
Flexible 

·Flexible 
Flexible 
Flexible tape is always LUN 3. 

SHORTED: The Motor On signal will always be asserted. this overrides 
bit 6 of byte 08 in the ASSIGN FLEXIBLE DISK PARAMETERS command. 
• OPEN: ~he Motor On lignal is a •• erted or deaslerted according to 
bit 6of byte 08 1n the ASSIGN FLEXIBLE DISK 'ARAMETERS command. 

VIS • Ready OVerride. 
SHORTED: ~he flexible drive Is considered to alvays be ready • 

• OPEN: this jumper should not be In place for 250 kb flexible drives • 

• 31 - OPTIONAL USET - - Open: this jumper Ihould Dot be In place. 

W32 - FLOPPY.CLOCK - • Pins 1-2 must be shorted for.SCODB. 

* As Ihipped. See Figure J-1 for DTC-S40DB Jumper Locations 
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Figure J-l DTC-5.0DB Cable Connectors 

Jl - 50 pin connector: 

J2 - 3. pin connector: 

. 

Connects the Host to the Controller. 
See Figure J-l for pin designations. 

Connects Winchester Drive's COntrol 
Interface to the Controller. 
See Figure J-l for pin designations • 

J3,J4 - 20 p1n connector: connects Winchester Drive'. Data 
Interface to COntroller. 

J7 - 3. pin connector: 

J8 - 50 pin connector: 

JI0 - • pin connector: 

See figure J-l for pin designations. 

Connects floppy drives to the Controller 
see rigure J-l for pin deai9ftationa. 

Connects the BOlt to the QIC-02 
Interface Streaming 'ape Drive. lee 
Figure J-l for pin designations. 

AMP - 1-48042-1 for connector, 
AMP- 350078-. for pins (or equivalent), 
connects D.C. Power to COntroller. 
Pin assignment 11 as Ihown below: 

Pin 1 - 10 connection 
Pin 2 - Ground 
Pin 3 - Ground 
Pin 4 - +5 vDC, 2.6 Amps 

_ 1Eil I-li Iiit WII WI4 

.2 
lEEI 

, 

,II 

not to IClle 

_0 
e····. T····-

-........... ., 
lEEI 

Fioure .1-1 
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•. 00 • 
Fllure 540db IOARD DII1ENSIONS 

ALL DIMENSIONS ARE INCHES 

NOT DRAWN TO SCALE 

Figure J-2 

DTC S20DB, 530DB and S40DB Board Dimensions with Mounting Holes 
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APPENDIX It 50008 SERIES COMMAND SET S~Y __ 

c:oMMANI> OPCODE (HEX) 

'lYPE 0 
fest Unit Ready 00 
aecalibrate 01 
aewind- 01 
aequelt lenae 03 
rormat Unit 04 
Check !rackro~at OS 
rormat '1'raek 06 
ro~t .ad '1'faek 07 
.. ad 08 
aead "ape Blocks 08 
Write OA 
Write .,ape Blocks OA 
leek OB 
la.i9n Alternate !rack OE 
Write rile Mark 10 
Space rorward 11 
Irale 19 

nPE 1 
COpy 20 
.ackup 22 
aestore 23 

. .ackup with Header 24 
aestore COntinue 26 

!'DE 2 
aetension !ape ~4 
Verify '1'ape 45 
aead !ape Sense 46 
Write Header ~8 
aead Header ~9 
Write Blocks .A 
aead Block. 4B 

ftPES5' 
Copy AO 
Define FDD Format CO 
ASlign Disk Parameters C2 

'lYPE 7 
lam Diagnoltics EO-
Write ICC El 
lead ID E2 
Drive Diagnostic ·E3 
aequest Logout E6 
aead ICC EA 
aead Data Buffer Ee 
Write Data Buffer EF 

. -95-




