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SECTION I 

INTRODUCTION 

This document defines the performance specifications 
and operating characteristics and also sufficient 
information for designing an interface for Kennedy 
series 9XOO digital synchronous tape transports. 
Models 9000, 9700 and 9800 utilize tension arms for 
tape buffering and offer tape speeds up to 45 ips. 
Model 9100/9300 utilize vacuum column for higher 
speeds and are available for speeds up to 125 ips. 
Series 9XOO provides reel sizes of 7, 8~ and 10! 
inches. (Refer to Section II, Tables 2-2 and 2-3, for 
operational specification.) 

1.1 GENERAL DESCRIPTION 

The Kennedy series 9XOO is a digital synchronous tape 
transport that with proper external formatting 
control is capable of reading and writing IBM 
compatible tapes. Typical applications include 
operation with minicomputers, high speed data 
collection systems, and computer peripherals. 

The series 9XOO is equipped with the electronics 
necessary for reading and writing tapes and for 
controlling the tape motion. The head specifications 
and the mechanical and electrical tolerances of the 
series 9XOO meet the requirements for IBM com
patibility. However, the formatting electronics
parity generator, cyclic redundancy check character 
(CRCC) generator, gap control, etc. - are not 
included and must be provided by the tape control and 
formatter in order to generate properly formatted 
IBM compatible tapes. 

The standard series 9XOO is available in 7 or 9 track 
NRZI and 9 track phase encoded recording 
configurations. Standard data recording densities 
are: 200/566 cpi or 556/800 cpi for 7 track NRZI, 800 
cpi for 9 track NRZI, 1600 cpi for 9 track phase 
encoded or 800/1600 cpi for 9 track dual. 

On Models 9100/9300 a tape unit select switch and a 
density select switch are provided as standard 
features. 

The transports feature the industry standard 
interface so that similar system design considerations 
pertain to all 9XOO series trllnsports. 

1.2 FEATURES 

* Industry compatible interface 
* Automatic read threshold scanning 
* Off-line customer engineering test panel 
* Marginal skew check 
* Quick release hubs 
* LED indicators 
'" Read-after-write shortened skew gate 
* Crystal controlled timing 
* Switch selectable addressing 
* Small functional printed circuit cards 
* Variable capacitance tape location detector 

(Models 9100/9300 only) 
'" Simplified tape loading 
* Automatic power restart (optional) 

1.3 RELATED DOCUMENTS 

a, ANSI X3.22 Recorded magnetic tape for 
information interchange (800 cpi, 
NRZI) 

b. ANSI X3.39 Recorded magnetic tape for 

c. ANSI X3.40 

d. Model 9000 

e. Model 9000 

f. Model 9100 

g. Model 9100 

h. Model 9300 

i. Model 9300 

j. Model 9700 

k. Model 9700 

I. Model 9800 

m. Model 9800 

information interchange (1600 cpi, 
PEl 

Unrecorded magnetic tape for 
information interchange (9 track 200 
and 800 cpi, NRZI, and 1600 cpi, PE) 

Product specification PN 102-0025-
001 

Operation and maintenance manual 

Product specification PN 102-0019-
001 

Operation and maintenance manual 

Product specification PN 102-0020-
001 

Operation and maintenance manual 

Product specification PN 102-(}(}26-
001 

Operation and maintenance manual 

Product specification PN 102-0027-
001 

Operation and maintenance manual. 
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SECTION .. 

SPECIFICATIONS 

Although all· Kennedy tape transports feature a 
common electrical interface, the various models are 
uniquely packaged. This section provides mechanical 
and electrical information to interface 9XOO series 
Kennedy transports with any computer system. 

vertical transport mounting. A fan is pr'ovidcd in 
Model 9300 for heat dissipation. The opcrHting I'Hnge 
of the units is consistent with nor'mal environments; 
however. care must be taken when enclosing the units 
to provide adequate air flow to assure that oper'Hting 
temperature limits will not be exceeded. 

2.1 MECHANICAL SPECIFICATION 

Tables 2-} and 2-2 lU'e summaries of operational 
speci fications for Kennedy tape transports. When 
integrating a Kennedy transport into a system, it 
should be noted that the units utilize convection 
cpoling as the sole mealls of heat dissipation (except 
Model 9300) and that heat sinks are oriented for 

In the case of horizontally .mounted units. it IS 

suggested that forced air cooling be utilized. 

All necessary mounting and interfacing hHrdwur'e lire 
provided as an installation kit with each unit. 'Figures 
2-1 through 2-5 provide details for rack mounting and 
installing the various units. 

2.2 OPERATIONAL SPECIFICATION 
MODELS 9100/9300 

Model 

Data Density 

Number of Tracks 

Format 

Tape Velocity 

Instantaneous Speed Variation 

Long Term Speed Variation 

Interchannel Displacement Error 

Read Data 

Start/Stop Time 

Start/Stop Displacement 

Gaps 

Parity 

Tape Tension 

9100 

1 Track - 200/556, 556/800 CPI Same 
9 Track - 800CPI, 1600 CPI, 

800/1600 CPI 

1 or 9 Read after Write Same 

NRZI/PE IBM Compatible Same 

15 IPS 125 IPS 

+/-3% Same 

+/-·1% Same 

150 m inches maximum 800 CPI Same 
200 m inches maximum 556 CPI 

NRZl1 or 9 Data Output Levels Same 
Deskewed with Read Strobe 
PE 9 Output Levels peak and 
envelope detected 

9300 

5 MS +/- 0.5 MS.at 15 IPS 3 MS +/-0.3 MS at 125 IPS 
Inversely proportional to 
tape speed 

0.1815 +/-0.0125 inch Same 

Externally Timed Same 

Externally Generated Same 

8.0oz Same 

Table 2-7A. Operational Specification, Models 9700/9300 



Model 

Reel Size 

Drivc System 

Tlipe Buffcr' 
Tape Detcction 

9100 

10.5 inch 2400 feet 
1.5 mil 0.5 inch wide t!f.pe 

Single Capst!f.n 1800 wrt.tp 

Vacuum Column 
Capacitive 

206-9XOO-020 

9300 

Same 

Slinl<.' 

S!f.me 

Rewind Speed 200 IPS nomint.tl :soo IPS nOlllinul 
.. _ .. _----. --------_. -----.---------.----.------.--.. . - .---.•... 

E I cet rOil i ('s TTL 
.------- ... -----

T!f.pe Unit Inler'rHee 

Physiclil Dimensions 

TTL Industry Compatible 
Low True 

24.5" H x 19" W x 21" D 

Same 

Same 
--- -------.-----~.- .. -

Mounting Standard EIA Rack 
.. __ ...•. _ .. - .. __ ... _-_._._------
Weight 155 Ib 

Power 

Operating Teinper!f.ture 

Altitude 

Humidity 

Options Available 

115 VAC +/-10% 48-60 Hz 
750 wJHs maximum 

0-4000 feet 

15 to 95% noncondensing 

. High Altitude Kit 
Special Paint 
230 VAC 

Same --_._---
170lb 

Same 

Same 

Same 

Same 

Same 

Table 2-78. Operational Specification, Models 970019300 

2.3 OPERATIONAL SPECIFICATION 
MODELS 9000/9800/9700 

Ifodel 

Data Density 

Number of Tracks 

Format 

Tape Velocity 

Instantaneous Speed Variation 

Long Term Speed Variation 

Interchannel Displacement Error 

Read Data 

7 Track - 200/556, 556/800 CPI 
9 Track - 800 CPI, 1600 CPI, 

800/1600 CPI 

7 or 9 Read after Write 

NRZI/PE IBM Compatible 

10-45 IPS 

+/-3 percent 

+/-1 percent" 

150 m inches maximum '800 CPI 
200 m inches maximum 556 CPI 

NRZI 7 or 9 Data Output Levels 
Deskewed with Read Strobe 
PE 9 Output Levels peak and 
envelope detected 

7 Track - 200/556, 556/800 CPI 
9 Track - 800 CPI, 1600 CPI 

7 or 9 Read after Write 

NRZI/PE IBM Compatible 

10-37.5 IPS 

+/-3 percent 

+/-1 percent 

150 m inches maximum 800 CPI 
200 m inches maximum 556 CPI 

NRZI 7 or 9 Data Output Levels 
Deskewed with Read Strobe 
PE 9 Output Levels peak and 
envelope detected 

9'101 

7· Track - 200/556, 556/800 CPI 
9 Track - 800 CPI, 1600 CPI 

7 or 9 Read IIftcr Writc 

NRZI/PE IBM Complllible 

10,-37.5 IPS 

+/-3 percent 

+/-1 percent 

150 M inches maximum 800 CPI 
200 M inches maximum 556 CPI 

NRZI 7 or 9 Data Output Levels 
Deskewed with Read Strobe 
PE 9 Output Levels peak and' 
envelope detected 

Table 2-2A. Ope,ational Specification, Models 90001980019700 



Model 

Start/S,top Time 

Start/Stop Displacement 

Gaps 

Parity 

Tape Tension 

Reel Size 

't 
. .Drive System 

~ervo Buffer Arm Positioning 

. ewind Speed 

~lectronics 

Tape Unit Interface 

Physical Dimensions 

&tounting 

Weight 

Power 

Operating Temperature 

Mtitude 

H~JlIidity 

Options Available 

IS MS +/-1 MS at 25 IPS 
Inversely proportional to tape 
speed 

0,1875 +/-0.0125 inch 

Externally Timed 

Extern/illy Generated 

8.0 (+/-0.5) oz 

10.5 inch 2400 feet 
1.5 mil 0.5 inch wide tape 

Single Capstan 1800 wrap 

Electromagnetic 

150 IPS nominal 

TTL 

TTL Industry Compatible 
Low True 

24.5" H x 19" W xlI" D 

Standard EIA Rack 

90lb 

115 VAC +/-10% 48-400 Hz 
UL approved 

0-30,000 feet 

15 to 95% noncondensing 

37.5,45 IPS 
Switch Selectable Addressing 
Special Paint 
230 VAC 

.-
15 MS +/-1 MS at 25 IPS 
Inversely proportional to tBpe 
speed 

0.1875./-0.0125 inch 

Externally Timed 

Externally Generated 

8.0 (+/-{).5) oz 

8.5 inches, 1200 feet 
1.5 mil 0.5 inch wide tape 

Single Capstan 1800 wrap 

Electromagnetic 

120 IPS nominal 

TTL 

TTL Industry Compatible 
Low True 

12.5" H x 19" W x 130" D 

Standard EtA Rack 

45lb 

115/230 VAC +/-10% 48-500 Hz 

0-30,000 feet 

15 to 95% noneondensing 

25,37.5 IPS 
Special Paint 

206-9XOO-030 

1 , •. \IS • ;-1 \IS lit 2:; IPS 
InvC'I'M'ly propOl'liunlll 10 IlIpC' 
speed 

0.1875 +/-11.0125 inch 

Externally Timed 

Externally Generllted 

8.0 (+/-0.5) 0;( 

7 inches. '600 feel 
1.5 mil 0.5 inch wide til PI' 

Single Capstan 18110 wrup 

Electromagnetic 

120 IPS nominnl 

TTL 

TTL Industry Compatible 
Low True 

8.75" H x 19" W x 13.0" D 

Standard EIA Rack 

35lb 

115/230 VAC +/-10% 48-500 Hz 

0-30,000 feet 

15 to 95% noncondensing 

25, 37.5 IPS 
Special Paint 

Table 2-28. Operational Specification, Models 90001980019700 



LH'CI'~ IUut 

, 

o 
o 
o 
o 
o 
o 

11 ...... --------- CU:~~I ---------... -1 .".-

III' __ "_III' 

,. _ "'Ul"" .___ RIIU.'_ -----, _U_,_,, ___ 
,. --." ,,_. am_ 

-

.....-

Ir.n 
'".101 

~ 
..;r-- ! 

:1."'1.1' 

t 

• 

i-=::1 ~Q.H :1.161 ".,tAL 
I. •• (l./11 ""Ul 

T 
'.aOIlO.I6I 

fY'IC"~ 

Dl1&1L1 fn. 11 ~~ 
OPU&1I01.,1t01i. 
I~U IIS(I '0' 
DIIII('~ 10-' I 

• l;)ltfIt IoJ' .:UAtlUft 
~\lIl.~t,)ll· ·~"t ... 
.11'&1.' rOIIlO,O""fllllf 

J 

l 
.. ,. U", __ 

l 

" 

aUJI . 

'.-.s'O,T 
~O'TlOl 
"S'(lIO"O 

.--

pc 

c 

C 

IC 

Figure 2-1. Model 9000 Outline and Installation Drawinll 



fiO- 40 I j 

~ 

: 
::~ ;; 

I -:~ 
:;;~ S.Ol 

(1l.1S) 

1 
.r • ... f- d:::1 (.111 

IIOT[: O!ilI(NSIONS fIRST SHOWII ARE IN INCHES. 
DItIENSIONS IN I"UENTHESES ARE U CENTIMETERS. 

"OUNT I liS HOl E S Aft( FOR 
HIC NUIHIL T n'E SLIDE 
NO. ClOO·H (NOT SUf/PLIEO 
WiTH UNIT) (DINE.SIOIliS 
HP! CAL Olt eOTH 511)[S) 

\ 

\ +-r 
I I 
! I 
I ' 

I--,l:lli 
i4.ZS 

(]6. Z1t 

tmu,Hl/IIG 
SURfACE 

"'" "\ 
--+ 

IU:I- 1. 4O 
(1.!i5 ) 

ta.11 
("2.U) 

I> 

f-

I:: :: r-" 

1 
B.ll 

fll. I '1 

-I--L 

I--d , '1 

• 

MOUNT I ItS 
SURfACE 

Figure 2-2. 

17.00 ------------.... 
(43.18) 

--------

1.00 
{I. 5t I 

IUI.-1101_11IO. 

~
" '-C.U) I 

. ~ ~'UJ 
.......... ! .IS 

11.14) 
onAtL " ... " 
t", I tiL SLOl 
'UTU. 

Model 9700 Outline and Installation Drawing 

N 
C 
en 
ch 
>: 
c 
c 
I 

C 
CJ1 
C 



41".11 

1.00 
II,ItI 

• r.,11T 'cwn conlCTG. 
{ •• " c'IU tll-GOU·OOI 
'UJPlIft Willi uta I 

.'1 (Qlr.Ol (O"UHlI 
"'TlIl 'O'.'CTOI PAl' 
IVOlIU Ill-00M-Olt. 

e" .II'f tOlltfCfOI 
.. tI IS cO"H fOI nIT 
...... u l-QOU-On 

.~ ,,&{ .. ." •• ~ 

--
DltST t:llnlt OPUS 
.II'''OJUIlT£l' 
Ito H&lns. 

• .11- 1/1. J't11f .-,~ 'III' 
""",UI ;~. )'''U· 'f-

-
~---------- .1' ;'. 

~T 
G) ,,<: 

lb~"\ ~~l 
!, 

~
'-l .. I 

-=f,n 
., 

, '. 

--. 
.j 

flo·,allt! 

Figu,e Z-3, Mod., 9800 Outline lind Instllllation O'llwing 



410-401' 

11.00 
(48. 26 ~ 

J.OO 
(16. lOI 

, 
C, 

4.47 
l.lS) 

17"~ ' ... "~ I 

I J 
\ ---- -----r-- --------\..----

c:r I: • 151515151 . 

\ 

\ '\ 

\ 

L- 19.00 
4.26' { . 

MOUNT I ,,,. 
SURFACE 

OUST caVER OPUS TO A"IOX 120 DEGREES 
FOR ACCESS TO TAPE REEL!:. 

DECK ASS£H_tV EXTENOS ON SLiOH 
FOI ACCESS TO TRA.spaRT I ElECTRONiCS 

F;IST DJ"U'SfOIfS ARE SHOIIIPt IN INCHES 
D;MUSIDNS IN PIRElrtTH[sES AlE ;If CEHTJMET[IS 

-_:-U;;EItL,IE OF 5LI-.'------

12. 2~ 
(ll.UJ 

Lli~~====~---tJ. 
'1.111 

• 

Figure 2-4. Model 9100 Outline and Installation Drawing 



.... 
fI.UIT" , 
f 

l-t-

~ 
'!"-

t tr 
,. Z5 I-on"'~~ 'I.J •• 11.11, 

I-; 5.J~,-
IIl.U' 

. T- 0---;;;;;;; ........ ---

flU}, 

I I 

1.10 
11 .• '1 

...t 

.... ~. 
IJ:UlU;-

OJ 
nl 

'IlSf DI_(ISI_' ... 5"GH .. ,IUlS. 
" •• UDI, II 'Plat .. ln a. II "1""fUt, 

IIh ,",'t· 

I 

" 
• •• 11.,.6' 

, ... 7.". 
t 

,. .. ' 
tr,nl 

I 
" 

I: : 

,..... . . ""=:1 

-- -" -'--- -,-... -------J 

66061 

\ 

\, 

, 
\ , 

" 00 • I". III 

Min (ft,. 0'[1' TO •• 'HI .... ns f" attus 10 , .... IULS • 

• 

Flgu,e 2·6. Model 9300 Outline and Installation D,awlng 



306-9XOO-O 10 

SECTION III 

PHYSICAL CHARACTERISTICS 

3.1 CONTROL AND INDICATORS 

An illustration of eontrols lind indieators on the series 
9X()O transports is shown in FigUl'e 3-1. These local 
contr'ols and indieHtor's ar'e utilizcd to prepal'c the 
tnHlsports for' oper'ution lind to monitor' key functions. 
Thcy are descr'ibed only to pr'ovide gr'eater 
familiar'ization with tlr(' tlllits. 

3.1.1 POWER 

On Models 9100, 931111 lind 9700, ther'c is a momentary 
pushbutton switehiindieutol' which connects line 
voltage to the powe(, tl'lHlsformer. Models 9000 and 
9800 utilize a powel' switch only. When power is on: 
all power supplies are established; all motors are 
open-circuited (low value resistors are connected 
across the reel motm's), and a reset signal is applied 
to key control flip-flops. 

3.1.2 LOAD 

The momentary pushbutton activates the reel servos 
(tensions tape) and starts the load sequence. Tape 
runs forward at normal speed to the reflective foil 
load point marker, then stops. The indicator is 
illuminated when the reel servos are activated and 
tape is tensioned. 

3.1.3 ONLINE 

A momentary pushbutton, which functions as 
alternate action. When first activated the tape unit 
is placed in an on line condition; when the tape unit is 
on line it can be remotely selected and will be ready 
if tape is loaded to or past the load point tape 
marker. When activated again it takes the tape unit 
off line. The indicator is illuminated in the on line 
condition. 

3.1.4 REWIND 

This momentary pushbutton activates a rewind 
operation. This control is enabled only when tape is 
tensioned and unit is off line. The Indicator is 
illuminated during either a local or remote rewind 
operation. 

Enabling this control causes tape to rewind at the 
specified speed. On reaching the load point marker. 
the rewind operation ceases and the load sequence is 
automa tically entered, posi tioning the tape approxi
mate[y 0.19 inch beyond the load point marker. 

If the REWIND ('ontl'Ol is dep,'essed and ,'pl<'lIsl'cj 
when tape is at load point (LOA!> ind(('ator' 
illuminated). tape rewinds off the takeup "PC I Ilnp 
tension is lost. 

LO}\!) and REWIND pushbuttons 111'(' disabled when 
the tape unit is on line. 

3.1.5 READ 

Illuminates when tape unrt is on IlIIc .. .,cICl'tcd and 
read selected. (ThIS indrcator' is not avarll1bI<' on 
Mode[ 9700.) 

3.1.6 WRITE 

H1uminates when tape unit is on line, selcc'te(! and 
write status selected. Write enable signal Illu:-,l also 
be true, indicating a tape with a write enable ring 
mounted on the transport. 

3.1.7 SELECT 

Illuminates when tape unit is on line and selected. 

3.1.8 WRITE ENABLE 

Write enable is an indicator which is illuminated 
whenever power is ON and a reel of tape with a write 
enable ring installed is mounted on the transport. 

3.1.9 UNIT SELECT SWITCH 

This rotary selector switch is utilized in applications 
.requiring addressing one of several transports. 
Activating the SL T line corresponding to the address 
(0-3 or 1-4) selected causes the transport to be· 
selected. This feature is optional on Models 9000, 
9700 and 9800, but is standard on Models 9100/9300. 

3.2 TEST PANEL 

Models 9000, 9100 and 9300 contain test panels which 
provide a means of exercising, testing, and adjusting 
the tape transport while it is off line, eliminating the 
need for a separate test fixture or for the use of 
valuable computer time. (Test panels are optional in 
Models 9700 and 9800.) The test panel can initiate 
forward and reverse tape motions at either normal or 
high tape speeds. It can also initiate a write test, 
genera ting a crystal controlled all-1 's test pa ttern on 
tape. The test pan~l also provides indicators for load 
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point, end of tape, and data available. An additional 
indicator monitors excessive skew, and is used to 
align the read/write head in conjunction with an 800 
Cpt skewmaster tape. Whe-n the head is properly 
aligned and the data is written on tape properly the 
SKEW indicator is extinguished. 

The controls and interlocks for the test panel are 
located on the Pushbutton Control card. The skew 
detect network is located on the Delay Timing 
module in the read logic section of the transport. 
The test panel becomes operational only when the 
transport is off line wi th the test panel STOP 
pushbutton dcpressed. If these conditions are 
satisfied the test panel pushbuttons Hre enabled when 
the TEST MODE pushbutton is pressed. 

Figure 3-2 illustrates the test panel of various 
transports. 

3.2.1 TEST POINT AND SKEW INDICATOR 

Indicator lights if tape skew exceeds the appropriate 
skew (read or write) gate setting. An oscilloscope 
test point is available for monitoring skew gate 
timing. 

3.2.2 HDS 

Indicates that high density mode has been selected. 

3.2.3 EOT 

Indicates that tape has reached or passed the 
reflective end of tape marker. 

3.2.4 LOAD POINT 

Indicates that tape is at load point. 

3.2.5 CYCLE (9100/9300 Transports Only) 

An interlocked pushbutton which runs tape in 
alternating forward and reverse modes. Useiul for 
making ramp or vacuum sensor adjustments. 
Depressing STOP pushbutton terminates this 
operation. 

3.2.6 FAST FORWARD 

An interlocked pushbutton switch that allows tape 
unit to run forward at fast speed. Depressing STOP 
pushbutton or advancing tape to EOT marker 
terminates this operation. 

3.2.7 REVERSE RUN 

An interlocked pushbutton switch that allows tape 
unit to run in reverse at normal speed. Depressing 

306-9XOO-030 

STOP pushbutton or rewinding tape to load point 
riI_arker terminates this operation. 

3.2.8 FORWA'RD RUN 

An interlocked pushbutton switch that allows tape 
unit to proceed forward at normal speed. Depressing 
STOP pushbutton or advancing tape to EOT marker 
terminates this operation. 

3.2.9 STOP 

An interlocked pushbutton switc'h that terminates 
tape motion. 

3.2.10 WRITE TEST 

A momentary pushbutton which programs l'S' to be 
written on all channels to facilitate write skew 
adjustment. WRITE TEST remains active in 
FORWARD RUN mode only. (STOP pushbutton must 
be depressed and TEST MODE selected to actuate 
this feature.) The indicator remains illuminated while 
unit is in this mode. 

3.2.11 TEST MODE 

This momentary pushbutton selects test mode and 
activates test panel. When indicator is illuminated, 
test panel is active. (Tape unit must be off line and 
STOP pushbutton depressed before test panel will 
function.) 

3.2.12 FAST REVERSE 

An interlocked pushbutton switch that allows tape 
unit to run in reverse at specified speed. Depressing 
STOP pushbutton or rewinding tape to BOT marker 
will terminate this operation. 

3.2.13 DATA 

Indicates when data. is being processed by read/write 
electronics. 

3.3 OPTIONS 

When incorporated in series 9XOO tape transports the 
type 4843 Pushbutton Control module allows use of 
several factory installed optional features. These 
functions are determined by optional straps and use 
of components. 

3.3.1 AUTO POWER RESTART 

With the standard APR option, this circuitry 
continually monitors the line voltage and whether the 
tape unit is online or offline. If the external voltage 



306-9 X II 0-1140 

. @ • ••• • • .aT &.aAa 
paINT 

.. A.T ",.v .. wa o TEST MODE 0 eve&.. Fwa "'UN "'UN eTap 

0 
........ 

o WRIT~ TEST 

lOAD STOP 
POINT 
0 

FORWARD 
EOT RUN 

0 
REVERSE 

DATA RUN 

0 
~AST 

SKEW FORWARD 

FAST 
REVERSE 

0 
Model 9100 

0 
0 
0 
0 o o 0 o o 

WAITE TEeT 
TE.T MaaE 

o ~ TII.T .ICEW Ha. EaT LOAD 
POINT TEST 

Model 9300 
KENNEDY 
MODEL 9900 

Model 9000; Model 9900 Test Box 

Figure 3-2. Test Panel Controls and Indicators 
falls below the mlOimum value required by the tape 
unit, this option will fOl'ce the unit into' an offline 
state and Issue a BROKEN TAPE command. When 
the input power level returns to an acceptable value, 
the APR circuitry will do one of two things, 
depending on whether the deck was online before the 
power failure: (1) nothing, if the unit was in an 
offline state, or (2) load, advance tape several inches 
and place the unit online if it was previously in an on
line state. 

3.3.2 ON TAPE (OT) 

With this option the tape unit cannot be placed online 
until a reel of tape is loaded and positioned at or past 
the BOT tab. 

3.3.3 ONLINE LOCK (ONLL) 

This feature prevents the operator from manually 
taking the unit- offline via the front panel switch 
unless the tape controller allows him to do so. 

3.3.4 FAST (FST) 

This feature allows interface control of high speed 
forward and high speed reverse tape searches. 

3.3.5 LOAD ONLINE 

This feature allows the user, through a control 
interface signal, to load and place the tape unit 
online. 
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SECTION IV 

INTIRFACE DESCRIPTION 

4.1 GENERAL 

Three printed circuit board edge connectors are 
supplied with each unit shipped by Kennedy (with 
Model 9000 MTA boards must be ol'dered to receive 
three 36-pin connectors). These 36-pin connectors 
mount on the edge of the data and control electronics 
peBAs. The connectors are designed for twisted pair 
inputs and outputs. For' each active pin there is a 
ground pin. All input and output signals for the 
transports pass through these connectors. Pin 
assignments in each series are such that all Kennedy 
transports are plug compatible. 

The tape unit responds to zero true inputs and 
provides zero true outputs. Each signal input is 
terminated in such a manner as to provide matching 
for twisted paii' cables. See Figure 4-1. Each output 
line is driven with an open collector driver. For best 
results the typical interfacing circuit configurations 
shown in Figure 4-2 should be used. The 
recommended twisted pair cable will reduce the 
magnitude of intercable crosstalk. Unless otherwise 
specified all wires should be 24 A WG minimum, with 
a minimum insulation thickness of 0.01 inch. Each 
pair should have not less than one twist per inch and 
the input-output cables should not exceed 20 feet in 
length. 

Table 4-1 summarizes the pin assignments and related 
signals for the various transports. 
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4.2 INPUT-oUTPUT SIGNALS 

The input receiver circuits, due to zero true current 
sinking logic design, will interpret a disconnected 
wire or removal of power at thp transmittel' as a 
logic 0 or false condition. The logic 1. or true state. 
requires 25 rna current sink with less than 0.4v. The 
logic 0, or false state. will be 3v due to the input 
matching resistors (see Figure 4-1). The recom
mended input pulsewidth is 2 microseconds. The rise 
and fall ti mes for pulses and levels must be less than 
0.5 microsecond. Each input is enabled when the tape 
transport is on line and selected. 

Each output line is driven with an open collector 
current sinking logic driver which is capable of 
sinking up to 40 rna in the true state. All outputs are 
disabled (false) when the tape unit is not on line 
and/or not selected. 

All commands from and to the input/output connector 
are preconditioned by loading the machine and 
placing it on line using the front panel controls. The 
next commands set up the recorder. 

4.3 CONTROL COMMANDS 

Tables 4-2 through 4-4 summarize the control 
command input signals, and Tables 4-5 through 4-7 
summarize the control command output signals. 

--, 
TAPE TRANSPORT I 

RECEIVER 

I 
I 

OTl 836 I 
OR EQUIY 

I 
___ J 

Figure 4-1. Recommended Signal Line Termination 
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• All PI MATES 
WITH AllJ 1 

CLIPPING 
READ DATA STROBE (RDS) A 1 LEVEL 

DEFEAT 
READ DATA (RDP)(RDC) B 2 (CLD) 
READ DATA (RDO)eD t 3 

READ DATA (ROll <D 0 4 

READ DATA (RD2)(RDB) E 5 

READ DATA (RD3 )(RDA) F 6 

Z "~sr£tf READ DATA (RD4)(RD8) H 

D,.r:~tfD . READ DATA (RDS )(RD4) J. B 

READ DATA (RD6)(RD2) ~ 9 

READ DATA (RD7)(RDl) L 10 
-:." 

READ GAP DETECT (RGAP) M 11 SIGNAL 
WRITE DATA STROBE (WDS) N 12 GROUND 
WRITE AMPLIFIER RESET (WARS) P 13 

WRITE DATA (WDP)(WDC) R 14 
'WRITE DATA (WOO) <D S 15 

AIIJl' , WRITE DATA (WDl)(i) T 16 
INTERFACE. WRITE DATA W(WD2j(WDB) U 17 

• AIII'l t4ATES 
WITH AllJ 1 WRITE DATA (WD3)(WDA) V 18 

",.~ . " ! ~'" (WD4 )(WD8) W 19 
(WDS j(WD4) X 20 
(WD6)(WD2) Y 21 

AI0J 1 (WD7)(WDl) Z 22 
INTERFACE 

."'" 11 

0 0..1.101'1 MATES 
WITH AIOJI AIOP! MATES 

WITH AI0J 1 

A 1 

OVERWRITE (DVW) B 2 

SYNCHRONOUS FWD CDMMAND (SFt) C 3 ,. 
e ,.,0 HIGH dENSITY SELECT (HDS)(i) 0 4 

Z rflJ-Ni:::: SYNCHRONOUS REV COMMAND (SRC) E 5 

HIGH DENSITY INDICATOR (HDI)Q) F 6 

CO~1£tf REWIND COMMAND (RWC) H 7 

~O,.tfD TRANSPORT SELECT (SLT) J 8 

SET WRITE STATUS (SWS) K 9 

OFF LINE COMMAND (DFFC) L 10 

M II SIGNAL 
ON LINE (DNL) 

N 12 
GROUND 

REWINDING (RWD) 
FILE PROTECT (FPT) 
LOAD POINT (LOP) 
WRITE ENABLE (WEN) 
TRANSPORT READY (ROY) 

9- TRAC K ONL Y END OF TAPE (EOT) 
TAPE RUNNING (RNG) V 

7-TRAC~ ONLY W ADDRESS SELECT 0 (SLTl) 
3. DATA CHANNELS REFERENCE ADDRESS SELECT 1 (SL T2) 9-TRACK FIRST, 7-TRACK SECOND 

ADDRESS SELECT 2 (SLT3) Y 
210-2039 ADDRESS SELECT 3 (SLT4) z 

Table 4-1A. Model 9000 Interlace 
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L 

A Jl CONTROL V 

[]I 0 @ 
r 

~ INPUT 
~OUTPUT 

wmt·Cl-lCr. II 
ACT! VE GROUND SIGNAL MNEMONIC 

A 1 • WR I TE DA'TiiSTROB E WDS 
B 2 N. C. 
C 3 .. WR HE AMPLI FfER RESET WARS 
0 4 NOT USED 
E 5 NOT USED 
F 6 NOT USED 
H 7 NOT USED 
J 8 NOT USED 
K 9 NOT USED 
L 10 .. WRITE DATA CHANNEL P WOP 
M 11 .... WRITE DATA CHANNEL 0 WOO 
N 12 .. WRITE DATA CHANNEL 1 WDI 
P 13 .. WRITE DATA CHANNEL 2 WD2 
R 14 .. WRITE DATA CHANNEL 3 WD3 
S 15 ... WRITE DATA CHAI'INEL 4 WD4 
T 16 .. WRITE DATA CHANNEL 5 WD5 
U 17 .. WRITE DATA CHANI'IEL 6 WD6 
V 18 .. WRITE DATA CHAI'INEL 7 WD7 

~ __ I.n 
.Ailill GROUND llilli MNEMONIC 

A 1 SPARE 
B 2 .. OVERWRITE OVW 
C J .. SYNCHRONOUS FORWARD SFC 
D 4 .. DATA DENSITY SELECT DDS 
E 5 .. SYNCHRONOUS REVERSE SRC 
F 6 .. DATA DENSITY II'IOICATOR 001 
H 7 .. REWIND COMMAND RWC 
J 8 .. SELECT SL T 
K 9 .. SET WRITE STATUS SWS 
L 10 ... OFF LINE COMMAND OFFC 
M 11 .. ON Ll NE ONL 
N 12 .. REWINDING RWD 
P 13 .. FILE PROTEC T FPT 
R 14 .. LOAD POINT LP 
S 15 .. WRITE ENABLE WEN 
T 16 .. TRANSPORT RE ADY· ROY 
U 17 .. END OF TAPE EOT 
V 18 .. TAPE RUNNING RNG _ CIIiwK'. 13 

ACTIVE GROUND SIGNAL MNEMONIC 
--1- --A- .. READ DAl"ACilANNEL RDP 

2 B .. READ DATA STROBE RDS 
3 C .. READ DATA CHANNEL 0 ROO 
4 0 .. READ DATA CHANNEL I RDI 
~ E NOT USED 
6 F .. AUTO DISABLE 
7 H NOT USED 
8 J ... READ DATA CHANNEL 2 RDl 
9 K .. READ DATA CHANNEL 3 RDJ 

10 L NOT USED 
11 M NOT USED 
12 N .. GAP DETECT 
13 P NOT USED 
14 R ... READ DATA CHANNEL 4 RD4 
15 S .. READ DATA CHANNEL 5 RDS 
16 T NOT USED 
i7 U ... READ DATA CHANNEL 6 RD6 
18 V ... READ DATA C~ANNEL 7 RD7 

Table 4-18. Models 9700; 9800 Interfaces 



t I 
V 12.!tITE II 
I: I 

11 J3 "lEAD i 

~ INPUT 
....... OUTPUT 

WRITE CONNECTOR J2 

ACTIVE --r' 
B 
C 
o 
E 
F 
fI 
J 
K 
l 
M 
N 
P 
R 
S 
T 
U 
V 

GROUND SIGNAL 
-T::';"'-W RITE DffiSfROBE 
2~N.C. 
3 WRITE AMPLIFIER RESET 
4 NOT USED 
5 NOT USED 
6 NOT USED 
7 NOT USED 
8 NOT USED 
9 NOT USED 

10 _____ WRITE DATA CflANNEl P 
II ~WRITE DATA CflANNEl 0 
12 _____ WRITE DATA CflANNEL 1 
13 ~WRITE DATA CflANNEl 2 
14......-WRITE DATA CflANNEL 3 
15 ~WRITE DATA CflANNEl 4 
16 """-WRlTE DATA CHANNEL 5 
17 """-WRlTE DATA CflANNEL 6 
18 """-WRITE pATA CHANN.EL 7 

CONTROL CONNECTOR JI 

ACTIVE 
-- p;-

B 
C 
o 
E 
F 
fI 
J 
K 
l 
M 
N 
P 
R 
S 
T 
U 
V 

GROUND SIGNAL 
--·T~·LOAD ON LCN1-rOPTlONAL) 

2 ~OVERWRITE 
3 """--SYNCHRONOUS FORWARD 
4 ~HIGH DENSITY SELECT 
5 ~SYNCHRONOUS REVERSE 
6 _____ fliGfI DENSITY INDICATOR 
7 ~REWINO COMMAND 
8 """--SElECT 
9 ~SET WRITE STATUS 

10 ""--OFF LINE COMMAND 
11 ~ON LINE 
12 _____ REWiNDING 
13 _____ FilE PROTECT 
14 _____ lOAD POINT 
15 _____ WRITE ENABLE 
16 ~TRANSPORT READY' 
17 _____ END OF TAPE 
18 .. TAPE RUNNING 

READ CONNECTOR J3 

ACTIVE 
-r 

2 
3 
4 
5 
6 
7 
8 
~ 

10 
II 
12 
13 
14 
15 
16 
17 
18 

GROUND SIGNAL 
~~READ DAT~NEl P 

B _____ READ DATA STROBE 
C _____ READ DATA CflANNEl 0 
o ~READ DATA CHANNEL 1 
E NOT USED 
F _____ AUTO DISABLE 
H NOT USED 
J _____ READ DATA CHANNEL 2 
K ______ READ DATA CHANNEL 3 
l NOT USED 
M NOT USED 
N ~GAP DETECT 
P NOT USED 
R _____ READ DATA CHANNEL 4 
S _____ READ DATA CflANNEl 5 
T NOT USED 
U ~READ DATA CHANNEL 6 
V _____ READ DATA CHANNEL 7 

STATION SELECT CONNECTOR J4 

ACTIVE 
-"A,C 

C.F 
H.K 
P.R 

GROUND SIGNAL 
--S-:-......--SELECTS STATION 1 

E _____ SELECTS STATION 2 
J ~SElECTS STATION 3 
M _____ SELECTS STATION 4 

" c o • 0 
o 

8 6 & 
II J a 

o 

b ~ 8 
p 
o 

J4 

MNEMONIC 
WDS 

WARS 

WOP 
WOO 
W01 
WD2 
WD3 
WD4 
WD5 
WD6 
W07 

MNEMONIC -DlL'--
OVW 
SFC 
HDS 
SRC 
HOI 
RWC 
SLT 
SWS 
OFFC 
ONL 
RWD 
FPT 

'LP 
WEN 
'RDY 
EOT 
TANG 

MNEMONIC 
RDP 
RDS 
ROO 
RD1 

RD2 
RD3 

R04 
RD5 

RD6 
RD7 

MNEMONIC 
SLH 
SLT2 
SL T3 
SLT4 

• o 

Table 4-1C. Models 9100; 9300 Interlaces , 
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Figure 4-2. Typical Interlace Configuration 
Signal Name 

Transport Select 

Data Density Select 
(Dual Density only) 

Overwrite 
(Optional) 

Synchronous Forward Command 

Synchronous Reverse Command 

Mnemonic 

SLT 

DDS 

OVW 

SFC 

SRC 

Deseription 

A level that when true enables all the interface 
drivers and receivers in the transport, thus 
connecting the transport to the controller. Transport 
must also be on line, and SL T must be true for entire 
sequence (until tape motion stops). The SLT level 
may be removed to disconnect the machine from the 
system. The read or write status will remain in the 
last established condition. 

Used when the TRANSPORT DENSITY SELECT 
switch is in the remote position. When true, this 
level selects the high read density (dual density). 

A level that when true conditions appropriate 
circuitry in the transport to allow updating 
(rewriting) of a selected record. The transport must 
be in the write mode of operation to utilize the OVW 
feature. 

A level that when true, and the transport is ready and 
on line, causes tape to move forward at the specified 
speed. When the level goes false, tape motion ramps 
down and ceases. 

A level that when true, and the transport is ready and 
on line, causes tape to move in a reverse direction at 
the specified speed. When the level goes false, tape 
motion ramps down and ceases. If the load point 
marker is detected during a SRC, the SRC will be 
terminated. If a SRC is given when the tape is at 
load point, it will be ignored. 

Table 4-2A. Control Command Inl'utSignals 



Signal Name Mnemonic 

Rewind Command RWC 

Load On Line LOL 
(Auto Power Restart Option) 

Set Write Status SWS 

Write Data Lines WDP,WDO-WD7 

Write Data Strobe 

Write Amplifier Reset 

(9 Track) 
WDC,WDB,WDA, 

WD8,WD4,WD2,WD1 
(7 Track) 

WDS 

WARS 

406-9XOO-060 

DeserlptioR . 

A pulse input will rewind the tape past the load point 
and stop. The. transport will then initiate a load 
forward sequence and return the tape to the load 
pOint marker. This input will be accepted only if the 
load point output is false. The transport mHy be 
taken off line while rewind is still in process. Rewind 
will continue normally. 

A special optional input that is provided with the 
APR option. If powcr has failed and has returncd to 
normal. a minimum pulse of 250 ms. maximum oft 
sec, applied to this line will load the scrvo systcm, 
udvance tape in thc forwlll'd dir.ection sc\'cral inches. 
and place the tape deck ON L. 

.. A level that must be true' at the leading edge of u 
SFC (or RUN and FWU) when the write mode of 
°6"peration is required, and must remain true for' a 
minimum of 10 usec after the leading edge of thc 
SFC (or RUN and FWD). SWS is sampled at the 
leading edge of the SFC (or RUN and FWU). toggling 
the read/write flip-flop to the appropriate state. 
Internal interlocks in the tape unit will prevent 
writing in the reverse direction, if the write enable 
ring is missing, if the tape unit is off line, when 
loading to load point, and during a rewind. 

Nine lines for nine track operation, seven lines for 
seven track operation. These are levels that if true 
at WDS time will· result in a flux transition being 
recorded on tape (transport is in the write mode). 
Inputs must remain quiescent 0.1 usec beyond the 
trailing.edge of the WDS pulse. The CRCC is written 
by pro\iiping the correct data character together with 
a WD$ fOlir· character times after the last data 

'.' charac.ler of the record. 

The LRCC is written using the WARS signal. The 
LRCC .can also be written by providing the correct 
data character together with a WDS. If the LRCC is 
written (DATA-WDS) in this manner a WARS should 
be given one character time after the LRCC to insure 
proper IRG erasure in case of data input error. 

A pulse of 1 usec nominal width for each character to 
be written. Writing occurs on the trailing edge of the 
WDS. WDS may be a 1 usec minimum, 1.5 usec 
maximum pulse. Data inputs must have settled for at 
least 0.1 usec before the leading edge of WDS and 
remain quiescent for at least 0.1 usec beyond the 
trailing edge. 

A pulse of 1 usec nominal width that, when true, 
resets the write amplifier circuits on the leading edge 
which is delayed internally by the write deskewing 
network. The purpose of this line is to enable writing 
of the longitudinal redundancy check character 
(LRCC) at the end of a record. This insures that all 
tracks are properly erased in an interrecord gap 
(IRG)~ . 

Table 4-28. Control Command Input Signals 



Read Com mHnd!> 

406-9XOO-070 

Iri a seven track -;y~tem. the leading edge of the 
WARS pube should be four' c>haracter times after the 
leading edge of the" /)S H~sociHted with the last data 
charl:JCter in the block. In a nine track system. the 
leading edge of the WARS pulse should be eight 
character times after the leading edge of the \\ DS 
associated with the hist data character in the block 
(four character times after the CRee is wl·itten). 

The tape unit will always h<lve I'e<ld selected. When 
write is selected (SWS) the dHta Just written will be 
read back using a high thre!'hold level on the I'e<ld 
amplifiers. When SWS i!> false the nor'mal threshold is 
applied to the read <lmplifiers. 

:\utolllatic Clipping Level Disable ACLD When true thi~ level overrides the automatic clipping 
level electronic~ and hold~ the r'e<ld electronics III the 
normal clipping level. The switching between rCHd 

Off Lint' CommHnd 

Signal Name 

On Line 

Transport Ready 

High Density Indicator 
(Dual Density only) 

File Protect 

Write Enable 

Load Point 

Tape Running 

OFFC 

Hnd write clipping levels i!' not Hffected. ' 

A level or pulse (minllT1Um width 1 usee) that resets 
the on line flip-flop to the zel'o ~t<lte. plat'ing the 
transport under manual control. It is gated only by 
SELECT in the transport logic. allowlllg IH1 OFFC to 
be given while a rewind is in progres,." ·\n OFFC 
should be separated from a rewind command by at 
least 2 usec. 

Table 4-2C. Control Command Input Signals 

Mnemonic 

ONL 

RDY 

HOI 

FPT 

WEN 

LOP 

RNG 

Description 

A level that is true when the on line flip-flop is set. 
When true, the transport is under remote control. 
When false, the transport is under local control. 

A level that is true when the tape transport is on 
tape; that is. when the initial load sequence is 
complete and the transport is not rewinding. When 
true, the transport is ready to receive a remote 
command. 

A level that is true only when the high density mode 
of operation is selected. 

A level that is true when a reel of tape without a 
write enable ring is mounted on the transport supply 
(or file) hub. 

A level that is true when a reel of tape with t' write 
enable ring is mounted on the transport supply (or 
file) hub. Opposite of file protect. 

A level that is true when the load point marker is 
under the photosensor and the transport is not 
rewinding. After receipt of a SFC the signal will 
remain true until the load point marker leaves the 
photosense area. 

This is a level that is true when tape is being moved 
under eapstan control and remains tl'Ue until tape 
motion has ceased (includes forward, reverse and 
rewind tape motion). 

Table 4-3A. Control Command Output Signals 



Sipal Name 

End of Tape 

Rewinding 

Read Data Strobe 
(NRZlonly) 

Read Gap Detect 
(NRZIonly) 

Read Data Level 
(NRZlonly) 

Mnemonic 

EOT 

RWD 

RDS 

RGAP 

RDP ,RDO-RD7 
(9 track) 

RDC,RDB,RDA, 
RD8,RD4,RD2,RDl 

(7 track) 

406-9XOO-080 

DeseriptiOh 

A lE!vel that is true when the EOT marker is detected 
in the forward' direction. Goes false when the EOT 
marker is detected in reverse (SRC or REWIND). 

A level that is true when the transport is engaged in a 
rewind operation or returning to the load point at the 
end of the rewind operation. 

A pulse for each data character read from tape in 
NRZI. The average time (·""1) between two read data 
strobes is 

1 
7"1 (sec) = s.:-d 

Read clock pulse width (tw) is 

t = 1 ='r132 w s. d. 32 

where 

s = tape speed in inches per second 
d = density characters per inch 

The minimum time between consecutive read data 
strobes is less than this figure owing to skew and bit 
crowding effects. A guaranteed safe value for the 
minimum time is i -r;.. 
A level that is true approximately 20 character 
spacings after the last data byte (16 character 
spacings on seven channe!), and remains true until the 
first data byte of the subsequent data block. Note: 
This level will be true whenever tape motion is at 
rest. 

Nine lines, nine track; seven lines, seven track. 
These lines may be strobed by either edge of the read 
clock and remain true for 1/64 of a character time 
following the trailing edge of the read clock. 

Note: A CRC character may be all zeros, which will 
not cause a read clock. (Refer to Figures 4-3 and 4-4 
for PE and NRZI Read waveforms.) 

NRZI The individual bits of each data character are 
assembled into parallel form in a one stage deskewing 
register. The register outputs drive the read data 
interface lines. A true level signifies a data 1. The 
complete character will be available by sampling 
RDP, RDO-RD7 simultaneously on the trailing edge of 
the RDS. 

PE The transport PE data are the outputs of nine peak 
detectors individually gated with the outputs of the 
PE envelope detectors associated with each channel. 
These lines are held false when no signals are 
detected. The value of data bit is determined by the 
direction of the transition at the middle of the bit 
cell. A transition from false to true is a data 0; 
conversely, a transition from true to false is a data 1. 

Table 4 w3B. Control Command Output Signals 
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DIGIT CELL VALUE 0 0 0 

RECORD HEAD MAGNETIC FIELD I I 

REMANENT ~LUX ON TAPE / \ / \ / 

~EAD HEAD SIGNAL __ --'--' 

Figur. 4-3. NRZI Writ. and R.ad Wav.forms 

DIGIT CELL VALUE o o Q o 

RECORD HEAD MAGNETIC FIELD 

REMANENT FLUX ON TAPE 

READ HEAD SIGNAL 

Figur. 4-4. PE Write and R.ad Waveforms 
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IleltON v 

MODIS O' O.IRATION 

This section provides details on utilization of the 
commands described in Section IV for reading and 
writing data. Included are Motion Control PE writing 
and reading, and NRZI writing and reading. This 
section restricts itself to basic modes of operation. 
For detailed description of electronics refer to 
operation and maintenance manual for the 
appropriate series 9XOO transport. 

5.1 TAPE MOTION COMMANDS 

For maximum interface convenience, series 9XOO is 
configured to control tape motion and direction using 
the SYNCHRONOUS FORWARD command and 
SYNCHRONOUS REVERSE command. The tape 
transport capstan servo accelerates the tape to the 
required speed with a linear ramp up. The tape is 
also decelerated to a stop with a linear ramp down. 
Start and stop occurs within the interrecord gaps. 
The ramp time is 3 ms for 125 ips and varies inversely 
with tape speed. The amount of tape travel during 
the ramp up or ramp down is always 0.19 inch. 

Ramp times must always be considered when writing 
and gapping. A delay is required before writing to 
insure that tape is up to speed and to permit error 
checking by reading tape. Timing diagrams for 
pertinent commands to provide properly formatted 
tapes are shown in Figures 5-1 through 5-3. 

S~'JP 

RUN 

TAPE 
VELOCITY 

Figure 5-1 shows the timing requirements for' writing 
a block in a read after write system in the write 
mode with read occurring immediately after writing. 
Figure 5-2 shows the timing requirements for reading 
a block in the forward direction. Figure 5-3 shows 
the timing requirements for reading a block on a read 
after write system in the reverse direction. 

5.2 PHASE ENCODED WRITE OPERATION 

A write operation is one in which tape motion' takes 
place with current flowing in the transport's write 
head. Writing occurs for commands such as WRITE 
RECORD, WRITE FILE MARK or ERASE. Writing 
occurs for the "Write ID Burst" function and is 
normally performed automatically when writing from 
the BOT marker. 

An interface line, SET WRITE STATUS (SWS), under 
the control of the customer, specifies whether a read 
or a write command is required. Shortly' after a 
SYNCHRONOUS FORWARD command (SF C) is given 
at the beginning of each data transfer, the condition 
of SWS is sampled. This condition is stored in a 
cvntrol flip-flop (WSEL/) in the transport 10glC. If a 
write status command is issued, WSEL/ is set low true 
to turn on the write Cilrrent in the heads. During 
read operations WSEL/ is set high false, turning off 
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STROBE 
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Figure 5-1. Write Start and Stop Delays, Read afterWrite Transport. 
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the write current. (Note that a read operation is 
always occuring when SWS/ is set false.) 

The state of WSEL/ retains the existing read/write 
status unless it is changed at the beginning of the 
next command, or is forcibly reset to the false state 
by one of the following: 

a. A REWIND command (RWD) (SYNCHRONOUS 
REVERSE COMMAND). 

b. Switching to the off line mode either by an 
OFFLINE command (OFFC) or by depressing 
the illuminated ONLINE control. 

c. Loss of interlock. 

A simplified design showing a means of generating 
phase encoded data is illustrated in Figure 5-4. The 
clock circuitry illustrated is common to all channels. 
Additional circuits are required to generate the ID 
burst, preambles and postambles, and file marks. An 
easy method of generating a file mark is to hole: the 
logic of channels 1, 3 and 4 reset and generate the 40 
zero bits of the preamble. The PE data illustrated in 
Figure 5-4 is as it should appear on the controller 
interface. 

5.2.1 WRITE FIRST RECORD FROM BOT 

The following is the sequence of events which will 
occur when writing a tape in the PE format. Typical 
waveforms are shown in Figure 5-5. 
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1.· Load and bring tape to BOT. Tape should be 
positioned at BOT through either a manual Load, 
Synchronous Forward command or a Rewind 
command. 'Positioning tape through a Reverse 
command may cause improper positioning of the 
ID bUrst. 

2. Set SWS true. 

3. Set SFC true, starting tape motion. The transport 
logic will sample SWS and set the WSEL/ flip-flop, 
thus turning on the write current. 

4. Generate a prerecord delay for Write First Record 
from BOT as specified in Table 5-1A, item 1. 

5. Generate Write Data Strobe (WDS) pulses tqgether 
with the ID burst data on channel WDP. Channels 
WDO-WD7 are held false for the duration of the ID 
burst. (The ID bUrst is placed according to Table 
5-1B. An ID burst is 1600 bpi or 3200 frpi (since 
there are 2 flux reversals per bit in PE mode) 
which is composed of alternate ones and zeros. 
WDS frequency is 2 x 1600 x tape speed +/-0.25 
percen't.) 

6. Generate an ID burst in accordance with Table 
5-1B (according to speed). (To maintain compat
ibility with IBM and ANSI the correct ID burst 
should always be written onto tape even though 
the user does not intend to make use of it.) 

t2 LL'_C_' _~ ____ -+-, 

JATA 

Figure 5-4. Phase Encoder Block Diayram 

~ 
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7. After the ID burst has been written and the Write 
First Record from BOT prerecord delay is 
complete, the.,!irst record is written. 

8. Generate preamble. The preamble is written by 
generating W DS pulses together with the 
appropriate illPuts on WDP, WDO-WD7. The 
frequency for WDS should be 2 x 1600 x rated 
speed +/-0.25 percent. 

9. Write odd parity data immediately following the 
preamble by ge:nerating WDS pulses together with. 
the appropriate data on WDP, WDO-WD7 for each 
data character to be written on tape. 

10. (Jenerate post~mble. The postamble is written by 
generating WDS pulses together with the 
appropriate in()uts on WDP, WDO-W07. 

11. Generate a post record delay for Write Normal in 
accordance with Table 5-1A, item 2. This delay 
begins when the last zero byte of the postamble is 
written on dual-stack head systems, the 
post record delay begins when the last zero byte of 
the postamblehas passed the read head. This 
delay ensures that tape comes to rest further into 
the IRG than it would after a read operation. This 
prevents the Possibility of un erased gap areas 
occurring in a Write, Read Reverse, Read 
Forward, Write sequence of commands. 
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12 •. Set SFC false after the appropriate postrecord 
delay. Tape decelerates and comes to rest in the 
time specified in Table 5-1A, item 8. 

13. WSEL/ remains set and will .continuously erase 
tape until any subsequent SWS/ false command, 
REWIND, or OFFLINE command is given (or the 
transport interlock is broken). 

5.2.2 WRITE FORWARD COMMAND 

ThE! following is the sequence of events which will 
take place when writing a record in the PE format 
utilizing series 9XOO tape transport with one of' the 
standard tape speeds. 'Typical waveforms lire shown 
in Figure 5-6. 

1. Wait for tape motion to cease, set SWS truc.· 

2. Set SFC true starting tape motion. The WSELI 
flip-flop will set true shortly after SFC is set 
true. 

3. Generate a prerecord delay for Write Normal in 
accordance with Table 5-IA, item 2. 

4. Follow the sequence of events as specified in 
paragraph 5.2.1 for Write First Record From BOT, 
beginning at step 8. 

·SWS r--------------------- -- - - --- ---- ---- ----------------------------------

·SFC 

I , 

~NOTE2 
·WDS 

·WDP 
(WDO-7, SEE NOTE 4) 

PE PATTERN ON TAPE 

DATA 

NOTES: 

1. CUSTOMER GENERATES THE WAVEFORM MARKED· 
2. PRE-RECORD DELAY FOR WRITE 10 BURST FROM BOT SHOULD BE IN ACCORDANCE 

WITH TABLE4-1A, ITEM I. 
.3. WDS HAS A MINIMUM PULSE WIDTH OF 1 "SEC. WOP MUST BE 

HELD STEADY DURING, AND FOR, 0.5 "SEC EITHER SIDE OF was. 
4. WDO-7 ARE HELD RESET FOR WRITE 10 BURST ONLY. 
5. SFC MUST BE HELD TRUE FOR DURATION OF DELAYS AS 

SPECIFIED IN TABLE4-1. 
6. THE SWS LINE IS HELD TRUE FOR WRITE COMMANDS ONLY. THIS 

WAVEFORM IS SAMPLED BY SFC (OR SRC) AND MUST BE HELD TRUE 
FOR 20 "SEC AFTER THE LEADING EDGE. 

7. INTERFACE WAVEFORMS ARE SHOWN LOW-TRUE, AS THEY APPEAR 
ON THE INTERFACE. 
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Figure 5-6. 
5.2.3 OVERWRITE (EDIT) 

PE Write Forward, Typical Waveforms 
6. Set overwrite (OVW) true. 

The overwrite (EDIT) function is normally employed 
when it is desired to change a record located in the 
midst of other records. To successfully overwrite a 
given record, the tape must first be positioned at the 
same place from which the original record was 
written. After writing the new record, the write 
current must be turned off while tape is in motion. 
This is done to eliminate the inherent noise transient 
associated with a collapsing magnetic field. The 
provision for current turn-off while the transport is in 
motion is provided by the overwrite (OVW) interface 
line. 

The following procedure should be used when 
overwriting a record at one of the standard tape 
speeds. This procedure applies only to those 
transports which have the Overwrite interface line. 

1. Locate the record to be changed. 

2. Wait for tape motion to cease, then set SWS false. 

3. To read the record in reverse, set SRC true; tape 
motion will begin and the transport will be in the 
Read mode. 

4. Generate a postrecord delay for Read Reverse 
(EDIT) as specified in Table 5-1A, item 7. This 
delay ensures that the tape comes to rest 
nominally at the same place from which the 
original record was written. 

5. Wait for tape motion to cease, then set SWS true. 

7. Set SFC true, starting tape motion. The transport 
will be in the Write mode. 

8. Generate a prerecord delay for Write Normal as 
specified in Figure 5-1A, item 2, according to 
speed. 

9. Generate preamble. Preamble is written by 
generating WDS pulses together with the 
appropriate inputs on WDP, WDO-WD7. (The 
frequency for WDS should be 2 x 1600 x rated 
speed +/0.25 percent.) 

10. Write data immediately following the preamble by 
generating WDS pulses together with the 
appropriate data on WDP, WDO-WD7 for each data 
character to be written on tape. (The new record 
length must be the same length as the original 
record in order to maintain the integrity of the 
IRG.) 

11. Generate postamble. Postamble is written by 
generating WDS pulses together with the 
appropriate inputs on WDP, WDO-WD7. Write 
Amplifier Reset (WARS) must be set true at the 
completion of the last zero byte of the postamble. 
This ensures that the write current and erase 
current will be turned off at the appropriate time. 

12. Generate a postrecord delay for Write Normal in 
accordance with Table 5-1A, item 2. This delay 
begins when the last zero byte of the postamble 
has passed the read head. With the overwrite line 
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Table 5·1 
Pre-Record ~nd Post-Record Delays at Z5 ips):~ 

Pre -Record Delays Post-Record Delays 

Function (milli seconds) (milliseconds) 

9-Track 7 -Track 9- Track 7 -Track 

1. Write From BOT 226 226 3 

2. Write Normal 

Single Stack 23 28 3 

Dual Stack 17 22 3 

3. W rite File Mark 150 ISO 3 

-!. Read From BOT 60 60 0 

5. Read Forward (Normal) 12 12 0 

6. Read Reverse (Normal) 12 12 3 

7. Read Reverse (Edit) 12 12 8 

8. Start/Stop Time 15 IS- IS 

I 
~ . , 
-"To calculate delays for other tape speeds. scale inversely to tape 

speed as follows: . 

e. g. ; 

25 ' 
New Delay = N Sid X 25 ips Delay ew pee 

Write From BOT at 75 ips = 25 X 226 := 
75 

~ Table 5-1A 

75.5 

Time Delays, Read and Write First Record From 
BOT at Z5 ips (Phase Encoded Format) 

3 

3 

3 

3 

0 

0 

8 

13 

15 

Function 
Delay Before ID Remainder . 

Writing ID Duration of Delay 

l. Write First Record 15 100 135 
From BOT 

Delay Before ID Sample 
ID Sample 

2. Read First Record 54 3 
:t'rom ROT 

Table 5-1. OelBY Times 

':.' '/ 



true, the write current in transports will be turned 
off, when the WARS signal is given. 

13. Se t SFC false after the appropria te postrecord 
delay. Tape rlecelerates and comes to rest in the 
time specified in Table 5-1A, item 8. 

14. Subsequent operations can now be performed as 
desired. 

5.2.4 WRITE FILE MARK COMMAND 

The following is the sequence of events that will take 
place when writing a file mark onto tape in the PE 
format. 

1. Wait for tape motion to cease, then set SWS true. 

2. Set SFC true, starting tape motion. The WSEL/ 
flip-flop will set true shortly after SFC is set 
true. 

3. Generate a prerecord delay for Write File Mark in 
accordance with Table 5-1A, item 3. 

4. Generate a file mark. The file mark for PE 
format is 32 to 128 zero bits at 3200 frpi in 
channels P, 0, 2, 5, 6 and 7 with channels 1,3 and 
4 dc-erased. A channel may be dc-erased by 
holding the input line to that channel continuously 
false. (Writing the 40 zero bytes of the preamble 
with channels I, 3 and 4 reset will satisfy this 
requirement.) 

5. Generate a postrecord delay for Write File Mark 
in accordance with Table 5-1A, item 3. This delay 
ensures that the tape comes to rest further into 
the IRG than it would after a read operation. 

6. Set SFC false. Tape will decelerate and come to 
rest in the time specified in Table 5-1A, item 8. 

7. WSEL/ remains set and will continuously erase 
tape until some subsequent READ, REWIND or 
OFFLINE command is given (or the transport 
interlock is broken). 

5.2.5 VERTICAL PARITY GENERATION 

The vertical parity bit (VRC) recorded in channel P is 
generated so that the total number of one bits in each 
data character is always odd (excluding Preamble, 
Postamble and File Mark). 

5.2.6 ERASING 

Erasing is only required when it is necessary to 
abandon a specific area of tape after repeated write 
errors. This can be accomplished by using anyone of 
the following methods. 
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1.. Backspace over the erroneous record, issue a 
comm&nd to move tape a file mark distance with 

. write lines reset. 

2. Erased gaps of any length can be generated by 
executing a dummy write command with the WDS/ 
line suppressed. 

5.3 PHASE ENCODED READ OPERA110N 

The transport must be on line and ready before a read 
operation can take place. When only read operation 
is desired, removal of the write enable ring ensures 
that tape is not inadvertently erased. 

5.3.1 READ DATA 

The output of the transport read head is amplified 
and peak detected. The output of the nine peak 
detectors is individually gated with the output of a 
threshold detector associated with each channel. The 
output signals on the transport interface lines are 
replicas of the PE waveform used to drive the write 
amplifier. 

The data output of the transport must be decoded and 
buffered before it can be used. The preamble and 
postamble must be removed and, through use of 
dropout detectors, track-in-error information can be 
provided and used for single track on-the-fly error 
correction. 

The zeros of the preamble are employed to establish 
the direction of the zero signal transitions and 
provide electronic synchronization for data decoding. 
At the interface, a negative-going transition at the 
center of a PE bit cell is defined as a zero. The 
controller is synchronized and timed with this 
pattern. 

The beginning of the PE data block is defined by a 
byte of all ones at the end of the preamble. A one is 
defined as a positive signal transition at the center of 
a PE bit cell. (The signal transitions at a bit cell 
boundary are required to establish proper polarity.) 

The controller should be configured to lock onto the 
zeros of the preamble and should also determine the 
end of the preamble by decoding the all-ones byte. 
Each channel must be decoded independently due to 
the associated skew; therefore, the "eggcrate" buffer 
is used to assemble the data into parallel form. The 
data block is decoded utilizing the principles outlined 
above. 

The postamble detection is accomplished when an all
ones byte followed by one or more bytes of all zeros 
is detected. The postamble must be removed from 
the data block; therefore, the technique of postamble 
detection employed must allow for detection of the 
postamble prior to the transfer of the last data byte. 
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i---PREAMBL£ + DATA + POSTAMBL£4 

I ZEROS IQ. 1~7 ZEROS If 
\:s 1-1-f~:1 I. 

s 
, 

4 S • 
1. TRACKING OSCILLATOR ACQUIRES SYNC. 
2. LOCK-ON 
3. FAl.SE PREAMBLE TEST 
4. FM TEST 
5. DROPOUT DETECTION 
6. END OF PREAMBL£ 
7. POSTAMBL£ 
8. FALSE POSTAMBL£ DETECTION 

Figure 5-7. Decoding Sequence 

Although the individual bits of each data character 
are recorded with a total skew of less than 625· 
microinches, ttl.ey are read· back from tape over 8, ,'. 

finite period of timet hence additional skew. The 
total skew introduced for both write and read is less 
than 1.8 characters on Kennedy transports. This 
skewing effect is caused by phenomena which occur 
on all transports due to tape edge irregularitiest 
mechanical tolerances of the tape path and the effect 
of bit crowding. 

In the Kennedy transports, the total skew introduced 
is less than the allowable skew with respect to IBM 
and ANSI specifications for PE tapes. In order to 
provide for system compatibility, it is recommended 
that the customer utilize at least a three-stage 
eggcrate deskewing register for assembling and 
outputting the data. 

Tracking oscillator(s) are provided to compensate the 
data rate due to variations in tape speed. The 
tracking oscillator should be able to handle at least 
+/-10 percent variation in data rates measured over 
35 cell periods. A single tracking oscillator can be 
used to provide all timing required provided the 
oscillator frequency is high enough and each channel 
is timed independently. It is important that the 
center track 2 should be used for a reference point. 
If the track being used for reference is lost, the track 
input to the oscillator can be switched to track 0 or 
3. This method provides for single track error 
correction in that, once a track is lost, the time 
relationship for that channel cannot be reacquired. 
Error correction is accomplished through utilization 
of parity information. 

One commonly seen decoding technique uses the 
tracking oscillator in conjunction with a counter to 
establish a three-quarter bit cell time. This three
quarter cell time then is used to distinguish each bit 

cell from the next. Since there is a signal transi tion 
at the center of each bit cell, regardless of whether 
it is a one or a zero, this center transition is used to 
trigger the three-quarter cell time and block out the 
phase transition. A negative signal transition at the 
center of the cell defines a zero and positive signal 
transition at the center of the cell defines a one. 
(Refer to ANSI Standard X3.B.1 for proper 
tolerances.) 

Alternatively, nine individual tracking (phase lock) 
oscillators can be used, one for each track. This 
method can be used to reacquire tracks which have 
experienced dropouts, provided the dropout does not 
exceed the time constant of the oscillator. The 
choice of methods is a tradeoff between increased 
cost for additional circuitry against expected data 
reliability. Statistics have shown that single-track 
dropout durations are in excess of 10-12 bit periods 
and therefore the incorporation of tracking 
oscillators in each data channel does not provide any 
significant benefits. (This method is very expensive 
to implement and is not recommended.) 

5.3.2 DATA DECODING 

In reading PE data, certain functions must be 
performed in order to assure proper decoding. The 
sequence of events which should be performed are as 
follows. Figure 5-7 illustrates the sequen<.oc of 
events. 

1 •. Tracking oscillator begins tracking. When no data 
are present, the tracking oscillator will be 
operating at its center frequency. When the 
preamble arrives, the tracking oscillator should 
achieve data rate synchronization within the first 
half of the preamble. It should be noted that the 
first four (aP9roximately) bits of the preamble 
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Figure 5-8. Read Recovery Block Diagram (One Channel Shown) 
will be lost in the transport due to the time 
constant of the transport threshold detector. 

2. Lock-on. When the tracking oscillator is 
synchronized with the data rate, the next function 
is to lock on to the all-zeros signal transitions. 
This can be achieved by disabling the ones 
detector. Lock-on should be achieved after 
synchronization, approximately halfway through 
the preamble. 

3. False preamble test. After lock-on, a test should 
be pert:ormed to check for the presence of any 
ones in the preamble. If there are ones present at 
the middle of the preamble, some error condition 
has occurred and no attempt to read the record 
should be made. A search should then be made for 
the IRG. 

4. File mark test. After a test for a false preamble 
is made, a test should be performed to determine 
whether or not the controller has locked on to a 
file mark. Each record should be considered a file 
mark until proven otherwise. A file mark wilJ 
have no flux reversals in channels 1, 3 and 4. If a 
file mark is detected, this should be indicated and 
a search made for the next IRG. 

5. Dropout detection. Each channel containing data 
records should be monitored to determine if a 
transition had occurred at the center of each bit 
cell. If no transition occurs in a given channel, 
decoding of that channel should be abandoned. 
The transport incorpora tes a threshold detector 
which requires the absence of two data transitions 
before gating the data off. Once a single track 
drop-out occurs that channel is ignored for the 
balance of the record and an appropriate bit is 
inserted by determining the parity of the 
remaining 8 channels. Single track dropout 
correction is performed while outputting data 
fl'om the eggcrate, thereby effectively 
eliminating the two cell periods lost by the delay 
in shutting down the threshold detector. For the 
decoding scheme using nine oscillators, the 
channel experiencing the dropout can be 
reacquired provided the duration of the dropout 
does not exceed the time constant of the phase 
locked oscillator. 

6. End of preamble. The "one" bit ending the 
preamble in each channel enables the eggcrate 
register to assemble the subsequent bits into 
parallel form. 



1. Postamble detection. Once the preamble is 
detect~<l~ a continuous test for postamble should 
be __ frilide~ The test is performed for an all-ones 
byte- folIpwed by one or more all-zeros bytes. 
When error correction is being performed on a 
channel, that channel should not be used for 
postambledetection. 

8. False postamble test. Once the postamble has 
been detegted, a test should be performed to 
ensure that nO ones are being decoded and that all 
signals are lost after a minimum of 41 character 
periods. IUs recommended not to test for the full 
40 characters of the postamble, since most peak 
detectors used in PE transports allow extraneous 
pulses to ,be. observed prior to the threshold 
detector turning off. 

5.3.3 PHASE DECODING 

Illustrated in Figure 5-8 is a simplified block diagram 
of a phase decoder which outlines the functions that 
must be performed when decoding PE data. Only one 
channel of read recovery logic is shown although a 
total of nine is required. 

5.3.4 AUTOMATIC CLIPPING LEVELS 

The purpose or the clipping levels is to eliminate 
spurious baseline noise pulses, requiring the analog 
signal supplied from the read preamplifier to exceed 
a certain amplitude before it is detected by the read 
amplifier stages. Different clipping levels are used 
during different modes of operation. The lowest 
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elipping threshold occurs during read only NRZI 
mode. This level is increased during read after write 
operations: puring the gap the clipping levels are 
raised even higher to reduce the probability of 
detecting random noise. When an error is detected in 
a read only mode and the transport is commanded to 
backspace over the erroneous block and reread it, the 
clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First the clipping levels are lowered to recover 
possible partial dropouts, and if the errol" is still 
detected the clipping levels are raised to eliminate 
possible high baseline noise spikes. 

5.3.5 ID BURST DETECTION 

When reading from BOT, a test can be made for an ID 
burst. This test should be for data in channel' P and 
absence of data in the other channels at the time the 
BOT tab passes the read head. Refer to Table 5-1A 
and 5-18 for timing employed in this test. This test 
can be used to flag tape incompatibility the reason 
being that NRZI tapes do not have this ID burst. (On 
PE systems, the test for ID is not a cr'iticaJ function 
since reading a NRZI tape would give continuous 
parity errors and erroneous data.) 

5.3.6 DATA DETECTION 

The sequence of events for a read operation is as 
follows (typical waveforms are illustrated in Figure 
5-9): 

1 •. Set SFC true. 

PREAMBLE ~----DATA----II~ POST-AMBLE 

o 0 /I 0011010 11 10100 11 0 

,RDP, RDO- RD7 1.1 

SFC l II II II 

~, I 
" II 

READ ENABLE* I 

~' 1/ ,,-; NOTE2~ 
DATA DETECTOR* ,.. 

t t LOCK-ON 
LOCK-ON LOST 

,~ 
II 

DArA INDICATOR* 

" 

Figure 5-9. PE Read Forwa,dWa'veforms 



2. Generate a prerecord delay according to Table 5-
lA (item 5) which suppresses read data while the 
tape is accelerating and the IRG is being 
traversed. 

3. The preamble arrives and the tracking oscillator 
should loek on to the signal transitions. 

4. The end of- preamble is detected when the first 
one bit of each channel arrives. 

5. Each character should then be processed in one or 
more of the foilowing ways. 

a. Check for vertical parity error. 

b. Check for bit dropout. 

c. Correct the data on the track which has 
experienced dropout utilizing parity infor
mation. 

do Generate a read strobe for data. 

e. Assemble data into words or send directly into 
memory. 

f. Detect the postamble. 

g. When the end of the record is detected 
(absence of data), set SFC false causing tape 
motion to stop. 

5.3.7 FILE MARK DETECTION 

The file mark detection according to mM and the 
ANSI standard is accomplished by detecting the 
presence of data in channels 2, 6 and 7 or the 
presence of data in channels P, 0 and 5 with the 
absence of data in channels I, 3 and 4. 

5.3.8 READ REVERSE 
(An optional automatic feature) 

The read reverse function can be implemented in a 
manner similar to read forward, except that the 
levels on the nine data lines from the transport must 
be inverted to properly decode ones and zeros. 

A postrecord delay, in accordance with Table 5-1A, 
item 6, is required between the detection of the end 
of the preamble and the stopping of tape motion 
(setting SRC false). This will bring tape to rest in the 
optimum position in the IRG for subsequent read or 
write commands. 

5.4 MRZI WRITE OPERATION 

A write operation is one in which tape motion takes 
place with write current flowing in the read/write 
heads. Writing normally occurs in the forward 
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direction for commands such as Write Record, Write 
Fi~e Mark" or Erase. 

An interface line, Set Write Status (SWS), under 
control of the customer, specifies whether a read or 
write command is required. Shortly after a forward 
or reverse command (SFC/ or SRC) is given at the 
beginning of each data transfer, the condition of SWS 
is sampled and stored in a control flip-flop (WSEL/) in 
the transport logic. If a write command is required, 
WSEL/ is set true and turns on write current in the 
heads. For read commands, WSEL/ is set false, 
turning off the write current. 

WSEL/ retains the present read/write status until it is 
overwritten at the beginning of the next command, or 
is forcibly reset to the false state by one of the 
following. . 

a. Rewind command (RWe) or synchronous 
reverse command (SRC). 

b. Switching to the off line mode, either by an 
OFFLINE command (OFFC) or by pressing the 
illuminated ONLINE pushbutton. 

c. Loss of interlock. 

A command that involves a change of read/write 
status should not be given until tape motion has 
ceased. 

5.4.1 WRITE FORWARD 

The following sequence of events will take place 
when writing a record in the NRZI format. Typical 
waveforms are illustrated in Figure 5-10. 

1. Wait for tape motion to cease. Set SWS true. 

2. Set SFC true, starting tape motion; the WSEL/ 
flip-flop will set true shortly afterward. 

3. Generate a prerecord delay as specified in Table 
5-1A according to speed. 

4. Generate WDS pulses together with appropriate 
data on WDP, WDO-WD7 (9-track) or WDC, WDl
WD8 (7-track) for each data character to be 
written onto tape. This frequency is equal to 
density multiplied by speed. The tolerance is 
+/-0.25 percent. (For a Write File Mark 
command, a single character is written. For 9-
track formats, a 1 bit is written in channels 3, 6 
and 7; for 7-track formats, a 1 bit is written in 
channels 4, 5, 6 and 7.) 

5. Nine-track only: Leave a three-character gap, 
then generate an extra WDS pulse together with 
CRCC data on WDP, WDO-WD7. (CRCC is 
suppressed for Write File Mark.) 
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NOTES 

I. CUSTOMER GENERATES THE wAVEFORMS MARKED.-

2. PRE-RECORD DELAY SHOULD BE SET IN ACCORDANCE WITH TABLE .-1 
3. POST-REtORD DELAY SHOULD BE SET IN ACCORDANCE >"IITH tABLE 5-1 

4. THE COMBINED PRE- AND POST-RECORD DELAYS DEFINE THE INTER-RECORD GAP. 

5. WDS HAS A MINIMUM PULSE \'.IDTH OF I .• SECOND. WRITE DATA LINES · ... DP. V.DO-~ 
MUST BE STEADY DURING, AND FOR 0.5 .. SECOND EITHER SIDE OF ':IDS. 
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HELD STEADY FOR AT LEAST 20 ~ SECONDS AFTER THE LEADING EDGE OF SFC (OR SRC). 

7. INTERFACE WAVEFORMS ARE SHOWN LOW-TRUE. AS THEY APPEAR ON THE INTERFACE 
CASLE. 

Figure 5-10. Write Operation Waveforms 

6. Leave a three-character gap, then generate a 
pulse on WARS. The leading edge of this pulse 
resets the write register in the transport,' thus 
writing the LRCC onto tape. 

7. Generate a postrecord delay as specified in Table 
5-1 A according to speed. This delay ensures that 
tape comes to rest CUl'ther into the IRG than it 
would after a read operation; this prevents the 
possibility of unerased gap areas in a Write, Read 
Reverse, Read Forward, Write sequence of 
commands. 

8. Set SFC false. Tape decelerates and comes to 
rest as specified in Table 5-1A according to speed. 

9. WSEL/ i'emains set and will continuously erase 
tape until some subsequent Read, Rewind, SRC, or 
OFFLINE command is given (or the loss of 
interlock occurs). 

5.4.2 OYER WRITE (EDIT) 

The Overwrite (Edit) function is normally employed 
when it is desired to change a record located among 
other records. To successfully overwrite a given 
record, tape must first be positioned at the same 
place from which the original record was written. 
After writing the new record, write current must be 

turned off while tape is in motion; this is done to 
eliminate the inherent noise transient associated with 
a collapsing magnetic field. The provision for current 
turn-off while the transport is in motion is provided. 
by the Overwrite <OYW) interface line. . 

The following procedure should be followed when 
overwriting a record on those transports which have 
the Overwrite interface line. 

1. Locate the record to be changed. 

2. Wait for tape motion to cease, then set SWS false. 

3. To read the record in reverse, set SRC true. Tape 
motion will start and the transport will be in the 
Read mode. 

4. Generate a postrecord delay for Read Reverse 
(Edit) as specified in Table 5-1A, item 7. This 
delay ensures that tape comes to rest nominally at 
the same place from which the original record was 
written. 

5. Wait for tape motion to cease, then set SWS true. 

6. Set Overwrite (OYW) true. 

7. Set SFC true, starting tape motion. The transport 
will be in the Write mode. 



8. Generate a prerecord delay for Write Normal as 
specified in Table 5-1A, item 2, according to 
speed. 

9. Generate WDS pulses together with appropriate 
data on WDC, WDI-WD8 for each data character 
to be written onto tape. This frequency is equal 
to density multiplied by speed. The tolerance is 
+/-0.25 percent. (The new record length must be 
the same length as the original record in order to 
maintain the integrity of the interrecord gap.) 

10. On 9-track systems, leave a three-character gap 
and write the CRCC in the fourth character slot. 

11. Leave a three-character gap, then generate a 
pulse on WARS. The leading edge resets the write 
register in the transport, thus writing the LRCC 
onto the tape in the fourth character slot after 
the last character is written. 

12. Generate a postrecord delay as specified in Table 
5-1 A according to speed. 

13. Subsequent operation can now be performed as 
desired. 

5.4.3 VERTICAL PARITY GENERATION 
(generated in controller) 

The vertical parity bit (VRC) recorded in channel P 
on 9-track systems is generated so that the total 
number of 1 bits in each data character (not the 
CRCC or LRCC) is always odd. On 7-track systems, 
even parity is used when writing BCD (BCD-IO 
correction is required so that there is no all zero 
character). 

5.4.4 CRCC GENERATION (9-Track Systems Only) 
(generated in controller) 

The CRCC is based on a modified cyclic code and 
provides a more rigorous method of error detection 
than using the V RC or LRC checks only. When 
reading it can also be used in conjunction with the 
VRC and LRCC checks for error correction, provided 
that the errors are confined to a single channel. 

The CRCC cari be generated according to the 
following rules. 

1. Each data character is added to the contents of a 
CRC register (CRCR) without carry - each bit 
being exclusively ORed to the corresponding bit of 
the CRCR. 

2. This information then undergoes a circular shift 
right of one place, such that each bit is copied 
into the adjacent CRCR flip-flop: 

(CRCP CRCO, etc.) 
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3-. If the bit entering CRCP is a 1, the bits entering 
CRC2"CRC3, CRC4 and CRC5 are inverted. 

4. Steps 1 through 3 are repeated for each data 
character of the record. 

5. The contents of all CRCR positions, except CRC2 
and CRC4, are inverted and the res"dbmt 
character is written onto tape. 

Figure 5-11 shows a block diagram of a CRCR. Note 
that this circuit requires one clock pulse fo!" each 
data character, and that no extra shift is requked 
after the last data character. 

If it is required to regenerate the CRee during e. 
Read Reverse command, the significance of the data 
bits entering the CRCR must also be reversed. 

The CRCC has the following properties. 

1. It can be an all-zeros character. 

2. Its value is such that the LRCC always hIlS odd 
parity (therefore the LRCC can never be aH
zeros). 

3. It has odd parity if there are an even number of 
data characters, or even parity for an odd number 
of data characters. 

For compatibility reasons, the correct CRCe shoulti 
always be written onto tape even though it is not to 
be used for read error checking. 

5.4.5 ERASING 

Erasing is required only when it is necessary to 
abandon a specific area of tape after repeated write 
errors. This can be accomplished by using anyone of 
the following methods. 

1. Backspace over the erroneous record and rewrit(:!", 
For each iteration, the new record will be written 
approximately 0.125 inch further down the tape, 
leaving a longer IRG behind it. 

2. Backspace over the erroneous record, is:sue a 
command to move tape a file mark distance with 
write lines reset. 

3. Erased gaps of any length can be generated 
executing a dummy write command with the WDS 
line suppressed. 

5.5 NHZI READ OPERATION 

The transport must be Online and Ready before Ii 

read operation can take place. When it is desired to 
perform only a read operation, removal of the write 
enable ring ensures that the tape is not inadvertently 
erased. 
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NOTES 
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2. CHARACTER PERIOD AVERAGES tv. WHERE 

Il=OENSITY AND V=TAPE VElOOTY. HOWEVER, THIS 
CAN VARY CONSIDERABLY DUE TO THE COMBINED 
EffECTS OF lIT CROWDING AND SKEW. 

3. THESE WAVEFORMS ARE SHOWN LOW-TRUE, AS 
THEY APPEAR ON THE INTERFACE CAlLE. 

•• RDS OCCURS NOMINALLY 46% OF CHARACTER PERIOD. 

Figure 5-12. Read Data Waveforms 

5.5.1 AUTOMATIC CLIPPING LEVELS the tape path, tape edge il-regulation caused during 
slitting, and by the effects of bit crowding. 

The purpose of the clipping levels is to eliminate 
spurious baseline noise pulses, requiring the analog 
signal supplied from the read preamplifier to exceed 
a certain amplitude before it is detected by the read 
amplifier stages. Different clipping levels are used 
during different modes of operation. The lowest 
clipping threshold occurs during read only N RZI 
mode. This level is increased during read after write 
operations. During the gap the clipping levels are 
raised even higher to reduce the probabili ty of 
detecting random noise. When an error is detected in 
a read only mode and the transport is com manded to 
backspace over the erroneous block and reread it, the 
clipping levels are switched automatically to 
maximize the recoverability of marginally recorded 
data. First the clipping levels are lowered to recover 
possible partial dropouts, and if the error is still 
detected the clipping levels are raised to eliminate 
possible high baseline noise spikes. 

5.5.2 READ DATA 

Although the individual bits of each data character 
are recorded simultaneously, they are read back from 
tape over a finite band of time. This skewing effect 
is caused by small static or dynamic misalignments of 

In Kennedy transports, the static skew has been 
reduced to such a degree that individual deskew logic 
and adjustments for each track becomes unnecessary. 

The transport read electronics amplifies first, then 
peak detects the read data from each track. This 
information is then copied into a skew register which 
assembles the 9 (or 7) bits of each character into 
parallel form. See Figure 5-12. The outputs from the 
skew register are transmitted to the user's equipment 
on interface lines RDP, RDO-RD7 (or ROC, ROl"'
RD8). 

Another interface line, Read Data Strobe (RDS), is 
used to sample ROP, RDO-RD7 (or ROC, ROI-RD8). 
This waveform consists of a pulse for each character 
read from tape, and the trailing edge of each pulse 
should be used to sample the data lines. 

5.5.3 READ FORWARD 

One of the simplest and safest ways of implementing 
the read control logic is to make use of two "missing 
pulse detector" circuits. The first circuilcontinually 
looks for the gap between the last data character and 



506-9XOO-160 

READ AMPS (TVP) 

DATA PATTERN 

RD'. RDO-lID7 (TV') 

I RfAD DAT,t, STIIOIf 

• SYNCHRONOUS -, 
FORWAIUl COMM,t,ND 

~NOTE l:!f • READ ENABLE 

• END OF RECORD I 
DETECTOR I 

• GAP DETECTOR I 
• DATA ENABLE I 

I I 
I I r--

I I 

I I L-
I ~NOTe 2--.::L 
~ ~~--~I--
NOTE 3 I 

I 
I 

• CRCC ENABLE I w ! 
• LRCC ENABLE I NVlt'I~I __________________ ~~ 

-r------------------------~ I 

NOTES 

I. THE PRE-lIECORD DELAY SHOULD BE 120 MILUSECONDS WHEN AT aOT. OR 
24 MILUSECONDS OTHERWISE. THIS G,t,TeS OUT UNWANTED READ DATA WHILE 
THE TIIANSPORT IS ACCELERATING AND TRAVERSING THE IRG. . 

2. TAPE MonON IS STOPPED AND THE RE,t,D CIRCUITS DISABLED WHEN A GAP OF 
16 CHAR,t,CTER PERIODS IS DETeCTED. 

3. GAP DETECTOR DELAY IS 2-1,'2 CHARACTER PUIODS_ 

4. THIS IS A FIXED DELAY OF 3 CHARACTER 'PERIODS. THE CRCC WILL OCCUR 
DURING THI S TIME. . ..• 

5. CUSTOMER GENERATES THE WAVEFOIIMS MAlKED'. 

6. INTERFACE WAVEFORMS ARE SHOWN LOW-TIIUE. AS 
THEY APPEAR ON THE INTeRFACE CABLE. 

Figure 5-73. Re.d Forward Operation Waveforms 

the CRCC or LRCC and has an optimum setting of 2t 
character periods. The second circuit searches for a 
16 character gap at the end of record. When this is 
found. the read circuits are disabled and a half 
command is given to the transport. . The second 
circuit ensures that (except for the most massive 
dropout) the transport will always come to rest in a 
genuine IRG. 

Typical read waveforms for such a scheme are shown 
in Figure 5-13. The sequence of events are as 
follows. 

1. Set SFC true. 

2. Generate a prerecord delay as specified in Table 
5-1A, according to speed. This suppresses read 
data while the tape is accelerating and the IRG is 
being traversed, 

3. Read data arrives and read data strobes are 
generated. The first strobe pulse activates both 
the gap detectClr and the end of record detector. 

4. Each character is processed in one or more of the 
following ways. 

a. Check for vertical parity errOf. 

b. Copy into the LRC check register. 

c. Copy into the CRC check register. 

d. Assemble into words or copy directly from 
memory. 

5. A gap of 21 character periods is detected. This 
triggers a delay of 3 character periods. Any 
character occurring during this time can be 
treated as a CRCC (9 track) and will be checked 
against the regenerated CRCC now held in the 
CRCR. 

6. All succeeding characters can be treated as a 
LRCC and will be checked against the contents of 
the LRC check register. 

7. A 16 character gap is detected. This disables the 
read logic and sets SFC faise, stopping tape 
motion. 

5.5.4 READ REVERSE 

This can be implemented in a manner similar to read 
forward, except that special provision must· be made 
because the LRCC and CRCC occur first. In 



addition, the significance of data bits entering the 
CRCR for check purposes must be reversed (see 
Figure 5-11). 

A postrecord delay as specified in Table 5-IA 
according to speed is required between the detection 
of end of record and stopping of tape motion (setting 
SRC false). This will bring tape to I'est in the 
optimum position in the IRG for subsequent read or 
write commands, 

5,5.5 FILE MARK DETECTION 

Since it is generally required to detect a file mark in 
either the forward or reverse direction, no use can be 
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made of the 31 inch gap that separates it from the 
previous ~rd on tape. 

To qualify as . a file mark~ a record should meet the 
following conditions. 

I. It must consist of a single data eharacter with an 
identical LRCC. 

2. The data character has the required pattern 
(0 0 0 0 1 0 0 1 1 for 9 track; 0 0 0 1 1 1 1 
for 7 track). 

3. There is no CRCC check character for 9 track. 
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SECTION VI 

MULTIPLE TRANSPORr CON,NICTION 

6.1 MULTIPLE TRANSPORT CONFIGURATION 

A single tf>ansport connected to a controller is 
normally all that is requif>ed. The cable length 
between the tf>ansport and the controller must not 
exceed 20 feet. Only one select line is utilized and 
line termination resistof>s af>e provided in the 
transport for all interface lines. 

Up to fouf> tf>ansports may be connected to a system 
pf>ovided the total cable length does not exceed 20 
feet. When this configuration is required, the 
Multiple Transport Adapter (MTA) should be used. 
The MTA facilitates the connecting of up to four 
transports to a single controller. Also, the MT A 
board is used to convert two 44 pin edge connectors 
on Model 900X to industry standard three, 36-pin 
edge connectors. An MTA board must be used if unit 
select switch is utilized on Model 9100 or 9300. 
Table 6-1 describes the other use of MTA board (190-
4147-xxx) with appropf>iate dash numbers. 

Dash 
No. USES 

001 A plug board (all components omitted) 
converts two 44-pin edge connectors to three 
industry standard, 36-pin edge connectors 
(Model 9000). 

002 A "last transport" multiple transport adapter 
(MTA). Cables which are normally attached to 
three 36-pin edge connectof>s are omitted. 
This version may also be used for single 
transport systems (Model 9000). 

003 Used to convef>t two 44-pin edge connectors to 
industry standard, three 36-pin edge 
connectors and also used to daisychain four 
tape transports (Model 9000). 

Note: 
A 5 foot cable is attached to the adaptef>. 
Signal tef>minator boards af>e in the transport 
and should be removed from all except the 
"last transport," if thf>ee 36-pin edge 
connectOf>S af>e to go to the next transport. 
When the MT A is used an optional pushbutton 
address assembly must be installed in the 

To connect Model 9000 Transport to the controller' II 

cable, control adapter and data adapt(>[' are j'Hjuin'(j 

for each transport. Figure 6-1 dlustnltcs the 
daisychain connection. 

To connect Models 9100, 9300, 9700 and 9800 to the 
controller, one adapter board and two cables are 
required per transport. Figure 6-2 illustrates the 
daisychain connection. Data terminator and control 
terminator cards are installed only in the last deck of 
the daisychain. ..... 

The adapter board contains a tape unit address select 
switch. Thus, each deck in the chain can be assigned 
an address. (SWI ON ::0 tape unit 2 ON, etc.) The 
tape unit address can also be controlled by the 
address select switch on the front panel of each 
transport. In this instance, all address switches on 
the adapter boards should be in the OFF position. An 
optional cable is used to connect the tape unit 
address switch to the adapter board. 

Dash 
No. USES 

required per system) maybe installed in ICI 
and IC6. 

004 Customer special (Model 9000). 

005 Same as -003 but 15 feet of cable (Model 
9000). 

006 Special MT A boards used together. Select 
and lines are left open (Model 90(0). 
007 

009 Used with Kennedy recommended controllers 
(Model 9000). 

010 This is the same as -002 but ONLINE is locked. 

011 

501 

ONLINE remote controlled only (Model 90(0). 

Customer special (Model 9(00). 

This MTA board is used to convert existing 
edge connectors on Models 9100/9300 to 
industry standard. three 36-pin edge 
connectors. 

tf>anspof>t. Pf>ovision is made for tef>minating 502 Last tf>ansport MTA. Cable attached to three 
signals from the transport, although these 36-pin edge connectors is omitted. This 
signals should properly be terminated in the version may also be used for single tf>ansport 
formatter. If the formatter does not have systems. The MTA board is equipped with 
proper terminations, tef>minating network industf>Y standard dual density switch (Models 
(Kennedy Part Number 149-0043-002, two 9100/9300). 

Table 6-1A. 190-4147-xxx Multiple Transport Adapter Configurations 



503 Multiple transport adapter with 5 foot cable 
attached. 

80t. 
Signal terminator boards are in the transports, 
and should be removed from all except the 
''last transport~" if three 36-pin edge 
connectors are to go to the next transport. 
When the MTA is used an optional pushbutton 
address assembly must be installed in the 
transport. Provision is made for terminating 
signals from the transport, although these 
signals should properly be terminated in the 
formatter. It the formatter does not have 
proper terminations, terminating network 
(Kennedy Part Number 149-0043-002, two 
required per system) may be installed in ICI 
and IC6. 

This MTA board is equipped with industry 
standard' dual density with switch (Models 
9100/g30n). 
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506 Special MTA used together. Select lines are 
and left open (Models 9100/9300). 
501 

508 Same as 503 but comes with terminating 
network for proper signal termination (Models 
9100/9300). 

509 Used with Kennedy recommended controllers 
(Models 9100/9300). 

510 Same as 503 with an additional hardware to 
hold it down firmly on transport. Mostly used 
in ruggedized tape transports (Models 
9100/9300). 

51Z Same as 502. 

531 Customer special (Models 9100/9300). 

551 Customer special (Model 9000). 

Table 6-18. 190-4147-lClClC Multiple TT8nspOrl Adapter ConfiguT8tions 
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Figure 6-2. Models 9'00193001 .. 
970019800 Oaisychain Connection 
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