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TD Systems products are warranted agai nst defects in material s
and workmanshi p. This warranty app'l ies f or a period of ninety(90) days from the date of shipment. This warranty shall not
cover damage from mi suse, or damage caused by i nterfaci ng wi th
equipment not supplied by TD Systems.

t^lA RRANTY

Under this warranty TD Systems will, dt its option, repair or
rep'l ace products which prove to be defective w'i thin the warrantyperiod. This warranty includes labor and parts.

Equipment returned to TD Systems for repair, whether under war-
ranty or not, must be shipped freight prepaid and be accompanied
by a Material Return Authorization number issued by TD Systems.

Thi s warranty does not consti tute a statement of merchanti bi 1 i ty
or fitness for a particular use. No other warranty is expressed
or imp'l ied. TD Systems shal I not be 'l iable f or consequential
damages.
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SECTION 1: FEATURES AND SPEcIFICATIONS

1.1 INTRODUCTION

The TDL-12 is a Host Acjapter that interfaces DEC Q-Bus systems Lolow-cost disk controllers using the SCSI (Sma11 Computei Systems
Interface) bus. The TDL-12 emulates a DEC RLV12 control]ei wlth
22-biI addressing and RL01 /02 dLsk cirives. rt is fu11y compat-
ible with all DEC Q-Bus processors and operating systems.

The TDL-12 can operate with any of the popular SCSI di.sk control-
1ers, which are avallable for virtually any type of disk drive.
Each of the four logical fDL' units may be configured as either
an RL01 or RL02, 3Dd may be mapped to any controller and ciisk
drive. RL01's and RL02's may be mixed on one TDL-12.

Controller and disk drive parameters are stored in non-volati1e
memory on the TDL-12, and are sent to the controller(s) on power-
up. These parameters, and Ehe conf igurati.on inf ormation cjes-
cribed abover may be disprayed and changed using the TDL-12rs on-
board diagnostic monitor. This diagnostic monitor also contains
a complete set of self-tests and drlve exercisers, as welr as
comprehensive formatting utilities.
But performance 1s the key issue, and lhe TDL-12 has it. I,iith a
suitable controller, the TDL-12 can run an ST506-styIe !iinchester
w ith l'10 sector interleaving. Thls translates i.nto a maximum data
rate of 5 MBits/sec. In the real world th.is means that disk-
bound operations are noticeably faster with the TDL-12 than with
the RL orives it emulates.

1.2 FEATURES

r Emulates DEC RLV controllers wiLh 22 bit addressing. Emulates
up to f our DEC RL0'l or RL02 drives (41.6M8 max).

* FuIly compatible with ALL DEC operating systems and processors.
* 5 MBit/s maximum throughput.
* Comprehensive, menu-driven self-diagnostics and drive diag-

nostics are built-in. Formatting and configuration utilities
are built-in. Runs standard DEC diagnostics.

r Runs with ALL popular SCSI controllers. Controllers and
disk drives of different types may be mixed on one TDL-.l2.

* Dual-wide board with low power consumption. On-board boot-
strap. Automatic power-on boot option. Alternate address and
vector strap option. Configuration and drive characteristics
stored in non-vo1atile EEpR0M.

* Format alternate track and format with defec! list supported.
Fu1ly compatible with all DEc Bad sector File utilities.

* Direct scsr command mode for use with ANy scsr peripheral.



1.3 SPECIFTCATTONS

fdentlflcation : Assy. No. 21 0-00028

Board size: DuaI (5.2 wide X 9.0 high including handles)

Power: +5 VDC +/-5% at 1.7 A rnax.

Bus Loads, AC: 1

DC: 1

Bus address: SLandard:
774400-774416 (18-bit systems)
1T7Tqll00-1TTTUU16 (22-bir systems)

Alternate: (jurnper plug option)
774420-77r1436 (18-bit systems)
1777,qq20-17774tt36 Q2-bLL systerns)

InLerrupL vector: Standard: 1 60
AlternaLe: 164 (junrper plug option)

Interrupt priority: Level 4 (single level)

Bootstrap: DL, DX, DY bootstraps at acioress 773000.
May be disabled with jumper plug opiion.
Autonrat,ic pobrer-on boot opLion.

Maximum controllers: 4

Maxirnum drives: q

Maximurr, storage: 41.6 Mts forllaLted (four RL02's)

1 .4 CONTROLLERS SUPPORTED

Adaptec: ACil-4000, ACB-Ll01C, ACB-lt000A, ACB-5500

Adaplive Data: Sabre, David

DTC: 5i0A/5108, 515CU, 520A/5208, 600/51C, 615
7oo/701, 703, goc/910, 101/101D
900/910, 1q03ES, 1401/11r03D

Iomega: Alpha 10.5, 'l 0.5H, 20ll drives and subsysLenrs

(onan: DJ210, DJ 1 1 00

OMTI: l4odel 10, Model 20, 5000 Series

rJestern Digi ta1 : WD1 002-SHD

Xebec: ModeI 11110/'lq10A, 9710/9730 subsystenis

2



SECTION 2z INSTALLATION AND USE

2.1 INSTALLING THE TDL-12

2.1.1 TDL-12 Hardware Options
There are two basic TDL-12 hardware options: base address and
vector, and bootstrap enab:..e/ d isable. These two options are
selected by means of two jumper plugs 1abeIled fAr and'B'in the
center of the board:

Jumper plug tAt = Address and vector select
Installed: Base address = 7741100 for 18-bit systems.

17774400 for 22-biL systems.

Removed:
Vector : 160.
Base address = 77442A for 18-bit systems.

17774420 for 22-bLL systems.
Vector = 1 64.

Jumper plug rBr = EnabIe bootstrap
Installed: Enable onboard bootstrap at 773000.
Removed: Disable onboard bootstrap

The TDL-12 is shipped with both plugs installed. Note that only
one bootstrap shoulci be enableci in a system. I f your system
already has a bootstrap on some other board, the TDL-12 bootstrap
should be disabled (jumper plug'B'removed)..

2.1.2 Location 1n the Q-Bus Backplane
The TDL-12 requires a single dual-wide slot in the Q-Bus back-
pIane. Because the TDL-12 system is fu11y buffered, DMA priority
is not critical. The TDL-12 supports only single-leveI interrupt
priorities, So it should be placeo AFTER any multi-1eveI inter-
rupting devices on the Q-Bus.

NoTE: The DEC RQDXl (RX50/RD50/RD51) controller DoES NoT pass
DMA grants. The TDL-12 must be installed AHEAD of the
RQDXl in the backplane.

2.1.3 Cabllng: TDL-12 to Controller
A 50 conduclor ribbon cable is supplied to connect the TDL-1 2 to
one SCSI disk controller. The mating connector on the TDL-'l 2
main board is keyed so that the cable may be installed only in
the correct orientation. Care should be taken to avoid incorrect
installation at the controller connector.

If more than one controller is to be used, o custom cable wiIl be
necessary. FoLIow t,he controller manufacturers' recommendations
as to lengths and Iocatlon of terminators. Note that the TDL-12
MUST be at one end of a multiple-controller cable because it has
non-removable terminators.

2.1.4 Cabling: Controller to Disk Drlve(s)
Refer to the specifi.c controller and Winchester drive manuals for
directions on cabling and powering the controller and drives.



2.2 CONTROLLER OPTIONS

The following three controLler opLions rnay have to be set before
beginning operatlon:

2.2.1 SCSI Bus Parity
The TDL-12 generates parity on SCSI bus transfers, but does not
check parity. Therefore it ean operate wit,h any parit,y option.

?.2.2 SCSI Controller Address
The TDL-12 can work wlth any controrler scsr address from 0-3(four conLrollers uraximum). In multiple controller systenrs, th;controllers tnust be strapped to different SCSI addresses in the
range 0-3.

2 .2 .3 Sector S l ze
The TDL-12 can work with either 256 or 512 byte sectors. 512byte sectors are recommended to maximize storage capacity andperformance. Make sure ttrat the controllerrs sector size strap(if it has one) agrees with the value entered in the drive para-
meters for drives attached to t,hat eontroller. See paragraphs
2.5 and 3.7 .

2.3 FIRST-TIME OPERATION

2.3.1 Power-On
Power the system on for the first time. Examine the contents of
the TDL-12rs registers using Micro-ODT. They should contain the
octal values listed be1ow. If the register values are not as
shown, a serious hardware problem exists within the TDL-12 board.

The standard base address is 774400 (17774r100 for 11/73 systems).
The alternate base address (refer to Paragraph 2.1.1 ) is 774420
(1777 4420 for 11 /7 3 systems) .

CSR (base address)
BAR (CSR+2 )
DAR ( CSn+q )
MPR (CSR+6 )
BAx ( CSR+ 10 )

01 or 601

2.3.2 Running the TDL-12 Diagnostic Monitor
The TDL-'l2ts internal self-tests should be run after suecessful
power-up to further verify the operational state of the board.
The self-tests are starbed from the TDL-12fs Diagnost,ic Monitor(OptOlt). A complete description of DMON and its functions can be
found in Section 3. To run DMON, do the following:

1 ) HaIt the Processor: move the RUN/HALT switch to thefHALT' position. This wiIl st,art Micro-ODT in the processor.

2) Using the system console and M icro-ODT, d€posit ar'1000'to the TDL-12 CSR at location 774400 Q74420 if t,he alter-
nate bus address option is selected, 17774400 or 1777 4420 for
11/73 systems). This will cause the TDL-12 to load the Diagnos-
tic 14onitor into Host memory at location 1000(B).

=Q
=0
=0
=0
=0



a) Type: '774400/' ('17774400/t for 11/73).
b) Micro-0DT will respond with '2A1t or '601'.
c ) Now type ' I 000 '<CR >.

3) Move lhe RUN/HALT switch to the 'RUNr position.
4) Type '1000G'. The Dl"lON menu will be printed out onthe on the console as shown below. DMoN is now ready to accept

cor'tniands. You can return to Micro-ODT at any time by entering aControl C (^C) or by hitting the BOOT switch.

TDLl2 1.XX (C) 1985,1986 TD Systems
C Conflguration
D Display
E Exercise
F Format
I Initiallze
L Error Log
S SCSI Cmd
T TesI TDL
W !{rl te BSF

DMON>

2.3.3 TDL-12 Self-Tests
Run the TDL-12 self-tests by typing 'T'<CR> in response to thetDM0N>r prompt. Each dof represents a successful pass through
the set of self-tesbs. Hit any key to halt the self-tests and
return to the DMON prompt.

2.4 SELECTING THE TDL-12 CONFIGURATION

The TDL-12 can be set up to run wtth virtually any combination of
drives and eontrollers. But before it can work in your particu-
1ar system, you have to teI1 it what kind of system you have.
That information is stored in non-volabile memory on-board the
TDL-12 and retrieved whenever the system is powereci-up.

The first, part of the set-up procedure is to enter the configura-
tion you want. tconfiguration' in this case means the mapping of
logical tDL' units onto physical controller/drive combinations,
and how large each f DL I is (nlO'l or RL02 ).

As shipped, the TDL-12 is configured t,o emulate four RL02's on
four physical drives attached to controller'ot. Thus, 'DLo'maps to physical drive 0, rDLl ' to drive 1, and so on. Thisdefault configuration c,an be displayed by typing !C'<CR> in
response to the DMON prompt:

Conflgurat lon
DLn = TYPe Cntrl Drlve Off
0R102000
1RL02010
?R102020
3RL02030

Autoboot off



To ctrange t,he configuration, use the DM0N Initialize (I) command.
Type rI '<CR>. DM0N will responci:

Initiallze conflguration? (Y/N)

1f you answer'Y', DMOll will repeat the followlng set of quest-
ions for each logical unit DL0-3 in turn:

DLo exlst? (Y/N) Y
Enter RL type (1,2)= 2
Enter controller (0-3)= 0
Enter drive (0-3)= 0

When alI DL's have been configured, DMON wiIl ask if t,he Autoboot
option should be enabled.

Enable Autoboot? (Y/N)

Enabling Autoboot causes the TDL-1 2 Lo boot automatically from
one of the four DL units whenever the computer powers up or the
boot switch is hit. If Autoboot is not enabled, the TDL-12 booE
routine displays a boot prompt and requires tha! the operator
enter the boot device.

Note that the Autoboo! option requires that the on-board boot-
strap be enabled and that the Host processor be strapped to jump
to the standard boot address (773000) on power-up. If you answerrYf to the enable question, DMON will ask for the DL unit (0-3).

After the Autoboot option is configured, DMON will dlsplay the
new configuration and ask if you want to save it,. If you answer
anything but'Y'the new information wilI be discarded and the
oId configuration restored. In the configuration display, 2ny
DLrs that donrt exist will have t??t for the type entry. Refer
to Section 3 f or more about 'Ct and 'I t commands.

Not,e that it is perfectly valid to mix RL types, and to put more
than one DL on one physical drive. The example below is a three
drive, two controller system in which DL0, DL1, and DL2 are all
RL02fs while DL3 is an RL01. Further, both DL0 and DL1 are
mapped to controller 0, drive 0. The '0ff =2' entry in the
conf iguratlon d isplay means that DL1 is of f set two 'RLC't ' units
above DL0 on thaL drive.

CONFIGURATION EXAMPLE:

Inltialize conf iguratlon? (I/t{ ) Y

DLO extst? (Y/N) Y
Enter RL type (1r2)= 2
Enter controller (0-3)= 0
Enter drlve (0-3)= 0

DLl exlst? (Y/N) Y
Enter RL type (112)= 2
Enter controll.er (0-3 )= 0
Enter drive (0-3)= 0



DLz exist? (Y/N) Y
Enter RL type (1,2)= 2
Enter controller (O-3)= 0
Enter drive (O-3)= 1

DL3 exlsr? (Y/N) Y
Enter RL type (1r2)= 1

Enter controller (0-3)= 1

Enter drive (O-3)= 0

Enable Autoboot? (Y/N) Y
Enter DL (0-3) = 0

Conflgurablon
DLn = TYPe Cntrl Drlve Off
0RL02000
1RL02002
2RL02010
3RL01100

Autoboot from DLO

Save thls configuratlon? (Y/N) Y
Saved



2.5 ENTERING DRIVE PARAMETERS

After your configuration is entered, you wllL want to enterinforntation about the conLrollers and <jrives that you have refer-red to. The TDL-12 is sh j-pped with def ault controll er/driveinformation stored in its non-volatile memory, but this wilIusually not match your systemts characteristics.
The 'I' (Initialize) command is used to enter controller anddrive information, too. AfLer enfering a new configuration oranswering 'l{or to the configuration question, DMON will ask:

Initialize drlve parameters? (y/N)

Any response other than'y'wi11 return you to the DMON prompt.
If you answer'Yt DM0N will search its configuration tables tofind all the references to disti.nct controller/drive combina-
tions, and ask you to enter the specifics about each one, start-ing with the controller type code:

Enter parameters:
Controller 0, Drlve 0
Controller type (D)=

The table of controrrer type codes is in Appendix B at ihe backof the manual. After you enter the type, DM0N will request driveparameters. The exact information required w111 vary depending
on t,he controller type. A listing of parameters requested foieach controller type may be found in Appendix c. The exampre
below is typical.

DRIVE PARAMETER EXAMPLE:

Enter parameters:
Controller 0, Drlve 0
Controller type (D)= 1

Sector stze (112)= 2
Sectors/track (D)= 17
Cyllnders (D)= 306
Heads (O)= q

RIIC (D)= 128
WPc (D)= 128
Step rate (D)= 1

Interleave (D)= 1

Save nel, parameters? (y/N) y
Saved, Cleared error log

The exampLe above is for an Adaptec ACB-4000 controller with
Seagate STll12 drive. The enLries mean the following:
Controller type:

Sector size:

Sectors/ track:

The controller type code found in
Appendix B for the ACB-Iti000.

The desired sector sizez 1=256, Z=512.

The number of sectors on each track.
( decimal ) .



Cylinders:

H eads:

RWC:

WPC:

S tep rate:

Interleave:

The number of cylinders on the drive.
( decirnal ) .

The number of heads on the drive.
( decimal ) .

The starting cylinder number at which
Reduceo Write Current is applied.
( decimal ) .

The starting cylj.nder number at which
Write Precompensation is applied.
( decimal ) .

The step rate option selected for the
drive. Thls may be decimal or hex
depending on the controller type.

The sector interleave factor desired.

other cont,rollers r0ay require more or ress information. Ingeneral, this information is passed directly to the ccntroller to
tel1 it what drive type an<1 size is attached to it.

Itr WHEN rN DouBT, REFER To rHE coNTRoLLER AND DRrvE MANUALS *rr

Using t,he case of step rates f or example, ', '1t passed to the
Adapt,ec ACB-4C00 w i11 mean something entirely dlfferent than ar1r passed to a Xebec 1410 controller, but both controllers need
step rate information. Refer to Appendix c for a summary of
drive parameters for the various controller types.

2.6 FORMATTING THE DRIVES

With the exeeption of some cartridge drives with pre-formatted
cartridges (such as the Iomega Alpha 10.5), most drives will have
t,o be formatted before they can be used. DMON provides the'Fr(Format) command for this purpose. See Paragraph 3.6.

2.7 ON-BOARD BOOTSTRAP

The TDL-12rs on-board bootstrap program starts at the standard
DEC bootstrap address (773000). It may be started automatically
on power-up if the processor is strapped for it, or it may be
started from Micro-ODT. When started, the bootstrap routine will
either respond with its prompt (Autoboot disabled) or boot from
the previously selecLed DL unit (AuLoboot enabled). If AutobooL
is disabled, the user may enter the device from which to boot(DL0-3, DXO,l or DY0,1 ):

BOOT> DLO<CR>



If no device is entered before the <CR>, the boot device defaults
to DL0. If no unit number 1s entered, unit 0 is useci.

Whether Autoboot is enabled or not, if the boot,strap encounters
an error, it will halt at one of the following locations:

2402 An l/O error was detecbed.
2630 The first location of the boot block does not

contain an octal 240.

NOTE: 0ther bootstraps may be used with the TDL-12 if the
onboard bootstrap is first disabled. See Paragraph 2.1.

10



SECTION 3: DMON COMMANDS

3.1 RUNNING THE TDL-12 DIAGNOSTIC MONITOR

A Diagnostic 140l'litor program (DM0ll ) for PDP-11 processors is
stored internally in R0l.,l on the TDL-12 board. This program
provicjes access to the TDL-1 2's utilify and diagnostic routines
and a11ows the user to perform complete functional checks of t,he
TDL-1 2 and the disk system; to enLer configuration and drive
parameter information'; and to format disk drives. To run the
diagnostic monltor, do the following:

1 ) Halt the processor: move the RUN/HALT switch to therHALT' position. This wiIl start Micro-CDT in the LSI-.l1.

2) Using Micro-0DT, deposit a '1000' to the TDL-12 CSR at
location 774400 (177 7.tt,q00 f or 11/7 3 systems). This wirl cause
the TDL-'12 to Ioad the Diagnostic Monitor into LSI-1 1 memory at
location 1 000 (8 ).

a) Typet '774400/'.b) Micro-ODT will respond with t201 ' or '601 r.c) Now type '1000'<CR>.

3) Move lhe RUN/HALT switch to the rRUN' position.

4 ) Type ' 1 000G'. The processor will print the DMON
function menu on the console and wait for the operator to enter a
selection.

3.2 DMON MENU

When started or re-started, DM0N will display the TDL-12 firrnware
revision 1evel, a menu of available functions, and its prompt:

TDLl2 1.XX (C) 1985,1986 TD Systems
C Configuration
D Dlsplay
E Exercise
F Format
I Initialize
L Error Log
S SCSI Cmd
T Test TDL
I{ t{rlte BSF

DMON >

To select a functlon, the operator enters the one IeLter function
designator followed by a carriage return. The functions are
described ln the paragraphs below. If an error is made in entry,
DMON will print to Bad entryr and display the menu again.

llumeric values printed out by DM0l{ can be ei.ther decimal or
hexadecimal. Decimal values will be preceded by a '(D)'. Other
values are hexadeclmal.

11



wLrile enEerj-ng a selection or running any Di.:oN function, thefo1-lowing special keystrokes can be ised-to edit input rinesanci,/or control execution:

DEL

^S

{

DeIete lasc character typeo. Thecharacter will be echoed, pFefaced
The next non-cielete character willby a secono '\ r .
Stop tern:ina1 output.
Resume terminal output.
Return to l,licro-0DT

allow the operator to
wr ite and seek tests.

from a sub-menu:

deleted
by a r\r.
be prefaceci

exercise any of the
The operator selects

Hhen one of the funcLion"'Dl E, F or s'is selected, the opera_tor will be asked to enter the conlroller and dri.ve number. If!here is a drive or eontroller problem DMoN will di.splay tIeerror messag,e: ? Error = XX. The value fXX' wilI correspohd toone of the error codes listed in Appendix A.

3.3 C - DISPLAY CONFIGURATION

The'cr funetion disprays the size (RL01 or RL02) and mapping ofeach rDLr unit to a specific controller anci driver BS well as theselected Autoboot option. The mapping is entered using therfnitialize'commancj. fn the examp1e"be16w, DLO and DLI are bothmapped to contro11er,0 drive o. DL2 is mapped to controller 1drive 9, and DL3 is mapped to controller 1 drive 1. The ?off'
gntry indicates the locaLion of the DL unit on the physicatdrive. rn the example, DL0 starts at the first, seetor of thedrive, while DLl 1s offset 2 rRL01 unitsr above the first sector.Also in the exampre, Autoboot is enabled and will boot, from DLo.

Conflgurat lon
DLn = Type Cntrl Drive0RL020o
1RL0200
2RL0210
3RL0211

Autoboot from DLO

3.4 D - DISPLAY DRIVE PARAMETERS

The'D' command displays the drive parameter informafion that wasent'ered with the tl'. command. This information wiIl vary depend-1ng on the controller Eype. In general it wiIl include control-
]"".type, s€c-tor size,-i"ctors/1rack, number of cylinders andheads, etc. Refer to Appendix C for more details. r

3.5 E-EXERCISEDRIVE

0ff
0
2
0
0

The'E'functions
dri ves w i th read,
which test fo run

12



El:

Exercise drive
1 =seek, 2=read, 3=write

Enter #

Drive Seek Test
Repetitive seeks are performed over all disk surfaces and correct
position is verified. TLre seek sequence used is a modlfied
but'terfly pattern: seeks to ascending cylinder numbers alternate
wibh seeks to traek 0. This test will hart immediatery if an
errrJr is ,:ric()r-lntereci or when the operator strikes any key.

E2z Read Data Test
rn this test t,he entire cjrive is read sequentially, ooe track at
a time, with the data from each track being written to Host
memory starting at location 2000(8). The test records all data
errors that it encounters. It will termlnate when:

a) The operator strikes any key.
b) The error list overflows (20 errors).
c) A cirive or conlroller error is encountered.

0n termination, the test w111 dispray the error count and the
errors (1f any) in the format shown below. Note that error code
is given in hex, while the location of the error is given as a
decimal scsr logical address. 0nry hex error codes l0-13 and 18
are recorded. 0ther errors cause the test to abort. see Appen-
dix A for error code explanations.

3 errors
Code SCSI address (D)

11
18
18

20808
1 007
r 007

E3: Wrlte Test
This test writes, reads, and verifies the data on a specific
sector of the drive. When the test, is started, the operator will
be asked to enter the SCSI address of a sector to test. The
contents of the specified sector will be saved 1n Host, memory at
locaLion 2000(B). The test will run until an error is encounter-
ed or the operator strikes any key. At termination, the contents
of the specified sector will be restored.

3,6 F FORMAT CoMMAND

The rFr command formats one of the drives attached to the TDL-12.
0n enfry to the format routine, DMON prints an identifying mes-
sage and tests the selected drive to see if j.t is ready.
If the drive is not ready, or has some other problem that makes
forniaLting impossible, the error will be ciisplayed and DM0l{ will
return the !o menu state. Note that if the drive parameters have
not been initialized, formatting wilI not be a1lowed. Several
different formatting operations are available depending on con-
troller type. These are Iisted be1ow.

NOTE: The format command ONLY formats drives.
It does NOT inltiallze Bad Sector Flles.
Use the tWt command (Paragraph 3.11).

13



3.6. 1 Format unit
Thi.s conrrirand forrnats t,he entire orive. First, the SCSI bus isreset and lhe drive pararneters that were entered via the Initial-ize cornmanc.i are sent to t,he controller. The interleave is set to
the value speclfieci j.n the drive parameters and a formaL command
is issueo to the controller. On successful completion of the
command DMoN prints rDonef and returns to the menu state.
If an error occurs during the sending of drive pararneters the
cgmmand is aborted ancj the error code is diplayed. rf an error
occurs during the format comn:and, the error code and SCSI address
are displayeci, and the operator is asked if the operation should
continue. If the answer is y€s, forrnatting is continued one
track at a tirne (provided the controller supports therForniaL
Track'cornmand), starting with the traek AFTER the one wlth the
error. The defective traek should be re-assigned to an alternate
Lrack after initial fomatting is completed.

3.6.2 Format alternate track
controllers from Xebec, DTC, 014Tr, and others aIlow the format-
ting of alternate tracks as a method of defect handring. The
specified bad track 1s re-formatted with special'bad track,
headers that contain the address of a specified replacernent
track. The replacement track is then re-forrnatted as an alter-
nate track. Any subsequent access to the bad track is automati-
cally niapped fo the ciesig,nated alternate track.

VJhen f ormatting an alternate track, Dl,10N proceeds through the
steps shown be1ow. Note that the data on the bad track is I,l0T
preserved.

1 ) Finds tire first available replacement track starting
with the Iast track on the drive and working backwards.'AvalI-
abler means a track that isn't already an alternate.

2) Displays the location (a deeimal SCSI address) of the
first seclor of the selected replacernent track.

3 ) R equests the location of the bad track as a deci rnal
SCSI address. This would be the same value displayed by the Read
Test or found in the Error Log. Any sector on the track may be
entered, and the whole track will be re-fornatteci.

4 ) Requests confirmation from the operator.

5) Issues the
controller. Note: the
executing the command.

rForniat Alternate Trackf conrmand to the
controller may spend as long as 30 seconds

3.6.3 Format with defect list
Controllers that implement the tfu11 SCSI I format conrmand a11or,r
formatting with a Iist, of drive defects as an option. DMON
supports this version of the forntaL command by giving the opera-
tor a chance to enter a defect list before the format command is
issueci. llote that t,he fFormat wilh Defect LisLr comniand stil1
formats the ENTIRE drive.
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The defects entereo into the List
SCSI acidress; i.e. frorn cylinder
niaximum of 128 oefects i.s alloweci.
the Iist either as a decimal SCSI
indexr forrnat. For each new entry

Use SCSI address for defect

If the answer is fNf the operator
Iocation in a tbytes-from-indexr
decimal.

MUST be in order of ascending
0, heaci 0, sector 0 up. A
A defect rnay be entered into

address or in a tbytes-from-
the operator is askecj:

location? (Y/N)

w i.11 be asked f or the def ec t
format. All entries are in

Enter cyllnder=
Enter head=
Enter bytes from index=

If the defect location is entereci as a SCSI address,
wiIl be asked for a decimal number:

Enter SCSI defect address=

DMOl'l will calculate use this address to calculate the
the defect in terms of cylinder/nead,/sector ano
result. It will then ask for the total bytes/sector
number:

the operator

locatiori of
display the
as a decimal

Enter total bytes/sector=

This number is NOT data bytes per sector, but rather the TOTAL
bytes/sector including header, gaps, data, and ECC/CRC bytes.
This number can be cietermined either from the controller manual(look for a section on sector formats) or by taking the total
bytes/Lrack figure from the disk drive manual and dividing it by
the desired sectors/ track. DlvlON takes this entry, calculates thetbytes-from-indexr figure, and displays it.
l,lote that each succeeding new entry may be in either defect
format. After each new entry, DMON will ask if there are more
entries. If not, DM0N wiIl ask if it should proceed with format-
ting.

3.6.4 Iomega format commands
When the format command is for an Iomega disk subsystem, the user
wilI be asked to select a specific formabting operation from a
submenu :

Iomega format
1 =Standard
2=Format Z-tracks

. 3=Renake Z-tracks
Enter #

1 ) Standard Format:
The rstandard formatr

completely rewrite all sectors
all sectors and reassigns any
starting, the user is asked to
This number must be either 1,

command causes the controller to
on the cartridge. It then tests
baci ones that it, finds. Before

enter a decirnal interleave number.
2, q, 17, or 34. After the inter-
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f eave has been entereo, DM0ll will ask if it should proceeci. Any
response other than atYtwill cause the command to be abcrted.

Standard formal
Interleave = 2

Proceed? (y/N )

NOTE: The reconmended interleave 1s tZr.

2) Format Z-Lracks:
The tformat Z-Lracksr command causes the controller to

change the information on the Z-tracks of the cartridge. Refer
t,o the Alpha- 10.5 manual, page 40 f or an expranation of the
entries:

Format or remake Z-tracks
Interleave = 2
Disable EcC? (Y/N) y
Dlsable CRC check? (y/N) y
Dwell count = 10

Ready bo format: proceed? (y/N)

3 ) Remake Z-tracks :

The rremake Z-Lrackst command is used to recreate the Z-
tracks on a cartridge where they are not readable. OLherwise i.t
is ldentical to the rformaL Z-tracksr command above.

AJ I - INITIALIZE COMMAND

The Initialize comrnand is used to enter configurati.on and drlve
parameLer data. The data entered is stored in non-volatile
memory. The Initialize command is covered in some detail in
Paragraphs 2.4 and 2.5.

3.8 L DISPLAY ERROR LOG

The TDL-1 2 maintains an error log in its non-vo1ati1e memory.
This 1og stores the error code and location of the last 10 data
errors encoutrtered during on-line operati.on. It may be examined
with the tL' command. The display format is:

Code
18
10

Cntrl Drive SCSI address (D)

Clear error 1og? (y/N)

0nIy data errors are logged:
hex (see Appendix A). Drive
logged. The error 1og rrra! be
1og is always cleared when
paranreters are entered.

1 0342
20808

i.e. SCSI error codes 1 0-1 3 and 1 8
errors such as rNot Readyt are not
cleared afLer it is displayed. The
a new configuration or new drive

1

0
0
1
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3.9 S . SCSI COMMAND

The tS'commanci allows the operator to execute a single control-
1er command, either once or repetit,ively. The operator first
specifies Lhe controller and drive, and then a hex command byte,
SCSI address (in decimal) and hex count and control bytes. DMON
will Lhen ask:

Execute? CR=once E=error halt L=loop Q=qult

Loop mode termi.nates when the operator strikes any key. Error
mode halts only when an error is encountered or the operator
strikes a key. 0n complet,ion DMON prints the last status return-
ed by the controller. A zero value indicates no error.

Status = XX

3.10 T - TDL-12 SELF-TESTS

The'T'command executes a test sequence that verifies the basic
components of the TDL-12, the bus interface, and the controller
and cable connection. The test sequence repeats until an error
is encountered or the operator strikes any key.

1) RoM CRC test. The 16 bit CRC-16 for the entire ROM is
calculated and verified.

2) RAM tests. Address and data tests are performed on
the Read /WriLe memory.

3) I/O test. The various internal 1/O registers and the
controller interface are tested.

4 ) DMA Lest. The TDL-12 DMA int,erf ace is tested bo
ensure that data can be written and read corredtly.

3.11 W - WRITE BAD SECTOR FILE

The rIr'Ir command is used to write an RL-compatible Bad Sector FiIe
to a DL unit. Both the factory and field BSFrs for the specified
DL are init,ialized to a tno entryr state.
When t,his command is executed, the operator will be asked for the
'DL'nuntber as shown below. Note that this is the DL unit number
(o-:), NoT the physical drive number.

Wrlte BSF: enter DL ll
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SECTION 4: PERFORMANCE CONSIDERATIONS

4.1 GENERAL

There are four basic factors that affect the overall performance
of a TDL-12 cilsk system: the disk cirive ilself, the controller,
the TDL-12, and the host system.

The ciisk drive has two figures of merit: data rate and average
access time. Data rate is the bit rate of serlal data read from
or written to the disk surface. Most 5.25n Winchester disks have
a data rate of 5 niegabits/seeond. This bit rate transrates to
522 kilobytes per second formatted (17 512 byte sectors in one
revolution), a figure which represenLs the maximum performance
available from the drive. Average access time is the average
t'ime it takes to access a ranciorn sector from a ranciom current
position on the ciisk surface. Lor'r eost Winchesters typically
have an average an average access time of about 75 nrllliseconds.
I f all disk accesses were random single- sector accesses, the
equivalent performance figure r,rould be 6.8 KBlsecond (assuming
512 byte sectors).

The host system (Lrarciware and operating systen) affecLs perfor-
mance in two ways. The most lmportant factor j.s how dat,a on the
disk is organized and accessed. Inef ficient data organization
will result in performance that approaches the random single-
sector figure. Frequent directory references will have the same
affect. The second factor is software driver overhead, Blthough
this is relatively unimportant conrpareci to !he affect of disk
organization.

The TDL-12 and the controller together determlne what fraction of
the disk drive's dat,a rate 1s actually sustained in mulbi-sector
transfers between disk drive and host once the drive heads are
over the first sector. This fraction is direcily relafed to the
interleave faetor of the sectors on a track, and the resulting
net data rate is caIIed the tburstr rale. Nornrally the burst
rate cannot be sustained over nrany transfers because of seek
tlmes and system overhead.

II.2 INTERLEAVE FACTOR

Interleave factor is the mapping of logical sector nurnbers onto
the physicar sectors of a track. rf the logicar numbers are
icientical to the physical, the interleave factor is'l :1 (i.e. no
interleaving). If consecutive togical sectors are separated by
one physical sector, then the interleave is ?:1. Two physical
sectors between consecutive logieal sectors is 3:1, and so on.

Put another woyr the inLerleave factor equates to the number of
disk revolutions required to read all the sectors on a track.
Thus an int,erleave of 3: 1 would require three d j.sk revolutions to
read an entire track. Interleaving therefore reduces the effec-
tive data rate. With an inLerleave of 221, the drivers net data
rate (burst rate) would be reduced to 261 KB/second.
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Inferleaving is crj.tical fo perforrnance once the other factors
are fixed (as they usually are). If the controller can onryrmaket 4: 1 interleave, tkren the rburst' data rate on mult j.-sectoi
reads is only four sectors per disk revolution, otr j23 KBlsecond(512 byte sectors, ST506-type drive). The penalt,y for not rma-
kin6;r interleave is worse: one sector transferred per revolution,
or 30.7 KBlsecono.

4.3 THE REAL WORLD

As st,ateci implicitly in the f irst part of this section, the burst
data rate is onry part of the performance stoFy, albeit an impor-
tant one. What happens BETWEEN consecutive multi-sector trans-
fers has a significant effect, too. controller overhead, TDL-12
overhead, system overhead, and seek time all add up to guarantee
tha! the system will have missed the next sequential sector by
the tinre the next command to transfer data is issued, and will
have to wait one additional disk revolufion.

I f each multi- sector transfer extencied over many revolutions,
this wouldn't be a Iarge penalty. But with RL emulation this is
not the case. The longest, multi-sector transfer possible for the
RLv12 controller is 1 0,240 bytes, or 20 512 byte sectors. This
is only a 1it!1e more than one track for an ST506-type'vrlinches-
ter. For systems with 1:1 lnterleave, this means that there wlII
be at least one extra revolution beLween consecutive transfer
commands, i.€. it will take af least two revolutlons on the
average to execute each maximum-length transfer comrnand, without
considering seek and head switching times.

4.4 MEASURED PERFORMANCE

The following times were rneasured on an 11/23 system with 256
KBytes of memory running RT11 Version 5 with the SJ monitor. The
controller was an Adaptec 4000. The drive was a Tandon TMB02
10l"lB unit f ormatted with 1:1 interleave and conf igured as an
RL02. There were bout 12,000 free blocks on the disk. liote fhat
the copy time would be improved significantly if it were run with
a faster disk drive.

DIR/BAD DLO:
Time = 50.4 seconds / 208 kilobytes/second

COPY TEST.TXT TESTl .TXT
(TEST.TXT = 2032 blocks)
Time = 16.2 seconds / 128 kilobyLes/ second
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SECTION 5: DEC DIAGNOSTICS 0N THE TDL-12

5.1 GENERAL

DEC RL diagnostics provide a useful set of tools for verifying
the system operation of the TDL-12, for testing the data integ-
rity of ttre disk drive(s) at,tached to 1t, and for examining and
updating DEC RL Bad Sector FiIes. This section deals with what
the applicable DEC diagnostics are, how to run them with the TDL-
12, and what to expect when you cio.

5.2 DEC DIAGNOSTICS

The currently available DEC diagnosiics for RL controllers con-
sist of the set of eight test prograrns listed below. These testprograms are included as parL of the DEC XXDP(+) diagnostic
package and are designed to run as slandalone programs under the
Diagnostic Supervisor included wiLh XXDP. They are aval1able on
a variety of media including RX0'l /02, RI(05 /06/07, RLOl /OZ, magne-
t,ic tape, DECtape, and DEC cassefte.

DI AGNOSTI C

CZRLGxx

DESCRIPTION

CZRLHxx

Controller Test ll1
Tests controller functions, interface
logic, and register operat j.on.

Controller Test tt7
Tests write data, read data, and write
check operations.

Drive Test lt1
Tests drive interface and basic drive
1ogic. Requires programmable c1ock.

Drive Test ll2
Tests inner/outer guard band cietection
and seek operations.

Drive Test ll3
Tests seek and rotational finring and
write/read data. Tests 1 and 4 require
a programrnable cIock.

Performance Exerciser
Perfornrs random operations of seek, get
status, read header, read, and write.
Requires a programmable clock for
penformance statistics.

Drive Cornpatj.bility Test
Verifies interchangeability of cartridges
between drives.

CZRLI xx

CZRLJ xx

CZRLNxx

CZRLKxx
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CZRLlixx Bad Sector File Utility
A uiility progra0l for accessing bacj
seetor files and verifying disk media.

The diagnostic name conforurs to the following convention:

CZ : Standard Prefix
RL = Device

G = Test
xx = Revision 1eve1

5.3 RUNNING THE DEC XXDP DIAGNOSTICS WITH THE TDL-12

5.3.1 Setting up the TDL-12
In order to run the XXDP ciiagnostics, the TDL-'12 has to be conn-
ected to a fornratt,ed drive. Also, the drive should have its Bad
Sector File(s) initialized. Thls may be done in DMOI'l with therWr command, or by running the CZRLI'ixx diagnostic.

5.3.2 Booting XXDP
. XXDP is a standalone diagnostic monitor. The XXDP distribution

rnedium has a bootstrap built-in. Boot XXDP just as you would any
other standalone prograrn.

When runninBr the XXDP monitor will display the size of the
available memory and ask 1f the sysLem is a Unibus system or not.
<CR> implies yes, so enter'N'.
The monit,or prompt is a period. 0nce the prompt is displayed,
you can enter commands to XXDP.

Comrnand Action

R Run a progranr
L Load a program
S Start a program
C Run a batch job (chain)
D Display a directory of the load nredium
F Set terminal fill count
E Enable alternate systeni cievice
H Type HELP file
H/L Print HELP fi.le

5.3.3 Running a Test Program
The actual XXDP RL test prograrrs are nanled as shown above, but
without, the 'Cf prefix. To run a test program, type:

R ZRLHAO<CR>

This r,tay be sinrplified by inciicating in the comrnand that you
donrt care what the revision leveI of the program is. Type:

R ZRLH??<CR>

when fhe test program starts execution, it will prinf the program
name, a brief test description and the diagnostic supervisor
pronrpt rDR>r.
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CZ RLH.A-O
CZRLH TESTS WRITE DATA, READ DATA, WRITE CHECK OPERATIONS
UNIT IS RLo1,RL02
RESTART ADR XXXXXX
DR>

The test may be started by typing TSTART(cR)r in response to !heprompt,. 0nce it is started, the test will ask for any changes in
hardu/are / sof lware parameters that nay be required. A typical
dialog is shown, with ttre test's questions underlined.

CHANGE HW (L) ? Y<CR>

# UNITS (D) ? 1<CR>

UNIT 0<cR>
N<CR>

4400 ? <cR>

4<CR>
cR>

DRM TYPE = RL01 (L) Y ? N<CR>

CHANGE SW (L) ? N<CR>

In t,his example we want to change the hardware configuration
because the defaults are not correct, so w.e answer ty'to the
first question. This causes a set of hardware configuration
questions to be displayed. Each question is followed by a letter
in parentheses and a default value. A carriage return (CR) wiIl
select the default va1ue. The letfer in parentheses indicates
whether the new value is to be entereo in Decimal (D),0ctaI (O),
or Logical 'Yt, rlir (L).

In the TCHANGE SW 2t question, 'SH' refers to software test
parameters such as error fi.lters, maximum error counts, test
Iimits, retry limits, etc.
tahen running any of these tests wlth the TDL-12, the hardwareparameters having to do with the BR level and whether the unit
under test is an RL11 or RLvl 1/12 will have to be changed as
shown in the exampre above. Most other parameters are self-
explanatory. Refer to the XXDP User's Gulde and the specific test
documentation for more information.

As each test runs, it wilI print an error message for each error
encountered. It will also print the pass count anci total errors
at lhe end of each pass. Control C (^C) may be used to return to
the diagnost,ic supervisor. Type 'Exrr(cR)r in response to therDR>' prompt to return to the XXDP monit,or.
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5.3 XXDP DIAGNOSTIC RESULTS WITH THE TDL-12

The following is a summary of wtrat results !o expect when you run
the XXDP oiagnosbics with the TDL-12.

T EST R ESTJLT COMMENT

CZRLG No errors

CZRLH lrio error s

CZRLI Timir:g errors

CZRLJ Error on test 1

Error on Lest 5

CZRLN No errors

CZRLK No errors

CZRLM All Bad Sector File
utilities are useable.

Depenos on particular drive useci.

TDL-12 does not hold DRM READY
off for 3 Msec after a seek past
the inner/outer guard bands.
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SECTION 6: IOMEGA ON-LINE FORMATTING

G EN ERAL

A special on- line formatting function is available that aLlows
the user to f ormat Iomega cartridges w i. thout running DMOI'1. This
rleans tllat systeui integrators can provicie their customers wifh a
simple format program thaf runs under the Host operating system.

The on-line forrrat, function is initiabed by issuing a Maintenance
comniand to the TDL-12 with bit 15 of the cSR set. The formatpararneters requi.red by controller are passed to the TDL-12
through its registers. 0n receipt of t,he format command, the
TDL-'12 executes the following steps:

Verifies that the selected drive is ready.
Issues the format command.
Issues a rRequest Sense' command to get the
results of the formatting operation.

4) If the format command was successfulr writes an
RL-compatible Bad Sector FiIe for each rDL' unit on
the cartridge.

6.2 IOMEGA FORMAT OPTIONS

The Iontega conLroller implements a variety of format comrnands.
Three of these are supported by the TDL-12. The selection is
cjeLerrriined by the cont,ents of the low byte of the BAR at the time
the format conmand is issued.

1) Standard Format. The controller re-forrr'iats the entirecartridge, verifies all sectors, and reassigns bad sectors. A
new lnberleave facbor is specified. CRC, ECC, and timeouL values
are unchanged. The standard forrnat command 1s selected when bits
0-7 of the BAR are all set to 0.

2) Format Z-tracks. Setting bit 7 in the BAR selects the
Format Z-track option. This command is used to change cartridge-
specific inforniaLion on the cartridge such as enabling/di.sabling
ECC and post-write CRC checks, and sefting the spindown timeout.

3) Remake Z-Lracks. Setting bit 3 in the BAR selects the
Format Z-Lrack option. This command is used to rernake the Z-tracks if they have become unreadable.

6.3 REGISTER DESCRIPTIONS

Four TDL-12 registers are used wit,h the on-1ine format comnrand.
They are shown below with specific bit descriptions. Refer to
the Iomega eontroller manual for details on specific parameters

1

I
3
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CONTROL AND STATUS REGISTER (CSN) 77440015 LL13 12 11 10 9 B 7 6 5 4 3 2 1 0

i;XHi ' io io i0 i0 jr.,jmoi[;ii,'ix ;, i., i., F, IIBII
Bit: 15 Name: CMD/ERR
Description: Corrimano / Error
This bit ritust be set to f 'l ' at comrnand initiation to indicat,e a
format command. If set at command completion, fhis bit indicates
that an error was detectecj during execution of the cornntand. Theerror code may be read from the MpR (77q406).

Bit: 14-10 Name:
Descript,lon:
These bits rrust be set lo r0 | to lnciicate a format command.

Bit: 9, B Name: DS ( 1 :0 )
Descrlpiion: Drive Select
These bits are set by the Host to select which drive will be
formaEted. Iiote that these bits refer to the logical unit, not
necessarily the physical drive. I f more than one logical unit
are mapped to one drive, formatting any of them wirl cause the
entire drive to be formatted.

Bit: 7 Name: CTL RDY
Descrlption: Controller Ready
When cleared by the Host, this bi! starts execution of the com-
mand in bits 3-1. cRDy wilI become set again at the completion
of the command.

Bit: 6 Name: IE
Description: Interrupt Enable
When this bit is set by the ilost, the TDL-12 will interrupt the
Host at the completion of the format command. The interrupt wiIl
occur on either normal or error completion.

Blt: 5 ,4 Nane: BA (17 : 16)
Descrlptlon: Bus Address Extension
Not used for the format command. Ignored by the TDL-12.

Bit: 3-1 Name: F (2:0)
Descrlption: Function
These bits must be set to t0' to indicate a maintenance (format)
command.

Bit: 0 Name: DRV RDY
Description: Drive Ready
Indicates that the selected drive is ready.
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BUS ADDRESS REGISTER (BAR) 77 4402
.15 14 13 12 11 10 g B 7 6 5 4 3 2 1 o

IUNUiCRCiECCi (1,2,4,17,32) i ;-i 0 i 0 ; 0 ;-;'; 0 ; 0 ; 0 ;tLttttLtttt

Bit:15 Name: DIS CRC
Description: Disable post-write CRC
This bit, when set, causes the Iomega controller to disable the
post-write CRC check. Not useci for the standard format command.

Bi.t: 14 NaMe: DIS ECC
Descriptlon: Disable ECC
This bit, when set, causes Lhe Iomega conlroller to disable the
ECC function. Not used for t,he standard format command.

Bit:13-B Name: INTERLEAVE
Descrtptton: Interleave.
This fielci is.the ciesired interleave factor.

Blt: 7 Name: FMT Z

Descrlption: Remake Z-Lr acks.
This bit, when set, causes the Iomega controller to exeeute the
FormaL Z-track format command. If this bit and bit 3 are both 0,
t,he standard forrnat cornmand is executeci.

Blt: 6-4 Name:
Descrlptlon: Not used. Must be 0.

Blt: 3 Name: REM Z
Descrlption: Remake Z-Lracks.
This bit, when set, causes the Iomega controller to execute the
Remake Z- track format cornrnand. If this bit and bit 7 are both 0,
ttre standard fornrat command is executed.

Bit: 2-0 Name:
Descriptlon: lloi used . Must be 0.

DISK ADDRESS REGISTER (DAR) 774404
15 14 13 12 11 10 9 8 7 6 5 tl 3 2 1 0

B it : 1 5-l{ Name :
Description: Not used. Set to 0.

Blt: 3-0 Name: DWELL COUNT
Description: Dwel1 timer count.
These bits set the head unload timeout period. Not used for the
standard format command.
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MULTI -PU RPOSE
15 14 1

REGISTER
12 l',I 10

(MPR )
o

77 4406
10

ERROR CODE

Bit: 15-7 Name:
Descriptlon: IIot used . Read =0

Bit: 6-O Name: ERROR CODE
Description: Error Code (ReaO only)
When bit 15 of lhe CSR is set on command completion, this regis-
ter contains the descriptive error code. Refer to Appendix A.

6.4 FORMATTING EXAMPLE - STANDARD FORMAT

1 ) Determine the desired interleave and load the value into
bits B-13 of the BAR (J74402). An interleave of 2 is recommended.
The balance of the BAR should be cleared to lndicate the sLandard
format command.

a) crear the DAR QT4404) and the l.icR e7q4o6). These are
not used for the standard format.

3) Load the CSR fi?4400) r,iith bit 15 =1, the unit number in
bits 8 and 9, and the functlon bits =0. The IE bit (bit 6) may
be set !o generate an interrupt at the completion of the command
if desired. The other CSR bits must be =0. For unit 0 and no
interrupts, load 100000(t) into the CSR.

4) Wait for the Controller Ready bit (bit 7) in the CSR to
become set. This will indicate completion of the format command.
If the IE bit was set, an interrupt will be generated.

5) Test bit 15 of the CSR to determine if the command was
completed successfully. I f bit 15 is cIear, tro error ocurred.
If bit 1 5 is set, the error code may be read from the MpR
Q7 4406 ) .
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SECTION 7: DIRECT SCSI COMMAND EXECUTION

7.1 GENERAL

Direct SCSI commanci execution is now available on the TDL-12.This funetion a11ows customers to provicie features beyond thoseoffered by rnormalt RL ereulation, such as increased disk capa-city, tape and floppy support, etc.

Direct SCSI commancis are accomplished by means of a inodified
Malntenance command (RLv Function 0). The TDL-12's registers are
used only for comnand initiation, command status, and to contain
a pointer to a comrnand Block in Host memory. rnterrupt-on-
command-conipletion is supported at the normal RL vectors.

The Conrr,anci 3lcci: i:: Ilcst nemory contains the actual SCSI comm-
attd, target controller ar1<lress, and data pointer. This Conmand
Block may be anywhere in the Host's Q2 bit) memory space.

7.2 COMMAND SEQUENCE:

1) A Command Block (CB) is first set up in Host memory.
The cB contains a six, ten, or twelve byte scsr command, the scsr
address of the target device (0-7), and a pointer to the data
buffer. The CB formats are shown in paragraph 1.4 be1ow.

2) The Bus Address Register and the Bus Adciress Extensionregister of the TDL-12 are loaded with the address of the Corimand
Block. Note that these values will not be changed during command
execution.

3 ) The cornmand is started by writing an octal value of
14X0 or 15x0 to the TDL-12rs csR. The 1oo bit (blt 6), when set,
enables an interrupt at the completion of the cornmand, Thevector address is normally 160. If the TDL-12 is jumpered for its
alternaLe address, the vector is 164. The 'x' valu-e represents
the two high-order bits of the Command Block address as discussed
below in Paragraph 1.5.

4 ) The TDL-12 reads the CB inbo its internal memory,
sets it,s DMA address to the value specified by the data pointer
in the cB, anci selects the controrler specifieci in ttre cB.

5) The TDL-12 passes the SCSI command bytes directly
through to the controller when it requests the cornorand.

6 ) I f the command involves a data transfer, data is
passed dlrectly between the scsl int,erface and Host memory. Thedirection of data flow is determined by the controller.

7 ) I f the SCSI conimand completes norma1ly, the TDL-1 2
Ioads the end status byte from the controller into tkre MPR regis-
ter. If the TDL-12 has detected an error while atternpting to
execute the SCSI commanci it sets the Host Adapter Error bit (bit
15) in the CSR, ancj loads the error code into CSR bits l4-12.
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8) The TDL-'12 sets the Reacjy bi! in the CSR to indicate
cornrnanci cornplet,ion.

THINGS TO WATCH OUT FOR:

1) When executing a direct SCSI eommand, the TDL-12 does
NOT use any of the configuratlon inforrnation that is st,ored on-
board. Ilor does the TDL-12 do any parameter checking or sanity
testing.

2) It is NOT a good idea to mix RL emulation with direct
SCSI corrmands in an on-line system.

4) The contents of the SCSI command bytes shown in the CB
formats are very general. Read the manuar for the specific
controller carefully to icientify those areas where it, deviates
frorn what is shown. This is particularly true of the control
byte, which usually has 'vendor uniquer bits in it.

5 ) l.lote that the order of tlre SCSI Block Address bits in
the Command Block is ciecidedly non-orcierly.

7.3 HOST COMMAND BLOCK FORMAT

The six and ten byte formats of the Host Command Block are shown.
Twelve byte ScSI commands are also supported., but the format is
not shown. The first entry ln aIl cases is the lower 16 bits of
the point,er to the data buffer. The twelve bytes of the Command
Block from the SCSI command byte on are passed unmodified to the
selected controller. l{one of the ciaEa in the CB are changed by
the execution of the command.

SIX BYTE COMMANDS
15 1!l 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R--i ,sl ,*r ,rr ''aL 1ri 10i 09i ogi 07i obr 05i 04i 03i ozi 01 r o0rMFbTITEF-Ti I i ADRS 0-7 i - i 21i 2oi 19i 18i 17i 16i
iur,rrt i BLOCK ADDRESS i ,aa, cor,lMAN '| , 20 i 19 I 18 i 17 i 16 i scsr cot'lMAND i

ffii
i 07i 06 I 05i 04i 03 I 02i 01 i 00i 151 1r.t i 1il 12i 1ii 10i

NUMBER OF BLOCKS i
I

CONT ROL
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15 14 13 12 'l 1 10 9 8 7 6 s rl ? 2 1 O
--t

lrr*i .oo, i o i o i r i r lnoytrE i"Tii"Tii o i o , o I r i

TEN BYTE COMMANDS
15 14 13 12 11 10 9 8 7 6 q rr ? 2 '1 0r--J')r DATA POINTER ii 15i_141 13i 12i 11i 10i qgi 08i 07i 05 I 05 I 04i c3i ozi 01 i 00iT_-- ATA-ffi

i - - _ - i_ApES_c-7_i -__- i ?1 i Zoi 19i l8i 17i 15i.=-_---T--
i r.rr .o*riu,ui-lI I | ---- |l-----ffi i---ms-=-*-T

L23i 22i 21 i 20i l9llqi 1Ti tol 3tl 30 I 29i 28i 27i 26i 25i zqi
t-
i 07i 05i 05i otli c3i 02i 01 i ool 11i l{i 13i izi 11t 10i 09i oili

i 15i 141 13i 121 11i 10i 09i 08i - - - - - - - - 
I

|-__---t---r_i nnrrrr,n, r NUMBER 0F BLOCKS i, uOIITROLi "' _i 07i 06i 05i 0tll03i 02i 01 i 00i

7.4 TDL-12 REGISTER CONTENTS

CONTROL AND STATUS REGISTER (CSR) 774q00

152 Host Adapter Error.
This bit must be cleareci for command ini tiation. When set at
comntand completion, this bit indicates that the TDL-12 detected
an error during execution of the last SCSI command. The error
code is contained in bits 1q-12 of the CSR.

14-12: Host Adapter'Error Code.
These bits must be cleared for comrnand initiafion. Hhen bit 15 is
set at commancj completion, t,hese bits contain a code indicating
the nature of the error:

0 SCSI bus busy or hung.
1 Can I t select controller .
2 SCSI bus sequence error.
5 DMA bus timeout.

1 1 , 1 0: Not used. Set to zeroes.

9r8: Operation Select.
These bits must both be set by the Host to initiate a direct SCSI
command.

7: R eady .
This bit is set by the TDL-12 to indicate that it has finished a
command and is ready to accept another. The Host clears this bit
to initiaLe a comnanci. If the Interrupt Enable bit is sel when
this bit becomes set, an interrupt will occur.

6: Interrupt Enable.
This bit wlien set enables an interrupt to occur when the Ready
bit transitions !o 1. The vector will be 160 for the standard
address juruper setting and 164 for the alternate address.
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5r4: Command Block Address bits 17r16.
Two of tire higLr-order Cornriand Block address bits. These bi.ts,
along with the values in the EAR and BAx, must poinf !o a vali3
corlmand tslock in Host, meniory. l'Jote that these two bi.ts areduplicated in the BAX regsiter, and that a value loacjed here willforce the corresponcring bits in the EAx to the same varue.

3-'l : Function Select.
These bits must be creared lo initiate a oirect scsr command.

0: Not used. hill always reaci as one.

BUS ADDRESS REGISTER (BAR) 77 4402
15 14 13 12 11 10 g B 7 6 5 4 3 2 1 o

r COMMAND BLOCK ADDRESS II 15i 1qi 131 121 11 I 10i 09i 0Bi 07i 06i 05i 04i 031 021 01 I Ooi

The Bus Address Register is loadeci wiLh biLs 0-15 of the Command
Block address. Bit,0 is forced to o. The balance of the cB
address is contained in the CSR anci BAX registers.

DISK ADDRESS REGISTER (DAR)
The Disk Address Register is NOT USED in the SCSI
The prevlous contents will not be affected.

MULTI-PURPOSE REGISTER (UPN) 77 4406
015 14 1 12 11 ',10

Ill, I STATUS BYTE i

The i'luIti-Purpose RegisLer is a reacj-on1y register which contains
the Status byte returned by the controller during the command
iust executed. The contents of this register are only valid if
1) The READY bir in the csR is set, and 2) bit 15 of Lne csn is
cleared.

BUS ADDRESS EXTENSION REGISTER (BAX)

77 4404
command mode.

1 14 1 12 11 10 87 54
77 4410

0
i COMI"lAND BLOCK ADDR ESS

, _ 121 i2oi 19i 181 1li 161

The Bus Address Extension register is loaded with bits 21-16 of
the Comntand Block address. The balance of the CB address is
contained in tlre BAR register. Note that address bits 1 6 and 17
also appear in fhe CSR. Writing these biLs in either register
will change tite value in the other register correspondingly.

CAUTION: Since the CSR will be the last register written when a
comtnand 1s initiated, the value of address bits 16 and 17 written
to it will be the actual ones used.
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APPENDIX A: ERROR CODES

The table below summarizes the hex error codes that may be dis-playeci by Dl't0ll. These same error codes are also available in lhe
ilPR (in octal) during normal operation at the completion of anyilost comrnand. The error byte fhat, is displayed has the following
format:

i 7 i -o i 5 i 4 I 3 I 2 I 1 I o i

ERRoR 

-i

iuiCLASSiCODEi
Class 0-5 errors are generateci by the CONTROLLER in response to
error conditions i.n either the drive or the controller itself.
The error cocjes given below for these classes may not apply to
a1I contrbllers, and some controllers may implemlnt additional
codes. Refer to the coniroller manua].

class 6 errors come directry from the TDL-12. They indicate
either a hardware error, an error in communicating with the
controller, oF a Q-Bus error.

CIass 7 errors are controller errors that are accompanied by an
extended status return.

ER ROR

CLASS

z

3-5

CODE SUMMARY

SOURCE

Both

Drive

C on t,ro1I er

Controller

Controller

CODE

0

1

2
3
4
5
6
7
9

0
1

2
3
q

5
7
B

9
A

DESCRI PTION

lio error deEecfed

llo index from drive
I'lo seek complete f rom dr i ve
Wribe fault
Drive not ready
Drive not selected
Track 0 not found
Multiple drives selected
I"leciia not loaded

Read ID error
Uncorrectable data error
ID address mark not found
Data address nrark not found
Sector not found
Seek error
Write protected
Correctable data error
Bad track/b1ock found
Format error

Invalid command
I11ega1 sector address

Conbroller dependent

0
1

,)
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TDL.1 2

C on trol 1 er

U

1

Z
a)
4
q
A

7
B

9
A
ts

0
'l

I

3
q

5
6
7
B
D

SCSI bus busy
SCSI select timeout
SCSI command phase error
SCSI bao status return
SCSl sense command error
DMA bus error
I'lo configuration
No cirive paranreLers
lnvaIj-d controller type
R01,1 test error
DAIl test error
T/O test error

No error
Recoverable error
Unit not ready
Media error
Hardware error
I11ega1 request
Unit at,tention
Write protect
Aborted commanci
Volume overflow
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APPENDIX B: CONTROLLER TYPES

The following Iist sunlmarizes the controllers that are supported
by TDL-12 tirmware version 1.60 and up. rf your controlrer isnot listed, conLact the factory for clarification.
The TFORMATt designation indicates whether the controller offers
a rFormat with Defect List'commano ('DL') or arForrnat Alternate
Track' command ('AT').

TYPE FORi"IAT MANUI'ACTURER MCDEL (S )

0 none

1 fDLt Adaptec

2 tDLr Adaptec

3 'DL' Adaptive Data Sabre

4 'AT I DTC

5 I AT' DTC

6 IAT I DTC

7 IATI DTC

8 'AT' OMTI

9 IAT I OMTI

10 rAT I Xebec
Western Digital WD1002SHD

Default type

4000
4000A soft-sectored, fixed drives
5500 soft-seetored , fixed drives

4010
4000A hard sectored or removable
5500 hard sectored or removable

1401, 1403D, 700/701, 101/101D

1403 ES, 600 / 6.10, 703, 900/910

510A/8, 520A/8,, 615

515CU

i10de1 2A

500C Series

1410

DJ210lDJ1100

1 410A

97 xx Subsystems

Alpha 1C.5,10.5H

AIpha 20H

Konan

1 1 'AT' Xebec

12 'AT I Xebec

1 3 none Iomega

14 none Iorrrega
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APPENDIX C: SUMMARY OF DRIVE PARAMETERS

Thls appenciix shows the cjrive parameters required by each of thevarious controller types wlren those parameters are initialized
using fhe 'I' conimand. The actual text of the parameter requests
is shown, along with comrrients about the Iess obvious parameters.
rn all cases, the following entries have the same meaning:

Sector size (1 ,2)= 'l = 256 byte, 2 = 512 byte
Rt.Ic (D)= starting Reduced'writ,e current cylinder
WPC (D)= Stariing Write precomp Cylinder

The following notes also apply where shown:

(1) I'iust be the same as controller option. i.e. the controller
has this parameter as a hardware strap option, and the TDL-i2
rnust know how the controller is optioned.

Q) No! required by controller, but included for consistency and
for diagnostic purposes. 'sectors/Lrack', for example, is not
required by many eontrollers, but is necessary in order to calcu-
late SCSI addresses for alt,ernate track fornratting and defect
lists.
(3) Sent directly to controller. Refer to the controller manual
for a parameter with this name.

,2) = ; (1)
;Q)Sectors/track (D)=

Interleave (D ) =

TYPES 1. 3. 10
Sector size (1,2)=
Sectors/track (D)=
Cylinoers (D ) =
Heads (D ) =
RWC (D)=
WPC (D)=
Step rate
Interleave

TYPE 2
ffi size (1,2)=
Cylinders (l ) =
Heads (D ) =
RWC (D)=
hJPC (O)=
S tep rate (D ) =
Dr ive type (X ) =Sectors./track (D ) =Interleave (D ) =

; Sent to the controller
;Q)

; (3 )

;Sent to eontroller

; Sent to

(D)=
(D)=

Sector size
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SecLor size (.1,2)=
Sect,ors/iracx (D)=
Drive type (X ) =Interleave (0 ) =

TYPE 6
ffiT sj.ze (1,2)=
Sectors/ Lrack (D ) =Step width (D)=
S tep per iod (l ) =Step mode (C)=
Iieads (D)=
Cylinders (D ) =
RWC (0)=
Dr ive type (X ) =Interleave (O) 

=

TYPE 7
Sector size (1,2)=
Step width (0)=
Step period (D)=
Seciors/ track (D ) =
Gap 3 size (X)=

Sector size ('l ,2)=
Step width (D)=
Step per ioci (D ) =
St,ep mocje (O)=
Heads (D ) =Cylinders (D) 

=
Rtl,JC (O)=
Drive Eype (X)=
Sectors/track (0)=
fnterleave (D ) =

TYPE 1 1

GT6Fsize ( t
Sectors/ track
Cylinders (D ) =lleads (D)=
Rlrlc (D)=
WPC (D)=
Precomp value (0,
Step rate (O)=
Interleave (D ) =

TYPE 13 and 14 -

This entry is hexadecimal

3) This eniry is decimal
3) This entry is decimal
3 ) This entry is decirnal
otal heads, NCT max head address
otal eylinciers, I.,[OT max cyl adcjress

; (1
;Q
; (3

,

t

,

1)=

t to controller
This entry 1S
This entry is

This entry is

decimal
dec imal

hexadecimal

hexadecimal

1l

,L

I Sen
; (3 )
; (3)
;Q)
; (3 )

Heads (D ) =Cylinders (D ) =
RIlC (D)=
l,,/PC (D)=
Flags (X)= ; (3) This entry is
Interleave (D ) =

TYPE 8. 9

; sen
;(3)
; (3 )
; (3 )

! to controller
This entry is decinral
This enLry is decimal
This entry is decimal

; (3) This entry is he x adec ima 1

; Sent to controller
; (2)

,2) =(D)=

; (3 )

; (3 )
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APPENDIX D: IOMEGA OPERATION

The Iornega Alpha series of high-perforrnance flexible cartricigedrives are reiiable Iow-cost alternat,ives to DEC RL02 cartridEeorives. The series incluoes fu]1 ano tralf-height 10MB and 20MBorives and subsysLetris. This Appendix summarizes the various
moceLs anu oescribes ltow to configure theni for use with the TDL-12. For more information on fomega products, contact your 1oca1
Iomega saLes office, or Ioniega heaciquarters aL:

IOMEGA CORPORATION
1821 West 4000 South

Roy, Utah 8q067
(301 ) 778-3ooo

D1: IOMEGA ALPHA 10.5

Iornega AIpha 10 ancj 10.5 master drives come with an embedded SCSIeontroller that can handle up to four drives. The master drive
and an (optional) slave cjrive are also available in an enclosure
with power supply (the Bernoulli Box).

D1.1 Alpha 10.5 Firmware
There are two versirrns of the Alpha 10: a loMB version and a
10.5}'JB version. rn order to emulate a f u11 RLo2, the Alpha 1omaster drive must be ordered wlth '10.5' firmware. This firrnwareversion sacrifices some of the spare sectors on t,he cartridge foraddltional capacity.

D1 .2 SCSI Cont,roller Address
The SCSI address of the controller i s selected w ith a shuntinstalleci in an eight position DIP socket (Shunt S1 ) on thecontroller boarci. The shunt may moved from position 1 (ScsI
address 0) to position 8 (SCSI adcjress T).

D1.3 Controller Termlnation
Two DIP resistor packs at RI'|2 and RN3 provide SCSI bus terniina-
tion on the controller board. These are mounted in sockets and
may be removed if more than one controller is used on the TDL-12.

D1.4 Controller DIP Swltch 0ptlons
Shll : 0N = Norntal operation .

OFF = Power on resel t,hreshold test.
SW2:

slil,4:

0N = Disable SCSI parity checking.
OFF = Enable SCSI parity checking.

Oil ,0N = Cyclic ciiagnostic mode.
OFF,0N = Retries ciisabled w/o coillprehensive

startup diagnostics.
0l'l,0FF = Ret,ries enabled with comprehensive

starbup diagnostics.
OFF,OFF = Retries enabled w/o comprehensive

startup diagnostics.
0ll = Disable SCSI tirneout error
OFF = EnabIe SCSI timeout error.

SW5:



The recommended DIP switch sebting is:
SW1: 0N
SW2: 0N or OFF (parity preference)
SW3,4: OFF,OFF
SW5: 0N

Dl .5 Interleave
An interleave value of t2, is recommended for all systems.

D2.. IOMEGA ALPHA lOH

The Iomega Alpha 10H is a half-high version of the Alpha 10 that
uses the same cartridges. Alpha 10H master drives come with an
embedded SCSI controller capable of handling up to two drives.
The master drive and an (opt,ional) slave drive are also available
in an enclosure with power supply (another Bernoulli Box).

D2.1 SCSI Controller Address
The SCSI address of the controller is select,ed with a shunt
installed in an eight position header (JP16) on the controller
board next to fhe SCSI connector. The sLrunt may moved frorn
position 1 (scsr address 0) to position B (scsr address T).
Position 1 is at the end of the header farthest away from the
SCSI connector.

D2.2 Controller Termination
Three SIP resistor packs adjacent to the SCSI connector (RN2,6,8)
provide SCSI bus termination on the controller board. These are
NOT mounteci in sockets, but may be removed if more than one SCSI
controller is used on the TDL-12.

D2.3 Controller DIP Swltch Options
SW'l : 0FF = Normal operation.

0N = Power on reset threshold test.
SW2: 0N = Disable SCSI parity checking.

OFF = Enable SCSI parity checking.

SW3, 4 : ON ,Oi'i = Cycl ic d i agnostic mode.
OFF,0N = ReLries disabled w/o comprehensive

startup diagnostics.
0ll,0FF = Retries enabled with comprehensive

oFF'0FF = Iiii|;: ;HIi:::y: cornprehensive

SW5: 0l,l = Er:ab1e 10.5Mts firmware.
0FF = Disable 1 0. 5MB firmware .

The recorilmended DIP switci't seLt,ing is:
S!J1: OFF
Sd2: 0N or OFF (preference)
SW3,4: Ot'F,OFF
SW5: 0N

D2.U Interleave
An interleave value of t2t is recomnrenoed for all systerns.
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D3: IOMEGA ALPHA 2OH

fhe Iomega Alpha 20ll is a half-hlgh 20MB drive. AIpha 20H masterdrives come with an embedded.SCSi 
"onC"olIer ""pioi" of handlingut) Lo two drives. The master drive and an foptiLnal) sfaved;i;;are also avairable in an enclosure with power suppry (yet anot,rrerBernoulli Box).

D3.1 SCSI Controller Address
The ScSI address of the controller is selected with a shuntinstalled in an .eight position header t.lpf Oi "" 1fr! controllerboard next to t,he SCSI connector. The shunt maV moved fromposition 1 (scsr address o-) to positlon B (scsf address T).Posltion 1 is at !he end of lhe header fart,hesb away frorn theSCSI connector.

D3.2 Cont,roller Termination
Three srP resistor packs adjacent to the scsr connectorprovi.de scsr bus termination on the controrler board.
NOT mounted in sockets, but may be rernoved if nlore lhancontroller is used on the TDL_i2.

D3.3 Controller DIp Swltch Options
SU1 : 0FF = llormal operaLion.

0N = Power orl reseb threshold test.
SW2:

(RN2,6,8 )
These are

one SCSI

ON = Disable SCSI parity checking.
OFF = Enable SCSI parit5r cl:ccllinS.

SWl,4: 0ll ,Oli = Cyclic diagnostic mode.
0FF,0l'l : Retries disabled w/o comprehensive

startup diagnostics.
0l{,OFF = Retries enabled wiilr comprehenslve

startup dlagnostics.
0Firr0FF : RetrieS enabled w/o cornprelrensivt:

startup dlagnostics.
SW5: llot used

The recontmended DIp switch seEt,ing is:
Sil1: OFF
SW2: 0l{ or OFF ( pref erence )SWJ,4: OFF,OFF
SW5: Not used

D3.4 Interleave
An interleave value of I Z, is recomrnencied for a1I sysLems.
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