
















































3.3 READ AMPLIFICATION STAGES 

The read signal output by the head is in the order of 2 
to 3 millivolts. It is·amplified by a preamplifier stage 
located on a mini PC board soldered directly to the 
head, eliminating any noise problems caused by wire 
leads. The preamp stage amplifies the read signal by 
a factor of 10 to 15, and the amplified signal is 
supplied to Read Amplifier type 6470, the lower of 
the two boards located below the Servo/Control 
board. 

The Read Amplifier. board amplifies the signal, peak 
detects, digitizes it and provides the Data Detect 
output. The Read Amplifier consists of nine identical 
channels; consequently only channel 3 will be 
described (see Read Amplifier type 6470, sheet 1 of 
3). The signal from the preamplifier is supplied to an 
amplifier stage, IC38, whose output at test point 3 is 
adjusted by potentiometer R6 to 4v peak to peak. 
FET switch Ql is used to adjust the gain for high and 
low speeds. At high speed the output of comparator 
IC2'3 swings to +15v, turning Ql on and reducing the 
output gain to compensate for the higher head output. 
The amplifier output is differentiated by the network 
consisting of C8 and R11 (also R12 in high speed) and 
supplied to zero crossover detector ICI2, providing 
�p�e�a�~� detection for the input signal. The output of the 
crossover detector is filtered by Schmitt trigger ICA 
and associated components, and is output to the PE 
Read board through connector Jl, provided that 
Channel 3 Data Detect is true. Data Detect is 
generated by supplying the amplifier stage output to 
a pair of IC27 comparators. One input of each 
comparator is tied to a clipping level, normally 1096 
of the signal level. �T�h�~� clipping levels prevent base 
line noise from being interpreted as data, generating 
Data Detect true only when the signal exceeds the 
clipping levels. 

3.4 PHASE ENCODED DATA RECOVERY 

3.4.1 INTRODUCTION 

The phase encoded data is located on PE Read type 
5326. Phase encoded data is read using a single phase 
locking oscillator, nine parallel read channels, and a 
read envelope detection network. The phase locking 
oscillator tracks one of the data channels and 
provides the nine read channels with the clock used to 
synchronize data decoding. The read channels, in 
addition to decoding the data, deskew the data, 
detect single track errors and perform single track 
error correction. The data envelope network 
monitors the number of valid channels, inhibiting data 
recovery unless eight of the nine channels contain 
valid data. These functions are described in the 
following paragraphs. 

3.4.2 PHASELOCK LOOP 

THE CONCEPT 

The phase lock loop generates the DATACLK, a clock 
at 32 times the input data rate, used to synchronize 
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the data recovery functions. This frequency is 
derived using a voltage controlled oscillator whose 
center frequency is 32 times the data rate. The 
oscillator output is divided by 32 and its phase is 
compared with the phase of a reference data channel 
(channel 2 or channel P) during the data and a crystal 
derived frequency during the gaps. The output of the 
phase comparator is supplied to an integrating 
operational amplifier that supplies a corrective 
voltage to the input of the VCO. If the reference 
channel and the VCO output are in phase, no change 
in the corrective voltage will occur at the VCO input. 
If the VCO output lags the input reference channel, 
the op amp will provide increased output voltage 
which will increase the �~�r�r�e�c�t�i�v�e� voltage to the VCO 
until the phase lag is corrected. Similarly, if the 
VCO output leads the input data, the operational 
amplifier will reduce the corrective voltage input to 
the VCO until the oscillator slows down enough to 
match the input reference phase. 

THE DETAILS 
(Reference 5326 schematic, sheet 4 of 6) 

Voltage Controlled Oscillator 
and Dividing Network 

The main component of the tracking oscillator is the 
voltage controlled multivibrator IC3. The multi­
vibrator center frequency is selected by capacitor C8 
to be 32 times the high speed data rate. The output 
of IC3 is routed through ECL-TTL conversion network 
including Q2, and through IC10 NOR gate. In high 
speed HIILO/ high passes the VCO output through 
ICI09-5 and ICI09-8 to become the DATACLK at 32 
times the high speed data rate. In low speed the VCO 
output is divided by 8 through ICI08 and is gated 
through IC109-3 by LOIHII high to become 
DATACLK at 32 times the low speed data rate. 
DATACLK is supplied to a dividing network 
consisting of D flip-flop IC14 and 4 bit counter IC7 in 
tandem. The frequency is divided by 2 to supply 
SCLK (16 x data), divided by 8 to supply RCLK (4 x 
data) and divided by 32 to supply the data rate 
frequency as one input to the phase comparator· at 
IC9-H. 

Reference Frequency Selector 

The reference input of the phase comparator accepts 
one of three reference frequencies, 2F/2, DETP/, or'· 
DET2/, depending on the status of the DATA DET and 
SLT2/lines. During the interrecord gap Data Detect 
DAT ADET, supplied from the control board at pin JI­
ll, is low, setting the B input of 4 to 1 multiplexed 
IC80 lOW, supplying the 2F frequency divided by 2 to 
the phase comparator. 

When DATADET is true, indicating that read data is 
detected, SLT2/ line selects between DET2/ or 
DETP/, as the reference frequency. SLT2/ is 
generated by a flip-flop IC37. When DROP P and 
DROP 2, supplied from the channel P and channel 2 
read channels, are both false, indicating neither 
channel has been dropped, SLT2/ will be lOW, 



selecting channel 2 as the reference channel to the 
phase comparator. SLT2/ will go high omy if channel 
2 has been dropped and channel P is valid, in which 
case SLT2/ high will select channel P as the 
reference channel input to the phase comparator. 

The Phase Comparator 

The phase comparator consists of 2 D nip-flops on 
IC9, and associated gating. The reference frequency, 
usually DET2/ during the data block, is supplied to 
the clock input of the upper ICg flip-flop. The output 
of the YCO is divided by 32 and supplied to the clock 
input of the lower IC9 nip-flop. If the YCO output 
frequency and the reference channel are in phase, 
both flip-flops are toggled to the set state 
simultaneously and are immediately reset following a 
propagation delay by NAND gate IC8-S. 

When both flip-flops are reset, the Q output of the 
upper flip-flop sets the output of NAND gate IC8-3 
high, the Q output of the lower flip-flop sets the 
output of IC8-8 low. Consequently the voltage 
divider network including resistors R3, R5, R6 and R4 
provides about S volts at the summing point of the 
operational amplifier IC2. The noninverting input is 
supplied with 6.1 volts by the dividing network 
including R7, Rll and R12. In this case the output of 
the op amp supplies minimum current to summing 
transistor Ql and no correction voltage change occurs 
across load resistors R14 and Rll. 

When the phase of the YCO output leads that of the 
reference channel, the lower IC9 flip-flop is set first, 
causing the output of nand gate Ica to swing high for 
the duration of the phase delay, supplying 12 volts 
across the resistors at the inverting input of the op 
amp. This increases the positive feedback current of 
the op amp and reduces the output current to 
summing transistor Q1. As a result, the corrective 
voltage of the YCO is reduced until the output 
frequency slows down sufficiently for the phases to 
match. When the YCO output lags the reference 
channel, the upper D nip-flop will be set first and the 
output of NAND gates IC8-3, ICa-8 will be grounded 
for the duration of the phase delay. This will produce 
a negative feedback current, increasing the positive 
output current to summing transistor Q1. As a result 
the corrective voltage to the VCO will be increased 
until the YCO frequency speeds up sufficiently for 
the phases to match. 

3.4.3 DROPOUT RESYNCHRONIZATION 

THE CONCEPT 

Either channel P or channel 2 are used as the 
reference channels for the tracking oscillator. Should 
a dropout occur in the reference channel, tracking is 
automatically switched to the alternate channel. 
Since a phase difference may exist between the 
tracking channel and its alternate due to skew, there 
may be a gap during the switching which could be 
interpreted by the phase comparator as a drastic slow 
down or speed up of data, and synchronization could 
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be lost during the attempted correction. This. 
condition is averted by a detection network t~! 
preloads the data counter during the switchover in 
reference channels, maintaining synchronization of 
tracking. 

THE DETAILS 
(reference schematic 5326, sheet 4 of 6) 

DROP P and DROP 2 are connected to a flip-flop 
consisting of two segments of IC37. Normally, when 
both channels are read properly, the flip-flop output 
at IC37-10 would be low, generating SLT2/ true. 
SLT2/, supplied to multiplexer IC18, causes channel 2 
data to be input to the tracking oscillator network. 
When a dropout occurs on channel 2, DROP 2 high 
clears flip-flop IC37 generating SLT2/ high. For one 
DATACLK period the inputs to exclusive OR gate 
IC11 would be ~pposite in polarity, generating a 
positive pulse. This pUlse, indicating a switch over in 
tracking channels, clocks J-K flip-flop ICI9 to the set 
state. The Q/ output of the flip-flop preloads the 
tracking oscillator dividing network (IC7, ICI4) to 
maximum count minus one. The switchover pulse 
output by IC17-11 is also gated through IC5-8, ICl09-
11 (provided LOCK/ is false) and clears the phase­
comparator flip-flops IC9, preventing excessive 
correction voltage from drastically altering the 
tracking osciL.ator frequency. 

3.4.4 DATA DECODING, DESKEWING 
AND SINGLE TRACK ERROR 
DETECTION 

Read data from the transport read amplifiers is 
supplied to nine parallel decoding channels, each 
consisting of a latch, a ROM, and a state counter. 
Using the counter outputs, the ROM distinguishes 
between data transitions and interphase transitions, 
and determines whether the data transitions occur 
within the required time frame. The ROM supplies 
three latched outputs: Shift In <SI), Error in Channel 
(EIN), and Transition Detect (TDET). SI is used to 
shift the data and ElN into the deskew register. EIN 
is also supplied to plurality check circuitry used to 
generate the data envelope. TDET is used to reset 
the state counter after each data transition. 

The deskew register of each channel consists of a 
First In First Out (FIFO) register and associated 
logic. Data from the decoding latch and EIN, the 
latched error indication from the ROM, are entered 
into the parallel input of the deskew register each 
time the ROM supplies SI true. SI is generated only 
for actual data transitions, not for interphase 
transitions. When a data bit is shifted into the input 
of the deskew register, it bubbles to the register 
output. At the beginning of the preamble data is 
stored at the output of the deskew registers until all 
channels have a character at the output of the 
respective registers. At this point the Output Ready 
(OR) signals of all nine deskew registers become true 
and a Read Clock pulse (RDCLK) is generated to shift 
the data out of the registers. The all 1 character at 
the end of the preamble is used to align the data. 



This is accomplished by delaying the Shift Out pulse 
of a channel that contains a 1 bit at the deskew 
register output until all channels contain a 1 bit at 
their outputs. At this time Shift Out is generated to 
shift the deskewed data of all nine channels to eight 
bit delay registers, used for postamble recognition. 
After eight clock periods the data is output to the 
interface, accompanied by a Read Data Strobe. 

THE DETAILS 
(schematic 5326 sheet 6 of 6) 

Read Decoding and Error Detection 

Since the nine decoding and deskewing networks are 
practically identical, only channel P will be described 
in detail. It will remain to the reader to translate IC 
reference numbers to the particular channel 
examined. 

The PE decoding network consists of a hex D flip-flop 
latch (IC28), a ROM (lC29) and a six bit counter 
(lC30, IC3l). Channel P read data is supplied from 
the read amplifiers at pin Jl-12, is inverted (twice in 
read reverse mode) and is supplied to one latch input. 
One DATACLK pulse later (DATACLK is 32 x data 
rate) the read data is supplied to a ROM address input 
and is supplied to another latch input. The second 
latch supplies the data to another ROM address 
following a 1 DATACLK delay. The outputs of the 
two latches will be in the same state when no 
transition has occurred, and will be in the opposite 
state for 1 DATACLK period following each 
transition. The counter, also clocked by DATACLK, 
supplies the ROM with the count reference necessary 
to idenUfy the time of occurrence of each data 
transition. This is accomplished by dividing each 
character frame into six states. Five states are a 
quarter of a character frame wide, and the sixth is 
one DATACLK period wide. When a transition 
occurs, the ROM identifies the transition as either 
valid data, an interphase transition, or an error 
transition, according to the time of its occur.rence. 
Interphase transitions occur in states 2 and 3, 
between 25% or 75% of the character frame. Error 
transitions are defined as transitions 'occurring too 
early (during state one, within 25% of a character 
frame since the last data transition), . or too late 
(when no transition has occurred within 125% of a 
character frame since the last data transition). Valid 
data transitions occur in state 4 and 5, between 75% 
and 125% of the frame. Another ROM input is the 
LOCK signal. LOCK stays true during gaps and 
during the initial portion of the preamble and goes 
false once eight valid preamble characters have been 
detected. During LOCK true the ROM identifies only 
zeros (negative going transitions) as data, and ones as 
interphase transitions. Thus the ROM locks into the 
data during LOCK true. During LOCK true no data is 
shifted into the deskew shift registers. The ROM 
provides three latched outputs: 

a. Transition Detected TDET, used to reset the 
counter to count one following each data 
transition •. 
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b. Error in Channel EIN, generated when an error 
has been detected. 

c. Shift In SI, generated when a data character 
and a possible error indication are to be 
shifted into the deskew shift register. 

Note that Transition Detected is used only to reset 
the counter after each data transition (not after 
interphase transitions). The latched ROM error 
output EIN is supplied from all chaMels to plurality 
detection circuitry that develops the data envelope. 

The Deskew Register 

The deskew register of channel P consists of FIFO 
IC32 and related logic. When the ROM generates a 
Shift In SI input, the read data from the decoding 
latch and a possible error indication ElN are shifted 
in parallel into the first register location. Once a bit 
is input into the register it will bubble to the output 
of the register and remain there until it is shifted out 
by a Shift Out SO signal from deskew control flip-flop 
IC33-5. When a data bit is present at the output of 
the FIFO, its Output Ready (OR) signal will become 
true. OR buffered by IC34-12 is supplied as Ready 
RDY. The RDY outputs of all nine FIFOs are wire 
ANDed, and consequently will stay low until all 
channels contain data at the output of their shift 
registers. When data is available on all chaMels, 
RDY will become true and a Read Clock (RDCLK) 
pulse will be generated. RDCLK will toggle the 
deskew control flip-flop of each channel 
simultaneously, shifting the data bit from the output 
of the deskew register. Actual data deskewing is 
accomplished by using the all 1 character at the end 
of the preamble. When channel P, for instance, 
detects its first 1 bit, the output of NAND gate IC45-
12 will go low, inhibiting any RDCLK pulses from 
toggling the deskew control flip-flop IC33-5. The 1 
bit will be stored at the output of the deskew shift 
register until the outputs of all nine channels contain 
1 bits. At this time ENSYNC signal will go low, 
setting the output of NAND gate IC45-12 high again,. 
and allowing the deskew control flip-flop to generate 
a Shift Out signal on the next RDCLK pulse. The 
deskewed data will then be shifted simultaneously 
from the FIFO outputs. 

Data from the Q2 output of the FIFO is supplied to 
the D input of data flip-flop IC33-12. A zero bit will 
cause the flip-flop to toggle to the clear state, a 1 bit 
will cause the flip-flop to toggle to the set state 
whenever a Shift Out SO is generated by the deskew 
control flip-flop. The Q output of the flip-flop 
supplies the data to the delay register described 
below. It is also buffered by IC34-8 and is supplied as 
Detect 1 DET!. The QI output of the flip-flop is 
buffered and supplied as Detect 0 DETO. The DET1 
outputs of all deskew registers are wire ANDed, as 
are the DETO of all deskew registers. These signals 
are used in detecting the preamble and postambles. 

When an erroneous data character is shifted to the 
output of the deskew shift register, the QO output of 



the register goes high, is inverted by IC44-10 and sets 
both the Q and Q/ outputs of data nip-flop IC33-9 
high. This is done to prevent a single track error 
from disrupting the synchronization process. 

The Delay Register 

The delay register. of channel P consists of 8 bit shitt 
register IC35. Data is input into the register from 
the Q output of data nip-flop IC33, and is clocked 
through by Read Clock RDCLK. The inverted data is 
output to the interface after eight clock counts at pin 
J3-10. Since the data supplied to the interface is 
delayed by eight count, it is also necessary to delay 
the Read Data Strobe by a similar count. This delay 
is provided to allow the postamble detection network 
sufficient time to recognize the postamble. 

3.4.5 DATA READY GENERATION 

THE CONCEPT 

Data ready DRDY and Clear Data Ready CLRDRDY 
define the beginning and the end of actual read data, 
distinguishing the read data from the preamble and 
postamble. Data Ready DRDY goes true following 
the all I character at the end of the preamble, 
staying true until Read Enable RDEN goes low at the 
end of the block. Clear Data Ready CLRDRDY goes 
true after the detection of the all I character at the 
beginning of the postamble, and remains true until 
RDEN goes low. Data Ready DRDY true enables 
Read Strobe generation. The Read Strobe is 
terminated when Clear· Data Ready CLRDRDY goes 
true. Consequently the Read Strobe is generated 
during valid data only and is inhibited during the 
preamble and the postamble. Enable Sync ENSYNC is 
another signal generated by the same network. 
ENSYNC goes true after eight preamble zeros have 
been detected and goes low on the all I character at 
the end of the preamble. ENSYNC is supplied to the 
deskew register network where it is used to delay the 
data at the output of the deskew registers until all 
channels contain a 1 bit at their outputs. 

THE DETAILS 
(reference sheet 6 of 6) 

During the preamble of 40 zeros XDETO, the wire 
ANDed DETO outputs of all the read stages, goes 
high. XDETO is supplied to the input of eight bit shift 
register IC64, used as a zero counter. The counter is 
clocked by Read Clock RDCLK at the data rate and 
is reset each time XDETO goes low, indicating a non 
zero character. After eight consecutive preamble 
zeros are read, the QH output of the zero counter 
IC64 will go high. QH high will activate NAND gate 
IC55-8 and set nip-flops IC36-4 and IC36-7. The 
latter flip-flop will generate ENSYNC high. Flip-flop 
IC36-4 will enable one input of NAND gate IC55-2. 
The gate will be activated when DETI goes high 
during the all I character at the end of the preamble. 
The low output of this gate will reset ENSYNC low 
and will set flip-flop IC36-13, generating Data Ready 
DRDY true. Thus DRDY goes true after the last 
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character of the preamble. DRDY true enables Read 
Strobe Delay counter IC35 initiating Read Strobe 
generation. DRDY will go false when Read Enable 
RDEN goes low at the end of the block. 

The all 1 character marking the beginning of the 
postamble will generate DETI true, activating OR 
gate IC46-8 and resetting zero counter IC64. The 
postamble zeros will then generate DETO true and the 
zero counter will start counting. When seven 
consecutive postamble zeros have been counted the 
QG output ot the zero counter will go high and NAND 
gate IC55-6 will be activated, setting nip-flop IC36-
9. The Q output of the t1ip-flop will then generate 
Clear Data Ready CLRDRDY true. CLRDRDY is 
inverted and resets flip-flop IC21-13, which clears 
the Read Strobe timing counter IC20, inhibiting the 
Read Data Strobe. 

3.4.6 READ CLOCK, READ STROBE GENERATION 

THE CONCEPT 

Read Clock RDCLK is the internal read clock 
supplied to the deskew and delay registers to shift out 
the data. It is also used in the preamble detection 
and error detection networks. A RDCLK pulse is 
generated each time a bit is available at the output 
of the nine deskew registers, indicated by RDY true. 

Read Strobe RSTR is the read clock supplied to the 
interface. In essence it is a modified version of 
RDCLK. RSTR is delayed eight character counts to 
match the data delay. Its duration is precisely 
determined by a timing register according to tape 
speed, and it is suppressed during the preamble and 
the postamble. 

THE DETAILS 
<Schematic 5326, sheet 6 of 6) 

RDY, the wire ANDed Output Ready Indications of 
the nine deskew registers, goes true whenever a byte 
is ready to be shifted out. RDY is gated through 
AND gate IC46-11, clocked through IC47-IS by 
DATACLK (32 x data rate) and presented to the J 
input of flip-flop ICI9-I. This flip-flop is clocked by 
RCLK, a frequency at four times the data rate, 
supplied by the tracking oscillator network. Each 
time RDY goes true IC19 flip-flop is set by the next 
RCLK. The nip-flop is cleared by the following 
RCLK and remains cleared until RDY goes true 
again. Thus the flip-flop provides a pulse a quarter of 
a character in duration each time a byte is ready to 
be shifted out of the skew registers. The QI output 
of the flip-flop is inverted by IC13-11 and is supplied 
as RDCLK to the internal read circuits, to shift data 
out of the skew and delay registers of each channel. 

Shift register IC35, in conjunction with flip-flop IC21, 
is used to provide an eight character delay for 
RDCLK to match the data delay. The register is 
enabled by DRDY true at the beginning of valid data 
(not preamble). After the eight count delay flip-flop 
IC21 presents a high input to shift register IC20, used 



to determine read strobe duration. IC20 is clocked by 
SCLK, a crystal derived frequency at 16 x the data 
rate. Three SCLK pulses after IC20 is enabled its QC 
output goes high, initiating RSTR at output pin J3-8. 
In low speed operation RSTR is terminated after two 
SCLK pulses by QE high, which clears flip-flop IC21-
13, which in turn clears IC20. The resultant RSTR 
pulses are approximately 6 usec long. In high speed 
operation RSTR terminates after five pulses (QH 
going high), generating RSTR approximately 1.8 usec 
long. CLRDRDY/ resets flip-flop IC2I-13 through 
NOR gate IC24-12 when the postamble is detected, 
inhibiting RSTR/. CLRDY / also inhibits RSTR when 
a file mark is detected. 

3.4.7 HARD AND CORRECTABLE ERROR 
DETECTION AND FILE MARK DETECTION 

THE CONCEPT 

The error indications output by the read stage ROMs, 
EINP through EIN7, are supplied to a plurality 
network that determines, in case of an error, whether 
it is a single track error or a multiple track error. If 
it is a single track error, the output of a parity 
generator is supplied as Parity Correct PARCOR to 
the erroneous channel, to be substituted for the 
erroneous data, and a Correctable Error CER 
indication is supplied to the interface. If it is a 
multiple channel error, Hard Error HER is supplied to 
the interface, and the error cannot be corrected. 

The output of the 'plurality network is also used to 
generate the LOCK signal. LOCK is set true at the 
beginning of a read operation, allowing the read 
channels to lock onto data transitions at the 
beginning of the preamble. After eight valid 
preamble characters have been detected, as indicated 
by the plurality network, LOCK is reset, since 
synchronization with data transitions has been 
established. 

The plurality network is also used to detect the file 
mark. The file mark is detected when channels 2, 6 
and 7 contain zeros while the remaining channels are 
quiescent. 

THE DETAILS 
(reference sheet 4 of 6) 

The error indication outputs of each read stage are 
supplied to a plurality network consisting of ROM 
IC22 and associated gating. EINO, EIN1 and EIN3 
through 7 are supplied to the ROM inputs. EINP and 
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EIN2 are supplied to a gating network which 
complements the ROM functions. If a maximum of 
one error is detected, the output of NOR gate leS-6 
goes high, indicating that at least eight channels are 
valid, thus signifying the beginning of the data 
envelope. This enables LOCK counter IC6. The 
counter is clocked by the data rate frequency 
supplied from the tracking oscillator network. After 
eight valid characters are detected, the QH output of 
the counter goes high and sets the flip-flop consisting 
of the two ICI5 NOR gates, generating LOCK false. 
No error indications are generated until LOCK goes 
false, since LOCK false defines the completion of 
data synchronization. LOCK/ is supplied to one input 
of NAND gate IC24-6. The gate is activated during 
the block when the plurality network indicates a 
multiple channel error, setting the output of NOR 
gate IC5-6 low. The output of IC5-6 is inverted by 
IC56-8 and activates IC24-6, generating Hard Error 
HERR true. HERR true is one source of the hard 
error indication. It is gated through OR gate IC4-11 
and inverter IC26-3 to supply HER true to the 
interface at pin J3-S. Another source of hard errors 
is supplied from parity check IC23 when even parity 
is detected. In that case the output of IC23-5 goes 
high and is clocked through counter IC25. Following 
an eight character delay, matching the output data 
delay, the 1Q7 output of the counter goes high to 
activate OR gate IC4-11, again supplying HER true to 
the interface. When the plurality circuitry detects an 
error and HERR is false, indicating that only one 
channel is in error, NAND gate IC15-13 is activated, 
its output going high. The output of the gate is 
supplied to delay counter IC25, forcing the 1Q7 
output of the counter low (disabling the hard error 
indication). Following an eight character count the 
2Q7 output of the counter goes high, supplying· a 
Correctable Error CER indication to the interface at 
pin J3-4. During a correctable error the output of 
parity tree IC23 is inverted by IC13-3 and is supplied 
as Parity Correct PARCOR to the read stage of the 
erroneous channel, replacing the wrong data of 
channel with parity derived from the other eight 
channels. 

A file mark is detected when a burst of zeros is read 
on channels 2, 6 and 7 and no data is recorded on the 
other channels. In this case the IC22-11 output of the 
plurality ROM goes high. This output activates AND 
gate IC24-8 if DETO is true, DETI is false, indicating 
that only zeros are being read on channels 2, 6 and 7. 
The output of IC24-8 then goes high, activating 
ICllO-3 in low speed, ICllO-6 in high speed, to supply 
FMRDET true to the interface at J3-2, and FMKPE 
true at J2-15 to the microprocessor. 
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SECTION IV 

MAINTENANCE INSTRUCTIONS 

4.1 GENERAL 

Kennedy Company tape transports are highly reliable 
precision instruments that will provide years of 
trouble-free performance when properly maintained. 
A planned program of routine inspection and 
maintenance 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 electrical adjustments are preset at the Cactory 
and should not require readjustment except after long 
periods of use. 

4.2 PREVENTIVE MAINTENANCE 

To assure continuing trouble-Cree operation a 
preventive maintenance schedule should be kept. The 
items involved are few and simple but. very important 
to proper tape transport operation. The frequency of 
performance will vary somewhat with the 
envirrnment 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 
obvious misadjustment. If items in the tape path 
show evidence of dirt or oxide accumulation, clean 
thoroughly. 

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 malfunction. 

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 mild organic solvent and a swab. Q 
tips are convenient for this but must be used with 
caution. Be sure the wooden portion does not contact 
head surfaces. Access to the head is gained by lifting 
the head shield, as shown in figure 4-1. 

An ideal solvent is 1.1.1 trichlorothane contained in 
the Kennedy K21 maintenance kit. However, others, 
such as isopropyl alcohol, will do. 

4-1 

DO NOT USE 

acetone or lacquer 
aerosol spray cans 

rubbing alcohol 

Do not use an excess of any solvent, and be extremely 
careful not to allow solvent to penetrate ball bearings 
of tension rollers, capstan, 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: 

tension roller 
tape guides 

capstan roller 

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

4.2.2.3 Other Cleaning 

Use a vacuum cleaner to remove accumulations of 
dust inside the dust cover or elsewhere in the unit. 
Compressed air may be used if caution is exercised to 
avoid blowing dirt into bearings. Antistatic cleaners 
are available for cleaning the plexiglass dust cover 
window. 
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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 
adjustment will be manifest if malfunction occurs. 
Under normal circumstances adjustment will be more 
likely to cause trouble ~han 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 

The ceramic coated head used in Kennedy Company 
machines should last the lifetime of the machine. It 
should not require replacement under normal 
operating conditions. Head wear is generally 
indicated by an· increase in error rate. Confirmation 
is a sizable increase in output voltage as, measured at 
the read amplifier. 

4.5.2 GUIDE WEAR 

Guides wear principally at the point of contact with 
the front guide surface. Since guides are 
symmetrical it is only necessary to loosen the guide 
mounting screw, rotate the guide, and tighten to 
present an unworn surface to the tape. 

4.5.3 REEL HUB WEAR 

Quick release hubs are adjustable to assure a firm 
clamping action. They are designed to make it 
impossible to mount a reel in a wrong or cocked 
position. If the locking action should become weak, 
the hub may be adjusted as described in paragraph 
4.12. 0 ring clamps used in the hub may tend to hang 
up after long periods of use. This can be corr~cted as 
follows. 

a. Remove 0 ring from hub. 

b. Clean thoroughly with mild solvent. 

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

d. Snap 0 ring back in place. 
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4.8 PERIODIC INSPECTION 

At regular intervals, approximately every two 
months, it is advisable to make a more thorough 
check of machine operating parameters. This will 
ensure that no progressive degradation will go 
unnoticed. 

The Test Mode, accessed through the main control 
panel, facilitates these checks, allowing control of 
tape motion off line. Using the Test Mode or other 
appropriate means, check the following periodically: 

DAC calibration 
optical encoder phase 

tension sensor calibration 
read level 

skew 

Procedures for checking these and other items are 
given in this section, and a suggested sequence of 
adjustments is shown in table 4-1. 

4.7 TEST MODE 

In the Test Mode the Model 6809 can be tested and 
exercised while off line, saving valuable computer 
time and facilitating any adjustment or test 
procedure required. The Test Mode is accessed 
through the multipurpose, main control panel. Note 
that in the Test Mode only the RED pushbutton 
designations on the control panel apply. Two 
functions are available in the Test Mode: CALDAC, 
the DAC calibration function used while adjusting the 
servo controlling D/ A converters, and the RUN 
function, used to exercise the tape deck in high or 
low speeds, in forward or reverse directions. To 
enter the Test Mode perform. the following steps: 

a. To enter Test Mode thread the tape and press 
pushbutton A. TEST MODE indicator will start 
blinking. 

b. To enter RUN mode press pushbutton A again. 
Tape will advance to load point and stop. The 
desired test may then be selected as tabula ted 
below: 

TEST 

Low speed forward 

Low speed reverse 

High speed forward 

High speed reverse 

PUSHBUTrON 
SEQUENCE 

AC 

AA 

CC 

CA 



UNKNOWN 
MACHINE 

l 
DAC 

CALIBRATION 
Paragraph 4.8 , 

TENSION SENSOR PCB 
ADJUSTMENT ,4,' 

OPTICAL ENCODER 
ADJUSTMENT 
Paragraph 4.10 

• 

.. TENSION SPRING 
ADJUSTMENT 
Paragraph 4.11 , 

TAPE PATH 
ALIGNMENT 

Paragraph 4.13 , 
READ LEVEL 
ADJUSTMENT 
Paragraph 4.14 

J 
READ SKEW 

ADJUSTMENT 
Paragraph 4.15 
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Table 4-1 
A1justment Sequence 

Pressing pushbutton D once will terminate the 
sel~cted test and exit the RUN mode. To 
select another test press pushbutton A to 
reenter RUN, then the pushbutton sequence 
tabulated above. Pressing pushbutton D twi~ 
will exit the Test Mode. The transport will 
respond by performing a load sequence and will 
then be ready to perform normal streaming 
operations. 

c. To enter CALDAC enter Test Mode as 
described in step a and press pushbutton C. To 
load tape following CALDAC press the LOAD 
pushbutton. 

4.8 DIGITAL TO ANALOG CONVERTER 
ADJUSTMENT PROCEDURE 

Three D/ A converters are used in the Model 6809 to 
convert the microprocessor output to servo driving 
signals. Should any misfunction occur in the servo 
system, follow the adjustment procedure outlined 
below. 

Required equipment: digital voltmeter 

a. Enter the CALDAC mode by first entering the 
Test Mode (see paragraph 4.7) then pressing 
pushbutton C (red letter designation). 

b. Using the digital voltmeter, monitor pin 18 of 
each DAC (ICs 58, 72, and 86, type NE5018) 
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and adjust its associated potentiometer (R100, 
R90, R98, respectively) until the output 
voltage measures +10v. 

Co. Exit the CALDAC mode by pressing 
pushbutton D. 

4.9 .TENSION SENSOR 
ADJUSTMENT PROCEDURE 

The tape tension sensing electronics are located on 
Tape Tension Sensor PC board Type 5764, the small 
PC board bearing the servo damper. Should the 
tension arm not be centered during tape motion, or 
should it bottom out during the ramps, perform the 
following adjustment procedures on the Tape Tension 
Sensor. 

Required equipment: voltmeter 

a. Adjust tension assembly mounting bracket so 
that, with the piston in the extreme extended 
position, approximately 1/32" of the piston 
overlaps the copper wrap on the glass tube. 

b. With the power ON, but with tape not 
threaded, connect voltmeter to test point A of 
Position Sensor Type 5764. 

c. Adjust potentiometer R9 so that the voltage 
output at TPA measures Ov when the tension 
arm is centered in its arc. 
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Figure 4-2. 

Capstan Assembly 
4.10 OPTICAL ENCODER ADJUSTMENT 

The optical encoder provides the microprocessor with 
tape speed information. The encoding is 
accomplished by photo-transistors located on two 
small PC boards mounted on either side of the 
capstan assembly, as shown in figure 4-2. To adjust 
the encoder eircuitry follow the procedure outlined 
below. 

Required equipment: oscilloscope 

a. Set the oscilloscope to 0.5 ms time base, 
2v/division for both channels 1 and 2. 

b. Initiate slow forward tape motion. 

c. Adjust potentiometers R145 and R146 on 
Servo/Control Type 5426 PC board so that the 
waveforms at IC113-14 and IC1l3-8 measure 
7.4v peak-to-peak on the oscilloscope. 

d. Connect channel 1 probe to TPll and channel 
2 to TP12 on the Servo/Control board. 

e. Loosen the retaining screws of the adjustable 
optical encoder PC board, shown in figure 4-2. 
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TP11 
Ch ...... ,1 

Figure 4-3. 

Optical Encoder Output 

f. Movl the ldjustable PC board in the vertical 
direction until quadrature is obtained (90 
degree phase shift in the squarewave) between 
channels 1 and 2, as shown in figure 4-3. 
Retighten the PC board retaining screws. 
Verify that flip-nop IC112-9 output is LOW 
during FORWARD tape motion, HIGH in 
REVERSE tape motion. 

4.11 TENSION ARM SPRING 
ADJUSTMENT PROCEDURE 
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1. Remove the nut securing dashpot cylinder to 
tension arm, as shown in figure 4-4. Loosen and 
remove Tape Tension PC board retaining screws, 

. then remove entire tape tension sensing assembly, 
slipping the dashpot cylinder rod block off the 
tension arm shaft. Once the assembly is removed 
do not separate the cylinder from its glass tube, 
as each cylinder is made for a particular tube. 

2. Load a full reel of tape onto the supply reel, and 
attach an 8 oz weight to the end of the tape. 
N ext, place the tape over the tension arm roller, 
letting the weight hang a few inches below the 
roller, as shown in figure 4-5. 

3. Loosen the spring locknut, shown in figure 4-4, 
and rotate the adjustment nut, shown in the same 
figure, until tension arm is centered in its arc. 
Make sure that the arm is not restrained by tape 
friction from moving freely by tapping lightly on 
the arm to loosen it; 

4. Once the arm is centered in its arc tighten 
locknut securely. 
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FIgure 4-4. 

TensIon Assembly 
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FIgure 4-5. 

SprIng AdJustment Set-up 

5. Replace tension sensing assembly by slipping 
dashpot cylinder block over the tension arm shaft 
and securing it with the truarc, then replace the 
PC board retaining screws. Do not tighten 
retaining screws initially, but swing tension arm 
back and forth in its arc, allowing the assembly to 
self-align. Ascertain that tension arm is stopped 
at the end of its swing without touching the 
dashpot glass tube. Adjust the tension assembly 
mounting bracket so that with the piston fully 
extended, approximately 1/32" of the piston 
overlaps the copper wrap of the tube. Secure 
retaining screws. 

NOTE 

This adjustment is designed to compensate for 
minor variations in spring tension only. 
Significant changes in spring tension, caused by 
prolonged wear, require the replacement of the 
spring. 

4.12 HUB ALIGNMENT 

4.12.1 HUB 0 RING ADJUSTMENT 

Object: to lock tape reel firmly to the hub. 

If the tape reel is loose with hub locked, checy. the 
condition of the neoprene 0 ring. 
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This 0 ring expands when the locking latch is 
depressed to secure reel to hub. If the 0 ring is not 
worn, but the reel won't seat firmly: 

a. Loosen hub setscrew (see- figure 4-6) until the 
inner hub rotates freely. 

b. With the hub latch up, rotate inner hub 
clockwise while restraining the outer hub. 
This will exert more pressure on the 0 ring 
when the latch is depressed. 

c. Place reel on hub and lock latch to determine 
whether more or less tightening is required. 

NOTE 

There are several holes in the bottom of the 
outer hub to accommodate the hub setscrew. 
Therefore, after adjustment is corrected, the 
hub must be turned slightly until the setscrew 
fits into one of these holes. 

d. After the correct setting is found, retighten 
the hub setscrew. 

4.12.2 0 RING REPLACEMENT 

a. Loosen setscrew until inner hub turns freely. 

b. Unscrew inner hub from hub assembly. 
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Hub A •• embly 

c. Replace worn 0 ring with new 0 ring (Kennedy 
PN 125-0030-006). Prior to installing the new 
o ring, lubricate the ring with silicon grease 
and wipe, leaving a light lubricating film. 

d. Replace inner hub and readjust 0 ring pressure 
according to paragraph 4.12.1. 

4.13 TAPE PATH ALIGNMENT PROCEDURE 

4.13.1 REEL CLEARANCE ADJUSTMENT/ 
HUB REPLACEMENT 

Object: To maintain the proper tape path across the 
top of the hub reel mounting flange and the unpainted 
area on the deck plate (see figure 4-7). This 
measurement should be made with a vernier caliper. 
A special shim kit, Kennedy PN 198-0100-001 is 
available for spacing the hub assembly properly. To 
adjust the hub to deck distance, follow the procedure 
outlined below. 

a. Loosen hub setscrew (see figure 4-6) and 
unscrew inner hub. 

b. Insert special spanner wrench (Kennedy PN 
154-0042-001) into setscrew holes to stabilize 
hub. Then remove the hub mounting nut with a 
socket wrench. Slide remaining portion of the 
hub assembly off the motor shaft. 
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c. Add or remove shims as required to obtain 
0.325 inch distance from reel flange to the 
unpainted portion of the deck plate. 

d. Reassemble hub assembly. Tighten nut to 
20+/-5 in./lb torque. 

4.13.2 TENSION AND CAPSTAN ROLLERS 
ALIGNMENT PROCEDURE 

The tape path is adjusted in the factory anu unless 
there is a very good reason to suspect that it is 
misaligned, the factory adjustment should not be 

--
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altered. It is recommended that the entire 
adjustment procedure be read carefully before any 
adjustments are attempted. 

a. Prior to adjusting the tape path, check the 
tension arm spring setting,' as described in 
paragraph 4.11. 

b. Adjust both the tension and capstan rollers to 
be perpendicular to the deck plate using a 
machinist's block or a square. The tension 
roller is adjusted using an Allen wrench by 
rotating the vertical and horizontal adjustment 
screws accessible from the front of the deck, 
as shown in figure 4-2. 

c. Loaq a reel of scratch tape and enter the Test 
Mode, as described in paragraph 4.7. Initiate 
slow forward tape motion. 

d. Adjust the tape to deck distance using a tape 
height gauge (included in a K21 maintenance 
kit). The tension roller height is adjusted by 
loosening the roller retaining set screw (shown 
in figure 4-4) and then pulling or pushing the 
loosened roller until the tape barely touches 
the tape gauge. The capstan roller distance is 
adjusted by rotating all 3 adjustment screws 
equally. 

e. Both the tension and capstan rollers may 
require further angular adjustment so that the 
tape rides in the center of both rollers without 
touching the flanges. Note that when 
adjusting tape path during FORWARD tape 
motion the HORIZONTAI,. adjustment of the 
TENSION roller, and the VERTICAL 
adjustment of the CAPSTAN roller have the 
greatest influence on tape path. 

f. Once the tape path is adjusted in the forward 
direction load the remaining tape onto the 
takeup reel using the high speed forward 
comman~ to achieve even tape packing. 

g. Initiate slow speed reverse tape motion and 
adjust the angular roller orientation as 
necessary to center the tape in the rollers. 
Note that during REVERSE tape motion the 
VERTICAL adjustment of the TENSION roller 
and the HORIZONTAL adjustment of the 
CAPSTAN roller have the greatest influence 
on the tape path. 

h. Recheck tape height and adjust as necessary, 
as described in step d. 

i. The adjustment of the rollers in one direction 
will influence the adjustment in the opposite 
direction ot tape motion. Consequently steps 
e through --h may need to be repttated with 
increasing delicacy until proper tracking is 
achieved. 
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NOTE 

When the tape path is properly aligned 
depressing the spring loaded side ot the tape 
guides near the head would cause the tape to 
follow slightly in that direction. 

4.14 READ GAIN ADJUSTMENT 

This adjustment sets the gain of the read 
preamplifiers. Excessive gain would introduce noise 
while insufficient gain would cause an increase in 
dropouts. To set the correct gain levels follow the 
procedure outlined below. 

Required equipment: oscilloscope 
small screwdriver 

a. Access to the read preamplifier adjusting 
components is gained by removing the 
retaining screws of the Servo/Control board, 
swinging it open and removing the shield 
located on the lower portion of Read Amplifier 
type 6470. 

b. Mount a reel of tape previously recorded with 
an all l's pattern and initiate forward motion 
at 12.5 ips. If using the Test Mode to initiate 
tape motion follow the instructions given in 
paragraph 4.7. 

c. Attach the oscilloscope probe to the test point 
of one channel and adjust the associated 
potentiometer until the voltage output 
measures 4v peak to peak. The channels and 
their r.espective test points and potentiometers 
are tabulated below. 

Channel Test Point Potentiometer 

0 0 R151 
1 1 R133 
2 2 R97 
3 3 R5 
4 4 R79 
5 5 R25 
6 6 R61 
7 7 R43 
P P R115 

d. To insure that gain switching is functioning 
properly, reread the tape at high speed and 
ascertain that the gain is still 4v peak-ta-peak 
for all channels. 

e. Replace the amplifier shield and secure the 
Control/Servo PC board in place. 

4.15 READ SKEW ADJUSTMENT 

In deskewing the read gap the head is mechanically 
tilted to have its gap fit an exact right angle to the 
tape. This is accomplished using a skewmaster tape 
(see maintenance tools). 



Required equipment: oscilloscope 
skew master tape 

a. Enter the Test Mode, as described in paragraph 
4.7. 

b. Load skew master on transport. Be sure write 
enable ring is removed from reel. 

c. Place channel 1 oscilloscope probe on TP4, and 
channel 2 probe on TP5 of the Read Amplifier 
module. 

d •. Initiate slow speed forward tape motion. 

e. Adjust the skew adjustment screw on the head 
mounting plate (figure 4-1) until the signals 
from the two channels are in phase. 

f. Remove the channell probe and place on TP2, 
ascertaining that the channels are not one 
whole character out of phase. 

4.18 FILE PROTECT MECHANISM 
ADJUSTMENT .PROCEDURE 

The file protect mechanism is adjusted in the fa,ctory 
and the adjustment need not be changed under normal 
circumstances. Sho:Jld the mechanism need 
replacement, however, or should a need for 
adjustment arise due to another circumstance, follow 
the procedure outlined below. 
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a. The file protect pin travel between the 
completely open position and the completely 
drawn in position should be between 0.25 and 
0.28 inch. Should pin travel fall outside these 
limits, loosen the two solenoid retaining 
screws, shown in figure 4-8, and adjust the 
solenoid position until the above travel criteria 
are met. 

b. With the power OFF mount a reel of tape onto 
the supply reel with a file protect ring 
installed. Loosen the file protect assembly 
retaining screws, shown in figure 4-8 and 
adjust the assembly position so that the file 
protect pin is pushed in one-eighth inch by the 
file protect ring. 

c. Turn the deck power ON and ascertain that the 
solenoid has drawn in the file protect pin 
sufficiently to clear the reel completely. 
Tighten file protect assembly retaining screws 
securely. . 

4.17 HEAD SHIELD ADJUSTMENT 

A shield is located over the magnetic head surface to 
reduce write-read crosstalk. Its spacing, determined 
by a spring stop, is important. The spring stop is 
adjustable as follows: 

a. Loosen stop screw with tape removed from 
deck. 

SUPPLY REEL 

~_-FILE 'ROTECT 

FIgure 4-S. 

File Protect Assembly 
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b. Insert three thicknesses of tape (0.006 inch) 
between· shield surface and surface of head. 
Do...not use feeler gauges, since they may 
scratch the head surface. 

c. Press shield against tape firmly and tighten 
stop screw. 

do Remove tape pieces by lifting shield. 

4.18 REPLACEMENT OF PARTS 

In most instances assembly methods for parts 
replacement are obvious. Items in the tape path may 
require machine realignment if replaced. If only one 
item is replaced at a time the complete alignment 
procedure usually may be avoided. Examples follow. 

4.18.1 HUB REPLACEMENT 
(Refer to paragraph 4.13.1) 

4.18.2 0 RING REPLACEMENT 
(Refer to paragraph 4.12.2) 

4.18.3 REEL MOTOR REPLACEMENT 
(K,ennedy PN 190-5698-002) 

a. To expose motor mounting screws, re.nove the 
hub assembly as described in paragraph 4.13.1. 

b. Using a 5/32 inch Allen wrench, unscrew the 
four motor mounting screws and lift the reel 
motor out of the chassis. 

4.18.4 MAGNETIC HEAD REPLACEMENT 

Replacement heads are supplied as complete 
assemblies together with mounting plate. 

a. Remove head cover. 

b. Unplug head connectors. 

c. Remove head mounting screw and remove 
head, passing connectors through the panel 
hole provided. 

d. Be sure adjusting screw on replacement head is 
almost completely unscrewed. 

e. Mount new head with mounting screw fairly 
loose. Screw in adjusting screw until point 
protrudes enough to engage its conical locating 
hole. Tighten mounting screw. 

406-6809-0 lOB 

f. Plug in head. 

g. Deskew the read head as described in the 
deskew adjustment procedure. 

4.18.5 BOT/EOT SENSOR REPLACEMENT 

a. Remove sensor assembly by unplugging and 
removing mounting screws. Since it will not 
pass through the hole provided, the connector 
must be removed by cutting the cable. Retain 
the connector. 

b. Replacement sensors are provided with 
connector pins crimped to wires but with 
connector shell not installed. 

c. Replace assembly, passing wires through hole 
provided. Replace screws. 

d. Snap pins into connector shell in same color 
sequence as in the shell removed and plug in. 

4.19 MAINTENANCE TOOLS 

In addition to normal electronic tools and test gear 
(an oscilloscope, voltohmmeter, etc.) the following 
items should be available for service and repair. 

Spanner wrench, Kennedy PN 154-0042-001 

Set of nut drivers or open end wrenches 

Phillips and standard screwdrivers 

Skew master tape, 
Kennedy PN 154-0036-001 

Unfianged tension roller, 
Kennedy PN 191-5484-001 

Unfianged capstan roller, 
Kennedy PN 191-5498-001 

Maintenance kit, Kennedy PN 190-2324-001, 
containing: 
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Head cleaner 

Hex socket keys: 7/64, 5/32, 1/8, 3/32 

Lint-free swabs 

Refiective marker strips 

Magnasee visualizing solution 

Loctite grade H 
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SECTION VI 

SCHEMATIC DIAGRAMS 

This section contains the schematic diagrams for the 
individual circuit cards used in the tape transport. 
The schematics are arranged in the order shown 
below. Electronics symbols used in the drawings 
conform to MIL-STD-18. Abbreviations conform to 
MIL-STD-12 unless otherwise specified. 

Schematic List 

Voltage Regulator Type 5444 

Microprocessor Emulator Type 5431 

Servo/Control Type 5426 

Power Amplifier Type 5503 

Position Sensor Type 5764 

Reel Size Sensor Type 5447 

Control Panel Type 5145 

Pre-Amplifier Type 5613-A 

Read Amplifier Type 6470 

PE Read Type 5326 

Interconnect Type 5449 

Notes to the Schematics 

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

1. Resistor 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 
obvious from circuit function. Filter 
capacitors on certain supply lines do not have 
logic significance. In general, they are not 
shown on schematics. On PC board silkscreens 
they are designated as CF. 

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

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. Positive logic is shown for all internal 
connections. Interface connections are .zero 
true but the bar is omitted. 

8. Integrated circuit symbols contain a circuit 
designator that corresponds to the number 
silkscreened onto the circuit module above an 
underlined number representing the IC type. 

The IC type number is abbreviated and omits 
the portions of the manufacturer's type 
number pertaining to case and vendor 
identification. Further, since the TTL 7400 
series makes up most of the circuitry, the 74 is 
omitted on these. Thus a 00 desilPlation 
indicates a 7400 quad two inputNAND gate. 
T .I.'s complete part number is SN7 400N. 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. 

Military Standard 806C is the base for logic 
symbols. Additional conventions are shown 
below. 

Line indicates buffer or power driver 

....-~;;? 

." 

Line indicates open collector 

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

PR 



9. Semiconductor types on schematics may be 
replaced by their functional equivalents. If 
not indicated, diodes are 1N914, NPN 
transistors are 2N2714, and PNP transistors 
are MPS6517. 

10. Unless otherwise specified, light emitting 
diodes are FLV102 or equiValent. 

11. Module connector pins are shown as 

--.... )E 

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

when there is a connection shown. 
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12. Where an input is represented by an arrow 
instead of a complete line, the input source is 
designated. Where outputs are so shown their 
destinations may not be shown. 

13. Some schematics of modules include certain 
external elements which aid in understanding 
the circuit function. In this case all the 
conneetions to the element may not be shown 
in the interest of clarity. 

14. designates a test point provided on the Y module. Letters proceed from top to 
bottom of card with the ground test 
point, if present, as the bottommost 
terminal. 

15. Socket terminals are designated with numbers 
for component side connections and letters for 
circuit side connections when a double sided 
socket is used. These are the designations on 
the socket. When a single sided socket is 
provided, all connections are designated by 
letters regardless of which side of the board 
they lie on the etch. Letters follow the 22 pin 
alphabet, ABCDEFHJKLMNPRSTUVWXYZ; 
numbers are 1 through 22. 
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WRITE ANGLE PINS 65S9!!-30B,CONN 6!i039-029. 

&LED INCORPORATED IN CORRESPONDING swrTCH. t; 
r-- ---- - -.---- -- ---- ------------~----~--------., 
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!~. ~~i!~. G~l 
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.1 ~ 6 [>----1) 1-1 _______ ..:,4 + IC2 

:: 5 _30112 >1:....."-----« J 1- 4 
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C2 
R 2 .01 
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II Ie ICR lie Q J P L I 11' 
151 1111115 140 lIT IT T 171 
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R C CR Ie Q J P L T 
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I 
I 
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IOO~ 
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\I 
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lll07 IlS107iU-1- L-.J ICII IC4I 

IC" ~ a I 0 10 --
!:!!.! !:.ill ~ lS174 
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LS14 J' , AI"'~' 1C40 \C4011---- \CII • 4 "II 51. ICII:i;h J~~~wJ~r- 1C41~ 

J .u 4 IllJj 

~ 
7 lI"AI 1U1-002 A .......... ICn 10 Wi lllI lJ.W ltn 
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DROP P 1------------------"-\ 

DROP 2 I----------------'=[. 
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~------------~----~--------------------~DATA~ 

~~~~,-~::::::~~~--------_IDCLRD~ 
F'-----...... ---------i HERR 

D=-..... --~ ..13-6 HER 

>.:::t----------t----I PARCOR 

..13-4 CER 
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'11T~ III 
lS74 

11 -. 

LV 
~ .. ~ 

L 57. !:!!2 II!. 
-3 ~ 

< 
.....,~ 

r--- -UV 

:J ~. 3" ,dL " Da 
IC" 0 ICII 

.I~ 11U 11 U 
011 

• 'lDl 11 

ICU 

I WJ • 

~.::'~ 
WJ lllR 

~~~ 

1 7407 

' . 
ICTI 
ICTI 

II 10 

7407 

II 

12 ,- ICn 

~~ 
, I 

7~ 

lli1 
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\Narranty 

The Company warrants its devices against faulty workmanship 
or the use of defective materials (except in those cases where 
the materials are supplied by OEM) for a period of one year from 
the date of shipment to OEM, with the exception of an cartridge 
products which are warranted for a period of ninety (90) days. 

The liability of the Company under this warranty is limited to 
replacing, repairing, or issuing credit (at the Company's discretion) 
for any devices which are returned by OEM during such period 
provided that (a) the Company is promptly notified in writing 
upon discovery of such defects by OEM; (b) the defective unit 
is returned to the Company, transportation charges prepaid by 
OEM; and (c) the Company's examination of such unit shall disclose 
to its satisfaction that such defects have not been caused by misuse, 
neglect, improper installation, repair alteration or accident. 

Kennedy Company is continually striving to provide improved 
performance, value and reliability in its products and reserves 
the right to make these changes without being obligated to retrofit 
delivered equipment. 

KENNEDY 
A Division of Shugart Corporation 


