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SECTION 

APPLICATION DATA 

1.1 INTRODUCTION 

The Kennedy Model 9800 is a synchronous digital 
magnetic tape unit that with proper external format­
ting control is capable of reading and writing IBM 
compatible tapes, and is used in applications re­
quiring high reliability at moderate tape speeds. 
Typical applications include operation with mini­
computers, high speed data collection systems, and 
computer peripherals. 

The Model 9800 is equipped with the electronics 
necessary for reading and writing tapes and for 
controlling the tape motiono The head specifications 
and the mechanical and electrical tolerances of the 
Model 9800 meet the requirements for IBM compati­
bility. However, the formatting electronics, parity 
generator, cyclic redundancy check character(CRCC) 
generator, gap control, etc o, are not included and 
must be provided by the tape control and formatter 

1.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 

Tape (computer grade) 
Width ••••••••••••• 0.5inch(1.27cm) 
Thickness •••••••••• 1. 5 mil (00038 mm) 
Tension <>.......... 8.0 ounces (227 gm) 
Reel diameter <>. <>. to 8. 5 inches (210 53 cm) 
Capacity ••••••••••••• 1200 feet (360m) 
Reel hub •••••• 3.69 inches (9.37 cm) dia 

per IBM standards 

Reel braking •••••••••••••••• Dynamic 
Recording mode (IBM compatible) •••• NRZ1 
Tape drive • • • • • • • • • • • • • •• Single capstan 
Tape speed. • •• 10-25 ips (25~ 4-63. 5 cm/sec) 

Instantaneous speed variation .'~...... ±3% 
Long term speed variation •••••••••• ±1 % 
Start/stop displacement 0.1875 inch (0.476 cm) 
Start/stop time @ 12.5ips ••••••••• ,,30 ms 
Rewind speed ' ••• <>. 120 ips (3.05m) (nominal) 

Magnetic head assembly 
(Write to read gap displacement) 
Dual gap seven-track read after write 
• • • . . • • • • • • • • • • •• 0.30 inch (0.76 cm) 
Dual gap nine-track read after write •••••• 
• • • • • • • • • • • • • • • •• 0.15 inch (0.38 cm) 
Interchannel displacement er!,or •• (measured 
with IBM master skew tape PN 432362) 
Write (maximum) 150 liinches (3.8 lim) 
Read (maximum) 150 J.Linches(3 .. Sym) 

.:,' : 

in order to generate properly formatted IBM com­
patible tapes. 

The standard Model 9800 is available in 7 or 9 track 
NRZI and 9 track phase encoded recording configu­
rations. Standard data recording densities are: 
200/556 cpi or 556/800 cpi for 7 track NRZI, 800 
cpi for 9 track NRZI, 1600 cpi for 9 track phase 
encoded and 800/1600 cpi for dual density 9 track 
NRZI (density select switch. supplied). 

The standard tape speed is 12. 5 ips; however, tape 
speeds from 10 to 25 ips are available. The data 
transfer rate at 12.5 ips, 800 cpi is 10 kHz. 

Read - after - write electronics, using a dual gap, 
write-and-read head assembly with a side-mounted 
full width erase head, are available in both seven­
and nine - track configurations, allowing for read­
after-write operation. 

Erase head •••••••• 0 •••••• <> Full width 

Load point and end of tape reflective strip 
detection •••••••••• • • • • •• Photoelectric 
(IBM compatible) 

Broken tape detection Photoelectric 

Dimensions (see Figure 1-1) 
Transport mounting (horizontal) ••••••••• 
• •• Standard 19-inch (48.26 cm) RETMA rack 
Height • • • • • • • • • •• 12.5 inches (31. 75 cm) 
Width ••••••••••• 19.0 inches (48.26 cm) 
Depth (from mounting surface) •••••••.•• 
•••••••••••••• 13.37 inches (33.96 cm) 
Depth (overall) 0.. 15.87 inches (40.31 cm) 
Weight (transport only). 45 pounds (20.25 kg) 
Shipping weight. • • • •• 60 pounds (27.00 kg) 

Operating environment 
Ambient temperature •••••• +2

0 
to +50

0 
C 

Relative humidity (noncondensing). 15% to 95% 
Altitude ••••••••• <> to 30,000 feet (9120m) 

Power requirements 115/230 vac 
50 to 500 Hz, single phase 

Volt amps nominal •••••• ••• <> • • •• 200 
Volt amps maximum .............. 300 

Table 1-1. Mode/98DD Series Tape Transport Electrical and Mechanical Specifications 
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1.3 CONTROLS AND INDICATORS 

ON LINE LOAD REWIND 

• WRITE STATUS • • • 
• READ STATUS 0 0 0 • WRITE ENABLE 

ON LINE PUSHBUTTON/INDICATOR 

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. When 
activated again it takes the unit off line. The LED indicator is illuminated in the on­
line condition. A short time lag is built in between closure and action to prevent 
accidental operation. 

LOAD PUSHBUTTON/INDICATOR 

The momentary pushbutton activates the reel servos (tensions tape) and starts the 
load sequence. The LED indicator is illuminated when the reel servos are activated 
and tape is tensioned. 

REWIND PUSHBUTTON/INDICATOR 

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

WRITE STATUS INDICATOR 

Indicator is illuminated whenever tape unit is on line, selected, and write status is 
selected. 

READ STATUS INDI CATOR 

Illuminated when tape unit is on line, selected, and read selected. 

WRITE ENABLE INDICATOR 

Illuminated whenever a reel with a write enable ring is mounted on the supply (file) 
hub. 

LOAD and REWIND pushbuttons are disabled when the tape unit is on line. 

Figure 7-2. Controls and Indicators 
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0 TEST MODE 

0 WRITE TEST 

LOAD STOP 
POINT 

FORWARD 
RUN 

REVERSE 
RUN 

FAST 
FORWARD 

FAST 
REVERSE 

TEST 

106-9801-500A 

Note 
Tape transport must be off line and STO P pushbutton 
depressed before test panel can become functional. 

TEST MODE pushbutton and indicator. A momentary pushbutton se­
lects test mode and activates test panel. When indicator (LED) is 
illuminated, test panel is active. (Tape unit must be off line and 
STOP pushbutton depressed before test panel \\fill function. ) 

I 

(]) WH.ITE TEST pushbutton and indicator. A momentary pushbutton 
whichprogramsl's tobe written on all channels in order to facilitate 
write skew adjustment. WRITE TEST remains active in FOHWAHD 
RL"N mode only. (STOP pushbutton must be depressed and TEST 
MODE selected to actuate this feature.) The indicator (LED) will 
remain illuminated while unit is in this mode. 

STOP pushbutton. An interlocked pushbutton switch which terminates 
all tape motion •. 

G> FORWARD RUN pushbutton. An interlocked pushbutton switch that 
allows tape unit to proceed forward at normal speed. Depressing 
STOP pushbutton or EOT marker will terminate this operation. 

REVERSE RUN pushbutton. An interlocked pushbutton switch which 
allows tape unit to run in reverse at normal speed. Depressing STO P 
pushbutton or BOT marker will terminate this operation. 

FAST FORWARDpushbuttono An interlocked pushbutton switch that 
allows tape unit to run forward at 150 ips. Depressing STOP push­
button or EOT marker will terminate this operationo 

FAST REVERSE pushbutton. An interlocked pushbutton switch that 
allows tape unit to run in reverse at 150 ips. Depressing STOP push­
button or BOT marker will terminate this operation. 

@ LOAD POINT indicator (LED). Indicates when tape is at load point. 

o EOT indicator (LED). Indicates when tape is at EOT. 

@ DATA indicator (LED). Indicates when data is being processed by 
read/write· electronics. 

@ SKEW indicator (LED) and TEST point. Indicator lights if tape skew 
exceeds the appropriate skew (read or write) gate setting. An oscil­
loscope TEST point is available for monitoring all read pulse outputs 
simultaneously, displaying total bit scatter. 

Figure 1-3. Test Panel Controls and Indicators (Optional) 
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l.4 INTERFACE CONNECTIONS 

The interface connectors on the ~Iodel 9800 are de­
signed for twisted pair inputs and outputs. For each 
acti H> pin there is a ground pin. The mating inter­
facLl l'onnectors, three :W-pin edge connectors (PN 
121-00fW) are supplied with the tape unit. 

1.5 INTERFACE SIGNAL CHARACTERISTICS 

The tape unit responds to zero true inputs and pro­
yides zero true outputs. Each signal input is termi­
nated in such a manner as to pro\'ide matching for 
twisted pair cables. SeL' Figure 1--!. Each output 
lint' is driYen with an open collector driYer. For 
best results the .typical interfacing circuit config­
urations shown in Figure 1-3 should be used. The 
recommended twisted pair cable will reduce the 
magnitude of intL'rcable crosstalk. l'nless otherwise 
specified all wires should be 2-! AWG minimum, with 
a minimum insulation thickness of 0.1 inch. Each 
pair should haye not less than onc twist per inch and 
the input-output cables should not exceed 20 feet in 
lengtho 

1.6 INPUT SIGNAL DESCRIPTION 

The input receiver circuits, clue to zero true current 
sinking logic design, will interpret a disconnected 
wire or remoyal of power at the transmitter as a 
logic 0 or false condition. The logic 1 or trlle state 
requires 25 ma current sink with les~ than O. -!\'. 

The logic 0 or false state will be 3v due to the input 
matching resistors (sec Figure 1--1). The recom­
mended input pulse width is 2 microseconds. The 
rise and fall times for pulses arid levels must be 
less than 0.5 microsecond. Each input is ehabled 
when the tape tranSport is on line and selected. 

r- -- -- "75V -- -- -- .., 
I TAPE TRANSPORT I 

220 
RECEIVER I 

I I 
I ~, 

-h 330 ~ TTL 7400. ·1 
~ OlL 836 

II •.•• "L _~ ____ *--~ ~V_J 

Figure 1-4.. Typical Receiver Circuit 
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l.7 OUTPUT SIGNAL DESCRIPTION 

Each output line is drh'en with an open collector 
current sinking logic dr-h"cr which is capable of sink­
ing up to -!o ma in the true state. .\11 outputs are 
disabled (false) when the tape un it is not on I ine and 
selected. 

1.8 TAPE MOTION COMMANDS 

Fot maximum interface conveniencc, ':\lodcl 9,"100 is 
configured to control tape mQtion and direction using 
the SYNCHHONOl'S FOHWAHD command and SYl\"­

CHHONOl'S H EVEHSE commalnd. The tape transport 
capstan 8en'0 accclerates thh tapL' to the rCCjuin:d 
speed with a lim>ar ramp. The tape is also deceler­
ated to a stop with a linear ramp. Start and stop 
occurs within the interrecord gaps. The ramp time 
is :lO ms for 12.5 i))S and yaries inYersely with tap~ 
speed. The amollnt of tape tra\"el during the ramp 
up or ramp down is alwa~'s O.IH7.3 inch. 

These two factors are to be taken into consideration 
when writing and gapping. A dela~" is requi red be­
fore writing to insure that tape is up to speed and to 
allow read after write. Timing diagrams for Iwrti­
nent commands to pro\'ide properly formatted tapes 
are shown in Figures 1-6 through I-H. 

Figure 1-6 shows the timing requirements for writing 
a block in a read after write s~'stem (dual gap head) 
in the write mode with read occurring immediatel,\" 
after writing. Figure 1-7 shows the timing require­
ments for reading a block on a read after write s~"s­
tern in the forward direction. Figure 1-1'3 shows the 
timing requirements for reading a block on a read 
after write system in the reverse direction. 

1.9 INTERFACE INPUT SIGNALS 

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

1.9 .. 1 SETVP COMMANDS 

tRANSPORT SELECT 
SLT Level PI-J 

Alevel that when true enables all the interface driv­
ers and receivers in the transport, thus connecting 
the transport to the controller. Transport must also 
be on line, and SLT must be true for entire write 
sequence (until tape motion stops). The SLT level 
may be removed to disconnect the machine from the 
system. The machine will remain in the last condi­
tion established by SWS. 
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OR EQUIV I 
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TAPE TRANSPORT 20 FT MAX ~I .. I~ 
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STOP 

RUN 

TAPE 
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Figure 1-5. Typical Interface Configuration 
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Figure 1-6. Read after Write Tape Transport Write Start and Stop Delays 
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FIRST DJlrA. 
BYTE 

I : 
1 ___ ~CHECK ~HARACTER(S) 

~ ~lO CHARACTER 
LAST DATA BYTE ___________ ...;1 TIMINGS MINIMUM - I ' 

GAP DETECT--------------------~ 

t=TIME-SECONDS 
S=SPEED-IPS 

Figure 1-7. Read after Write Tape Transport Reading Forward 
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. Figure 1-8. Read after Write Tilpe Transport Reading in Reverse 
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DATA DENSITY SELECT 
(Dual Density only) 
DDS Leyel PI-I) 

l"sl'd when the THANSPOR T DENSITY SELECT switch 
is in the remote position. When true, this len~l 
selects the high read clensit~" (dual densit~"). 

1.9.2 TAPE ;\lOTION COl\ll\lANDS 

OVERWRITE (optional) 
OV\V Level PI-B 

A levl'l that when true conditions appropriate drcuitr~" 
in the tranSIX)rt to allow updating (rewriting) of. a 
selected record. The transport must be in the writE' 
mode of operation to utilize the O\,\V feature. 

SYNCHRONOUS FORWARD COMMAND 
SFC 1>1-C 

A 1eye1 that when trul', and tlw transport is read~" 
and on line, caUSl'S tape to moye forward at the SPl'l'­
ified speed. When the It'yd goes false, tape mot ion 
ramps down and l'l'ases. 

SYNCHRONOUS REVERSE COMMAND 
SHC PI-I<: 

A l('ve1 that when true, and thl' transport is ready 
and on line, causes tape to move in a l'l'\,('rse di rec­
tion at the specified speed. When the level goes fals{', 
tape motion ceases. If th<.' load point marker is de­
tected during an SHC, the SHe will be terminatl'd. 
If an SHC is given when the tape is at load point, it 

will be ignored. 

REWIND COMMAND 
RWC Pulse PI-II 

A pulse input will rewind the tape past the load point 
and stop. The transport will then initiate a load for­
ward 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 ma~' be taken 
off line while rewind is still in process. Rewind will 
continue normally. 

1.9.3 WHITE COMl\lANDS 

SET WRITE STATUS 
SWS Level PI-X 

A level that must be true at the leading edge of an 
SFC (or RUN and FWD) when the write mode of oper­
ation is required, and must remain tru'e for a mini­
mum of N) IJsec after the leading edge of th~ .SFC 
(or RUN and FWD). SWS is sampled at the leading 
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edge of the SFC or SHe (or Hl"N and FWD), toggling 
the read/writl' flip-flop to the appropriate state. In­
ternal interlocks in the 9HOO/~)700 will pl'l'H'nt wri t­
ing in the reverse direction, when tlw writl' l'nable 
ring is missing, when the tape unit is offline, when 
loading to a load point, and during a l'l'wind. 

WRITE DATA INPUTS 

Nine TraCK Se\"cn Track 
WDP WDC [>2-L 

WI)O P2-:\1 

WDI P2-:\ 
WD2 WDB P2- P 
WD;~ )VIM. P2-H 
WI)..! WDK P2-S 
WI);) WI)-! 1>2-'1' 
WD() WD2 J>2-l 
WI), WDI P2-\' 

Nine lines for nine-track operation, Sl'ven lines for 
sl'ven-track operation. These are levels that if tnll' 
at WDS time will result in a fIlL,\: transition being re­
corded on tape (transport is in the writl' mode). Data 
inputs must have sl'ttled O. J ~sel' befon' the leading 
edge of the W])S pulse and must remain quiescent 
O. J IJsec beyond the trailing cdgc of thc WDS pulse. 
The CHeC is wri tten by providing the corrl'ct data 
character together with a W])S fOllr character tim es 
after tlw last data character of the record. 

The LHCC is written using the WAHS signal. TI1l' 
LneC can also be written by providing the correct 
data character together with a WDS. If the LHCC is 
written (DATA-WDS) in this manner a WAnS should 
be given one character time after the LHCC to insure 
proper IRG erasure in case of data input error. 

WRITE DATA STROBE 
WDS Pulse P2-A 

A pulse of 2 IJsec nominal width for each character 
to be written. Writing occurs on the leading edge of 
the WDS. WDS may be a 1 IJsec minimum, 3 IJsec 
maximum pulse. Data inputs must have settled for 
at least 0.5 IJsec before the leading edge of WDS 
and remain quiescent for at least 0.5 /J.sec beyond 
the trailing edge. 

WRITE AMPLIFIER RESET 
WARS Pulse P2-C 

A pulse of 2 IJsec nominal width that, when true, re­
sets the write amplifier Circuits on the leading edge. 
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 (fiG). 



In a se\'en-track system, the leading edge of the WAHS 
pulse should be four character times after the lead­
ing edge of the WDS associated with the last data 
character in the block. In a nine-track system, the 
leading edge of the WARS pulse should be eig'ht char­
acter times after the leading edge of the WDS asso­
ciated with the last data character in the block (four 
character times after the CRCe is written). 

1. 9. -1 READ COl\I:\IAKDS 

A read after write machine will alwa~'s have read 
selected. When write is selected (SWS) the data just 
written will be read back using a high threshold level 
on the read amplifiers. When SWS is false the nor­
mal threshold is applied to the read amplifiers. 

AUTOMATIC CLIPPING LEVEL DISABLE 
ACLD Level P3-6 

When true this level overrides the automatic clipping 
level electronics and holds the read electronics in 
the norni.al clipping level. 

1.9.;) SHCTOOWK (U:\I:\IAKOS 

The use of a given magnetic tape unit may be termi­
nated by an 0 FF LINE command. Once this command 
is given the tape unit may be returned to an interface 
command only by operating the front panel OK LINE 
switch. 

OFF LINE COMMAND 
OFFC Pulse PI-L 

A level or pulse (minimum width 2 ~sec) that resets 
the on-line flip-flop to the zero state, placing the 
transport under manual control. It is gated only by 
SELECT in the transport logiC, allowing an OFFC 
to be given while a rewind is in progress. An OFFC 
should be separated from a rewind command by at 
least 2 ~sec. 

1.10 INTERFACE OUTPUT SIGNALS 

All output signals are enabled only when the tape 
transport is on line and selected. 

1.10.1 STATeS OeTPl'TS 

ON LINE 

ONL Level Pl-l\l 

A level that is true when the on-line fl,ip-flop is set. 
When true, the transport is under remote control. 
When false, the transport is under local control. 
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. TRANSPORT READY 
RDY Level 1>1-T 
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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. 

HIGH DENSITY INDICATOR 
(Dual Density onl~') 
IIDI Pl- F 

A le\'cl that is true onl~' wheh the high-densit,\' mode 
of operation is selected. 

FILE PROTECT 
FPT . LeH,'l! Pl- P 

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

WRITE ENABLE 
WEK Level Pl-S 

A level that is true when a reel of tape with a write­
enable ring is mounted on the transport supply (or 
file) hub. Opposite of file protect. 

LOAb POINT 
LDP Level PI-R 

A level that is true when the load point marker is 
under the photosensor and the transport is not re­
winding. After receipt of an SFC the Signal will 
remain true until the load point marker leaves the 
photosense area. (Circuitry using this output should 
not use the transitions to and from the true state.) 

TAPE RUNNING 
RNG Level PI-V 

This is a level that is true when tape is being moved 
under capstan control and remains true until tape 
motion has ceased. (Includes forward, reverse, and 
rewind tape motion.) 

END OF TAPE 
EOT Level Pl-l' 

A level that is true for the duration of the EOT mark­
er. (Circuitry using this output should not use the 
transitions to and from the true state. ) 

REWINDING 
RWD 'Level PI-N 

A level that is true only wpen the transport is engaged 
in a rewind operation or returning to the load point. 
(Goes true approximately 5 psec after a rewind com­
mand is given.) 



1. 10. 2 READ OCTPCTS 

Read outputs are present at all times in tape units 
when a dual gap head is used (read after write). The 
high threshold level is selected internally when SWS 
is selected. In a read/write tape unit (single gap 
head) read outputs are inhibited when SWS is true. 

. READ DATA STROBE 
RDS Pulse P3-B 

A pulse of2 J.Lsec minimum width for each data char­
acter read from tape. Although the average time 
between two read data strobes is 

where 

/1 (sec) 
1 

s. d 

s ,. tape speed in inches per second 
d density characters per inch 

the nummum time between consecutive read data 
strobes is less than this figure due to skew and bit 
crowding effects. A guaranteed safe value for the 
minimum time is 1/2 /1. 

READ GAP DETECT 
RGAP Level P3-N 

A level that is true approximately nine character 
spacings after the last data byte (five character spac­
ings on seven-channel), 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. 
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READ DATA LEVEL 

Nine Track Seven Track 
RDP HDC P3-1 
RDO P:l-;~ 

fiDI P:l--l 
RD2 HDB P:l-H 
RD3 HDA P:l-9 
RD4 HDH P:3-1-1 
RD5 HIH P;3-1:) 

HD6 HD2 P;3-17 

HD7 ,HDI P;3-1K 

Nine lines, nine track; se~'en lines, seven track. 
Nine (or seven) staticisers: are provided, which act 
as a one-stage read deskewing buffer. Each output 
is a level that ch.mges to the appropriate state ap­
proximately 1 J.Lsec before the read data strobe and 
remains in that state until 1 #J.sec before the next 
read data strobe. Data lines return to false condi­
tion in the IRC when tape motion stops regardless 
of the last character read. 

It is recommended that read data strobes and the 
read gap detect be ignored during the first read or 
write operation from load point for /2 msec after 
the load point output goes false, where T 2 1000/s 
(s speed of tape lPlit). 

The read gap in a read after write tape unit is down-
. stream from the write gap. Thus when the write gap 
is initially energized the read gap may detect a flux 
change depending on the initial state of magnetism 
on the tape. 
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l.11 SUMMARY OF INTERFACE CHARACTERISTICS 

Figure 1-9 shows the location of connectors and pin 
numbers with Signal names. 
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.J L 

r. ..a fT., ... I' ;:::::::::5:1 

,. ·t!·r::;'!-::lj A Jl CONTROL V 

18 J3 READ 1 , 

.....- INPUT 
--.-OUTPUT 

WlITE COIIIIECTOR J2 
ACTIVE GROUND SIGNAL tHlEMorn c 
--A- --1- ,. WRITE DATA STROBE w OS 

B 2 N. C. 
C 3 ,. WRITE AMPLIFIER RESET WARS 
0 II NOT USED 
E 5 NOT USED 
F 6 NOT USED 
H 7 NOT USED 
J 8 NOT USED 
I< 9 NOT USED 
L 10 .. WRITE DATA CHANNEL P WOP 
M 11 .. WRI TE DATA CHANNEL 0 WOO 
1'1 12 .. WR I TE DATA CHANNEL 1 WDI 
P 13 ,. WRITE DATA CHANNEL 2 WD2 
R 14 .. WRITE DATA CHANNEL 3 WD3 
S 15 .. WRI TE DATA CHANNEL 4 WD4 
T 16 ,. WRITE DATA CHANNEL 5 WD5 
U 17 .. WRI TE DATA CHANNEL 6 WD6 
V 18 .. WRITE DATA CHANNEL 7 W 0 7 

C81~ C.EC'OI J1 
ACTIVE GROUND ~ MNEMONIC 

A 1 SPARE 
B 2 ,. OVERWRI TE OVW 
C 3 .. SYNCHRONOUS fORWARD SFC 
0 4 .. DATA DENSITY SELECT DDS 
£ 5 .. SYNCHRONOUS REVERSE SRC 
F 6 • DATA DENSITY INDICATOR 001 
H 7 .. REWIND COMMAND RWC 
J 8 .. SELECT SLT 
K 9 .. SET WRtTE STATUS SWS 
L 10 ,. OFF Ll NE COMMAND OFFC 
M 11 .. ON Ll NE ONL 
N 12 .. REWINDING RWD 
P 13 ... FI LE PROTECT FPT 
R 14 '. LOAD POINT LP 
S 15 .. WRITE ENABLE WEN 
T 16 .... TRANSPORT READY ROY 
U 17 .. END Of' TAPE EOT 
V 18 .. TAPE RUNNING RNG 

lEAD CIIiIIECTOI J3 
ACTIVE GROUND SIGNAL MNEMONIC 

1 A ... .READ DA~NNEL P RDP 
2 B ... READ DATA STROBE RDS 
3 C .. READ DATA CHANNEL 0 ROO 
4 0 .. READ DATA CHANNEL 1 RDI 
5 E NOT USED 
6 F .. AUTO DISABLE 
7 H NOT USED 
8 J ... READ DATA CHANNEL RD2 
9 K .. READ DATA CHANNEl RD3 

10 L NOT USED 
11 M NOT USED 
12 N ... GAP DETECT 
13 P NOT USED 
14 R .. READ DATA CHANNEL R04 
15 S ... READ DATA CHANNEL RD5 
16 T NOT USED 
17 U ... READ DATA CHANNEL 6 RD6 
18 V .. READ DATA CHANNEL 7 RD7 

Figure' -8. $ummety of Int.rfece C"',ect.ri.tics 
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SECTION II 

INSTALLATION AND OPIRATION 

2.1 INSTALLATION 

2.1.1 INSPECTION 

Prior to installation, inspect thoroughly for foreign 
material that may have become lodged in the tension 
arms, reel hubs, and other moving parts. 

2.1. 2 MOUNTING 

Physical dimensions and outline of the tape transport 
are shown in Figure 1-1. The transport requires 
12.22 inches vertical mounting space on the standard 
19 inch rack. Transports in a system configuration 
should be arranged to require less than 20 feet of 
cabling between the Format Control Unit and the 
furthest tape unit. 

2.1. 3 SERVICE ACCESS 

Access to the plug-in cards, the power supply, and 
the control electronics is available from the top of 
the unit. The voltage regulator and the servo power 
assembly are mounted on the inside of the heatsink 
on the rear of the transport. The voltage selection 
switch, fuse, power connector, and interface con­
nectors are also accessible from the rear of the unit. 
For servicing electronics, test points are provided 
by standoff pins on circuit boards and are identified 
by upper case letters near each test point. 

2.1.4 INTEItCABLING 

Installation of the tape transport requires fabrication 
of interconnection cables between the Format Control 
Unit and the tape transport. Three 36:"pin cable con­
nectors that mate with the connectors on the units 
are supplied with the system. 

The connector pin assignments are shown in Figure 
1-9. Twisted pair cabling should be used to reduce 
intercable crosstalk. All wires should be 24 AWG, 
minimum, with a minimum insulation thickness of 
0.01 inch. Each pair should have no less than one 
twist per inch, and maximum cable length should not 
exceed 20 feet. 

2.1. 5 POWER CONNECTIONS 

Before connecting the unit to the power 
source, make certain the line voltage 
selector switch, near power connector. 
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on rear flange, is set to correct volt­
age (115 or 230 V AC) and that proper 
fuse has been installed (3A 3AG for 
115 VAC, 1.5A 3AG for 230 VAC). 

A detachable power cord is supplied with the tape unit. 
The power cord is 7.5 feat long and has a NEMA 
three-prong (two power, one chassis ground) plug 
for connection to the power 'isource. 

~ 

2.1. 6 TERMINATION OF INPUT LINES 

Terminator cards are provided to terminate input 
lines for minimum reflection. When machines are 
used singly or in a radial interface, terminators re­
main in place. 

In a daisychain installation of two or more machines, 
terminators are removed from all machines except the 
machine at the greatest distance from the interface. 

2.2 OPERATION 

2.2.1 INTERFACE 

Before placing the unit in operation, make certain 
that the interface connection procedures outlined in 
Section I have been performed. 

2.2.2 CONTROLS AND INDICATORS 

Paragraph 1.3 lists the controls and indicators for 
the tape transport and describes the functions of each. 
The optional test panel controls are shown in Figure 
1.3. 

2.2.3 PRELIMINARY PROCEDURES 

Before placing the unit in operation, proceed as fol­
rows: 

a. Clean the tape transport read/write head, 
capstan, and idlers to prevent degradation 
of magnetic tapes. 

b. Check for co~rect setting of line voltage 
selector switch on rear flange, and make 
sure that ,correct fuse is installed (para­
graph~. 1.5). 

c. Set primary power switch on control panel 
to ON. 



2.2.4 TAPE THREADING 

To thread the tape on the transport, proceed as' fol­
lows: 

a. Raise the latch of the quick-release hub and 
place the tape file reel to be used on the 
supply hub (Figure 2-1) with the write-enable 
ring side next to the transport deck. 

b. Hold the reel flush against the hub flange 
and secure it by pressing the hub latch down. 

c. Thread the tape along the path as shown by 
the threading diagram (Figure 2-1). 

d. Holding the end of the tape with a finger, 
wrap a few turns counterclockwise around 
the takeup hubo 

2.2.5 TAPE LOADING 

Pressing the LOAD pushbutton energizes the reel 
servos and initiates a load sequence. Tape advances 
to the load point marker and stops. 

If for some reason the load point marker is already 
past the sensor as, for example, in restoring power 
after a shutdown, tape will continue to move. Under 
these conditions, press REWIND and tape will rewind 
to load point. 
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Once pressed, the LOAD switch is illuminated and 
is inactive until power has been turned off or tape is 
removed from the machine. 

2.2.6 PLACING TAPE UNIT ON LINE 

After the tape is properly threaded and has been 
loaded and brought to the load point, press the ON 
LINE pushbutton and check that the ON LINE indicator 
ilhlminates. (LOAD and REWIND pushbuttons are 
disabled when the tape unit is on line.) On-line status 
enables the tape unit to be remotely selected and to 
perform all normal operations under remote control. 

2.2.7 TAPE UNLOADINd AND REWIND 

ProVision is made in the gOOO-series transports for 
rewinding a tape to the load point under remote con­
trol. However, this operation may also be performed 
manually. Proceed as follows. 

a. If the ON LINE indicator is illuminated, 
press the ON LINE pushbutton. Check that 
the indicator extinguishes when pressure is 
removed. 

b. Press the REWIND pushbutton. The tape 
will now rewind to the load point marker. 

FI.uIW 2-'. T.,. 1""",111"11 O •• ,.m 
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c. After the tape has been positioned at the load 
point under remote or local control, press 
the REWIND pushbutton to rewind the tape 
past the load point to the physical beginning 
of the tapeo 

NOTE 

The rewind sequence cannot be stopped 
until the tape has rewound either to 
the load point or until tension is lost 
at the physical beginning of the tape. 

2.2.8 POWER SHUTDOWN 

A tape transport should not be turned off when tape 
is loaded and is past the load point marker. Kennedy 
9000-series transports are designed to prevent physi­
cal damage to the tape in the event of power failure, 
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and to minimize operator error which could destroy 
recorded data. In the event of power failure during 
tape unit operation, manually wind the tape forward 
several feet before restoring power. When power 
has been restored, press the LOAD pushbutton, then 
the REWIND pushbutton. This will rewind the tape 
to the load point. If desired, the tape can then be 
advanced to the data block nearest the point at which 
the power failure occurred, by initiating the appro­
priate control commandso 

Although it is possible to dEbvelop procedures which 
would allow power shutdow~ between files or record 
blocks on a tape, this is not recommended. Where 
data files are short, it is preferable to use smaller 
tape reels. 
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SECTION III 

THEOR·Y Of OPERATION 

3.1 INTRODUCTION 

This section describes the tape transport on a func,:", 
. tional basis. The description applies to the standard 
model using the 800 cpi NR2'1 data electronics and 
covers all tape speeds. Models using the 1600 cpi 
phase encoded electronics, the dual density 800/1600 
cpi electronics, or the seven-track NR2'1 electronics 
include a different set of data electronics, and these 
are described in special supplements that accompany 
the standard manual. 

Each circuit card schematic is preceded by a.detailed 
circuit description that explains the operation of the 
card on the component level. The description offered 
in this section is more in the nature of a block dia­
gram description, and divides the transport into three 
main functional subsections - control logic, servo 
system, and data electronics. 

3.2 CONTROL LOGIC 

3.2.1 INTRODUCTION 

The control logic section of the tape transport gener­
ates the appropriate internal tape motion commands 
in response to input commands from the transport 
interface, the main pushbutton panel, and from the 
test panel pushbuttons. The control electronics re­
ceive these commands and generate transport motion 
if all internal interlocks are satisfied. In addition, 
the control electronics return the transport status 
outputs to the interface and illuminate the respective 
indicators on the main panel and on the test panel. 

Five plug-in circuit cards constitute the control 
section logic: Control Terminator Type 3841, Push-:­
button Control Type 3843, Ramp Generator Type 
3645, and Sensor Amplifier/Driver Type 3844. The 
modules are housed in the card cage assembly and 
plug into the master board. Figure 3-1 is a simpli­
fied block diagram of the control logic, showing the' 
signal flow between the control moduleso As can be··.· , 
seen, the input signals from the interface are. sup- . 
plied, after being terminated on the Control Termi­
nator module, to the Control Interface module, where 
these Signals are acknowledged if certain interlocks 
are satisfied. The motion commands are then sup- . 
plied to the Pushbutton Control module. This card 
also includes the interlocks for the main panel push­
buttons and for the test panel pushbuttons.. If the 

interlocks are satisfied, the Pushbutton Control mod­
ule encodes all tape motion commands onto three 
command lines: RUN NORl\1AL (RNNl), HUN FAST 
(RNFSTl), and REVERSE SELECT (RVSl). The 
three command lines are then supplied to the Ramp 
Generator module which produces accurate analog 
voltage output. The output of the Ramp Generator 
is then supplied to the Capstan Servo Amplifier mod­
ule in the servo system, (lescribed below. The volt­
age output of the Ramp Geperator in conjunction with 
the feedback from the capstan tachometer is used to 
energize the capstan motor and to advance the tape 
in the desired speed and direction. The Ramp Gen­
erator provides linear ramp-ups to speed and linear 
ramp-downs to standstill in order to minimize the 
stress on the tape and maintain accurate speeds. 

The Sensor Amplifier/Driver module receives the 
inputs from the file protect switch, the load point 
sensor, end of tape sensor, and broken tape sensor. 
These signals are amplified and supplied to the other 
modules in the control section where they provide 
the inputs to the interlocks. The Sensor Amplifier/ 
Driver module also contains the drivers for the front 
panel indicators, the driver for the file protect sole­
noid, and the write and erase head drivers. 

3.2.2 CONTROL LOGIC OPERATION DURING A 
WRITE SEQUENCE 

A write operation will be used as an example to dem­
onstrate the interaction of the different components 
.of the control logic. The whole operation is described, 
showing the flow of commands and the required con­
trol interlocks. 

The main pushbutton panel is used to prepare the 
transport for operation. After the power is turned 
on and the tape is properly threaded, the front panel 
LOAD pushbutton is pressed. This sets the LOAD 
flip-flop on the Pushbutton Centrol modules, gener­
ating a RUN NORMAL RNN1 true to the Ramp Gener­
ator card. The Ramp Generator outputs a linear 
ramp voltage to the Capstan Servo Amplifier card, 
initiating forward tape motion at normal running 
speed. The Ramp G~nerator also supplies TAPE 
R;UNNING status true through the Interface Control 
card to the transport interface. When the load point 
reflector marker is detected by the respective photo 
cell, the Signal is amplified by the Sensor Amplifier.! 

.. Driver card and is supplied as LOAD POINT DETECT 
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(L P) true to the Pushbutton Control module. LOAD 
POINT true sets the ON TAPE flip-flop to. the true 
condition which terminates the synchronous forward 
motion by setting RUN NORMAL RNNI false. The 
tape is stopped at load point and is properly loaded. 
Pressing the front panel ON LINE pushbutton noW 
places the transport on line, preparing the transport 
to respond to interface commands once it is selected 
by the interface. When the transport is selected 
·(input line SELECT going true) the transport can ac,,:, 
cept commands from the interface and return the 
transport status outputs back to the interface. At 
this time the transport status lines would be in the 
states shown in Table 3-1. 

In addition to the status lines, the front panel Ol'f 
LINE and SELE CT indicators are illuminated, as is 
the WRITE ENABLE indicator if the supply reel con­
tains a write enable ring. 

If the write operation is to be initiated, the interface 
now supplies SET WRITE STATUS level true and 
then a SYNCHRONOUS FORWARD COMMAND. The 
SET WRITE STATUS (SWS) level is sampled on the 
leading edge of the SYNCHRONOUS FORWARD COM­
MAND. If the level is true this sets a flip-flop on 
the Interface Control module and generates WRITE 
SELECT WSEL true. WRITE SELECT is supplied 
to the Pushbutton Control module where it generates 
WRITE READY true provided that FILE PROTECT· 
is false (supplied from the Sensor Amplifier/Driver . 
module), BUSY is false (this signal is generated'-on 
the Pushbutton Control and is true whenever the trans­
port is searching for load point and is rewinding), 
and no reverse command is given. These interlocks 
ensure that the transport writes data on tape only 
when the tape is properly loaded, the reel has a write 
enable ring, and the tape is moving forward at nor­
mal running speed. WRITE READY true is supplied 
to the Sensor Amplifier/Driver module where it tUrns 
on write and erase head current drivers and illumi­
nates the WRITE indicator on the front panel. WRITE 
READY and SELECT 1 (combining ON LINE true and. 
SELECT true) are also supplied to the data electron­
ics card cage where they enable the write and. read 
amplifier ·stages. 

When the tape is properly loaded and not rewinding 
and WRITE READY is false, a read operation is 
selected and the Sensor Amplifier/Driver module 
illuminates the front panel READ indicator. 

If WRITE READY does go true the interface supplies 
the properly formatted data to be written on tape. 
The write operation can. be interrupted incase of 
broken tape; when the BROKEN TAPE signal is sup­
plied from the Sensor Amplifier/Driver module, all 
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ser.vos are disabled immediately. Note that an END 
OF TAPE indication does not terminate a write oper­
ation, but leaves it up to the interface to do so. When 
the write operation is terminated by the interface, 
the tape is rewound to load point when the interface 
issues a REWIND COMMAND. Note that the tape 
cannot be rewound past the load point by a command 
from the interface. In order to rewind the tape off 
the takeup reel the transport must be taken off line, 
either through an interface command or by pressing 
the front panel ON LINE pushbutton again. Once the 
transport is off line the front panel REWIND push­
button can be activated to rewind the tape completely 
off the takeup reel. 

3.2.3 TEST PANEL (optional) 

The test panel provides a means of exercising, test­
ing, 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. The test 
panel can initiate forward and reverse tape motions 
at either normal or high tape speeds. It can also 
initiate a write test, generating a crystal controlled 
all-l test pattern on tape. The test panel also pro­
vides indicators for load point, end of tape, and data 
·available. An additional indicator monitors excessive 
skew, and is used in the aligning of the read/write 
head when using an 800 cpi. skewmaster tape. When 
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 
d~tect 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, with the test panel STOP pushbutton 
depressed. If these conditions are satisfied the test 
panel pushbuttons are enabled when the TEST MODE 
pushbutton is pressed. 

3.2.4 CONTROL LOGIC ADJUSTMENTS 

The Kennedy tape transport requires very fewad­
justments. These are preset in the factory and 
should not be changed unless there is a very strong 
reason to believe that they are required. The fol­
lowing adjustments are made on the control logic 
modules: 

Adjust'ment 

Normal· r.unning speed 
Ramp-up time 
Ramp-down time 
End of Tape/Beginning of 
Tape .sensor. adjustment 

Location 

Ramp Generator 
Ramp Generator 
Ramp Generator 

Sensor/ Amplifier Driver 



STATUS LINE STATE 

ON LJNE true 

TRANSPORT READY true 

TAPE RUNNING false 

REWINDING false 

FILE PROTECT 

LOAD POINT true 

WRITE ENABLE 

END OF TAPE false 
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POINT OF ORIGiN 

Supplied from the load poiht flip-flop on the Pushbutton Control mod­
ule, routed through the Interface Control module. 

This signal, generated onthe Interface Control module, combines 
BUSY false (meaning the transport is loaded and not rewinding or 
searching for load point) and SELECT 1 true (meaning the transport 
is ON LINE and SELECT is true). 

This signal goes true on the Ramp Generator ~en tape motion is 
initiated. 

At this time the Rewind flip-flop on the Pushbutton Control module is 
in the cleared state. 

This signal is true if the reel of tape mounted on the supply hub does 
not contain a write enable ring. It is false if the reel does contain 
the ring and is available for writing. The signal originates on the 
Sensor Amplifier/Driver module. 

Since the tape is at load point the Sensor Amplifier/Driver supplies 
this signal true. When LOAD POINT is true the transport does not 
acknowledge a REWIND command or a SYNCHRONOUS REVERSE 
COMMAND from the interface, but must be taken off line and re­
wound off. tape by using the front panel pushbutton. 

This signal is equivalent to the inverse of the FILE PROTECT signal. 
and is true whenever· the other is false; e. g., whenever the supply 
reel contains a write enable ring. The signal originates on the 
Interface Control module. 

This signal goes true only when the end of tape reflective marker is 
detected by the respective photosensor. The signal is supplied to the 
Sensor Amplifier/Driver module. 

Table 3-1. Transport Status 

The adjustment procedures are outlined in the main­
tenance section of the manual and in the circuit de­
scriptions of the individual schematics. 

constant tape tension •. High performance' servos are' 
requireg to drive the reel motors and the capstan 
drive motor. Considerable power is required, r&­
sulting in substantial heat dissipation. This requires 
the use of heatsinks which are mounted for optimum-' 
cooling.' All servo components are modular in· nature 
and may be replaced with minimum effort. 

3.3 SERVO SYSTEM 

3.3.1 INTRODUCTION 

The transport servo system consists of the electron­
ics and electromechanical components that are re­
quired to advance the tape past the magnetic head at 
accurately controlled speeds while maintairiing con­
stant tape tension. The servo system includes two 
subsections - the capstan servo system, whose func­
tion is to drive the tape at accurately controlled 
speed, and the reel servo system that maintains 
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3.3.2 REEL SERVOS 

Two identical reel servos are employed for the supply 
and the takeup reels. 'A block diagram is shown in 
Figure 3-2 • Each reel servo includes a spring loaded 
buffer arm, a magnetic position sensor coupled to' 
-the buffer arm shaft, a servo amplifier, located on 
the· Servo -Preamplifier Type 4306 module, power 



transistors located on the chassis heats ink, and a 
high power dc motor. The dc motors operate from 
±24 volt supplies capable of providing up to 30 am­
peres peak output current. 

The tape tension is maintained by the interaction of 
the spring loaded buffer arms, the capstan, and the 
respective reel motors. The magnetic position sen­
sors, called magpots, produce a corrective voltage 
whenever the buffer arms swing away from the center 
of their arcs. Each magpot consists of an oscillator 
circuit, a stationary transformer with a rotating flux 
linkage, and a discriminator circuit. When the re­
spective buffer arm is in the center of its arc the 
rotating flux linkage coupled to the buffer arm shaft 
is adjusted so that the oscillator induces equal volt­
ages into the two stationary secondary coils of the 
transformer. When equal voltage is induced to both 
coils the voltage of each cancels out and the total 
output of the poSition sensor is 0 volt. When the 
buffer arm swings away from the center of its arc 
the rotating flux linkage induces more voltage into 
one of the secondary coils than the other, generating 
either positive or negative corrective voltage to the 
amplifier circuit of the respective reel, located on 
the Servo Preamplifier Type 4306 module. The 
magpot corrective voltage is then summed with the 
modified output of the capstan tachometer to produce 
the energizing output for the reel motors. The effect 
of the modified tachometer output is to speed up the 
response of the reel motors to the capstan motion, 
to compensate for the lag in the magpot output to tape 
motion. 

The relative effect of the modified tachometer output 
on the reel motor response is adjusted by a poten­
tiometer located on the Servo Preamplifier module. 
The adjustment minimizes the buffer arm travel 
during the ramp-ups to normal running speed by 
optimizing the interaction of the magpot corrective 
voltage and the capstan tachometer voltage. Reducihg 
the buffer arm travel prevents the arms from bot­
to~ing and ensures accurate ramp speeds. 

The summed magpot and· modified tachometer volt­
ages are amplified on the Servo Preamplifiermodule. 
The amplified output is then supplied to power tran­
sistors located on the chassis heatsink whose output 
energizes the reel motor. The reel motor then pro­
duces the proper torque to return the buffer arm to 
tbe center of its arc, where the magpot position 
sensor output is again reduced to zero. 

3.3.3 CAPSTAN SERVO 

Thesingle capstan drive motor is part of a high per­
formance velocity servo ~ystem.In addition to the 
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Figure 3-3. Reel Servo System 

motor the capstan servo system includes a dc tachom­
eter, coupled to the capstan motor shaft, and the 
capstan amplifier, located on the Servo Preamplifier 
Type 4306 module. The linear analog ramp voltage 
produced by the Ramp Generator card (in the control 
logic section) is supplied to the Servo Preamplifier 
module where it is compared with the feedback sup­
plied from the capstan tachometer. Any resulting 
difference is amplified and is supplied to the capstan 
power tranSistors, located on the chassis heatsink. 
The output of the power transistors energizes the 
capstan motor, advancing tape at accurately con­
trolled speeds. 

3.3.4 SERVO SYSTEM ADJUSTMENTS 

The . following adjustments are preset in the factory 
and should not be changed unless there is a strong 
reason to believe that they are required. The ad­
justment procedures are outlined in the maintenance 
section of the manual and in the circuit descriptions 
of the particular schematics. 

Adjustment 
Capstan servo offset 
(to .preveni capstan creep) 
Buffer arm position 
Buffer arin tl'avel 

Location 
Type 4306 Servo 
Preamplifier 
Type 4210 Magpot 
Type 4306 Servo 
Preamplifier 



3.4 DATA SECTION 

3.4.1 INTRODUCTION 

The data section includes read and write amplifiers 
and interface cards providing output drivers and 
timing controls. Block diagrams are .shown in Fig­
ures 3-3 and 3-4. 

The data section consists of eight circuit cards that 
plug into the master board. These include a Timing 
belay module, a Read Amplifier/Clipping Control 
card, a pair of Quad Read Amplifier moduleS, a Four 
Channel Write Amplifier card, a Five Channel Write 
Amplifier card, and a Data Terminator card. 

3.4.2 WRITE ELECTRONICS 

A write amplifier channel is provided for each tape 
channel. Four such channels and the circuitry com­
mon to all write amplifiers are contained on Write 
Amplifier Type 3848, and the five remaining write 
amplifier stages are located on Write Amplifier Type 
3849. These cards plug into the master board, from 
which the necessary head connections are made. Two 
of the channels on Write Amplifier Type 3848 are 
not used in seven-track operation. 

Each write amplifier channel consists of an input 
buffer, a digitally adjustable deskewing Circuit, a 
clocked flip-flop, and a head driver. The skew char­
acteristics of each read/write head are tested at the 
factory and the write amplifier switches are set to 
compensate for the skew, using channel P as the 
fixed reference channel. Normally the write deskew 
switch settings should llever be changed. When a 
neW head is installed the factory furnishes a tag diS­
playing the new deskew switch settings required to 
compensate for the characteristics of the new head. 

The write electronics section also includes the ,write 
data strobe buffer which clocks the write amplifier 
flip-flops, and a write amplifier reset circuit to clear 
all write amplifier flip-flops. The write amplifier 
reset is used to write the longitudinal redundancy 
check character. During a write test mode, initiated 
by the test panel with the recorder off line, the write 
electronics generates an all-1 test pattern on tape 
derived from a crystal controlled reference frequency 
FR' supplied from the Delay Timing module in the 
read electronics. The test pattern can be used to 
test the write deskewing, as well as the other func­
tions of the data electronics. 
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3.4.3 READ ELECTRONICS 

The function of the read electronics is to convert 
the data recovered from the tape into digitized wave 
forms, deskew it and supply it to the interface with 
its respective read clock. The read electronics also 
detect the interrecord gap and excessive skew. The 
components comprising the read section include the 
magnetic read head, the Read Preamplifier module, 
Delay Timing module, Read Amplifier/Clipping Con­
trol module, and a pair of Quad Read Amplifier mod­
ules. Figure 3-4 is a functional block diagram of 
the read section, shoWing the general signal flow 
between the cards. A deta\led circuit description of 
each circuit card accompdnies the schematic of the 
card. 

The low level analog Signals, on the order of tens of 
millivolts, are supplied from the read head to the 
Read Preamplifier module where they are linearly 
amplified to an output voltage (adjusted by a poten~ 
tiometer for each read preamplifier stage) of ap­
proximately 9 volts peak to peak in 800 cpi NRZ 1 
read operation. The amplified analog Signals are 
then supplied to the nine read amplifier stages, eight 
of which are located on the Quad Read Amplifier 
modules while that of channel P is located on the 
Read Amplifier/Clipping Control module. EachRead 
Amplifier stage includes a peak detection cirCUit, a 
filtering network, an output data register, and a pulse 
generator. 

The analog signals from the preamplifier are detected 
only )Vhen they exceed the positive or negative clip­
ping levels provided by the Read Amplifier/Clipping 
Control module. They are then rectified and pea~ 
detected, with the resulting digitized waveforms 
containing negative-going transitions corr~esponding 
to the peaks of the input analog Signals, e. g., on,e 
bits in the NRZI code. The digitized wa·veforms are' 
supplied to a filtering network which eliminates spur­
ious pulses between transitions. The data of each 
channel is then stored in a register and generates ~ 
PULSE OUT to the Delay Timing module. Following 
the skew delay the Delay Timing card supplies ~ 
DATA TRANSFER output to clock the data registers 
of all nine channels simultaneOUsly, supplying the 
data character to the interface. . 

When an error is detected, and the transport i~ 
commanded by the interface to reread a block, the 
read amplifier/clipping levels are switched automat:" 
ically by the Read Ampiifier / Clipping Control module 
to maximize the recoverability of marginally re­
corded data. The clipping levels are kept normal on 
the first reread; on the second reread are switched 
to lower levels in order to recover possible partial 
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dropouts. If the block is still in error and a third 
reread is commanded the clipping levels are switched 
to higher levels to eliminate possible baseline spikes. 
Duting read-after-write oper8:tions higher clipping 
levels are used. 

3.4.4 DATA SECTION ADJUSTMENTS 

The Delay Timing module contains circuitry. common 
to all nine channels. It includes a crystal controlled 
oscillator and divider network which produces the' 
synchronous clocks used in the skew delay network, 
the data strobe generation, the gap detect network, 
and are also supplied to the Write Amplifier Type, 
3848 module to generate the write test pattern. The 
crystal controlled clocks ensure high precision in 
the performance of all data synchronized functions. 
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These adjustments are preset at the factory and 
should not be changed unless there is a strong reason 
to believe that a readjustment is required. The ad­
justment procedures are ,outlined in the maintenance' 
section of the manuals and in the circuit descriptions 
of the individual schematics. 

Adjustment 
Read preamplifier amplitude 

Skew alignment 

Location 
Type 3631 
Read Preamplifier 

Read/write head, 
write amplifiers 
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SECTI'ON IV 

MAINTENANCE INSTRUCTIONS 

4.1 GENERAL 

Kennedy Company tape transports are highly reliable 
precision instruments which will provide years of 
trouble-free performance when properly maintained. 
A planned program of routine inspection and main­
tenance is essential for optimum performance and 
reliability. The units require very few adjustments 
and these should not be performed unless there is 
strong reaSon to believe they are required. All elec­
trical adjustments are preset at the factory and should 
not require readjustment except after long periods of 
time. 

4.2 PREVENTI'VE MAINTENANCE 

To assure continuing trouble-free operation a pre­
ventive maintenance schedule should be kept. The 
items involved are few and simple but very imIX>rtant 
to proper tape transport operation. The frequency of 
performance will vary somewhat with the environment 
and degree of use of the transport so a rigid schedule 
applying to all machines is difficult to define. The 
recommended periods below apply to units in constant 
operation in ordinary environments. They should be 
modified if experience shows other periods are more 
suitable. 

4.2.1 DAILY CHECK 

Visually check the machine for cleanliness and ob­
vious misadjustment. If items in the tape path show 
evidence of dirt or oxide accumulation, clean thor­
oughly. 

4.2.2 CLEANING 

All items in the tape path must be kept scrupUlously·· 
clean. This is particularly true of the head and guides. : 
The inside of the dust cover must not be allowed to· 
accumulate dirt since transfer to the tape will cause 
m~lfunction. 

In cleaning it is important to be thorough yet gentle 
and to avoid certain dangerous practices. 

4.2.2.1 Head Cleaning 

Oxide or dirt accumulations on the head surfaces are 
removed using a mile organic solvent and a swab~ 
Q tips are convenient for this use but must be used 

with caution. Be sure the wooden portion does not 
contact head surfaces. Figure 4-1 shows access to 
the head by lifting the face shield. 

An ideal solvent is 1.1.1 triphlorothane contained in 
Kennedy K21maintenance kit. However, others such 
as isopropyl alcohol will d6. 

00 NOT USE - acetone or lacquer thinner 
- aerosol spray cans 
- rubbing alcohol 

Do not use an excess of any solvent, and be extremely 
careful not to allow sol vent to penetrate ball bearings 
of tenSion rollers, capstan motor, etc. , since it will 
destroy their lubrication. 

4.2.2.2 Tape Path Cleaning 

Other items in the tape path should be cleaned at the 
same time as. the magnetic head. These include: 

IUp cpyn ""pup Fpl· tWITY 



Tension rollers 
Tape guides 
Capstan 
Tape cleaner surface 

The techniques are similar to those outlined above 
for head cleaning. 

4. 2. 2. 3 Other Cleaning 

For removing accumulations of dust inside the dust 
cover or elsewhere in the unit, use of a vacUum cleaner 
is recommended. Compressed air may be used if 
caution is exercised to avoid blowing dirt into bear­
ings. Antistatic cleaners are available for cleaning 
the plexiglass dust cover window. 

4.2.3 VISUAL CHECK 

Check visually to determine if all appears to be right 
with the machine •. It is helpful to run tape forward 
and reverse observing smooth tape motion, proper 
tension arm operation, etc. It is well to remember 
that if things look right they probably are right, and 
the converse. 

4.3 ROUTINE ADJUSTMENT 

There are no routine adjustments. Need for adjust­
ment will be manifest if malfunction occurs. Under 
normal circumstances adjustment will be more likely 
to cause trouble than prevent it. 

4.4 LUBRICATION 

No bearing lubrication is required. All bearings are 
lubricated for life and introduction of oil may destroy 
their lubrication. 

4.5 WEAR 

Magnetic tape is an abrasive and in time wear Will be 
noted on items over which the oxide surface slides. 

4.5.1 HEAD WEAR 

Head wear is generally signaled by an increase in 
error rate. Confirmation is a sizable increase in 
output voltage, measured at the preamplifier, from 
the read head. When the head becomes worh it :must 
be replaced. Head replacement procedure is outlined 
in paragraph 4.8.1. 

Worn heads usually can be resurfaced at least once' 
if returned to the factory. This is more economical 
than replacement with a new head. Cobsult· Section 
V for details of head return. 
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4. 5.2 G utDE WEAR 

Guides wear principally at the point of contact with . 
the,";i'ront guide surface. Although guides are hard 
anodized with a coating equivalent to sapphire, in time 
grooves will appear. Since guides are symmetrical 
it is only necessary to loosen the guide mounting 
screw, rotate the guide, and tighten to pres~nt an 
unwOrn surface to the tape. 

4.5.3 REEL HUBS 

Quick release hubs. are adjustable to assure a firm 
clamping action. They are c;Iesigned to make it im­
possible to mount a reel in ~ wrong or cocked posi­
tion. If the locking action s1jlould become weak, the 
hub may be adjusted by tightening the nut at the rear 
end of the hub shaft. 0 ring clamps used in the hub 
may tend to hang up after long periods of use. This 
can be corrected as follows: 

a. Remove 0 ring from hub. 

h. Clean thoroughly with mild solvent. 

c. Lubricate ring with silicone grease. Wipe 
off as thoroughly as poSSible, leaving a 
light lubricating film. 

d. Snap 0 ring back in place. 

4.6 PERIODIC INSPECTION 

At regular intervals, approximately every two 
months, it is advisable to make a more thorough check. 
of machine operating parameters. This will 'insure 
that no progressive degradation will go unnoticed. Of 
great assistance in making these checks is the test 
panel (standard equipment on Model 9000, optional 
with ModelS 9700 and 9800) which allows control of 
tape motion off line for test purposes and provides 
certain useful indicators and test signals as well. 
The test panel connector plugs into a connector on 
the control electronics. It does not require that inter­
face cables be disconnected. Using the test panel or 
other appropriate means, the following should be 
checked periodically. 

Tape speed 
Ramp tirnes 
Ramp level 
Skew 
Photosensor 'adjustment 
Servo zero adjustment 

The sUggested adjustment sequence is shown in Table 
4~1. . 



t 
TAPE SPEED 

UNKNOWN MACHINE AD.JUST 
(PARTS ASSUMED GOOD) paragraph 4.7.2.4 

~ ~ 

TAPE PATH RAMP TIME 
MECHANICAL ALIGNMENT ADJUST, 

Paragraph 4. 7.3-4. 7. 6 Paragraph 4.'7.7.2 

1 ~ 

POWER.ON I' READ LEVEL 
CHE CK SUPPLIES ADJUST 

Paragraph 4.7.7 0 4 

, I 

REEL SERVO SETUP READ SKEW 
(MAG POT ADJUST) ADJUST 

Paragraph 4. 7. 6 Paragraph 4.7.2.2 

PHOTOSENSOR . WRITE SKEW 
ADJUST . CHECK/ ADJUST 

Paragraph 4. 7. 2 Paragraph 4.7.2.3 

~ 

'.' 

CAPSTAN SERVO 
ZERO ADJUST 

Paragraph 4.7.7.3 

Table 4-1. Adjustment Sequence 

4-3 

406-9801-300 



4.7 CHECKS and ADJUSTMENTS 

4. 7.1 TEST PANEL (optional) 

All adjustments described below are preset at the 
factory and should not be performed uriless there is 
a strong reason to believe they are required. When 
the adjustments have to be performed it is recom­
mended that the test panel be used.. The test panel 
provides a flexible means of exercising the tape deck 
off-line without requiring computer time. It can 
initiate tape motion in normal and high speeds, in 
forward and reverse directions, as required for the 
particular adjustment. In addition, it includes a skew 
indicator to monitor excessive skew that should be 
used in the head alignment procedure described be­
low, and a write test mode that automatically gener­
ates an all-1 test. pattern on tape. The test panel 
also includes load point, end of tape, and data avail­
able indicators. The test panel pUshbuttons and indi­
cators are described on page 1 ... 4 of the manual. 

In order to use the test panel the transport must be 
off line and the test panel STOP pushbutton must be 
depressed. The recorder is then placed under test 
panel control by depreSSing the TEST MODE push ... 
button. If all interlocks are satisfied the TEST MODE 
indicator is then illuminated and the other pushbuttons 
on the test panel become active. Any tape motion 
can then be commanded by the respective pushbutton 
and can be terminated by the STOP pushbutton. 

4.7.2 SKEW ADJUSTMENT 

4. 7.2.1 Introduction 

The' skew adjustment on this model is Simplified 
considerably by the use of the test panel. The SKEW 
light on the test;panel indicates excessive skew when 
illuminated, while the adjacent skew test point sup­
plies the wire - OR' d pulse outputs of all the read 
amplifier stages, displaying the entire range of bit 
scatter. When excessive skew is detected, follow 
the'skew adjustment procedure outlined below. Nor­
mally only the read skew adjustment should be made, 
since the write amplifiers are digitally deskewed in 
the factory, using the write amplifier SWitches to 
control the write skew delay. The switch settings 
should never have to be changed under normal use. 
When the magnetic head needs replacement, the fac­
tory supplied head is accompanied by a tag displaying 
the new write amplifier SWitch positions required to 
matph the new head characteristics. 
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4. 7.2.2 Read Skew Adjustment' 

a. Mount a master skew tape on the supply 
hub. 

b. Adjust skew adjusting screw (Figure 4-2) 
in the head mounting plate until the skew 
lamp is extinguished. Alternately an oscil­
loscope probe may be connected to the test 
panel skew test point, displaying the wire­
OR'd read peaks. The read skew should 
then be adjusted until minimum peak scatter 
is detected. 

4. 7. 2. 3 Write Skew Adjustment 

As mentioned above, this adjustment is made in the 
factory and normally should not be changed. Should 
a readjustment be required, follow these steps: 

a. Place the write amplifier card containing 
the channel to be adjusted on an extender. 

b. Mount a blank reel of tape on the supply 
hub, and advance to load point. 

c. Connect channell of a dual channel oscillo­
scope to test point P(C) on the read pre­
amplifier card. 

HEAD 
COVER -...... 

SKEW 
ADJUSTMENT 
ACCESS HOLE I 

@))I 
--=-__ .J 

SKEW 
ADJ USTMENT 
SCREW 

Figure 4-2. Head Skew Adjustment 



d. Connect scope probe channel 2 to test point 
channel 7(1) of the read preamplifier. Se­
lect added sweep, synchronizing on channel 
1 only, positive slope trigger (Figure 4-4). 

e. Place recorder in the write test mode by 
first pressing the TEST MODE pushbutton 
on the test panel, and then the WRITE TEST 
pushbutton. The recorder will then write 
consecutive all l' s pattern. 

f. Adjust the channel 7 switches on the write 
amplifier card (see Figure 4-3) until the 
channel P and channel 7 traces coincide. 

g. Repeat the above steps for the remaining 
channels, leaving the scope probe on channel 
P as the reference channel. 

h. Recheck the read skew following the proce­
dure outlined in the preceding paragraph. 

4. 7.2.4 Tape Speed Check 

With master skew tape mounted and scope connected 
(paragraph 4. 7. 2.2), check tape speed by measuring 
the time of one sine wave period, or the time be­
tween corresponding points in the sine wave. In 
NRZ1 recording this time is equal to two bit periods. 

00 
CD G) 

0 
C0 (0 
0 ® 

CD CD 

CD 0· 
CD 

OJ 
4 CD NINE-TRACK 

CD SEVEN-TRACK 

Figure 4-3. Write and Read Amplifier 
Channel Locations 
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Figure 4-4. Skew Adjustment Waveforms 

Measured time in microseconds should be 
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4.7.3 TAPE PATH CHECKS 

It is important to maintain a correct tape path at all 
times. Items influencing tape path are: tension arm 
roller guides, tape guides, and direction-reversing 
idler. All must be correctly set for satisfactory 
operation. To check tape path, proceed as follows: 

a. Observe that tape enters both reels without 
touching reel flanges. 

b. Depress the spring-loaded (inside) portion 
of the top tape guide. Tape should have a 
slight tendency to follow the guide. 

c. Opera,te the transport in alternate forward 
and reverse direction, moving about 1 foot 
of tape. The tape should stay centered on 
direction-reversing idler in both directions. 

d. If these checks indicate need for adjustment, 
the following procedure should be used. 

4. 7.4 TAPE PATH ADJUSTMENTS 

4. 7.4. 1 Tension Arm Roller Guide 

(Symptom: Tape touches reel flange. ) 

a.Be sure reel installed is not warped. 



b. Remove tension arm roller guide nearest 
reel. 

c. Insert a 4 inch rod of 0.187 inch diameter 
ground stock in place of the roller guide 
shaft and thread tape over the rod. 

d. Run tape forward continuously. Hold the 
end of the rod and loosen locks crew (A, 
Figure 4-5). This will allow the rod to be 
angularly adjusted. 

e. Adjust the position of the rod so that tape 
is guided into the center of the reel without 
touching reel flanges. Tighten lockscrew. 

f. Remove rod and replace roller guide (B). 
Do not change setting established in step e. 
Roller guide height should be set so tape is 
in center of reel. On most decks the tape 
edge should be set to 0.434 inch from the 
painted surface, a measurement that can 
easily be made with the tape height gauge 
included in the K21 maintenance kit. In re­
corders with cast decks this measurement 
cannot be made, and tape height should 
simply be adjusted to center of reel. The 
roller height adjustment on all decks should 
be made as follows: 

(1) Pull roller guide outward so tape nearly 
touches the outside edge of the reel. 

(2) Partially tighten. roller guide retaining 
screw (C) until the roller guide shaft 
cannot be moved by hand. 

ROLLER GUI DE ® 

\ 
TAPE TENSION ARM 

ROLLER GUIDE 
RETAINING SCREW © 
liD-DOlI 

ADJUSTMENT 
NUT & WASHER ® 

I=igure 4-5. Roller Guide Adjustment 
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(3) Using the adjustment nut and washer 
(D), (No. 10 flat washer and 10-32 nut 
should be used), move the roller guide 
inward until the tape is at the center of 
the reel (0.434 inch on most decks). 

(4) Lock the roller guide retaining screw 
(C) ; remove adjustment nut and washer. 

4. 7.4.2 Direction-Reversing Idler. 

(Symptom: Tape moves back and forth on direction­
reversing idler when run alternately forward and 
reverse. ) 

a. Loosen locknut on idler adjusting screw (see 
(Figure 4-6). 

b. Loosen setscrew in idler collar. 

c. Run tape alternately forward and reverse. 

d. Tighten locknut and idler collar. 

4. '1.5 TAPE TENSION CHECK 

a. Turn power off and remove tape from ma­
chine. 

b. Using a spring scale, measure return force 
of tension arm at the approximate center of 
its arc. Force should be 16 ±2 ounces (450 
±55 grams) corresponding to tape tension 
of 8 ±1 ounces (225 ±27 grams). 

I DL ER 
SCREW 

ANCHOR 
SCREW • FROM 

CAPSTAN 

Figure 4-6. ' Idler Adjustment 



NOTE 

Spring anchor adjustment can be var­
ied to produce small corrections. If 
a large correction is required, tension 
arm spring should be replaced. 

c. To adjust spring tension, loosen anchor lug 
nut slightly and adjust anchor for correct 
reading on spring scale. 

4. 7.6 TENSION ARM POSITION CHECK 

When the transport is at rest with a tape loaded, the 
tension arms should be located in the approximate 
center of their respective arcs. If the arms drift 
away from their proper position they may hit the end 
of their arcs when the tape ramps up to running speed. 
The magpot position sensors, coupled to the buffer 
arms as shown in Figure 4-7, control the position of 
the arms. When the tension arms drift away from 
their proper position the magpots should be adjusted 
as follows: 

Magpot Adjustment 

The magpot should be adjusted so that when the re­
spective tension arm is in the center of its arc the 

@ 
LINKAGE RETAINING SCREW 
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corrective voltage output by the magpot is 0 volt. 
When the arm swings away from the center of its arc 
the voltage put out by the magpot should be either 
positive or negative, depending on the position of the 
arm. The adjustment procedure is as follows: 

a. Turn the transport power on. 

b. Remove the shell from the magpot to be 
adjusted (as shown in Figure 4-7). 

c. Loosen the transformer linkage retaining 
screw (point A on' Figure 4-7) so linkage 
can be turned on the tension arm shaft. 

d. Connect an oscilloscope probe to the magpot 
output. A convenient point is resistor RS 
(point B on Figure 4-7). 

e. Move the tension arm to the approximate 
center of its arc and turn the linkage on the 
tension arm shaft so that the output voltage 
of the oscillator (measured at RS) is 0 volt. 

f. Ascertain that when tension arm is in the 
rest position (under spring pull only) the 
output voltage of the magpot is between -5 

Figure 4-7. Magpot Position Sensor 
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and -6 volts. When the buffer arm is at the 
other extreme of its arc the magpot output 
voltage should be between +5 and +6 volts. 
Though the total output voltage swing of the 
magpot is not critical, it should be between 
10 and 12 volts. 'This amplitude is deter­
mined by the distance of the rotating linkage 
from the stationary transformer section and 
is permanently fixed in the factory by using 
plastic spacers. The amplitude swing can 
be readjusted by moving the rotating flux 
linkage toward the stationary transformer 
section to increase the amplitude or away 
from the stationary section to decrease the 
amplitude. 

g. After adjusting the rotating linkage position 
lock the'l.inkage retaining screw and replace 
the magpot outer shell. It is recommended 
that the retaining screw be secured with 
Loctite. 

4. 7.7 ELECTRICAL ADJUSTMENTS 

4. 7. 7. 1 Introduction 

The electrical adjustments outlined below are also 
conveniently located on the circuit descriptions of 
the individual circuit boards on which the adjustments 
are performed. 

4. 7. 7.2 Control Section Adjustments 

Speed Adjustment 

The tape speed adjustment is performed on the Ramp 
Generator card as described in paragraph 4.4.2.4. 

Ramp Time Adjustments 

The ramp time adjustments are also performed on 
the Ramp Generator module. The stop and start 
ramps should be adjusted according to the formula 

t
o 0.375 millisecond 

ramp Ime = 
transport speed 

Consequently in transports with synchronous running 
speeds of 25 inches per second the start and stop 
ramps should each be 

0.375 
25 

15 milliseconds 

and the ramp time varies inversely with speed. The 
adjustment procedure is as follows: 
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a. Arrange the input si.gnals to the tape trans­
port to start and stop the transport repeat­
edly. The rate must be such as to allow 
full ramp time. 

b. Adjust start ramp potentiometer R3 on the 
Ramp Generator card for the required time, 
observing the ramp output at test point A of 
the Ramp Generator. The Tamp start time 
is measured from 0 volt to the maximum 
output voltage. 

c. Adjust the stop ra1l1P potentiometer R4 for 
, the required time. The stop ramp time is 
measured from malximum volts to 0 volt. 

Beginning of Tape, End of Tape Sensor Adjustment 

This adjustment is performed on the Sensor Ampli­
fier/Driver Type 3844 module. The adjustment be­
comes necessary if the Beginning of Tape or End of­
Tape markers are not detected by their respective 
sensors. To adjust the sensors, turn potentiometer 
R16 on the Sensor Amplifier/Driver card until the 
voltage between test points E and F on that card 
measures 0 volt. 

4. 7. 7.3 Servo System Adjustments 

Capstan Creep Adjustment 

This adjustment is performed on the Servo Pream­
plifier Type 4306 when capstan creep is observed 
during standstill. To adjust, follow these steps: 

a. Connect oscilloscope to observe voltage at 
the amplifier output. A convenient point j.s 
output pin x. 

b. With transport on line and loaded but in a 
stopped condition, adjust R56 so that a 
straight-line trace is produced. Use o. 5v/ 
cm scale on oscilloscope. 

c. Observe that capstan does not rotate. 

Buffer Arm Travel Adjustment 

This adjustment is performed on the Servo Pream­
plifier Type 4306 module, and is required when the 
buffer arms exhibit excessive travel during ramp-. 
ups to running speed.' In that case potentiometer 
R57 or R58 on the Servo Preamplifier Type 4306 
Should be adjusted to minimize buffer arm travel 
during the ramps, preventing the arm from bottom­
ing and overshooting. To adjust, follow these steps: 



a. Load a full reel of tape on the supply reel.-

b. With the transport off line, press the test 
panel TEST MODE pushbutton, placing the 
transport under the test panel control. 

c. Alternately press the FORWARD RUN and 
then the REVERSE RUN pushbuttons on. the 
test panel, initiating synchronous forward 
and reverse tape motions. 

d. Adjust potentiometer R57 until the travel of 
the SU PPL Y buffer arm is at a minimum 
during ramp-ups and ramp-downs. 

e. Repeat the above procedure for the TAKEUP 
Servo Preamplifier, adjusting R58. 

4. 7. 7. 4 Data Section Adjustments 

The data read/write deskewing adjustments are de­
scribed in paragraph 4. 7.2 of this section. The only 
other adjustment required is the output voltage ad­
justment of the read preamplifier stages. Thisad­
justment should be made after the transport speed 
has been checked and, if necessary, adjusted (see 
paragraph 4.7.2.4). The output voltage of each read 
preamplifier stage should then be adjusted, using 
the potentiometer associated with that stage, until 
the output voltage is 9 volts peak to peak in 800 cpi 
operation. 

4.8 PARTS REPLACEMENT 

Over extended periods replacement of certain parts 
may be required. While disassembly and assembly 
are for the most part obvious upon inspection, the 
following information will simplify repair procedures 
for certain parts. 

4.8.1 HEAD REPLACEMENT 

a. Unplug head and remove screws holding 
head connectors to deck. 

b. Remove head cover. 

c. Remove head mounting screw. 

d. Pass connectors through hole provided in 
the deck. 

NOTE 

Do not remove head from head mount­
ing plate. Replacement heads' are 
furnished with mounting. 
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e. Replace head and connectors. Make Cer­
tain adjusting screw is aligned with hole 
provided on the deck. 

f. For procedures to deskew head and adjust 
write amplifiers, follow procedures given 
earlier in this section. 

4.8.2 CAPSTAN MOTOR REPLACEMENT 

a. Unplug motor. 

b. Remove capstan lopking screw. 

c. Pull capstan off s~aft. (This requires the 
use of a special p,uller available from the 
factory on purchase or loan. ) 

d. Remove four motor mounting screws and 
motor. 

e. Replace the motor, being careful to orient 
motor mounting so that the motor brush 
holders do not strike the control card cage. 

f. Replace capstan and tighten capstan lock­
screws. 

4.8.3 REEL MOTOR REPLACEMENT 

a. Disconnect terminal block from cable. 

b. Remove four motor mounting nuts and reel 
motor. 

c. Replace motor. 

d. Adjust belt tension so that when belt is 
squeezed in the center about 1/4 inch (6.3 
mm) deflection occurs. 

4.8.4 TENSION MAG POT REPLACEMENT 

a. Remove buffer arm roller guide. 

b. Unplug magpot cable. 

c. Remove spring from anchor. 

d. Remove two mounting screws to free the 
J;llagpot assembly. 

NOTE 

Replacement magpot assemblies are 
supplied prealigned. If pOSition align­
ment is required see paragraph 4.4.6. 



e. Install replacement assembly. 

f. Check tape path. If adjustment is needed see 
paragraph 4.7.4. 

4.8.5 VOLTAGE REGULATOR/SERVO POWER 
ASSEMBLY REPLACEMENT 

a. Remove eight mounting screws. 

b. Unplug molex connectors from the master 
board. 

c. Plug in replacement unit and reassemble. 

4.9 TEST PANEL USE 

The test panel, standard equipment in Model 9000, is 
packaged in a box and supplied as Model 9900 for use 
with Model 9700/9800 transports (see Figure 4-8). Its 
use is identical. in all transports. 

A diagrammatic representation of the controls and 
indicators, together with brief descriptiohs of their 
purpose, is given in Figure 4-9. It will be noted that 
the box allows tape to be moved in either direction, 
normal speed or fast speed. Motion is interlocked to 
prevent running off reels at either end. Additionally, 
the 9900 allows writing an all ones pattern on the 
tape and provides indicators for skew, data, load 
point, and EOT. 

The test panel is intended to be used in checking the 
machine when off line or, for that matter, when 
completely isolated from the operating system. The 
controls provided are useful under these 
circumstances but under normal operation they would 
be confusing and invite possible operator error. For 
this reason the panel is accessible only by opening a 
sliding cover on Model 9800. 

Because of the special nature of phase encoded and 
dual density transports, use of the test panel is 
slightly modified. The above discussion applies tb 
NRZI only. Test panel use with other units is 
discussed in portions of the manual applicable t6 
these types. 

4.9.1 OPERATION 

The test panel becomes operational only in test mode, 
selected by pressing the alternate action TEST MODE 
pushbutton. For the TEST MODE button to be 
operational the machine must be: 

a. Off line 

b. STOP must be depressed 
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Figure 4-8. Test Panel Installation 

Test mode is terminated by either: 

a. Pressing alternate action TEST MODE button 

b. Pressing ON LINE pushbutton 

A characteristic of Series 9000 electronics is that 
when LOAD is pressed the machine feeds forward to 
load point. If tape is already wound on the machine 
and the load point marker has been passed, search 
will continue to end of tape unless REWIND is 
pressed. This characteristic is sometimes 
troublesome when servicing the machine. Under 
these circumstances, pressing TEST MODE will 
terminate search and induce an ON TAPE status in 
the control electronics. If ON LINE is subsequently 
pressed, the ON TAPE status is retained. This 
feature can be adapted to allow power turn-off while 
tape is loaded. 

When using tape motion push buttons the STOP button 
should be pressed between changes in motion speed or 
direction. No harm will result if this is not done, but 
on occasion switch bounce will cause the command 
not to be recognized and the last motion signaled will 
be retained. 



4.9.2 SKEW INDICATOR 

An LED indicator is provided which flashes if skew is 
being encountered. Logic in the data section detects 
skew to two different criter'ia and lights the 
indicator. The skew gate in the N RZI read 
electronics is normally open for 50 percent of one 
character time (see discussion of read electronics). If 
pulses fall outside the skew gate they trigger the 
indicator. In test mode the skew gate is narrowed to 
5/32 of a character time. An all ones pattern on a 
properly adjusted machine should fall inside the 
shortened gate. A tape with random data suffers 
from pulse crowding effects and will not, in general, 
fall inside the gate. Thus in test mode the skew 
indicator is valid for an all ones data pattern only. In 
normal operation it is valid for all data patterns. 
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4.9.3 DATA INDICATOR 

The DATA INDICATOR is illuminated when the tape 
being read has data written on it of a level sufficient 
to activate the read electronics. It of COurse blinks 
when reading gapped data. 

4.9.4 LOAD POINT INDICATOR 

This LED lights when load point is sensed. 

4.9.5 EOT INDICATOR 

EOT is indica ted when the end of tape marker is 
sensed in the forward directi-on and remains true until 
it is passed in the reverse direction. All indicators 
operate whether or not test mode is selected. 
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SECTION V 

PARTS IDENTIFICATION 

5.1 SPARE PARTS ORDERING INFORMATION 
. . ·'t·: 

This section describes the replaceable parts in .. your ' 
tape unit which are available only fromKe~nedy' 
Company. Many parts· of the unit are common 
commercial parts which can be obtained d,irectly 
from the manufacturer. 

The serial number and part number of the tape unit . 
are the keys to numerous engineering details a.pplyIng' 
to your unit. These numbers are located on these~ial 
number tag located on the rear panel of tl1e unit. 
When ordering spare parts, accessories, or" tools, 
always specify the serial number and part number of 
your unit. 

Changes to Kennedy units are sometimes made to 
accommodate improved' components as they become 
available, and to give you the benefit of the latest 
circuit improvements developed in our engineering 
department. If a part you have ordered has been 
replaced by a new part, a Kennedy representative will 
contact you concerning any change in part number. 

All parts orders should be addressed directly to 
Kennedy Company, Parts Order Department, 540 
West Woodbury Road, Altadena, Ca 91001, telephone 
(213) 798-0953, TWX 910-588-3751. 

5.2 IN-WARRANTY REPAIR PARTS ORDERING 
INFORMATION 

Repair parts for in-warranty units are made available 
on an exchange basis through the Kennedy Company 
Customer Engineering Department. 

The serial number and part number of the tape unit 
are necessary in order to insure shipment of the 
proper replacement parts. 

All inquiries should be directed to Kennedy Company, 
Customer Engineering Department, ·540 West Wood­

, bury Road, Altadena, Ca 91001, telephone (213) 798-
',' 0953, TWX 910-588-3751. 
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5.3 EXPORT ORDERS 

Customers outside the United States and Canada are 
;servedby: Kennedy Company international sales 
a~nt'S. . All .. correspondence: regarding your tape uni t 
should be 'directed to your sales agent. , If you prefer, 
Correspondence may be addressed directly to Kennedy 
,Company, Parts Order Department, 540 West Wood­
bury Road, Altadena; Ca 91001, TWX 910-588-3751, 
cable KENNEDY CO. 

5.4 ILLUSTRATED PARTS LIST 

To assist in parts identification, an illustrated parts 
list is included with references to photographs of the 
machine. Part numbers beginning with an 8 or 198 
are listed again in the Recommended Spare Parts List 
at the end of this section. Ken,nedy Company 
recommends that these parts be ordered as spares to 
mInImIZe machine downtime due to equipment 
failure. Certain parts on this list have no quantity 
indicated. We recommend ordering one of each such 
parts for remote installations where parts delivery is 
time consuming. 

5.5 FIELD KITS 

Some replacement components may be supplied in the 
form of repair or field change kits. The repair kits 
contain parts that are matched or assembled and 
adjusted at the factory because of complexity or to 
aid the field technician. The components ordered as 

'field kits either by correspondence with Kennedy 
service engineers or by direct order will be supplied 
with complete installation instructions. The change 
kits are intended for standard or special options not 
originally included in the uni t. 
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Figure 5-1. Model 9800 Chassis: Front View (Dust Cover Closed) 

Item No. Part No. 

5-1~1 190-3373-004 
5-1~2 890-3~71-004 
5-1-3 191-2915-001" 
5-1-3 128-0003-002 

Not shown 198-0014-001 

ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-1 

Descriptiop 

Dust Cover Assy (includes -control panel) 
Control Panel Assy 
Door Latch 
Door Catch 
Slide Set 
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Item no. 

5-2-1 
5-2-2 
5-2-2 
5-2-2 
5-2-2 
5-2-3 
5-2-4 
5-2-5 
5-2-6 
5-2-7 
5-2-8 
5-2-9 
5-2-10 
5-2-11 
5-2-12 
5~2-13 

5-2-13 
5-2-14 

506-9801-300D 

Figure 5-2. Model 9800 Chassis: Front View (Dust Cover Open) 

Part No. 

190-3955-002 
890-2744-001 
198-0010-001 
825-0030-006 
828-0090-001 
890-1138-001 
890-2627-001 
890-2772-002 
291-2964-005 
191-2966-001 
890-2647-002 
851-0038-001 
890-1509-001 
190-2747-001 
890-1139-001 
198-2399-010 
198-2399-003 
890-2605-001 

ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-2 

Description 

Deck Assy 
Quick Release Hub 
Hub Bearing Assy 
O-Ring 
Spr ing Washer 
Load Point/EOT photosensor AsSY 
Idler Assy 
Takeup Hub Assy 
Dust Cover Mount 
Hinge Pin 
Tension Roller Guide Assy 
Power Switch 
Split Tape Guide Assy 
Tape Cleaner Assy 
Broken Tape Photosensor Assy 
Head and Head Mounting Assy, 9 Track Read and Write 
Head and Head Mounting Assy, 7 Track Read and Write 
Capstan 
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ITEM 

5-3-1 
5-3-2 
5-3-3 
5-3-4 
5-3-5 
5-3-6 
5-3-7 
5-3-7 
5-3-8 
5-3-9 
5-3-9 
5-3-9 
5-3-10 

Figure 5-3. Model 9800 Chassis: Rear View (Assembled) 

PART NO. 

148-0122-001 
148-0121-001 
148-0102-003 
148-0102-004 
148-0053-001 
148-0075-001 
890-4352-001 
890-4441 ~001 
127 -0003 -0 0 1 
151-0802-001 
851-0133-030 
851-0133-015 
851-5001-103 

ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-3 

DESCRIPTION 

Power Transistor, Type MJ802 Motorola 
Power Transistor, Type MJ4502 Motorola 
Power Transistor, Type MJ900 Motorola 
Power Transistor, type MJI000 Motorola 
Power Transistor, Type 2N3055 
Power Transistor, Type 2N4910 
Voltage Regulator PC Board 
Regulator and Servo Assembly 
Power Receptacle 
Fuseholder 
Fuse, 3 AG, 3A (115 vac operation) (box of5) 
Fuse, 3 AG, 1.5A (220vacoperation) (box of 5) 
Switch, 115/220 vac 
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14 

10 

ITEM 

5-4-1 
5-4-2 
5-4-3 
5-4-4 
5-4-5 
5-4-6 
5-4-7 
5-4-8 
5-4-9 
5-4-9 
5-4-'-9 
5-4-10 
5-4-11 
5-4~12 

5-4-13 
5-4-14 
5-4-14 
5-4"'14 
5-4-15 

13 12 2 11 

Figure 5-4. Model 9800,:Chass{$:ResrView (Power Supply Removed) 
ILLUSTRATED PARTSB,REAKDOWNFOR FIGURE 5-4 

PART NO. 

825-0017-003 
890-4438-002 
825-0004-002 
191-0805-001 
890-4013-001 
825-0004-003 
191-2643-001 
890-2641-001 
198-0009-011 
890-4210-002 
891-4198-001 
828-0067-001 
890-3631-xxx 
890-2484-004 
121-0145-004 
198-0009-012 
890-4210-002 
891-4198-001 
890-4438-001 

DESCRIPTION 

Extension Spring 
Takeup Ree,1 Motor. Assembly, 16 Tooth 
Takeup Reel Drive Belt 
Takeup Reel Drive Pulley 
Connector PC Board Assembly 
Supply Reel Drive Belt 
Supply Reel Drive Pulley 
File ProtectSwit~h Assembly 
Supply Reel Magpot Sensor ' 
Magpot PC Board Assembly 
Cover 
Recessed Bumper 
Read Preamplifier As,sembly 
Capstan Motor Asse~bly , 
20 Pin Connector 
Takeup Reel MagpotSensor Assembly, complete 
Magpot PC Board' 
Cover 
Supply ReerMotor .Assembly,·14 Tooth 

NOTE 1: Refer to dash number stamped on circuit board to determine complete part number. 
NOTE 2: In 37.5 ips machines, the takeup reel motor is numbered 890-4438-002. The supply 

reel motor is still numbered 890-4438-001 in 37.5 ips units. 
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ITEM -
5-5-1 
5-5-2 
5-5-3 
5-5-10 
5-5-15 
5-5-5 
thru 
5-5-17 

506-980l-600C 

3 4 5 6 1 8 9 10 18 1112 13 141516 17 

Figure 5-5. Model 9800 Tape Transport: Top View 

PART NO. 

815-3625-199 
815-3610-449 
890-4474-001 
190-3841-001 
190-3860-001 

ILLUSTRATED PARTS 8REAKDOWN FOR FIGURE 5-5 

DESCRIPTION 

Capacitor, Altlrrlinum, Electroly tic; 19K mfd, 25 vdc 
Capacitor, Electrolytic, 44K mfd, 10 vdc ' 
Power Transformer Assembly 
Control Terminator PC Board 
Data Terminator PC Board 
For part number, see Recommended Spare Parts List 
(5-5~ 10 and 5-5-15 listed above) 
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RECOMMENDED SPARE PARTS LIST 

Item No. 

5-1~2 

5-2-2 
5-2-3 
5-2-4 
5-2-8 
5-2-10 
5-2-12 
5-2-13 
5-2-13 
5-2-14 
5-3-7 
5-3-9 
5-3-9 
5~3-10 

5-4-1 
5-4-2 
5-4-3 
5-4-5 
5-4-6 
5-4-8 
5-4-9 
5-4"'"9 
5-4-11 
5-4-12 
5-4-14 
5-4-14 
5-4-15 
5-5-1 
5-5-,2 
5-5~3 

5-5-5 
5-5-6 
5-5-7 
5-5-8 
5-5-9 

Part No. 

890-3371-004 
198-0010-001 
890-1138-001 
890-2627-001 
890-2647-002 
851-0038-001 
890-1139-001 
198-2399-010 
198-2399-003 
890-2605-001 
890-4441-001 
851-0133-030 
851-0133-015 
851-5001-103 
825-0017-003 
890-4438-002 
825-0004-002 
890-4013-001 
825-0004-003 
890-2641-001 
198-0009-011 
890-4210-002 
890-3631-xxx 
890-2484-004 
198-0009-012 
890-4210-002 
890-4438-001 
815-3625-199 
815-3610-449 
890-4474-001 
890-4306-xxx 
890-3844-xxx 
890-3645-xxx 
890-3843-xxx 
890-3842-xxx 

Description Qty. 

1 

Notes 

Control Panel Assy 
Hub Bearing Assy 
Load Point/EOT Photosensor ASsy 
Idler Assy 
Tension Roller Guide, Assy 
Power Switch 
Broken Tape Photosensor" Assy 
Head and Head Mounting Assy, 9 Track RAW 
Head and Head Mourting Assy, 7 Track RA W 
Capstan, 
Regulator and Servo Assy, complete 
Fuse, 3AG, 3A (115 vac use, box of 5) 
Fuse, 3AG, 1. 5A (220 vac use, box of 5) 
Switch, 115/220 vac 
Extension Spring 
Reel Motor Assy 
Takeup Reel Drive Belt 
Connector PC Board Assy 
Supply Reel Drive Belt 
File Protect Switch ASsy 
Supply Reel Magpot Sensor ,complete 
Magpot PC Board Assy 
Read Preamplifier ASsy 
Capstan Motor Assy 
Takeup Reel Magpot Sensor Assy, complete 
Magpot PC Board Assy 
Supply Reel Motor, Assy, 14 tooth 
Capacitor, Electrolytic, 19K mfd, 25 vdc 
Capacitor, Electrolytic, 44K mfd, 10 vdc 
Power Transformer Assy 
Servo Preamplifier PC Board 
Sensor Amplifier/Driver PC Board 
Ramp Generator PC Board 
Pushbutton Control PC Board 
Interface Control PC Board 

NOTES 

1 
1 

'I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1: PC board dash number will vary depending upon machine specifications. Refer to the circuit board 
identification card in the machine or check the PC board for a stamped dash number. 

2: In 37.5 ips machines, the supply and takeup reel motors are both numbered 890-4438-001. 
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Item No. 

5-5-11 
5-5-11 
5-5-11 
5-5-11 
5-5-12 
5-5-12 
5-5-12 

5-5~13 

5-5-13 
5-5-13 

5-5-14 
5-5-14 
5-5-14 
5-5-16 
5-5-16 
5-5-16 
5-5-17 
5-5-17 
5-5-17 
5-5-18 
5-5-18 

Not shown 
Not shown 
Not shown 
Not shown 
Not shown 
Not shown 
Not shown 

Part No. 

890-3845-xxx 
890-4118-xxx 
890-4365-xxx 
890-4209-xxx 
890-4179-xxx 
890-4188-xxx 
890-4367-xxx 
890-6367-xxx 
890-4178-xxx 
890-4139-xxx 
890-4385-xxx 
890-6385-xxx 
890-4178-xxx 
890-4139-xxx 
890-4385-xxx 
890-3848-xxx 
890-4207-xxx 
890-4366-xxx 
890-3849-xxx 
890-4208-xxx 
890-4368-xxx 
890-4206-xxx 
890-4509-001 
825-0068-001 
821-9000-003 
198-0103-001 
198-0075-001 
198-0100-001 
198-0014-002 
198-0014-001 

RECOMMENDEDSPAR~ PARTS LIST 

( Continued) 

bescription 

Delay Timing PC Board 
7 Track Delay Timing PC Board 
Dual Density Control PC Board (dual density models) 
Read Control Logic . 
Read Amplifier/Clipping Level Control 
Read Amplifier/Clipping Level Control (1600 cpi models) 
Replaced by: 
Dual P Channel Clipping Control (dual density models) 
Quad Read Amplifier PC Board . 
Quad PE Read Detector (PE models) 
Replaced by: 
Quad Read Amplifier (dual density models) 
Quad Read Amplifier PC Board 
Quad PE Read Detector (PE models) 
Quad Read Amplifier PC Board (dual density models) 
Four Channel Write Amplifier PC Board 
Four Channel PE Write Amplifier (PE models) 
Four Channel Write Amplifier (dual density models) 
Five Channel Write Amplifier 
Five Channel PE Write Amplifier (PE models) 
FiVe Channel Write Amplifier (dual density models) 
Masterboard 
Masterboard (dual density models) 
Power Cord 
Power Cord (230 vac or de power) 
Brush J1eplacetnent Kit, Capstan Motor Tachometer 
Brush Replacement Kit, Reel Motor (4 brushes) 
Hub Repair Kit 
24" Rack Slide Set 
18" Rack Slide Set 

NOTES 

506-9801-800H 

Qty 

1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Notes 

1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 

1. PC board dash number will vary depending upon machine specifications. Refer to the circuit board 
identification card in the machine or check the PC board for a stamped dash number. 

2. Hub repair kit contains items subject to wear; i.e., 0 ring, reel drive latch, and thrust washer. 
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SECTION VI 

WIRING AND SCHEMATIC DIAGRAMS 

This section contains the wiring diagrams, schematic 
diagrams, and circuit descriptions for the individual 
circuit cards used in the transport. The schematics 
are arranged by functional group as shown below. 

Electronics symbols used in the drawings conform 
to :\IIL-S'IT~ 15. Abbreviations conform to :\ITL­
STD-12 unless otherwise specified. LogiC' diagrams 
conform to l\lIL-STI)- ~O()C. 

Overall 

Control Electronics 

Servo System 

Read Electronics 

Write Electronics 

Power Supply 

\ 

Control Terminator 
Interface Control 
Tape Motion Controls, including 

Pushbutton Control, Main Control Panel, 

I 
and Test Panel 

Ramp Generator 
Sensor Amplifier/Driver 
Connector Board 

j Servo Preamplifier 
l Magpot Tension Arm Position Sensor 

~ 
Data Terminator 
Read Preamplifier 
Read Control Logic, including 

(

Nine Track Delay Timing 
Seven Track Delay Timing 

Quad Read Amplifier 
Read Amplifier/Clipping Control 

{
Write Amplifier, Section A 
Write Amplifier, Section B 

6-1 



@ 
CIRCUIT CARD IDENTIFICATION I 

LOC TYPE FUNCTION 
READ/WRITE SECTION 

(P • i:I- ~ 
.IJ. -G 

• i:I- ~ 

1 p) 

N 
.,... 

1 3849-001 5 CHANNEL HEAD DRIVER 
2 3848-001 4 CHANNEL HEAD DRIVER I 

3 3860-001 DATA TERMINATOR 
4 4178-001 QUAD READ AMPLIFIER 
5 4178-001 QUAD READ AMPLIFIER 
6 ,4179-001 P CHANNEL/CLIPPING 
7 3845-001 DELAY TIMING --

~ I 
-==== 

~ 

0--0-
co 

..... 
ID 

L() 

'I#' 

"'" N 

CONTROL SECTION 
8 3841-001 CONTROL TERMINATOR 
9 3842-001 INTERFACE CONTROL 

, 10 3843-001 PUSHBUTTON CONTROL 
11 3645-001 RAMP GENERATOR 

- 12 3844-001 SENSOR AMPLIFIER/DRIVER 
13 4306-001 SERVO PREAMPLIFIER 

MODEL l PART NO. I INTERFACE 
9832 192- 9832~094 STD I 

J SPEED 1 DENSITY I TRA;KS 
25 IPS 800 CPI 

MOD I FI CA TI ONS 
512 BUFFER I 
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NOTES TO SCHEMATIC SECTIt)N 

Certain conventions have been observed in preparing 
schematics for this manual: 

1. nesistor values are given in ohms. If wattage 
is unspecified the resistor may be either 1/4 or 
1/2 watt. 

2. Capacitor values may be given in picofarads or 
microfarads. Those values for which neither 
designation is provided are assumed to be ob­
vious from circuit function. Filter capacitors 
on certain supply lines do not have logic· signifi­
cance. In general, they are not shown on sche­
matics. On PC board silkscreens they are des­
ignated as C F. 

3. Normally, IC power connections are on pins 14 
(+5v) and 7 (ground) for 14 pin packages, and 16 
(+5v) and 8 (ground) for 16 pin packages. Some 
ICs -7476, 7492, 7493 for example - have power 
connections on pin 5 (+5v) and pin 10 (ground). 
Operational amplifiers in the 8 pin package have 
power connections on pin 4 (- Vcc) and pin 7 
(+Vcc). Power connections are not shown unless 
they are nonstandard. 

4. Where multiple inputs are tied together only one 
pin may be designated on the schematic. 

5. Unused inputs that are tied high are not normally 
indicated unless the connection has logic Signifi­
cance. 

6. From and to designations are intended to describe 
inputs and outputs only. The same Signal may 
be connected to several other points not shown 
on a particular drawing. 

7. Abbreviations used in from and to designations 
are as follows: 

CI 
PBC 
RG 
SA 
DT 
RA/CL 
RA 
WAI 
WA2 

Control Interface 
Pushbutton Control 
Ramp Generator 
Sensor Amplifier/Driver 
Delay Timing 
Read Amplifier/Clipping Level 
Quad Read Amplifier 
Four Channel Write Amplifier 
Five Channel Write Amplifier 
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8. Positive logic is shown for all internal connec­
tions. Interface connections are zero true but 
the bar is omitted. 

9. Integrated circuit symbols contain a circuit 
designator that corresponds to the number silk­
screened onto the circuit module above an under­
lined number representing the IC type. 

The IC type number i~ abbreviated and omits 
the portions of the ma~ufacturer's type number 
pertaining to case add vendor identification. 
Further, since the TTL 7400 series makes up 
most of the circuitry, the 74 is omitted on these. 
Thus a 00 des ignation indicates a 7400 quad two 
input !\AND gate. T. I. 's complete part number 
is SN7400N. In multifunctional units in close 
proximity to each other the type designation may 
be omitted. The type designation may appear 
outside the symbol if the symbol is too small. 

l\lilitary Standard t{O()C is the base for logic 
symbols. Additional conventions are shown be­
low. 

Triangle indi­
cates response 
to edge (in this 
case positive) 

PR 

10. Semiconductor types on schematics may be re­
placed by their functional equivalents. If not 
indicated, diodes. are IN914, NPN transistors 
are 2N2714, and PNP transistors are l\lPS6517. 

11. Unless otherwise specified, light emitting diodes 
are FLVI02 or equivalent. 



12. Module connector pins are shown as 

--~)E 

where no further connection is shown on the 
schematic, and as 

when there is a connection shown. 

13. Where an input is represented by an arrow in­
stead of a complete line, the input source is 
designated. Where outputs are so shown their 
destinations may not be shown. 

14. Some schematics of modules include certaih ex­
ternal elements which' aid in understanding the 

15. 

606-0001-400 

circuit function. In this case all the connections 
to the element may not be shown in the interest 
of clarity. 

designates a test point provided on the 
module. Letters proceed from top to 

,bottom of card with th~ ground test 
point, if present, as tl1e bottommost 
terminal. 

16. Socket terminals are designated with numbers 
for component side connections and letters for 
circuit side connections when a double sided , 
socket is used. Th~se are the designations on 
the socket. When a lsingle sided socket is pro­
vided, all. connectio~s are designated by letters 
regardless of which side of the board they lie on 
the etch. Letters follow the 22 pi'n, alphabet, 
ABCDEFHJKLMNPRSTUVWXYZ; numbers are 
1 through 22. 
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MODEL 9800 POWER SUPPLY 

CIRCUIT DESCRIPTION 

Power supply in Model 9800 produces the unregulated 
and regulated voltages required by motors and elec­
tronics. 

PRIMARY POWER 

Primary power is switchable to allow either l15v or 
220v mains. Frequency is not critical and may be 
from 48 Hz to 500 Hz. 220 volt mains predominate 
in Europe, hence this selection of voltages. A sim­
ple modification allows 230v operation if required. 
For ll5v operation the two ll5v primary windings 
of T1 are connected in parallel by S2. For 220v 
operation a 105v tap on primary winding 2 is con­
nected in series with primary 1. Modification for 
230v operation requires removal of the violet wire 
and installation of a jumper from S2-6 to S2-3. 

SECONDARY POWER 

Transformer secondary voltages are rectified to 
produce nominal unregulated voltages of ±24v (±26v 
under light load) and +8vo ± 24v regulated is supplied 
to motor drive circuits and provides sources from 
which ± 10v regulated is produced. +8v is the source 
for a high efficiency +5v regulator. 

+10 VOLT REGULATOR 

Pass transistor Q3 is fed from +24v and its base is 
driven by a monolithic regulator IC2. Voltage output 
is determined by R8 and R9. Q7 and Q8 control power 
supply tracking when powering down. As +24v drops 
owing to discharge of C1, Q8 cuts off at approximately 
13 volts on the +24v line. When this happens Q7 is 

turned on shorting outR9 and dropping the regulator 
reference voltage to zero. The +10 output is cut off 
and drops to zero. Since +lOv is the reference for 
-lOy, -10v also drops to zero. This action occurs 
before the +5v supply has dropped sufficiently to 
cause indeterminate logic states; turn-off transient 
motions are prevented. 

-10 VOLT REGULATOR 

The -lOY supply is regulat~d by pass transistor Q4 
driven by Q6. Its reference is +10v as determined 
by R13, R14. In this way the two regulated voltages 
are made to track or retain a constant relationship 
to each other. 

+5 VOLT REGULATOR 

An integrated circuit regulator IC1 controls +5v out­
put in conjunction with pass transistor Ql and driver 
Q2. Output voltage is set by R4, R5. An inset on 
the schematic shows the internal circuitry of ICI, 
IC2. It will be noted that it consists of a differential 
amplifier with built-in zener reference together with 
facilities for short circuit protection. Q2 assures 
that sufficient base drive is available for Q1. 

SHORT CIRCUIT PROTECTION 

Drop through serieS resistors, for example RIO in 
the -10v supply, provides short circuit protection. 
If the drop across RIO exceeds approximately O. 6v, 
Q5 is turned on connecting Q4 base to emitter and 
cutting off Q4. This corresponds to approximately 
1.5 amperes under short circuit conditions. Similar 
circuits are provided in ICI and IC2. 
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TYPE 3842 INTERFACE CONTROL 

CIRCUIT DESCRIPTION 

This module contains a set of receivers for the inter­
face control commands: 

SYNCHRONOUS FORWARD SFC 
SYNCHRONOUS REVERSE SRC 
OVERWRITE OVW 
REWINDRWC 
SELBCT SLT 
SET WRITE STATUS SWS 
OFF LINE OFFC 

It also contains drivers that return the recorder 
status outputs to the interface: 

ON LINE ONL 
REWINDING RWDG 
FILE PROTECT FPT 
LOAD POINT LP 
WRITE ENABLE WEN 
READYRDY 
END OF TAPE EOT 
TAPE RUNNING TNG 

Ce:rtain. controls and delays are also, provided to en-:­
sure proper tape motion and transport operation. 

TAPE MOTION CONTROLS 

The motion control commands from the interface, 
SYC and SRC, are translated on this card into the 
inteX'nal motion commands of the transport - RUN 
NOlfMAL RNN, FORWARD FWD, and REVERSE 
RVS: _ These internal motion commands are supplied 
tq the Pushbutton Control module, where they are 
combined with commands supplied from the trans­
port pushbuttons and internal interlocks to generate 
the commands that initiate actual tape motion on the 
Ramp Generator module. 

On this module SFC andSRC are supplied to an inter­
locking rletwork that ensures that the tape comes to 
a stop before its direction of motion is reversed. 
The interlocking network includes flip-flop ICl-3, 
edge circuits IC2-6 and IC2-S, NAND gate IC3-6, and 
interlocking flip-flop IC3-10. Whenever flip-flop 
lei changes states due to a change in the direction 
()~n:'lotion, for example from a reverse command 
SHe to a forward command SFC, its output generates 
a pulse through the edge circuits consisting of invert­
ers IC2 and the associated capacitors. The pulse is 
ga.ted through IC3-6 to the set input of interlocking 

flip-flop IC3-10. The flip-flop can be set only if 
TAPE RUNNING TNG is true, indicating that the tape 
is still moving. In .this case TNG low at input pin W 
is inverted by IC1S-12 and supplies a high input to 
the clear of IC3. The flip-flop can then be set by 
the pulse on its set input, its 0 output going low. The 
o output of IC3 then inhibits the RUN NORMAL gate 
IC15 at pin 2, setting R{JN NORMAL liNN false. 
After the tape has ramped -down to a stop, TAPE 
Rl,.rNNING TN(} goes fals¢, clearing interlocking 
fllp-.flop IC3, whose output then enables the RUN 
NoIiMAL gate. RUN NORMAL RNN then goes true 
if the following conditions are satisfied: SELECT 
SLTl is true, indicating that the transport is on line 
and selected by the interface; BUSY BSY is false, 
indicating the transport is not rewinding or searching 
for load point; and SRC command is not given at load 
point. (This would activate NAND gate IC15-S and 
would disable the RUN NORMAL gate at ICl5-l.) If 
the above conditions are satisfied, RUN NORMAL 
RNN goes true at output pin V, and is supplied to 
the Pushbutton Control module where it initiates 
tape motion at the ,normal running speed. The direc­
tion of motion is determined by the state of flip-flop 
ICI. If a forward command SFC has been given, the 
flip-flop is set and its l-output enables NAND gate 
ICI4-S, provided that SLTI is true and BSY is false. 
This generates FORWARD FWD true at output pin U. 
If a reverse command SRC has been given, flip-flop 
ICI is cleared and enables NAND gate IC14-6, gen­
erating REVERSE RVS true,providing SLTI is true, 
BSY is false, and LOAD POINT LP is false. No 
interface reverse command is acknowledged by the 
transport when the load point is detected. 

WRITE SELECT 

During a write operation the interface supplies SET 
WRITE STATUS SWS true at pin K; SWS is inverted 
by IC9-4 and is supplied to the D input of flip-flop 
IC7. The flip-flop is toggled provided that the trans­
port is selected and on line, after NOR gate ICI-Il 
is activated by a synchronous motion command. This 
would activate NAND gate ICl-S and trigger one-shot 
IC4-1, generating a 2. /J-Sec pulse. On the trailing 
edge of the pulse theQoutput of the one-shot toggles 
IC7-3, the Q output of the flip-flop going high and 
activating NAND gate IClO-lI, generating WRITE 
SELECT W8EL true at output pin H. During an over­
write operation OVERWRITE OVW true is inverted 
by ICIS-S and sets the D input of flip-flop IC7-l2 



high. On the trailing edge of the pulse generated by 
one-shot IC4-4 the flip-flop is set and enables NAND 
gate IC8-12. One-shot IC4-4 also direct-sets flip­
flop ICII, whose Q output enables the overwrite gate 
at IC8-9 o If write status is true, the gate is enabled 
at IC8-13 and it is kept activated as long as a syn­
chronous motion command is activating NAND gate 
ICI-8. IC8-8 then goes low and supplies WSEL for 
the duration of the motion command only. When a 
WRITE AMPLIFIER RESET pulse is given at pin P, 
it toggles flip-flop ICII to the cleared state and dis­
ables the overwrite gate. 

REWIND FLIP-FLOP 

When a REWIND COMMAND RWC is given by the 
interface, it sets the rewind flip-flop IC5-3, provided 
that the transport is selected, on line, and not at 
load point. The I-output of the flip-flop then goes 
high, generating REWINDING RWOO true to the in­
terface, and a rewind command Rwci through an 
edge circuit conSisting of inverter IC6-6, NAND 
gate IC6-8, and capacitor C5. RWCT is supplied to 
the Pushbutton Control module. The flip-flop is 
cleared when the tape returns to and' stops at load 
point, or when BROKEN TAPE BKN is detected. 

END OF TAPE 

An endof tape indication is set when theEOT marker 
is encountered in forward direction and remains set 

806-3842-200C 

until the marker is passed in the reverse direction. 

A true EOT signal at pin Z if machine status is 
RWOO (ICIO-5,8) and RVS (IC14-6) causes ICII to 
be preset by ICI9-8. An EOT status is then signaled 
at the interface by ICI6-3. 

Upon passing the EOT marker in the reverse direc ... 
tion IC13-3 is high and the EOT signal Clocks ICII 
clear on the trailing edge of the EaT signal dropping 
the EOT signal at the interf~ce. ICII is preset to 
the clear state by BKN signal iat pin X. 

OUTPUT STATUS 

Most status gates on this module are preconditioned 
by SELECT and ON LINE being true; consequently, 
the transport returns status indications only when it 
is selected and on line. TheREADY status is gener­
ated when BUSY BSY supplied from the Pushbutton 
Control module is false and the transport is not re­
Winding. The LOAD POINT output is also precon­
ditioned by the rewinding status being false. The 
only status gate not preconditioned is the rewind 
via the REWIND pushbutton. If the pushbutton is 
used to rewind, that status is made available to the 
interface without being selected and on line. 
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TYPE 4842 INTERFACE PC BOARD 

CIRCUIT DESCRIPTION 

This board contains receivers and gating circuits for 
developing tape transport commands from incoming 
controller 'commands., It also contains line drivers for 
outputting tape transport status commands to the 
controller. In addition, type D flip-flop ICIO outputs 
EBDIS/, the Erase Bar Disable signal required during 
tape editing. 

Tape Motion Control Circuitry 

SFC, SRC, FAST tape motion commands from the 
eontrol1er are translated into internal tape transport 
motion commands RNN/, RNF/ and RVS/ by quad 2x1 
multiplexer lel5. These internal commands are 
."iuppJied to the· Pushbutton Control module where 
they are eombined with ~ommands from the transport 
pushbuttons and the internal interlocks to develop th~ 
actual tape motion commands issued to the 
transport's Ramp Generator PC board. 

SRC, SFC and FAST are supplied to an interlocking 
network on this PC board to insure that tape motion 
ceases pr>ior to accepting a new direction command. 
The interlock net work consists of a high frequency 
sampling oscillator (IC11 and related componef)ts), 
and a directional interlock flip-flop (IC14 and related 
components)'to select and .generate the appropriate 
RUN NORMAL, RUN; FAST and REVERSE signals 
required by the transport. The oscillator monitors 
the state' of TNG/ (Turning) signal. This signal 
disables oscillator output when the capstan is turning 
and enables 6scillator output when tape and capstan 
motion ceases. . . 

Table I indicateS the 'controller inputs and interface 
board outputs required to initiate a given tape 
motion. 

To generate RNN true for forward tape motion, SFC 
(Synchronous Forward Command) from the controller 
must be true.. This is s4Pplied to the D input of 
interlock flip-flop IC14 :and pin 3 of multiplexer IC15. 
After capstan. motion .', ceases, TNG/ goes false, 
enabling the high frequen.~y oscilla tor at IC 11, pin 3 
to .clock out Q·high at ICI4-5. This is applied to 
mult.\[?}exer I~15-1 to select its B inputs. Since SFC 

Tape Mode. 

'Forward 
Reverse 
Fast Forward 
Fast Reverse 

= 

Controller Command 

SFC true 
SRC true 
SFC true + FAST true 
SRC true + FAST true 

.. . 
high is applied to thelB input of the multiplexer, the 
output at IC15-4 goes high. This is inve·rted low at 
inverter ICI6-II to produce RNN/ (Run Normal) true. 
at pin V. 

Should the Synchronous Reverse Command (SRC) be 
issued to the transport, it will not be able to produce 
a RVS/ transport command until capstan ·rotation 
ceases. SRC true is gated 'with LP / false· to. enable 
IC6-6. IC6-6 high is applied to inputs IA and 2A of 
the multiplexer. After tape! Jnotion stops, TNG/ false· 
enables the sampJing oscHlatpr, clocking theQ output. 
of IC15-5 low, since SFC 'would now be low false 
after inversion at IC14. IC15-1 of the multiplexer 
goes low, selecting the A multiplexer inputs. IC15-4 
again goes high to issue RNN/ true at pin V IC15-7 
also goes high and is inverted low at IC16-3 to 
produce RVS/ true. 

Fast forward tape motion does not require a stopped 
tape, if a direction change is not required since the 
requisite RNN true is routed back to pin 11 of the 
multiplexer IC and output whenever the A inputs are 
selected by IC14-5 low. IC15-9 goes high at this 
point, making NAND gate IC16":'10 high. FAST true .. 
from the interface will enable ICI6, which outputs 
RNF / true at pin U. RNN/ at pin V will also. be true 
as required by the ramp generator for fast forward J 

tape motion. When the End of Tape mark is reached, 
EOT/, connected to pin 10 of the multiplexer,will go 
low true, causing IC15-9 to go low to disable a run 
fast operation (now being interpreted as normal run). 

Fast reverse tape operation is initiated by generating 
RNN/ true, RNF / true and RVS/ true. Thus, the 
controller must issue SRC true and FAST true. After 
capstan rotation ceases and TNG/ goes false,' Q low is 
clocked out of IC14-5; selecting the B multiplexer 
inputs. Then RNN/, RNF/ and RVS/ at pins V,U and T 
all go low true. 

Tape motion will be disabled whenever BSY true or 
SL T / false signals are issued. This would disable 
NAND gate IC3-6, resulting in a high false STROBE 
signal at ICI5-1S, which disables all multiplexer 
outputs. 

Interface PCB Output 

RNN/true 
RNN/true + RVS/true 
RNN/true+ RNF /true 
RNN/true + RNF/true + RVS/true 

Table 1 



write Select 

Control of the write amplifier is performed by SWS 
(Set Write Status), OVW (Overwrite) and internally 
generated W ARS1 (Write After 'Read Strobe) signals 
which generate WSEL/ (Write Select) and EBDlS/ 
(Erase Bar Disable). WSEL/ and EBDlS/ are output to 
thes~nsor amplifier and pushbutton control cards. 

A sampling scheme is employed to permit the 
interface to issue tape motion and WSEL commands 
simultaneously. RNN/ true and RNN true are delay~d 
16 and 8 usec respectively by RC networks R8/C1 and 
R9/C2 prior to being applied to Schmitt trigger 
NAND gate IC13. As a result, 1813-8 outputs an 
approximate 8 usec low clockpulse to the sampling 
flip-flops and the preset of lC84 Thus the write 
commarids are sampled 15 to 20 usecafter the 
leading edges of the tape motion commands, allowing 
the controller to output tape motion and write 
amplifier commands simultaneously. 

Set Write Status (SWS) true is loaded into the D input 
at ICI0.,.12 from 15 to 20 usec after RNN goes true. 
SWS high true and EBDIS high false are applied to 
AND/OR inverter IC9 at pins 9,10 and 11, producing 
WSEL/ true at lC9-8. OVW will be false during a 
normal write operation. 

Note that WSEL/ is not reset on termination of a 
motion command; instead it is only sampled at the 
beginning of a motion command. This avoids 
potential glitches from being written while writing 
consecutive blocks, since the write amplifier is not 
being constantly turned on and, off during this 
operation. ' 

Overwrite 

Overwriting or editing is performed by backspacing 
over the block to be rewritten to determine its exact 
length then presenting' OVW true and SWS true 
concurrent with the beginning of a run command. 
This sets the Q outputs at lC10-910w false and ICIO-
5 true. Reset flip-flop IC8-9 is also set high true. 
AND/OR inverter 9 is enabled, outputting WSEL/ 
true for the duration of the overwrite ope~ation. 
Note that Erase Bar Disable (EBDIS/) true is output 
to the sensor amplifier from, pin 18 during an 
overwrite operation which disables (turns off) the 
upStream erase bar. 

After a block is written in NRZI format, WARS goes 
true at the write amplifier to produce an LRC 
character; then WARSI true is issued to the 
int~rface, toggling IC8-9 false to disable Write Select 
and turn off the write current before writing can 
continue into the next data block. 

Re~.dnd and Unload 

Th~ rewind status flip-flop is a SR flip-flop IC7 and 
related cirCUitry. A Rewind Command (RWC) is 
accepted whenever the tape is not at load point (LP 
false). IC7-8,2 go high, causing RWDG true status 
signal to be output to the interface through driver 
IC5.,.6. Simultaneously a 5 usec RWCl/ true pulse is 
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Output frorh Schmitt trigger NAND gate ICII-1I. 
R WCI is output to the Pushbutton Control PC board 
to set the REWIND flip-flop. The pushbutton control 
card then issues a RWDGI true level which is applied 
to IC7-l0 to keep the rewind status flip-flop set." 

When the tape rewinds to loadpoint (LP true) and 
capstan motion ceases (TNG/ true), or a broken tape 
is detected (BKN true), the rewind status fJip-flop is " 
cleared. IC7-11,12 goes high, which is, applied to' 
AND gate IC6-12. If the unit is selected, online, and 
not busy, IG6 and ICl3 will be enabled to return a 
RDY true status signal to inform the interface thtit 
the transport is ready for the next data and/or tape 
motion command. 

, , 

During an unload operat,on, the tape is slowl}i 
rewound off the takeup t,¢el. 1'0 accomplish this, 
UNLD/ true is issued from the controller. UNLD/ 
true is inverted high at IC'4-12; then gated with 8L1' 
SLT and ONL, or just, :UNLD/ itself. (This i~ 
determined by the strapping ,ofSTI/ST2: See table ort 
schematic.) The high output, at IC6-8 is inverted low 
by IC4, then used to set; unlQad flip"flop ICB at pin 4. 
IC8-5 high is gated at ICII with' IC7-11,12 high~, 
which indicates the transport is not rewinding. ICll .. 
6 outputs UNLOAD/ true for vacuum column 
9100/9300 transports. Strap ST5 is connected on 
interface PC boards used in 9100/9300 transports to 
output UNLOAD/ true to the Sequence Control PC 
board through pin 7. 

With strap ST3 installed, RV8and ttNN/ true signal~ 
are output to the Pushbutton Control PC board on 
9000/9700 transport through pins V and T. A BKN 
true status signal will clear both the rewind statu~ 
and unload flip-flops, ,when the tape completely 
unloads. -

Diodes CR3/CR4 at pins 10 and 12 cause UNLD/ true 
from the interface to initiate a rewind operation if 
the tape was not already at load point. The tape 
drive will also be taken offline (OFFC true). Re 
network R21/C7 delays SLT and ONL true signals 4 to 
6 usec to insure correct timing during this 
combination unload-rewind--offline operation. 

EOT Flip-Flop 

ICl4 is the EOT flip-flo.p which ()utputs EOT1 higll 
true sta tus signal to the Pushbutton Control PC board 
whenever the EOT tab has been detected. EOT true 
also is gated with SLT and ONt true atlel, thEm 
returned to the interface via pin U as EOT. EOT Ibw 
false trailing edge from the Sensbr Amplifi~rclears 
Ie 14 by clocking the flip-flop if arid only if a reverse 
motion command is initiated. (EOT is delayed by 
R10/C3 for TTL timing considerations.) EOTI at 
IC14-8 now goes false. Load Point true or Broken 
Tape true, which are applied to preset pin 10, wiH 
also clear the EOT flip-flop. 

Sta tus Gates 

All status gates on this PC board are preconditione('j 
by, SLT and ONL being true. The gating of these 
signals is self -explana tory. ' 
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'MODEL 9000 SERIES' TAPE MOTION CONTROLS 

CIRCUIT DESCRIPTION 

The circuitry used to carry out the motion commands 
issued by the interface or by the pushbutton panels, 
both the main control panel and the test panel,. is 
located on Pushbutton Control Type 3843 module. 
This moduie generates the motion command lioes 
RUN NORMAL RNNI,' RUN FAST RNFI, and RE­
VERSE RVSI, which are supplied to the ramp gener~ 
ator module to initiate actual tape motion. 

FRONT PANEL PUSHBUTTON CONTROLS 

The LOAD, ON LINE, and REWIND pushbuttons, 
situated on the main control panel, are connected to 
respective flip-flops on the Pushbutton Control Card 
Type 3843. When the LOAD pushbutton is activated, 
it grounds the input to inverter ICI2-1, setting the 
LOAD flip-flop conSisting of NOR gate IC13-6and 
inverter IC12-l. Once the LOAD flip- flop is, set 
IC13-6 goes low, is inverted by IC12-4 and removes 
the direct-clear from the ON LINE flip-flop IClO-3. 
Thus the ON LINE flip-flop can be set only after the 
transport has been loaded. When the ON LINE push­
button is activated the first time, it toggles IClO-l 
to the set, or ON LINE, position, the outputs of the 
flip-flops generating ONL and ONL true. Inverters 
IC12-8 and IC12-l0 are connected as a protective 
flip-flop on the clock input to IClO-l. Once the ON 
LINE flip-flop has been set, ONL true is inverted 
twic.e by IC9 setting the common of the REWIND 
pushbutton on the control panel high, disabling that 
pushbutton. The ON LINE flip-flop can be cleared 
by pressing the front panel pushbutton a second time, 
or by an interface OFF LINE COMMAND OFFCl, 
supplied from the interface control module. 

The REWIND pushbutton can be activated only when 
the transport is off line. When activated the RE­
WIND pushbutton sets the flip-flop consisting of gates 
IC8-8 andIC8-6, provided that the transport is loaded 
at the time (LOAD true at IC8-l3) and test mode is 
not selected (IC7-8 high). Consequently the trans­
port cannot be rewound by the pushbutton during test 
mpde, or when on line, or when LOADis false. When 
the transport is on line the rewind flip-flop can be 
alternately set by interface "REWIND COMMAND 
RWCi, supplied from the interface control module. 
The output of the rewind flip-flop, REWINDING 
RWOOl, activates NOR gates IC15-8 and IC14-6, 
generating RNFI and RVSl true to the ramp gener­
ator module, initiating a fast reverse motion to load 
point. When load point is detected the photosensor 

amp driver module supplies the load point pulse at 
input pin H of the pushbutton control module, clearing 
the rewind 'flip-flop. . 

An additional flip-flop, rCl-6, is use,d t() locate the 
tape, position. Before the. tape is loaded, the flip­
flop is cleared by LOAD false at ICIO-8. When the 
transport is loaded the direct-clear is removed and 
NAND gate IC14-ll is enabled. Since the on tape 
flip-flop is still cleared; its Q output high activates 
NANDgateIC14-8, generatingaRUN NORMAL RNNI 
at output pin Y, advancing the tape to load point. 
When the load point marker is detected, LP true at 
input pin 21 from the photosensor module is gated 
through IC16-3 and direct-sets flip-flop ICIO-7 to 
the ON TAPE state, terminating the tape motion. 
Similarly, when load point is detected during reverse 
tape motion, the ON TAPE flip-flop is toggled by 
NAND gate ICI6-II to the clear state, initiating for­
ward tape motion back to load point. 

BUSY 

This module generates a BUSY output when the tape 
is not loaded, when it is advancing to load point, or 
when the transport is off line and not in test mode. 
In any of these caseS NOR gate IC4-8 is activated and 
supplies BSY true to the interface control module. 

WRITE READY 

WRITE READY true is generated in two different 
cases: when the interface supplies WRITE SELECT 
true and the transport is not in test mode (TM false), 
or when the transport is in the write test mode and 
flip-flop IC6-l4 is set. In either case NOR gate 
ICl-8 is activated, enabling NAND gate IC4-5. The 
gate is activated provided that BUSY BSY is false, 
FILE PROTECT F1?T is false, and the transport is 
not in reverse motion (RVSl is false). IC4-3 then 
goes low, is inverted by IC5-I2 and generates WRDY 
true at output pin J to Write Amplifier Type 3848. 

TEST PANEL CONTROL 

In order to activate th~ test panel the transport must 
be off line, and the test panel STO P pushbutton must 
be depressed. In that case the TEST MODE push­
button on the test panel can be activated, setting the 
flip-flop consisting of inverters ICll-8 and ICll-lO, 
which in tur~ toggles the test mode flip-flop IC6-6 



to the test mode state, gener,~ting TM and TM true. 
The test mode flip-flop is direct-cleared when the 
transport is placed on line, or when the TEST MOD~. 
pushbutton is activated a second time. After the test 
mode flip-flop has been set the other test panel push­
buttons are enabled. The WRITE TEST pushbutton 
may then be activated, setting the protective flip-flop 
consisting of inverters ICll-4 and ICl1-6, which in 
turn toggles the write test flip-flop IC6-1 to the write 
test mode, provided that forward motion is selected. 
The Qoutput of the write test flip-flop then activates 
NOR gate ICI-S, in turn activating the write ready 
gate IC5-3, provided that FILE PROTECT FPT, 
REVERSE RVSl, and BUSY BSY are all false. In 
that case WRITE READY WRDY true is generated at 
output pin J to thewrlte amplifier module, where it 
enables the write data strobe circuitry. During the 
write test the write amplifiers generate consebutive 
all-l characters which may be used to adjust the 
skew. 

Additional test panel pushbuttons are FORWARD 
RUN, a normal forward run button, FAST FOR­
WARD, a high speed forward button, REVERSE and 
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FAST REVERSE buttons. The reverse motion but­
tons can be activated only if the on tape flip-flop 
ICIQ if~ set and the tape is not at load point, activat­
ing NAND gate IC3-3, which in turn activates NAND 
gate IC7-6 (when the test mode flip-flop is set) an.d 
setting the common of the reverse buttons low. 
The forward motion commands are terminated when 
either the STOP pushbutton is activated,clearing the 
test mode flip-flop, or end of tape is detected, in 
which caSe EOTl true is inverted by IC17-4, dis­
abling NAND gate IC7-3, and setting the common of 
both forward motion buttons high. Similarly the re­
verse motion can be terminated by activating the 
STO P pushbutton, which terminates' all test mode 
operations, or when load pOint is detected; in which 
case LP true is inverted! by ICl7-3 and disables 
NAND gates IC3-3 and IC7~6, setting the common of 
the reverse buttons high. The pushbutton control 
module also drives the test panel indicators, lighting 
the data lamp when any data is being processed by 
the write/read electronics, illuminating the skew • 
indicator when the skew is out of adjustment, illum­
inating the EOT indicator when the· transport is at 
end of tape, and illuminating the LOAD POINT indi­
cator when the transport is at the beginning of tape. 
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TYPE 4843 AUTO POWER REST ART PC BOARD 

CIRCUIT DESCRIPTION 

(OPTIONAL PC BOARD) 

Introduction 

When incorporated in any of the Kennedy Model 9000, 
9100, 9300, 9100, 9800, or 9832 recorders, the type 
4843 Pushbutton Control module allows use of several 
factory optional features. These functions are 
determined by optional straps and the use of 
components in the APR field. Not all functions· 
and/or combinations of such are available with every 
9000 series recorder. Refer to schematic 401-4843-
001 and the dash number of your particular 4843 
module fot' features that have been incorporated and 
tested at the time your unit was built. Due to the 
interaction of sev~rlll of these options the user is 
advised to consult the factory in writing if he desires 
to incorporate any additional optional features 
through field modification. Failure to do so invites 
the possibility of voiding the warranty of the 
particular recorder involved. 

The major optional features' along with suggested 
usage are outlined below. (Reference is made to 
schematic 401-4843-001.) 

ON TAPE (OT) 

Determined by the placement of option strap 1. If 
this option is specified at the time of factory order, 
the operator cannot place the tape unit on line until a 
reel of tape is loaded and positioned at or past the 
BOT tab. 

ONLINE LOCK (ONLL) 

Determined by the placement of option strap 2. 
When specified at the time of factory order, this 
feature prevents the operator from manually taking 
the tape unit off line via thefrQnt panel switch, 
unles~ . the tape controller has allowed him to do so. 
This signal is not normally gated with select and is an 
inpl}t sjgnalline on interface connector JI-A. 

FAST (FST) 

Determined by diode CR2 and a special control 
interface module. When specified at the time of 
factory order, this feature allows interface control of 
high speed forward and high speed reverse motion of 
tape. It is used in conjunction with the Synchronous 
Forward, Synchronous Reverse, and the optional Fast 
line at the control interface connector of the deck. 
High speed forward and reverse commands will be 
accepted when the tape is on line and selected. The 
high speed reverse command will be implemented at 
any time when tape is positioned past the BOT tab 
and the high speed forward command will be carried 
out only when tape is positioned lat or between the 
BOT and EOT tabs (past EOT, a fast forward 

command Will caUse tape to advance at the normal 
synchronous forward speed). Note: This feature 
should be used only for purposes of high speed search, 
as writing cannot be done at high speeds. 

AUTO POWER RESTART (APR) 

Determined by the configuration of components in 
the APR field and external assemblies (in some 
models) driven by this mod~le. When specified at the 
time of factory order, thi~ option will protect the 
tape unit against "brownout" and will automatically 
power up, load, and set the deck on line under certain 
conditions. With the standard APR option this 
circuitry continually monitors the line voltage and 
whether the tape unit is on line or off line. If the 
external line voltage falls below a minimum value 
required by the tape deck, this option will force the 
deck into an off-line state along with issuing a 
BROKEN TAPE command (i.e., the reel and capstan 
servos will be disabled and any write current is 
inhibited). 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 on 
line before the power fell: (1) nothing, if the deck 
was in an off-line state, or (2) load, advance tape 
several inches and place the deck on line if it was 
previously in an on""line state. Additionally, if APR 
circuitry is used in the Model 9832 buffer, it will 
issue an INITIALIZE signal (i.e., clear the buffer 
memory) when power is returned. 

OPTIONAL LOAD ON LINE FEATURE 

A factory variation (to be specified at time of order) 
of the standard APR option is the LOAD ON LINE 
(LOL) feature.' If specified, this allows the user, 
through a control interface signal, to load and place 
the tape deck on line. The LOL signal is 
acknowledged only after external power has dropped 
and returned to an acceptable level and the deck is in 
an unloaded state. If the LOL feature is used, it is 
the user's responsibility to provide a TTL logic low­
going pulse (minimal pulse duration 500 milliseconds) 
after power is returned to an acceptable level. The 
LOL signal is not gated with SELECT and appears as 
an input signal on interface connector JIA. 

SUGGESTED USAGE OF APR FEATURE 

The standard APR circuitry is activated only when 
the deck is placed on line and is deactivated when the 
deck is placed off line. (In the case of the LOL 
variation, Circuitry is a~tivated only when power has 
failed and then returned when the deck is in' an 
unloaded state.) Thus, when manually loading a reel 
of tape on the deck, the APR feature is transparent 
to the operator and only comes into play when 



external power has failed with the tape deck in an on­
line state. The tape deck must be mounted in a 
vertical positon to avoid spilling of tape in the case 
of power failure. Proper positioning of commands 
after the APR circuitry has repowered the deck 
depends on the particular mode of operation and 
should be determined by the application. If a rewind 
was in process at the time of power failure, the tape 
may stop and become repositioned up to 5 feet before 
load point. For proper operation in this case, tape 
should be spaced forward 6 feet and then rewound. 
For any other mode of operation, it is suggested that 
a REWIND command be issued immediately after an 
APR power-up. The LOL signal is not gated with 
SELECT and appears as an input signal on interface 
connector JIA. 

The APR circuitry is designed to operate under 
conditions of power failure externai to the tape deck. 
Power' failure siml)lations maae via the front panel 
poWer switch do not come under the above category 
since this power switch is located between an input 
power RyI filter and the power transformer. 

AUTO POWER RESTART ADJUSTMENT 

Normal field adjustment of the Auto Power Restart 
board is not required unless a new APR board is 
placed in a machine or an existing board has been 
refurbished. If ,this is the case,the following field 
procedure is recommended: 

1. Power up machine and adjust R18 fully CW. 

2. Monitor TP-A and TP-B with a scope. TP-B is a 
logic level and will be high. TP-A is the 
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preregulated +5 vdc and will appear on the scope 
as illustrated below: 

voltage T P-A 

Vmin 

Ov time 

3. Adjust the input power voltage to the machine so 
that the value of V . (as shown above) equals 
the value stated onnsHhematic 401-4843-001 of 
the APR PC board. 

4. Turn RIB CCW until~he voltage appearing at 
Tp .... B goes low. 

APR OPERATION IN MODELS 9100/9300 

APR operation in these vacuum column tape 
transports is identical to the above description with 
the following exceptions: 

a) Manual and power failure initiated load 
sequences take approximately twice as long 
due to the increased tape tensioning time 
required to prevent oversized tape loops 
from forming in the vacuum columns during 
a power failure. 

b) The manual and APR load sequences are now 
as follows: Tension Tape; Load Columns, 
Search forward to load point; if load point is 
not found after a given timeout period, 
rewind to load point; then place unit online. 
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TYPE 3194/3645 RAMP GENERATOR 

CIRCUIT DESCRIPTION 

The ramp generator produces the proper analog sig­
nal inputs to the capstan servo system to control the 
direction'and velocity of tape motion. The outputs 
are voltages that rise and fall linearly at controlled 
rates to highly stable levels. These analog signals 
are controlled by digital logic outputs from the con­
trol section. Waveforms produced are shown with 
the schematic. 

Two similar ramp generator circuits are provided: 
one for normal speed operation and one for high speed 
operation. IC4 is an operational amplifier' in the 
RUN NORMAL SPEED circuit. The amplifier output 
is normally saturated in the negative direction. When 
its positive input at pin 5 is high, the output saturates 
at +10 volts. This occurs when the RUN NORMAL 
input sets flip-flop IC7. IC4 feeds FETs Ql, Q2 which 
are connected in a constant-current circuit. The 
magnitude of current flow in the circuit is controlled 
by R3 and R4. R3 controls current in the positive­
going direction, or start ramp, while R4 conttols 
the negative-going stop ramp. 

Since Cl is charged by a constant current, its volt­
age rises linearly until clamped by CRI to a value 
one diode drop below +5 volts. Q3 is an emitter fol­
lower whose output rises to a value of +5 volts, since 
the emitter can rise one diode drop higher than the 
base. When the input from IC7 to IC4 drops, the 
v0 ltage fed to Ql, Q2 goes to -10 volts and Cl is dis­
charged linearly until clamped by the base-collector 
diode of Q3. Since Q3 base goes one diode drop 
negative, and the emitter is at zero, a positive-going 
ramp has been generated. 

The ramp voltage output from Q3 is fed to the FET 
switches Q4 and Q5. If f<?rward direction has been 
selected, Q4 is on and Q5 is off. The ramp is then 
amplified by unity gain operational amplifier IC3, 
without inversion, and appears as a positive-going 
ramp at test point A. If reverse is selected, Q5 is 
on and Q4 is off. The ramp is then fed to the invert­
ing input ofIC3 and appears as a negative-going ramp 
at test point A. Forward/reverse selection is con­
trolled by ·tJ.ip-flop IC6 and Q9, QlO. 

Ramp amplitude and, therefore, tape speed is con­
trolled by normal speed control R14 and output sum-­
ming resistor R15. The fast forward and reverSe 
ramps are produced by a similar circuit involving 
amplifiers ICI and IC2. However, since rewind 

speed and ramp time need not be precisely con'­
trolled, resistors are used instead of FETs to charge 
and discharge C4 and produce an approximate 0.5 
sec rise/fall time. CR9 and CRlO isolate the ramp 
output from any small offsets that may be present 
in IC2. Rewind speed is controlled by summing re­
sistor R16. Operational amplifier IC5 at zero ramp 
output has a slight bias produced by R37 and R38, 
keeping its output negative. When the ramp rises 
above the bias, IC5 switch~s to positive output, indi­
cating that the tape is runbing. This output is used 
to gate off the input circuits through ICIO and IC9. 
Flip-flops IC7 and IC8 may be reset by run normal 
or run fast inputs going false, but cannot be set again 
until the tape comes to a stop. This prevents damage 
from illegal commands and reduces timing require­
ments. 

Type 3645 Ramp Generator includes an additional 
flip-flop, Iell-8, whose function is to enable con­
secutive RUN NORMAL commands to be received 
without requiring the tape to ramp down to a stop 
following each normal speed operation. FollOWing a 
RUN FAST command, however, flip-flop ICII is set 
by IC8, inhibiting any RUN NORMAL commands until 
the tape comes to a stop, at which point IC9-6 clears 
ICll-9, and the 0 output at ICll-8 enables IC7-2. 

ADJUSTMENT PROCEDURE 

Start/ stop time adjustment: 

a. Arrange input Signals to the tape transport 
to start and stop machine. Rate must be 
such as to allow full ramp time. 

b. Adjust start ramp (R3) for required time, 
observing With oscilloscope at test point A. 

c. Adjust stop ramp (R4) for required time. 
Time is measured from maximum volts to 
zero volts. 

Speed adjustment: 

a. Using a master skew tape, drive the trans­
port in a forward direction at normal speed. 

b. Observe data rate at read amplifiers and 
adjust R14 for correct timing. 
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TYPE 3844 SENSOR AMPLIFIER D.IVER 

CIRCUIT DESCRIPTION 

This module responds to signals from photoresistive 
cells which sense load point and end of tape reflective 
strips, and broken tape. In addition, this module 
contains the file protect circuitry, the write and the 
erase head drives. 

BOT, EOT, AND BKN SENSOR AMPLIFIERS 

The toad point sensor amplifier and the end of tape 
sensor amplifier operate interdependently to detect 
thE! load point and the end of tape markers. The ac­
tive components in detecting EOT and load point are 
two operational amplifiers, IC6 and rcs, and two 
transistors, Q1 and Q2, in conjunction with associ­
a.t.ed components. Transistors Q1 and Q2 act as 
current sources; potentiometer R16 is used to adjust 
the transistor base currents to equalize the voltage 
at the inputs of ICS, the load point sensor amplifier, 
and IC6, the end of tape sensor amplifier. Resistors 
R1S, R19, R20, and R21 are used to bias the ampli­
fiers' inputs when plain tape is in front of the photo 
sensors. When either the load point marker or the 
end of tape marker is detected, the resistance of the 
respective photoresistive cell is lowered byapproxi­
mately 60 percent of its unilluminated value. Each 
cell is returned to +10 volts, and a 30 percent change 
in its resistance, causing a 30 percent change in the 
input potential, will be sufficient to switch the output 
of the respective operational amplifier. Resistors 
R17 and R22 serve as feedback loops for noise pro­
tection. Thus when load point is detected, the load 
point sensor output as input pin Y of this module 
saturates ICS, causing its output to go high, and is 
inverted twioe by IC7 to generate LOAD POINT LDP 
true at output pin 19 to the Pushbutton Control mod­
ule. The output of inverter IC7-S is also supplied 
to an edge Circuit which produces a 1 Ilsec pulse on 
the trailing edge of LDl>. This pulse is output at pin 
S to the Pushbutton Control module. The EOT sensor 
amplifier operates iIi the same manner, generating 
a high outpu.t when the EDT marker is detected, and 
supplying EOT true at output pin X to the Pushbutton 
Control and Control Interface modules. 

When the broken tape photoresistive cell is illumi­
nated the resistance of the cell is reduced enough for 
the +10 volts to turn on transistor Q3. The coll~ctor 
of the transistor goes to ground, generating BROKEN 
TAPE BKN true at output pin 18. When LOAD is high 
at input pin U the output of IC4-S is low. This causes 
the collector of Q3 to be low through diode CR3 and 

the BKN output will be true at output pin lS. Also 
when power is initially turned on capacitor C9 will 
cause the BKN output to be high which presets the 
LOAD flip-flop on the Interface Control module. 

FILE pnOTECT CIRCUITS 

The file protect switch qutput is supplied to this 
module at input pin T. When a reel is loaded without 
a write enable ring, the: SWitch contact remains 
grounded; the switch input at pin T is inverted by 
IC2-6 and enables NAND gate IC4-13. The gate is 
activated when BKN is true before the transport is 
loaded. Whenever the WAD pushbutton has not been 
energized, IC4-S low grounds the clear input of flip­
flop IC4-1 through diode CR14. IC4-2 then issues 
FILE PROTECT 'FPf"true at output pin 9 to the Inter­
face Control card, while the 0 output of IC4 high is 
inverted by IC2-S to turn off transistor Q5, disabling 
the file protect solenoid output at pin P. 

When a reel with a write enable ring is used, the 
file protect switch is opened, setting input pin T 
high and enabling NAND gate IC2-13. Again the gate 
can be activated only when BKN is high, before the 
transport is loaded. The output of the gate then goes 
low to set flip-flop IC4-5; the flip-flop can be set 
only after 'LOAD has gone false. This provision is 
made to ensure that the write mode can be selected 
only at the time tape is first loaded. Once flip-flop 
IC4 is set, its 1 output issues FPT false, and after 
being inverted by IC1-10 lights the WRITE ENABLE 
LAMP through output pin H. The 0 output of the 
flip-flop low is inverted by 1(:2-S and turns on tran­
sistor Q5, activating the file protect solenoid through 
pin P. The file protect solenoid then draws in the 
switch pin, and the transport is ready for the write 
operation. 

WRITE, ERASE DRIVES 

When the file protect switch is grounded, it also 
turns off transistor Q7, in turn shutting off the cur­
rent at the base of Q8. This cuts off the write head 
and erase head drive currents supplied by transistor 
QS. In order for the write and erase drives to be 
turned on, the file protect switch must be opened 
and WRITE READY must be true at input pin 2. 
This will activate NA:Nb gate IC2-3, causing op amp 
IC3 to turn off transistor Q9, in turn enabling tran­
sistor QS· to turn on and supply the write and erase 
head drives at pins 22 and J. 



The zener diode ipto the base; of, 'Q7 detects when 
power is being dropped. 'This turns off Q7 early 
enough in the power down sequence to turn on Q9 and 

I ' 
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remove tbe head voltage supplied by Q8. This avoids 
putting unwanted remnants on tape during a power 
failure~ 
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TYPE 4306 SERVO PREAMPLIFIER 

CIRCUIT DESCRIPTION 

(25 IP5 Models and Lower) 

This module contains the capstan servo and reel servo 
amplifier stages. The following paragraphs describe 
their operation. 

CAPSTAN SERVO AMPLIFffiRSTAGE 

The capstan servo amplifier portion of this module is 
a part of a velocity servo system which produces 
accurately· controlled capstan speeds with linear 
ramp-l,lps and ramp-downs. The analog linear signal 
supplied from the Ramp Generator module is input at 
pin N of this module and is summed with the output 
of the OC tachometer coupled to the capstan motor 
shaft. Tachometer output is supplied at pin P of this 
module. Any difference between the two voltages is 
amplified by operational amplifier IC5. The amplifi­
cation of IC5 is controlled by two negative feedback 
loops, one supplied directly from the output of IC5 
through resistors R39, R40 and capacitor C9, and the 
other from the capstan motor through resistor R71. 
The zero offset of the amplifier is adjusted by 
potentiometer R56 to eliminate capstan creep during 
standstill as described below. 

The output of amplifier IC5 is supplied to a pair of 
complementary driver stages, including transistors 
Ql1, Q12, Q17, and Q18. The output of these stages 
is supplied to a pair of power transistors located on 
the heatsink servo power assembly, at the rear of the 
unit. The power transistors' output then energizes 
the capstan motor, advancing tape at accurately 
controlled speeds. 

REEL SERVO AMPLIFffiRS 

Takeup and supply reel servos are provided to 
maintain tape tension at a constant value. Three 
main components are included: magpot position 
sensor, reel servo amplifier, and reel motor. 

The mag-pot position sensor measures tape tension by 
the position of a spring loaded buffer arm. At the 
approximate center of the arc, sensor output is zero. 
As the buffer arm moves off center, a positive or 
negative voltage is produced which is proportional to 
the error. This error voltage is summed with the 
modified capstan tachometer signal and is amplified 
to. energize the respective reel motor, producing 
sufficient torque to return the buffer arm to the 
center of its arc. Only the takeup amplifier stage 
will be described below; the operation of the supply 
amplifier stage is identical. 

The takeup magpot signal is supplied at pin F of this 
module. The magpot corrective voltage is fed 
through R9 and AC coupling C3 and R8 to the 
inverting input of operational amplifier ICI. In order 
to speed up the response of the reel servo in higher 
speed machines, the 6ut\?ut of the tachometer 
capstan motor is summed with the magpot corrective 
voltage through summing resistor RIO. The tach­
ometer signal is modified: by the network, which 
includes operational amplifiers IC6 and IC7, to reduce 
the tachometer's effect during high speed operations. 
The response of the reel servos to capstan acceler­
ation is only critical during ramp-ups to normal 
running speed. During high speed operations, how­
ever, the ramp times are very long (approximately 0.5 
sec) and the tachometer signal is very large. Con­
sequently, the signal is modified so that up to 
approximately 40 ips it increases linearly, but at 
speeds exceeding 40 ips it decreases, reducing its 
effect. 

Potentiometer R58 controls the effect of the modi­
fied tachometer signal on takeup reel response. This 
potentiometer is adjusted to reduce the buffer arm 
travel to a minimUm, optimizing the reel response to 
both the capstan motion and to the buffer arm 
position. The adjustment is described below. 

The output of the reel servo amplifier on this module 
is supplied to a pair of power transistors located on 
the servo power assembly on the heatsink at the rear 
of the unit. The output of the power transistors 
energizes the respective reel motor, returning the 
buffer arms to their proper locations as described 
above. 

SERVO ADJUSTMENTS 

Capstan Zero Offset 

This adjustment becomes necessary when capstan 
creep is detected during standstill. To adjust follow 
these steps: 

a. Connect an oscilloscope probe to monitor the 
voltage at output pin X, measuring the output of 
the capstan servo a!TIplifier stage. 

b. With the transport ON LINE and loaded but in a 
stopped condition, adjust potentiometer R56 so 
that a straight-line trace is produced. Use the 
0.5v/cm scale on the oscilloscope. 

c. Observe that the capstan does not rotate. 



Buffer Arm Travel 

Potentiometers R57 (supply arm) and R58 (takeup 
arm) are adjusted on this card to minimize the 
respective buffer arm travel, preventing arm bottom­
ing and overshooting. The adjustment procedure is as 
follows: 

a. Load a full reel of tape on the supply reel. 

b. With the transport off line, press the test panel 
TEST MODE pushbutton. 

c. Press the FORWARD RUN and REVERSE RUN 
pushbuttons alternately, initiating synchronous 
forward and reverse tape motions. (A remote 
tape control unit may be used if the test panel is 
not available.) 
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d. Adjust potentiometer R57 on this module until 
the travel of the SUPPLY buffer arm is at 

. minimum during the ramp-ups and ramp-downs. 

e. Repeat the above steps for the TAKEUP arm, 
adjusting potentiometer R58. 

f. If a test box or computer diagnostic program is 
available this adjustment can be more easily 
performed doing a' write/backspace/write, using 
a very long data block length (16K if available). 
Adjust for minimum arQl travel. When adjusting 
supply servo arm response (R57) all the tape 
should be on the suppl* reel. When adjusting the 
response of the takeup servo arm at R58, all the 
tape should be on this takeup reel at EaT. 
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TYPE 4606 SERVO PREAMPLIFIER 

CIRCUIT DESCRIPTION 

(37.5 IPS Models and Higher) 

This module contains the capstan servo and reel servo 
amplifier stages. The following paragraphs describe 
their operation. 

CAPSTAN SERVO AMPLIFmR STAGE 

The capstan servo amplifier portion of this module is 
a part of a velocity servo system which produces 
accUI'ately controlled capstan speeds with linear 
ramp ..... ups and ramp-downs. The analog linear signal 
supplied from the Ramp Generator module is input at 
pin N of this module and is summed with the output 
of, the DC tachometer coupled to the capstan motor 
shaft. Tachometer output is supplied at pin P of this 
module~ Any difference between the two voltages is 
amplified by operational amplifier le5. The amplifi­
cation of IC5 is controlled by two negative feedback 
loops, one supplied directly from the output of IC5 
through resistors R39, R40 and capacitor e9, and the 
other from the capstan motor through resistor R71. 
The zero offset of the amplifier is adjusted by 
potentiometer R56 to eliminate capstan creep during 
standstill as described below. 

The output of amplifier IC5 is supplied to a pair of 
complementary driver stages, including transistors 
QII, Q12, Q17, and Q18. The output of these stages 
is supplied to a pair of power transistors located on 
the heatsink servo power assembly, at the rear of the 
unit. The power transistors' output then energizes 
the capstan motor, advancing tape at accurately 
controlled speeds. 

REEL SERVO AMPLIFIERS 

Takeup and supply reel servos are provided to 
maintain tape tension at a constant value. Three 
main components are included: magpot position 
sensor, reel servo amplifier, and reel motor. 

The magpot position sensor measures tape tension by 
the position of a spring loaded buffer arm. At the 
approximate cel)ter of the are, sensor output is zero. 
As • the buffer arm moves off center, a positive or 
negative voltage is produced which is proportional to 
the error. This error voltage is summed with the 
modified capstan tachometer signal and is amplified 
to energize the respective reel motor, producing 
sufficient torque to return the buffer arm to the 
center of its arc. Only the takeup amplifier stage 
will be described below; the operation of the supply 
amplifier stage is identical. 

The takeup magpot signal is supplied at pin F of this 
module. The magpot corrective voltage is fed 
through R9 and AC coupling C3 and R8 to the 
inverting input of operational amplifier IC!. In order 
to speed up the response of the reel servo in higher 
speed machines, the output of the tachometer 
capstan motor is summed with the magpot corrective 
voltage through summing resistor RIO. The tach­
ometer signal is modified by the network, whiCh 
includes operational amplifi~rs IC6 and IC7, to reduce 
the tachometer's effect during high speed operations. 
The response of the reel servos to capstan acceler­
ation is only critical during ramp-ups to normal 
running speed. During high speed operations, how­
ever, the ramp times are very long (approximately 0.5 
sec) and the tachometer signal is very large. Con­
sequently, the signal is modified so that up to 
approximately 40 ips it increases linearly, but at 
speeds exceeding 40 ips it decreases, reducing its 
effect. 

Potentiometer R58 controls the effect of the modi­
fied tachometer signal on takeup reel response. This 
potentiometer is adjusted to reduce the buffer arm 
travel to a minimum, optimizing the reel response to 
both the capstan motion and to the buffer arm 
position. The adjustment is described below. 

The output of the reel servo amplifier on this module 
is supplied to a pair of power transistors located on 
the servo power assembly on the heatsink at the rear 
of the unit. The output of the power transistors 
energizes the respective reel motor, returning the 
buffer arms to their proper locations as described 
above. 

SERVO ADJUSTMENTS 

Capstan Zero Offset 

This adjustment becomes necessary when capstan 
creep is detected during standstill. To adjust follow 
these steps: 

a. Connect an oscilloscope probe to monitor the 
voltage at output pin X, measuring the output of 
the capstan servo amplifier stage. 

b. With the transport 'ON LINE and loaded but in a 
stopped condition, adjust potentiometer R56 so 
that a straight-line trace is produ~ed. Use the 
O.Sv/cm scale on the oscilloscope. 

c. Observe that the capstan does not rotate. 



Buffer Arm Travel 

Potentiometers R57 (supply arm) and R58 (takeup 
arm) are adjusted on this card to minimize the 
respective buffer arm travel, preventing arm bottom­
ing and overshooting. The adjustment procedure is as 
follows: 

a. Load a full reel of tape on the supply reel. 

b. With the transport off line, press the test panel 
TEST MODE pushbutton. 

c. Press the FORWARD !tUN and REVERSE RUN 
pushbuttonsalternately, initiating synchronous 
forward and reverse tape motions. (A remote 
tape control unit may:be used if the test panel is 
not available.) , 
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d. Adjust potentiometer R57 on this module until 
the travel of the SUPPLY buffer arm is at 
minimum during the ramp-ups and ramp-downs. 

e. Repeat the above steps for the TAKEUP arm, 
adjusting potentiometer R5~. 

f. If a test box or computer diagnostic program is 
available this adjustment can be more easily 
performed doing' a write/backspace/write, using 
a very long data block length (16K if available). 
Adjust for minimum arm travel. When adjusting 
supply servo arm. re~ponse (R57) all the tape 
should be on the supply reel. . When adjusting the 
response of the takeu~ servo arm at R58, all the 
tape should be on this takeup reel at E;OT. 



TYPE 4210 MAGPOT TENSION ARM POSITION SENSOR 

CIRCUIT DESCRIPTION 

in the reel servo system it is necessary to produce 
an analog signal representing tension arm pOSition. 
The signal must be zero at the nominal resting posi­
tion of the tension arms and should linearly represent 
angular d~viations from the center of arm travel by 
positive and negative voltages. A common method 
utilizes lamps, photocells, and a shutter to produce 
the required voltage. This method suffers from the 
mortality of lamps and the relatively slow response 
of photocells. 

The magpot operates as a differential transformer, 
an example of Which is shown below. 

MOVABLE ARMATURE -_ .. . \ 
~ 

110-0096 

Magnetic flux produced by current in winding (1) will 
produce voltages E2 and E3 in the other windings. 
If the armature is symmetrically located with t'e-
8tJ)ect to (2) and (3), flux in the two windings will be 
equal, and since they have the same number of turns, 
E2 = E3• 1f the armature is displaced as shown, E2 
> :Ba since the flux coupling E3 has been reduced. 
Displacement in the opposite direction produces E3 
> E2• Displacement from center then is repre .... 
sent~d by EO == E2 ..... E3• In the configuration shown 
this relation is linear only for very small displace­
ments because area relations are not linear. 

The magpot is an adaptation of the above scheme in 
that there are three windings on a magnetiC core. 
The core in thiS case is a ferrite pot core while the 
armature is half a pot core. The windings (2) and 
(3) are around legs of the pot core while (1) is around 

the center portion common to the two legs. Winding 
(1) is energized by a high frequency oscillator (ap­
proximately 200 kHz). The magpot is in balance and 
E2 = E3 when the armature couples equally to the 
two legs. As the armature is rotated the area avail­
able for magnetic flux increases linearly for one leg 
and decreases linearly for the other leg. Thus the 
difference in induced voltages is a linear represen-­
tation of angular movemen~. 

The. 200 kHz oscillator is a Hartley circuit com­
prising Ql, C1, C2, R1, :R2. It produces a 40 volt 
ptp sine wave across the primary winding. 

The two secondary windings are connected in series 
and their voltages are rectified by CRl, CR2. The 
two rectified voltages are subtracted and referenced 
to ground. Thus the input to IC1 operational ampli­
fier is a dc voltage equal to E2 - E3• This voltage 
is null when E2 = E3 and is positive or negative de­
pending upon which is larger. Secondary voltages 
induced are at all times large enough to overcome 
the diode drops in CR1, CR2. 

DC output of the rectifier circuit is amplified by IC1 
and fed from the output to the appropriate reel servo 
amplifier. 

Voltage output for a given angular deflection depends 
upon coupling between the fixed core and armature 
at that setting. The gain relations are such that a 
spacing of 0.030 inch between core and armature 
results in ± 5v output for full arm travel. Spacing 
is established by two O. 015 inch thick plastic spacer 
washers on the shaft. 

Adjustment Proc,edure 

If adjustment should be required: 

1. Remove tape from machine. 

2. Place a short length of tape in front of broken 
tape sensor. 

3. Turn power on, press LOAD. Reels will rotate. 

4. Hold tension arm· in approximate center of arc. 
Reel rotation should stop. 

5. If reel continues to rotate lobsen setscrew hold­
ing the armature to the tension arm shaft. 



6. Rotate armature until reel hub motion ceases. 
Press firmly against the fixed coreto maiI,1~ain . 
core to armature spacing. 

7. Tighten setscrew. 

8. Move arm to limits of traveland .observe direc­
tions of reel hub rotation. There are two null 
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positions 180
0 

apart. The sense of the output 
is reversed for one null causing hub rotation to 
be wrong. If this null has been chosen, loosen 

o 
setscrew, rotate armature 180 , and repeat. 

9. Check output at pin 4 using a voltmeter. Total 
output swing should be between 10 and 12'volts 
(±5v noniinal) .. 
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TYPE 3631 READ PREAMPLIFIER 

CIRCUIT DESCRIPTION 

Read Preamplifier Type 3631 includes nine identical 
amplifier stages which accept the analog signals from 
th~ read head winding and supply the amplified out­
puts to the read amplifier modules. In seven-track 
recorders the .channel 0 and 1 stages are left out. 

The 0 channel amplifier stage is shown in the sche­
matic; the other channels are identical. The ampli­
fier stage conSists of high gain operational amplifier 
IC1 and negative feedback including resistors R2, 
R3, R4, R5, and capacitor C2. The input head signal 
is filtered by resistor R1 and capacitor C1, :md is 
supplied to the noninverting input of IC!. The negative 

feedback network controls the output amplitude and 
response. 

tn NRZ only tape units, potentiometer R4, located 
in the feedback network, is adjusted so that the am­
plified analog output at test' point A is 9 volts peak to 
peak while writing 800 flux reversals per inch. In 
phase encod~d only tape un~ts, potentiometer R4 is 
adjusted for 5 volts peak to lpeak output while writing 
3200 flux reversals per inch. In dual density tape 
units, potentiometer R4 is adjusted for 9 volts peak 
to peak output while writing 800 flux reversals per 
inch. 



S06-3S45-100B 

TYPE 3145 DELAY TIMING MODULE 

CIRCUIT DESCRIPTION 

This module contains the crystal oscillator and divid­
ing network which produce the synchronous clocks 
used by the read and write electronics. In addition, 
this module includes the read data strobe generation 
network, a read skew delay counter, the gap detect 
netw6rk, and the SELECT 2 circuitry •. These func­
tions are discussed in detail below. 

CRYSTAL CONTROLLED OSCILLATOR AND 
DIVIDING NETWORK 

The oscillator consists of crystal Y1 used in a feed­
back loop between two inverter sections of IC5. The 
oscillator output is supplied to a dividing network 
which provides the synchronous clocks used in the 
transpOrt. The dividing network includes divide by 
2 and S counter IC2, flip-flops IC1, and divide by 16 
cbunter IC4. The clocks generated by the network 
are a function of tape speed and a series of switches 
is provided to divide the master oscillator frequency 
according to the tape speed of the particular trans­
port. The switch positions for the different tape 
speeds are tabulated on the schematic diagram. The 
clocks output by the network are f1' a square wave 
at 32 times the character frequency, and fr' a square 
wave at the character frequency. 

SKEW CHECK COUNTER AND READ DATA 
STROBE GENERATION 

The wire-OR' d peak pulses supplied from the read 
amplifier stages are input at pin R of this module, 
and after being inverted by IC14 are supplied to NAND 
gate lCl4-10. At this time the Q output of flip-flop 
IC15-3 is high, enabling ICl4-9, and the peak pulses 
are gated through IC14-S to the direct-clear input of 
flip-flop IC15-13. During each data character the 
pul~e of the leading channel direct-clears flip-flop 
jC1S-13, setting the Qoutput high to enable the skew 
counter, divide-by-16 lC16. The counter is clocked 
by flat 32: times the data frequency. During a test 
mode, TEST MODE true at input pin H (from the 
pUShbutton control module) direct-sets the skew 
counter to the count of 11. The counter then counts 
from 11 to 16, at which point its Qd output toggles 
fli~flop lC15-12, locking itself. The skew tolerance 
is restricted to the period of the count; any peak 
coming in after the skew counter has set flip-flop 
lCI5 would cause. a skew indication, as explained 
below. Once lCI5 flip-flop has been toggled to the 
set state, its Q output goes low and toggles flip-flop 

ICI2-I2. The Q output of IC12-2 goes low, is in­
verted by IC10-I2 and supplies DATA TRANSFEH 
true to the read amplifier module, shifting the data 
to the output buffer on those modules. The next f1 
pulse after DATA TRANSFER toggles the second 
IC12 flip-flop to the set state; the Q output of IC12-6 
goes low, is inverted twic~ by two IC10 inverters 
and is output as the READ DATA STROBE RDSat 
output pin A to the interface.l IC12-6 low also direct ... 
clears the first ICI2 flip-flop; consequently the next 
fl pulse also toggles the second IC12 flip-flop to the 
cleared state and terminates the data strobe. Should 

. the skew tolerance be exceeded and a pulse arrive 
after flip-flop IC15 has been set, the lagging pulse 
will direct- clear IC15-13 again and enable NAND 
gate IC13-12. The gate is activated when IC12-5 
goes high and fires the skew one-shot IC11-4, illum­
inating the skew lamp on the test panel. During a 
normal write mode the skew tolerance is increased, 
as WRITE READY true and TEST MODE false acti­
vate NAND gate IC14-6 and direct-set the skew coun­
ter to the count of four. This increases the skew 
tolerance from the five counts used during the test 
mode to 12 counts. During the read only mode both 
WRDY and TEST MODE are false, and the skew tol­
erance count is increased to 16, or half a character 
space. 

GAP DETE CT COUNTER 

The gap detect counter consists· of two divide-by-16 
counters in tandem: IC6 and IC7. It is clocked by 
fl at 32 times the data frequency. After each data 
pulse flip-flop lCl5-13 is direct-cleared, its Q output 
goes high and resets the gap counter. After the skew 
delay IC15 is set again and the gap counter is enabled. 
Following the last data character of a record, the 
gap counter is not reset immediately but keeps count­
ing. When it reaches the count of 32, one character 
time after the last data character of the block, the 
~ output of Ic7 activates NAND gate lC9-13. rC9-1I 
goes low and direct-clears flip-flop lC8-13. The Q 
output of the flip-flop in turn direct-sets the gap de­
tect flip-flop leI5-10, generating GAP DETECT true 
at output pili H to the interface, provided that the 
transport is selected and on line (SLTI true). The 
Q output of lC8-3 low also activates NOR gate IC9-1, 
keeping the counter enabled and counting while the 
check characters are being read; otherwise the LRC 
and CRC characters Will have reset the gap counter, 
signifying end of gap. When the gap counter reaches 



the count of 256 it toggles flip-flop ICS":'9,eriablirig' 
NAND gate IC9-10. Thirty-two counts later, equiv­
alent to the tenth character space of the interrecord 
gap, IC9-8 goes low and toggles flip-flop ICS-12 
to the set state. The Q output of the flip-flop goes 
high and activates NAND gate IC9-4, so that the gap 
counter will' clear when the next data character is . 
detected (ICI5-2 high). 

SELECT 2 GENERATION 

SELECT 2 is u$ed to enable the output ,data gates on 
the read amplifier modules. SL T2 is generated by 
combining BUSY BSY false, LOAD POINT LP false, 

806-3845-200B 

SE:LECT 1 SLTI true, and RUN NORMAL RNN true. 
Once RNN goes true, initiating synchronous tape 
motion, a delay count consisting of divide - by - 16 
counters IC18 and IC19 is enabled. The counters are 
advanced by data frequency clock fro On the count 
of 128 the Qd output of IC19 goes high and activates 
NAND gate IC20 if all the requirements mentioned 
above are met. IC20-8 goes low ,is inverted by 
IC20-6, and generates SL T2 true at output pinL to 
the read amplifiers. The purpose of the SLT2· delay 
is to disable the output data gates during the tape 
ramp-up. When IC19-11 goes high IC17-:-8 ,goes low 
preventing further clocks to, the counter. The coun~ 
ter is reset to the count of ?:ero when R UN NORMAL 
RNN goes high. 
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TYPE 4118 DELAY ,TIMING MODULE 

CIRCUIT, DESCRIPTION 

This module contains the crystal oscillator and divid­
ing network which produoe the synchronous clocks 
used by the read and write electronics. In addition, 
this module includes the read data strobe generation 
network, a read skew check counter, the gap detect 
network, and the SELECT 2 circuitry. These func­
tions are discussed in detail below. 

CRYSTAL CONTROLLED OSCILLATOR AND 
DIVIDING NETWORK 

The oscillator consists of crystal Y1 used in a feed­
back loop between two inverter sections of IC11. The 
oscillator output is supplied to a dividing network 
which provides the synchronous clocks used in the 
transport. The dividing network includes divide 
by 2 and 8 counter IC3, and divide by 16 counter 
IC12. The clocks generated by the network are 
a function of tape speed and a series of switches 
is provided to divide the master oscillator frequency 
according to the tape speed of the particular trans­
port. The switch positions for the different tape 
speeds are tabulated on the schematic diagram. rhe 
clocks output by the network are f1' a square wave 
at 32 times the character frequency, and fr' a square 
wave at the character frequency. 

SKEW CHECK COUNTER AND READ DATA 
STROBE GENERATION 

The Wire-OR'd peak pulses supplied from the read 
amplifier stages are input at pin R of this module. 
After being inverted by ICl5 they are supplied to 
leI5-10. At this time the Q output of flip-flop 
IC16 ... 3 is high, enabling IC15-9, and the peak pulses 
are gated through ICl5-8 to the direct-clear input of 
flip-flop tC16-13. During each data character the 
pulse of the leading channel direct-clears flip-flop 
IC16-13, setting the Qoutput high to enable the skew 
coUnter, dividEr'by-16 IC17. The counter is clocked 
by· f1 at 32 times the data frequency. During a test 
mode, TEST MODE true at input pin H (from the 
pushbutton control module) direct- sets skew counter 
IC17 to the count of 11. The counter then counts 
from 11 to 16" at which point its Qd output toggles 
flip-flop ICl6-12, locking itself. The skew tolerance 
is,/restricted to the period of the count; any peak 
coming in after the skew counter has set flip-flop 
leIS would cause a skew indication, as explained be­
low. Once the IC16 t1ip-flop has been toggled to the 
set state, its Q output goes low and toggles flip-flop 

IC14-12. The ,Q output at IC14-2 goes low, is in­
verted by IC12-12 and supplies DATA TRANSFER 
true to the read amplifier module, shifting' 'the data 
to the output buffer on those modules. The next f1 
pulse after DATA TRANSFER toggles the second 
IC14 flip-flop to the set state; the Q output of IC14 .. 6 
goes low, .is inverted twice by two IC12 inverters 
and is output as the READ DATA STROBE RDS at 
output pin A to the interfac~. IC14-610w also direct .... 
clears the first IC14 flip-nop; consequently the next 
f1 pulse also toggles the s~cond IC14 flip-flop to the 
cleared state and terminates the data strobe. Should 
the skew tolerance be exceeded and a pulse arrive 
after flip-flop IC16 has been set,the lagging 
pulse will direct-clear IC16-13 again. The gate 
is activated when IC14~5 goes high and fires 
the skew one - shot IC11- 4 , illuminating the 
skew lamp on the test panel. During a normal 
write mode the skew tolerance is increased, 
as WRITE READY true and TEST MODE false acti~ 
vate NAND gate IC15-6 and direct-set the skew coun,;.. 
ter to the count of four. This increases the skew 
tolerance from the five counts used during the test 
mode to 12 counts. During the read only mode both 
WRDY and TEST MODE ate false, and the skew tol­
eranoe count is increased to 16, or half a character 
space. 

GAP DETECT COUNTER 

The gap detect counter consists of two divide-by .... 16 
counters in tandem: ICS and IC9. It is clocked by 
£1 at 32 times the data frequency.. After each da~ 
pulse flip- flop IC16-13 is direct- cleared, its Q 
output goes high and resets the gap counter.. The skew 
delay IC16 is reset and the gap counter is enabled. 
Following the last data character of a record, the 
gap counter is not reset immediately but keeps count­
ing. When it reaches the count of 32, one character 
time after the last data character of the block, the 
~ output of IC9 activates NAND gate IC11- 13 • 
IC11-11 goes low and direct-olears tlip-flopIC10-13. 
The Q output of the flip-flop in turn direct-clears the 
gap detect flip-flop IC16-10, generating GAP DETECT 
true at output pin H to the interface, provided that the 
transport is selected ~d on line (SLT1 true). The Q 
output of IC10 .... 3 low also activates NOR gate IC18-10, 
keeping the counter enabled and counting while the 
check charactel"s are being read. Otherwise the LRC 
and CRe characters will have reset the gap counter, 
signifying end of gap. When the gap counter reaches 



the' count of 256 it toggles flip-flop ICIO-9, enabling 
NANn gate ICll-3. Sixty-four counts later, equiv­
alent to the tenth character space of the ,interrecord 
gap, ICI0-S is activated and toggles flip-flopIC12-12 
to the set state. The Q output of the flip-flop goes 
high and activates NAND gate IClS-4, clearing the 
gap counter, and keeping it cleared until the first 
character of the next block is read. 

SELECT 2 GENERATION 

SLT2 Delaydisables the output data gates during tape 
. ramp-up. SELE CT 2 is used to enable the. output 
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data gates on the read amplifier modules. SLT2 is 
generated by combining BUSY BSY false, LOAD 
POINT LP false, SELECT 1 SLTI true, and RUN 
NORMAL RNN true. Once RNN goes true, initiating 
synchronous tape motion, a delay counter consisting 
of divide-by-16 counter IC20 and IC21 is enabled. 
The counter is advanced by data frequency clock fr -
On the count of 12S the Qd output of IC21goes high 
and activates NAND gate IC22 if all the requirements 
mentioned above are met. IC22-S goes low, is in­
verted by IC12-6, and generates SLT2 true at out­
put pin L to the read amplifiers., The purpose of the 
SLT2 delay is to disable the.output data gates during 
the tape ramp-up. 
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TYPE 4178 QUAD READ AMPLIFIER 

CIRCUIT DESCRIPTION 

Quad Read Amplifier Type 4178 accepts amplified 
head signals from the head preamplifier module and 
supplies decoded and deskewed data outputs to the 
interface. Each module contains four amplifier 
stages, and each recorder contains two of these mod­
ules. The channel P amplifier stage is located on 
Read Amplifier/ Clipping Control module. The oper­
ation of the channel A amplifier stage is explained 
in the following paragraphs. The other amplifier 
stages operate identically. 

The amplified analog signal is supplied from the read 
preamplifier at input pin E. The signal is filtered 
through RI, CI; the negative half waves are routed 
through diode CRI while the positive half waves are 
routed through CR2. CRI and CR2 are back biased 
respectively by the negative and positive clipping 
levels, supplied from the Read Amplifier/Clipping 
Control Module, to eliminate spurious baseline 
pulses. The negative half waves are then differen­
tiated by C4 and R6 and are input at the inverting 
input of operational amplifier ICI. At the leading 
edge of the negative analog half wave the differen­
tiated output of C4 and R6 sWings negative, crossing 
zero at the peak of the analog signal and then going 
positive until the trailing edge of the analog signal. 
Normally the op amp output is low, since the non'" 
inverting input ofICI is negatively biased through R7 
and R9. When the leading edge of the differentiated 
signal exceeds the input threshold, the output of the 
amplifier swings positive. The amplifier output re­
turns to Ov at the zero crossover of the differen­
tiated signal, corresponding to the peak of the input 
analog signal. A similar transition occurs for the 
positive half wave, since it is input at the noninvert­
ing input of the amplifier. Consequently the amplifier 
output goes high and returns low for each I character, 
with the negative-going transition occurring at the 
analog peak. The output of the amplifier is limited 
by diodes CR3 and CR4 and is inverted by NAND gate 

IC2-3. IC2-3 output is supplied to a filtering network 
conSisting of C6, R1I, R12, and eR5, whose output 
is in turn supplied to the Schmitt trigger input of 
one-shot IC3. The output of IC2-3 is normally high, 
and the voltage at the input ofIC3-5is at3.3v. When 
the output of ICI swings positive, IC2-3 goes low and 
capacitor C6 discharges thrnughRl2 with a slow time 
constant, approximately 5; Jjsec at 25 ips. The volt­
age is clamped at Ov by diode CR5. When the output 
of ICI goes low again at thk peak of the analog input, 
IC2-3 goes high and C6 charges with a much faster 
time constant, approximately 300 nsec. When C6 
charges up to 1. 8v, one-shot IC3 triggers, generat­
ing a 300 nsec pulse. The Q output of the one-shot 
is connected back to IC2-2, disabling the gate and 
preventing the one-shot from being retriggered by 
spurious pulses on the input. 

The positive pulse generated by the Q output of IC3 
is inverted by IC2-11 and is output as PULSE OUT 
at pin V. The pulses of all the amplifier stages are 
wire-OR'd and supplied to the Delay Timing module 
where they are used for read deskewing and read 
data strobe generation. The Q output of one- shot 
IC3 direct-sets flip-flop IC4-4, the data storage 
register. The Q output of IC4-5 sets the D input of 
the output register IC4-12 high. A skew delay time 
is prOVided for all channels to be read after the leading 
data pulse is detected. DATA TRANSFER (supplied 
from the Delay Timing module) toggles the output 
register flip-flops of all channels simultaneously 
after the allowed skew delay time, outputing the de­
skewed, decoded data to NAND gate IC2-9 and, on 
its trailing edge, clears the first stage of IC4. The 
gate is enabled by SELECT 2 true, supplied from the 
Delay Timing module at input pin S. IC2-8 supplies 
the output data at pin Z to the interface. The length 
of the skew delay time is varied depending on the 
operation being performed. This is described in the 
Delay Timing module circuit description. . '-
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TYPE 4179 READ AMPLIFIER CLIPPING CONTROL 

CIRCUIT DESCRIPTION 

This module contains the P channel read amplifier 
stages and the read amplifier clipping level control. 
The operation of the P channel amplifier is explained 
in the circu.it description of the Quad Read Amplifier 
module, and the read amplifier clipping level control 

. is explained below. 

The read amplifier clipping control provides four 
clipping levels to the read amplifier: normal, low, 
high,and Very high. When an error is detected dur­
ing a read operation the trahsport may be commanded 
by the tape control unit to backspace over the erro'" 
neous block to reread it. The clipping level.is kept 
at a normal level during the first reread. If a second 
reread is commanded, the clipping level is switched 
from normal to a lower clipping level, to compensate 
for a possible partial dropout. If a third reread is 
initiated, the clipping level is switched to a higher 
thail normal level to eliminate possible baseline noise 
spikes. During a read after write operation the nor­
mal and high clipping levels are combined to supply 
a still higher clipping level which is not used during 
a read operation. 'The switching of the clipping levels 
is explained in detail below. 

The initial state of the circuitry will be both ICIO 
flip-flops set and both ICII flip-flops clear. This is 
established by BUSY BSY at pin Y true when tape is 
initially loaded or rewound. Since the first command 
from load point is always a run forward command, 
R UN NORMAL RNN at pin H true and REVERSE SE­
LECT RVSI at pin W false cause IC8-8 to be low clear­
ing IC9 flip-flop. The ICIO flip-flops remain in the 
set state when clocked by IC9-3 high. The circuitry 
remains in the states just described until a reverse 
command is given to the tape unit. When RNN and 
RVSl are true IC8-6 goes low direct-clearing the 
IClO flip-flops which causes IClO-8 to go high re­
moving the direct-clear from the ICll counter flip­
flops. Also IC8 .... 6 low sets IC9 flip-flop which makes 
IC9-6 low; ICll-12 toggles causing ICI I"" 3 to go high 
putting the counter in the "01" state. The clipping 
level does not change because the ICI2, ICl3 gating 
descFibedin the next paragraph establishes the same 
clipping level. The circuitry will now remain in this 
state until a forward command is given. The next 
fq,rward command causes IC8-8 to go low clearing 
lC9 flip-flop and toggling ICIO-5 high. At this point 
two tbings could happen: The tape unit will be com­
manded to go forward to continue reading the next 
data block, or to backspace if the interface decides 

to reread the data block. If the tape unit is commanded 
to go forward to continue reading, then IC8-8 low 
makes IC9-3 high causing IClO-8 to go low which 
direct-cleax:s the ICll counter to its initial state. 
If instead the tape unit is commanded to go in reverse 
ICll-l2 goes low toggling the ICII counter to its 
next state. ThiS establishes the next clipping level 
in the sequence. The IClO flip-flops are cleared as 
described above. The IC~l counter will continue to 
toggle every time the tape unit is commanded to 
backspace after being commanded to go forward once. 
Two forward commands in succession will reset the 
ICll counter by setting IClO-8 low, and reading con­
tinues at the normal clipping level. 

The clipping levels established by the ICII counter 
through IC12 and lC13 are as follows: (a) 00 and 01 
cause IC13-6 and lC13-11 to be low and IC13-3 to be 
high establishing the normal read clipping level; (b) 
10 causes IC13-6 and IC13-3 to be low and IC13-ll 
to be high establishing the low clipping level; (c) 11 
causes IC13-3 and IC13-ll to be low and IC13-6 to 
be high establishing the high read clipping level. 

During a read after write operation WRITE READY 
at input pin J is inverted by IC7-12 and disables the 
automatic clipping level control by direct- setting 
IClO flip-flops, keeping the ICII counter direct­
cleared. At the same time WRDY true activates 
NOR gate lC13-4, enabling the higher clipping level, 
while the Q output of lCll-5 low enables the normal 
clipping level. Thus the normal and high clipping 
levels are combined to generate a still higher clip­
ping level used during read after write only. 

The automatic clipping level control is also disabled 
when the interface supplies AUTO DISABLE true at 
input pin N, or when BUSY BSY is true at input pin 
Y of the module. In either case NOR gate IC7-6 is 
high, and direct- sets the ICIO flip-flops which in 
turn keep the reread counter ICII cleared. 

Operational amplifier IC6 is connected with negative 
feedback through R26, establishing its gain at a value 
determined by the ratio of the input resistance to 
+ 10v switched by ICl3 to the value of R26 (22K). 

Capacitor CIO acts as an integrator slowing the re­
sponse of IC6 to a change in input, which avoids 
coupling enough Signal through C4 and C5into ICI 
to cause a spurious output. IC5 is connected as an 



inverter outputing an equal but opposite p~larity volt­
age to that voltage at IC6-10. The negative clipping 
level voltage (TPD) and positive clipping level volt­
age (TPC) are then applied to each read amplifIer 
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through a re,sistordividing network to backbias diodes 
CRI and CR2. This establishes the amplitude of 
aQ~og: input from the read preamplifier required 
for IC ~ to switch and thus detect data. 
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TYPE 3848 WRITE AMPLIFIERS 

CIRCUIT DESCRIPTION 

This module generates the internal write data strobe 
and contains the write amplifier stages for four of 
t}:le data channels - channel P through channel 2. 
These are explained in detail below. 

WRITE DATA STROBE GENERATION 

The Write Data Strobe WDS is input from the inter­
face at pin N and is supplied to an edge circuit cOn­
sisting of inverters IC5 and IC6, capacitor C8, and 
NAND gate IC6-B. If Write Ready WRDY and Select 
$LTI are true at input pins 12 and13 of le6, -the gate 
transmits a short pulse on the leading edge of each 
input WDS. The pulse is gated through NOR gate 
IC5-6 and triggers one-shot ICl-l on its trailing 
edge. The Q output of the one-shot supplies a posi­
tive 0.5 Ilsec pulse which is gated through NAND 
gate IC7-3, provided that the transport is not in a 
test mode. The pulse then enables the write NAND 
gates ICll and IC15, gating the input write data to 
the write ampl\fier stages. It is also supplied as 
WDSl to Type 3849 Write Amplifier module. When 
ICl-13 generates the write strobe, its Q output trig­
gers the second ICI one-shot, which in turn inhibits 
rC6 for a 3.5 J.Lsec duration, inhibiting any pulses 
during that time. 

If the transport is in test mode, TM true at pin K 
enables NAND gates IC5-2 and IC7-l0, 12 while dis­
abling NANn gate IC7-2. If Write Ready WRDY is . 
true, crystal controlled data frequency fr' supplied 
from the Delay Timing module, is gated through 
NAND gate IC5-l2 and NOR gate IC5-6 to generate 
the test mode strobes. These are gated through the 
tWo IC7 NAND gates and direct-clear the write am­
plifier flip-flops on this module and on the other 
Write Amplifier module, writing the all-1 characters 
of the test mode. 

WRITE AMPLIFIER STAGES 

The data inputs are supplied from the data terminator 
card at. pins R, S, T, and U, are inverted and then 
strobed through NAND gates ICII and Ie15 by the 
write data strobe WDSl, generated at test point B. 
The write channels are then supplied to the amplifier 
stages, each conSisting of a divide-by-16 counter, a 
pair of flip-flops, and a pair of drivers. The am­
plifier stages are digitally deskewable, where the 
delay of channels 0 through 7 is adjusted to coincide 
with that of the reference channel, channel P, when 
re;:td back. 

The delay of channel P is permanently set to the count 
of eight, equivalent to a quarter character delay, by 
counter IC8. Whenever the input data is 1, the WDS 
pulse is gated through lCll-8 and direct-clears flip­
flop IC9-13. The Q output of the flip-flop goes high, 
removing the direct-clear from the lC8 counter. The 
counter is then clocked by fl at 32 times the data 
frequency until the count of eight, at which point the 
Qd output of the counter goes low and toggles le9 
flip-flop to the set state. The"Q output of IC9 th~n 
goes low, locking the coutiter and toggling the output 
flip-flop IC9-9. During the next 1 character the same 
process is repeated with the output flip-flop IC9-9 
toggling to the opposite state. When a 0 is input, the 
input NAND gate IC1l-8 does not transmit the write 
data strobe, and consequently the write amplifier 
flip-flops are not toggled. The outputs of flip-flop 
IC9-5, 6 are then supplied to a pair of drivers IClO 
which energize the write head, reversing the flux 
for each 1 while remaining unchanged for each 0, as 
required for NRZI. 

The operation of the amplifier stages of the eight 
other channels is identical to that of channel P, ex­
cept that their delay is digitally adjustable. Four 
switches are connected to the parallel inputs of the 
skew delay counters of the eight channels, as Shown 
for data channel o. The skew of each channel can be 
measured and adjusted during the write test mode, 
which writes all l's characters, by observing the 
analog outputs at the Type 3631 Read Preamplifier 
module. 

Trigget chanhel1 of a dual trace oscilloscope on Hie 
P channel so that one peak is easily observed. With 
channel 2 of the oscilloscope, observe the preampli­
fier channel that is to be checked or adjusted. Set 
the switches on the write amplifier channel so that 
the peaks of the two observed channels coincide. A 
small amount of jitter will be seen on the channel 
being adjusted Glue to tape recorder dynamics. Re­
peat the observations for all eight channels leaving 
the P channel as the reference. 

Opening the switches reduces the count while closing 
them increases it. Thus when the switches are all 
opened the counter is direct-set to 16, gating the data 
character to the output without any delay. When the 
switches are all closed the skew counter is set at 0 
and the character will be delayed 16 counts, or a 
quarter of a character time behind channel P. 



WARS 

The Write Amplifier Reset pulse WARS is input at 
pin P from the data terminator card, and is gated ' 
through NAND gate IC2-3, provided that Select 1 is 
true, to set flip-flop IC2-l2. The 1 output of the 
flip-flop goes high, removing the direct-clear from 
shift register IC3. The register, is then clocked by 
fl at 32 times the dat~ frequency. On the seventh 
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pulse, the Qg output of the register goes high and is 
inverted by l.C4-8 to issue WARSl, resetting the 
write amplifier flip-flops on this module. WARSl is 
also output at pin H to Type 3849 Write Amplifier 
where it resets the flip-flops of the other amplifier 
stages. On the eighth pulse to the register the Qh 
output goes high and is inverted by IC4-1l, ' clearing 
flip-flop IC2 and locking itself until the next· WARS 
is issued by the interface. 
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SEE oj:: Ji?~ 
TABLE R3 Q2 

Q4 
2N2714 

TABL~ 
SEE 
TABLE 
R17 

:1

1 l:,' s,,~::EE:' 
I 22 QI0 

4~' 3
C 

CR6 
MR751 

47 2N3416 

-v 

...... --1-.... 

R8 
22 K 

L 
Rll 
10K 

P4 

R14 
4,.7K 

R15 

~) 
~.Q6 +V 

12N4239 

CR4 
1N914 

+V 

+ 
VDC 

RUSSEL AND STOLL 8943R 
POWER CONNECTOR 
FRONT VIEW 

1:2- 0 

R15 
SEE 

F1, 3AB 
SEE TABLE 

TABLE 

C4 
• 33 

CR7 
1N2070 

7 BLUE 

l Jl-2 "....., SEE YEllOW 
~ __ +-_~ ___ ~f~~~ TABLE ~. +lc3 T Q8 

I 
CR3 1 
1N914 

1 

I 
RED IJl-4(+) 

+ C6 T 
~1"2400 lil-3(-l 

BROWN T 

K2-A 

K2-C C5 
.33 

+ 

K2 
P. O • 
PM170Y 
4PDT 

-V 

eR4 
1N1200A 

6ZY 

RED 

* FACTORY SELECT FOR 
OPERATING FREQ AT J1-1 
~ 430Hz 600Hz. 

r.J 50MmE~iiENl 

I" 39,000 

NOT REQ' 0 I 
I 45~~~------~-------+~~ 

I 'I 
I I I 
I 6) I 
I ': I : l~: 
I I 

2,3 < I L ___ ---I 

, I~ NUIIURS ADJACE~T TO TERIIlNALS FOR THE IIETA.L UO CEUIIIC FLAT 'ACKASE. 
,,~ IIU"IUS IN PARENTHESIS ARE fOR THE CUAIIIC DUAL ••• L1NE 'ACIASE, 

/ 

" 
6 

+8V 

R4 
2.1K,U 

R5 
4.99K.U 

R16 
47K 

R17 
18K 

R15 
iooo 

12 

Rll 
1000 

R12 
100 

Q3 

Q6 
MPSA55 

MJ 1000 

Q8 

R6 
100 

2 N440 1 

10 

C1 

I IOQO 

R7 
0.39.2W 

R3 
1000 

Q1 
2N 3055 

R2 
100 

R 13 
1K,1% 

R8 
3. 32K,1% 

R9 
8.25K, U 

R1 
0.1 5W 

POWER SUPPLY REGULATOR 
TYPE 4352 

E 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D 

I 
I 
I 
I 
I 
I 
I 
I 

7 ~+lOV 

L _________________ ~ 

NOTE: FOR CIRCUIT CONVENTIONS USED, 
SEE NOTES TO SCHEMATI C SECTION. D.C. Power Supply, 

Model 9700/9800, 

Schematic Diagram 



R 1 
TYP1CAl 220 

[2J 

TYPICAL 

0 R3 
4.7K 

+5 0 

E~ 

F~ 

J~ 

l~ 

+ J 

R2 
330 

R~ 

S~ 

T~ 

U~ 

V~ 

W~ 

X~ 

Y~ 

Z~ 

CONVENTIONS USED, NOTE: FOR CIRCUIT TO S~HEMATIC SECTtON. SEE NOTES 

Control Terminator, 
Type 3841-001C, 

Schematic Diagram 

301-3841-0010 



COITROl TERMIIATOR CARD, 3841 
I WARSl (FROM WA1-M) 

401- 3842-00 IJ 

ri I 9 
~~~J---------------------------------------------------~~--------~ +5 

fS 
'----------~) D +5 V 

I 
I BACKWARD 13 

"' - ill J.;1:.:;2 ___ ---------------..., 20OY~ 4. 7K 
) 

COITROlIIT~lFlCE 
- COIIIECTOR J1 

I ' _----.,;::.j5 2 3 Rl 
2. STATUS. 11 16 ~30 6 C3 

I C1 4 r-_____________________________ '~~~1~3--------~.--------~-~~ W 

OVW 8 .f-<-----:-<6)_-:...---(~)_----~ ovw ~~ OMIT 
I I8~3010d~1L30r3~-~hArI2R3-Q •• P1~2~---------C~R~I----~l--~O-l-~-~ 
I Q.i ~13 2 .! 11 12 r-- CR2 I_IC~O ill _ 
I ~---"I__---"I-·-O;;'S IJ.Qd! IN270 - 4 

11 5 3 6 3 ..---..... -----------rli........,i04 15 • 
I C2 9 00 ~ ,... __ -+-_____ +-~I--~ L30 ~-------------_t,' V T 5 1_ 100 4 QQ. ( -

SFC C~L ,,----~,..~.:...I --~~t)---.... L-------------, (:5~~T LC ~ L3+-____ -+ _________ I-_I-""""'i.--

I 12 

I 1~34 ~---~~------------------~--~-------------t-~--+-----------------------------_r--------------t_----~-----------r--lr~9· 14 r8~-------------------~~~, U 
S 1 1~ ~3 rt01 830 r iF 1 ~ -

I 
5 846 12 ~ )!1.!.1-----+--I--------+---+------t--------t--------1 

r-<~~l-----~--------------------~--4---------------+-----~-----------t----------------~--------------i~---------,~----t---r~~ 14 6 .~ T 
T I ! 1 ~ ~ rn-------------~~~~-~, 

SRC E'-"~~--~-::>-';"'I----I-C>-----""--------------I.---o 8 15 9 .--_~-+_CJ.1----""-1'"1 -- BsY ~ 
.l. : 5T2, lli 12 • 

~ 10MIT ---+-----------------r---.-~~ N 
I I ~ • 22 WRITE ~8~----------------------~~-------~~~~~T~I~~~---------------~--------------------------------1---r-lr--r-----------------t---~-~, ./ STATUS 1 ~ 16 STRAP 

I " I -, m 19 ~ F 

I --------------------~--~----------~-+--------------------------------------~~------------------t_----_t----~7> K ! ~ 1~ 9 12 1 6 

I .., I .., )~5 .... J!~1___43~ P _-..... -+----<X...A18 ... l2.~ ____ ~ ..... ___ +-__ ~~,\.. y 
+5 -.i 2 lQ ~ I;) ) L~30 

I I R4 UP ~~~6~.1~1~----~--4---~------------_1----~------------------------------------_1r__q 6--6 Qi 
I t1 220 ~(IC18-6) 5 ..... 3 LP ......-.-

SL T J~ "'~ ____ ~D_.;.._--~,...D-_4I__---1a1 9 1 0 ill 13 10 

I ...., I - 04 (PIN W:~19 Jo1 1~ - O~ I) C5r ~~O - LP 12.Q.Q ~,~ :S13 2000 ~ 
I T I t2 -= (PIN Y) <OMIT 

SWS K ~~----~~~~--~,...-------a3 9~4_+--------------------~----------------~--_+--_f--+_------------_t--_i----------------~~_, - I I ., . 04 2 :; 

I I I 10 n3~------------_+--~--~_+----------_+--4_------------nt4-._7K~----_+------------------------------------------t---~~~ .. ~~----__ITD_----~~D3------al 9 ">-2 -+ _____ -+-____ -=0111 846 ,... A 
OFFC L" ..., 1 ...... 10 ;::;:-

Q.i 14 4 15 --n-t5 13_ 
-1. 0 Q~54-J---------------1~~d'~10;::--"\l1 

L t l ~ 1~121l12 ~106~~6--~---4----+--+--~-----------4~----~~8t~8~~~AlliQ4 b ..-_______________ ~~U8%~~---------~-----~~H 
ONL II ~--.,.~~--o_---__il_O B - ~ ~~'CK " ~ I . - ill Fl.;;.3 __ -+-_ .... ~4 m .!!lQ.. C R 

1 

• II 9 _ CTl ONL 

./ j;. !.5 I 1,9. 12 II '!' (PIN R) L. _____ +-__ +_ r-__ +_-+------~9;,110 ~8~---_+--..;:.1~0~Ir----,o _...., RW D!O N '+----:--o-..... -:-I----o-------il-O 858 118 . S 15 -.6.!Q ~ ~ 8 

"'T~:~E OVW _---+-=:1.:.j2~~ti!19~-I-------8-46--------m ....... i~~ 830 

I 2 ( I C 18- 8 ) 7 2. 4 

./ t tI.l 3 12 I ~ 74 A 18 I"-------__i~----~.., X 
FPT P "'~--.:.._<ll_:_I--o_---__llr-a ill .. 1: ___ I-_ ... ~Dl_<QFf- ,ll~ c- Q! 

p ,I u 6 17 ~13 6 10 13 9 .0 
LP R ,,/--~o_-.l---... ~o_------.,r-a ... 1!5:....-__ +-__ LP 4 00 19 ~~------"'" " ..., I 844 .., (PIN Y) 2 - Q.Q 10 .Q.Q ~ 

I 1~r.R3f1r-"" +5 ~ J PR Q,lll- ~ J PR Q~ 
I p 4.7K 4 12 1

5 
L-----------------------------------::---....,l(J> 11 ~ ~19 3 5 .6 ~ 6 11 W E N S ~/-------.:...--...... -o_ ..... --__If_O +V G C K I 19 V! ,": C K " I I'" . 85 8 t-:6:...-~--~-------..... U K li ,

1oL
4 13 ):3 ____ _1---=-11 Q.Q. Q.Q. +VU K li. Qtl-0 

I I ."r L- Q.Q. r ~ 10 1..:..-

RWC H < 

r8~---------------~---~~~ L ~ ___________ I__---..;:.I~J B~O 

ONL~ R 

~~----.:I--!-I _ .... !;O' __ --f~8 17 I I~J1:::-2 ...... -+----=~-+-------___1 
ROY T" I I'" 844 I 11"""3 ____ -+___ B5Y ~ 

I I (PI N N) , 
2 L-__________________________________________________________________________________________________ -----------t---~--~~ J 

I I 20 3 16 I 
EOT U~ ,./--~--~--_£~~----+-Ia Il~ __ _4--------------------------------------------------------------------------------------------------__________________________________________ -. _____ ~~~ E . I I 858 .,l l-

I II 
L ~l DASH NO. ell I ST5 

z 

GRD 

m (FROM RAMP 
GENERATOR-Z) 

m (TO PUSHBUTTON 
CONTROL-18) 

FWD (NOT USE D) 

m (TO PUSHBUTTON 
CONTROL-16) 

_ (FROM PUSHBUTTON 
BSY CONTROL -13) 

WRDY(FROM PUSHBUTTON 
CONTROL-J) 

SLTl(TO DATA TERMINATOR-V) 

RWDGI (FROM PUSHBUTTON 
CONTROL-L) 

LP (FROM SENSOR 
AMPfDRIVER-19) 

ItWCl (TO PUSHBUTTON 
. CONTROL-N) 

ii"F'F'Cl. (TO PUSHBUTTON 
CONTROL-12 ) 

WSEL (TO PUSHBUTTON 
CONTROL-7) 

ONl (FROM PUSHBUTTON 
CONTROL-14 ) 

BKN (FROM SENSOR 
AMP/DRIVER-18) 

(FROM SENSOR 
EDT AMP/DRIVER-X) 

m (FROM SENSOR 
AMP /DRIVER-9) 

EOll (TO PUSHBUTTON 
CONTROL- 2.2) 

TNG V "'~-----~-::>----I~ L_-.J 
16 I 
~ ~15~------<bK18~ll------------~-~ TNG 

L CONTROL TERMINATOR CARD HAS 
TFRMINATORS (T) 220-330 OHM 
AND PULL-UPS (P) 4.7K AS SHOWN 

Qi (PIN W) 
001H NO CUT J OMIT 

004 SEE SEPARATE SCHEM. 

005 SEE SEPARATE SCHEM. 

006A CJJT STRAP 

Interface Control, 

Type 3842, 

Schematic Diagram 



CONlltOL 
CONTROL INTERFACE TERM 

5 l~ 0 

!! 

CONNECTOR n 3841 ,'--', 
SFC C ~(--~~)-+-I ----0---.....: 

SRC 

1 

1 
8 5~ 0 

+5 

TI 
E~(----~Or~1 ----~~----~ 

~ 1 

1 

I A 
Rl 
220 

11 FAST A +-----.;~~I----o--...... ...:.:n 

I 

T- 10 

UNLD 

T 1 
sws K 

CRS 
IN270 

R2 
330 

CR4 
SEE 
TABLE 

CR3 
SEE 
TABLE 

4 

.IT 10 

~ 
+5 

R12 
4.7K 

R3 
SEE 
TABL 

R4 13 
SEE 
TABLE 

STl 

SFC 

SRC 

FAST 

, 
.Jj 12 

II 

4 T 
OYII • +-__ ~~ ___ ~ ____ ~ ___ ~9 lr~8 ____ ~ 

T 
OFFC . L 

SLY J 

VARS 1 

FROM PBC-Ie ONL 

FROM PBC-13 m 

FAOM PBC-J VRDY 

FROM PBC-L RWDGI 

FROM SA-19 LP 

FAOM SA-X EOT 

FROM SA-18 BKN 

FROM RG-C TNG 

FAOM SA-9 m 

13 

11 

9 

R 

.. 

CR6 
IN270 

+5 

+5 

5 ( ~------l\ IIRDY 

K ( 

Y 

Z 

X 

+-----...... t m W( 

J~(---~\ 
+5 

II 

C4 I SEE TABLE 

+5 

1 R7 . 4.71( 

I 
I ST~ 

SEE 
TABLE 

C7 
I·027 

R21 
220 

LP 

TN6 

RI 
100 

+5V 4,D~ 
, +lcF NOTE: FOR CIRCUIT CONVENTIONS USED, 

SEE NOTES TO SCHEMATIC SECTION. 

TIO 
GRD 3,C ~( ----;j~---.~ 

DASH STl ST2 

-OOlF OMIT OMIT 

-002B OMIT OMIT 

-oon OMIT STRAP 

-004B OMIT STRAP 
-013F OMIT STRAP 

-OUE OMIT STRAP 

-OUC OMIT STRAP 
-024B OMIT STRAP 

IP 

+S 

+V 

Rll 
11( 

Eon 

ST3 ST4 

OMIT STRAP 

OMIT OMIT 

STRAP OMIT 

OMIT OMIT 

OMIT OMIT 

STRAP OMIT 

OMIT OMIT 

STRAP OMIT 

Riiiiii 

iii 

)O--4.WSEL 

iiiiCi 

n; .... ----l UNLOAD 
CRl 

lN270 

~_-4~C~R~2_-4~ 
IN270 

+5 

R1S 
lK 

WROY 

FPT 

~ __________ .12~1~3~12.~1~1~" _______ ~ ___________ 4-___ ~~ 

C5 
180 

T.I~-~----~ 

SRC 

LP 

REMARKS ST5 

STD OMIT 
NO BACK STAT OMIT 

UNLOAD FOR . .90/9700 runT 

UNLOAD FOR 91/9300 STRAP 

UNL, RV, DFFL-9100 STRAP 

UNL, RII·, OFFL-9000 OMIT 

OFFL-UNL, RW-9100 STRAP 

OFFl-UNL, ""-9000 OMIT 

6 

CR3 CR4 

OMIT OMIT 

OMIT OMIT 

OMIT OMIT 

OMIT OMIT 
IN270 1N270 

IN270 IN270 

STRAP IN270 

STRAP 111270 

l! 

4 

FAST l---+--~--~ 

~ ~--~--~ 

om 
EOll 

C4 R3 R4 

OMIT 220 330 EBOIS 
OMIT 220 330 

OMIT 220 330 

OMIT 220 330 
.001 220 330 
.001 220 330 

OMIT OMIT OMIT 

OMIT OMIT OMIT 

22 

ST4 2 
--0--0 

SEE TABLE 

15 

21 

RIB 
4.7K 

+5 

RI9 
4.7K 

R20 
470 

STS 
--0 ) 

) 

) 

) 

CONTROL 
TERM 
3841 -.... / , 

I 
I 
I 
I 
I 
I 
I 

P 

p 

, 

...... , 

V m TO PBC-1B 

U iiNF TO PBe-17 

T RVS TO PBC-16 

L RWCl TO PBC-N 

7 UNLOAD 

F SL Tl TO OT-V 

M iiFTc'i TO PBC-12 

E EOTl TO PBC-22 

H WSEL TO PBC-7 

18 EBOIS TO SA-16 

401-4842-00lF 

CONTROL INTERFACE 
CONNECTOR J1 

WRSTAT 

) BAKSTAT 

N RWOG 

U EDT 

TROY 

R LP 

S WEN 

P FPT 

• ONL 

V THG 

Interface Control Type 4842 , 

(general with Edii) 
Schematic Diagram 



P3 
T 

4129·003A 

P ..... 13 

PUSHBUTTON CONTROL CARD 
TYPE 3843·001 J 

- ,~ 13 
OFFel .~~ 

9, R 

11 10 13 ~~~_~ CiNL'l (lC6-8) 
---w:-m _---1-<'0

2 
1 3 13 11 10 

(P IN 7) QQ ~2 ~ X:::'-~--(~J 
(PIN 12) ~ +5 

846 

~ __ ~R ____ ~~~I~ __ _ 

- 3 '2,1 4" 6,5 
857 ~ 

4 

OFFC1 
(PIN 12) 

/STl 

9_ b 
~.--------------------~ I~-Q 

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

+S 

r----

IWRITE TEST 4 J Q_ 

BSY 

IPIN B-NDT USED) 

Ri 
4.7 K 

401-9800 -003E 

(I C5-2) 
8 5~, WRDY ~--~~FP~T~;::::l~ 4 r6~ __ ~13~5~12~ ________ J'-________________ ~)J 

(PIN K) .----i~ ill 

t-
10 

9 ~ 

9.8 

ill 

W ROY ------' 
(I C2-1) PIN X.Y.& Z 

TO RAMP GENERATOR 

1 
LiiR (r C 14 - 8 )----------OI

J 
15 3 

r--__ ..... __ .... 2 
.... CJ ...r:r 

RNN 

Z 
C6 

~OMIT RNN (PIN 18) 132 

132 

RNFI 

Y 

ON LI NE 
S3 q T - - I ..., I 

V 6 13 ¥-
-..., '- .!!.!.6 4 
CS ~ ~ 

•
047 1 ~ILOAD F.Fi...,.,.l 

LOAD 
(ICI0-8.1CI4-11) 13 

11 9 12' 
12 

(PIN 16) 4 

~~ kC~~lr~------------------------~--------------------t-------~----~r1~~ 
F.r. ~ 6 

I'""""i'" C 76 

ill -- 14 
K C L Q r=-:---
'--i{3 

LOAD 
S2 

REWIND 
51 

R8~ I I 1 

~12 1 I 
I I 
14 ,..7 "",3 I 
T - - I 
I I 

..... 1 

- 3 13 
ill 2 

ru-¢7 lli,&2 
U ~2~ ~ 
..... I~----------------

~~·~C6~ __ ~.-____________ +-__________ ~ 
I V!:36 T 

4 
'--:.-......II!l1~ 

+ C2 ..tn. 
1 

1 

OT (JCIO-11)~3 3 4.5 6 
3 . 

...-__ ___t
2 QQ QQ 

I I 
I I 
I I ~FLVI02 

I 
I 
I 
I 

r----- RWDG1(PIN L,IC15-10.ICI4-10,IC4-13) '. :J;: O. 12 ~3 5 
r------------------~--------_f--t_~~-~~,1 ~ 846 )P ~------_4--------_, 7 

TL-_____________ -+ ______ ~~r_----------_,4 846 ,-

DS1,FLVI02 o 

16 3 141 ..... 3 I 
I 
I 
I 
I 

N +5 ....-:-7fo:l~3 _~ 
8/ 8 IJ 0 i™ (PIN 1) "-+--""~~1--~~"~\'l~~2~------~ 8~~~7-r~10~--~~~~,-t-----1 
~~L-.---.-a ITEST MODE I r---- 1 

C4 I R EW I NO I 9 ~ ill. 9 F. F. 9 1-4--.... -""'..----------, J.047 F F 9 ~J 6 Q Ii 

9 
• ·1.4~ ~ 5

s

:. __ r--~ C ~ 10 _ ( ) 

-RW-C-1 ~ It.lo K CL ij ...... --- ™ IC7-13 56 

(PIN 1'1) - Y. 1 11 1 2 ~ I I, _, _, _" I 

111 

L-------R -13---4-<"'!'>1 --+<->---cr-'-~-D--:I---r--_-_-_"" ___ _ LP 
(IC7-12) 

B ONU -+-+------.... -----0<;. 
C)l1 .!l1.2:)6 (IC13-8) 836 4 

.QQ. 3 

220 I 10 181 I 18BRN, 

I ·y 

I ~v I ~1 1 
DS7 .!.!:...v 102 I I PHOTO- ~ _. rL!J6 3 

r_."\ 112 9 13 7 I , SENSOI' 2 ill 
".ENABLE ...;:; H I 

~, T - - I II' AMP/ I H L.....-----+-J--..., ... I I I DRIVE I .... :.:~~ _____ +--' 

13,12 
11 11 ":l~c::ll 0 ........ -----.

1 .!1!. 
I 

R3 
220 

(IC5-12) 

2 1 

WRDV

e 
R4 

220 

2 

857 

3 

LP 
(PIN 21) 

R5 
220 

1,2 

17 858 

~ 3 

EOTt 
(PIN 22) 

R6 
220 

DATA 
(PIN E) 

),1',13 

R2 
220 

1 CR 1 
IN270 

(11 

SKEW 
(PI N F) 

8 9 

~2 

)10 

Rl 
220 

-TEST ;ULSE 
(PIN 5) 

CR2 
IN270 4 +S 

CR3 
IN270 

I I I' 3844 1 ... I"ONT'APEl 
:14 E 15~ 9:: t~ ~ 9r---'t-l1 ~ I 

R12,220 (9 (8 ()I ()L 

~--""---t' 11 3: 1 ,r-
+ ~ C3 L ~ C)D 3 )J ( 10 C)4 C)E)F (2 )H C)l ( A ( 6 )K >5 C C 

I I I, I I 16 11 -= 6 10 
17...,,2 ..... 5! 4 +5 I 12 lli C 76 

+5 
READ DS6;2;\ 102 

STATUS 

~, 

1-::- 0.12 

X B T- W C U Y 0 V E R H P F M A J L S 
r--C)--ii )---- )---.( ---C)c-'O -- )----( 0 )---- )E"---C --- -0'H-- )----- >j:--- ----0"A- C j--C>---C ---, 

""!' ....... K I R~'-~J Q~-+--------"---_OT(IC3-1) 

I L....------------
R1

-
1
--..... '"""<j>=-1H-O= _----0=-_7. ~_::r_-7I- I 8 I RVSl +5-!3K - ~i.,:I~0 ... __ ..,.9~ 14 8 

: 220 I : i I, LP PULSE ~ IICl.-') , y~ : ~ D-... ~ ... LJ5T(IC15-1) 
: (.~ f.~ f.~ (.~ f.~ r:~ 

TES~ICONN I ~~ ~~ 13~~ 14~~ 15~~ 16~~ 
11 TM 12 WT FLV102 LP FLVI02 EOT FLVI02 DATA FLVI02 SKEW 

C 

SKEW 
TEST I I I I' I FILE PROT. 1 

I DS5-!1..VI02 1
113 

I I L ___ .~9 ___ .J LOAD _ 
I ~H:ms...L......D. A F 121 ...i"Io.12 I 9 (lCI2-2) 

I '0( T - 1. I ... I RiiOGl 
L ______ --- - - - ~~ __ J L __ ..J ~EOT 1)1 (IC8-8) 

r=-------------- - ------------, L_!~~C~~-I,2) 12 
I OPTION ONLY .... c Ir----E ----"j' ~ m 13 4 8 1 5~'o-l""~BSY{IC4-2) 
I ~ - I I (IC4-1) 10 EQ 836 J 
I HI r--------., CONTROL I 13 

i ~ -do 1A DUAL DENSITY II INTERFACE N 1-, ---.(:1-2~---------+-----------' 

~\J mfl lillli ') [rul\ ~\) ~I\& 
55~tI I S4 S3~_O I 52 SI~\_O 56 

FLVI02 FLV102 

I REMj}T " I COIITRGL I "1--------<5--- 0ffilITD-lCID-31 ~12 (IC~:~I') 
I LD _ 1 I I" "-' L---4365--~ 3842 '~OWDGI iic~~~-i') ~13 (Ici~lD) 't5 

GRD 

11 ":' I I 7 TM I I-::-

MODEL 9900 J - I 9 
~ -!'!I~~ ~~ ~ - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - __ - - -~ 

I I H t----o----- w:sTI (TO I C I-I, 2) CD :<-----------------t I P3 I ,18 <r" 

I r-' I v J------O---- RNN (TO IC15-2) I HDSJl-5 III I I 16 {1< . TEST MODE 
I L_J I T I o. ill (TO IC14-5) re6-11 L ____________________________ .J 'M TO DATA F~(-------t.~ SKEW 

S d------O- RWTI (TO IC8-2) SECTION E~(--------"'" DATA 

I- - - -- ---r __ :.J t-- WRDY( ICS-12) 5+-~-----.~ TEST PULSE 

NOTE: FOR CIRCUIT CONVENTIONS USED, 
SEE NOTES TO SCHEMATI C SEeTI ON. 

Tape Motion Controls, 

Type 3843, 4129, 

Schematic Diagram 



~---------------------------------1-----------------~------~ 5 
ONl l~f J 1 ",4 R14 

ONL Ff -MA-S-CL-R r ~2 3 ~ __ -<~>--..... _6.., 21 lK 

+5 +5 2 II SST~6~J ___________________________ +_1" ___________ I __ ~4~ m l"i~(--..,\m • 9 8 10 ... -J 6 

+5 
l 

+5 SEE , R3 R5 Y4 \- 9 CRI m T<--_____ -+-___ 5,..~ QQ. TABLE : lK • lK II 1N270 
rL. ~ST1 "'---+-,"""""msn OT I ~--- :n!. 

R30 11 P""""i'lf~ 9 13~2 ~NE J----O---:-~ 4. 7K ......:.:.~ Q~""'---'-"116 IOCK ST7 
150 IT S .rr o";'I"'CI( 

CR2 
m ~~--+lI---+-~Q 

SEE TABLE 

2 

1 ~ 

).:6:.....-_____ ~~ y RNN 1 , 

~",,----.;-~ Z RNFI 3 1 
~~ 

R2 ~7 13 3 13 19 ..!. 

C2 j II 1,2 ill ,...,ujKill 7 1~p~,-10...L...Lr-_ 
;]6 --

3.3 I +5 ~ IY" 1£ 
j 

~r..s~INIT R4 HImr E TABLE~S_~~ ~ 11( 
2L-
~2 ( SEE TABLE 

Ia:n 
11 12, 

2 13 

~ 

~6 Q] 
5 

GilL , ~ 
LA. '. 

LOAD FF 

1~ LOAD V L 17 511 , 
l! 

mrm 
5 

6 • 9 2 
4 8 4 II .. 

10 QJ! 

~m 

aa~ 
1,2 11 .-1 EOTl -

~ 

m It~ 

m IS ~ m 
mn la~ CRlO 
Rill Sill I L ~ LAM" 
mr 7 ~ , 

~----------------1-------------------~~!~~~_r-~~,~ 
SEE TABLE 

m 11< 

~ I'~j,-----------t----------------r----------
~ .+,--------------~ _roUT~: ~ 6 
WRDY J ( S WRO" OT SET 5 

1 9 4 
TM START 4 3 .Ql 

~ 
TO DAT+A_SE_C_T_IO_" _____________________ Ti2 Q.§. 6 

::EII ~~ :j-------------------------1--------------------------------~ 
DATA E +-,-----------------------------t-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___ -___ -_-_-_-_-_-_-_-_-_-_-___ -_-:~ 
TP/ST 5 ( 5 TEST PULSES/SKEW TEST 

n~--~f--+----+ WRDV 

'.V 
4 
liT 

LAMP 

'I-' F 
liT 
SW 

'if . 
lP 

LAMP 

'V 

" STOP 
SW 

L--

,l,­
i 

EOT 
LAMP 

~ l'!m 

R12 
220 

T 
4 

3 
ill 
.rr 

6 

5 

R13 
220 

.'¥ 'V ,10; 
• It 5 

DATA ~ SKEW 
LAMP LAMP 

13 

11 1 -J 6 1].. ~ 
),:...:. .... -----.;-..., X RV S 1 

CR3 
IN270 

+5 

+1\: : ~~ 

12 

TEST 
PULSES; 

SKEW 
TEST 

I 1 ,~ ,~ 
• 1 I L 

+5V 

+5 V 

GRD 

GRD 

+ 5 V S Ie E II TliiIV If.4IITVfN 
TEST 

401-4843-001R 

APR Pushbutton Control 
Type 4843, 

Schematic Diagram 
Sheet 1 of 2 



STATE FUNCTI ON 
NEXT JUMP 

(JUMP) CONOITION 

0 l"KlfSET 1 (0) itrr'"tII 
1 B'KlfSft" Z (0) "foi'ffC[l 

2 3 
3 4 

4 F (7) m 
5 6 

6 7 

7 8 

8 LmT 9 

9 rnm A 

A nm B 

B lm'!T C 

c !J'R'rrrf 0 
D mrrrrr E 

E ENABLE E (0) urmf 
F ENABLE F (0) UN 

DASH NO. -OYZ -lYZ ~2VZ -3Yl -4Yl -SYZ 

X TABLE ~PEED(I PS - 10 12.5 15 18.75 25 

R25 OMIT 1801( . 150K lOOK 82K 681( 

DASH NO. -XOZ -X1Z -X2Z -X3Z '-X4Z 

FIRST USED ON 9000 9100/9300 9000/9700/9800 

FUNCTI ON STD LOL LOL AUTO LOL 

Y TABLE APR CIRCUIT • • • • 
ST3. RELAY Kl • 

S14 • • • 
ST5 • 
ST6 • • • • 
ST7 • 
ST8 • • • • 
ST9 • 

DIODE eR10 

DASH NO. -XYl -XY2 -XY3 -XV4 -XY5 

FUNCTION STD OT ONLL OT /ONLL FAST 

Z TABLE S11 (OT) • • 
ST2 (ONLL) • • 
CR2 (FAST) 1N270 

.-USED 

-6VZ -7YZ -aYl 

37.5 45 75+ 

47K 391( 2.2M 

-X5Z -X6Z -xn 
9832 9700,9800 9100/9300 

AUTO AUTO RW AUTO 

• • • 
• • • • • • • • • • • • 

1N270 

-XY6 -XY7 -XY8 

aT/FAST ONLL/FAST aT /ONLL/FAST 

• • • • 
1N270 1N270 IN270 

*ADJUST R18 SUCH THAT SIGNAL 
AT TEST POINT B GOES LOW 
WHEN VOLTAGE FALLS BELOII 6.25 
t.15V MIN AT TEST POINT A (NOTE 
SCHMITT ACTION OF IC5-3) 

"*FACTORY SEL ECT 

-X8Z 

9100/9300 

AUTO' aT 

• • • 

• 
• 

NOTE: FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

r---------------, 

IN2069 

r:1 ) TO SUPPLY 
....... 2 ) REEL MOTOR 
L!.o4 

I aZ ~ • ! TO TAKE UP 
'-I.~aB~ ___ -+) REEL MOTOR 

L!oS 
! 

150R 
3W 

+24V 

MODEL 9700/ 
9800 ONLY 

r---------------~ 

L __ TO!12-A~ODE~9000!NLYJ 

401-4843-001R 

r---------------------------~-------I 
I +5 I 

UNREG I A I 
12V15 +5 I 

I mrsn eR6 I 
A I IN749A + CF I 

-RIB X_ 47 CR5 I 

LOL 20 

Rl5 
220 

+s 200 RESET IN914 1 
~~R~2~2~ ~S~ ____ ~ R17 

1. 2 K 

CR7 
1N270 

Rl6 
330 

3 ~~E a +5 
I~BLE 

ST3 2 

I ~:iLE SET CR4 
IN914 

Q2 +5 
2N4401 

R21 
lK 

+V 

ONL 

ST4 ~ 
r----'~--___;:=~o:-_o____S OT SET 

R23 
390 

ST8 1.2 

B KN J---'f>--:=L 
_ 5T9 
B KN J---O--- A 

SEE 
TABLE 

R24 
39K 

+5 

R25 R26 
SEE 39 K 

TABLE 

APR CIRCUIT [SEE TABLE FOR USE) L __________________________________ ~ 

APR Pushbutton Control, 

Type 4843, 

Schematic Diagram 
Sheet 2 of 2 



401-3645-00IJ 

DASH Ita. 001.E 002E 010 F 1018 

SPEED 18- 39 10-17 40 - 49 1.8-:.9 
R3 2K 10 K 2K 2K 

R4 2K 10K 2K 2K 

R 15 15K 27K 10K 15K 

CR15,16 OMIT OMIT OMIT IN 270 

7 \,0,.3 !rID 9'Sl8.12 
2 846 

7 
RNNI 846 

13 
c O~ 
~ 

RUN NORMAL 
SPEED y~ (-+--+--------;;..;.q 
( FROM 
PBC-q 

ST2 I 

STl 

I ERAS E [ X~ ,,/------+-----' 
( FROM 

~6 
846 

4557-J5-C) 

10. 

-!!cS'irll 
11 
846 

9 
L....2.i7h 

102A 1l0A 

1.0-17 40-49 

10K 2K 

10K 2K 
" 27K 10K 

IN 270 IN 270 

r----- --, 
.J CR 15 I 

+ 10V 

RI 
10K 

3~ 
4 6 

R21 
680 

+5V 

CR6 
·1~914 

CR7 
1N914 

+ 10V 

START STOP 
RAMP RAMP -b_ R5 Q4 R6 

R: TIME TIME 10K MPFI02 56.2K ~ 
QI UE TA8lE ~:E TABLE Q2 i:~14 _ S D a 3 
MPF 102 ~ ~ MPFl02 "--1~--------""---""--1~--M(~ ~....-=-)---./\M-...... --~+ 

S D ~. ~ 0 ~s ____ ~ __ -+~r ~V R7 3 6 

A 

>------h rli~_--.,..71/.1---1..-..,..7~~----=,c, C 1 + _ ~i:s6 ~~" C~ ~~~ 56 i ~ K 21_ 7 41/~----+-----'" 

2.2l l 1N914 ~:'2K -= V :~:2K 
:/ '* SEE I 

TABl E I ~- R 14 
I 
I R2 

I 1. 5K 

~ 
I 
I -= 

846 I 
I 

1 L __ -, 

I 
I 
I 

CRI6 I 
SEE TABLE I 

I 
L __ . ___ _____ -.J 

THiS CiRCUITRY USED 
IN 100 SERIES ONLY 

+lOY 

CR3 
1N914 

s 0 a u 
.....--~t~tl, 

R12 '-.: Q5 
10M MPFl02 

RIO 
56.2 K 
U; 

1117 Q7 

2K ;NtiRMAl 
SPEEO 

-=:-

R15 
SEE TABLE 

R42 
101( 

-=:-

CRlO 
IN914 

~~ 3 9 ~~8~.~12~+-__________ ~ __ '-A ________ ~_1_0_K __ ~J~ .-__ +-__ -. ____ ~--+---------~--~~~:PFI0~2rs--~~v~~~2-K__11%.._----3~~ 
UF1 2 846 :46 ~ 1.1 100 2V~09 :>=-6----.... --OOoJVV'--.... --.---..---H::- R33 \:~ R28 ~241 :>6::..... __ ~>-------------.... 
~~~E~AST T ~,--..... --+----------+-....;1:..;;3~~'---~O ... 10--.l-41~~.....;;.5<11 846 -= (-101 ONLY) ~:~~4 10M 56

1
'
X
2K ~ _ 

(FROM _ R18 R29 -= R32 
PBC-Z) ~30 1.Sk 56.2K 1% 56.2K a 

r--_______________ 8 0<,. 9 13 ...... -------=,D(~.J. ~n::. )s __ ~V'-______ ..... ________ -.'VV'-____ ...... 

11 ~ ,=2 
C7 R34 Q8 R30 ! 0.001 CRI2 10M MPFl02 

:~~~RSE SELECT V~< ______ ~ ___ ~>---+ __ ~3~~6---------------4---------------------------------------------__ ~~ ___ ~ lN914 

g~~~) ~~~45 

TAPE RUNNING 
(TO CI-W) 

y, 
11.12 Coll 4.9 

d 48
'46 

10 4 "_ 3 10 1 6 
t-:---...... ------_~ 846 2 

R36 
4.7M 

+5Y 

CRI3 R35 lN914 ~J 3.3k 6 5 

~1 

846 

830 
1--____ --:.60<_ 9 f.=2 _________ 8-<10 D-I 0,---+_11-0<.. I O~1~2----~~-----.,NV'---+-=...< 

3 846 846 

C8 
lO.OOI -= 

CR14 
IN914 

+lOV R24 R26 
10k 10K 

R37 
.7k -lOY -lOY 

I 1140 
471< 

R39 
4.71( 

R41 

R38 -=:- 47K 

100 

56.2K 

1% -lOY · 1 C9 -= 
+~r- 4. 7 

+ lOY 
+:;: 

+5V 

GRD 

:-CIO 
4.7 

ClI+f ? 4.7 

f-

"-, 

R16 
5.1 

) 

"-
r 

~ 

"-
" 

l RAMP OUTPUT 

(TO CAPSTAN 
SERVO PIN N) 

CR9 
IN914 

A -lOV 

B +IOV 

o +5Y 

C GRD 

Ramp Generator, Type 3645 
Schematic Diagram 



WRDY 7 
( FROM 
PSC-J) 

SPARE 16 

FILE PROT. 
CONTACT 

+10 

lP , 
SENS. 

EOT 
SENS. 

+10 

T 

y 

z 

+24 

+5 + 10 

+ 10 + 10 

,.12 

Rl 
220 

1. 5K 

2N2714 
Q2 

R4 
470 

Q7 
2N2714 

+10 

08 
148-0094-001 
(SEE NOTES) 

CR 15 
lN914 

+ Cl 1 OMIT 

C2 

RB 
470 
3W 

0.15 

R14 

R6 
1. 5K 

6 2 

R7 
3.3K 

1 ~ 3,4 
~---e----ac I~~------~]I 

'BKN 
(IC7-12) 

C7 
1000 

R 17 
1M 

CR14 
IN270 

R21 
lOOK 

+10 

RIB 
200K 

100 

Q9 
2N2714 

R31 
10 

R23 
2.7K 

+5 

CR9 
IN914 

10K 

R16 
lK 

R15 
10K 

ZERO AnJUST 

l'" IN914 

CR7 
IN914 

C8 
1000 

-10 

R22 
1M 

RI9 
lOOK +10 

R20 
200K 

R24 
2.7K 

+5 

CR 10 
IN914 

CR 11 
IN914 

CR2 
lN9l4 R9 

lK 

+24 

CR13 
IN2069 

R25 
100 
IsW 

R12 
IN751A 
5.1 V 

Q5 
148-0094-001 
(SEE NOTES) 

401- 3844-00lT 

22 W.HEAD DRIVE 
R26 
10 

(TO DATA SECTION) WRDY 5 1 N WRITE INDICATOR 
(PIN 7) 

J ERASE HEAD DRI VE 
(TO DECK) R27 

10 
K READ INDICATOR 

.(FROM PBC-13) m 13 (TO CONTROL PANEL) 

R28 

l~l 31 10:l!. (FROM CI - F) SL T 1 12 ~(-------=-i[l.Y"'I+.------------'VV""'-------~7 V SELECT I NDI CATOR 

(FROM PSC-V) LOAD U 
9 FPT 

H 

p 

(TO PSC-K) 

TO WRITE ENABLE 
INDICATOR 

(TO CONTROL PAtH L) 

Fl LE PROT. SOL. 
(TO DECk) 

8 LP PULSE 
(TO PSC-H) 

19 LP (TO PBC-21) 

BKN 
SENS. 

+ 10 

-lOY A 

w 

RIO 
10K 

-10 

-10 

CR14 

CR5 
IN914 

R32 
lK 

IN 
GRO 

Y 
I~' 
+24 

t + 24Y F ~( ____________ ..J 

X EOT (TO INTERFACE BD-Z) 

NOTE: FOR CIRCUIT CONVENTIONS USED, 
SEE NOTES TO SCHEMATIC SECTION. 

+5 

.------.~~--anr~I~2--4--------+18 RkN (TO PRC- U) 

DASH NO. C9 

-001 U 10 

-002C 47 

NOTES: UNLESS OTHERWISE SPECIFIED 
1. EQUIVALENT TRANSISTORS 

148-0094-001 EQUALS MJE4922. MJE2523. SJE5052K. TIP31A 

Sensor Amp Driver, 
Type 3844, 

Schematic Diagram 



(FROM SA-J) 

(FROM SA- P) 

(TO SA-T) 

(TO SA-W) 

(TO SA-V) 

(TO SA-Z) 

301-4013-00101 

,----- --, 
A7J2 Rl A7J5 

I 22 I BLACK ' 
~:n~ HEAD 2 f-(-------------..... 'V'v------4) 1 > 

I 
I . i x 

~,...----« I w; iTE i 

I A7J 1 

ERASE HEAD 
(REF) 

FILE PROTECT 9 .c. R2 <jl: SOLENOID f-,,---------f\A.,..----------< - :0 I SEE TABLE 

+24Y ~. -~) 3 >--------" 

FILE PROTECT 
SOLENOID 

I I: 0 RING IN 

FILE PR~aH 6 ~(---------------------7) 2 >---=-FI~L-=E-:P:-::R~OT:-:E:-::'C=-T -0 ....... I 

SWITC", I I ) ~ >--_SW_IT_CH ___ --' 

"OKENTAPEl A7/~4 II 

RING 
MISSING 

SENSOR I I ~~;04 
+10Y ........... ---« 2 

I 
I A7t3 

LOAD POINT 7 2 )----f-..;v.. ........ -""" 

SENSOR I I "Rl 
CL904 

END OF TAPE 10 1 >--......... -+../\1'11'+-.. 

BROKEN TAPE 
SENSOR 

LOAD POINT 
SENSOIt 

SENSOR I I END OF TAH 
R3 ~~~04 SENSOR 

NOT USED 8 SEE TABLE +10Y ..... I----~) 3 >-____ '--___ .. 

I I 
+lOY 4 ~(---... ~ +lOY ~ 4 

I -!- i: I 
+24V 12 ~(-----1.~ +24V 

I 
GRD 11 )>-----.1 

L 
DASH NO. 

00 Ie 

002B 

003A 

R2 

STRAP 

15,3W 

S:RAP 

R3 

2.2K 

2.2K 

G'1IT 

I 
~ 

SENSOR 
LAMPS 

NOTE: FOR CIRCUIT CONVENTIONS USED, 
SEE NOTES TO SCHEMATIC SECTION. Connector Board, Type 4013 

Schematic Diagram 



-lOY A E 

+ lOY B 

GRD C 

r---'" 
I TAKE- UP I 

190-4210-001 I 
I 

MAGPOT--< 
OR F 

I 190;,:~~gToO 1 I 
L ___ -1 

(DISA~~~~ T 

'----, 
I SUPPl Y 

190-421(-001 I 
I MA~~OT --< K 

I 
190-4218-001 I 

MAG POT 

L ___ -.J 

< 

( 

" ... 

" ... 

" .... 

R29 
47K 

~ - JOV 

• + lOV 

"1 

H 

" C3 
.047 

+ 10V 

j~ 

R21 
220 K 

~ MPS65'17 -=-
CRI ... , ..... 

IN914 

1~~~ ~ R 19 Rll 
47K 470K 

-= 
t 

-10 V 

~L 
~~ 

.047 

CI 

SEE ,TtBLE 
+ 10V 

I( 

~ 
Rl 

SEE TABLE * R 12 
220K 

R9 
211 2~6 

-lV *R4 
lOOK 

R8 
SEE TABL[ 

R3 R2 R 13 
200K 200K 10K 

-= -= -= 

C5 
SEE ,1ABLE + 10V 

II • 
R22 

SEE TABLE *R33 
180K 

R31 
2M 2~6 

...--1-V *R25 

R30 
lOOK 

<;EE TABLE 

R24 R23 R34 
200K 200K 10K 

""=- -= -= 

I -.,.....- -- -- -- -- -- -- -- -- -- -- -- -- -- -- I R51 R32 
1M 

I 220K ~ R53 

I 6800 • ON -002 

I CI0 'Y 1 SEE TABLE 

• O~~ uF 
R57 

I Cll 10K -= 
II 1000 , II R55 

R50 

2~6 
II 22 K 

I lOOK 

L~ 
R52 
10K 2~6 I 

R54 I 3V 22K r 3/" 8 6 

I 3 III I r r ~5~ -
RIO I L R49 1M 

lOOK -= ---.J -- -- -- ---- -- -- -- ---- -- -- --- --
Q9 MPF 102 

RAMP N " -..... 

~ R48 
27K NOTES: UNLESS OTHERWISE SPECIFIED 

I. EQUIVALENT TRANSISTORS 
148-0094-001 EQUALS MJE4922, MJE2523, 

TACHOMETER P .I 

" 
SJE5052K, TIP31A, 
148-0095-001 EQUALS MJEZ491. SJE5053K, 
TlP32A. 

-24" Y ( ~ - 2 4·; 
DESCRIPTION 

SCHEMATIC AS SHOWN 

+?~'! Z ~(------.. ~. +24" 
OMIT OUTLINE CIRCUTRY AS SHOWN 

R17 

rl:+ 2000 
R15 

C4 10K 
0.1 uF 

R 16 R60 
02 R6 200K 1500 

MPF 102 470K 

~¥ R14 C2 R59 

10K .02 uF . 1500 

H---1 

~ 
Q3 

2~6 
) 2N440 1 

RIB 
1500 

~Ol ,......1. V R7 
MPFI02 470 4 ) Q4 

2N4403 

R5 R61 
2000 1500 

-= 
R62 
1500 

R42 

rl: + 2000 
R36 

C8 10K 
O. 1 uF 

Q8 R37 R64 
R27 200K 1500 

~, 
470K 

R35 C6 R63 

,04~ 
1500 

10K 

Q6 

2~6 ~ 
) 2N4401 

- R28 R43 
470 1 1500 

og~ ~V ~ MPF 102 

QI0 
2 N4 40 3 

~R65 R26 
2000 1500 

-= 
R66 
1500 

R71 
7500 

+ 10V 

~ R47 
4700 

1-R 55 
10 K ~ - R68 

R41 R40 1500 
3.9M 470K 

,Ir 
-lOV C9 

R67 
R39 A 1500 
47K I~~O 

II 
QIl 

~ 2N4401 

---1. ~6 R44 R45 
1500 1500 

3V ~ ) ~~~4C3 
c131 c141 R46 R69 

4700 .015uF 1 1500 
.047uF L_ 

R70 
1500 -=-

NOTE: FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

" , E 

+24V 

J013 
~ MJE2491 

" 
t 

, V 

~Ol' MJE2523 

~ -2411 

" , M 

+ 24 V 

J 015 
~ I1JE249c 

-! 
) w 

~ 016 
MJ E~523 

-2!J.V 

"-, R 

. +24V 

Jop 
~ 148-0095-001 

(SEE NOTES) 

"-

! 
, 

R72 

X 

1500 

-=-

~ 018 148-0094-001 
(SEE NOTES) 

~ ··Z4V 

----------, 
I ~w I KASTER BOARD : I
J7 

RZ 190_4206_00-3 I 

~- -=--------~ 
r -- ~24V-1 

191 I 
I Q9 I I 
I P5- 6 

MJ802 I I P5- 21 

1 l DEC K I I 
I 

1190-4441-001 

QI0 i TAKE-UP I 
MJ45021 MOTOR 

I REGULATOR AND I I I SFRVO 
tSEMBL Y J L_J -24V -----

--------1 
IJ6 

I 
I 

Rl 
O. i 
5101 

190-4206-001 
MASTER BOARD 

I 
I 

L-~-
J6 I ______ :.:...J 

r----:24V -1 
I I 
I ~~ 802 I 
Ip5-s PS-l 1 

Q8 

I MJ45021 
190-4441-001 

IREGULATOR AND I 
SERVO 

LASSEMBLY -Z4V J 
-----

19-.-1 
I I 
I I 

I 
I DECK 'I 
I SUPPLY 

MOTOR I 
I I 
L_--, 

r--- --------, 
IJ8 R3 190-4206-001 I 0.1 
I 5101 MASTER BOARD 

I 
I 
L_~ _______ I 

~ 

r---+24V - 1 19~ I I 
I Q5 I I MJ802 I 
I P5-4 PS-31 I I 

I I 

I DEC K I 
1190-4441-001 

~~45)21 CAPSTAN I I MOTOR 

IREGULATOR AND I I SERVO J 
ES~L~......::2~_ L_..J 

Servo Preamplifier, 

Type 4306, 

Schematic Diagram 

401-4306-001-H2 



-10V A (~------t~ 

+ 10V B (~-----... 

GRD C (l--------, 

LOAD T f~---.Jy..,..,..-__, 
(DISABLE) ... 

.----, 
I SU'PLY 

190-4210-001 I 
I MAGPOT ---< K ~ 

I I 
L ___ .J 

R2 
200K 

R32 
1M 

r 
R57 
10 K 

RS4 22 K 

Cl 
100 
-1l .. 
R 1 
10M 

CS 
100 
... H 
II 

R22 
10M 

~------------------------------------------------------------~~------------------------------,~ E ) -
11't 

~~ R1S 
10K 

0.1 uF 

Q2 R5 
4'70K MPF 102 + 10V 

~ 
A 

R14 C2 
.D2uF 10K 

-H---* R 12 
300K 

r--te n4401 

~ I 'I RI8 ----1f---

52
"71..-n,.----,2

12 
~ 5 15~ 

~V2741 >~-4I-"4R"'lo-""" ~"'! 
MP~~02 LP; Q4 

~ 2N440 3 .... ---

..-----~7 V 

R 13 
10K 

+ IOV 

~ 

*R33 
330K 

I 

-11 + 
/I 
C8 

O. 1 uF 

Q8 

~ 

R5 
2000 

R61 
1500 

R62 
1500 

(SEE NOTES) 4
,1~l_i,094 -001 

L------4I_--t..a~ - 24V 

R42 ~ 

----------------------~~------------" M 
2000 

R35 
10 K 

R36 
10K 

R27 
470K 

C6 
.02uF 

~~ 
" 

....------..... ---. .... _ +24 V 

,M; :m, j 
... ----""""t"J...-..., )1~81_~095-001 

- (SEE NOTES) R63 
lS00 

Q6 
2 N440 1 

------~., W 

~ R28 ) R43 
470 lS00 

L( ! 
) QI0 

2 N4403 

2 ~ 6 ...A. .A ---hf--Q-7~7'f-I"--"_>--"1:v~,>-=6~-4I~",,"""""""" ---2Jlilll./>--............ "'R"'2'V5 -T I 

I V 51K MPFI02 

R23 
200K 

R5S 
22K 

R34 
10K? R26 

2000 
R65 
lS00 

R66 
1500 4

11§~0094-001 
(SEE NOTES) 

L-_____ ..... _~ -24V 

------..... ---. ..... _ +24V 

R68 J 1500 

.... ------n.... '" 1~fo095-001 :~ 
~~~6~>-~~--VR~IO~---

J. 1M 

R67 --r (SEE NOTES) 
A 1500 

Q11 L...v 2N4401 
-~ ~) R45 

I C 15 

Q9 MPF 102 

RAMP N ~~---1------1r--------------------------------------------------------~~~~~~~------:====l~l R 7 3 c 
2.7 K 

R44 
1500 1500 

LD)Q12 
~ 2N4403 

C14 ~ 
.015uF l' R69 

1500 

-!-
.... --.--77 X 

R72 
470 

R48 
2.4K 

TACHOMETER P ~~--4""----

-24V Y l,(------.... ~ -24V 

+24V Z f(------... ~- +24V 

+ ~I O. 47uF 

+ C16 J O. 47uF NOTES. UNLESS OTHERWISE SPECIFIED 
I EQUIVALENT TRANSISTORS 

• 148-0094-001 EQUALS MJE4922, MJE2523, 
SJE5052K, TIP31A. 
148-009S-001 EQUALS MJE2491, SJE5053K, 
TIP32A. 

NOTE FOR CIRCUIT CONVENTIONS USED. 
: SEE NOTES TO SCHEMATIC SECTION. 

R70 
• 1500 

Q18 
148-00')4 -001 
(SEE NOTES) 

..£l..a. -24V 

----------, 
J7 R2 190_4206_ 003 I 
: 1, I "00 ""'" so," 0 : 

I ~ ~ 
----------

I I 
I I 

r -- -:24V-1 
I I 
I I 
Ips- 6 

I 
19-11 

-----------"'" IDE C K I 
TAKE-UP I I MOTOR 1190-4441-001 

IREGULATOR AND 
SERVO 

tSSEMBLY J 
- 2 4V 

----:---

I I 
L_J 

r---------------, 
IJ6 

190-4206-001 I 
I I 

I 
L-~-

9700 MASTER BOARD 

J6 I ____ :...:.....J 

r--~'4V-l 19--' 
Q7 I I I I MJ802 I I 

I P5-5 ___ P5_-1_1~ I 
I DECK I 

1190-4441-001 

IR EGULATOR AND 
SERVO 
ASSEMBLY J L __ -=.2~_ 

I SUPPLY 
MOTOR I 

I I 
L_.....J 

r--- ---------, 
I J8 R3 190-4206-001 I 
I ~Wl 9700 MASTER BOARD I 
I I L_-=- _______ -!!..J 

I I 

1190-4441-001 
IREGULATOR AND 

191 
--~ 

I I 
...---------:'" II DEC K I 

CAPSTAN I I MOTOR 

SERVO J 
t:.S~L~--.:2~_ 

I I 
L_-1 

Servo Preamplifier, 

Type 4606-001C , 

Schematic Diagram 

401-4606-001Cl 



- 10 

+10 

+ 10 

-10 

-10 

GRD 

Cl 
330 

1 

2 

5 

6 

3 

Rl 
680 

: 

( 

1 

C2 
2200 

R3 
22 

oN. 

R4 
22 

1 

T 1 

C4 1+ 
luFI 

C5 

luF 1+ 

+10 

1 

-10 

C6 
3300 

C7 
3300 

R5 
10 K 

R6 
10K 

301-4210-001D2 

R7 
22 K 

C8 
SEE TABLE 

, R8 
,lOOK 

UNLESS OTHERWISt SPECIFIED: 
- RESISTOR VALUES ARE IN OHMS ±5% 
- CAPACITOR VALUES ARE IN PICOFARADS ±5% 

NI'N TRANSISTORS ARE 2N2714 
- PNP TRANSISTORS ARE MPS6517 
- DIODES ARE IN914 
- IC ARE TTL, 7400 StRIES 

NUMBER IN LOGIC SYMBOL IS REFERENCE 
DESIGNATOR, UNDERLINED NUMBER IS IC 
TYPE. (IF 7400 SERIES, 74 IS OMITTED) 
It PIN 7 IS CONNECTED TO GROUND 
IC PIN 14 IS CONNECTED TO +5V 
UNUSED INPUTS OF IC MAY BE TIED TOGETHER 
OR TO +5V THROUGH RESI STOR (+V) 

- (*) DENOTES FACTORY SELECTED VALUE. 
TYPICAL VALUE IS SHOWN 

- FILTER CAPACITORS ARE NOT SHOWN BUT ARE 
IDENTIFIED BY CF ON PC BOARD 

Magpot, 
Type 4210 

Schematic Diagram 

4 



+5 

/ 

+5 D~ /,-~-----"'" 

WDS H < 
'Err l"--"",~I\J~""O--' 

T 

WARS J ~ 

Rl 
330 

W DATA 2 

W DATA 7 V ~ 

W DATA 6 W ~ 

NOTE: FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

Data Terminator, 

Type 3860-0018, 

Schematic Diagram 

301-3860-001C 



"12. Rl 
4.7 K 

H ~----~~-------.-------; 

C2 R2 
39 470 

17 ( 1 ) + 
CHAN. 0 

9 lOUT ICAl CHANNELS 

<:~ CHAN. 1 

<::~ CHAN. P (C) 

<:~ CHAN. 2 (B) 

<:.~ CHAN. 4(8) 

<::=1 CHAN. 6 (2) 

<2::=1 CHAN. 7 ( 1) 

<2::=1 CHAN. 5 (4) 

<2~:=1 CHAN. 3 (A) 

-10 ( 

1C7 
+10 

NOTE I FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

DASH NO. -0010 -OOZE -004E -005E -DOH -003A 

19 TRACK 20-301PS 30-401PS 15-201PS 10-151PS 751 PS 
SPEED)7 TR~CK 15-20IPS 20-301PS 10-151PS 30 -40 

R3 150K 110K 2Z0K 300K 681( 82K 

Cl 470PF 330PF 680PF 1000PF 68PF 270PF 

C3 
22 PF 

C6 

R3 
5PF 

~EE TABLE 

301-J631-001EJ 

7 

R4 
2K 
GAIN 

R5 
lK 

II ) 8 

II ) 9 

II ) 10 TO ~EAO 
AMPLIFIERS 

I ) 11 

Y )12 

I )13 

II ) 14 

II ) 15 

) 3 -10 

2 + 10 

1 GRD 

Read Preamplifier, 
Type 3631, 

Schem.tic Di_gram 



DELAY TIMING CARD 
TYPE 3845 401-9700-002 Al 

f 1 .... -------------4I---------------------;::';';;---<~J~----- f I (T 0 WR I T£ AMPS) 
(TO rC6-A) D 

ANALOG SIGNALS 
FROM PREAMP 

POI 2 3 .. 5 6 7 

R4 
lK 

I £ 
J --

-IOV +lOV GR 

.. P1 ... " ... " I,.. "'1' ... " T ... ,.. ... " II' 1: 1: 1 I 9 7 8 10 15 11 14 12 13 3 2 1 
PRUMP CONN 10 +10 -=-

~~---~~~--~--~~~~A>-~-----+--+-~---tt-~~r--1----10 o ~ , 
~B~~~~--~--+---t-~~~-<!>---f------r---r--1----rt---<~~--t----.l0 
~ CC :: 

L----~~~CD---+--+--~--~_i--~~--~::--i_----1r--t_--r__lrt--~--_t---- GRD 
D D R L-------------~--~--~--+---t-~--_4--_!_f---~5---~----_t--_t--_t--_tir--~~?_--~~ +5 

HS T 
PULSES 

E 9 3 ~~oO++----<FI__--~ f R (T 0 WII I TE AMP S) 

858 

E ! ~ 
~ ~ v 

(TO PBC- 5) 

ill ----.~l!"Vs_ 
(FROM CI-T) 
~ 

PEA~ i>U""i:"TI" 
lFROM PIN RI 

,4- Vor---- 8 5r16 

'L-1 J 15 Q rL, ~c K ill oo:r2 

....----,,100(2 ~C K 1 C IL 16 

4 107. " 2 ABC [j 

+v 

I JO~3-+_8-tJO~ 

~ cJ2 ~~ci2 
107 107 

~IKC~RQ 2 11~6 
~ 13 ---0--

'----+--------..... 

.--____________ ~91 1 ov!)j-________________ O:.s UNUSED 

13 
13 

.li j +5 

RB 
2.2K 

2 1.. 4 r 
J-------<:lllO"':>=lo .... --Cl 10 ...., 

li l§. DATARESA(ROBE 
C3 

3.3 
+ 

L-_________ -4 __________ ~~1~2 ...QQ.... r(,~:~t- 4 10 l III ~ 
o 11 

rl)..l __ -<3'T 11 Q 6 

lliQ 

YES T 1'10 DE ---t_--_<~:)......---------..... ---L_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -Jr -_ -_ -_ -_ -j-t----;::=-_______________ -W<3 ~ l..: SKEW 
LAMP 

IIRDT 

w P CHAN READ 
AMP/CLIP 
CONTROL J 

3 
I-

2 

1 

--
o 

7 
TAPE CHANNEL -
LOCATIONS 
ON QUAD READ 6 

k _____ 

A 

.... TL IF IEL : 
I-

QUAD READ AMP 4 
'-- .... ----... 1 ~ L-

(4179 ) (4178 ) (~-41-7.--) (FROM PBC-I) r-----__ WRDY ~3 4 

1 14 14 6 1 r:-::-... 3 
T QQ !) 11 ~~----~ 

WROY ~~--_<~>---------------------.,...QQ.. V.QQ 
"ho.... M U U ~ ~,.~. ~124_----------+_-------~~---.-----+~------~---<::~--~------~----------t_~~D---i_----------~-----II---O~ L...~-----------1---------0"10 ~ 

(FROM PBC-J) '\ V J! +5 TR~~~~ER 

J ~ SLTl 
- - ~ ~ +v +v (PIN Y) 

R9 
2.2K 

'"' GAP DETECT 

P05 CLIP LEVEL p 

NEG CLIP LEVEL 
-l. 411013111 9 411OT31J *12·~:~J Q~5 ID- '·lr---J Q3 ~r-~t..-.. -ti ABC 0 QO 

12
8 QB ABC D')'~-; 8 9 9 8 ~ 8 J. J c~5 Q r- DATA LAMP 

'1 _---f-(]:oCK 6 CK ill7 I>CKlQl 10 ...QQ.... ""'4 ~~7_ 
1 ill ,!.! K lQl-Q~6 .... ----...... V 

(lC5-11) Cll CLR ell ClR ~~K Q~ I~KCLRQ -bur ! y ~ .r. 
5,61 11 l3y 5,61 1 13 * 10 R I~ ~ -=- 10 TO I C 14-13'---~--Jl----.().-------+---I_+--<>---~--------------t__~>--t_---------------I--O...., 

L-__ ----411--_+_ !--------...... O'-----lt-------.... 6 9 J,.:!4~L--J ______ • __ ~ ______ __.------I PEAk PULSE 

N ~ ~s~------------------------~ 
~ ~~~ --------0----. I C 11- 6 

(TO PBC-E) Y 
~:~: --0-- IClS-5 

(TO PBC-F)! m 

8S1 ! 
(FROM PBC-13) .----. TO ICl-S 

SLTl __ ~~--~V~ __ ----~l~---------------------------_i------------------~l~O 
(FROM CI-F) .... 

C9 _L­

.
0471 DASH NO. -OOlA 

SP (£ 0 
IPS 

7 S. 00 
37.50 

25. JG 

12.50 

-OOlA 

45.00 

-OO4A 

30.00 

15. 00 

10.00 

5.00 

- OOSA 

00 II 

SwITCH POSITION 

1234567 

• • 18.75 •• • 
• • 
• • • 

VI 3.84MHI 4.608MHz 1.336MHz 1.92MHz 

+5 

CR 1 
R6 
2.2K 

RESET 

1 N914 5 
.---------------0 10,~6+_--~--------.... 

L- C 10 r· 047 

ll.. 

J3 _____ ,1,16 

READ INTERFACE AUTO 
CONN DISABLE 

w2 
'I} ,~} 'V 

4 8 9 
'v 'v 
2 3 

'"' 

! 

14 15 17 18 
'V "V 'v 'v 
4 

12 
'v 
GAP 
DET RDS L.1_P _______________ O _____ 1 _ 

READ DATA OUTPUTS 
5 6 7/ 

NOTE: FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

·9 Track Read Control Logic, 

Schematic Diagram 



TEST 
PULSES 

TEST 
MODE 

WRDY 

SKEW 
LAMP 

DATA 
LAMP 

~L T 1 

LP 

+ S SEE \~BL£ 'fs+V Ito -:!:- DELAY TIMING PC BOARD 
r--------l{ 0 :I------__ ----...... -I...(~;-CL-K-I v,l;e=c-....GR~D:..-...., -=- 4 TYPE 4118 

f
l ROI 3 + 2 (POSITION NO.7) 

R5 
470 

R 1 
470 

R02 ...!l.. J QA 53 +V ~ __________ ..:.1~21 J!. " 
_ 1~'2""':"":7""" ___ "'0"'" ()---< f r 4~""':>+-....... -..-1-------4' f 1 

- +V ....... --,Tl,;!s_..,.JI~I.o:...-.... -f- .ill R6 I . 
....... --,:f,;5=--~1;::'10~...., ~ ~ I> eLKI vee GRD __ 680 , 

ANALOG SIGNALS FROM 
,-- PREAMPLIFIER ----, 

401-9700-00SA2 

CHANNEL ~~-=-~-!-!".:.: = =--:!~-J_1."J 
PREAMP T S R P N M L K J C B A 

CONNECTOR - - - - - - - - - - - - - - - - -1'- -1'- 4-
,.....- _ ,..... -10 +10 1 
o--~_++_r~+--+~-O_+_+~~4__+~ .... o_~.-10 

+ 5 

R2 
470 

R3 
lK 

A A A ~ fCI> CLU
VCC 

3 GRD f7 ROI 7 + 2 
• :~~OB :~ 00 +3 _ • R02 ... ~:-:-:-:7""a2 _____ -t-_ .... ___ ... --(-y;;56-:I ,....-_~J~o50 6 9 B V ~o-.... -f--+++-+-+--f. .... ~OB-+-HH--+-~ .... (>--I-- ~ 10 

C2 -=- 1" 1,-11_..;.. II_----(-y: " "------' - + V .--_---, 5 8 1 l ... B ~ 
2200 ..... 52v---"' ,\10 -J:. 10 0 ....... GRO 

5 11~6>-___ ...... -)~ ..... -.....:.jg 11 ::xll>-..... _________ --<-y c)-_ ..... --<'i--,Y-!;C."...C --",GR~D:...-..... -=- "'0-... _ .... __ +-_~..,;1~2 !L -:!:- '1 c C c 
~ /I iQ 51 f CLK2 7 57 - 3 5 11 -0...--- f ... ... ... 

I" 
I 
I 
I 
I 
I 
I 
I 
I 
I 
UL 

R12 
! K 

(FROM iC5-8) 8 :~~..!!.. +3 1 QQ IN +v---l'-o-----f--C ~DHI-+-+-+-+-I--+-o-+-+-++-+--f-<lH-
f TN OB oe 00 0 0 

-=- 1" ,-9_...;..8 ___ ....1 , ~L. VC~V 2~ "I +5 ~~~(lO*-___ ~,,~Ho"i r-~ ~~ L..-~ 
I ~l ~""CLKI GRD~IO ... --~a 5 3 ~~ " - .... 

Li:l>cLKI YC~v GRO~'O l1§3:~~:: Q~C QD:; + It QQ~: : ~ ~ 
F-CLKZ 1 He 7 + 18 II I' , " -=- _ . 111 12 - A - YH H 

, 2 ROI .5 tIC • "'--00"':""'54 Co---"'" .... ---e---+<,~IIt"n.-..... --~4 HDS 

3 R02QA QBoC QD _ ...... ----....1 ..llil.." I - ... 
12 I" ,I I" -= t5 ""---0'::::0-C----------.... I J J 

t R7 55 I 
fR2 ~K I 

I +v ,r-- .......-- 9 J!. ""-_~2~1 • .2 ,F f I!.-... J 14 Q,J.I--I-.iI.lJ 14 1;" ... ' ____ """" 12!J.Q-_-..., 4 X"_>+-... --------------------+---'~,I R 

12 c> L....:l.(j):( ~. ill s 

t'';f'~'' '~':1· ·~:8 ~5_--.... RN1 .... 3---I ' 'I' 

_ 2.2K !K 

""-__ ~r-------~_r_all 12~"~2~~~3 12~4--..... ----------------------------------------------------0AP~ 
- 1i .!2. }5.3.3 

TAPE CHANNEL 

POSITION 5 

---' 

~TION6 
POSITION 4 

L--

I'"~ I 1 15 3 4 15 6 1 18 3 
TL QQ S QQ. D-----cJ >-------------+--------' 13 10 II 5Hi:, ~ 3~:~ ~ 

T 13 Q 
SKEW LAMP 

1 -----, U ---, r- ~ 
I(FROM L 10 1 .11!- 4 -1013 I -J:. +v r- ~ 4179 CCHANNELREADAMP 4178 QUADREADAMP 4178 

I
-C5 d) - ......;.-1 I-'-- DATA - W /CLIPPING CONTROL -- --

1 ~ COUN~ILO:O c 0 ....-! COUN~/LO:O C 0 ~ J 10 Q ID3 RNN 

I" QQ I.J ~~ ~1 
~~. +v 

I -J---!~Ckl .!.!L.li8 J,.....J CKI ill lft,· 1>" 11 11 TRANSFER J4-T-fINr~" ~m II ill! 12 00 ""-+~~------------------------~13~12~1~2----~M~-·---+<-yH-~ ____ +eU~~ _____ ~-O 
CLR QA as QC aD CLR OA 08 ac 00 I r r 7j:~4--,"~ - ,....-- .!2. ,. 

II 13 I' 19 
12 12 13 51912 

12 1-4:-~m '-[811 3 I~Jcl,O Q~ r- I WJ4R~YR_-I-O~J , +v-.-i J 16 QI1-'5 ______ DATA LAMP ..... 

2 QQ. ..!.Q1 I 
~K l)z g Cr. C 

: ~ ..:yrr 9 r' ill,,,- '5 : 

N 8 ~~ ~O -= ---Tfrr +5 RIO n~~E 

RVS,_~ 
J4- X rv 

BSY,_J 
J4-P rv f-: (FROM U. J ! K INPUT 

I I C13-6 4 ~ Y Y Y 

+5 

y 6 18 I R9 +v_---tI-----<"')-+_---+-o-+---IH---f....<~~I-~4---,...f-.() 
L.-..(FROM ""---------.... --------------0 -I -I~CI6-5) ~ rI5~ ________________________________ _+----------------------~-----9~ 2.2K 

V
J 

I 4 10 H 
II~"~-------_--------------------------------------~~---------------------------------~--__________________________ ~81 ~ GM 
ZL CRI ~5 ~5 DETECT 

I~ 1 

Wz .. ___ 1a3 19 11 Y 11) ~.I:K -004 _~~~ II 

~ P ! t POSITIVE o-_+--++--..... -o_+-~~--+_o.... CLIPPING LEVEL 

!3 8 !!. NEGATIVE 
o-+_-+~----+ ... ~o-~+_+_---...... _o CLIPPING LEVEL 

!1 J,. X 

I'" 00 r------------------------~ q 22 U 5 12 6 O~~ Y ONL Y I Z ....-~ r-~ ~~ ~- ~ 11L~~--~---a ~1~6-..... -~~-1~&1dro-------~~------------------~ ~ ~~~ 
~, __ e-__ a1 19 3 r---------------~;_--------------------;--------------------r-------------------------------------------+-__________________________ 111~112!~1~0-4-----C~K~r_~r;_+~!~~--;_+_+_+_~~-T~~;_+_+-~~~~T 

.l!.Q 9 1-
r---------~--------------~8 19~---------------~ li ,m I QQ Is __ ---n

5 22~6--------------------------------+---------------------------------------~1>-~+-~~-OS~--~~~-4--~!0-~~~4_~~~! 
~ 19 6 14 YC'C 14 c.!ilL SLT? 
4 00 I CLIO ORDfl'O '---<1 "l>CLKI v C ORDfl'O 1.:K ...... I.....- ~ 

(FROM Ie1-11) I ::~ ..u.. Me • "2 ROI ..u.. tIC 8 I_·4700 ONLY DATA INTERFACE CONNECTOR J3 - - - - - - - -- - - - - - - -- - - --I 
J QA QI QC OD J Rot Oll 08 OC OD ,11'11'11' "'" 

fR2 - 4§CLlCI. 20 NC 7 ~C~K2 21 NC 7 C4 -004 

II I' 1'1" -= 12 1111' t' -= -= B 2 A C 0 J K R S U V N 

,m lTV 200/ 556 ,AS" '"""" TAm'T1 ON 5s678oO II r::' ~~"~ ~D~~ ;:~~ ~ ::'1.T~9 L GAP D€T'" 

DASH NO -OOlA ·002A ·003A -OOlA ~002A 1" -003A ·0048 L 

I NO'" 
FOR CIRCUIT CONVENTIONS USED. 
SEE NOTES TO SCHEMATIC SECTION. 

.INDICATES CLOSED POSITION OF SWITCH 
.. 2. DASH -103 TO USE SAME SWITCHI NG ARRANGEMENT AS -003. 

7 Track Read Control Logic, 

Schematic Diagram 



-CLIP R 
(FROM P CHAN-R) 

ANAL OG 
INPUT E 

(FROt·! rEAD ~REAt1P) 

+ C LIP 

(FROf1 ~ CHAN-P) 

ANALOG 
INPUT 

ANALOG 
INPUT 

ANALOG 
INPUT 

p 

F 

H 

J 

" " 

( 

L 
'\. 

, 
" 

" " 

" " 

I 
I 
I 
I 

I 
RI 

I 680 

I 

cil 
I TABLEr SEE 

I 

I 

I 

I 
I 
L_ --

+5 D ~( ________________ ~1 
+5 

"'-______ ----'f 10 
+ 10 B ( -

GRD C ( 

1 
- 10 A ~(-----.........., 

t l0 

--

GRD 

J 

+5 
+5 

CR3 
~2 

2~ 
I N2 70 Rll 

r;~ ~ 1fll( C4 
RIO 

180 
l/'1i 0 SEE ,TABLE I 6 1 K I CR5 

748 2 3 I 1 N2 70 
114 ~V 2 2L 

C6 1 4. 7K R6 
4.7 K 

r:-l 
CR4 

IN270 SEE TABLEr 

C5 
'::' 

CRZ 4.7 K -
~ IN270 SEE TABLE 

II 

R3 R7 
18K 4.7K 

+5 

R 13 
2.2K 

-- -- --- --- ---- --- --- ---
R8 R9 

-!- 1 680 t -10 

j 

j 

DASH NO. -004C -005C - 00 18 -0028 -0038 

FIRST USED 9000 9000 9000 9000 9000 

SPEED IPS 10-14.99 15-19.99 20-29.99 30-39.99 40-49.99 
Cl 3900 3000 2200 1500 1000 

C4, C5 1000 680 470 330 270 

C6 .022 .015 .01 6800 4700 

CHANNEL A 
C7 

B 

10 220 11 
3 

B 3 Q 6 
-= 

5 AillQ 1 

R12 
13 

2.7K 
2 111 

12" .lL I 

- 10 

10 

2~t- r---
2 J.I 

D Q 5 12 D Q 9 9 38 I 

~ 4 4 
74 74 

r---1~CK -1l~CK 

T 1TI 13 

6 
2 5 ..., 

.2L 

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

'f 

CHANNEL B 
(IDENTICAL to CH. AI 

r 
CHANNEL C 

(IDENTICAL to eH. AI 

r 
CHANNEL D 

(IDENTICAL to CH. AI 

+5 
A 

RI4 
2.2 K 

-- --

'f 

'f 

r 

I 
I 

I 
I 
I 

I 
I 
I 
I 
I 

I 

I 
J 

-" , 

" , 

" , 

" , 

" , 

..... , 

s 

v 

401- 4178-0010 

~LT2 

(FROfIDT-L) 

PEAK PULSf 
(TO DT-R) 

Z DATA OUT 
(TO INTERFACE CONN J3) 

T RESET 
(FRGr'! DT-KJ 

U DATA TRANSFER 
(FROfl DT-n) 

y DATA OUT 

~ 

" , x 

-

" , w 

-

Quad Read Amp, 
Type 4178, 

Schematic Diagram 

DATA OUT 

DATA OUT 



+5 

R15 
2.2K 

SLT? S~ ,/-----------------------------------------------------------------------------------------------------------------' 
( FROM DT - L ) 

Rl 
L 6S0 

Ar:pL~~ E ~ ... ---+-~Vv-...,... .... - ..... 
Cl ~ 

(FROM PREAMP [ 
P CHAN) SEE TABLE-::-

CR 1 
IN270 

r 
CR2 

IN270 

R3 
18K 

R2 
18K 

C4 
SEE, TABLE 

:~7K 1_1:~7K 
R5 
4.7K 

, 
/I 

C5 

TUtE R7 4.7K 
R9 

10K 

+5 
~ 

~ CR3 
IN270 

RIO 
lK 1 

2 
2 .1.§... 

CR4 
1N270 

"=' 

+S 

T C7 
220 

Rll 10 11 180 3 Q 6 
CR5 3 

3 1N270 '::' 
5 All..! Q 1 

C6 1 R12 
TABLi SfE 2.7K 

-10 

13 

Id 2 111 
38 

~ +5 

+5 ~~14 
10 

2 
~2. 2K 

8) 

R8 tl0 
15 

R13 
2.2 K 

r-i~ ~ 
~ D Q tL--!l D Q ... 9'--__ -i ______ ~ 

-b 4 . 4 
9 .1L 

,.., 

r 13 11 5 RNN H ~ 8 , 
..!lL ~6 ( FROM C 1- V) 4 ill... r-,..... 

10 

RVS W L ~ 8 8 

(FROM CI - T) 
, 
i B.lll. 9 .lll. 

BSv y L 3 

(FROM PBC-13) 
, 

+5 ~ 7 6 

R 16 

I ~ 220 
AUTO N r 

DISA9LE , 

11 7 ~ "'" 
..lL 

(FROt~ J3-6) 

/ 13 !! 
WRDY J ... 7 

~ 
9 

(FRO~1 PBC-J) ...lL 
R 17 
330 

-::-

'::' 74 74 
___ .... 34>CK ,!.!~CK 

~ ~ .1 1 113 

2 5 

13 
12 11 

12 ~ 

9r----~6 ;.. SIB ,12 5 9 .;:. r-- r-

Q~ Q 5 
9 64;' 

J J 
12 

CK 11 ~~ 13 ~ I>CK 11 
~'C 0 lQ..lL 107 107 

"------J K K 

4TI ~~ 13 
_L.. C9 

~ 10tHT 
12 3 

9 12 8 2....Q.Q.... 

.-9.L 

llASH NO. 

FI RST ii:~ f J 

5 PEED IPS 

Cl 3 

rV~ ~ 
U O PR Q~D PR 

10 10 
74 74 

ill le8 
JDMIT 

C4, C5 ....2.I»C·K ...!.l cr Q~B:..-______ ~-.J 

~ ~ 11 1
13 

C6 

+5 

R22 
lK 

+10 

R20 
33K 

~,I 
R23 

eR6,lN2l0 18K 

4 ...ll.. R 19 
3.9K 

1 CR7.1N270 
R24 

3 62K 
13 
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DIGITAL RECORDING ON MAGNETIC TAPE USING NRZl CONVENTIONS AND FORMAT 

1.1 INTRODUCTION 

There are many recording techniques that may be 
employed to record digital information onto magnetic 
tape. Some of these are: non-return-to-zero (NRZ), 
return-to-zero, phase-:-encoded, Manchester coding, 
and NRZ1. Of these methods the NRZl, non-return­
to-zero change at logic 1, has been most widely ac­
cepted for recording parallel data onto multitrack 
recorders. This method has been used by IBM and 
other computer manufacturers for many years, and 
packing densities, formats, and mechanical dimen­
sions have been fairly well standardized by usage 
throughout the industry. 

1. 1. 1 IBM COMPATIBLE 

The term IBM compatible, or more speCifically IBM 
compatible 2400 series, is found frequently in speci­
fications of tape units manufactured by companies 
other than IBM. This means that a tape written on a 
machine that is IBM compatible can be successfully 
entered into an IBM computer utilizing the IBM 2400 
series of magnetic tape units. The converse, of 
course, is also true. Tapes written on an IBM 2400 
can be read on IBM compatible tape units equipped' 
with the read function. 

This common denominator between systems is im­
portant, for often it is the only common point between 
computer systems and data acquisition systems. The' 
parameters that ensure this compatibility relate to 
track width, number of tracks, position of the tracks 
on the Width of the tape, form of check characters, 
spacing of check characters from data, length of 
interblock gaps, length of file gaps, and the charac­
ter used to identify a file gap, as well as the mechan­
ical dimensions of reels and hubs. This note de­
scribes these factors for the IBM compatible NRZI 
method of recording. 

1. 1. 2 ADVANTAGES OF NRZI RECORDING 
METHOD 

In the NRZI method of recording, current is flowing 
in one direction in the magnetic head at all times it 
is writing. This factor makes it possible to record 
over old data, erasing the old data as the recording 
is taking place. Head current also flows in a uniform 
direction during the interrecord gap. This is useful 
when it is necessary to rewrite a record 01' skip a 
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bad area of tape found on re-read and allows thehead 
current to be turned, on again in a known direction 
without causing unwanted spikes. 

Another advantage of the NRZI system is that the 
electronics for writing and reading are simpler than 
those required for other recording techniques, such 
as phase encoding. 

A disadvantage of the NRZI . system is that it is not 
self-clocking and is useful only where multiple track 
recording is employed. A further restriction is that 
in order to derive a clock from the multiple tracks, 
at least one of the tracks must have a one in it for 
each byte or character recorded. This last factor 
is ensured when a parity check is employed and the 
parity is odd. If even parity is used, then of course 
the all-zero character must be declared invalid and 
not used during the block. 

1.2 WRITING NRZ1 TAPES 

To record digital data on magnetic tape, it is neces­
sary to magnetize the tape discretely to indicate bi­
nary ones and zeros. In the NRZI method, current 
is flowing in the head at all tim~s the magnetic tape 
unit is in the write mode. As long as the head cur­
rent does not change, the data will be written such 
that it will be interpreted as zeros. When a transi­
tion occurs between saturation magnetism (plus and 
minus) on the' tape, this will be interpreted as a one. 
Figur e 1-1 shows typical waveforms for data :recorded 
on tape in the pattern 011010. The data is entered 
together with write clocks as shown, with a write 
clock for each bit recorded. With tape in continuous 
motion, a flux pattern corresponding to the tape mag­
netizationwill appear on the tape as shown. 

NRZ 1 recording is implemented by driving current 
through the head winding in a direction determined 
by a flip-flop that toggles for each one, gated in by 
coincidence between data and a write clock. 

1.3 READING NRZl RECORDINGS 

To recover the data written in NRZI format, the 
tape is moved at a constant velocity past the gap in 
the head. Refer t9 Figure 1-2. If the same pattern 
shown above is present on the tape, the head voltage 
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will look like the playback signal since the voltage 
indUced in the head is the differential of the fluxpat­
tern on the tape. The characteristic half sine wave 
results from the fact that the gap on the head has a 
finite width. 

The pattern shown is typical of what would be seen 
with 200 bits per inch (bpi) recording •. As the re­
cording density increases, the mechanical dimen­
sions of the head remain the same, resulting in the 
same waveform but with the individual waves crowded 
close together. This ultimately presents a limit be­
yond which this type of recording is useful with state­
of-the-art tapes and magnetic heads. Recording of 
800bpi seems to be a practical limit and is the maxi­
mum density utilized in present-day systems. 

The playback signal is then rectified and, as can be 
seen from the figures, a pulse is present for every 
one recorded and the base line remains stationary 
for all zeros recorded. Note, however, that it is not 
practical to derive an accurate clock from the signal 
on the basis ofa single-track recording. However, 
since this is a multiple track system and employs a 
parity generator, a data bit will be found on one of 
the multiple tracks for each character written, as­
suming that an all-zeros character is not employed 
in conjunction with even parity. 

Considering the above factors, a typical read ampli­
fier consists of an analog amplifier, a rectifier, a 
peak detector, suitable logic to create a clock, and 
an output buffer stage to enable interfacing to the 
customer's unit. 

1.3.1 SKEW AND GAP SCATTER 

Another major factor that limits the design of an 
NRZ 1 multiple track system is that heads are not 
perfect because of gap scatter and head mounting to 
decks is not perfect causing skew. Both these fac­
tors have the same effect in that the signals from all 
the tracks do not occur perfectly.in 'Unison. The 
problem is minimal if the same head and deck are 
used for reading and writing a given tape, but since 
interchangeability of tapes between machines is man­
datory provisions must be made to cancel out these 
effects. The allowable tolerances in head manUfac­
ture have practical limits and are typically inthe 
±50 microinch region for high quality heads. Fixed 
heads without adjustment are practical with 200 bpi 
Rlld 556 bpi recording, but 800 bpi recording requires 
adjustments. 

All Kennedy recorders are equipped with the neces­
sary deskewing adjustment to enable operation and 
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assure compatibility with other magnetic tape units. 
These adjustments take the following form. 

1. 3.1.1 Read Head Alignment 

The read head is adjusted so that its gaps are per­
pendicular to the direction of tape motion using an 
IBM skeWmaster tape. A mechanical adjustment is 
provided consisting of a spring loaded mounting plate 
working against a fine pitch adjusting screw. (On 
incremental and some low density machines this ad­
justment is either not required or is made by shim­
ming tape guides.) '. 

1. 3. 1. 2 Read Electronic Deskew Register 

All Kennedy read amplifiers are provided with a de­
skewing register. This register allows a total skew 
of 50 percent for all reasons including write head gap 
scatter, dynamic read skew, read head misalignment! 
and speed variation in writing or reading. 

1.3.1.3 Write Electronic Deskewing (continuous tape 
units only) 

The mechanical relationship between the read gap and 
the write gap is fixed in any given read after write 
head. Since the read head is adjusted perpendicular 
to tape motion (paragraph 1.3.1. 1), the write time 
for each channel may be delayed selectively so that a 
character is written on the tape perpendicular to tape 
motion. In Kennedy continuous tape units a fixed de­
lay is inserted for one channel and individual delays 
are provided for the remaining channels. This ar­
rangement allows each channel to be adjusted in exact 
relationship to the fixed channel and allows adjust­
ment for skew and gap scatter as well. 

1.4 TAPE FORMATS 

There are other factors that affect compatibility in 
addition to density and recording method: 

a. Tape markers 
b. Gaps 
c.Check characters 
d. Codes 

1. 4.1 TAPE MARKERS 

When recording on magnetic tape, care must be taken 
to avoid physical handling and damage to the recorded 
surface. Aportion of tap~- at lea.st10feet- at each 
end is reserved for threading and loading and is not 
used for storing data. To define the recorded area, 
pressure sensitive reflective markers are applied to 
the nonoxide side of the tape as shown in Figure 1-3. 
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These markers are sensed optically and define the 
recorded area in a standardized manner. 

The BOT marker signal is used internally to define 
the load point or starting of recording. The EaT 
marker signal is not used internally but is available 
to the interface as an end of tape warning Signal and 
should be used by the unit interfaced to the magnetic 
units to terminate recording within the next 4 feet of 
tape. 

1. 4.2 GAPS 

Tape reading can only take place reliably when tape 
is moving at a known speed across the head. To al­
low tape to start and stop while the computer manip­
Ulates data, a section of tape with no data is provided 
between records or blocks of data and at the begin­
ning and end of tape. This section is recorded with 
the head current turned on in the direction defined 
as erased and results in a constant flux in a pre­
determined direction which is independent of tape 
speed or motion. The direction of current in the 
heads defining the erased condition is also controlled 
to be uniform in all recorders. On readback this 
flux is constant as the tape accelerates and deceler­
ates. Since a change in flux is required for the read 
head to sense data, no signal occurs and 'orderly 
starts and stops may be made. 

Mechanical limitations preclude instantaneous starts 
and stops, and a distance of tape must be reserved, 
conditioned by the requirements of the "worst case" 
machines, to use the standards. While high speed 
units (IBM 2400 series) set the length of the gaps, 
Kennedy recorders utilize the full gap length to ad­
vantage by providing controlled acceleration and de­
celeration, resulting in minimum stresses to the tape. 

Tape Markers 
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1. 4. 2. 1 Beginning of Tape Gap 

An erased section of tape is required surrounding 
the BOT marker. This serves as a defined area 
within which data recording or reading can start. To 
comply with IBM specifications this section extends 
a minimum of 1. 7 inches ahead of the traiiing edge 
of the BOT marker and extends a minimum of O. 5 
inch past the trailing edge of the BOT marker. In 
nearly all systems (inCluding IBM) this erased sec­
tion totals ,about 3.5 -inches (Figure 1-3). 

1. 4. 2. 2 Interrecord Gaps 

Interrecord gaps are areas, without data, placed be­
tween data blocks or records as shown in Figur e 1-4. 
The length of the gap is O. 75 inch minimum for seven­
track systems andO. 60 inch minimum for nine-track 

~ONE BLOCK I--

LRCC CRCC 

....---- 0 NEB l 0 C K ----"I .. 

510-5002 

Figure 1-4. Interrecord Gaps 
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systems. The maximum length is not critical. The 
USA standard Institute specifies the maximum length 
at 25 feet. 

If records are short it can be seen that a large por­
tion of the tape is usedfor interrecordgaps. In many 
ca:ses computers are programmed to handle records 
in batches as shown in Figure 1-4. In this case the 
IRQ and check characters are inserted on a block 
basis. 

Figure 1-5 shows the format of the file mark for seven­
and nIne-track tapes. The distinguishing feature of 
the block is the fact that it is a single specific char­
acter record with a check character. The erased 
gap itself is nearly always used ,but IBM standards 
state that it is optional. 

1. 4. 3 CHECK CHARACTERS 

The NRZ 1 format provides for both vertical and hor­
izontal parity checks. In the nine-track system an 
additional check called the cyclic redundancy check 
character is used. Refer to Figures 1-6 and 1-7 for 
the location of th'e check characters. 

NINE-TRACK NRZI FILE MARK 

4 ' - I 6 
0 
1 ) 

2 
~ P 

I I 3 
) I I 7 J I 1 5 
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The check characters define to a very high level of 
confidence that a block that is read is accurate. 

1. 4. 3.1 Vertical Parity 

Seven-track and nine-track systems use six and eight 
,tracks respectively for recording data. The remain­
ing track is redundant and carries the parity infor­
mati6n. When the data is written on tape, a parity 
generator senses the input data and determines if the 
number of bits in the byte is odd or even. It outputs 
a "1" or a "0" to the redundant track to make the 
count odd if odd parity is selected, or even if even 
parity is selected. 

On readback a similar circuit can be used to count 
the number of bits in each byte and determine if the 
count is odd or even. Depending on which is defined 
as correct, it Signals the error line if the count is 
wrong. Thus each byte is checked. However, if an 
even number of bits is dropped the test will not re­
sult in an error Signal, so an additional check called 
longitudinal parity is employed. 

Odd or even parity may be selected on seven-track 
recorders. Nine-track recorders are always odd 
parity. 

SEVEN-TRACK NRZI FILE MARK 
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.... RECORD-' 

+0. 15 
0.6 -0.10IN. ...... BYTES .-. -----­ I 

DATA 

~------------~ III I I III III 
III I I III III 
III I I III III 
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I 
III I t III III PARITY 
III I I III III ~ (ODD) 

FIRST--I~"'i-!~"""~I III I I III III (NOTE 3) 
BIT I:: I 'I III I I III III 

NOTE: 

110-0018 

III I I III III 
I, I : __ ~,.'_I_I __ ~~!.!. III 
'I _-- 7---" 
! II _-- LRC CRC REFERENCE EDGE 

~ 
ACTUAL SKEW 

~ ... WRITE SKEW 
~ ~ CHARACTER GATE 

TAPE MOTIONt 

'LP MARKER I 

..- INITIAL GAP 
0.5 IN. MIN 

1. CRC (CYCLIC REDUNDANCY CHECK CHARACTER). PARITY OF CRC CHARACTER IS 
DETERMINED BY THE NUMBER OF DATA CHARACTERS IN RECORD. ODD NUMBER OF 
DATA CHARACTERS-EVEN CRC CHARACTER. ETC. CRC USED ONLY IN IBM SYSTEM 
SYSTEM/360 800BPI. CRC CHARACTER SPACED FOUR BITS FROM DATA CHARACTERS. 

2. LRC (LONGITUDINAL RED.UNDANCYCHARACTER) ALWAYS ODD PARITY. SPACED FOUR 
BITS FROM CRC. 

3. PAR IT Y B IT (A VERT I C A LPA R I T Y B IT I S W R ITT EN FOR E A C H C H A R ACT E R CON T A I N I N G 
AN EVEN NUMBER OF BITS). 

Figure 7-7. Data Format - Nine Track 

A-6 



1. 4. 3. 2 Longitudinal Parity 

A longitudinal redundancy check character is ~ritten 
at the end of each block. It is separated from the 
end of each block as shown in Figure 1-8. This char­
acter is made up on a per-track basis. The number 
of l' s recorded ina given track of a block is counted 
and a "1" is written in the track as the LRCCif the 
count was odd, and, therefore, the number of l' s re­
corded in each track becomes even for any given 
block. On readback this is checked and an error is 
detected if the count isodd in any track. The possi­
bility of not detecting an erroneolis block still exists 
if an even number of bits in a given track of a block 
is dropped. However, when this test is combined 
with the vertical parity test the probability of not de­
tecting an error is reduced. 

1. 4. 3. 3 Cyclic Redundancy Check Character (CRCC) 

In the nine-track system another check character 
must be written. This character is derived with rela­
tively complex logiC, the result of which, in combi­
nation with the LRCC and vertical parity information, 
enables a computer ,to determine in which track a 
dropout occurred. If the dropout occurred in only 
one track in the given block, the computer can then 
nullify that track and . generate the information in that 
track from the data in the remaining tracks, which 
includes the parity track. 

This check character follows the last data byte by 
four cell positions, as shown in Figure 1-8 •. 

1.4.3.4 ~ 

The recorder will accept and read back any code set 
applied (six-bit for seven-track, eight-bit for nine­
track). The only restriction is that the 000000 char­
llGtet' in a seven-track system using even parity must 
not be used. This is a blank position or missing 
character, and most IBM systems will register an 
error condition if it is found in a block. 

Two code sets are shown in Figure 1-9. These are 
the graphic symbols portion of the codes used by IBM 
for nine-track and seven-track systems. They are 
shown for reference only. Systems· may use differ­
ent code structures when they are programmed for 
them. 

In the seven-track system the 000000 character may 
be converted to the 001010 character by use of the 
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"BCD 0 to 10" option which is available for most 
Kennedy recorders. This senses the 000000 charac­
ter on the data lines in conjunction with a write clock 
and converts it internally to record the IBM character 
for the number 0 (001010). 

1.4.4 SUMMARY OF FORMAT 

A summary of the above factors is shown in Figure 
1-6 for seven":'track data format and Figure 1-7 for 
nine-track data format. Record blocks and tape 
markers are shown in Figure 1-10. 

1. 4. 5 REFERENCES 

Additional information may be found in the following 
publications: 

a. IBM 2400- Series Magnetic Tape Units Orig­
inal Equipment Manufacturers' Information, IBM 
Form 226862-4 

b. USA Standard Recorded Magnetic Tape for 
Information Interchange (800 cpi, NRZ1) , United 
States of America Standards Institute, 10 'East 40th 
Street, New York 10016 

~ 
I DATA 
) B LO C K 
). 

LRCC 
BYTE 

\ 
IRG 

. 
I 
I 
I 

0.60+ 0 • 15 ! 
. -0.10 I 

I 

CRCC 
BYTE , 
· I · I 
I · I 
I 

EIGHT BYTE -.111 3 11/ 3 J.­
POSITIONS 

~ 
NINE-TRACK ~ DATA BLOCK \ 

LRCC 
BYTE 

TAPE MOTION t 

" I 

'DATA IRG : 
~BlOCK 0.750+ 0 • 156 ; 
1 -0.063 I 

5\0-5003 

FOUR BYTE--.11! 3 1 ___ 
POS'ITIONS 

SEVEN-TRACK 
DATA BLOCK 

Figure 1-8. 'CheckCha,acfers 
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COLLATING GRAPHICS EXT£NDED BINARY CODED DECIMAL BINARY CODED DECIMAL 
INTERCHANGE CODE (EBCDI,C) INTERCHANGE CODE (BCD) 

SEQUENCE 
8 Bit BCD 0 1 2 3 4 5 6 7 B A 8 4 2 1 

00 blank blank 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

01 0 1 0 0 1 0 1 1 1 1 1 0 1 1 

02 ~ ltY 0 1 0 0 1 1 0 0 1 1 1 1 0 0 

03 ( C 0 1 0 0 1 1 0 1 1 1 1 1 0 1 

04 + <. 0 1 0 0 1 1 1 0 1 1 1 1 1 0 

05 GM GM 0 1 0 0 1 1 1 1 1 1 1 1 1 1 

06 & &+ 0 1 0 1 0 0 0 0 1 1 0 0 0 0 
07 S S 0 1 0 1 1 0 1 1 1 0 1 0 1 1 
08 * * 0 1 0 1 1 1 0 0 1 0 1 1 0 0 

09 ) ] 0 1 0 1 1 1 0 1 1 0 1 1 0 1 

10 , i 0 1 0 1 1 1 1 0 1 0 1, 1 1 0 
11 MC MC 0 1 0 1 1 1 1 1 1 0 1 1 1 1 
12 - - 0 1 1 0 0 0 0 0 1 0 0 0 0 0 

13 / / 0 ' 1 1 0 0 0 0 I 0 1 0 0 0 1 

14 , , 0 1 1 0 1 0 1 1 0 I 1 0 1 1 
15 % %( 0 1 1 0 1 1 0 0 0' 1 1 1 0 0 

16 ~ Ws. 0 I 1 0 1 1 0 1 0 1 1 1 0 1 
17 • \ 0 1 1 0 1 1 I 0 0 1 1 1 1 0 

18 SM SM 0 1 1 0 1 1 1 1 0 ) 1 1 1 1 

19 ~ ~ 0 1 1 1 1 0 1 0 0 1 0 0 0 0 

20 
, "= 0 1 1 1 1 0 I 1 0 0 1 0 1 1 

21 @ @' 0 1 1 1 1 1 0 0 0 0 1 1 0 0 

22 'rJ : 0 1 1 1 1 1 0 1 0 0 1 " 1 0 1 
23 = > 0 1 1 1 1 1 1 0 0 0 1 1 1 0 
24 TM TM 0 1 1 1 J J 1 1 0 0 1 1 1 I 
25 6 /} 1 1 0 0 0 0 0 0 1 1 1 0 1 0 
26 A A 1 1 0 0 0 0 0 1 1 1 ' 0 0 0 1 
27 B B 1 1 0 0 0 0 1 0 1 1 0 0 1 0 
28 C C 1 1 0 0 0 0 1 1 1 1 0 0 I 1 
29 D D 1 1 0 0 0 1 0 0 1 I 0 I 0 0 
30 E E I 1 0 0 0 1 0 1 I 1 0 1 0 I 
31 F F 1 1 0 0 0 1 1 0 I I 0 I 1 0 
32 G G 1 I 0 0 0 1 1 1 1 I 0 I 1 1 
33 H H 1 1 0 0 1 0 0 0 1 1 1 0 0 0 
34 I I 1 1 0 0 1 0 0 1 I 1 1 0 0 1 
35 0 0 1 I 0 1 0 0 0 0 I 0 1 0 1 0 
36 J J 1 I 0 1 0 0 0 1 I 0 0 0 0 1 
37 K K I 1 0 1 0 0 1 0 1 0 0 0 1 0 
38 L L I 1 0 1 0 0 I 1 1 0 0 0 1 1 
39 M M 1 1 0 1 0 1 0 0 1 0 0 J 0 0 
40 N N I J 0 1 0 1 0 1 1 0 0 I 0 1 
41 0 0 I 1 0 1 ,0 1 1 0 1 0 0 1 I 0 
42 P P 1 1 0 1 0 1 1 1 1 0 0 1 1 1 
43 Q Q 1 1 0 J 1 0 0 0 1 0 1 0 '0 0 
44 R R 1 1 0 I 1 0 0 1 1 0 1 0 0 1 
45 RM RM 1 1 1 0 0 0 0 0 0 1 I 0 1 0 
46 S S 1 1 1 0 0 0 1 0 0 I 0 0 1 0 
47 T T 1 1 1 0 0 0 1 1 0 I. 0 0 1 1 
48 U U 1 1 1 0 0 1 0 0 0 . 1 0 1 0 0 
49 V V 1 1 1 0 0 1 0 1 0 I 0 1 0 1 
50 W W 1 1 1 0 0 1 1 0 0 I 0 1 1 0 
51 X X 1 1 1 0 0 1 1 I 0 1 0 1 1 1 
52 y y 1 .1 1 0 1 0 0 0 0 I 1 0 0 o " 
53 Z Z 1 1 1 0 1 0 0 ,1 0 1 1 0 0 1 
54 0 0 1 '1 1 1 0 0 0 0 0 0 1 0 1 0 
55 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1 
56 2 2 J 1 1 1 0 0 1 0 0 0 0 0 1 0 
57 3 3 1 1 1 1 0 0 1 I 0 0 0 0 1 1 
58 4 4 1 1 1 I 0 1 0 0 0 0 0 1 0 0 
59 5 5 1 1 1 I 0 1 0 1 0 0 0 1 0 1 
60 6 6 1 I I 1 0 1 1 0 0 0 0 1 1 0 
61 7 7 1 1 1 1 0 1 1 1 0 0 0 1 1 1 
62 8 8 1 I 1 1 1 0 0 0 0 0 I 0 0 0 
63 9 9 1 1 1 1 1 0 0 1 0 0 1 0 0 1 

Figure 1-9. Typical IBM Codes 
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NINE-TRACK NRZI TAPE MARK 

TAPE 
TRACKS 

EIGHT 
BIT SPACES 

4 
6 
o 
1 
2 
P 
3 
7 
5 

A NINE-TRACK NRZI TAPE MARK IS 

A SPECIAL CONTROL BLOCK THAT 

CONSISTS OF A CHARACTER WITH 

I-BITS IN DATA TRACKS 3, 6, 

AND 7, AND AN IDENTICAL LRC 

CHARACTER EIGHT BIT SPACES FROM 

IT. NO CRC CHARACTER IS WRITTEN. 

ALTHOUGH THE TAPE MARK IS PRE­

CEDED BY APPROXIMATELY 3.75 

INCHES OF ERASED TAPE, THIS GAP 

IS NOT A REQUIREMENT. 

RECORD 
BLOCK 

SEVEN-TRACK NRZI TAPE MARK 

TAPE 
TRACKS 

FOUR" 
BIT SPACES 

C 
B 
A 
8 
4 
2 
1 

A SEVEN-TRACK NRZI TAPE MARK 

IS A SPECIAL CONTROL BLOCK 

THAT CONSISTS OF A CHARACTER 

WITH I-BITS IN A DATA TRACKS 8, 

4, 2, AND I, AND AN IDENTICAL 

LRC CHARACTER FOUR BIT SPACES 

FROM IT. ALTHOUGH THE TAPE 

MARK IS PRECEDED BY APPROXI­

MATELY 3.90 INCHES OF ERASED 

TAPE, THIS GAP IS NOT A RE-

QUI REMENT • 

PHOTOSENSING WRITE 
DEVICE GAP 

READ 
GAP 

'\ TAPE" 

------...;;;:::......----L1 MOTION" 

F 0.5 IN. MIN 

TAPE MARK GAP 
(EOF GAP) 

~'---3.75 IN.--........ ' 

I BOT I 

RECORDING SUR FACE 

LD 

Figure 1-10. Record Blocks and Tape Marks 
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PHASE ENCODED RECORDING 

Introduction 

For many years, NRZ1 recording has been used in 
most computer tape systems. Density has increased 
from 200 cpi to 556 cpi and 800 cpi in the quest to 
increase data storage capability of tape and to achieve 
highef data rates. 

With higher densities mechanical tolerances become 
more and more critical, however, and 800 cpi is 
probably the practical limit for NRZ 1 recording. If 

~ CHARACTERS PER REEL 

SOxl06 

40x106 

30x106 

20x106 

:£ ~ .. / 
/:,' 

,. 4 

~~:... 
/. 

• 

L; ......... -. 
~ 
~ -"""""'------ - ...... -.. 

10xl06 

higher densities were to be achieved, a new record­
ing method was required. 

Phase encoding was chosen. Its advantages were well 
known from use of similar systems on drums and 
specialized tape drives. In computer use, tape den­
sity of 1600 cpi was·.selected, and a tape format was 
established first by IBM and later adopted by ANSI 
as a proposed American national standard. 

Figure 1 shows graphically the effect of density on 
tape storage capacity as a function of block length. 

v ~ 
~ 

,/ 
V 

I 
Is 

/~ ~ -----1---
-,,-' ..... ----

V tt" • 

,.,~~c\l' 

,,' ~ ).------ ----~---
~" 

,til' 
.",,_ CjCj{)cQ' 

~ 

~ 

---- .----- -------1------
200cpi 

I , 

-10: 20 40 80 160 320 640 1280 2560 5120 10240 20480 40960 

BLOCK LENGTH 

. -Figure 1. Comparison of Packing Density, Phsse Encoded snd NRZ1 Formsts 
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Phase Encoded Recording 

Each of the nine tracks on a PE tape is rec()rded in 
such a manner as to allow recovery of a track clock 
plus the data. This removes the requirement for 
close skew alignment as in NRZI recording, since 
clocked data can be assembled in a register to re­
move the effects of skew. 

Saturation recording is used. Tape is dc erased with 
a polarity such that the rim end of the tape becomes 
a north seeking pole. A one bit is defined a,s a flux 
reversal to the reference polarity. A zero bit is .de­
fined as a flux reversal toward the opposite polarity. 
A "phase flux reversal" is written at the nominal 
midpoint between successive ones or successive 
zeros to establish proper polarity. 

Figure 2 shows the resulting pattern of reversals on 
tape. It will be seen that the recording results in 
two bit densities being recorded, 1600 flux reversals 
per inch (frpi) and 3200 frpi. Phase shift of these 
two frequency components is of the utmost importance 
for decoding after playback. 

Figure 3 is a logic diagram of a write amplifier that 
generates the req~ired waveforms. 

o 
DATA OT Lll _____ _ 

INTERNAL 
WRITE 
CLOCK 

HEAD 
CURRENT 
(FLUX) 
REF. 

READ 
SIGNAL 

PEAK 
DETECTED 

SIGNAL 
(INVERTED) 

DATA 
TRANSITION 

TIME 

o 
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Tape Format 

For IBM compatibility, tapes must be written in the 
proper format. This includes conventions on gap­
lengths and special marks on tape. These have been 
chosen to ensure compatibility with nine-track 800 
cpi NRZI on the same transport but with different 
electronics. 

PE Format Reguirement 

o 

a. Identification burst. A burst of recording 
in track 4 (Pchannel) only starting a mini­
mum of 1.7 inches before the load point 
marker and extending past load point, but 
ending at least O. 5 inchbefore the first data 
block. Used to identify PE tapes. 

b. Initial gap. A gap of at least 3 inches be­
tween the load point marker and the begin­
ning of the first data block. 

c. Preamble. A burst of 40 zero characters 
in each track followed by a character con­
taining ones in each track. 

d. Data. Nine tracks, channel aSSignments 
same as 800 cpi. 

o o o 

110-0112 1 o 100 1 o 1 1 o O~DATA 

NOTE: IF TAPE IS READ IN REVERSE DIRECTION. ONES AND 
ZEROS ARE INTERCHANGED. POLARITY REVERSAL IS REQUIRED. 

Figure 2. Phase Encoded Waveforms 
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WCLK - .... -----H 

110-0058 

Figure 3. 

EXCLUSIVE 
OR 

Write Amplifier Logic 

e. Postamble. An all ones character followed 
by 40 all zero characters. 

f. Interrecord gap. A gap O. 6 inch long nomi­
nal (0. 5 inch minimum, 25 feet maximum) 
erased in the reference direction. 

g. Tape marks. Tape marks are special con­
trol blocks used to identify portions of the 
tape. As opposed to NRZ1 format which 
has only one tape mark, there are eight 
possible marks in PE format. Tape mark 
blocks may be from 64 to 256 characters 
in length and are recorded in the format 
shown in Table 1. 

Reflective Strips 

Load point and end-of-tape reflective strips are 
attached to. the tape in the same poSitions and With 
thesa,me meaning as in NRZ1 recording. 

Check Character~ 

All PE tapes are written with odd vertical parity. 
There are no LRC or CRC characters in the PE sys­
tem. They are not needed since the location of the 
track in error can be easily detected through the 
coding system. 

Reading Phase Encoded Tapes 

Reading methods for PE tapes differ, naturally, from 
NRZ1 methods. Following is a general discussion 
of means employed to extract recorded information. 
More specific circuit descriptions will be found in 
instruction manuals for Kennedy Company PE units. 

IB-3\ 

Amplified head signal waveforms are shown in Fig­
ure 4 for a typical data block. Preamble and post­
amble are easily identified at the beginning and end 
of the block. Purpose of the preamble is to allow 
synchronization with the signal by a phase-locked 
oscillator before data begins. It is written at 3200 
frpi (all zeros). 

Because of tape and head response limitations, the 
high frequency components are of lower amplitude 
than the low frequency components. 

-, 
Differentiation of the amplified signal is performed 
in read electronics. Signal is then crossover de­
tected, and digitized. A ne", signal envelope detector 
is used to detect "dropouts" in order to precisely 
determine defective parts df tape. Up to three char­
acters may be lost at the beginning of the block and 
some noise can be seen at the end of the block (after 
the last zero) for up to two characters time. 

Two conditions should be met before signals are 
recognized as valid data: (a) Signals must be present 
in all tracks; (b) a number of zeros (approximately 
25) must be followed by an all ones character pre­
amble detected). 

Once detected, the preamble combination of all ones 
must be treated as a valid character. All zeros is 
not a valid character unless the single track dropout 
line is active. 

One phase-locked oscillator and associated electron­
ics is recommended for better tolerance to tape deck 

TRACK CHANNEL 2 3 4 5 6 _ 7* 8 

5 X X X - X 

2 7 X X X X X X X X 

3 3 

4 P X X X X 

5 2 X X X X X X X X 

6 

7 0 X X X X 

8 6 X X X X X X X X 

9 4 

dc erase d 110-0113 

x recorded at 320'0 frpi 

* most frequently used combination 

Table 1. Tape Mark Combinations 
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Figure 4. Read Signal 

speed variation and write data timing. Two detec­
tors, a one detector and a zero detector, are used 
to develop data. If, in the required time, neither 
detector has an output, a single track dropout is 
signaled and data correction ensues. 

Each read channel has three output lines: one, zero, 
clock. These three lines are fed to a four-stage 
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shift register controlled by an up-down counter. 
Upon entering the shift register, the 1 or 0 bit is 
shifted to the right to occupy the last open shift reg­
ister cell. As data characters are read out, the 
shift register contents are shifted to the right. This 
allows up to four characte.rs of skew. An error is 
posted if the skew register overflows. 

Since single track dropouts are detected on a per bit 
basis and since the track in error is known, the 
character in the SR output stage can be corrected. 
This is done by reconstructing the missing bit by 
placing the remaining bits in a parity generator and 
adjusting the missing bit so that odd parity is achieved. 
If more than one track drops out, a multiple track 
error condition is flagged. In this case correction 
is not possible. 

It can be seen from the preceding discussion that 
some complexity is required in the PE read elec­
tronics. If possible, it is deSirable to share read 
electronics among several tape units as in Kennedy 
System 9000. If a customer wishes to build his own 
PE electronics, licenses are available to 'use Ken­
nedy Company deSigns, thereby saving a considerable 
amount of engineering time. 



Warranty 

Kennedy Company products are warranted to be free from defects 
in materials and workmanship for a period of one year. 

Kennedy Company reserves the right to inspect any defective 
parts or material to determine damage and cause of failure. 

This warranty does not apply to any Kennedy equipment that 
has been subject to neglect, misuse, improper installation and main­
tenance, or accident. 

Liability under warranty is limited to no charge repair of defective 
units when equipment is shipped prepaid to factory or authorized 
service center after authorization from Kennedy Company to make 
such return. 

Kennedy Company is continually striving to provide improved 
performance, value and reliability in their products, and reserves 
the right to make these improvements without being obligated to 
retrofit delivered equipment. 

KENNEDY CO. 
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