


















































































































































































































The assertion of END PT H sets a flip-flop, which remains set until 
either the tape 11 rewound or EOT Is negate~ while the tape Is 
ttavelln; In the reverse direction, Thus, if the tape Is moved 
forward past the EOT marker, the END PT flip-floP remains let even 
after the marker Is pasled and Is cleared only by rewinding or 
rever_in; the tape back past the EOT marker. Settlno the END PT 
fliP-floP has the followlnQ effectsl 

1. If the TU45 is Off-line forward tape motion stops and the 
transport does not accept manual forward commands until the 
tape Is rewound or reversed off the EOT marker. 

2. If the TU45 Is on-line and selected by the TM02, the TU45 
signal END PT (58) L'is asserted, Indicating to the TM02 that 
It has passed the end pOint. 

NOTE 

Notice that If TU45 lion-line, It does 
not stop automatically upon detecting 
EOT. It Is permlssable to write data up 
to 10 ft, past the end pOint. It Is up 
to the programmer to ensure that he does 
not run past this pOint. 

The assertion of BOT H has the following effects: 

1. The TU45 accepts no new rewind commands. 

The LO PT indicator is lit. 

2. If the TU45 is on-l1ne and selected by the TM02, it asserts 
the transport bus Signal BOT (5B~ L, indicating to the TM02 
that it 15 at BOT. 

write Lock • To protect tapes from Inadvertent eralure, tape r.el~ are 
provided with • write enable ring. If a reel of tape II .ounted on 
the TU45 Tape Transport w1th its write enable ring removed, this 
condition 1, sensed and the -transport refuses to honor any write 
commands, Further, if the transport Is on-line and .elected by its, 
controller, it asserts WRL (58) L to the TM02 Tape Controller, 
indicating tb the TM02 that it 1s write-locked, 
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RECORDING AREA 
SEE NOTE 2 

O.03-IN. MAX 

EOT 

f 

HUB END 

MAGNETIC SIDE 

PHOTO REFLECTIVE MARKERS 
SEE NOTE 1 

0.498 L :to.002 IN. 

• J---j.-- RIM END 

~
OT' ~t ~.03-IN. MAX 

15 FT.:!:t FT. 

BACK SIDE ~ 0.0019 

~ L~O.0003IN. 

MAGNETIC SIDE~·"'-·T 

NOTES: 
BACK SIDE 

FRONT VIEW 

SCHEMATIC OF TAPE WINDING 

(1) Photo reOective markers shall not protrude beyond 
edge of tape and shall be free of wrinkles and excessive ad· 
hesive. Marker dimensions: length, 1.2 ± 0.2 inch; width, 
0.19 ± O.O~ inch; thickness, 0.0005 ± 0.0001 inch. 

(2) Minimwn for test area; maximum for recording. 
(3) Tape shaD not be attached to the hub. 
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Figure 3,5-1 Tape Marker., ReCOrding Area, and Tape Wind 

PrincipallY, the assemblY consists of the write-loek .olenoid and the 
write-lock switch, Wnen no write enable ring Is in&e~t.d In the fl1e 
reel, • feeler attached to the end of the soleno1d shaft ext"ends into 
the write-lock slot ori the back of the reel,. This feeler puts the 
write-lock .witch In it. normally elos.d po.Stion, a •• er~1ng WRL (58) 
L. When a write enable ring is in.erted in the fil. reel, the rln; 
pushes back the solenoid shaft, aetuatin; the write-Ioek Iwitch and 
negating WRL (SB) L. "If th~ write enable .witch 11 .etuated the 
write-lock lolenoid 1. engaqed to withdraw the write-loek feeler from 
contact with the ring, This keeps the write-lock .wlteh actuated 
until the tape is unloaded and reduces wear of the write-lock assembly 
and write enable ring durlnq·tape unit operation, 

"3,5.2 On-Line Operation 

When the TU45 is on-line all tranlport operations are di~.eted by the 
fM02 via' the slave bUI, The slave bu. connect. the TM02 Tape 
Controller to UP to eight TU45 Tape Tranlports, 



3.5.2.1 Transport Selection and Status Reporting - All of the, tape 
transports in a system are wired to the same slave bus, but only one 
transport can be logically connected to the bus at one time, i.e., 
only one transport can transmit its status to the TM02 Tape Controller 
and respond to commands, and only one transport can be reading or 
writing data at a given time. 

To select the particular tape transport to converse with the tape 
controller, the controller transmits a binary code on bus lines SSOO 
(5B) L, 5501 (8B) L, and 5502 (SB) L. Each transport on the bus 
compares this code to the transport number determined by the unit 
select switCh. If the selection code transmitted by the TM02 Tape 
Controller matches the transport number, and the transport is on-line, 
the transport logically connects itself to the slave bus. All other 
transports remain logically disconnected and neither transmit nor 
respond to bus signals. 

When a particular transport is logically connected to the slave bus, 
it transmits status information to the tape controller as follows: 

7eH (58) L 

SOT (58) L 

END PT (5S) 

WRL (58) L 

RWS (58) L 

SDWN (58) L 

TUR (SB) L 

L 

Always negated in the Tape Transport. 

Asserted when the tape is pOSitioned at load 
pOint (beginning of tape). ' 

Asserted When the End Point flip-flop is set. 

Asserted when the Tape Transport is 
write-locked. 

Asserted when the Rewind Status (RWS) 
flip-floP is set. 

Asserted when the transport is settling down 
following an ope.ation, l,e" aalerted for 
about 5.0 ms following the command to 
terminate an operatlon while the capstan 1s 
coming to a halt. 

Asserted when the, tape uni t 1s ready to 
receive' any command: i,e" when the 
transport is neither perform1ng an operation 
nor settling down following an operaiion, 



3.5.3 Tape Motion Initiation (On-Line) 

When D~V SET PLS is generated by the Massbus Interface module (MBI 6), 
the TM02 negates STOP L (TeeM 3) and asserts SLAVE SET PLS L (TCeM 4) 
and £MD L (TCCM 3) on the. slave bUS (Figures 3.5-2 and 3.5-3). During 
a read or write data operation, this is a consequence of the assertion 
of RUN H by the Massbus Controller.' ,During nondata transfer 
operations that require tape motion, this is a consequence of loading 
~he corresponding function code (GO bit set) lnto the Control register 
(ROO). 

SELECT L I .... ______________ ~'r_----------
( ~ 
J 

SLAVE SET PLS L ~ U \~ 

\~ L TUR (S8) L 

n IJ U EMD (S8) L 

-.I START MOTION I- -ISTOP MOTION t-
·1 DELAY i--____ ---'H~----D-EL-AY--

I I ACCL L 

WRT CLK H __________ llilJ[~~~----------------------------~~.Ttn~ __ 

STOP L 
~---------~~\~----------

SOWN (S8) L 
~(~J-------------~ 
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Flqure 3.5-2 Tape Motion Timing 

~f a TU4S Is-selected, on-line, and loaded with tape (MOL H allerted), 
It respond, to SLAVE SET PLS and the FWD, REV, and RWND command lines 
~f the Ilave bus by setting the corresponding motion control. 
flip-floPS (l,e" FWD, REV, and RWND flip-flops], If the WRITE 
command l1ne Is asserted, along with the RWND com.a~d· line, SET 
OFFLINE L is generated. If WRITE is asserted but RWND 'ls not; SLAVE 
SET PLS lets WRITE H (MTA) and Is transmltted to the TU4S to activate 
WRITE and ERASE circuits. 



Motion control signals (FWD(l) H, REVel) H & RNNO H) within the MTA 
control the capstan servo and drive circuits as described in the TU45 
Manual. At the same time, WRITE(l) H (IN MTA), if set, causes tape to 
be ~rased, generating IRG as the tape comes UP to speed and the start 
motion delay times out. Simultaneously with motion initiation, EMO L 
oates the motion delay presets onto the. Read Data lines of the slave 
bus (SC 2) and loads them into the Motion Delay Counter in the TM02 
(TCCM 3). When EMD L is negated, the counter Is upcounted by 800 BPI 
eLK until it reaches a count of 2 -to the 14th power, at which time 
ACCL H and READING L are asserted, and further clocking is inhibited. 
The presets of the counter determine the time interval necessary to 
reach a count of 2 to the 14th power, and hence the duration of the 
motion delay. When an erase or write tape mark operation is 
performed, the presets to the motion delay may be modified. 
Modification occurs only when starting in the forward direction, not 
from BOT (E60 pins 3, 4, 5, and 6), and adds 48 ms to the start motion 
delay; this produces an extended lRG on tape. The presets depend on 
the type of operation performed (read/write), the direction of tape 
motion, and other parameters. Table 3.5-1 lists the motion delays 
generated under the various conditions. READING L enables the read 
circuitry in the TM02. ACCL L is transmitted to the TU45, where it 
enables generation of WRT CLOCK and other read and write functions. 

Once forward or reverse tape motion is initiated, it continues (unless 
a TU45 mechanical or power failure is sensed) unt1l the TM02 transmits 
STOP L asserted to the transport. 

If a rewind operation is being performed, STOP L Is asserted as soon 
as DRV SET PLS is negated. Once the Rewind Status f11p-flop is set, 
the TU45 performs the rewind operation independentlY. The 1U45 

·notifies the TM02 that it is performing a rewind by asserting RWS L on 
the slave bus. When the rewind control sequence is over, motion 
terminates automatically and the TM02 is notified when the TU45 
asserts SET sse L (Slave Status Change) on the slave bus. 

Table 3.5-1 

Start and Stop Motion Delays 

Start/Stop Direction of Motion Operation 

Erase/Write 
Read/Space Write Tape Mark 

'Reverse 1.6 rns 
Start Motion Delays Forward 1.6 ms 4.8 ms . 53.3 ms 

Forward from BOT 8.5 rns 72.5 IDS 72.5 ms 

Reverse 1.0 ms 
ftop Motion Delays Forward 0 .53 ms .53 ms 

3-29 



Figure 3.5-3 Tape Motion Initiation rlowchart 

3,5.4 Tape Motion Termination (~n-Line) STOP L 

The TU.S terminate. tape' motion wben ~ puls. clears the .otlon control 
flip-flops (M8921), Several sequences cause this to happen, depending 
on the type of operation being perform~d (Figure 3,5-4), The various 
lequene •• ar,e discusled in the following paraoraphl, 

3.5.4.1 Read - During a read operation, the motion termination 
sequence begins when the read circuitry negates RST SHDN CNTR+ this 
occurs When the read heads presumably encounter the IRG after reading 
a data record- or tape mark. 

When a tape mark or data record (24 preamble characters for PE, 10 
data Characters for NRZI) is encountered, ENBL SHON CNTR L is asserted 
CTePE Sand CNRZ 4) b~Cau$e ·the Gap Detection T1mer (TeCM S) will be 
lAactlve, and E35 pin '8 will be low. Thls allows ENBL SHDN CNTR L to 
oate 200 BPI eLK H to shutdown Counter (E5t). 



When no envelopes are detected in PE mode, (ANY ENV H negated), or 
when no RSDO pulses are received from the TU45 in NRZI mode, RST SHDN 
CNTF L is negated. This allows the Shutdown Counter to be upcounted. 
If the counter reaches a count of 15, EOR PLS and EOP CLR L are 
produced. EOR CLR L asserts EMD L, (TCCM 3) and thereby initiates a 
stop· motion delay. EMD L loads the motion delay counter with presets 
gated by the TU45 onto the Read Data lines of the slav~ bus, just as 
occurred during motion lnitiation (Paragraph 3.5.3). The presets 
will, however, be different during start and stop delays. 

Note that because ACCL H was negated (ElS, pin 2, a high), the two 
most Significant bits of the motion delay counter are preset high, 
asserting DECL Hand negatingFEADING L. T~e counter is upcounted 
until overflow, at which, time DECL H is negated and ACCL H 1s 
asserted. The leading edqe of ACCL H ClOCKS the Stop flip-flop (E57), 
causing STOP L asserted to be transmitted to the TU45. STOP L clears 
the FWD or REV motion .control flip-flop, and thereby causes the 
capstan activating signal to be removed. As tape motion slows down, 
SOWN L is asserted by the TU45 and transmitted to the TM02. When tape 
motion stops, TUR L 1s asserted and transmitted to the TM02. 

3.5.4.2 Write - Termination during a wr1te is al~ost identical to 
that during a read. Note the difference: 

1; The Gap Detection Timer (TCCM 5) is active, because WRT CLK 
ENBL L is asserted during the write. Thus ENBL SHDN CNTR L 
cannot gate clock pulses to the Shutdown Counter until 1.6 ms 
(24 200 BPI CLK pulses) after the last character is written. 

3.5.4.3 Erase -' Termination during an ~rase tollows a sequence 
similar to that of a write. The sequence starts as soon as the start 
motion delay is over (READING L asserted). This activates TeCM 5 E41 
(pins 8, 9, and 10), and causes the Shutdown Counter to be upclocked 
immediately, because RST 5HON CNTF L remains unasserted. Thus the 
stop motion delay follows the start motion delay almost "immediately, 
and tape (approximately 3 in.) 15 erased throuqhout. 



Fioure 3.5-4 Tape Motion Termination Flowchart. 



3.5.4.4 Space - Termination during a space is similar to that of a 
read. Each time an IRG Is detected, a stop motion delay is generated 
and STOP L 15 transmitted to the MTA (TU45) and clears the motion 
control flip-flop. However, as soon as SOWN L a~serted 15 received by 
the TM02, a DRV SET PLS is generated, which produces a start motion 
delay and a SLAVE SET PLS. This causes·the motion control flip-flOP 
to be set once again. Thus, start motion delays and stop motion 
delays are produced as each record is spaced. 

Each time a record is detected, the Frame Count register 1s 
incremented. When the Frame Count reqister overflows, or when a tape 
mark is detected, further DRV 5ET pUlses are inhibited; the motion 
control flip-flop remains cleared, and tape motion ceases. 

3.5.4.5 Rewind - Once ·the RWND flip-flop In the TU45 is set, the 
transport performs the rewind operation independently. The transport 
rewinds past the BOT marker, then spaces forward until it encounters 
the BOT marker again. RWND STATUS H will go low. It also causes RWD 
STATUS to change (MTA) and assert SSC'PULSE on the slave bus. 

3.5.4.6 Operation Incomplete (OPI) - The OPI bit of the Error 
register is set when the end of a record is not detected within 4.2 
sec of the initiation of a read or a space operation, or if the end of 
a record is not detected within .42 sec after the initiation of a 
write operation. If OPI H 15 asserted, 200 BPI eLK H 1s gated to the 
Shutdown Counter. The shutdown sequence begins if or when PST SHDN 
CNTR L 1s negated. ThUs, 1f a record has not been detected, Shutdown 
begins immediately. If a record is belnq detected, the shutdown 
sequence begins at the end of the record. 

3.5.5 Performance CheCKS 

Refer to the Acceptance Procedure in the appropriate system manual 
CTJU45 or TWU451 whichever 1s applicable. 
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3.6.1 Read Heads and Amplif1ers 

-3.6.2 Data Sync 

3.6.3 Preamble Detection 

3.6.4 Data Detection 

3.6.5 Postamble Detection 

3.6.6 IRG Detection 

3.6.7 lOB Detection 

3.6.8 Tape Mark Detection 

3.6.9 Performance Checks 

3.6 INTRODUCTION 

ThIs section discusses the operation of the TM02 read circuitry when 
operating in PE mode. The PE read data path (reference Figure 2.6) is 
covered from the digital read to the inputs of the Bit Fiddler. Bit 
Fiddler read operation is described in section 3.8 (M8906). 

3.6.1 Read Heads and Amplifiers 

~he outputs of the TU45 Read Amplifier are routed to the slave bus via 
a type 8266 mUltiple~ on the MTAmodule M8921. The read data signals 
are then transmitted to the-TeeM module in the TM02, where they are 
~ultlplexed to the three oBia Sync modules (M8901-ye).. . 

• The M890l-YA Is used in some earlier TM02-s, however the M890l-ye 1s 
the most current revision and is the only module currently being 
shIpped. 



The output of the SLAVE Read Data flip-flop follows the polarity of 
the magnetic f1eld on the tape; it contains the data in phase encoded 
form. 

3.6.2 Data Sync 

The Data Sync module (M8901-YC) contains three sections, each of which 
processes a single track of read data (Figure 3.6-1). Each of these 
sections contains a data d1scriminator, a phase-locked clock, a Deskew 
Buffer, error detection circuitry, and error correction circuitry 
(F1gure 3.6-2). To process nine tracks of data, three Data Sync 
modules are required. 

NOTE 

Operation of all sections 
M8901-YC Data Sync module is 
Therefore, all discussions of 
operation reference section A 
(OS 2 and 3), unless 
specified. 

of the 
identical. 
Data Sync 
schematics 

otherw ise, 

3.6.2.1 Phase-Locked Clock - Conversion of phase encoded data into 
binary data requires generation of a data window for each track in 
sync with the data transitions in the track. The direction of the 
data transition within the data window determines whether a 1 or a 0 
bit is detected. 

The phase-locked clock (OS 3) operates to generate the data window and 
to keep it in. sync with the incoming data stream. The heart of the 
phase-locked clock 15 a voltage controlled- oscillator (VeO) and a 
phase detector (type 4044). The phase detector senses the phase 
relationship between incom1ng data tranSitIons (BIT STRB) and the veo 
output Signal divided by 32 (TP3). If the frequency of data 
transitions increases (decreases), BIT STRB beg1ns to leaa (lag) TP3. 
This increases (decreases) the VGO output fiequency and brings the two 
s1gnals back in phase. ThuS, the frequency of TP3 becomes the same as. 
the frequency of BIT STRB. The data window (WINDOW) 15 generated 90 
degrees out of phase with TP3 (OS 2 and F1gure 3.6-3). 

3.6.2.2 Data Discriminator - The data discriminator .converts the 
ghase encoded data on its track into binary form: 1 = h1gh, 0'= low. 
To do so, the data window must first be synchronized to the frequency 
of the incoming data. It 1s for purposes of synchron1za~ion that the 
preamble is used. 



READ DATA 

TRK# DEC BIT 
M8901-YC SECTION A 

1 --2 (SLOT 1 ) ---------2 --0 - ___ j)~I!~~ 
3 --4 SECTION C 

4 --p 
M8901-YC SECTION A 
(~I::9L2J.~ ___ 

5 --5 ____ !~~C?~ B 
6 --6 SECTION C 

7 --7 

'8 --1 SECTION B --------
9 --3 SECTION C 
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Figure 3.6-1 Data Sync Channels 

To understand the operation of the data discriminator, it Should be 
noted that the data discriminator operates in three modes (Figure 
3.6-4): 

1. During the start motion delay, READING H Is negated, 
ANY TRANS L (Any Transition) to be asserted CTePE 5). 
this condition, lOB may be detected (ParagraPh 3.6.7). 

causing 
During 

2. When the motion delay times out, ANY TRANS is negated. 
During thiS condition, preamble 0·5 may be detected 
(Paragraph 3.6.3). 

3. When 24 preamble O's are detected, RECORD ACTIVE and ANY 
TRANS are asserted. Durinq this condition, the preamble l's 
character and data are detected (paragraph 3.6.4). 

3.6.2.3 Deskew Buffer - The Deskew Buffer stores ·the binary data 
detected by the data discrimlnator until a whole tape character 
becomes available. Because eight bits of data can be stored for eaCh 
track, a skew of up to seven tape characters can be accommodated. 

The DeSkew Buffer Is implemented by nine type 74172 2 by 8 random 
access' registers. Each reg1ster buffers data (PD BUFFER I) and flux 
reversal iniormat1on (BIT STRB OCCURRED) for a single track. Each 
reolster is loaded as data bits become available. The output of the 

. register depends on its PD ADDR input (common to all the registers 
that make up the .Deskew Buffer), and Is read when a whole tape 
character becomes available. The RD ADDR is then incremented, and the 
read circuitry walts for the next tape ch~racter to become available. 
Deskew Buffer operation 1s described In more detail in Paragraph 
3.6.4.1. 



3.6.2.4 Error Detection - The error detection circuitry senses when 
~ a data transition fails to occur. Errot detection is described in 

more detail in Paragraph 3.6.4.2. 

3.6.2.5 Error Correction - The error correction circuitry performs 
on-the-fly error correction. Error correction Is described in more 
detail in Paragraph 3.6.4.2. 

3.6.3 Preamble Detection 

Because all sections of the Data Sync modules operate In the same 
manner~ this discussion describes the operation of one section: 
M8901-YC, Section A, (OS 2 and 3). Reference Figures 3.6-5 and 3.6-6. 

The preamble O's are input to XOR gate E3S. If tape motion is In the 
forward direction (REV L negated), E35 inverts A RDA H; thus, the 
output of E35 is of proper polarity ~or both forward and reverse read 
operations. E15, E14, and their associated circuitry function to 
produce a positive pulse (BIT STRB H) each time the output of E35 
transitions. However, because ANY TRANS is negated and E14 and E24 
are "commori collectored," BIT STRB H pulses are produced only on 
negative-going tranSitIons. (The negative-going transItion 
corresponds to the data transition of preamble O's). 

BIT STRB H asserts WINDOW H if it was not already asserted. This 
operation synchronizes WINDOW H wIth the incomlnq data. On its 
trailing edge, BIT STRB H asserts BIT STRB OCCURRED. SInce BIT STRB 
OCCURRED H is asserted when WINDOW H 1s negat~d, ENV H is generated 
(OS 3, E30). Each time the output of E35 transitions low, BIT STRB H 
Is asserted; ENV H remains asserted as long as RIT STRB occurs at the 
expected data rate. 

SINGLE DEAD TRACK a PARITY ERROR 

( FROM M8902 - YA) 

DATA 
TRACK X __ ~ DATA 1--------.... P/O DESKEW 

DISCRIMINATOR FWX REVERSAL BUFFER 

DESKEWED DATA 

INPUT 1---+------.. 
INFO -----

ERROR 
DETECTION 

FWX . REVERSAL 
INFO 

DROPPED BIT 

1----.. DESKEW BUFFER OFLO 
L-___ J---... DEAD TRACK 

Figure 3.6-2 One Section of the Data SYnc Module 
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Figure 3.6-4 Data Discriminator Modes 

When ENV H is detected on a sufficient number of tracKS (TCPE 4), a 
clear 1nput is removed from the character counter (E9 and E14), 
allowing it to be upcounted by DATA HALF H. Because DATA HALF occurs 
at the PE data rate, the outputs of the character counter represent 
the number of preamble '0·5 r~ad. When the character counter reaches a 
count of eight (eT 3 H asserted), ·the Preamble flip-flop 1s set CrePE 
5). When the character counter reaches a count of 24 (CT3 Hand CT 4 
H asserted), the Record Active flip-flop 1s set. W1th RECORD ACTIVE 
asserted, ANY TRANS L is asserted, and the data discriminator operates 
In its third mode. By this tlme, the phase-locKed clock Is 
synchronized to produce WINDOW H in sync with the data belnq read. 

As preamble 0·5 continue, WINDOW H Is always asserted at the time 
E35's output transitions low. ThiS transitlon produces a BIT STRB H 
pulse which clockS the Read Buffer. But because E3S·s output Is 
already low; the buffer remalns reset. 



3.6.4 Data Detection 

When the preamble l's character appears (Figure 3.6-5), BIT STRS H 1s 
produced at the positive trans1tion of E35's output (OS 2), thereby 
setting the Read Buffer flIp-flop. Because WINDOW H has been 
syn~hronized to the PE data transition time, BIT STRB H occurs only 
during the data transitIon time, and will set or clear the Read BUffer 
depending on the direction of transition. Therefore, the binary 
output of the Read Buffer Is a decode of the RDA phase encoded data. 

3.6.4.1 Deskew Buffer - Whenever WINDOW H Is negated, the Deskew 
Buffer (OS 3, E33) is loaded with the contents of the Read Buffer and 
Bit StrObe Occurred flip-flops. However, during the preamble, only 
location 000 is loaded each time. When the preamble 1 bit is 
detected, ONE DETECTED (1) H is asserted (E47 on DS 3). ONE DETECTED 
(1) H enables the Write Address Generator (E42) to increment the 
Deskew Buffer write address. Thus, the preamble l's bit is loaded 
tnto address 000. The next bit, i.e., the first data bit, is also 
loaded into address 000 (Figure 3.6-7). The address is now 
incremented on each leading edge of "WINDOW H, so that the second data 
bit is loaded into 001, the third into 010, etc. After the eighth 
data bit, the Write address becomes 000 again, and the cycle 
continues. 

With ONE DETECTED asserted, counter E34 (OS 2) Is enabled to determine 
Deskew Buffer status. Each time a data bit Is loaded into the DeSkew 
Buffer, the count of E34 is decremented. Each time the Deskew Buffer 
1s read, the count is incremented. ThUS, the counter keeps track of 
how many unread data bits are In the Deskew Buffer. 

When the Deskew Buffer contains an unread data bit in each track, 
BIT READY H (common collectored) is asserted.BIT READY H causes 
CHAR SHIFT H and ENS ROS L to be asserted (TCPE 3). CHAR SHIFT 
generates RD SYNC (0) H, which upcounts the DeSKew Buffer read address 
(TePE 4). ENS RDS L enables generation of RDS H by succeeding BIT 
READY H pulses. ROS H causes the output of the Data Sync modules 
[i.e., the contents of Buffer B (Paragraph 3.6.4.2)] to be read and 
assembled by the Bit Fiddler. 

If skew of more than seven' characters occurs during the read 
operation, the Deskew Buffet Status Counter of the leading track will 
be downcounted to seven, causing OVERFLOW L to be asserted. This sets 
the INC/VPE error bit in the Error register., A skew of three or more 
characters causes the CS/ITM bit of the Error reaister to be set. 
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Figure 3.6-5 Data Discriminator T1ming Diagram 

3.6.4.2 Error Detect10n and CorrectIon - If BIT STRB does not occur 
during any data cell, ENV H 1s negated and the DO TPK (Dead Track) 
flip-flop (E39) Is set. When the data of this data cell 15 read from 
the Deskew Buffer and loaded Into Buffer' A (E22), DROPPED BIT H will 
be generated as well. The outputs of Buffer A of each track are input 
to a Parity Generator/Checker (TCPE 2). If there 15 only one dropped 
bit and a parity error 15 detected, PERR AND ONE 00 TP H 15 generated; 
this means that the content of Buffer A of the dead track 15 of the 
wrong polarity. When the next CHAR SHIFT H 15 generated, th1s bit 15 
corrected as it 15 clocked into Buffer 5; thus, on-the-fly error. 
correc~lon Is achieved. 

The outputs of Buffer B are gated bY'PES B H (Phase Encoded Status 
·BUff~re4), and become RD B (Read Data B). The RD B lines are 
mUltiPle.ed in the Maintenance Register modUle (MR 2) and become RD C 
t~ead Data e), and are then transmitted to the Bit Fiddler. 



YES 

r;A; 
I CHARACTER I 
I FROM DESKEW I 
I BUFFER I L--1-_...J 
,..--- --., 
~ INCREMENT I 
I DESKEW BUFFER I 
I READADRS ~ 
L.. _____ .J 
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3,6.5 POSTAMBLE DETECTION 

If on any track, a 1 bit followed by a 0 bit 15 read, POST PAT, L is 
.sserted (OS ] E28). If this occurs simultaneously on all tracks, 
POST DETECT A, a, c, H is asserted, and the Postamble flip-flOP' CTePE 
5) is set, 

If for any reason, the all~1's postamble Character was read or written 
improperly, the Postamble flip-flop will nevertheless be set by 8 ZERO 
CHARS H. This s1gnal Is asserted by the Missed postaroble Detector 
(TePE 4) when eight all-O Characters of the postamble are detected. 

With the Postamb1e flip-flop set, the character counter 15 further 
upcounted, and, when a count of 32 Is reached (CT 5 H asserted), MID 
POSTAMBLE (1) Is asserted. This s10na1 loads the Check Character 
register (R07) With dead track Information MR 4). 

3.6.6 IRG DETECTION 

If the read heads are passing over a portion Of erased tape, no 
envelopes will be detected, and ANY ENS H will be negated, This also 
causes RS SHDN CNTR L (reset Shut~own-Counter) to be negated (TCPE 5), 
and allows the Shutdown counter (ESl on TCCM 5) to be upcounted by 200 
BPI CLK H, When'. eount of 15 Is reached, EORS H and ,RECORD Hare 
asserted. RECORD H indicates that an IRG 1s detected, while EORS H 
CIUles a stop motion delay to be generated, 

3.6.7 lOB Detection 

When the lOB 15 encountered, the parIty read line contains alternate 
,l·s and 0·51 no other read lines transit1on. 

The parity line (A RDA) 15 input to pin 9 of XOR gate E35 (OS 2 and 
Figure 3.6.8) on the Data Sync module In slot C02. If tape 15 moving 
in the forward direct10n (REV L negated), R~A 1n inverted. Thus, the 
output of E35 15 of proper polarity for both forward and reverse tape 
motion. 

Gates E15 and E14 and their associated circuitry produee a narrow 
pulse BIT STRB H each time the output of gate E35 transltlon$. BIT 
STRB H sets WINDOW H and, on 'its trailing edge, sets BIT STRB 
OCCURRED. 

-
BIT STRB OCCURRED (1) H is input to the Envelope flip-flop (DS 3). 
When WINDOW H i5 negated while BIt STRB OeCURRED il .s.erted, this 
'flip-flOP 11 let, qeneratlnq ENV H (Envelope). ,ENV H will relRain 
alserted throuqhout· t'h' lOB. 



RDA PH 

WINDOWH~ 

BIT STRB H I ,. II I 1 

BIT STRB OCCURRED H ~ 

----------~1~1---------------------------
ENV 4 H 

lOB H ---------111-1 __ .~. 
CS -1710 

Floure 3.6.8 108 Detection Timing Diagram 

During the lOB, the only track generating ENV H will be the parity 
track (track 4). Thi. condition 1s recognized by circuitry on tne 
Tape Control-PE module (TePE 4), and allows the lOB Timer to be 
upcounted by 200 BPI eLK H. When the lOB Timer reaches a count of 8, 
lOB H i. asserted, this prevents further counting of the lOB Timer, 
:and alserts the lOB bit of the Status register (R01). 

3.6.8 Tape Mark Detection 

A PE tape mark is defined as Os 1n traCKS 1, 2, 4, 5, and 8, while 
tracks 3, 6, 7, and ~ are erased. (See Figure 1-3 for Dig1tal to 
Pertee track designation conversion). This pattern is recognized in 
the TM02 by the generation of ENV H in tracks 1, 2, 4, 5, and 8, while 
traCkS 3, 6, 7, and 9 do not generate ENV. When this condition 1s 
detected, (TCPE 4) FMK PATTERN 1s asserted, and the corresponding bit 
in the Status register (R01) is set. 

3.6.9 ·PERFORMANCE CHECKS . 
Refer to the Acceptance Procedure in the appropriate system manual 

.(TJU45 or TWU4S1 whichever Is applicable. 
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READ CNRZI) 

CONTENTS 

3.7.1 Tape Control NRZI 

3.7.2 CRCC Generation and Read 

3.7.3 LRCC Generation and Read _ 

3.7.4 IRG Detection 

3.7.5 Tape Mark Detection 

3.7.6 Performance Cfiecks 

3.7 INTRODUCTION 

This section discusses the operation of the TM02 read circuitry when 
operating in NRZI mode. The NRZI read data path (reference Figure 
2-6) is covered from the digital read to the inputs of the Bit 
Fiddler. Read operation is described in seetion 3.8 (M8906). 

3.7.1 Tape Control-NRZI 

When RSDO H 15 received in the TM02, it is used to generate (CNRZ 4) a 
390-n5 EROS L pulse (Enable ~ead Strobe) and ROS H (Read Strobe)." 
EROS L loads, the NRZ Read Latch (CNRZ 2) wi th the tape character data. 
The Read Latch outputs are then gated (CNRZ 3) by PES B L (phase 
Encoded Status Buffered) "negated to the Maintenance Register module. 
The data inputs (RD B) to the Maintenance Register module are 
multiplexed to the Bit Fiddler. ERDS L also clocks the Read LRCe 
register (CNRZ 3). ThUS, a Longitudinal Parity Check Characte~ and a 
Cyclic Redundancy ChecK Character are developed as data is read. This 
is discussed in more detail in sections 3.1.3 and 3.7.4. 



3.7.2 CRCC Generation and Read 

The Read CReC Generator (CNRZ 3) is clocked at the start of an 
operation by DRV SET PLS H. The reqister is then clocked by EROS H 
eaCh" time a tape character is read, and the Read CRCe is thus 
developed. Just before the CRCC Is read from tape, the register 
should already contain the CReC. It should therefore be cleared when 

-the CRCC is read from tape; if not, a CRCC error has occurred. This 
15 det~cted by E48 and E45 or CNRZ 3, and CRCE ENBL L is asserted. If 
the read is in the forward direction, CORCRC L is asserted (CNRZ 2), 
and the corresponding bit is set in the Error register. 

During a reverse read, when the second ROS H pulse 
CRCS L is asserted. During a forward read, FWD 
when Binary Counter E16 on CNRZ 4 reaChes" a count 
occurs three character cells after the last data 
read (I.e., w~en the CRCC is read). 

is produced, REV 
CRCS L Is asserted 

of three: this 
character has been 

REV CReS L or FWD CReS L generate CHK CHAR L. The negative-going edge 
of this signal ClOCKS the Check Character register (R07) with the CRCC 
just read from tape. 

3.7.3 LRCC Generation and Read 

The Read LRCC regIster (CNRZ 3) is cleared at the start of an 
operation by DRV SET PLS H. The register is then clocked by EROS L 
each time a tape character is read. Each time a one-bit is read on a. 
traCK, the correspondinq bit in the register is toggled. Therefore, 
just before the LRC tape character is read, the register should 
contain the LRCC. When the LRC tape character is read, the register 
should contain all 0'5; if it does not an LRCC error has occurred. 
This is detected by E43, E49, E45, and E13, and LRCE ENBL H is 
generated. Note that during a reverse re"ad (FWD L negated), LRCC 
error is inhibited. This Is because the LRCe is ignored during a 
reverse read. LRCE ENBL H causes the PEF/LRC flip-flop (CNRZ 2) to be 
set, thereby setting the corres~Ondinq bit in the Error register. 

Because the LRCC is the last character read 1n a record, it is 
preserved in the Data Field of the Maintenance register (R03). It can 
therefore be cheCked by perf~rmlnq a register read of R03. 



3.7.4 IRG Detection 

As data is read off the tape and RSDO 15 transmitted from the TU45 to 
the TM02, RST SHDWN CNTR L (CNFZ 4) constantly keeps res@ttlng the 
Shutdown Counter (TCCM 5). If RSOO pulses terminate, the Shutdown 
Counter 1s enabled for-. counting by 200 BPI CLI< H. [Our ing a wr i te 
operation, the Gap Detection Timer (TCCM 6) must first time-out before 
the Shutdown Counter is enabled.] When the Shutdown Counter reaches a 
count of 15, EORS H and RECORD H are asserted. EORS H causes a Stop 
tape mot10n delay to be generated. RECORD H signifies that IRG has 
been detected. 

If data 1s again dete~ted after a count of SHDN=8, and before the stop 
motion delay, a Nonstandard Gap error (NSG) Is generated, and the 
corresponding b1t in the Error register 1s set. 

3.7.5 Tape Mark Detection 

A set of two isolated ch~racters, separated from each other by six to 
eight character lengths of erased· tape is recognized as an NRZI 
(nine-channel) tape mark by the TM02. 

Refer to the NRZI tape mark detection logic located on CNRZ 4. The 
Short Record flip-flops E17 were 1nitially cleared by READING H 
negated, durinq the start of motion delay. As the read heads pass 
over the IRG, no RSOO H pulse sets the Tape Mark Window flip-flop, 
because NO CHAR PO L Is asserted. The same RSDO pulse also sets the 
Short Record I flip-flop, which negates NO CHAP PO L and enables the 
Binary Counter (E19) to be upcounted by WRT CLK. 

If the next RSDO H pulse occurs wh1le the Binary Counter is at a count 
of 12 through 15, TPMK WINDOW (1) L will remain asserted. At the same 
time, SHORT REC I (ll H will be negated, and SHORT REC II (0) L' will 
be asserted. 

These three conditions activate E13 (pins 1, 2, and 13), and generate 
ENBL SHDN CNTR L. If no other characters are soon detected, the 
Shutdown Counter will assert SHDN=8 H, which will cause the NRZ TMRK 
flip-flop to direct set. 

In nine-track tape un1ts, the Binary Counter is preset to 6. 
Therefore, the tape mark is' valid If the second character arrives six 
to nine character lengths after the first. 

3.7.6 Performance 'Checks 

Refer to the Acceptance Procedure in the appropriate system manual 
(TJU45 or TWU45) whichever is applicable. 
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BIT-FIDDLER READ (M8906)-

CONTENTS 

3.8,1 M8906 Bit Fiddler Operating -Modes 

3,8,2 M8906 Bit Fiddler Read Operation 

3,8.3 performance Cheeks 

3,8,4 Adjustments 

3,8 INTRODUCTION 

Thil Iseetion ~ d11cusses the operation of the M8906 Bit Fiddler dur1ng 
a ·read data operatIon (reference Figure 2-6), The M8906 Bit Fiddler 
II used In PDP-It systeml. 

3,8.1 Ma916 Bit Fiddler Operat1ng Modes 

When oce 1. a'ierted on the Mallbus, the Bit Fiddler Is enabled (BF 
ENABLE H allerted),tReference the M8906 sehematlcs and the M8906 Bit 
flddler Read Operation flowchart (Figure 3,8-1).1 When DRIVE SET PUlse 
I. Qen~r.t.d, tape mot1on is started and the Bit Fiddler Is 
Initial1~ed by P BF RUN H (gen&rated by 81grial AEMD) , The initial 
state of the Bit Fiddler aur.ing a read operation is determined by the. 
tape data format and the direction of tape 'motion. These. parameters 
determine the Initial states of the select A and Seleet B flip-flops, 

- The format allo determinel the manner in which thele flip-flOps will 
.be tOQqled (lee Table 3,8-1). The Format Seleet bits CFMT0-3) of the 
Tape Control R.91ste~ are decoded In the Bit Fiddler (BF3) a. follows: 



FMT(0-3) Mode 
BIT 3 2 1 0 

1 1 0 0 Normal Mode (low order byte first) 

1 1 0 1 Core Dump (high ordei byt~ first) 
j --

1 1 1 0 15 Mode (high order byte first) 

Any other combination produces a Bit Fiddler Format Error (BFFMTE). 

3,8.2 M8906 Bit Fiddler Read Opertlon 

When a tape data character becomes available on the Read Data Clines 
(ROC 0-7), the Bit Fiddler receives ROS, Thil caUlel one or" two of 
the Read Latches (El, E2, E5, and E6 on 8FS) to be loaded by eLK A 
and/or eLK s, or by CLK e and/or eLK D, depending on the states of 
SELECT A, SELECT S, and CORE DUMP. The statel of SELECT Band/or 
SELECT A are now altered, and, .when the next tape data character 
becomes available and RDS is received, one or two other Read Latches 
are loaded. The Bit Fiddler thus alsembles lS-bit data wordl (blts 16 
and 17 forced let) for transfer to 'the Mas.bus Controller. Table 
3.8-2 IhOWI eLK ABe D sequences for the different formata and tape 
motion 'directions. 

After each CLK A S C D cycle, an 18-bit d.ta word, ready for 
tranlm1ssion to the Mallbus Controller, il sitting on the Data lines. 
The Bit Fiddler (8F3) generate I a parity bit DPA TM which wlll be 
transm1tted with the data word. 

When the data word is assembled, the Massbus Transfer (MB XFR) 
flip-flop is clocked set. This produces a 1 microsecond pulse" SCLK, 
which Is transmitted to the Massbus Controller and causes it to strObe 
In the word on the Data lines. SCLK also resets the MB XFR flip-flop. 
Consecutive tape data characters are assembled in the same manner, and 
each time a data word 1s ready, SCLK is generated to the Massbus 
Controller. 

Flqure 3.8-2 Is a timing diagram of sit Fiddler operation In core dump 
mode during a read forward operatlon, 

3.8,3 Performance Checks 

Refer to the Acceptance Procedure 1n the appropriate system manual 
(TJU45 or TWU4S) wh1chever 11 applicable, 

3.8.4 Adjustments 

None. 



INITIALIZE 
SELECT A- 0 
SELECT B-1 

NO 

YES 

INITIALIZE 
SELECTA-O 
SELECTB-O 

ASSERTOCC 

RECEIVE RUN H 

DRIVE SET 
PULSE 

GENERATE 
P BF RUN PULSE 

INITIALIZE 
SELECT A- 0 
SELECTB- 1 

BIT FIDDLER 
ENABLED 

YES 

INITIALIZE 
SELECT A- 0 
SELECTB- 0 

Figure 3.8-1 M8906 Bit Fiddler Read Operation 

FlowChart (Sheet 1 of 2) 



Q 
J" 

0 
r 

MUX CHARACTER 
RECEIVE DATA 
CHARACTER 

1 

MUX CHARACTER 
RECEIVE DATA 

9 CHARACTER 

T 
LOAD READ 

RECEIVE R OS BUFFER 
LOAD READ RECEIVE R OS 

LOAD READ RECEIVE R DS 
BUFFER BUFFER 

! 1 L 
CLOCK CLOCK CLOCK 
FRAME~OUNT TOGGLE SELECT B FRAME-COUNT FRAME~OUNT TOGGLE SELECT A 
REGISTER REGISTER REGISTER 

1 r ! 
MUX CHARACTER RECEIVE DATA 

CHARACTER 
MUX CHARACTER 

RECEIVE DATA 
MUX CHARACTER 

RECEIVE DATA 
CHARACTER CHARACTER 

l ~ ~ 
. LOAD READ RECEIVE R OS 

BUFFER 
LOAD READ RECEIVE R DS LOAD READ RECEIVE R DS 
BUFFER BUFFER 

~ ! L 
CLOCK 
FRAME-COUNT TOGGLE SELECT B 
REGISTER 

CLOCK CLOCK 
TOGGLE SELECT A 

FRAME~OUNT 
TOGGLE SELECT A FRAME~OUNT 8r SELECT B 

REGISTER 8rSELECTB REGISTER . 
1 1 ! 

GENERATE S CLK MUX CHARACTER RECEIVE DATA GENERATE 
CHARACTER SCLK 

I cb I 

10-1331 

Fiqure 3.8-1 M8906 Bit Fiddler Read Operation 

Flowchart (Sheet 2 of 2) 
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Table3 •• -! 

Bit Fiddler Inltlali •• tton/Operatlon 

" 

rormat ,Mod. Select A Seleet B 
'Initial TOO'Oled By. Initial Toggled 

. 
Forw.rd Nora.! Mode eel.ar, TOO91iftl inhlbited Cle.r RDS 
Tape Cort, DUllp Clear RD' Clear Alternate 

, Motloft'· 15 MOde Cle.r ' TOCJI,llno inhibited Set RDS 

Rever', lora.l Mode' Clear ' TOCJQllno Inhibited set RDS 
Ta,e Core DUllp Cl.ar RDB set A,lternate 
Motion 15Mode Cl.ar To;olino inhibited Cle.r RDS 

Table 3,8-2 

eLK A BC D Sequ.nee. 

Modt sequence 

Normal Mod. 

Direction of Tape Motion 

Forward A&B-C.D-A.B-C&D-ete. 
C'D-A~B-C~O-A&B-.tc. 

Core Durftp 

15 Mode 

Reverae. 

Forward 
Rever •• 

Forward 
Revefle. 

A-a-C·O-A-B-C-D-etc. 
C-D-A-B-C-O-A~.te. 

C&D-A'BC.O-A&Betc. 
A&B-C'O-A.B-C&Detc. 

By 

RDS 

RDS 

-Only nor •• l 1Il0dt and 15 mode provide proper re ••••• bly In 'read 
,rt.er •• :, 
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BIT FIDLER ~ \ 
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F1gure 3.8-2 B1t F1ddler Read Forward Operat1on 
1n Core Dump Mode 
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BIT IIDDLER WRITE (M8906) 

CONTENTS 

3.9.1 Bit Fiddler Initialization 

3.9.2 Bit Fldaler Formating 
. 

3.9.3 Bit F1ddler Timing 

3,9,4 Performanee Cheeks 

3,9.5 Adjustmentl 

1.9 tNTRODtiCTION 

Tht, !se-etlan ' di.cu •• e. the operation of the M8906 Bit Fiddler durlng 
, a ·write d.t~ operetion (reference Figure 2-4). The M8906 Bit Fiddler 

Is uled In PDP-II .ysteml. 

I 3.9.1 Bit Fiddler Initialization 

Referenee the M8906 Bit Fiddler Ichematlcs and the Bit Fiddler Write 
Operation ~lo.ehart (F1gure 3.9-~). 

When the '1'M02 decodes a data tranlfer funct10n code in the Contr'ol 
reoi.tet, oce TN 11 asserted (MBI 7), this enablel the ,Bit Fiddler 
(8F ENAILE H), When the MaSlbus ,Controller 11 readY to tran •• it data, 
It lplaces ',- an 18-blt data' word on the 'Data lines Of t"e data bUI, 
pl.ee~ ~-~ar1tY bit alsoelated with the Data 11nel on the. DPA line, 
and then alserts RUN H, 
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When the TM02 reeeive. RUN H, DRV SET PLS 11 generated 1n the Massbus 
Interface module (M8909). DRV SET PLS produce. AEMD H (TeeM]), a 
~lle whIch, on 1tl trailing edge, tr1goers a one-shot (8F2, E29) and 
~n.ratel P BF RUN H. P SF RUN H in1t1a11zes the Bit F1ddler by 
•• ttln; or clearing the Select A and Select B flip-flops. Because 
W~ITE L 11 aal.rted during a write data operat1on~ P 8F RUN H 15 gated 
~y £25' and allo lets the,MB.XFR (Mallbus TranSf~r) flip-floP. M8 XFR 
'H produce. a 1 microsecond SCLK pulse, which resets the MB XFP 
Ml1p-flop and 1s transmitted to the Massbus Controller. 

When the Massbus Controller receives SCLK, it transmits WCLK to the 
TM02 and then places the next data word and its corresponding parity 
bit on the da~a bus. WCLK, enabled by BF ENABLE, produces CLK WRT BUF 
H, which loads the Bit Fiddler write Buffer (SF 4). Thus, in a data 
write operation, the first data word Is transferred soon after, and as 
a consequence of, the assertion of RUN H. Subsequent data words are 
transferred only after the first data word 'has been converted to tape 
Characters, i.e., after the motion delay Is over (and In PE Mode, 
after the preamble Is wr'i t ten) • 

3.9.2 Bit Fiddler Formatting 

The mode of Bit Fiddler op~ration during a data write is determined by 
the selected data format. The Format Select bits (FMT 0-3) of the 
Tape Control register are decoded In the Bit Fiddler CBF 3) as 
followS: 

FMT(O-3) 
Bit 3 2 1 0 Mode 

1 1 0 0 Normal Mode 
1 1 0 1 Core Dump 

·1 1 1 0 15 Mode 

Any other combination produces a Bit Fiddler Format Error (BFFMTE). 
The selected format determines the initial states of the Select A and 
Select B flIp-flOPs, and also the manner in WhIch tne flip-flops are 
toggled (refer to Table 3.9-~). SLCT A and SLeT B are inputs to 
multiplexers E16, E16, and E19 (BF4), and det~rmine the manner 1n 
which a data word stored 1n the Write Buffer is disassembled. Note' 
that In ~or~ dump mode, BFO 4-7 are forced low. As SLCT A and/or StCT 
S'toggle, the data word 1s multiplexed Into.characters as indicated 1n 

._ F' 1 9 u r e 3. 9 - 2 • 
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ri;ure 3.9-1 M8906 Bit Fiddler Write Operation 
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Bit Fiddler Initialization/Operation 

. Format'.. Mode 

Normal Mode 
Core Dump 

115 Mode 
\ 

.Select A 
Initial Toqgled 

Clear TOgolinq 
Clear WRT STRB 

Clear Togglinq 

3.9.3 Bit Fiddler Timing 

Select B 
By Initial Toggled By 

inhibited Clear WRT STRB 
Clear Alternate 

WRT STRB 
inhibited Set WRT STRB 

When WRT STRB H pulses are received by the Bit Fiddler, it begins 
disassembling ~he data word stored 1n the Write Buffer. In NRZI mode, 
this occurs Immediately after the start motion delay, when the TU45 Is 
at speed and transmit~ WRT CLK to the TM02, In PE mode, WRT STRB 
pulses are generated after the preamble has been wrItten. 

WRT STRB H 1s generated on the Tape Control Common Mode module (TeCM 
'4). When DRV SET PLS H is asserted during a write data'opera~ion, the 
write Data Pecord flIp-flop (E42) Is set, generating WDR H. In NRZI 
mode, (PESB L negated), thIs produces a high at E25 pin 6 and E46 pIn 
8, and enables generatIon of WRT STRB H when WRT CLK Is produced by 
the TU45. WRT STRB and WRT eLK will be at the same frequency. In PE 
mode, WRT STRB H is also derived from WRT CLK, however, PE WRT ENABLE 
L . and DATA eLK H must be asserted. ThiS occurs when the data portIon 
of a record is written. Because the frequency of DATA eLK H is half 
that of WRT eLK, WRT STRS H will also be at half the frequency of WRT 
eLK H (Figure 3.9-3). 

Figure 3.9-4 1s a timing diagram for a Bit Fiddler write operation in 
core dump mode. Each time a WRT STRB H pulse is generated, the Select 
B and/or Select A flip-flops are togqled. The Frame Count register is 
also incremented (FCCLK H as~erted) at each WPT STRB H. For each 
combination of SLeT A and SLeT B, a separate character is multiplexed 
onto the Bit Fiddler output lines: this character becomes available 
to the write circuitry in the TeeM module. 



In core dump ( or normal) mOde, completIon of data word dIsassembly Is 
detected by E21 (p1ns 3, 4, 5, and 6) (1n 15 mode, E23 pins 1, 2, 12, 
and 13 detect thIs condit10n), and the MB XFR flip-flop 1s clocked 
set. MB XFR H generates a 1 microsecond SCLK pulse, which clears the 
MB XFR fl1p-flop, and 15 transmitted to "the Massbus Controller. The 
controller responds to SCLK with a WCLK pulse which loads the Bit 
Fiddler Write Buffer witri the data word on the Data lines. The 
controller then places a new data wotd on the Data lines, places a 
data parity bit on the DPA" lines, and waits for the next SCLK pulse, 
In the meantime, the Bit Fiddler performs its disassembly process on 
the new word in its Wr1te Buffer. When this word is dIsassembled, 
another SCLK is transmItted to the controller: this cycle continues 
unt1l all the data has been transferred. 

Each time the WrIte Buffer is loaded, a data bus parIty cheCK Is 
performed. If there 15 a parity error, the Parity Error fl1p-flop (BF 
3) 1s set and SET DPAR ~ 1s generated. This causes the DPAR b1t in 
the Error register to be set. 

If a WRT STRB H pulse occurs before the Bit Fiddler receives a WCLK 
response from the Maslbus Controller, SET DTE L (Set Data Timing 
Error) il asserted. Thil causI' the DTE bit in the Error reoister to 
be set. 

1-3.9-.4 --Performanee Cheeks 

Refer to the Acceptance Procedure in the appropriate Sy.teM manual 
(TJU45 or TWU45) whichever is applicable. 

3.9.5- Adjustments 

None. 
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Figure 3.9-2 M8906 Bit Fiddler write Formats 
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Figure. 3.9-4 Bit Fiddler Write Operation in Core Dump Mode 
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• WRITE (PEl 

CONTENTS 

3,10.1 PE Data Write 

3.10.2 PE Data Write Timing 

3,10.3 Preamble Write Timing 

3.10,4 Postamble Write Timing . 

3.10.5 PE Tape Mark. Generation 

3,10,6 lOB Generation 

3,10,7 Performance Checks 

3,10 INTRODUCTION 

This ~~~etlon discuss~s the operation of the TM02 write circuitry when 
operating in PE mode, The write data path (reference Figure 2-4) is 
covered from the output of the Bit Fiddler to the slave bUS. Bit 
Fiddler write operation is described in section: 3.9 (M8906), 

3,10,1 PE Data write 

. The characters multiplexed by the Bit Fiddler into the Write Data Bit 
Fiddler Output lines (WDBFO 0-7) are transmitted to the TCCM modUle, 
In the TeeM modUle, the WDBFO lines are input to a par1ty tree (TCeM 2 
£44) and generate a vertical parity bit (Odd or even, as determined by 

. the program), The character (parity bit inclUded) 1s applied to the A 
inputs of the TeeM Write Mult1plex (TeeM 2), and multiplexed to the 
TeCM Write Buffer. 
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When the Write Buffer receives we eLK H, it il loaded with the output 
of the Write Multiplex, The complemented outputs of the write BUffer 
~re applied to the D inputs of the-Write Multiplex, and loaded into 
t.he write Buffer at alternate WB CLK H pulses. Th1s operation Phase 
encodes the binary data output of the Bit Fiddler. 

The uneomplemented outputs of the TeCM Write Buffer are driven across 
the slave bus to the TU45, The Write Data (WO) lines of the slave bus 
are received by MTA module 'CM8921) of the TU45. 

3.10.2 PE Data write TIming 

When the TM02 decodes a Write Data function code, it places the WRITE 
and FWD commands on the slave bus. When the ~assbus Controller 
asserts RUN, the TM02 g~nerates DRV SET Pulse, which sets the WDR 
(Write Data Record) flip-flop (TCeM 4)7 this enables generation of W8 
CLK and REC L pulses when WRT CLK Is received from the TU45. The TM02 
also transmits SLAVE SET Pulse to the TU45 (MTA). This initiates tape 
motion and sets the slave in write mode. Since no flux reversals can 
be effected until WPT CLK Pulses are produced, the tape is dc erased 
as 1t accelerates. 

When the transport is up to speed (ACCL H negated), the PE Write Major 
States circuitry CTePE 3) 15 enabled; at the same time, the TU45 
(MTA) begins to transmit WRT CLK to the TM02. The Write Major States 
circu1try enables the various segments of a PE data record (preamble 
0'5, preamble l's, data postamble 1'5, and postamble ~'s) to be 
written. While ~he preamble is being written, WRT CLK generates WB 
CLK and REC L pulses (RCCM 4). WB CLK 1s used in the TCeM write 
'circuitry (TCeM 2) to phase encode the preamble (Figure 3.10-1). REC 
L is transmitted to the TU45 and causes the phase-encoded characters 
generated by the TCCM Write Buffer to be transferred to tape. 

When the preamble has been written, the Write Major States circuitry 
asserts DATA H. This enables the generation of WRT STRB in addition 
to WB eLK and REC L, and changes the mode of the TCeM Write 'Multiplex 
operat1on so that it gates data ~haracters from the Bit Fiddler .to the 
TCeM wr1te Buffer. The WRT STRB pulses cause the Bit Fiddler to 
generate tape characters from the data words it receives from the 
Massbus Cont~oller. we eLK pulses clock the TeeM Write Buffer and 
phase encode the Bit Fiddler outputs, .while the RECC L pulses, 
transmitted to the TU45 c.use the dat~ to be transferred to tape. The 
writing of the data portion of a PE record terminates with Frame Count 
register (ROS) overflow. 
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Fl;ure 3,10-1 TeeM Write Operation T1mln; (PE) 
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3.10.3 preamble Write Timing 

The Write Major States cIrcuItry on TCPE 3 controls various stages of 
a PE write data operation. At the beginninq of a write data operation 
in PE mode, WDR H (TCCM 4) enables the PRE 0 flip-flop (TCPE 3) to be 
clocked set by ST CLK (state CloCk) •. However, Write Major states 
circuitry operation is inh~bited untIl the end of the start motion 
(acceleration) delay. When the start motion delay Is over (ACCL 
negated), the PRE 0 flip-flop 15 set, ~RE 0 asserts PE WRT ENB L. At 
the same time, WRT CLK pulses receIved by the TM02 produce PE eLK, WB 
eLK H, and REC L pulses (TCCM 4). PE CLK and PESS (Phase Encoded 
Status Buffered) cause the SO and 51 inputs of the TCCM Write 
Multiplex (TCCM 2) to toggle as illustrated in Figure 3.10-1. Because 
ONES H Is not asserted, phase-encoded O's are loaded Into the TCeM 
Write Buffer by WB eLK. (The operatIon is Identical to the manner in 
which postamble O's are produced, illustrated 1n Figure 3.10-1.) 

The number of preamble O's generated is counted by E5 and E6 on TCeM 
3. (The motion delay counter, of whIch E5 and E6 are a part, thus 
serves a dual purpose.) When forty O's have been generated, FORTY H 
causes the PRE 0 flip-flop to be cleared and the PRF 1 flip-flop to be 
set, thIs asserts ONES L, causing the TCCM Write Sufer to be loaded 
with a Phase-encoded 1's character. REC L pulses are continuously 
transmitted to the TU45 and cause the forty O·s and the 1's character 
to be transferred to tape. 

After the preamble 1's character is written, the PPE 1 flip-flop 1s 
'cleared, and the Data flip-flop is set. DATA H asserted causes the 
data portion of the PE record to be written, as described in Paragraph 
3~10.2. 

3.10.4 Postamble Write Timing 
. 

When the Frame Count register overflows (indIcating that the data has 
been wrItten), WRITE EN" L Is generated (MBI 9) and clears the~Wrlte 
Data Record flip-flop (TCCM 4). WDR H negated clears the Data 
flip-flop (rCPE 3) and causes the POS 1 flIp-flop to set. This 
asserts ONES L, and changes the mode of TCCM. Write Multipiex operation 
(Figure 3.10-1), so that a Phase-encoded 1'5 Character 15 qenerated 
and written on tape. The next 5T CLK pulse clears the POS 1· 
flip-flop. This negates bNES L and enables the postamble O's to be 
written on tape. The ST eLK pulse that follows sets the POS 0 
flip-flop. WhIle pas 0 is asserted, E5 an~ E6 of the BInary Counter 
on TeCM 3 are upeounted from 40 to 80, during'which time 40 postamble 
~'s are wrItten on tape. When EIGHTY L 15 asserted, the POS 0 
~llp-floP is cleared;· this completes the PE record. 
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3.10.5 PE Tape Mark Generation 

When the DRV SET PLS 15 produced, the write and erase heads are 
energized and cause the tape to be erased throughout the start motion 
delay. DRV SET PLS also causes the TMWIP (Tape Mark WrIte In 
Progress) flip-flop (TCCM 4 E42) to be set. 

When the start motion delay is over, the ~rlte Major States circuitry 
(TePE 3) 1s enabled, and TMWIP H allows the PRE 0 fl1p-flop to set. 
This causes the assertion of PE WRT ENB L, whiCh enables generation of 
PE CLK, we CLK, and REC L pulses (TeCM 4). 

With PRE 0 asserted, almost the same situation exists as when preamble 
0·5 are written (Paragraph 3.12.3). Forty tape characters will be 
written on tape, as determined by E5 and E6 on RCCM 3. However, 
because WFMK L is asserted and input to E33 pin 12 on TCCM 2, bits 3, 
4, 6, and 7 of the TCCM Write Buffer are force cleared. Thus, instead 
of all-O tape characters, only tracks 1,·2,4,5, and 8 will contain 
Os; traCKS 3, 6, 7, and 9 (corresponding to bits 3, 4, 6, and 7) w~ll 
be erased. 

When the 40 characters comprising the tape mark have been written, 
FORTY H (TCCM 3) causes the PRE 0 ~lip-flop (TePE 3) to be cleared: 
this inh1bits further WB CLK and REC L pulses. 

3.10.6 lOB Generation 

The lOB is written on tape automatically when the TU45 operating in PE 
mode, is commanded to perform a write operation while at BOT. The 
circuitry that detects this condition is located on TeCM 3. The count 
in the motion delay counter (E5, E6, E14 and E15) is used to activate 
the Write lOB circuitry. During a write from BOT operation, the start 
motion delay is 74ms. Approximately O.02ms into the delay, the Write 
lOB flip-flop (E26) is forced set and asserts WRT 10 BURST L. It 
remains set for 64ms, during whiCh time the identification burst is 
written. 

WRT to· BURST L asserted negates ACCL (S8) L (TeCMM 3)1 this enables 
the TU45 (MTA) to transmit WTRT CLK to the TM02. WRT 10 BURST also 
generates PE WRT ENB L CTCPE 3), which enables generatIon of PE CLK, 

.WB CLK, and REC (TeCM 4). At the same time, WRT 10 BURST is input to 
'E33 pin 13 on TceM 2, and force clears all the bits of the TCCM Writ~ 
Buffer·except for the parity bit. WRT 10 ·BURST H, input to E83 pin 13 

. o~ TCCM2, er'tables PARITY DATA SET UP H, which causes the Wri te Buffer 
parity bit to produc~ alternate l's and O's. The net result is 

-,alternate l·s and O·s on the· parity track (traCk 4) while all other 
tracks are erased. 

3.10.7 Performance Checks 

Refer to the Acceptance Procedure 1n the appropriate system manual 
CTJU45 or TWU4S) wh1chever is apPlicable. 
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WRITE (NRZI) 

CONTENTS 

3.11.1 NRZI Data Write 

3.11.2 NRZI Data W'r i te Timing 

3.11.3 CRCC Generation 

3.11.4 CRCC and LRCe writing Timinq 

3.11.5 NRZI Tape Mark Gneration 

3.11.6 Tape Mark Write Timing 

3.11.7 Performance Checks 

3.11 INTRODUCTION 

This section discusses the operation of the TM02 write circuitry when 
operating in NRZI mode. The write data path (reference Figure 2-4) is 
covered t-r-om---the----outputu-M-u-t-h-e--B-l-t Fiddler -to the slave bus. 8it 
Fiddler write operation Is described in section 3.9 (M8906). 

3.11.1 NRZI Data Write 

The characters, multiplexed by the Bit Fiddler onto the Write Data Bit' 
Fiddler Output lines (WDBFO 0-7), are transmitted to the TeCM module. 
In th~ TeeM module, the WDBFO lines are input to a parity tree (TeeM 2 
E44), and generate a vertical parity bit (odd or even, as determined 
by the program). The character (parity bit included) is applied to 
tne A inputs of the ·TCCM Write Multiplex (TCCM.2), and multiplexed to 
~ne TeeM Write Buffer. 

When the Write Buffer receives WB CLK H, it Is loaded with the outputs 
of the ~rite Multiplex. The outputs of the Write Buffer are then 
driven by type 75451 drivers across the slave bus to the TU45. 
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The Write Data (WD) lines of the slave bus are received by the MTA 
module (8921) of the TU45. 

3.11~2 NRZI Data Write Timing 

When the TM02 decodes a Write Data function cOde, it places the WRITE 
and FWD commands on the slave bus. When the Massbus Controller 
~S5erts RUN, the TM02 generates D~V SET pulse Which sets the WDR 
(Write Data ~ecord) flip-flop (TCCM 4): this enables generation of wB 
CLK and REC L pulses when WRT CLK is received from the TU45. The TM02 
also transmits TU45 SET pulse to the TU45 (MTA). This initiates tape 
motion and sets the TU45. Since no flux reversals can be effected 
until WRT CLK pulses are produced, the tape Is de erased as it 
accelerates. 

When the transport is UP to speed, WRT CLK pulses are transmitted to 
the TM02 and generate WFT STRB, WB CLK, and REC L pulses. WB eLK Is 
used to load the TecM Write Buffer with the outputs of the TeC~ Write 
Multiplex (Figure 3.11~1). REC L is transmitted by the TM02 to the 
TU45, where it causes the tape charac~er presently in the TeeM Write 
Buffer to be transferred to tape. WRT STRB activates the Bit Fiddler 
to generate the next character. 

WB eLK, WRT STRB, and REC L pulses continue until the WDR flip-flop Is 
cleared. This occurs when the Frame Count register overflows and 
generates WRITE END (MBI 9). 

3.11.3 CRee Generation 

Data input to the TCM is also input to the CRee Generator (CNRZ 2). 
The generator, clocked by wB CLK, produces the CPCC by a series of 
shifts and XORS. The outputs of the CRCe Generator (CRC 0-7, Pl are 
applied to the B inputs of the TeCM Write Multiplex. After the data 
portion of the record 15 written, the CRCC is transmitted to the TU45 
and written on tape. 

3.11.4 CRCC and LRCC Writing Timing 

When the data portion of an NRZI record has been written, the WDR 
flip-flop Is cleared; this enables Binary Counter E27 (TCeM 4) to be 

.upcounted by WRT eLK. The counter, initially preset to a count of 8, 
generates eRe STRB. H when it reaches a count of 11, and LRC STRB L 
when it reaches a count of 15. At a count of zero, further clOCking 
Is inhibited. Therefor~, three clock pulses increment the counter to 
11; another four clock pulses increment it to 15, so that CRe STRB H 
is produced three character spaces after the data, and LRC STRR L Is 
generated seven character spaces after the data. 
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Figure 3~11-1 TCCM Write Operation Timing 

(NRZI, 1 of 9 Tracks) 

Whenever LRC STRB or CRC STRB occur, WRT CLK ENBL H is momentarily 
.asserted, and gates out one WB eLK H pulse and one REC L pulse. 

When CRC STRB H Is asserted, the TCCM Write Multiple~ (TeeM 2)-. gates 
the outputs of the eReC Generator (CNRZ 2). to the TeeM write Buffer 
(Figure 3.11-1).· The WB eLK produced at CRe STRB tlmeloadl the 
buffer ~lth the CRCC. The character il driven to the MTA module in 
the TU45, and applied to the TU45. When REC L Is received by the 
TU45, the Write Buffer in TU45 is clocked, and the CRce is transferred 
·to tape, three character lengths past the last data character (Figure 
3.11-2). .. 

LRC STRS L, input to E38 pln.2 on TceM 2, clears the entire TeeM Write 
Buffer and causes O's to be transmitted to the Write Bufter 1n the 
TU4S. This ·signal clears all nine buffers. 
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Figure 3,11-2 CReC and LRCC Timing 

3,11,5 NRZI Tape Mark Generation 

During a writ~ tape mark operation, WFMK Is asserted. WFMK L Is Input 
to E24 pin 12 on TeCM 2, and causes all the bits of the TeCM Write 
BUffer to be cleared, while at the same time NRZ WTMK L, 7eH TM 1 and 
7 CH TM 0 are generated, These signais are input to slave bus drivers 
E13 (pins 6 and 7), E21 (pins 2 and 6), and E12 (pin6), thereby 
forcing the tape mark character onto the Write Data CWO) lines of the 
Slave bUS, The tape mark character forced on the WD lines 15 23(8) 
(nlne-channeliNRZI format). 

3,.11.6 Tape MarK Writing Timing 

When the ORV SET PLS 1s prOduced, the write and erase headS are 
energized, and cause tape to be erased throughout the start motion 
delay. DRY SET PLS also causes the TMWIP (Tape Mark Write tn 
progress) flip-flOp (TCCM 4 E42) to 'set. This loadS the type 74191 
Binary Counter CE27) and also allOWS WRT eLK H to be gated by E49 
(pins 8, 9, and 10) to produce WB CLK Hand REC L. 

When the start motion de!ay is over and the first WRT CLK pu!se is 
received by the TM02, the first we CLK H produced clears the TMWIP 
fllP-floPJ thUS, further we eLK and REC L pulses are temporarily 
inhibited. The REC L pulse produced, along with the W8 eLK H pulse, 
cause the Write Buffer tn the TU45 to be clocked, and transfer the 
tape mark c~aracter to tape. 

W1th the TMWIP f11p-flop now clear, the" type 74197 Binary Counter Is 
-enabled, It operates in the same manner as during a CRee and LRCC­
write, except that WFMK H asserted, input to E41 pin 3 on TeCM 4, 
Inhibi ts the prodUction of eRe STRB H. However, LRC STRB 1s p.rodUced 
In the norma! manner, an~ occurs seven character spaces after the tape 
marK character. 
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L~C STRB L, Input to pin 2 of AND gate E8 on TeeM 2, removes the tape 
mark character forced on the WD 11nea of the slave bUs, this causes 
01 to be input to the Write Bufter In the TU45. LRC STRB L, Is 
transmitted to the TU45, and cause. the Write Buffer to clear, thereby 
transferrlno the LRCC of the tape mark character. (which 11 lde·ntlcal 
to the tape mark character) to tape, 

3.11.7 Performance Checks 

Refer to the Acceptanee Procedure In the appropr1ate system manual 
(TJU45 or TWU4S) whichever Is applicable. 
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