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INTRODUCTION 

The purpose of this pubLication is to give our customers a compLete 
description of the standards for quarter-inch cartridge (QIC) drives. 

Tandberg Data's streamer drives in the TDC 3200 and the TDC 3300 series 
are fuLLy compatibLe with, or exceed these standards. 

PLease refer to the reference manuaLs for the respective drives to find 
out how our drives compLy with the QIC standards. 

"TDC 3224 and TDC 3229 Reference ManuaL" 
pubLication number 5431, part number 402104 

"TDC 3319 Reference ManuaL" 
publication number 5446, part number 402451 

Part 2 of this pubLication describes the background of the QIC-group, 
why it was established, and what it has achieved. 

Part 3 and part 4 contain the proposed standards for data interchange 
and interface, the QIC-24 and QIC-02, respectiveLy. 

They are direct copies of the written materiil submitted by the 
QIC-group. 
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QUARTER-INCH COMPATIBILITY 

OVERVIEW 

In most ways, the quarter-inch streaming tape cartridge drive 
is an ideal method of backing up 5~-inch and 8-inch Winchester 
disk drives. 

The quarter-inch streamer is very compact, meeting the packag­
ing requirements of host systems, and features appropriate 
transfer rates for saving and restoring data. The industry­
standard media unit, the quarter-inch cartridge, achieves high 
storage capacities, eliminating most media changes during 
backup_ 

Thousands of quarter-inch streamers have been successfully 
integrated into computer sy'stems around the world. But one 
problem has remained in achieving overall acceptance of this 
drive type. In a word: standardization. 

To overcome this reservation, 29 companies have participated 
in a seven-month effort to resolve the standardization problem. 
Led by the Working Group for Quarter-Inch Cartridge Drive Com­
patibility, or QIC for short, they developed and adopted two 
new proposed standards for the universal manufacture of quarter­
inch streamers that are mutually compatible. 

THE STANDARDS 

Two specific needs were identified by QIC for achieving compa­
tibility: standard interfacing and standard recording format. 

The first standard proposal adopted by the group,- annoUrtce"dort 
August 20, 1982, addressed the need for an intelligent interface. 
Named QIC-02, this interface was designed to work with the major­
ity of existing controllers designed for quarter-inch·streamers 
while also permitting an extended command set for futureappli~ 
cations. . 

The second standard proposal, QIC-24, was adopted by the group 
and announced on February 24, 1983. This agreement proposed a 
standardized recording format, enabling the interchangeability 
of recorded cartridges across several manufacturers' quarter­
inch streamers. For the first time, this media type will enjoy 
the portability of floppy disks. 

QIC-02 and QIC-24 are enclosed for your study. Although they 
have been submitted to worldwide standards bodies for formal 
conside~ation, the two QIC documents are expected to serve 
effectively as de facto standards in the meantime. QIC drives 
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have already been introduced to the marketplace, and more will 
follow, creating a standardized product class. 

THE ACHIEVEHENT 

In our view, the last impediment has been removed in the growth 
of quarter-inch streamers as the dominant Wi:-chester backup 
device. 

Standards for intelligent interfacing and recording format 
should trigger much greater market acceptance for this device. 
According to Freeman Associates' research, companies that pur­
chase Winchester backup devices desire standardized products 
from multiple sources. Furthermore, these companies want media 
portability from one system to the next. 

Now, the problems of limited second-sourcing and media inter­
changeability have been overcome by the introduction of these 
new standards. 

THE PARTICIPANTS 

The eight formal members of QIC are: Archive Corporation; Cipher 
Data Products, Inc.; Data Electronics, Inc.; Irwin Magnetics, 
Inc.; Qantex Division of North Atlantic Industries; S-ankyo Seiki 
Mfg. Co., Ltd.; Tandberg Data A/S; and Wangtek. The total list 
of participants is below. Both membership and participation are 
open to everyone in the industry. 

Representing three continents and the majority of companies in­
volved in the manufacture of quarter-inch streamers, these firms 
recognized the need for a spirit of cooperation in removing the 
last roadblock to universal adoption of streaming dri-ves.-

Raymond C. Freeman, Jr., was asked to serve as facilitator and 
spokesman for the group, which held its first joint meeting on 
June 17, 1982. Mr. Freeman is president of Freeman Associates, 
Inc., a Santa Barbara, California, management consulting firm 
specializing in data storage products and markets. 

The following companies have participated in QIC meetings as 
members and observers: 

Adaptive Data & Energy Systems 
Apollo Magnetics Corporation 
Archive Corporation 
Basic Four Corporation 
Cipher Data Products, Inc. 
Computer Peripherals, Inc. (CDC) 
Computer Storage Technology 
Data Electronics, Inc. 
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Data Packaging Corporation 
Hewlett-Packard Company 
Irwin Hagnetics, Inc. 
Kennedy Company 
Memorex Corporation 
Moya Corporation 
National Bureau of Standards 
Nippon Electric Company, Ltd. 
Northern Telecom, Inc. 
Nortronics Company, Inc. 
Qantex Division of North Atlantic Industries 
Raymond Engineering Inc. 
Rosscomp Corporation 
Sankyo Seiki Mfg. Co., Ltd. 
Spin Physics, Inc. 
Sysgen, Inc. 
Tandberg Data A/S 
TEAC Corporation 
3M 
Wangtek 
Western Digital Corporation 
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1.0 SCOPE AND INTRODUCTION 

1.1 SCOPE 

This document provides a format and recording standard for 
the streaming 0.250 in (6.30 mm) wide magnetic tape 
cartridge to be used for information interchange among 
information processing systems, communications systems and 
associated equipment. Compliance with the standard for the 
unrecorded magnetic tape cartridge (ref ANSI X3.HD-1981) is 
a requirement for information interchange. 

CAUTION N07ICE; The user's attention is called to the 
possibility that compliance with this standard may require 
use of an invention covered by patent rights. 

By publication of this standard, no position is taken with 
respect to the validity of this claim or of any patent 
rights in communication therewith. The patent holder has, 
however, filed a statement of willingness to grant a license 
under these rights on reasonable and nondiscriminatory terms 
and conditions to applicants desiring to obtain such a 
license. Details may be obtained from the publisher. 

No representation or warranty is made or icplied that this 
is the only license that may be required to avoid infringe­
ment in the use of this standard. 

1.2 INTRODUCTION 

This standard defines the requirements and supporting test 
methods necessary to ensure interchange at acceptable 
performance levels. It is distinct from a spec~fication in 
that it delineates a minimum of restrictions consistent with 
compatibility interchange transactions. 

The performance levels contained in this standard represent 
the minimum acceptable levels of performance for interchange 
purposes. They therefore represent the performance levels 
which the interchanged items should meet or surpass during 
their useful life and thus define end-of-life criteria for 
interchange purposes. The performance level's in this 
standard are not intended to be employed as substitutes for 
purchase specifications. 
Wherever feasible, quantitative performance levels which 
must be met or exceeded in order to comply with this 
standard are given. In all cases, including those in which 
quantitative limits for requirements falling within the 
scope of this standard are not stated but are left to 
agreement between interchange parties, standard test methods 
and measurement procedures shall be used to determine such 
quantities. 

u.S. engir.eering units are the original diruensions in this 
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standard. Conversions of to:e~anced di~ensions froo 
customary U.S. engineering units (sireilar to British 
Imperial Units) to SI units have been done in this standard 
according to ANSI Z210.1-1976 and ISO 370 Method A, except 
as noted. Method A should be used for econocy unless a 
requirement for absol~te asurance of a fit justifies use of 
Method B. In the national standards of ISO member nations, 
additional rounding may be done to produce "preferred" 
values. These values should lie within or close to the 
original tolerance ranges. 

Except as indicated in the second preceding paragraph, 
interchange parties complying with the applicable standards 
should be able to achieve cocpatibility without need for 
additional exchange of technical information. 

2.0 DEFINITIONS 

azimuth - the angular deViation, in minutes of arc, of the 
mea n flu x t ran sit ion lin e fro m the 1 iriencfr m a I to t he 
cartridge reference plane. 

bit - a single digit in the binary number system 

bit cell - a length of magnetic recording tape within which 
the occurrence of a flux transition signifies a "one" 
bit and the abse~ce signifies a "zero" bit. 

block - a group of 512 consecutive bytes transfe~red as a 
unit. 

BOT - beginning of tape marker indicating beginning of tape. 

byte - a group of 8 binary (10 GCR0 bits operated on as a 
unit. 

"Car t r id g e . -a--fo-u rb-y six irioli 'enC-l(nIUre--¢orrt-a~nTfig- -o;-Z50 -1"n 
(6.30 mm) wide magnetic tape wound on two coplanar hubs 
and driven by an internal belt which is coupled by an 
internal belt capstan to the external drive (ref ANSI 
X3. 55-197·7) . 

cyclical redundancy check - a two byte code derived from 
information contained in the data block and block add­
ress bytes and recorded after the data block and block 
address bytes for read after write check and read only 
check. 

density - the maximum allowable flux transitions per unit 
length for a specific recording standard. 

early warning - marker on tape indicating the approachir.g 
end of the permissible recording area for even numbered 
tracks and indicating the approaching start of the 
per~lssible recording area for odd numbered tracks. 
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EOT - end of tape marker indicating the end of tape. 

erase - to remove all magnetically recorded information from 
the tape. 

file mark - an identification mark following the last block 
in a file 

flux transition ~ a point on the magnetic tape which exhi­
bits maximum free space flux density normal to the tape 
surface. 

flux transition spacing - the distance on the magnetic tape 
between flux reversals 

group code recording - (GCR) a data encoding method where a 
four bit group of data bits is encoded into a 5 bit 
group for recording on magnetic tape (ref. ANSI X3.54-
, 976 ) 

load point - marker on tape indicating the approaching start 
of the permissible recording area for even numbered 
tracks and indicating the end or approaching end of the 
permissible recording area for odd numbered tracks. 

magnetic tape - an oxide coated mylar base tape capable of 
accepting and retaining magnetically recorded informat­
ion. 

nibble - a group of 4 binary (5 GCR) bits operated on as a 
unit. 

postamble - guard information recorded after the data block 

preamble - synchronization information recorded before the 
data block 

recorded block - a group of consecutive bits comprising 
preamble, data block marker, data block, block addre~s, 
CRC and postamble. 

reference tape cartridge - a magnetic tape cartridge select­
ed for a specific property to be used as a reference. 

streaming - a method of recording on magnetic tape where the 
tape is continuously moving and data blocks are contin­
uously recorded. 

track - a recording strip parallel to the edge of the magn­
etic tape containing recorded information 

underrun - a condition developed when host transmits or 
receives data at a rate less than that required by the 
device for streaming operation. 

OIC-24 REV. D Paee 6 
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3.0 RECORDING 

.3.1 METHOD 

The method of recording shall be the "non-return to zero, 
change on one" (HRZI) where a "one" is represented by a flux 
transition occurring in the bit cell and a "zero" is 
represented by the absence of a flux transition in the bit 
cell. 

3.2 CODE 

Each 8 bit data byte is separated into two 4 bit groups 
(nibbles). Each 4 bit data nibble is encoded into a 5 bit 
GCR nibble for recording on the streaming magnetic tape 
cartridge. The most significant nibble is recorded first. 
The encoded data has the property that no more than two 
consecutive "zeros" shall occur. The translation table for 
data nibbles (B3, B2, B1, BO) and GCR nibbles CG4, G3, G2, 
G1, GO) shall be as follows: 

GCR bit G4 is recorded first. 

HEX B3 B2 B1 BO G4 G3 G2 G1 GO HEX 

a 0 0 0 0 <---> a 0 1 9 
1 0 0 a 1 <---> 0 1 1B 
2 0 0 0 <---> a 0 a 1 2 

3 a 0 <---> a 0 1 3 

4 0 0 a <---> -1 a 1D 

5 0 0 1 <---> 0 0 1 1 5 
6 0 0 <---> a 0 1 6 
7 0 <---> 0 17 

8 0---- - 0 a < --- >- -,- - ----j- ---- -- -o-~--~-1 0-- lA 
9 0 a 1 <---> 0 a 0 , 09 
A 0 0 <---> 0 0 0 OA 
B 0 <---> a 0 OB 

C 0 0 <---> , , 0 1 E 
D 0 1 <---> 0 0 , 00 
E a <---> 0 0 OE 
F <---> 0 OF 
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3 . 3 110M I N A L D F.: N SIT Y 

The maximum nominal recording density (flux transition in 
every bit cell) shall be 10,000 flux transitions per inch 
(394 flux transitions per millimeter). 

3.4 NOMINAL BIT CELL LENGTH 

The nominal bit cell length shall be 100 microinches (2.54 
micrometers) . 

3.5 AVERAGE BIT CELL LENGTH, 

The average bit cell length is the sum of distances between 
flux transitions over N bit cells divided by N. Any 
continuously recorded group code pattern may be used to 
measure the average bit cell. 

~.6 LONG TERM AVERAGE BIT CELL LENGTH 

The long term average bit cell length is the average bit 
cell length taken over a minimum of 900,000 bit cells. The 
long term average bit cell length shall be within +/-4% of 
the nominal bit cell leneth. 

3.7 MEDIUM TERM AVERAGE BIT CELL LENGTH 

The medium term average bj,t cell length is the average bit 
cell len e; t h t Ci ken u OJ era min i mum 0 f' 1 26 and a m a x i It U m 0 f 1 3 a 
bit cells. The medium term average bit cell length shall be 
within +/- 7% of the long term average tit cell l~ngth., 

3.8 SHORT TERM AVERAGE BIT CELL LENGTH 

The short term average bit cell length is the average bit 
c e 11 l-e n g t h taken 0 v ef'- a-om i oi m umo f 3-9 --a-nd-a--tl~x-im-um- 0 f4 3-
bit cells. 

3.9 SHORT TERM AVERAGE BIT CELL CENTER 

The short term average bit cell center is located at a peint 
1/2 the short term average bit cell length from either edge. 

3.10 REFERENCE BI7 CELL 

The reference bit cell is the center bit cell in the bit 
cell group used to measure the short terl!! average bit cell 
length. Bit cell centers of the bit cell group are 
positio~e~ such that distances between flux transitions and 
bit cell centers are mir.imized ignoring I!!issin[, flux 
transitions. 

QIC-24 REV. D 
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3 . 1 1 FLU X T R A IJ SIT leN ? 0 SIT ION 

A flux transition shall be located in the reference bit 
cell, if the flux transition exists, withir. a distance no~ 
oore than 35% of the short term average bit cell length from 
the center of the reference bit cell. The flux transition 
pOSition shall be measured by a playback device calibrated 
for zero azil!lu+:.h (See Appendix A). 

3.12 SIGNAL AMPLITUDE REFERENCE TAPE CARTRIDGE 

A signal amplitude reference tape cartridge is a magnetic 
tape cartridge selected as a standard for signal amplitude 
when recorded at 10,000 flux transitions per inch (394 flux 
transitions per millimeter). 

3.13 MEASUREMENT OF SIGNAL AMPLITUDE 

The Signal amplitude shall be measured at a point in the 
read channel where the signal is proportional to the first 
derivative of the rate of change of flux. Zero crossings of 
this signal are equivalent to flux transitions. 

3.14 STANDARD REFERENCE CURRENT 

The standard reference current is the minimu~ write current 
that when applied to the signal amplitude reference tape 
cartridge provides a 95% output signal at 10,000 flux 
transitions per i~ch (394 flux transitions per millimeter). 

3.15 STANDARD RECORCING TEST CURRENT 

The standard recording test current shall be 130~ of the 
standarc reference current. 

3.16 AVERAGE STANDARD REFERENCE AMPLITUDE 

The average standard reference amplitude is the peak to 
output signal read from the signal amplitude reference 
cartridge when generated by the standard recording 
current and averaged over a minimum of 10,000 
trans i t·ions. 

3.17 AVERAGE PREAMBLE AMPLITUDE 

peal<: 
tape 
test 
flux 

The average preamble peak to peak amplitude taken over the 
central 100 flux transitions from a minimum of 100 blocks 
shall be within +50% and -35% of the average standard 
reference amplitude. 
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'3.18 DATA AMPLITUDE 

The data amplitude shall be measured at a point 1/2 the 
short term average bit cell length after each flux 
transition and shall be greater than 25% of the average 
standard reference amplitude for all flux transitions in 
each non rewritten block (See Appendix A). 

3.19 ERASURE 

The magnetic tape cartridge shall be c: ased prior to 
recording such that no remaining signal aoplitude of any 
signal up to twice the recorded density is greater than 3% 
of the average standard reference amplitude. When the 
magnetic tape cartridge is recorded, erasure shall be tested 
between the end of recorded data and EOT. The erase signal 
shall be AC at a frequency at least 4 times the data 
frequency. 

8.20 AZHIUTH 

u.o 

4 • 1 

The angular d~viation of the mean flux transition line from 
a line normal to the magnetic tape cartridge reference base 
shall be less than 3 minutes of arc. 

TRACKS 

NUMBER AND USE OF TRACKS 

There shall be a maximuo of nine tracks numbered 0 througn 8 
as specified in 4.3. Even numbered tracks shall be-recorded 
serially in-the forward direction of tape movement. Odd 
n u m b ere d t r a c k s s hall b ere cor d e d s e ria 1 1 y _i nth ere v e r s e 
direction of tape movement. On even tracks, all data for 
interchange shall be recorded after the load point marker 
and before the end of tape marker. On odd tracks 3 and 5, 
all data for interchange shallb-e re c ordeda-f-t-e-r-Hre--e--a rly 
warning marker and before the beginning of tape marker. 
However, on tracks 1 and 7, all.data for interchange shall 
be recorded between the early warning marker and the load 
pOint marker. Tracks shall be recorded sequentially iG the 
order, 0, " 2, 8. 

4.2 REFERENCE PLANE 

The reference plane of the magnetic tape cartridge base is 
the datum for track location. 

,Q Ie - 2 4 REV. D Page 10 

I 



4.3 TRAEK CENTER LINE LOCATIONS 

Track center lines shall be located as indicated below: 

TlV'c ~/NG itS Y/EWED 
t..OO~1AJ6 rom.en flEAD 

BOT .. 
,~247 

f TKJ -n: 

~f4 
-

~.(){)I --.0015 TKO _ . 

-
-
-

m-eLY 
WAeAJIAlG 

-I 

( 
~ 

::i;t""- J 
- --

--EOT 
-

I I r 
d7 dl d5 j TK~ "I _ t t t d4 d3 TK' - / -TK8 7 - ~ db dO de I I I I J 

dB I 
dE ________ t ! * 

! '-eEFE.eEIJCE PUWE 

dO = 0.172 +/- .0042 in 
d 1 = 0.268 -t-/- .0042 in 
d2 = O. 124 +/- .0042 in 
d3 = 0.220 +/- .0042 in 
d4 = O. 196 +/- -; 0042 in 
d5 = 0.292 +/- .0042 in 
d6 = O. 148 +/- .0042 in 
d7 = 0.244 +/- .0042 in 
dB = O. 100 +/- .0042 in 
dE = 0.070 in reference 
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".4 TRACK WIDTH FOR 0.048 IN TRACK SPACING 

When an 0.048 in track spacing is used, the number of 
recorded tracks shall be limited to a maximum of four 
tracks. The width of the recorded track shall be 0.036 +1-
0.002 inches. The width of the verified recorded track 
(read after write) shall be 0.020 +1- 0.001 inches. 

4.5 TRACK WIDTH FOR 0.024 IN TRACK. SPACING 

When an 0.024 in track spacing is used, all nine tracks may 
be recorded. The width of the recorded track shall be 
0.0135 +/- 0.0005 inches. All of the recorded track shall 
be verified (read after write). 

4.6 INTERCHANGE BETWEEN 0.048 AND 0.024 IN TRACK SPACING 

Magnetic tape cartridges recorded with the 0.048 in track 
spacing shall provide data interchange with magnetic tape 
cartridges with the 0.024 in track spacing where the 
recording has been limited to tracks 0 through 3. 

~: Nominal Signal amplitiudes may be reduced due to 
narrower track width. 

5.0 DATA BLOCK 

The d~ta block format shall be as follows: 

+----/ /----+---+--------1 /--------+-------+---+---------+ 
1 

See 
: B 

Section: 1: 

5 • 1 
: T 
: E 
I 
I 

51 2· B YT·ES··· I 
I· 

4 2: 

B 
y 

T 
E 

: See I 
I 

I B : : 
··l-¥--t-£e-e-t-i <> n· .: .. 

: T : 
: E : 5.6 

: S : S : 

+----/ /----+---+--------/ /--------+-------+---+---------+ 

I 
I 

I 
I 

:--DATA 

I--DATA BLOCK MARKER 

l--PREAMBLE 
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PCiSTAHBLE 
I 
I 

:--CRC 

:--BLOCK·ADDRESS 
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5 • 1 PRE H1 B L E 

5.1.1 Normal 

The prea~ble shall contain a minimum of 120 and a 
~axi~um of 300 flux transitions recorded at the maxi­
mum normal recording density of 10,000 flux transit­
ions per inch (394 flux transitions per millimeter). 
The prea~ble shall.be used to synchronize the phase 
locked loop in the read electronics to the data 
frequency. The preamble shall also be used to meas­
ure the average preamble amplitude. 

5.1.2 Elongated 

An elongated preamble shall contain a minimuo of 3500 
and a maximum of 7000 flux transitions and shall 
preceed the first data block recorded after an under­
run (7.2). 

5.1.3 Long 

A long preamble shall contain a mini~um of 15,000 and 
a maximum of 30,000 flux transitions, and shall pre­
ceed the first data block for interchange recorded at 
the beginning of a track. 

5.2 ~ATA BLOCK MARKER 

5.3 

The data block marker identifies the start of data and shall 
con5i~t of.the following GCR pattern: 

Gil G3 G2 G 1 GO 
1 1 1 
MS nibble 

.. 

DATA BLOCK 

G4 G3 G2 G1 GO 
o 0 1 1 

LS nibble 

--- ----_ ...... _ ....... -

The data block shall contain 512 bytes of data for 
interchange encoded into GCR bytes in accordance with the 
CODE (section 3.2). 

5.4 BLOCK ADDRESS 

The block address shall consist of 4 bytes which uniquely 
identify a block recorded on tape. The block address shall 
be encoded into GCR bytes in accordance with the CODE 
(section 3.2), and is defined bela,:,: 

QIC-24 REV. D 



o 2 3 
+-------------+-------------+--------------+-------------+ 

Track 

Address 

Con- : 
: trol : 
I I 
I I 

:Nibble: 

+-------------+-------------+--------------+-------------+ 
:---------Block Address-------------: 

BYTE BITS FUNCTION 
-----------------------------------------------------------

0 7 Track number bit 7 (MSB) 
6 Track number bit 6 
5 Track number bit 5 
4 Track number bit 4 
~ Track number bit 3 
2 Track number bit 2 , Track number bit 1 
0 Track number bit 0 (LSB) 

7 Control Nibble bit 3 (MSB) 
6 Control rabble bit 2 
5 Control Nibble bit 1 

.4 Control Nibble bit 0 (LSB) 

3 Block Address bit 19 (MSB) 
2 Block Address bit 1 8 
1 Block Ad ciress bit 17 
0 Block Address bit 16 

",. __ . __ .. _------ .. ------ - _ .. _._----_._---- _.- "-

2 7 Block Address bit 15 
6 Block Address bit 1 4 
5 Block Address bit 1 3 
4 Block Address bit 1 2 
3 Block Address bit 1 1 
2 Block Address bit 10 
1 Block Address bit 9 
0 Block Address bit 8 

3 7 Block Address bit 7 
6 Block Address bit 6 
5 Block Address bit 5 
4 Block Address bit 4 
3 Block Address bit 3 
2 Block Address bit 2 
1 Block Address bit 1 
0 Block Address bit 0 (LSB) 
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5 . 4 • 1 

5.4 .2 

Note: 

Track Number 

The track number as specified in Section 4.3 shall be 
recorded in byte O. 

Control Block 

Definition of control block should be as follows: 

Control Nibble 

3 2 1 0 

o 000 

000 

0010-"" 

Value 

o 

2-15 

Meaning 

The current block contains 
user data or file mark 

The current block contains 
control information 

Reserved 

The use of control blocks as defined by this 
specification is an optional feature. It shall be 
permissible for a device to recognize and process only 
blocks with control nibble=O and to jgnore all blocks 
with control nibble=' and still meet the requirements 
for data interchange as specified by this document. 

Address of Block 

The first block on the tape shall be block 1, and 
subsequent blocks shall be numbered sequentially. The 
block address shall not reset at the end of a track. 
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5.~.~ Control Block Data Field (Optional) 
When the control nibble:' the current 512 byte data 
block contains control information. This control 
information is defined as follows: 

BYTE 

o (M.S) 

2 

3 

4-0F 

10-1FF 

MEANING 

Drive type: 
04H : 4 track device 
09H : 9 track device 

Type of Control Block 
OOH : none 
01H : first block on a track 
02H: last block on a track. This 

block may be used to terminate a 
completed track. 

03H : extended file marks 
04E : partial block count. This 

indicates that bytes 2 and 3 
specify the number of valid data 
bytes in the following data 
block. In the data block, the 
val i d d a tab y t e s a r·e 
recorded first, followed by 
filler characters. 

05-1FH : Reserved. 
20-FFH- Not Defined. 

File Mark Number (MSB), or number of data 
bytes (HSB) in the partial block. 

File Mark Number (LSB), or number of data. 
bytes (LSB) in the partial block. 

Reserved (Set to OOH). 

Not definedin this standard. 

~: The use of the partial block option will generate a 
recorded tape which does not meet the requirements for 
data interchange at the minimum machine level (QIC-24 
with no options). 

5.5 CYCLICAL REDUNDANCY.CHECK 

The cyclical redundancy check (CRC) shall consist of two 
bytes calculated over the 512 bytes of interchange data and 
the 4 byte block address starting with all ones CRC initial_ 
va ue and using the CRC generating polynomia"l: 

The CRe shall be encoded into GCR bytes in accordance with 
the CODE (section 3.2). 
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5.6 POSTAMBLE 

5.6. , Normal 

A normal postamble with a minimum of 5, and a maximum 
of 20 flux transition, recorc!ed at the oaximum 
nominal flux density, shall be recorded following the 
eRe as a guard band. 

5.6.2 Elongated 

A ne 1 0 n gat e d p 0 s t a l!l b lew i t h a 0 i n i mum 0 f 3 5 0 0 and a 
maximum of 7000 flux transitions, recorded at the 
maximum nominal flux density, shall be recorded 
following an underrun sequence. 

6.0 FILE MARK BLOCK 

The file mark block format shall be identical to the data 
block foroat except that the data field shall contain 512 
bytes consisting of the following GCR pattern: 

G4 G3 G2 Gl GO G4 G3 G2 Gl GO 
o 0 0 1 o 0 1 0 

MS nibble LS nibble 

The GCR nibble (00101) shall be converted to the HEX nibble 
(11 j 1) to form the data field for eRC g~neration and 
ch~cking. 

7.0 REWRITTEN BLOCKS 

7. 1 ERROR 

Data for interchange, if written such that all requirewents 
for .1 t1.L~r:s!1 aJ:lg ~ __ a r e1l9_t_IlL~~,_§.J:L<!.;tt_J?,~ _ r_~wri ~~_Etn_"§_~_9h ,t hat 
requirements for data interchange are ~et. Each data and 
file mark block that do not meet the requirements for inter­
change shall be rewritten. A data block shall be tested for 
interchange requirements during the read after ~rite check. 
Writing of block N + , shall begin before th~ read after 
write check of block N is completed. If block N satisfies 
the requirements for interchange, the read after write check 
of block N + 1 is begun. However, if block N does net 
satisfy the requirements for interchange, it is rewritten 
after the writing of block N + , is completed. It shall be 
permissable to truncate the writing of block N + , with 
postamble before re-writing block N. Block N + , is also 
rewritten after block N in order to preserve the sequential 
order of records. During error processing of block N it 
shall be permissable to rewrite block N without 
rewriting block N + 1. A Block in Error shall be 
written up to 16 times before the recording operation is 
aborted. Various sequences of rewritten blocks are sho't,n 
below. 
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+-------+-------+-------+-------+-------+-------+ 
: N-l : N N+l: N N+1 N+2: 

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

+-------+-------+-------+-------+-------+ 
N-l N N N I 

I 

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

N-1 N N+1 I 
I 

+-------+-------+-------+-------+-------+-------+-------+ 
7.2 UNDERRUN, END 0: FILE OR END OF TRACK 

Streaming operation shall normally be terminated when under­
run, end of file or end of track conditions exist. The 
nor mal seq u e n ceo f 1" e cor din g 0 fbI 0 c k s N, ~1 + 1, etc. s hall 
be replaced by the sequence of blocks N, N, etc. until the 
recording of block N meets the requirements for inter­
change. When block N is recorded such that the requirements 
of interchange are met, the associated rewriting of block N 
is completed or truncated. An elongated postamble (Section 
5.6.2) shall be written as shown below. 

+-------+-------+-------+-------+ 
N-1 N ~ llllllll: 

+-------+-------+-------.-------~ 

I 
I 

:-.ELONGATED POSTAMBLE 

Recording.in the elongated postamble shall begin at 3000 
flux transitions minimuc, 3500 flux transitions maximu~ from 
the end of the block preceding the elongated postamble. An 
elo ng ated·-p-p-eam-b-le--·shall---b..e---l!--ec.o-P-d-e c--b--e-f 0 I!---~.e co-rd-i-r.g. any 
other field in the clock. 

)--ELONGATED POSTAMBLE 
I 
I , 

__ I_-
I , , , 

+-------+-------+-------+-----+-+-----+ 
N-l N N 1IIIIIIXI',"'1 

+-----~-+-------+-------+-----+-+-----+ 
I I 

_~_'I 

I l--OVERLAP 
I , , , , , , 

I 

3000 Flux Transitions MIN. --I 
3500 Flux Transitions MAX. 

l--ELOnGATED PREAMBLE 
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7 .3 FORCED STRE"A'HING 

Ter~ination of streaming operation due to un~errun may 
optionally be prevented by continued recording of the last 
block until end of file or end of track occurs. Standard 
length format fields shall be used during forced streaming 
operation. 

+-------+-------+-------+ +-------+-------+ 
: N-l : N N' N N 

+-------+-------+-------+ +-------+-------+ 
7.4 END OF RECORDED DATA 

On other than the last track, the end of recorded data shall 
be indicated by a valid file mark block and optional control 
blocks followed by a minimum of 45 inches of erased track. 

8.0 RECORDED TRACKS AT BEGINNING AND END OF TAPE 

8.1 TRACK REFERENCE BURST 

A track reference burst recorded at the maximum nominal 
recording density of 10,000 flux transitions per inch (394 
flux transitions per millimeter) shall be written between 
the BOT holes and recorded data on track O. The reference 
burst shall start a minimum of a inches and a maximum of 15 
inches from the BOT hole and shall extend past the "load 
point hole for "a minimum of 3 inches and a maximum of 4 
inches. A l~ng preamble shall preceed the first data block. 

8.2 EVEN TRACKS 

All even tracks shall start a minimum of 3 inches and a 
maximum of 4 inches past the load pOint hole. A long 
pre a m b I e- shal-]:- pre c e e dt he--f-irs-r- -ct crt-a- -b t ock -.flYr "-1 n te-rc h-a n g e • 
On even tracks, no data for interchange shall be recorded 
beyond a point 36 inches past the early warning hole. 

8.3 ODD TRACKS 

All odd tracks shall start a minimum of 1 inch and a maxilllum 
of 2 inches past the early warning hole. A long preamble 
shall preceed the first data block for interchange. On 
tracks 1 and 7, no data for interchange shall be recorded 
past the load point hole. The last block of data for 
interchange written on these tracks prior to track switching 
to the next sequential track shall end a maximum of 4 inches 
and a minimum of 0.1 inch before the load point hole as 
measured frolll the center line of the hole. On tracks 3 and 
5 it shall be permissible to record data for interchange 
past the load point hole. ~o data (or ir.terchange shall be 
recorded beyond a point 27 inches past the load point hole. 
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I 
N 
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:n 
ttl 
< . 
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I 

I 
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03 I 0 ' __ I'" 4 .. , , 
I I 
1 

I I 
I I I 

(±) I 
I 
I 

Ref en\nce Burs t 
Preamble 
nata or Control Block 

('q ------ ••• _-.. - ----.---: II i~lll:'~ i Oil M_! '_I (i n) 
o Dl 0 

n? 3 
113 -L I\~ 1 
ll~ O. 1 

·06 1 

Max (ill) 

15 
4 

36 
·2 
4 

27 
'- - _. --.-

I~ 
TRACK 

5 

1 

I ... 
I _ .• ___ ...L _____________ _ 

05 

02 

I 

t 
I 

C±) 

I 
... 1 

06 ., 

0 0 

I 

R 

I 

I 

CB 
I 
1 
I 
I 

ffi 
I 0 1 I 
~ ., 

Des'cr i pt iOIl 
------------------------------------------------~ 

[30~ to Start of track ref~rellce burst 
Load point to enc.i of track reference burst & start of preamble on even tracks 

. [a r 1 y ~J a r n irHI tOt ~ n dAd a tao n eve n t rae k s 
Early warning to s~art of preamble on odd tracks 
Elld of data to load point on tracks 1 and 7 
Load point to end of data on tracks 3 and 5 

______________ . ___ .. _______________________ --J 



APPENDIX A 

JUSTIFICATION FOR 41 BIT AVERAGE HETHOD FOR BIT SHIFT MEASUREMENT 

The ANSI draft specification for the unrecorded cartridge (X3B5. 
82-89) calls out a method of measuring ISV on a cartridge by 
considering the amount of time displacement error (TDE) remaining 
after the off-tape signal has been operated on by a standard 
phase locked loop (PLL). 

Please refer to the explanation given in that appendix. Note that 
the residual TDE is a function of the ISV amplitude and frequency 
and the suppression of the standard loop at that frequency. 

If 

and 

ISV = a.sin(wt), 

s2/~I2 

Suppression =-~:(~~~~;);;~-:-~2;~2-----

then the remaining error for a continuous single-frequency signal 
off tape (i.e. for a signal containing no peak shift due to the 
head) will be: 

a 
TDER = 

w 

where W is the natural frequency of the PLL. 

A graph of this function is shown in Figure A1. 

When the draft standard for recorded tape, IMFM, 6400 ftpi was 
-. d is c u s's ed, it ...-as---a g- r ee -d '. -t h -a t -t -h e--t--a- p-e -m-u-s-t--m e--e-t---- t-h-eI S V 
specification as called out in the draft unrecorded standard and 

,that there was no need to state this-specifically again. Since 
there was precedent for using an averaging method (4-bit average) 
from the previous standard, and since considerable emp~rical work 

. had been done to investigate the actual performance of tapes, the 
ANSI 13B5 ad hoc group felt justified in adding a "medium term 
ISV" specification. 

This specification states that the 4 bit cell average of the bit 
cell length shall be within ±7% of the long term average and 
shall be within 2% of the average of the surrounding 128 bit 
cells. 

The GeR, 10,000 ftpi specification require$ that the 128 bit 
average shall be within 7% of the long term average. 

The averaging function is performed by adding up the samples of 
bit cell length and dividing by the total number of samples. 
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If a component of ISV is (a sin wt), then the frequency off tape 
will be: f:: [0(1+ (a sin wt)) 

Cell time is 1/f which is approximately TO C1 - (a sin wt)) :: T. 

In general, (1 - a(IoI)) where 

TO :: liFO and a (w) is some function of w which 

could be a sine wave. 

The sample function may be developed as follows: 

Samples are taken at 

and added up so that the average is 

n 

centered on TO. 

In general, using Laplace notation: 

TAVE(~):: 

TO ( 1 Is _ a ( s) ) ( e ( n+ 1 ) 5 T 12 + •• esT I 2 + 1 + e - s T 12 + .. e - ( n+ 1 ) s T 12 ; 

n 

In the steady state when a(w) is a sine wave 
magnitude of the resultant as a function of time 
by replaci~g s by jw 

So T AVE :: 

rAVE = 
n 

a(sin wt), the 
may be obtained 

For n odd, the Exponentials may be taken in pairs and added. 

Irl general: e njwT + e- njwT = 2 cos nwT 

Hence T J..VE = 
TO(1+2cos(wT)+2cos(2wT)+ ..• 2cos(n-1)wT/2) 

n 

A similar analysis can be made for n even, but it involves choos­
ing a center point half way between two samples simply as a 
mathematical convenience. 
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A graph of the transmission characteristic of this function is 
~,s how n for 1 27 bit cell san dis e s s en t i all y f 1 a t u p t 0 1 kHz a t 30 
"~i P s , 1 0 , 0 0 0 f t pi. T his c e a n s t hat I S V i nth era n g e u p t 0 1 KHz 
must as a first requirement, be less than 7%. 
The number of samples (126 to 130) was chosen for several 
reasons. 

a) The same nucber of samples (128) is used in the proposed IHFM 
Recorded Standard. 

b) 126-130 is necessary since there may be two zeroes at each 
end of any given sample. 

c) Since, in actual data patterns, peak shift can occur, the 
error in computing average cell time is reduced by having a large 
number of samples. For example, a 35% peak shift changes the 
128-bit average by only .27%. 

In attempting to specify short term effects, considerable thought 
was g i v en tot hen e e d t-o-u-s-e the i n for mat ion act u a 11 y r e c e i v e d 
off tape rather than using special test patterns to' de t e-f-m'i n e--- -
whether the equipment can create suitable tapes. 

It would be possible as in the unrecorded standard to specify the 
use of a standard PLL which would tend to follow ISV. The PLL 
would create the reference bit cells and the deviation froc cell 
cer.tcr caused by residual tice displacement error, peak shift and 
asy~metry would be specified. 

:' How ev e I', the 6400 f t p i 1M F H s tan dar d has not use d the P L L but has 
call e d 0 uta n a v era gin g I!l e tho d. A nat t e m p twa S 1!1 ad e 't 0 fin dan 
averaging method having an effecti~e frequency response (or sup­
pression function) very similar to that of the PLL. This turns 
out to be a 4 1 b.i t a v era g eat 1 0 , 000 f t P i (s e e Fi g u reA 2) . 

TDER = (a/w) X (Suppression Function) 

Since the suppression functior. for the 41-bit average is very 
close to that of the standard PLL proposed in the unrecorded 
standard, the two methods will handle ISV in a similar manner. 
Additional peak :.hift and aSYltcetry will add to give the total 
bit shift that a practical system might expect to see off tape. 

A fit;ure of 10$ of a bit cell(total) was chosen ~ith zero azimuth 
error, since it has been determined empirically that much of the 
recaining 30% will be used up when the tape is read with an 
azimuthal error of up to 16 minutes of arc • 
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~ ADDENDQM 

SUtrSZCI:- Pr-o po s edO p t 1.0 nal-? a-rt-! a-i-B-l-oc Ic-e a III III a nd-.-

ADDENDUM TO: 
QIC-02 
REVISION D 

ADDENDUM DATED 
3-29-83 

?!JRPOSf;: _An additional optional cOlllaand is pr-oposed to provide 
partial block capability (or- the arC··02 interrace. The 
pr-oposed cocmand allo~~ the host to tr-anster- a data 
block which is less than 512 bytes. The device will 
add the r-equired pad character-s and r-ecord a (ull 512 
byte data block on tape. 

130POSED COMMAND: 

~RITK PARTIAL SLOCt (0100 0010) 

T~is cOC1::tand ~111 tr-ansfer one cOClmand byte, t·JO 

paraceterbytes, and a partial data block from tlle Host :0 
the Device. O~LIN~ and READ! Clust be asserted prior to 
cOIll::tand tr-an:srer. Command and paraaeter- bytes are 
transferred by t~e REQU~ST/READ! handshake protocol and data 
13 transferred via XF~R/ACI protocol. The two paraaeter 
bytes define the length in bytes of the partial data bloc~ 
transfer. Transfer sequence ·Jill be command bjts, follo .... ed 
~y the MS8 of :lle byte count, follo~e~ by the LSS at the 
byte count, followed by data tracsfar. After recei'9'ing :he 
partial data block, tlle device vill assert READ!, add the 
requ~red padding characters, and .rite tlle block on tape (An 
optional contr-ol block as defined by QIC-24 cay preceed the 
j)artial block on t.ape). rhe device vill underrun and stop I 
atter completion or the data block. Wllen R~ADr is asserted, 
it '01111 -b-ep.e..r!ll-Ls!li bl e_ .. t 0 .1ssu_~ __ a.ny __ 0 .(3llJL_ .. ~~ 1Ll...I.L_t.Y.~~ ____ . __ 
commands (WRIT~, ilRITE WITHOUT UNDERRONS, WRITE: PARTIAL 
BLOCr, WRITE rILEMARr, or WRIT~ N ?IL~ MARrS). 

De'9'ice!l which do not implement this optional 
will assert EICEPTION atter tbe transfer of the 
byte. De'9'ice will also set Status Byte 1, b1t 6, 
command. The Bost vill not attempt to transrer 
parame t er byt es. 

feature 
command 
illegal 
the two 

De v 1 c e s '01 h i c h· imp 1 em e n t t b i sop t 10 n v 111 '9' e r it Y t hat 
the byte count as specitied by the tvo parameter bytes 1s 
w1thin tbe count or 1 and 511 bytes (1nalus1ye). It the 
count 1s outside this range tlle de'9'ice vill assert 
EXCEPTION v1th Status Byte 1, bit 6, illegal command, and 
abort tbe operation. 
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Thi~:; c:oillm;.:\nd !<;' u.<;:.cd b:·/ t:h(~ ho~:,t: ,:;y~:t:(::i1l to initiali2:e t:he 
dcvic:0:. 
\.,,1 h (;;' n :,), 1" f::~ ',: I:: t c C) III m "\ n d i ~:; d r::: t: E: C t: c,,: d t),/ t: h e d e vic: ('e- , t: h E' 

exception 1 ine will be asserted. 
The e~ception line must be cleared by a READ STATUS 
Sf.{<:I .. ,.t~'I)C€-: • 

1'1'1(;.:' t:;:\I;:f.f '··Is int.(n"·f·'<:\c€~d tl'wOll9h a set t1f re~:li-:::.t(:~I'·S, who~;e .,:\ddn":l:"'::; 
have been s~ii~~ied in section F.3. In part icular, the CRW and CRR 
I'''E'~~ i !::.tel"!:; .:\Fe·.I.l~t:;(~d to i !:;SIJ.E: commands and 1"€~PCll,·t !;;t:at 1.l.S, <·~.nd DRW and DnF 
are used to ~M~h~nge data. 
·"T!'\(": L1YC)ut of'the CI~W 1"egist";':I'· is the fClll('1win~~: ....... 

I I I I I i I 
C.I~.W.I HIT 7 I BIT 6 I BIT ~; I BIT 4 , BIT ::5 ! BIT? I BIT '1 I BIT DI 1 _______ 1 _______ 1 _______ 1 _______ 1 _______ 1 _______ 1 _______ 1 ______ 1 

I I I I I 
I I I I DXFER 
I I I I I~E(~UE~~~T 

I 
I 
I . 

I 
I 

I~.F.U. 

I 
I 
I 
I 

R. F. U. 

I 
I 
I 

R.F.U. 

I 
I 

R.F.U. 
RESET 

-The layout of the CRR register is the followin9: 

ONL.INE 

I I I I I I I I I 
C.R.R.I {tIT 7 I BtT 6 I BIT 5 I BIT 4 I BIT 3 I BIT ;2 I BIT ,-, I tnT DJ l _______ 1 _______ 1 _______ 1 _______ 1 _______ 1 _______ l ____ - __ 1 ______ 1 

I I I I I I .' I I 
I I I I I I I R.F.U. 
I I I I I I H.F.lJ. 
I I I I I P. F. U. 
I I I I R.F.U. 
I I I OJ R • 
I I EXCEP. 
I RE~I[)Y • 
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1.0 SCOPE 

Thi3 document 3pecifies an interface to an intelligent 3treaming 
1/4 inch cartridge tape drive. The :specification include:s hardware 
interface, bU3 ti~ing, command3 and 3tatus. 

2.0 DEFINITIONS 

bloc~ - a group of consecutive byte3 tran3ferred a3 a unit 
BOT - beginning of tape mar~er indicating beginning of tape 
bU3 - a circuit over which data i3 tran3mitted 
byte - a group of 8 binary bits operated on a3 a unit 
cartridge - a four by 3ix inch encl03ure containing 1/4 inch magnetiC 

tape wound on two coplanar hub3 and driven by an internal belt 
which i3 coupled by an internal belt capstan to the external 
drive (ref ANSI I3.55-1977) 

cartridge initialization - an operation which restores normal tension 
by wind and rewind of the cartridge 

continuable - a type of error after which an operation can be continued 
by issuing another command 

command - the portion of an instruction word which 3pecifies the 
operation to be performed 

device - that which is devi3ed, invented, or formed by de31gnj used 
interchangeably with drive 

drive - a device that move3 tape pa3t a recording/playbac~ head 
early warning - ~arly warning mar~er indicating the approaching end of 

permi3~ible recording area 
EOT - end of tape mar~er indicating the end of tape 
erase - to re~ov~ all ma~netically rec~rded information from the Cape 
fatal - a type of error which caus~3 an operation to be aborted, oper-

ation must be 3tarted over 
file mark - an identification mar~ following the last bloc~ in a file 
load paint - load point lIIar~er indicating the beginning of the 

permi33ible recording area I 
3tatus - bytes transmitted indicating statu3 of the device 
underrun - condition developed--when h03t tran3mits~o-r-receiV'-es -dat-a--at---­

a rate 1es3 than that required by the device for 3treaming 
operation 
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3.0 INTERFACE 

Thi~ 3ection de3cribes the propo3ed 1/4 inch cartridge tape 
drive interface. Data and command3 are transr~rred to and from 
the device on an 8 bit bi-directional data bus u3ing a:synchronou~ 

hand~halcing technique:s "to eliminate rigorou~ timing contraint3. 
Up to four device:s are :supported on the interface. 

3.1 INPUT/OUTPUT SIGNAL CONNECTOR AND CABLE 

The 3ignal connector on the Device :shall be a 50 conductor edge 
connector. Mating connector 3M type 3415-0001 or equi7alent shall be 
u:sed. 

The :Signal cable :shall be a 50 conductor flat ribbon cable. 3M 
type 3365/50 or equivalent flat cable shall be used. 

3.2 INTERFACE SIGNAL LEVELS 

All :signal~ to the Ho:st 3hall be standard TTL levels a:s follov:s: 
FALSE, Logic 0 (high) =2.4 to 5.25 VDC 
TRUE, Logic 1 (lov) =0 to 0.55 VDC 

All 3ignal~ to e~ch Device 
follov:s: 

shall be standard TTLlevelsa~ 

FALSE, Logie 0 (high) 
l"RUF., Logic 1 (lov) 

=2.0 to 5.25 VDC 
=0 to 0.8 VDC 

Vo Ltages :shall be mea:sured at each Dev!.ce coanector. This 
interface 3hall support a total cable leng~h of 3 meter5 maximum. 

3.3 SIGNAL TERMINATIONS, 

The :standard ter:ination shall be 220 ohm3 to +5VDC and 30 oh::s 
to GND or Theveninequivalent."" - R e:si3 tance to.l.-el!.anc.6-:shall.b e. +/ --·5·S-· 
maximum. The bi-directional data bU3 and the four control :signal:s 
from the Ho':st to the Device 30all be terminated at the Device unle:s:s" 
dai3y-coained in vhich ca3e the la:st device on the dai3Y shall provide 
termination:s. The HO:5t :shall terminate the bi-~irectional data bu:s 
and the four control 3ignal:s from the Device3 to the Ho:st at the 
Ho:st. 

3.4 SIGNAL LOADING 

No signal on the intertace :shall be loaded by Devices by more 
than 2.0 mA plu:s required termination:s. No :signal on" the 'interface 
:shall be loaded by the Ho:st by more than 2.0 mA plus required 
terminations. 
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3.5 INPUT/OUTPUT SIGNAL PIN ASSIGNMENTS AND SIGNAL DESCRIPTION 

PIlIl 

02 
04 
06 
08 
, a 

12 

1 4 
16 
1 8 
20 
22 
24 
26 

28 

32 

36 

NAME TO 

NUS- I 
NUS- I 
NUS- I 
NUS- I 
HBP- B 

HB7- B 

HB6- B 
HB5- B 
HB4- B 
HB3- B 
HB2- B 
HB1- B 
HBO- B 

ONL- 0 

REG- 0 

RST- 0 

IFR- 0 

ACI:- B 

QIC-02 REV. D 

DESCRIPTION 

NOT USED - unconnected signal line3 

HOST BOS ODD PARIT! - reserved for optional odd 
bus parit7 

HOST BUSBIT7 - most 3ignificant bit of 8-bit 
host bi-directional data bus 

HOST BOS BIT 6 
HOST BUS BIT 5 
HOST BOS BIT 4 
HOST BUS BIT 3 
HOST BOS BIT 2 
HOST BUS BIT 1 
80ST BUS BIT a - least 3ignificant bit of a-bit 

host bi-directional data bus 
ON LINE - h03t generated control signal which 13 ?t.-r/I2.-;r,d­

activated pr10r to transferring a READ or i:;.. PU(I 
WRITE command and deactivated to terminate 
that READ or ~RITE command 

REQUEST - host gener,ated cont:'ol !lignal which J5e..r Full 
indicate3 that command data ha3 been placed ~ e.~"dr.,2;~-J 
on the data bu:s in COMMAND MOD~ or that ~ '~ 
:status has been taken from the data bu:s 10. 
STATUS INPUT MODE, :shall be asserted by host 
only when RD!- OR EIC- i3 asserted by deVice 

RES ET - c au :s e s d e vi c e 1 0. 1 t 1 a 11 % a t ~ a n __ t ~~_~ ___ <f4j~ 
per(orme<:f, c1ef'ciuTt-3ele-ction tOo dey1ce 0, eta. {:11!/ 
EXCEPTION asserted. 

TRANSFER - host generated control :Signal which 
indicates tbat data has been placed on the 
data bus in WRITE MODE or that data has been 
taken (rom the data bus in READ MODE 

ACX:UOWLEDGE - device generated signal which R£fr;'G.;4. 
indicates that data has been taken (rom the ~-s::"W' 

data bus in WRITE MODE or that data has been 
placed on the data bus in READ MODE 
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PIN# NAME TO 

38 RD!- H 

110 EXC- H 

42 DIR- H 

44 UUS- I 
46 NOS- I 
48 NOS- I 
50 NOS- I 

DESCRIPTION 

READ! - device generated 3ignal which indicates one 
of the following: 
(1) data has been taken from the data bus in 

COMMAND TRANSFER HODE 
(2) data has been placed on the data bus in 

STATOS INPUT MODE 
(3) a BOT, CARTRIDGE I~ITr·LIZATION or ERASE 

COMMAND is completed following issuance 
(4) the device is ready to receive the next 

block or ready to receive a ilRITE or WFM 
Command (rom the host in ilRITE mode 

(5) a WFM command is completed in WRITE FILE MAR[ 
mode 

(6) the device is ready to transmit the next 
block to the host or ready to receive a READ 
or REM command froc the host in READ HODE 

(7) OTHER'JISE, device is ready to receive a new 
command 

EXCEPTION - device generated signal which indi-
cat est hat an ex c e p t ion con d i t ion e x is t sin ~r<, ~~e..:.~ 
the deVice, that host MUST issue STA!USd.:t F'JU 
COM MAN Dan d per r 0 r CI a S TAT 0 SIN POT to (. 'f:r: .... IAl-r 

determine cause IP~~~~) 
DIRECTION - device generated signal which when La. .(;.ee,.. 

false causes host data bus drivers to assert AA~~voY'­
their data bus level3 and device data bus ~w 
driver~ to assume"high impedence states, wten ~~~" 
true causes host data bus drivers to assume AMfilVl­
high impe~ence state3 and device data bus 
drivers to assert their data bus levels 4tU1'U4.;.1~' 
NOT USED - unconnected signal line 
NOT OSED - unconnected signal line 
NOT ... O.S.ED._ -u n co n n.ec.te d.-s ig n a.-l __ 11.tUL. _____ .. _._. __ .. __ ._ 
NOT USED - unconnected signal line 

111 odd pins shall be connected to signal GND at the Host. The 
-TO- nomenclature above shall be as follows: 

X = UNDEFINED 
B = BI-DIRECTIONAL 
D = DEVICE 
H = HOST 

3.6 INTERFACE TIMING 

Interface signal timing shall be as specified in the folloving 
timing diagrams. 
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ONUNc r 

REQUE.ST 

-R£AQy 

EXCEPTIO/( 

OArA 8US 

XFErt 

~x ; 
DIRe 

n£SET 

QIC-e2 REV. 0 

3.6.1 READ STATOS COMMAND TIMING 

SENO 
REMAINING 

..,j-.p...--1 STATUS 
r~=-_~~ SYTE.S 

} 

j 

~)------------------~~ 
~ 

READ STAruS COMMAND 

lCTIVIT'( 

THi0ST COMMAND TO BUS 
T2·HOST SETS n£uuESr 
n·am moL1..ER RESETS EXCEPTIO/( 
T.-CONTROllE" SETS REAOY. • 
TS-HOST RESETS ilEGUE.ST 
T6-aUS QACAINV,l.UD 
T7·CONTROLLE" RESETS READY 
ra·CONTROlLER CHANGeS BUS DIRECnON 
T~IST STATUS BYTE TO BUS 
T1Q-COtHROUE.R SETS READY 
TIl-HOST SETS ~EQUEST 
rl2-CUNTROLLEI RESETS REAO'" 
OJ-BUS OAf A INV~lO 
TI4-I1OST nESETS REQUEST 
Tl!l-lAST STATUS BYrE ro BUS 
Tl6-SAME AS no 
T17·S-'ME AS TIl 
T18-SAME AS TI2 
119-5.\ME AS TI3 
T20-SAMe AS TI4 
T21-CON TROL1..ER OIANGES SUS DIREcnON 
RZ"CQt../fROllE'1! s.m REAOY 
HXJN·r CAlle . 

.0 

CRITIC).l Tl M I NG 

NIA 
Tl-f2>'l U ~. 
TJ-H>IO U S(C. 

TZ -ri;.?o"uiLC.{ s.oou~. ~.I) 
r.-rs>rU~ 
T4-T6;>.I:U s(c. 
ZO<TS-r7<l00 U sec. 
NIA 
NIA 
T7-fI0>20 Ustc. 
t-4/A 
TI1-n2<tusec-.~ ... -,.~ 

·3~:~;e~-· ~'~~Y/ 
SA ... e .AS TlO ..... ~ 
SAME AS TIl 
SAME AS Tl2 
SAME AS Ttl 
SAME AS TI4 
HIA 
TCO-T2\ ~O 
T2!-TZ2 >0 

i 
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3.6.2 RESET TIMING 

I 
ONUNE X 

J 
REQUEST X 

READY 

EXCE?TION 

OATA8US 

XFEn 

ACX 

DlRC 

RESET 

AcnVITY 

Tt -HOST ASSE.::US REset 
T2-CONTROLL.ER DISABLES ArX 
TJ-CONTROLLER Q1$).8LESREA'OY 
T-4-CONTROlL.ER ASSERTS EXCEPflON 
T5-CONTROlLEM OISABLES 0iitC 
TO-HOST OISASLfS ~ 

X -OON-r CARE 

OIC-02 REV. 0 

RESEr TIMING 

CRITICAL nMING 

NA 
Tt-qqUsec ___ _ 
Tt -T:'l~ \ U sec. 

\Jl-T4<J U SK. 1 
Tl-TS.:g II S5r--­
Tt-TS>25Us«-

--",,"-:-;;JiIiiii ~--'- -:--
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3.6.3 SELECT COMMAND TIMING 

ONLINE x 
~---.. rz rs _. __________ ---; 

~~ita1 (7 
REQUEST 

READY ~ra 
"' .... ----f 

EXCc.?TlON 

DATA SUS 

I rJ T4 \ I 
I I T1 TSV I 

rz>: SELECT COMMANo'X!l 1/11/111111 I II III.J 

--- ~I-------------------------------~ XFc.~ 

ACl< 

DIRC 

---- I~----------------------------------~ RESeT 

SELECT COMMAND 

Tt-HOST COMMAND TO BUS 
T2·HDST SEiS REQUEST 
TJ·corHROLLER RESETS READY 
r~-CONTROLLEH SeTS READY 
TS-HOST RESeTS REQUEST 
T6-aUS DATA INVAUO 
T7·CCNTROlLER RESEiS READY 
TS-CDNTROLLS1 SEiS READY 

X-DON'r ~R£ 

QIC-02 REV. D 

CRITIC).L m.lING 

N/A 
Tl-i2>tJ U sec. 
TZ-rJ< t Use:.-
n -T.L) 50 U s~~OOU'$«.:Dft; .. ~I} 
T4-fS>tJ U sec. 
r 4-r5~ U sec. 
20< rs-IT < 100 U sec. 
T7-f8>20 U sec. 
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3.6.4 BOT, CARTRIDGE INITIALIZATION, OR ERASE TIMING 

ONU~JE 
, 

~ 
X 

REQUEST ~ 

-
~ ira READY ;' , 

E(CE.:lTlON 
TAPE 

j71/ 1 I 1/11111 171i OATA SUS cm.IMA.'1O MonON 

- I ~ Xr:.,q 

ACl< 
S 

DlRC 
~ S 

~ ~ 
RESET 

BOT, INITIALIZATION OR ERASE COMMAND 

),cnVlr( 

rt·HOS7 3US OArA '1ALlO 
TZ·HOST SETS ~EaUEST 
TJ-CONrnOLLE.q RESETS REAOY 
T "-CON TROLLS SETS REAOY 
TS-Hosr i1ESEiS R81UE5T 
Tii-BUS OATA INVAUO 
T7-CONrROLLER RESETS REAOY 
ra-CONrROLLErt SETS READY 

x-co.v"r CJ.R€ 

QIC-e2 REV. 0 

CRtnC.ll m.flNG 

.'UA 
rt-i2",,>i1 U s~c. 
T2-rJ -< 1 US;::, 
T3 ::. r .L>·Z~ (SDo U!e:.1'omiul) 
T4-i'S~~U-5ac,;- . 
T4-f6:>ifu sec. 
20<TS-T7<lOO U S~. 
T7-ra->20 u sec. 
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1\ tOIl,ROI II II ~.s III AI" 
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II IUS DAIA ,",,1.110 
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ro 
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I'D 

llliltUI 'IUING 

",A 
",,1. 
n -ll"'Uut 
11 -I c< \1,/ SOC 
14 6U )'lOIlIt({500U~ NI"~) 
,~ - ••. :;-;; ~c 
I)-II'" U Ie( 
10-=1& 4 11<,00 U ~ 
.. ··It~~O u ~ 
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'10 '111)'40 11,1.110 Wt 

II. -111': rU~C. 
O.~~III-IIl<'06U~tt. 

1.1 I -114 . ., II teo 

(IIHI"'" I I H WIll 
,-_____ fT7TrrTI"TT"Tr.r-nTrri AliI O'.HII( AI I I 
k-'-"-"'-'c::...:.:~~ ~~.LL.u....l.LLLL.LLL.<.J '" RIll I til U ~II •. 

';..I-"-'-=-+------i Alill AI I'll Ii 10 IU 
~ 11111 

"-----'-~/ 11.11 (HA~I(AI I~ 11 TO 
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I w 

'jllIfIImZ7lllzW. ~ 
I U1 

~ 
::0 
H 
~ 
tTl 

WRITE DATA COMMAHO 

tJ 
~ 
~ 
~ 

II~ IUS IIAIA IIIVAtlO 
'1' CUII.lIOlIl" R(SII5 ,I.e. 
.1I110S' 11,1.,,, '0 BUS 
.11 SAlol( AS '1\ 
'1'. $AIoI' AS III 
1111 ~AIoII ~s 114 
111 SAM' ~S m, 
In $AWI AS '" . 
m [OIl.rillI II II SitS II. AOT 
114 .nIS' 11"'10 10 bllS 
m 1105' $I.S 11111 
I1HOII llioll'" AI 511 5 III AD' 
IU 1:11111110111 H Sf.S An 

I 

(HIIICAI 1ilAIIIC 

III -II~)' U '" 
0<'14'-"6< 1 U~ 
II'A 
~.1A1 AS III 
SAul AS III 
SAMI AS II. 
SAMI AS II~ 
SAIAI AS 116 
111 ·11),100 U we: 
li'A 
SHn AS I \I 
SAMI AS 117 
SAlII AS III 

ALIIVII I 

III lIu5l AlSIIS 11111 
11~ ""~ 1111 A IIIVAIiD 
110 CUIIIROIII II HI SIIS AU 
'JI IIUSI IIAIA Iu ~uS 
III 1I0S 1 511 5 III R 
III CUlIlAlJIlIII SIIS AU 
IH lIuSllIlSIIS III" 
IJ~ bUS OAIA IHVAIIU 
Ill> [Olll"uIIIII AISIIS Aea 
I)/I.UIIIIIIIIIIII SlIS "(AOf 
III liltS I III ~a 15 UHIIHl 
I1'J CON IRUIIIII 015115 III AOI 
140 tlllIllIlIllI II 511 S AIAOf 

SAUl AS 114 
SAUl AS II~ 

SlUI AS 116 
H'A 
SAUl -S III 
S""I AS 119 
SAUl AS 1711 
k/A 

S"'/I &S 111 
SAI.I\ AS 171 
k'l 
MIA 
",A 



o 
H 
o 
I 

Q 

N 

o 

OInIHI 

;oon 
-AlADY 

~ 

OAll IllS 

IliA 

I 
~--------------1 

II 
III AU CUMM ... ND 

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

-. ...I·-------------~ 
AlSU 

2!!! 
II "051 COWW""P IU IUS 
U ItOS 1 SO S UHllllt 
n 1I0S1 SUS IItoutSI 
.. COlI 1Il0l 1111 '"!oilS IIIAOY 
IHOII"'"IIIII SIIS All\ly 
" ItOSI N 5(1!. 1II0IIlSi 
" IllS IlAll 111'11.110 
II COHIIIO(\(IIII1S( I!. AIAOf 
"'COll 11\011 [A CHAHI:I S DIRt 
1 II 151 flAil .,,' 10 ~uS 
III (0111Il0l1111 51 IS III AllY 
IIHulIlROI II" SlIS Ael 
III ttOSI SUS aliA 

READ DATA COMMAND 

CRIIICAI liMING 

NIl II4I:UIII"UIIIII !lI$lIS IIIAOT 
11'1. II~ Willi"""" MISIIS ACK 
lI'Il;1 U ...... 116 IUS Ill. I A IHVAlIO 
Il-IHIU~ IIIIIOSIIIISIIS III" 
t.e .. 1S)ZOUlo«.(!'ooll>«:.~ I It 11115 UAIA,YAIIO 

n -""u ~ II' CUll I 110" ,II srls AU 
n -11.' U Ut 110 IIUSI SlIS .1111 
lo...1~·-"<IOOU)« IlII:D"llIOIlfll "ISlIpn 
III" IH IIUS OAI" .111'11.110 
N/" 17 J IIIl~I HI SlIS III Ii 
III" 114 COli 1"01 1\ II SIIS IIIADT 
111-112>- 40111.110 ut m 151 ~TIl 10 IUS 
'''·11),>1 U)« 17HOHIIIOlllII SlIS loCK 

: ._+-

~lIl1ltAI liMING 

Ill-Ill< I User. 
.5<1I1-11~(3Uso::. 
111·'llb.-O lilt( 

II~"II'~O U \I( 

III" 
SAUl AS II? 
SAUl AS III 
SAUl AS 11\ 
SAIAI AS lIb 
SAUl "S III 
HI" ",I. 
SAUl AS III 

f.JOTE: Tic CAf.J PR.ECEDE n I BY 40 NIHJOSEC. 

I~ .. 

IApt 
r----------------~I "'OII()4l 

S lUI'S 

\------------...." 1)'1 t1tISI 
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r,-l-:,,:A S",I-:8::-,Y"",i!":-->JT'rT'n-.. ~II~II""'''''''''''''H'''''' " f....-r ~\ : ~ uS 

~ 
121I1USI 511S UtA 
ta CUlll/iUIIIR IIISIIS lit AU' 
17' tOil I Hili II II IU SII S AC J 
1)0 bUS IiAIA II/VAllO 

III IHIS I III Stl S "' A 
111IASI KYII III bUS 
III \;lIN I 1101 II" ~IIS AU 
1)4 HaS I SlIS If III 
11\ (UlfIHOIIIH HI Sf 1$ loCI 
1'16 MUS IJAIA lNvA1I1J 
IlIltUSllIlSllS IIlR 
13& COif I HOI II R SIIS (ICIPIIO" 
119 CIIA,,"I ~uS OtRI ClIOII 

(O .... U.II 
'-'-""-"---~"----1 

(RHItAI IIMItt(; 

,>1.11 AS III 
SAUl AS III 
~1A1 AS I I', 
SAUl AS II~ 
~UI AS III 
N/~ 
~"IASIIl 
~AMr AS III 
SA ... r AS II', 
5''''1 AS I I' 
~"IASIII 
Nil 
./A 

w 

0\ 

0\ 



3.6.7 WRITE-FILE-MARK TIMING 

ONLINE 

HEOUEST 

-H~OY 
eXCEPTION 

OArA aus 

~CK 

iJ 

T5 

..... : ;o\.: 

'f"AC c:" ... .u.o 

s 

--- ~t------------------------~S DIRe 

ST.lRT 
i,\.?E 
\AOnON 

CONTROLL£R 
WRITES 

t~TE;:lNALlY 
GENEnATEO FILE 
MARK ON TAPE 

STCP 
r .. p~ 
MOTION 

j 

ST,\.RT ~n2 
p--...,...;~-r-., i'\'~ )----JI 

............ _--.... S tlcNINO »).------4 

wllllm 
J S 

s 
s 

j s 

yzmllOZ1 
1 

WRITE ALE MARK COMMAND 

AcnVITY 

n·HOST COMM.1NO TO BUS 
Q·HOST SETS ·:~ILlNE 
iJ-~OST SETS :;eoUE5T 
;,.s.cO~ITi10LL:.~ ilESETS il~OY 
rS-CCNTilOLLEtI SETS .:tEAOY 
;"S-HOST ilESEiS .:lEQUEST 
T7·BUS OAT,\. :W.1UO 
Ta-CCNrROLLB RESETS ilEAOY 
i!KONTROlL£q SETS REAOY 
nO-HOST RESETS ONLINE 
nl·CONTROllE-=! RESETS REAOY 
T12-CONTROu...ER SETS REAOY I,l.T 8.0. r 1 

QIC-e2 REV. D 

~/.1 

n-rZ>J U sec. 
-z-rl>,J U sec. 
Tj....;.r.s<: usa::. 
T.L-T5>c~U~<SOOIJ~"O ... i"ll} • 
is-iS>! U sec. 
TS-r7>~ U iec. 
20<r6-i8<lCO U sec 
"'A 
r9-ftO>J U sec. ... " .. -._----_ .. - ..... _-_ .... 
~/A 
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ONLINE 

REQUEST 

READY 

EXCEPTION 
T1 

DATA BUS 

XFER 

ACK 

DIRe 
... I 

- t 
RESET 

QIC-02 REV. D 

3.6.8 READ-FILE-MARK TIMING 

T2 

s 

START TAP~ \iOTlON 

REAO DATA BLOCXS 
UNTIL FILE MARK 
BLOCX FOUND 

STOP TAPE MOTION 

s 

1 ~ 

~ ...... ----.... 
QI/ )))//)///1 
i 

) ; 

S 

READ FILE MARK COMMAND 

~CTlVITY 

Tl-HOST COM MANa TO aus 
T2-HOST SETS ONllNE 
T3-HOST SETS REQUEST 

CRITIC-'L TIMING 

N/A 
T1-T2>13 U sec. 
T2- T3>9 U sec. 
T3-T4<1 U ~._ 
T 4-TS>20 U$ec. (500 USfCol'lO",Ir<)!) 

T 4-CONTROLLER RESETS HEADY 
TS-CONTROLLER SETS HEADY 
T6-HOST RESETS REQUEST 
T7-BUS DATA INVAllO 

---1"5-T"6>i -ijs*.· - -- --. 

TS-CON fROlLER RESETS READY 
T9-CONTROLLER SETS EXCEPfiON 

·SYSTEM MUST ISSUE READ STATUS COMMAND 

T4-r~ U sec_ 
20<T6-T8<tQO U sec. 
N/A 
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4.0 COMMANDS 

All device commands are single byte commands as defined io 
the· COM MAN D SUM MAR Y (4. 1) • D e vic e s s hall imp 1 e men tall s tan dar d 
(S) commands in order to meet the minimum requirements of this 
standard. Optional (0) commands, if implemented, shall be 
implemented as specified in this standard. Reserved (R) commands 
are reserved for future use. Vendor unique (V) commands may be 
used (or any purpose. All unimplemented commands shall return 
illegal command status from a device. 

4 . 1 COMMAND SUMMARY 

7654 3210 SOR V ( N) DESCRIPTION 

0000 0000 V ( 1) 
0000 0001 S SELECT DRIVE 
0000 0010 S SELECT DRIVE 2 
0000 0011 V ( 1) 

0000 0100 S SELECT DRIVE 3 
0000 0101 V ( 1 ) 
0000 a 11 x V(2) 

0000 1000 S SELECT DRIVE 4 
0000 1001 V( 1) 
0000 101X V(2) 
0000 11 xx V(4) 

0001 0000 V ( 1 ) 
000·1 0001 0 SELECT DRIVE 1 , LOCK CARTRIDGE 
0001 0010 0 SELECT DRIVE 2, LOCK CARTRIDGE 
0001 a 01 1 V ( 1) 

0001 0100 0 SELECT DRIVE 3, LOCK CARTRIDGE 
0001- 0101 V( 1) ---_ .. _ .. _- .. _ .. _-_ .. _-- -"-" .. --_._- -"-" .. _-_ .. _--- ~- .. -. 

0001 011 I V(2) 

0001 1000 a SELECT DRIVE 4, LOCK CARTRIDGE 
0001 1001 V ( 1 ) 
0001 lOll V(2) 
0001 11 II V(4) 

0010 0000 V{ 1) 
0010 0001 S POSITION TO BEGINNING OF TAPE 
0010 0010 S ERASE THE ENTIRE TAPE 
0010 0011 V( 1) 

0010 0100 S INITIALIZE CARTRIGE 
0010 0101 0 SELECT AUTO CARTRIDGE 

INITIALIZATION 
0010 011 X V(2) 

Q1:C-02 REV. D Page 16 
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7654 3210 SOR yeN) 

0010 lXXX 
0011 XXXX 
0100 0000 S 

0100 0001 0 

v ( 8 ) 
v ( 16 ) 

0100 001X V(2) 

0100 01XX 
0100 1000 
0100 1001 
0100 101X 
0100 llXX 
a 101 XXXX 

0110 0000 S 
0110 0001 
0110 OOlX 
a 1 10 a 1 xx 
0110 1 XXX 

o 

0111 NNNN 0 

1000 0000 S 
1000 0001 0 

R 

V(lI) 

v ( 1) 
V(2) 
v ( 4 ) 
V ( 16 ) 

V(2) 
V(4} 
y ( 8) 

1000 001X V(2) 
1000 0100 0 
1000 0101 a 
1000 011X Y(2} 

1000 1000 a 
1000 1001 0 
1000 lOll V(2) 
1000 1 laO a 
1000 1101 0 
1000 1111 V(2) 

1001 XXXI 

1010 0000 S 
1010 0001 
1010 0010 
1010 0011 0 

1010 0100 0 
1010 0101 
1010 0110 
1010 0111 0 
1010 1000 0 
1010 1001 
1010 lOll 
lOla 1100 0 

QIC-02 REV. D 

v ( 16 ) 

V( 1) 
V( 1) 

V{ 1) 
V( 1) 

V( 1) 
V(2) 

DESCRIPTION 

WRITE 

WRITE WITHOUT UNDERRUNS 

ENTER 6 BYTE PARAHETER BLOCK 

WRITE FILE HARK 

WRITE N FILE HARKS 

READ 
SPACE FORWARD 

READ REDUCED TRACK DENSITY 
SPACE FORWARD REDUCED DENSITY 

READ REVERSE 
SPACE REVERSE 

READ REVERSE REDUCED TRACK DENSITY 
SPACE REVERSE REDUCED--TRACI -DENSITY 

READ FILE MARI 

SEEI EOD (END OF DATA) 

READ FILE MARI REDUCED TRACI DENSITY 

SEEr EOD REDUCED TRACI DENSITY 
READ FILE MARI REVERSE 

READ FILE MARI REVERSE REDUCED TRACI 
DENSITY 
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7654 3210 

10 10 1 1 a 1 
10 10 , l1X 

10 1 1 NNNN 

1 100 0000 
1 100 0001 
1100 0010 
1100 0011 

1100 0100 
1100 010 1 
1100 01 1 x 

, 100 'OOX 
l' a a '010 
1100 10 , , 
1100 lUX 

1101 XXXX 

1110 0000 
11 10 0001 
11 10 001X 

1 1 10 01XX 
11 10 lXXX 

1 1 r,. XXXX 

SOR yeN) 

v ( 1 ) 
V(2) 

0 

S 
0 
0 

v ( , ) 

0 
v ( 1) 
V(2) 

V(2) 
0 

v ( 1 ) 
V(4) 

V ( 16 ) 

0 
V( 1) 
V(2) 

v ( 4 ) 
v(8) 

v ( 16) 

DESCRIPTION 

READ N FILE MARKS 

READ STATUS 
READ EXTENDED STATUS 
RUN SELF TEST 1 

READ EXTENDED STATUS 2 

RUN SELF TEST 2 

READ EXTENDED STATUS 3 

4.2 STANDARD COMMAND DESCRIPTIONS 

- :This section describes the-standard command-s--wh-ic-h--&hall- be 
implemented by all devices. 

4.2.1 POWER-ON/RESET 

The POWER-ON/RESET sequence provides the host with the 
inro~mation on power-on occurrences in the device~ It also 
provides a convenient mechanism for initializing the device 
during hardware and software debugging of the host interface. 

The host applies power to the device or applies a pulse on 
the device reset line. Device circuitry shall be reset. 
EXCEPTION shall be asserted. When the power--on reset times out 
or when the reset pulse terminates, the device initializes 

,operating parameters and defaults to drive 0 ror subsequent 
~ommands. Each device waits for the host to issue a command. If 
the command issued was a RE1D ST1TOS command, the selected 
device now executes the command br transferring the six required 
status bytes, byte 1 (the second byte) bit 0 of which shall be 
set to indicate that a power-up or a reset occurred • 

. -. QIC-02 REV. D 



4.2.2 SELECT COMMAND (0000 DRIVE) 

The 3elect command 3elect3 one of up to four drive:!!. The 
drive 3hall remain 3elected until changed by another SELECT 
command or RESET (4.2.1). 

4.2.3 READ STATUS COMMAND (1100 OOOO) r 

The READ STATUS command provides h03t with ~nformation about 
the 3elected device. The host ls3ues the READ STATUS command. 
The device tran3fer3 the 3tandard 3ix byte3 to the h03t. 

4.2.4 BOT COMMAND (0010 0001) 5 
The BOT command p03it1on3 the tape in the cartridge in the 

selected device to BOT (beginn~ng of tape). 

4.2.5 INITIALIZATION COMMAND (0010 OlOO) ~ 

The INITIALIZATION command shall be used 
cartridge tape manufacturer's instruction3. 
command moves the tape in the selected device 
and then back to BOT. 

4.2.6 ERASE COMMAND (0010 0010) 
c 
./ 

in accordance with 
The INITIALIZATION 

to BOT, then to EDT 

The ERASE command completely erases the tape in the selected 
drive. The ERASE command moves the tape in the selected device 
to BOT, activates the erase head and move3 t~ EDT, deactivates 
the erase head and moves the tape back to BOT. The ERASE command 
also fulfills the requirements of initialization. 

4.2.1 WRITE COMMAND (0100 0000) c 

__ ~ -_ - T,h ehos t as se r t s -O-NLIN E-a ndis sue s the WR IT E---eo m-m and.----'l'h-e­
:selec'ted device request:s and tran:sfer:s data. The READI line i:s 
activated when ~he device i:s ready for a data block 'transfer. 
When the READ I line i:s active, the host terminate:s tran:sferof 
write data by i:S3uing a WRITE-FILE-HARt command. When the READI 
line i:s active, the hOlSt alternatively terminate:s transfer of 
write data by deactivating ONLINE. Deactivating ONLINE causes a 
File Hark to be written (if,'not preceded by a WRITE-FILE-HARK 
command) and the tape rewound to BOT. Note: A WRITE command 
following cartridge 1n:sertion or RESET shall commence reoording 
at BOT end ot tape, otherwi:se, recording shall commence at the 
current tape position. Note: if the hOlSt :starts transfer between 
blocks before READI 1s asserted, READI may not be asserted. 

, When the early warniilg hole of the last track is d'etected by 
the device, the dev1ceceases to transfer additional data blocks 
from the host. Th~ device terminates the WRITE command and 
reports END OF HEDIA by means of an EXCEPTION and READ STATUS. 
Note: the dev1:ce shall allow the transfer of up to 1024 bytes ot 
data if a WRITE command is issued. 
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4.2.8 READ COMHAND C1000 0000) 

The host asserts ONLINE and issues the READ command. The 
selected device transfers data. The READ.! line is activated when 
the device is ready for a data block transfer. The READ command 
shall be terminated by the device if a file mark is detected. 
The hostls informed by means of an EI_C.EP'tIO.Nand._a __ RE_AD __ STATUS 
sequence. When READY is asserted, the host may terminate the 
READ command by deactivating ONLINE. Deactivating ONLINE during, 
READ also causes the tape to be revound to BOT. When READY i~ 
true, the host may alternatively terminate the READ command by 
issuing a READ-FILE-HARK command. If a READ command is issued, 
the command is accepted and the drive continues reading. Note: a 
READ command following cartridge insertion or RESET shall 
commence at BOT, otherwise the read command commences from the 
current tape position. Note: if the host starts transfer between 
blocks before READY is asserted, READY may not be asserted. 

4.2.9 WRITE-FILE-HARK COMMAND (0110 0000) ( ./ 

The WRITE-FILE-MARK (WFM) command causes a FILE HARK to be 
written on the tape in the selected drive. Note: a WFH command 
following cartridge insertion or RESET shall commence recording 
at BOT end of tape, otherwise, recording shall commence at the 
current tape position. 

4.2.10 READ-FILE-HARK COMMAND (1010 0000) 
I/" 

The READ-FILE-MARK (RFH) command causes the tape in the 
selected drive to be moved to the next FILE MARK. Note: A RFH 
command following cartridge insertion or RESET shall commence 
reading at BOT, otherwise, reading shall commence at the current 
tape position. 

4.3 OPTIONAL COMMAND DESCRIPTIONS 

This section describes optional commands which if 
implemented shall be implemented as specified. 

4.3.1 SELECT DRIVE, LOCK CARTRIDGE (0001 DRIVE) 

This command is identical in function to the SELECT DRIVE 
command and additionally provides a soft (light) and/or ha-rd lock 
on the cartridge. Execution of the SELECT command (0000 drive) 
or RESET unlocks the cartridge. 

4.3.2 SELECT AUTO CARTRIDGE INITIALIZATION COMMAND (0010 0101) 

This command will instruct the drive to perform a cartridge 
initialization each time a new cartridge is inserted. The drive 
will perform this operation for every cartridge insertion until 
the drive is reset or power is turned off. ' 
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4.3.3 ~RITE WITHOUT UNDERRONS COMMAND (0100 0001) 

This command instructs the drive not to stop tape movement 
when a buffer underrun situation (no data available from the 
host) occurs in write mode. The drive will then proceed by 
writing an elongated preamble and/or redundant blocks until 
either _ the _ end of track: is .reached or.data .. becomes available. 

4.3.4 ENTER 6 BYTE PARAMETER BLOCK COMMAND (0100 1000) 

This command shall be used to enter information to the drive 
which allows drive operation to be configured remotely. Its use 
is not restricted and allows a method of implementing additional 
functions not covered in the specific command set. The 6 byte 
parameter block shall be transferred as a 6 byte write data 
block. 

4.3.5 WRITE N FILE MARKS COMMAND (0111 NNNN) 

This command is identical in function to 
command (0110 0000) except that the number of 
is determined by the binary value of NNNN. 
shall cause no operation to be performed~ 

4.3.6 SPACE FORWARD COMMAND (1000 0001) 

the WRITE FILE~ 
file marks written 
A value of NNNN=O 

This c~mmand mOves the tape forward over the subsequent 
block. No data is transferred to the host. 

4.3.7 READ REDUCED TRACK DENSITY COMMAND (1000 0100) . 
This command instructs' the drive to perform the read 

operation on tapes with reduced track density. 

4.3.8 SPACE FORWARD REDUCED TRACK DENSIT! COMMAND (-1000 0101) 

This command instructs the drive to perform the space 
forward operation on tapes with reduced track: density. 

4.3.9 -READ REVERSE COMMAND (1000 1000) 

This command is identical in function to the READ command 
( 1 a a O' 0 a a 0) ex c e p t t hat tap e mot ion is log 1 call y rever's e d. The 
byte transfer sequence is in the order read. If the command is 
issued at beginning of media, an exception will result. 

4.3.10 SPACE REVERSE COMMAND (1000 1001) 

This command moves the tape in reverse over ~he subsequent 
block. No data is transferred to the host. If the com:and is 
ii~~ed at beginning of media, an exception will result. 



4.3.11 READ REVERSE REDOCED TRACK DENSITY COMMAND (1000 1100) 

This command in3truct3 the drive to perform the read rever3e 
op~ration on tapes with reduced track density. 

4.3.12 SPACE REVERSE REDUCED TRACK DENSITY COMMAND (1000 1101) 

This command in3tructs the drive to perform the 3pace 
reverse operation of tapes with reduced track density. 

4.3.13 SEEK END OF RECORDED DATA COMMAND (1010 0011) 

This command in3tructs the drive to 3eek the end of recorded 
data. New data may then be appended to already existing data on 
the tape by issuing a write command. . . 

4.3.14 READ FILE MARK REDOCED TRACK DENSITY COMMAND (lOla 0100) 

This command in3tructs the drive to perform the read file 
mark operation on tapes with reduced track density. 

SEEK END OF RECORDED DATA REDUCED TRACK DENSITY (1010 
0111) 

This command instructs the drive to perform the seek end of 
recorded data operation on tapes with reduced track 
density. 

4.3.16 READ FILE MARK REVERSE COMMAND (1010 1000) 

This command is identical in function to the READ FILE MARK 
command except that the tape is moved in the logically reverse 
direction. If this command is issued at beginning of tape, an 
exception shall result. 

~--=-3~T7- KE-AD-FTLE-MKRKREVERSE COMMAND- REDUCED TRA-Cl: DENSITY 
(1010· 1100) 

This command instructs the drive to perform the read file 
mark reverse operation on tapes with reduced track density. If 
this command is issued at beginning of tape, an exception shall 
result. 

4.3.18 READ N FILE MARKS COMMAND (1011 NNNN) 

This command is identical in function to the READ FILE MARK 
command (1010 0000) except that number of fl1e marks read is the 
binary value of NNNN. A value of NNNN=O shall cause no operation 
to be performed. 
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4.3.19 READ EXTENDED STATUS 1 COMMAND (1100 0001) 

This command instruct~ the drive to transfer the first 6 
~tatus byte~ from the extended status register. These bytes are 
numbered from 6 to 11. The table below shows the use of these 
bytes for different kinds of operations. 

• • I J • • 
',.ha k' .. , t .. hi_ .,..i.e. " .. h_ .... . ... 141f t .. , 
.,c. 

c __ 
c_ c:-..4 'I' ....... c--4 r'l ....... c--o 

-.. c--' c--o 

• .. c ..... ..... .... llee ..... LA •• -..... LA •• ..e .... 
rUe ...... Fib ".ft - . _. 

, -.c ._. ..... - ...... ~., ......... ......... ( ........ ......... 
c:.... ., .... c:.... It .. .... !'lSI 

I .. c .... ......... ........... f -- ......... t -..... .., • ...-1 

c...4 "Nil. c... Ihelr. 

• ......... ..c .~ ........ f .. c .... ........ f - ..... filet ..... \ 
~ 11_0. c:...,.., lteca 
U. U • 

'0 - ..... -- .... i. ..... tI.c ..... -..... ...c .~ -.... 
Oae .. Ihc. 
,_ .. Cfa .. 

II -..... -- -_eO -..... -- .... - .. c .... 

4.3.20 RON SELF TEST 1 COMMAND (1100 0010) 

This command instructs the drive to perform different kinds 
of self test operations. The particular types of self test 
opp.r~tions performed are vendor unique. SELF TEST 1 does not 
allow writing on the cartridge in th~ permissible recording area. 
The res u 1 t 0 f the t est sis g i'v e n as· a cod e w h'1 chi s a va i I a b 1 e in 
status register 3. The code is vendor unique except that 0001 
0001 always means self test 0[. A 0000 0000 result indicates that 
a self test operation may not have been performed. 

This command instructs the drive to transfer the follovin'g 6 
stat,u:s bytes: 

a current read file MSB. 
1 current read file LSB. 
2 current write file MSB. 
3 current write file LSB. 
II diagno:stic error code 
5 track number 

4.3.22 RUN SELF TEST 2 COMMAND' (11 00 1010) 

'... This command 1s identical in function to the RUN SELF TEST 1 
COMMAND {1100 0010) except that SELF TEST 2 allows writing on'the. 
cartridge in the permissible recording ,area. Kote: user data 
vill be destroyed. 



4.3.23 READ EXTENDED STATUS 3 COMMAND (1110 0000) 

The READ EXTENDED STATUS 3 command provides host with 
information tor fault isolation of the selected device. The host 
issues the READ EXTENDED STATUS 3 command. The device transfers 
64 bytes ot vendor unique status information to the host. 

5.0 STANDARD STATUS DESCRIPTION 

ALL DEVICE STATUS shall be contained in 6 byte groups as 
defined in the STATUS BYTE SUMMARI (5.1). 

5 • 1 

BIT 

STATUS BYTE SUMMARY 

BYTE 0 BYTE 1 EXS 
76543210 76543210 
II 111111 I I I I I I 1+-------- POR 
II 111111 I I I 111+--------- RES 

111I111I 1 I I I J+---------- RES 

11111" I J I I 1+----------- BOM 
II I"f I 1·1/ I I 1+------------ MBD 
111/1111 11+------------- NDT 
I I I t I II I 1+-------------- ILL 
11111111 +--------------- STl 
11111111 
III I I I 1+----------------------- FIL 

I I I I 11+------------------------ BNL 
If I 1 1+------------------------- ODA 

I I 11+-------------------------- EOM 
I I I+---~----------------------- WRP 

DESCRIPTION 

power on/reset occurred 
reserved tor end of re­
corded media 
reserved tor bus parity 
error 
beginning ot media 
marginal block detected 
no data detected 
illegal command 
status byte 1 bits· 

file mark d&tected ~ 
bad block ~ot located· 
unrecoverable data 
error 
end Qf media· : 
write protected~ 
cartridge 

11+---------------------------- OSL unselected drive 
---~-+.-.----.-.-.-.-.--.--- -.-.-.--.-.---........ --.-.. --.. eN L ... _car.t r.i.d.ge_not_.in ... p~ ac.e 

+------------------------------ STO st~tus byte ~ ~its 

BYTE 2 BYTE 3 DEC data error counter 

BYTE 4 BYTE 5 ORe ·underrun counter 

5.2 STATUS BYTE DESCRIPTION 

Bytes.O and 1 contain exception status (EXS) to define tbe 
reason that the device asserted EXCEPTION.. A des-cription ot each 
status bit tollows: 

QIC-02·REV. D 
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STATUS BYTE 

BIT 0: paR - The power on reset bit is set after the 
host asserts RESET or when the controller is powered up. The bit 
is reset by a Read Status Sequence. 

BIT 1: RES - Reserved 

BIT 2: RES - Reserved 

BIT 3: BaH - Beginning of Hedia bit is set whenever 
the cartridge is logically at beginning of tape, track O. The 
bit 1s reset when the tape moves away from beginning of tape. 
This 1s the only bit 1n this byte that does not set EICEPTION 
when it goes true, nor is it reset by the Read Status Sequence. 
This bit is reset when the tape moves away from the logical end 
of cedia or a RESET occurs. 

BIT 4: HBD - Harginal Block Detected bit is set when 
the device determines that a data block is marginal. This bit is 
reset by a Read Status Sequence. 

BIT 5: NDT - No Data Detected bit is set when an 
unrecoverable data error occurs due to lack of recorded data. 
Absence of record~d data is the failure to detect a data block 
within a controller time-out. This b1t is reset by a Read Status 
Sequence. 

BIT 6: ILL - Illegal Command bit is set ~r any of the 
following occurs. The bit is reset by a Read Status Sequence. 

a. SELECT command is issued with no drives or more than one 
dr1ve indicated. 

b. ONLINE not asserted when a WRITE, WRITE FILE MARK, READ 
--O-r--R-E-A,-D---F-I-L·,E--H-A-R-I~'---co m-m-a-Dd- --is 1-5 S U e-d---~ .-,---.- - --,----,----,.------

c. A command other than WRITE or WRITE FILE HARK is is'sued 
during the execut10n of a Write Data Sequence~ 

d. A command ~ther than READ or READ FILE MARK is issued 
during the execution or a Read Data Sequence. 

e. A drive is deselected by another SELECT command when the ~ 

cartridge in the currently selected drive i~ not at beginning ot 
tape, track O. 

f. Any unimplemented command is issued. 

BIT 1: ST1 - Status byte 1 bit is set it any other bit 
·".i n S tat usb Y t e 1 1 sse t • 
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STATUS BYTE 0 

BIT 0: FIL - File Mark Detected bit is set when a File 
Mark is detected during a Read Data or Read File Hark Sequence. 
The bit is reset by a Read Status Sequence. 

BIT 1: BNL - Block in error Not Located bit is set when 
an unrecoverable read error occur~ and the controller can not­
contirm that the last block transmitted was the block in error. 
The bit is reset by a Read Status Sequence. 

BIT 2: 
controller 
operations. 

UDA - Unrecoverable Data bit is set when the 
experiences a hard error during read or write 
The bit is reset by a Read Status Sequence. 

BIT 3: EOM - End ot Media bit is set when the logical 
early warning hole ot the last track is detected during a write 
operation. This bit will remain set as long as the drive is at 
logical end ot media. The EOM bit will not b~~reset by a Read 
Status Sequeiice~.- .. - .--.. 

BIT lI: WRP - Write Protected bit is set it the 
cartridge write protect plug is set in the tile protect ·sate" 
position. Operator must change the write protect plug position 
belore the status bit will reset. 

BIT 5: USL - Drive Unselected bit is set it the selected 
drive is not physically connected or is not receiving pov~r. 
Operator must correct the condition betore the status bit vill 
reset. 

BIT 6: CNI - Cartridge not in Place bit is set it a 
cartridge is not fully inserted into the drive. Operator must 

correct the condition betore the status bit will res~:~. "-'-<-e' .. r-b-l .. ..-..... _._--.--.1 
---·~-I-T--1-·:· S-T-Q--u-St·a tus By t'e-O-b-1-t--1-s--s'e t 1t .... J _ '"" .. 

in Status Byte 0 is set. , .... ,'.-

Reter to EICEPTION STATOS SOMMARY and EXCEPTION STATOS 
DESCRIPTION tor turt~er explanation. 

Bytes 2 and 3, contain the data error cou~t.r (DEC)ivhich 
accumulates the number ot ,blocks revritten tor WRITE\i 
and the number ot sott read errors during READ ~per 
b:rtes shall ~e cleared' b:r a Read Status Sequence.:..:,' 

. ."':'> , .•. " ., ',.-;;. . ·l~vf:~' . ," - . ,; 
, ",Bytes " and ·'S:;·contain>the 'un'derr,'un;'i;coue ...•..•.. 

.. accumulates .the;· number:ot :ti·lIle's:{:that.: streall1.it"g~vas . 
. :,,: becaus~~;?host tailed:iito:maintain~::mlnimulllk;throug~:puti{ 
"b:rtes :i,~shall be'. cleared by a Read·Status,S uence 
. . . ..' " ',. ~ ":h," ,- \ ,., .' • ·~:.)l.,./,,)i.;~:)'··fw~ti··. i',,:<,.. '.'.' "'t:;, .• ·:.';.~,:,,)~i~,:',~·~,?:\ ""-I.~~~.~ .. ~~,':'.;'l: .. ' :.,' " ':f';.~ ili.;4;J~:.!fI\:;j:::';'.i'" 



5.3 EXCEPTION STATOS SUMMARY 

1 • 
2. 
3. 
4. 
5. 
6 • 
7. 

8. 
9 • 

10 . 
1 1 • 
12 • 
13 . 
14. 

BYTE 0 BYTE 1 DESCRIPTION 

76543210 
11010000 
1111"0000 
10010000 
10001000 
100lOl00 
100I0100 
10010110 

10010110 
10011 110 

100lOl10 
10010001 
XXXlOOOO 
IXXXOOOO 
100lOOOl 

76543210 
00000000 
00000000 
XOOOXOOO 
00000000 
10001000 
00000000 
00000000 

------:... 

No cartridge 
No drive 
Write Protected 
End of Media 
Read or Write abort 
Read error, bad block 
Read error, filler 
block xfer 

xfer 

10100000 ------- Read error, no data 
10100000 ------- Read error, no data 

& EOM 
101I1XIO 
00000000 
1100lOOO 
1000I001 
00010000 

Read error, no data & BOM 
Read a filemark 
Illegal command 
Power on/reset 
Marginal block detected 

NOTE: I denotes ·could be either 0 or 1· condition 

5.4 ElCEPTION STATUS DESCRIPTION 

1 • NO CARTRIDGE -
when BOT, 
issued or 
selected. 

Selected drive did not contain a cartridge 
RET, ERASE, WRITE, WFM, READ or RFM was 
cartridge was rem 0 v e d v h il et h e d r 1 v e "',1 s 
FATAL. 

2. NO DRIVE - Selected drive was not present when BOT, RET, 
ERASE, WRITE, WFM, READ or RFM was issued. FATAL. 

3. WRITE PROTECTED - Selected drive contained vrite protected 
(safe) cartridge when ERASE, WRITE or'~'~WFK vas 1ssued. 

---'--;OF;-;A-;;OT;--;A~L .----. 

4. END OF MEDIA - Tape has passed the logical early varn1ng 

5. 

hole' of the last track during WRITE commind, 
CONTINUABLE. 

~EAD OR WRITE ABORT - The maximum iimit 
rewrites occurted during a WRITE or W 
unrecoverable. reposition error 
\lRITE, WFK, READ or RFM .. command. 
t 0 BOT. FAT A L •..... . ' 

same-block 



7. READ ERROR, FILLER BLOCK XFER - The maximum limit of same 
block retries failed to recover block without CRe 
error, last block transferred contained filler data 
to keep total block count correct. CONTINUABLE. 

8. READ ERROR, NO DATA - No recorded data found on tape. 

9. READ 

CONTINUABLE. 

ERROR, NO DATA AND EOM - The maximum limit of same 
block retries failed to recover the next or subsequent 
blocks and the logical end of tape holes on the last 
track were encountered. CONTINUABLE. . 

10. READ ERROR, NO DATA & BOM - During a reverse motion command, 
the maximum limit of same block retries failed to 
recover the next or subsequent blocks and the logical 
beginning of tape holes on the first track were 
encountered. CONTINUABLE. 

11. FILEMARK READ - A filemark block was read during a READ or 
RFM command. CONTINUABLE. 

12. ILLEGAL COMMAND - One of the following events occurred: 

a. Attempt to select other than one drive. 
b. Attempt to change drive selection when tape has been 

moved away fro!!! BOT by a read or write operation. 
c. Attempt to BOT, INITIALIZE CARTRIDGE, or ERASE 

simultaneously 
d. Attempt to WRITE, WFM, READ or RFM with OHLINE off. 
e. Attempt to issue a command other than WRITE or WFH 

during a WRITE command. FATAL. 
f. Attempt to issue a command other than READ or RFM 

during a READ command. FATAL. 
g. Attempt to issue any command not implemented. 

13. POWER ON/RESET - A power on reset or a reset by the host has 
.~ccurred - FATAL. 

1.. MARGINAL BLOCK DETECTED - A marginal data block was detected 
by the device. CONTINUABLE. 
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STREAMER TAPE OPEWA1'ION 
T h i·:: ~:; !:: I'" C' ;':1. m (' I' ,.:,. :' (: '.:: () n l~ j" Cl J. 1 (.:.: I'" i ~:; r:: ;.~. F' ::;'. h t ,:." ': 0 (.:.:. >:: C C IJ t: ,,,,. ~'" <;; e t: 0 f 
cClmmands of the (LC .. 02 interfacE. 
T h (? I" (.:: :.":l ,... C two t:.,.- I" C';:: () {" c n fI'I m ;:1. n d ~::. : 
- OF~ LINE COMMANDS 
- ON LINE COMMANJS 

OFF LINE COMMANDS 
Thcsc.k inds of commands don't: require data transfer 

COt-H1AND HEX COMMAND VALUE ON DATA BUS 

- RESET DATA BUS NOT USED (HW command 1 ine) 
DO T ;;'~'1 

- CARTRIDGE INITIALIZATION 24 
.... ER?lSE 
- WRITE FILE MARK 

PEf.':If) FILE hM~K 

ON LINE COi"1h(:IND~:) 

':) .:> 
(.; ...... 

Th0sc kinds of commands require data transfer 

COrlM~tN[) 

.... I~EI~D STATUS 

.... f~EAD DATA 
-. (,JRITE !)(;T(i 

HEX COMMAND VALUE ON DATA BUS 

F"I"I TIIEORY OF STPEtl1'1EP OPEHtlTION 
The D.C.S. controller can operate in two ways: 
.... INTERRUPT t10DE 
-. POLLING MODE 
There are two different types of operat: ion. 

TNTERHUPT l'iODF 
IJ-lhc·n the hDS;t: 1)..1;3.nt:~:; to OF":-::I"ate in int:E':I"I"upt mC)d,?:~ it must: 
program the resister of the B.l.M.as shown below. 
C.H.D. i~; not Il~;'('::'d 

C • R • "1. i ~;; I" C ';: ~? I" './ e cI f () I" I. f'l • [) • C. IJ. ~; E: 

C. I~. ;2. i ~:; I.J. <".c·d ·f·o I" I'" e<.,d y i nt (;';1'" r'1.1 pt: (t <'-1. PI'':; ) 

C • P. ::l • ! ~:; u. ~; E cl -f D ". C >~ c: E P t ion i n t ('::'1" I" 1..\ P t ( t <:'. P f,: ) 

H"! ·(t i ~; t: he h e >~ <~\ dec i m ;"'. 1 v,,,, II.!. e t h ", t: t: h.:::·: h C)~; t 1lllJ. ~:; t: P Il tin t: 0 

t he C H;:! :::\ nel (.; 1:<3 1""' c·' '.:.1 i '''. t: Cl"~:: for t ,',\ PC i nt: CI'·,'· U 1"1: PI' 0:;) I" ,,\ 0'1 In i 1')9 • 

T h C' i n tel' I" II. I' i:. '/ c (; t U I' .. ':: :.~ i ~::. tel""' mI.!. '" t <''t 1 '::: Cl b .;,; p \" (;) P C'I" '1 y ~,; c t lJ. P • 



T h ,,:~ h C) ~::, t: 11' I.! ',: \.: 1),\ i' i t i' i n t: () t: !'H? C. F,:. ("I. < c(I1!'in:,;.nd /" C~,' j <,,\: el'" ~"W it (') 
the he>: \/;""\1;)(' HD:3 ,:',ne' the n v,) <,', i 1: 'f Co !' t: he c.: i< c e p tic, n 
i n t: e I" 1'- U p t: , ;:~ ftc r t h ,',\ t: the host: have to write HOD into thE 
C.R.W. 
T I', C I" C' ':,:, (' t: 
~?~5u.~) • 
(\ ftc I'" <'~, P () \. • .\ C :" () n c) I" ::;\. t", (, ',; r~ t ~;:, e "I IJ. C n c f~ i:: h ,,:: d c vic e l,,: ill ,":l, '::; ~::, E r' \: 
thE EX C ~; i !;) n ::,\ 1. 1 f ::,\ P E: b E: T ';;; E '"I U, C 1'1 C F U C c: U i' !i,.I h i '1 c the L)( C 
1 i n E i !:; :.:\ 1," E ", d y <", ~:: ~;, (.,: ("" ted i:: h e h C) ~,:, ':: m u ':;;. i:: t ':: ~:; t: t h (,,' [: X C bit: 
:.:"nd, if th(,::' bit i~;; ::\ctiv(,:,:, fini<;;h the FE';;;ct OP(':'~I"<:It:ion th;:,t 
i '::' t(:> !:If:,: con'::, i dCI"'I:;~d COI"I"ec:t:. 

P FWG R{.\/'ih T NU I-los t flJr" i t: E~:; HUg i nt 0 t h~:: C PLJ • i~d,'t PI" t h(,:,; E)<C (~pt ion 
i nt €::I",..'I,lF'i': t: he ho:::,t IJJ;' i t e~::, HUG i nt 0 t hc C Rt~. 

F "1"1. "1.2 BOT 
Make the Fewind of the tape at the be9inning 

F 11.1.3 CART. INIT 
Reposit: ionin9 the 
end of tape mark. 

I:>C':!:1 i nn i ri::,1 t: he 

F '1 '1 • '1 • 'ft E H (.~ S E 
Erase the tape 1.1 n t i 1. the end. Ix e po!:;, i i: ion i n!J thE: l:: a f' (7: ,;I. t t h (,:': 
bf'~!,:.! inn i" n9 • Th i ~c, CCHIHn::HH:i ':ICt iVE (:\ I"t~C)ceclur'e 1 ikE: 
i nit i ali Z,,\ t: ion. 

PROGRAMMING The host must write into the DRW the hex value of the 
desideFed command (H21,H22,H23). 
The host writes H02 into the CRW to assert the request 
line. The host must then wait for a ready interrupt. 
When it: i~;; det.::-:c:t:ed ho':;;1:: wl~it:e-:::, HOU into the CHW in 
Qrder to deassert the re9uest line. At this point the 
tape begins the ~otion; host will wail:: for the next 
ready interrupt issued at the end of opeFat ion. 

F 11.1.5 WHITE/READ FiLE MARK 
I tis 1.1 !:; E? d t: 0 Ii.!!'- i t: e: ct f i 1 0: ill c\ r k (:) n t: h f:: CUI" I" c.z' n t f' O!E- i tiD n C) 'f 
the t aF'e. 
Read' file mark, instead. move the tape from the cUFFen!:: 
position to next file maFk. 

PROGRAMMING Th~ host wFites the value of the Fe9uested off line 
command into t~e DRW. Then it writes H06 into the CRW 
to activate the REGUEST and ONLINE lines. Then it will 
wait for the first Feady interrupt.It will then write 
H04 into the CRW in order to deact ivate the request 
line, then it will wait for the next ready interrupt. 
i) nth f.,: n e ~< tin tel" ,,. 1.1. P t t h f~' h 0 ':;; t c ,'~, n 0 pel" :;:\ t: (,,: j n two W <.'\ Y S : 

it can besin a new opcrat ion without 
deactiv~tc the ONLINE si~nall that: mearis the 
tare is not rewaund. 

it can begin a new opcration deactivating the 
ONLINE ~::,i~:ln:::\1; in thi'''; c:a~:;t:: the t'.:l,P0: is ,..'elAlCll.I.nd 
"l,t i: he bf::':'!.'! i nn i n~3 :,~,nd t hen ,~, I"e'":l.dy i nt el"I"I.lf't i!:; 

,:;,:': nt t D t h(,-:; hi:·::it 



Fi -i . -I •. ~) l,_! R T T E [) (.:, T t, 
The host put on the data bus the WRlfE COMMAND and it 
::: ... ::;SCI,.t~; the FTOUL~::-i ::;)I11:! OI·JI_JNE 1 inFs;. Then it ~,.!:::\it for- :,,_ 
i-- e ,-;\ d ~". i n i:: (? I" I' i __ '. Ft. T h (';: cI C \l i c (-:: I:! (,:-':: () iI\ 1;::- -,,;- r- (-:- :::' d :-/ <:1_ ftc' I" h ,-~_ 'v' j n:~ 

clcc:odFd thf:,: cOil'im:::,nc! :::\nd ::;\nothl':-~r' in\(-::-{'-r-u.pt i<:c <:Jcn(-:-I",,\tecl. (It 

thi~:; point: ti.::-- ho::;t C<:I,1'l send the chal"'-:i.ctcr--,;; D") the d<~_t~'I bl)-",­
i n bID c: k!:; 0 of ~:i --\;! b y t E ~;; • F ::;\ c: h b 1 0 c: 1< m u, ','; t bEt r- :;;\ n!:; f c::: I" r' f2 c\ i n -~,_ 

period of at most 5.6 ms, otherwise the tape will stoP. At 
each character transfer the software shou.ld poll the OfENBL_ 
",;i~~n<>,l: only if it: i~;; e<~u,ll to :~:EI~O the,: ho!;;t: C,ln 11-Jr--iI::E: ,,_ n~:;IJ.j 

data onto the bus. The transmission protocol carriEd on is 
this: the data transfer signal DXFER must be set to 1 by 
software. By a losic network we have automat ic cDmmutat ion 
Cl f D X FER, (1.) h (,: nth e d (,: vic e s , w h i c: h ,-- \'I:; !:: l" Cl n d IN it: h . the 
ACKNOWLEDGE signa1, take the data. At thE end Df the block 
the device return to the ready status and a ready interrupt 
is sent. If the host deaet ivates ONLINE signal the dEvice 
make the rewind to bot and the device will be ready when the 
besinnins of taPE is reached. 

F 11.1.7 READ DATA 
The host puts on the 
like before. When 
change the DlR signal 
ACK. Now the data 
~:c.e(" C) by 
i ·f it: 
I"ead i fig 

!:; i £I n"d I 

data bus the command and the signals 
t: he d~:: ..... i c:e i~; l"(:-;'<:\dy, 'c h(,~ dEv i ce ~J.) iII 

put the data on the bus and assert 
transfer signal DXFFR must be reset to 
software must poll the DTENBL and only 
zero the host can read the data. The 

~;;ClftW<':I_lre. Thi!:: 
is (7;-<:11.1::'\ 1 to 
of ;:\ f i 1 e m;-:\(" k 
t h"l_t ~:) c net'- at f,:S 

cause the Issue of the EXCEPTION 
another interrupt request. 



r: ··il.? POLLING MODE 
T h (2 d 1 f {.' C j" C 'v 
po'll i HE) mod C :;:'.r· e 

of operation between interrupt 
shown below. When the host want to 

mod E: "iI. n d 
I.Am 1" kin 

Pc) 1 11 n ::'1 111 (1 d e i t: Wi I! ,::. t: d i ':::. ;.~. b 1 E·:' t: 1'\(,::, BU"! ',i ; t i r i :,'i H U U i r)!:: Ci t: h (. 
Ire:'.! i :,tEI"S CP;? ;::,nd (,:1:'3, in ol"der' to dc<:ct: i '.,.':::;;:,c-:. the:,' i ntEI"I':.I.pl:·,: 

tu t:',e CPU,. In tl'ii!:; modE:' the ':;i~'!n:::,i.·: i~i:(H)Y ::i.lld [XCEPT]:(H< 
( .. ,!i!.1 not 9~::ncl';:\tc:' the' intc·I"I"IJ.Pt: :::'.ne! ·I·cil" thi~:; j"'::"sun thE: 
':; () f t W ,!\ 1" ft m 1.1 !'; I:: c: () Ii t I" 0 1. t hie:,' '::, t: :,:l t IJ. !;; 0 f t h (.: d c·; \1 I C (.:.:. ~:: .• 

F '\"1. ;;,l,'1 PESET 
First of all thc host writes HOB into the CRW to 3CnftratE the 
REbET CCHIHI'<HH:l. ThE' :;,o,(·'tw;:;ln:: t:hf;~n poll the C/C, t.Jhich is th.-,,: 
bit: !5 '·of the CPH. t,jhEn it: :'30E:S to (), th(? F[~;E:'i F"i.11!5€~ mu':;t be 
h c '1 d f Dr at 1 e <II !'; t ;,!. ~,:j u ~:; m Cl r' e • 

I:' '1'1.;?:3 DOl', CAIH. INIT, [IM~~E 
AftEr it activates the REQUEST, the s/w must test the READY 
si9na1 and reCOgniZE the sequence: 

READY = 1 90ES to 0; 
READY = 0 goes to 1 

OnlY when I"('o'ady tUlrn~::, on ,~:.~ain, th0: hCI:;t C:3,n d(":(':l.~:.!5er't th(·:,; 
request signal.Having detected the de2ssert ion of the 
REGUEST, the device will set READY low and at the end of the 
operat ion it will turn the READY 1 ine on again. 

F 11.2.4 READ STATUS COMM, 
In this case, as in all on-l inc commands. a data transfer is 
rif::cdt2d. The ho~>t 1,4.1 iII i ~:;:;lJ.e t hE~ commclnd cude, :;E;~;;",:r·t t hE'~ RE(~UE~3T 

line and then it will poll the READY line after the assertion of 
F<EOUEST '1 i ne. When I"c:,,\c!y 901::::; flrom "j to D, in /1 U~::, t hE host ml.J,~5t 

deassErt the REQUEST. The deviCE will be rEady in 100 us max 
aftEr the preparation of the status byte on the bus At this 
point the host must: read the status byte and then respond with 
REQUEST ~oconfirrn that the byte is taken. ThE READY signal must 
be recognized to 1. In any case the request PUlSE signal must be 
at least 20 us long. 

F 11.2.5 WRITE FILE MARK 
The host ~ust issue the command code and then assert the ONLINE 
and REQUEST command 1 ines.The S/W must then poll the READY 
s~gnal to detect the transactions from 1 to 0 and then ~rom 0 to 
1 before .removins the REQUEST. READY 9Cles to 0 after 100 us and 
goes to 1 after execlJ.t ion of this command. At this moment the 
host can re$ove ONLINE and thE tape will rewind to BOT. 

F 11.2.6 READ FILE ~ARK 
The hO!5t must i s:;l.l.e t: h~;,' command code and t hf.,~n a!:;':;E,~r-t: t he ONLINE 
and REOUEST command 1 ines. The S/W must then poll the READY 
signal to detect the transactions from 1 to a and then from 0 to 
"I tH::"Fon~ rernov i 1'19 the,:' PEQUEST. Re(':\c!y Ir(-~rn<:,; ! n~:; "d: Cl clft E~r t hE~ 
(:;:'~::,ecl.1t ion of the cClflimand. The EXCEPTION ~:;i:::ln<:\l is :;:.,ct ivat:€~d WI'H2'1'l 

it 90es to 1. The s/w must PDl] this sisnal. 
F' 11.2.7 WRITE/READ DATA 

T h fl: h o~:; t: a!:; s ft r t t h E~ I"I?:~'~ IJ. e !:; t.: lin f!: <:~ n d c (~. n d e <'~ ~:; ~:; (:: r tit C) n 1 Y ('~, f t: ~:"Ir 

that the s/w has tested thc transit iClnof ready from '1 to 0 and 
from 0 to 1. Inside the block, the data exchange protocol works 
as explained before The hClst must test the ready 1 ine betWEen 
each block, before starting the next. 

'c sDftware must control the EXCEPTION signal that can be asserted 
any time durin9 the operations. 


