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If neither SET ILR nor SET RMR has been asserted, ASYC WRT L generates REG WRT L. REG 
WRT L, along with Rn L, load the selected register with the data on the control lines. If SET CMBPE, 
SET ILR, or SET RMR were asserted, the corresponding bits in the error register are set (MBI1l). 

NOTE 
If the control register (CS 1) is being written into and 
there is a control Massbusparity error (CMBPE), 
the GO bit will not be set; therefore the command 
loaded into the register will not be executed. 

The trailing edge of PULSE L triggers a 70 ns one-shot (MBI2). When the 70 ns one-shot times out, 
TRA is asserted and transmitted to the Massbus controller. This signal, when received by the Massbus 
controller, notifies it that the write sequence in the TM03 is over. The controller therefore negates 
DEM H and this in turn negates TRA (MBI 1). The register transfer is over. 

4.2.3.2 Register Read - The Massbus controller can read any TM03 register to determine the status 
of the transport or the TM03. To do so (Figures 4-19,4-20, and 4-21), the controller simultaneously: 

I. Places a 3-bit drive address code on the drive select lines 

2. Places the 5-bit register select code of the desired register on the register select lines 

3. Negates CTOD H. 

The controller now waits for these signals to settle on the Massbus and then asserts DEM H. 

Drive select recognition and register select recognition occur in the same way as for a register write 
(M BI2); only the selected TM03 will respond. 

When DEM H is received by the selected TM03, a 200 ns signal (PULSE H) is generated. If a nonex­
istent register is decoded on the register select lines, SET ILR H will be generated, and, on the leading 
edge of PULSE H, the ILR bit of the error register will be set. If a legal register has been addressed, Rn 
L (as decoded from the register select lines, where n is the selected register) will multiplex the bits of the 
selected register to the control line latches (M R4). 

The register multiplexers are located on several of the TM03 logic modules, but their outputs are 
"common collector wire ORed." Table 4-4 lists the modules containing the various registers and 
multiplexers. 

Table 4-4 Register /Multiplexer Locations 

Register 

00 Control 
01 Status 
02 Error 
03 Maintenance 
04 Attention Summary 
05 Frame Count 
06 Drive Type 
07 Check Character 
10 ' Serial N urn ber 
11 Tape Control 

Bit Source 

M8909-YA 

M8909-YA 
M8905-YB 
M8909-YA 
M8909-YA 
Transport 
M8905-YB and,M8901 
Transport 
M8905-YB 
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The trailing edge of PULSE L triggers a 70 ns one-shot (MBI2), which causes LCTOD L to be as­
serted. LCTOD loads the control line latches with the multiplexed register contents and gates the 
register contents onto the control lines. 

When the 70 ns one-shot times out, TRA is asserted and transmitted to the Massbus controller. Upon 
receipt of TRA H, the controller strobes in the data on the control lines and negates DEM H. DEM H 
negating in turn negates TRA L in the TM03, and also negates LCTOD L. With LCTOD L negated, 
the control line latches produce high-level, high-impedance outputs. 

4.2.3.3 Attention Summary Register (R04) - The attention summary register is shared by all TM03 
formatters (and other drives) that are connected to a particular Massbus controller. Therefore, when 
reading or writing this register, it is not required to place any address code on the drive select lines of 
the M assbus. Each TM03 is enabled to respond when it decodes R4 L from the register select lines. It 
should be noted, however, that the DEMAND-TRANSFER "handshake" is carried on in the normal 
manner by the TM03. 

Register 04 Read - To read the attention summary register, the Massbus controller performs its usual 
register read sequence; however, no particular TM03 address code need be placed on the drive select 
lines. When each TM03 decodes R4 L (MBI2) from the register select lines, it places its AT A (attention 
active) status bit on one of the control lines of the Massbus; the control line is determined by the unit 
select plug configuration (unit number) of the particular TM03. 

A BCD decoder (MBI3 and Figure 4-22) multiplexes the AT A bit onto the proper control line. Inputs 
DO, 01, and D2 of the decoder are the unit select (US0-2) configuration of the TM 03. If register 4 is 
being read and the AT A bit is asserted, input D3 is low (units 0 and 2 in Figure 4-22). The input to the 
BCD decoder is therefore the unit select configuration; the appropriate output is asserted low, but is 
later inverted by the Massbus drivers. 

If the AT A bit is not asserted (unit 1 in Figure 4-22), D3 is high and the decoder decodes 8 or higher (8 
+ n for unit n). Since only outputs 0-7 of the decoder are used, this condition will not produce a high 
on the control lines. 

Register 04 Write - To write the attention summary register, the Massbus controller performs the 
usual register write sequence. However, it need not specify a particular TM03 on the drive select lines. 
The DEMAND-TRANSFER handshake is carried out in the normal manner, but TM03 internal 
operation is slightly different. 

When REG WRT L is generated, one of the control lines is multiplexed (MBI3) into the TM03. If the 
signal on the control line is high, it resets the AT A flip-flop; if it is low, it has no effect. The control line 
is selected by the unit select configuration (US0-2) of the particular TM03 input to the multiplexer. 

4.2.4 Errors 
This paragraph discusses the error check sequence performed by the TM03, as well as TM03 and 
system responses to error conditions (ATTN and EXC asserted). For a detailed discussion of the error 
register bits, refer to Chapter 2. 

4.2.4.1 Error Check - Whenever the control register is loaded and the GO bit is set, an error check is 
performed. If an error condition exists, the operation specified by the function code in the control 
register is inhibited. 
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If any bit in the error register is asserted, COMPER H (composite error) is asserted (MBIlO). If the 
control register is loaded while this signal is asserted, PREV ER H (previous error) is generated and 
prevents the assertion of OCC (occupied) on the Massbus. This clears the control register GO bit, 
which in turn sets the TM03 AT A bit and asserts ATTN on the Massbus. Table 4-5 lists errors which 
could be detected during various operations (GO bit set). These errors will remain asserted after the 
operation is completed. 

Table 4-5 Possible Errors During TM03/Transport Operations 

~ U U 
Q. ~ ~ ~ 

~ ;> ~ Eo- U 
~ ~ Eo- ............ ............ ............ 

-< '" - 00 ~ 
'- =: ~ -< ~ U ~ ~ ............ ~ ~ -Operations ~ ~ Q. Q. Z ~ 00 U 00 ~ Eo- Q. Z 0 - - ~ U ~ Q - Q. Z ~ U Z Q 0 ;J U 

Write to any register* X X X 

Read from any register X 

Load CS t with "NO-O P" X X X X X X 

Load CSt with "REWIND-OFF X X X X X X 
LINE" 

Load CSl with "REWIND" X X X X X X 

Load CSl with "DRIVE CLEAR" X X X X X 

Load CS 1 with "WRITE TAPE X X X X X X X X X X X 
MARK" 

Load CSI with "ERASE" X X X X X X X 

Load CSl with "SPACE FWD" X X X X X X X X 

Load CSI with "SPACE REV" X X X X X X X X 

Load CS 1 with "WRITE X X X X X X X X X X X X X X X 
CHECK FWD" 

Load CS 1 with "WRITE X X X X X X X X X X X X X X X 
CHECK REV" 

Load CS 1 with "WRITE FWD" X X X X X X X X X X X X X X X X 

Load CSI with "READ FWD" X X X X X X X X X X X X X X X 

Load CSl with "READ REV" X X X X X X X X X X X X X X X 

MASSBUS INIT X 

W rite into AS or M R register X X 

*Except AS or MR. 
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4.2.4.2 Attention (A TIN) - Attention (ATTN) is asserted on the Massbus by any drive that requires 
servicing. A TIN is asserted (MBI3) under the following conditions: 

1. At the completion of an erase, space, or write tape mark operation 

2. Upon initiation of a rewind command 

3. Upon loading a 1 into the GO bit of the control register while an error condition exists 

4. Upon termination of an operation during which an error occurred or SSC was asserted 

5. Upon termination of any operation during which END PT was asserted. 

When the Massbus controller senses that the ATTN line of the Massbus is asserted, it must read the 
attention summary register (R04) to determine which drive(s) require servicing. It will service each 
drive whose AT A bit is asserted, and will clear the AT A bit of the drive upon completion of servicing. 

To service a TM03, the Massbus controller first reads the status register (ROl) to determine why 
servicing is required. If the ERR (composite error) bit of the status register is asserted, it will read the 
error register (R02) to determine which error has occurred, and will then proceed accordingly. If the 
SSC (slave status change) bit of the status register is set, the Massbus controller should poll all the 
slave transports controlled by the TM03 to determine which one requires servicing and why. 

4.2.4.3 Exception (EXC) - The EXC line of the Massbus is immediately asserted (MBI9) by the 
TM03 whenever any error occurs during a data transfer operation (OCC TM asserted). 

Data transfers are normally terminated by the assertion of EBL. If during a read data operation, an 
error occurs that is serious enough to invalidate data, and the EAODTE bit is set, the TM03 asserts 
EBL (MBI9) on the Massbus. This will cause the data transfer to be terminated; however, the read 
data operation of the TM03 continues and terminates in the normal manner. 

If during a write data operation, an error that is serious enough to invalidate data occurs, then the 
TM03 asserts EBL on the Massbus. It also terminates the write operation (WRITE END L asserted), 
stopping tape motion after erasing IRG. 

The following error conditions cause the TM03 to assert EBL. 

1. A data transfer operation is attempted while an error condition exists in the TM03 

2. An error condition occurs while the data transfer is being initiated 

3. A class B error (UNS, OPI, DTE) or an ILF error occurs while a data transfer command is 
being executed \ 

4. A data error (INC/VPE, DPAR, PEF /LRC, COR/CRC) occurs during the data transfer 
operation, while bit 12 (EAODTE) of the tape control register is set. 

4.2.5 Tape Motion - On-Line 
When the slave transport is on-line, all transport operations are directed by the TM03 via the slave 
bus. The slave bus connects the TM03 to up to eight slave transports. 
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In this paragraph, transport selection and status reporting, on-line tape motion initiation, and on-line 
tape motion termination are discussed. Anyone of several sequences can cause tape motion to termi­
nate, depending on the type of operation being performed. Each of the termination sequences is dis­
cussed. 

402.5.1 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 TM03 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 TM03, the TM03 transmits a binary code 
on slave bus lines SSO (SB) L, SSl (SB) L, and SS2 (SB) L. Each transport on the bus compares this 
code to its transport select number. If the selection code transmitted by the TM03 matches the trans­
port 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 TM03 as follows. 

7CH (SB) L Always negated in the tape transport. 

BOT (SB) L Asserted when the tape is positioned at the load point (beginning of tape). 

END PT (SB) L Asserted when the tape is positioned at the end point. 

WRL (SB) L Asserted when the tape transport is write-locked. 

R WS (SB) L Asserted when the tape transport is performing a rewind operation 

SDWN (SB) L Asserted when the transport is settling down following an operation, i.e., 
asserted following the command to terminate an operation while the capstan 
is coming to a halt. 

TUR (SB) L Asserted when the transport is ready to receive any command, i.e., when the 
transport is neither performing an operation nor settling down following an 
operation. 

4.2.5.2 Tape Motion Initiation (On-Line) - When DRV SET PLS is generated by the Massbus inter­
face module (MBI6), the TM03 negates STOP L (TCCM3) and asserts SLAVE SET PLS L (TCCM4) 
and EMD L (TCCM3) on the slave bus (Figures 4-23 and 4-24). 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 the corresponding function code 
(GO bit set) into the control register (ROO). 

If a slave transport is selected, on-line, and loaded with tape (MOL H asserted), it responds to SLAVE 
SET PLS and the FWD, REV, and RWND command lines of the slave bus by initiating tape motion. 
If the WRITE command line is asserted, along with the R WND command line, the transport starts a 
rewind operation and is placed off-line. If WRITE is asserted but RWND is not asserted, a write data 
operation is started. 
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Simultaneously with motion initiation, EMD L gates the motion delay presets onto the read data lines 
of the slave bus arid loads them into the motion delay counter in the TM03 (TCCM3). When EMD L is 
negated, the counter is upcounted by 800 BPI CLK until it reaches a count of 214, at which time ACCL 
H is negated, READING L is asserted, and further clocking of the delay counter is inhibited. The 
presets of the counter determine the time interval n~cessary to reach a count of 214, 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. The presets may vary according to the type of operation per­
formed, the direction of tape motion, and other parameters. (See maintenance manual of particular 
tape transport for the motion delays generated under various conditions. The transport manuals are 
listed in Table 1-1.) READING L enables the read circuitry in the TM03. ACCL L negated is trans­
mitted to the slave transport, where it enables generation of WRT CLOCK and other read and write 
functions. 
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Once forward or reverse tape motion is initiated, it continues (unless a transport mechanical or power 
failure occurs) until the TM03 transmits STOP L asserted to the transport. 

If a rewind operation is being performed, STOP L is asserted as soon as SLAVE SET PLS is negated. 
However, this does not terminate tape motion as the slave transport performs the rewind operation 
independently. The transport notifies the TM03 that it is performing a rewind by asserting RWS L on 
the slave bus. When the rewind control sequence is over, motion terminates automatically. The TM03 
is so notified when the transport asserts SET SSC L (slave status change) on the slave bus. 

4.2.5.3 Tape Motion Termination (Read) - Refer to Figure 4-25. During a read operation, the motion 
termination sequence begins when the read circuitry negates RST SHDN CNTR. This occurs when the 
read heads 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 SHDN CNTR L is asserted (TCPE5 and CNRZ4). Because WRT CLK ENBL L 
is not asserted during a read operation, the gap detection timer (TCCM5) will be inactive. This allows 
ENBL SHDN CNTR L to gate 200 BPI CLK H to the shutdown counter. 

When no envelopes are detected in PE mode (ANY ENV H negated), or when no RSDO pulses are 
received from the slave transport in NRZI mode, RST SHDN CNTR L is negated. This allows the 
shutdown counter to be upcounted. If the counter reaches a count of 15, EOR PLS and EOR CLR L 
are produced. EOR CLR L asserts EMD L (TCCM3) and thereby initiates a stop motion delay. EMD 
L loads the motion delay counter with presets gated by the slave transport onto the read data lines of 
the slave bus, just as occurred during motion initiation (Paragraph 4.2.5.2). However, the presets will 
probably be different during start and stop delays. 

Note that because ACCL H was negated, the two most significant bits of the motion delay counter are 
preset high, asserting DECL H and negating READING L. The counter is upcounted until overflow, 
at which time DECL H is negated and ACCL H is asserted. The leading edge of ACCL H clocks the 
stop flip-flop, causing STOP L asserted to be transmitted to the slave transport. STOP L causes a tape 
motion slow-down within the transport. As tape motion slows down, SDWN L is asserted by the slave 
transport and transmitted to the TM03. When tape motion stops, RUNNING H is negated, while 
TUR L is asserted and transmitted to the TM03. 

4.2.5.4 Tape Motion Termination (Write) - Refer to Figure 4-25. Termination during a write is almost 
identical to that during a read. The only difference is in the gap detection timer circuit (TCCM5). 
During a write termination, the asserted state of WRT CLK ENBL L inhibits the gap detection timer. 
Thus ENBL SHDN CNTR L cannot gate clock pulses to the shutdown counter until 2.7 ms after the 
last character is written. 

4.2.5.5 Tape Motion Termination (Erase) - Refer to Figure 4-25. Termination during an erase follows 
a sequence similar to that of a write. The sequence starts as soon as the start motion delay is over 
(READING L asserted). This causes the shutdown counter (TCCM5) to be upclocked immediately, 
because RST SHDN CNTR L remains unasserted. Thus the stop motion" delay follows the start mo­
tion delay almost immediately, and approximately 7.62 cm (3 in) of tape is erased. 

4.2.5.6 Tape Motion Termination (Space) - Refer to Figure 4-25. Termination during a space is sim­
ilar to that of a read. Each time an IRG is detected, a stop motion delay is generated, and STOP L is 
transmitted to the slave transport. However, as soon as SDWN L asserted is received by the TM03, a 
DRV SET PLS is generated, which produces a start motion delay and a SLAVE SET PLS. Thus, start 
motion and stop motion delays are produced as each record is spaced. 

Each time a record is detected, the frame count register is incremented. When the frame count register 
overflows, or when a tape mark is detected, further DRV SET PLS pulses are inhibited and tape 
motion ceases. 
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4.2.5.7 Tape Motion Termination (Rewind) - Refer to Figure 4-25. When the transport starts a rewind 
operation, it asserts R WS L on the slave bus and performs the rewind operation in an independent 
manner. When tape motion ceases, RWS L is negated and SET SSC L is asserted on the slave bus. 

4.2.5.8 Tape Motion Termination - Operation Incomplete (OPI) - Refer to Figure 4-25. The OPI bit of 
the error register is set when the end of a record is not detected within 7 seconds of the initiation of a 
read, write, or space operation.· If OPI H is asserted, 200 BPI CLK H is gated to the shutdown 
counter. The shutdown sequence begins when RST SHDN CNTR L is negated. Thus, if a record has 
not been detected, shutdown begins immediately. If a record is being detected, the shutdown sequence 
begins at the end of the record. 

4.2.6 Density Select/Tape Speed Select 

4.2.6.1 Density Select 

NOTE 
The functional block diagram of Figure 4-28 uses 
logical AND and OR symbols. It does not neces­
sarily follow that a corresponding gate exists on the 
TM03 logic prints. The assertion of inputs A and B 
causing the assertion of output C may be represented 
on a block diagram by a single AND gate, yet the 
engineering drawing may show that several circuit 
stages are involved in the ANDing operation. 

The signal names used on the functional block dia­
gram are the names used on the engineering circuit 
schematics (CS prints). Where other signal names or 
notes are used, they are enclosed in parentheses. 

Density Select for a Read Command - Figures 4-26, 4-27, and 4-28 illustrate the density selection 
process in the TM03. When the transport is' at BOT, the tape is positioned as shown in Figure 4-26. 
The read/write head assembly is positioned over the tape leader where noise may exist. When the 
transport is commanded to read the tape, DRV SET PLS is asserted, causing SLAVE SET PLS to be 
asserted to the slave transport. SLAVE SET PLS initiates tape motion in the transport; however, 
ACCL is asserted on the slave bus and inhibits the transport read logic. 

The assertion of DR V SET PLS sets a PE flip-flop on the control and write driver module (M8937) 
which, via an enabled read gate, causes 1600 BPI to be asserted. This in turn asserts DEN2 (SB) to the 
slave transport, placing it in the PE mode of operation. In addition, DRV SET PLS causes a 4.3 cm 
(1.7 in) counter to be enabled via a counter enable flip-flop. After the preset startup delay has timed 
out, the tape has advanced to where the ID burst (if there is one) is over the read heads. At this point, 
ACCL is negated on the slave bus, enabling the transport read logic. Also READING becomes true 
and allows clocking of the 4.3 cm (1.7 in) counter by the 200 bits/in signal. The 4.3 cm (1.7 in) counter 
reaches a count of 10 after an additional 4.3 cm (1.7 in) of tape has been read. [The frequency of 200 
bits/in is proportional to tape speed. Therefore 4.3 cm (1.7 in) of tape will be traveled when 10 
COUNT asserts, regardless of tape speed.] While the 4.3 cm (1.7 in) of tape is being traveled, the 
TM03/transport read logic is looking for the ID burst. If a burst is found, IDB will assert (Paragraph 
4.2.7.6). The 10 COUNT output from the counter clocks the PE flip-flop, which will remain set. If no 
identification burst is found, IDB will be false and the PE flip-flop will reset. If the PE flip-flop resets, 
1600 BPI and DEN2 (SB) negate and the transport goes into the NRZI mode for the first record. 
When the 4.3 cm (1.7 in) counter reaches its maximum count, the CO (carry out) output is asserted, 
thereby disabling the counter via the counter enable flip-flop, until the flip-flop is set again by another 
DR V SET PLS while at BOT. 

*Thus from 8 to 22.3 meters (26 ft, 3 in to 73 ft) of tape will move past the read/write heads depending on 
transport speed, during an 0 PI time-out. ' 
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To summarize the preceding: after the preset delay has expired, the TM03/transport searches for an 
ID burst for 4.3 cm (1.7 in) of tape. At the end of the 4.3 cm (1.7 in), a check is made for the presence of 
IDB. If IDB is found true, the slave transport remains in the PE mode and reads the first record. If no 
burst is found, the slave changes to the NRZI mode and reads the first record. 

Figure 4-26 shows a 7.62 cm (3 inch) gap between BOT and the recorded data. The gap is an ANSI 
standard and not a result of TM03 or transport limitations. The TM03 is capable of reading data as 
soon as the 4.3 cm (l.7 in) segl1).ent has passed the read heads (right after BOT). 
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After the first record has been read, the transport is latched into the mode used to read the first record. 
The transport will read only in this mode for the rest of the tape. This is true even though the transport 
is deselected and then selected again at a later time. When the transport is commanded to read from 
BOT, a check is again made for an ID burst and the process is repeated to automatically select the tape 
density (mode). 

Density Select for a Write Command - When a write command is asserted by the TM03, the read gate is 
inhibited and the write gate is enabled. The state of the DEN2 line determines the mode of operation. 
If DEN2 is true, 1600 BPI is asserted, thereby asserting DEN2 (SB) to the slave transport and the first 
record is written in the PE mode. If DEN2 is false, 1600 BPI and DEN2 (SB) are false and the first 
record is written in the NRZI mode. As in the case for a read operation, after the first record has been 
written, the transport is latched into the mode used to write the first record. The transport will write 
only in this mode for the rest of the tape. This is true even though the transport is de-selected and then 
selected again later. When the transport is commanded to write from BOT, the DEN2 line again 
becomes effective in selecting the recording mode for the data. 

Note in Figure 4-28 that STOP (SB) is ORed with WRITE to enable the read or write gate. STOP (SB) 
is true until SLAVE SET PLS is issued to the transport to initiate tape motion (Figure 4-29). During 
this time, the read gate is inhibited and the write gate is enabled (DEN2 controls the state of 1600 BPI). 
When SLAVE SET PLS asserts, STOP negates, thus allowing the state of WRITE to determine 
whether the read gate or the write gate is enabled. 

The purpose of forcing the write gate into the enabled state until SLAVE SET PLS occurs is as follows. 
When a write operation is commanded, the TM03 checks that the transport is in the correct mode by 
testing the PES line on the slave bus. If the transport mode does not agree with that commanded by the 
TM03, a non-executable function error is generated. The check for transport density mode is made 
when GO asserts. As seen in Figure 4-29, the state of DEN2 is established prior to the assertion of GO; 
however, WRITE asserts simultaneously with GO and would not gate DEN2 (SB) to the transport to 
establish PES status soon enough to prevent an NEF error. By using STOP (SB) to initially enable the 
write gate, DEN2 (SB) can be received by the transport and the transport status (PES) returned to the 
TM03 by the time GO asserts. 
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Figure 4-29 Density Select Timing 
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The operation of the auto density select feature functions as just described with jumper WI installed 
and W2 removed. To disable the auto density feature, remove jumper WI and install W2. * This will 
inhibit the read gate and enable the write gate, thereby placing the DEN2 (SB) line on the slave bus 
constantly under the control of DEN2. 

4.2.6.2 Tape Speed Select - Figure 4-30 is a block diagram of the tape speed selection process. The 
200 bits/in clock is passed through a frequency divider and output as TAPE SPEED CLK. The drive 
type code (DT1, DT2) from the slave transport establishes the count-down factor for the frequency 
divider. The frequency of TAPE SPEED CLK for a 114.3 cm (45 in/s) transport is the 200 bits/in rate 
of 9 kHz (no frequency division). The fr'equency of TAPE SPEED CLK for a 190.5 cm/s (75 in/s) 
transport and a 317.5 cm/s (125 in/s) transport is the 190.5 cm/s (75 in/s), 200 bits/in rate divided by 
2, and the 317.5 cm/s (125 in/s), 200 bits/in rate divided by 4, respectively (Table 4-3). TAPE SPEED 
CLK is used for display monitoring during maintenance mode read operations. 

The transport drive type code is also applied to a tape speed decoder which asserts 45 IPS L, 75 IPS L, 
or 125 IPS L, depending on the speed of the selected transport. The outputs from the tape speed 
decoder are applied to the data sync module inserted into slot CDEFOI. All three data sync modules 
are identical, with each having three pairs of jumper terminals, one pair of which will have jumpers 
installed according to the speed of the module. The data sync module in slot CDEF03 outputs a SET 
NEF H signal to M8909,. which, when asserted, will set the non-executable function (NEF) bit in the 
error regist.er. To hold the SET NEF H signal negated (low), it is necessary that: 

1. All three data sync modules be the same tape speed, and 

2. The asserted (low) output of the tape speed decoder agree with the tape speed of the data 
sync modules. 

Figure 4-30 shows jumpers installed for 114.3 cm/s (45 in/s) modules (M8901-YB).t If the tape speed 
decoder decodes a 114.3 cm/s (45 in/s) tape speed from the DT inputs, 45 IPS L is asserted and 
coupled to the M8909 Massbus interface module, pulling down the SET NEF H signal line, and 
thereby negating SET NEF H. If the decoder decodes 75 IPS Lor 125 IPS L from the DT inputs, or if 
all three data sync modules are not M8901-YBs, SET NEF H asserts and an error condition prevails. 

4.2.7 Read (PE) 
This paragraph discusses the operation of the TM03 read circuitry when operating in PE mode. The 
PE read data path (reference Figure 4-4) is covered from the slave bus to the inputs of the bit fiddler. 
(Bit fiddler read operation is described in the latter paragraphs of this chapter.) The ~ead data signals 
are received from the slave bus by the receiver terminator module (M8908-Y A). The signals are then 
transmitted to the TCCM module in the TM03 where they are multiplexed to the three data sync 
modules (M890 1). 

*A jumper change is also required in the slave transport. 

tM8901-YC = 190.5 cm/s (75 in/s) module. 
M8901-YD = 317.5 cm/s (125 in/s) module. 
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4.2.7.1 Data Sync - The data sync module (M8901)* contains three identical sections, each of which 
processes a single track of read data (Figure 4-31). Each of these sections contains a data discrimina­
tor, a phase-locked clock, a deskew buffer, error detection circuitry, and error correction circuitry 
(Figure 4-32). To process nine tracks of data, three data sync modules are required. 

NOTE 
Operation of all sections of the M8901 data sync 
module is identical. Therefore, only one section is;' 
discussed unless otherwise specified. 

Phase-Locked Clock - Conversion of phase-encoded data into binary dat,a 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 . 

. READ DATA 

BIT 
SECTION A 

2 ---------
0 ---------
4 SECTION C. 

M8901* 
P (.§.LOL2~ ____ 

5 
--------

6 SECTION C 

7 M8901* SECTION A 
{~LOT~l.. ____ 

1 --------
:3 SECTION C 

* M8901- Y B for 45 I PS transports 
M 8901 - YC for 75 I PS transports 
M8901- YO for 125 IPS transports 

MA-1737 

Figure 4-31 Data Sync Channels 

*Throughout the following discussions the data sync module is given as M8901. The specific module used 
depends on the tape speed of the slave transport, i.e., 
M8901-YB for 114.3 cm/s (45 in/s) slaves 
M8901-YC for 190.5 cm/s (75 in/s) slaves 
M8901-YD for 317.5 cm/s (125 in/s) slaves. 
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The phase-locked clock (DS3) operates to generate the data window and to keep it in sync with the 
incoming data stream. The heart of the phase-locked clock is a voltage-controlled oscillator (VeO) 
and a phase detector. The phase detector senses the phase relationship between incoming data transi­
tions (BIT STRB) and the veo output signal divided down to the data frequency. If the frequency of 
data transitions increases (decreases), BIT STRB begins to lead (lag) TP3. This increases (decreases) 
the veo output frequency and brings the two signals back in phase. Thus, the frequency of TP3 
becomes the same as the frequency of BIT STRB. The data window (WINDOW) is generated 90 
degrees out of phase with TP3 (DS3 and Figure 4-33). 

BIT STRB 

TP3 J L 
WINDOW 

MA-1739 

Figure 4-33 Data Window Generation 

Data Discriminator - The data discriminator converts the phase-encoded data on its track into binary 
form: 1 = high, 0 = low. To do so, the data window must first be synchronized to the frequency of the 
incoming data. It is for purposes of synchronization that the preamble is used. 

To understand the operation of the data discriminator ~ it should be noted that the data .discriminator 
operates in three modes. 

1. During the start of motion delay, AeCL is asserted on the slave bus, inhibiting the read 
amplifiers in the slave transport. During this time, the ID pattern cannot be detected (Para­
graph 4.2.7.6). 

2. When the motion delay times out, ANY TRANS is negated. During this condition, pre­
amble Os may be detected (Paragraph 4.2.7.2). 

3. When 24 preamble Os (20 Os for a write operation) are detected, RECORD ACTIVE and 
ANY TRANS are asserted. During this condition, the preamble Is character and data are 
detected (Paragraph 4.2.7.3). 

Deskew Buffer - The deskew buffer stores the binary data detected by the data discriminator until a 
whole tape character becomes available (output from all nine channels). Because eight bits of data can 
be stored for each channel, a skew of up to seven tape characters can be accommodated. 

The deskew buffer consists of a 2 by 8 random access register. The register buffers data (RD BUFFER 
I) and flux reversal information (BIT STRB OCCURRED) for a single track. The register is loaded as 
data bits become available. The output of the register depends on its RD ADDR input (common to all 
channels that make up the nine tracks), and is read when a whole tape character becomes available. 
The RD ADDR is then incremented, and the read circuitry waits for the next tape character to become 
available. Deskew buffer operation is described in more detail in Paragraph 4.2.7.3. 
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Error Detection - The error detection circuitry senses when a data transition fails to occur. Error 
detection is described in more detail in Paragraph 4.2.7.3. 

Error Correction - The error correction circuitry performs on-the-fly error correction. Error correction 
is described in more detail in Paragraph 4.2.7.3. 

4.2.7.2 Preamble Detection - Because all sections of the data sync modules operate in the same 
manner, this discussion describes the operation of only one section: M8901, section A (DS2 and DS3). 
Refer to Figures 4-34 and 4-35. 

The preamble Os (A RDA H) are input to an XOR gate and an OR gate. The XOR gate inverts A 
RDA H if tape motion is in the forward direction (REV L negated). The output of the 0 R gate is of 
proper polarity for both forward and reverse read operations. Another XOR gate, together with an 
inverter and their associated circuitry, function to produce a positive pulse (BIT STRB H) each time 
the output of the OR gate transitions. However, because ANY TRANS is negated, and the OR gate 
output and BIT STRB H are "common collectored," BIT STRB H pulses are produced only on 
negative-going transitions. (The negative-going transitions correspond to the data transitions· of pre­
amble Os.) 

Each time BIT STRB is detected, it is fed into a one-shot which generates an envelope signal (ENV H). 
The one-shot time-out is about 1-1/2 character widths. Therefore, BIT STRB pulses keep the one-shot 
in the set state and ENV H stays asserted for the entire record. 

When ENV H is detected on three tracks (TCPE4), a clear input is removed from the character 
counter, 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 Os read. When the 
character counter reaches a count of eight (CT 3 H asserted), the preamble flip-flop is set (TCPE5). 
When the character counter reaches a count of 24 (CT 3 Hand CT 4 H asserted), the record active flip­
flop is set. With RECORD ACTIVE asserted, ANY TRANS L is asserted, and the data discriminator 
operates in its third mode: By this time, the phase-locked clock is synchronized to produce WINDOW 
H in sync with the data being read. 

As preamble Os continue, WINDOW H is always asserted at the time BIT STRB transitions low. This 
transition produces a BIT· STRB H pulse which clocks the read buffer. But because BIT STRB is 
already low, the buffer remains reset. 

4.2.7.3 Data Detection - When the preamble Is character appears (Figure 4-34), BIT STRB H is 
produced at the positive transition of the OR gate output (DS2), thereby setting the read buffer flip­
flop. Because WINDOW H has been synchronized 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. 

Deskew Buffer - Whenever WINDOW H is negated, the deskew buffer (DS3) 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. ONE DETECTED (l) H enables the write address generator to increment the deskew buffer 
write address. Thus, the preamble 1 s bit is loaded into address 000. The next bit, i.e., the first data bit, 
is also loaded into address 000 (Figure 4-36). The address is now incremented on each leading edge of 
WINDOW H, so that the second data bit is loaded into 00 1, the third into 010, etc. After the eighth 
data bit, the write address becomes 000 again, and the cycle continues. 
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Figure 4-36 Data Sync Data Read Flowchart 

With ONE DETECTED asserted, a counter (DS2) is enabled to determine deskew buffer status. Each 
time a data bit is loaded into the deskew buffer, the counter is decremented. Each time the deskew 
buffer is read, the count is incremented. Thus, the counter keeps track of how many unread data bits 
are in the deskew buffer. 

When the nine deskew buffers contain an unread data bit, BIT READY H (common collectored) is 
asserted. BIT READY H causes CHAR SHIFT Hand ENB RDS L to be asserted (TCPE3). CHAR 
SHIFT generates RD SYNC (0) H, which upcounts the deskew buffer status counters, thereby causing 
BIT READY H to be negated. CHAR SHIFT also increments the deskew buffer read address 
(TCPE4). ENB RDS L enables generation of RDS L by succeeding BIT READY H pulses. RDS L 
causes the output of the data sync modules (i.e., the contents of buffer B) to be read and assembled by 
the bit fiddler. 
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If skew of more than seven characters occurs during the read operation, the deskew buffer 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 register to be set. 

Error Detection and Correction - If BIT STRB does not occur during any data cell, ENV H is negated 
and the DO TRK (dead track) flip-flop (DS3) is set. When the data of this data cell is read from the 
deskew buffer and loaded into buffer A, DROPPED BIT H will be generated as well. The outputs of 
buffer A of each track are input to a parity generator/checker (TCPE2). If there is only one dropped 
bit and a parity error is detected, PERR AND ONE DO TR H is generated; this means that the 
contents of buffer A of the dead track is of the wrong polarity. When the next CHAR SHIFT H is 
generated, this bit is corrected as it is clocked into buffer B; thus, on-the-fly error correction is 
achieved. 

The outputs of buffer B are gated by PESB H (phase-encoded status buffered), and become RD B 
(read data B). The RD B lines are multiplexed in the maintenance register module and become RD C 
(read data C), and are then transmitted to the bit fiddler. 

4.2.7.4 Postamble Detection - If on any track, a 1 bit followed by a 0 bit is read, POST PAT L is 
asserted (DS3). If this occurs simultaneously on all tracks, POST DETECT A,B,C H is asserted, and 
the postamble flip-flop (TCPE5) is set. 

With the postamble flip-flop set, the character counter is further upcounted, and, when a count of 32 is 
reached (CT 5 H asserted), MID POST AM BLE (1) is asserted. This signal loads the check character 
register (R07) with dead track information (M R4). 

4.2.7.5 IRG Detection - If the transport read heads are passing over a portion of erased tape, no 
envelopes will be detected, and ANY ENV H will be negated. This also causes RS SHDN CNTR L 
(reset shutdown counter) to be negated (TCPE5), and aUows the shutdown counter to be upcounted by 
200 BPI CLK H. When a count of 15 is reached, EORS H and RECORD H are asserted. RECORD H 
indicates that an IRG is detected, while EORS H causes a stop motion delay to be generated. 

4.2.7.6 IDB Detection - When the lOB is encountered, the parity read line contains alternate Is and 
Os; no other read lines transition. 

The parity line (A RDA) is input to an XOR (DS2 and Figure 4-37) on the data sync module in slot 
C02. If tape is moving in the forward direction (REV L negated), A RDA is inverted. Thus, BIT STRB 
is of proper polarity for both forward and reverse tape motion. 

The lOB detection circuitry produces a narrow pulse, BIT STRB H, each time the output of the bit 
strobe OR gate transitions. BIT STRB H sets ENV H. ENV H will remain asserted throughout the 
lOB. 

During the lOB, the only track generating ENV H will be the parity track (track 4). This condition is 
recognized by circuitry on the tape control-PE module (TCPE4) and allows the lOB timer to be 
upcounted by 200 BPI CLK H. When the lOB timer reaches a count of 8, lOB H is asserted; this 
prevents further counting of the lOB timer, and asserts the lOB bit of the status register (ROt). 

4.2.7.7 Tape Mark Detection - A PE tape mark is defined. as Os in tracks 2,5, and 8, while tracks 3,6, 
and 9 are erased; or, as Os in tracks t, 4, aI1'd 7, while tracks 3, 6, and 9 are erased. This pattern is 
recognized in the TM 03 by the generation of ENV H in tracks 2, 5, and 8 (or tracks 1, 4, and 7), while 
tracks 3, 6, and 9 do not generate ENV. When this condition is detected (TCPE4), FMK PATTERN is 
asserted, and the corresponding bit in the status register (ROt) 'is set. 
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4.2.8 Read (NRZI) 
This paragraph discusses the operation of the TM03 read circuitry when operating in NRZI mode. The 
NRZI read data path (Figure 4-4) is covered from the slave bus to the inputs of the bit fiddler. (Bit 
fiddler read operation is described in the latter paragraphs of this chapter.) The read data signals are 
received from the slave bus by the receiver terminator module (M8908-Y A). The read data signals are 
then transmitted to the TCCM module in the TM03 where they are multiplexed to the tape control­
NRZI module (M8934*). 

4.2.8.1 Tape Control- Read Data Path - When RSDO is received in the tape control NRZI module, 
it is used to generate (CNRZ2) RD PLS, ERDS (enable read strobe), and RDS (read stro,be). RD PLS 
loads the NRZI read latch (CNRZ4) with the tape character (RDA) from the TCCM module. The 
read latch outputs are then applied to nine XOR gates where, if necessary, error correction is per­
formed. The read data (RDB) is then coupled to the maintenance register module where it is multi­
plexed to the bit fiddler. ERDS clocks the read LRC register and CRC generator (CNRZ4). Thus, a 
longitudinal parity check character and a cyclic redundancy check character are developed as data is 
read. This is discussed in more detail in Paragraphs 4.2.8.2 and 4.2.8.4. 

4.2.8.2 CRCC Generation and Read - The read CRCC generator is clocked at the start of an oper­
ation by DRV SET PLS H. The register is then clocked by ERDS H each time a tape character is read, 
and the read CRCC is thus developed. Just before the CRCC is read from tape, the register should 
already contain the CRCC. It should therefore be cleared whe,n the CRCC is read from tape; if not, a 
CRC error has occurred. When a CRC error occurs, COR/CRC L is asserted and the corresponding 
bit is set in the error register. 

During a reverse read, when the second RDS H pulse is produced, REV CRCS L is asserted. During a 
forward read, FWD CRCS L is asserted when a binary counter reaches a count of three; this occurs 
three character cells after the last data character has been read. 

REV CRCS L or FWD CRCS 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. 

4.2.8.3 NRZI Error Correction - A functional description of NRZI error correction, along with a 
flow diagram, is given in Paragraph 2.4. This paragraph provides a more detailed discussion of the 
three error correction cycles defined in Paragraph 2.4. The discussion follows a cycle flow diagram 
(Figure 4-38) of the error correction process. Figure 4-39 is a functional block diagram that com­
plements the flow diagram. 

NOTE 
The functional block diagram, Figure 4-39, uses log­
ical AND and OR symbols. I t does not necessarily 
follow that a corresponding gate exists on the TM 03 
logic prints. The assertion of inputs A and B causing 
the assertion of output C may be represented on a 
block diagram by a single AND gate, yet the engi­
neering drawing may show that several circuit stages 
are involved in the ANDing operation. 

The signal names used on the functional block dia­
gram are the names used on the engineering circuit 
schematics (CS prints). Where other signal names or 
notes are used, they are enclosed in parentheses. 

*M8934-Y A when used with a 190.5 cm/s (75 in/s) transport (TU45). 
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Cycle 1 - Cycle 1 consists of reading a record in the forward direction and sensing that there is a CRC 
error. Each RSDO pulse generates a RD PLS pulse, an ERDS pulse, and a RDS pulse. ERDS lags RD 
PLS by the duration of the ERDS one-shot (Figure 4-39, sheet 1). Data characters RDAO-RDA7, 
RDAP received from the TCCM module are latched up in the read latch register by RD PLS. The 
output of the read latch register is coupled through nine XOR gates and appears as RDO-RD7, RDP 
to the CRC forward/reverse register. If the operation being performed is a forward read, the data 
characters are output from the register in normal order, i.e., CRC (0-7, P), throughout the body of the 
record. If the operation being performed is"a reverse read, REV CRCE ENBL is true and causes the 
register output to be in reverse order, i.e., CRC (P, 7-0). The data characters from the forward/reverse 
register are clocked into the CRC generator by ERDS. An error pattern register is also clocked by 
EROS, thereby forming a pattern of the record being read. A vertical redundancy check (VRC) input 
to the error pattern register asserts whenever the character being input has a vertical parity error. Thus 
the error pattern accumulated is a function of both the number of characters in the record and those 
characters that have parity errors. The assertion of FWD LRCS signifies that all the data characters 
and the CRC character have been input to the CRC generator. Hence, FWD LRCS is used to inhibit 
further clocking of the generator and the error pattern register. If the record read was free of errors the 
output of the CRC generator (CRC ERROR) will be false and the TM03 will proceed to the next 
record. If one or more errors occurred in the record, CRC ERROR will be true. The next EROS pulse 
will set the CRC error flip-flop and the cycle 1 flip-flop, thereby asserting CRC and CYCLE 1. 

If a reverse read operation is being performed, the first character read is the LRC character. Thus REV 
LRCS is true, preventing the CRC generator and the error pattern register from being clocked, and the 
flow returns for the next input character, which is the CRC character. REV LRCS is now false and 
EROS pulses clock the CRC character and the following data characters into the CRC generator until 
all the characters have been read and EOR asserts. If the record was free of errors, the output of the 
CRC generator (CRC ERROR) will be false and the TM03 will proceed to the next record. If one or 
more errors occurred in the record, CRC ERROR will assert and set the CRC error flip-flop, thereby 
asserting CRC. The cycle I flip-flop will not be set due to the reverse direction. The program must 
change to forward read and re-read the faulty record. Cycle 1 will then be entered via the forward read 
algorithm just described. 

Ouring normal operation, jumper WI is not installed. If WI is installed, the cycle 1 flip-flop is inhib­
ited and the NRZI error correction capability is disabled. 

Cycle 2 - Having entered cycle 1 in the forward direction, the program must now change to the reverse 
direction to enter cycle 2. If the transport is still in the forward mode when the next ORV SET PLS 
occurs, the cycle 1 flip-flop will be reset and the error correction process will abort. If REV is true 
when D RV SET PLS occurs, the cycle 2 flip-flop is set and CYCLE 2 asserts. Cycle 2 consists of 
computing the track in error. 

The assertion of CYCLE 2 causes the following to occur. 

1. The character inputs to the CRC generator are inhibited. 

2. CRC data is gated from the CRC generator to the error pattern register. 

3. EROS pulses are inhibited from clocking the CRC generator and the error pattern register. 
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The CRC data from the CRC generator is compared with the error pattern in the error pattern regis­
ter. The results of the comparison (EPR MATCH) gate EROS pulses, which clock a track-in-error 
counter. The counter output is applied to a track-in-error decoder. The error decoder asserts one often 
outputs according to a 4-bit code received from the error counter. If a match is not obtained in the 
error pattern register, EROS generates a CYCLE 2 CLOCK pulse, which increments the error counter 
and clocks the CRC generator. Clocking the CRC generator shifts the CRC data coupled to the 
pattern register and another attempt is made to obtain an EPR match. EROS pulses continue shifting 
the data in the CRC generator and incrementing the track-in-error counter until an EPR match is 
obtained. When a match occurs, the CYCLE 2 CLOCK pulses are inhibited and the asserted output of 
the track-in-error decoder indicates the erroneous data track. If the error counter reaches a count of 9 
(9 COUNT) and an EPR match was not obtained, the error is determined to be incorrectable and the 
error decoder asserts INC ERROR. The assertion of 9 COUNT inhibits any further clocking of the 
error counter. 

If the reverse mode used for cycle 2 was reverse read, the program must reverse read one record and 
then change to forward read in order to enter· cycle 3. The next DRV SET PLS resets the cycle 1 and 
cycle 2 flip-flops and, if the TM03 is in the forward read mode, sets the cycle 3 flip-flop. If the TM03 is 
not in the forward read mode, the error correction process is aborted. 

If the reverse mode used for cycle 2 was reverse space, the program can reverse space any number (N) 
of records desired but then must forward space for N - 1 records to bring the faulty record up to the 
read heads. The program must now change to forward read in order to enter cycle 3. The next DRV 
SET PLS resets the cycle 2 flip-flop and, if the TM03 is in the forward read mode, sets the cycle 3 flip­
flop. If the TM03 is not in the forward read mode, the error correction process is aborted. 

Cycle 3 - Cycle 3 consists of re-reading the faulty record and correcting those characters that contain 
vertical parity errors. The characters from the read latch-up register are applied to nine XOR gates 
before being output to the maintenance register module. The XOR gates transfer input to output with 
no change, provided the second XOR inputs are negated. Cycle 3 functions to assert the second XOR 
input of the read line corresponding to the track in error for those characters with vertical parity error. 

The characters from the read latch-up register are applied to a parity checker which asserts READ 
PAR ODD if good parity is obtained on the input character. If the checker detects a parity error, 
READ PAR ODD negates, causing VRC to assert. VRC true enables nine AND gates, one of which 
receives the asserted TRK "X" ERR from the error decoder (X = track number). The AND gate thus 
enabled asserts an input to its associated XO R gate in the read data path, thereby complementing the 
data bit of the track in error. If INC ERROR is true, there is no asserted TRK "X" ERR signal and 
the erroneous read data passes on unchanged. 

When the CRC character is clocked into the read latch register, it too is checked for vertical parity 
error and, if necessary, corrected. A property of the CRC character is that it has odd parity if the 
number of data characters in the record is even, and even parity if the number of data characters is 
odd. An odd/even flip-flop is reset by the GO bit and toggled each time a data character is clocked into 
the read latch-up register. If the record contains an odd number of data characters, the flip-flop is in 
the set state at CRCS time; conversely an even number of data characters would leave the flip-flop in 
the reset state at CRCS time. The flip-flop output is XORed with READ PAR ODD. If the two XOR 
inputs are not alike (a 0 and a 1), the CRC character has good parity. (See Table 4-6 for the conditions 
prevailing when the CRC character has no parity error.) If the two XOR inputs are alike (both Os or 
both Is), the CRC character has a parity error. Like inputs cause the XOR output to negate, thereby 
asserting VRC. When VRC asserts, the CRC character is corrected by complementing the bit corre­
sponding to the track-in-error in the same manner used to correct erroneous data characters. 
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Table 4-6 Conditions Prevailing 
When CRC Character Has No Parity Error 

No. of data characters in record 1 2 3 

State of odd/even flip-flop 1 0 1 

4 

0 

Parity of CRC character Even Odd Even Odd 

READ PAR ODD 0 1 0 1 

VRC 0 0 0 0 

5 6 

1 0 

Even Odd 

0 1 

0 0 

After the CRC character has been read, FWD LRCS asserts, enabling the CRC error flip-flop. If the 
error was uncorrectable, CRC ERROR will be asserted by the CRC generator and set the CRC error 
flip-flop just as in cycle 1. However, the true state of CYCLE 3 inhibits the setting of the cycle 1 flip­
flop and prevents the TM03 from re-initiating cycle 1. The program will now initiate retry or other 
corrective procedures. . 

If the error was correctable, the GO bit resets the cycle 3 flip-flop, completing the error correction 
process. 

Slave Address Change (SAC) - A SAC signal asserts whenever a new slave is selected, and negates when 
D RV SET PLS is asserted to the new slave. A SAC comparator compares the slave select bits from the 
tape control register with the output of a slave select register. The comparator asserts SAC when the 
two inputs do not agree. Thus SAC comes true when the select bits from the tape control register 
change and goes false when the next DRV SET PLS clocks the new select code into the slave select 
register. Should a new slave be selected during an error correction operation, SAC would reset the 
cycle 1 and cycle 2 flip-flops and the operation would abort. If the operation is already into cycle 3, the 
error correction will be completed before the new slave is addressed. . 

4.2.8.4 LRCC Generation and Read - The LRC check register (CNRZ4) is cleared at the start of an 
operation by DR V SET PLS H. The register is. then clocked by ERDS each time a tape character is 
read. Each time a one-bit is read on a track, the corresponding 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 Os; if it does not, an LRC error has occurred. The LRC 
check register output is ORed with CYCLE 3 and asserts LRCC MATCH when a good LRC is 
obtained on a character. LRCC MATCH is forced true by CYCLE 3 during the error correction 
process. (LRC error indications are inhibited in cycle 3 because the TM03 is already in the error 
correction process.) If an LRC error exists, LRCC MATCH is false and causes the PEF / LRC flip-flop 
to be set, thereby setting the corresponding bit in the error register. Note that during a reverse read the 
PEF /LRC flip-flop (CNRZ2) cannot be set due to the negated 'State of FWD LRCS. Thus the LRCC 
is ignored during a reverse read. 

Because the LRCC is the last character read in a record, it is preserved in the data field of the mainte­
nance register (R03). It can therefore be checked by performing a register read of R03. 
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4.2.8.5 IRG Detection - As data is read from the tape, RSDO pulses are transmitted from the slave 
transport to the TM03 and cause the assertion of RST SHDWN CNTR L. RST SHDWN CNTR L 
(CNRZA) constantly keeps resetting the shutdown counter (TCCM5). If RSDO pulses terminate, the 
shutdown counter is enabled for counting by 200 BPI CLK H. [During a write operation, the gap 
detection timer (TCCM5) 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 motion delay to be generated. RECORD H signifies that IRG has been detected. 

If a write operation is in progress (IRG detected in a read-after-write sequence), and if data is detected 
after a count of SHDN = 8 and before the stop motion delay, a nonstandard gap error (NSG) is 
generated and the corresponding bit in the error register is set. 

4.2.8.6 Tape Mark Detection - A set of two isolated characters, separated from each other by six to 
eight character lengths of erased tape, is recognized as an NRZI tape mark by the TM03. Refer to the 
NRZI tape mark detection logic (CNRZl). The short record flip-flops were initially cleared by 
READING H negated during the start motion delay. As the read heads pass over the IRG, an RSDO 
H pulse sets the tape mark window flip-flop because NO CHAR RD L is asserted. The same RSDO 
pulse also sets the short record 1 flip-flop, which negates NO CHAR RD L and enables a binary 
counter to be upcounted by WRT CLK. 

If the next RSDO H pulse occurs while 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 (1) H will be negated, and 
SHORT REC II (0) L will be asserted. These three conditions generate ENBL SHDN CNTR L. If no 
other characters are soon detected, the shutdown counter will as-sert SHDN = 8 H, which will cause 
the NRZI TM RK flip-flop to direct set. 

The binary counter is preset to 6. Therefore, the tape mark is valid if the second character arrives six to 
eight character lengths after the first. 

The TM03 will not read records of less than 10 characters. ENBL SHDN CNTR will not assert and 
enable a normal record shutdown until 10 RSDO pulses have occurred. Records under 10 characters 
are recognized as either a tape mark or assumed to be noise. By switching a jumper on the CNRZ 
module, the TM03 can be made to recognize records of less than 10 characters (minimum = 4). It 
should be noted that if this option is implemented, the probability of noise being mistaken for a record 
is increased (Paragraph 5.6.2.2). 

4.2.9 Write (PE) 
This paragraph discusses the operation of the TM03 write circuitry when operating in PE mode. The 
write data path (reference Figure 4-2) is covered from the output of the bit fiddler to the slave bus. Bit 
fiddler write operation is described in the latter paragraphs of this chapter. 

4.2.9.1 PE Data Write - The characters multiplexed by the bit fiddler onto the write data bit fiddler 
output lines (WDBFO 0-7) are transmitted to the TCCM module. In the TCCM module, the WDBFO 
lines are applied to the A inputs of the TCCM write multiplexer (TCCM2) and multiplexed to the 
TCCM write buffer. 

When the write buffer receives WB CLK H, it is loaded with the output of the write mUltiplexer. The 
complemented outputs of the write buffer are applied to the D inputs of the write multiplexer and 
loaded into the write buffer at alternate WB CLK H pUlses. This operation phase encodes the binary 
data output of the bit fiddler. 

The uncomplemented outputs of the TCCM write buffer are driven by drivers across the slave bus to 
the slave transport. 
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4.2.9.2 PE Data Write Timing - When the TM03 decodes a write data function code, it places the 
WRITE and FWD commands on the slave bus. When the Massbus controller asserts RUN, the TM03 
generates DRV SET PLS, which sets the WDR (write data record) flip-flop (TCCM4); this enables 
generation of WB CLK and REC L pulses when WRT CLK is received from the slave transport. The 
TM03 also transmits SLAVE SET PLS to the slave transport. 

When the transport is up to speed (ACCL H negated), the PE write major states circuitry (TCPE3) is 
enabled; at the same time, the slave begins to transmit WRT CLK to the TM03. The write major states 
circuitry enables the various segments of a PE data record (preamble Os, preamble Is, data, postamble 
1 s, and postamble Os) to be written. While the preamble is being written, WRT CLK generates WB 
CLK and REC L pulses (TCCM4). WB CLK is used in the TCCM write circuitry (TCCM2) to phase 
encode the preamble (Figure 4-40). REC L is' transmitted to the slave 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 CLK and REC L, and changes the mode of the 
TCCM write multiplexer operation so that it gates data characters from the bit fiddler to the TCCM 
write buffer. The WRT STRB pulses cause the bit fiddler to generate tape characters from the data 
words it receives frem the Massbus controller. WB CLK pulses clock the TCCM write buffer and 
phase encode the bit fiddler outputs, while the REC L pulses transmitted to the slave transport cause 
the data to be transferred to tape. The writing ,of the data portion of a PE record terminates with frame 
count register (R05) overflow. 

4.2.9.3 Preamble Write Timing - The write major states circuitry on TCPE3 controls various stages 
of a PE write data operation. At the beginning of a write data operation in PE mode, WDR H 
(TCCM4) enables the PRE 0 flip-flop (TCPE3) to be clocked set by ST CLK (state clock). However, 
write major states circuitry operation is inhibited until the end of the start motion (acceleration) delay. 
When the start motion delay is over (ACCL negated), the PRE 0 flip-flop is set; PRE 0 asserts PE 
WRT ENB L. At the same time, WRT CLK pulses received by the TM03 produce PE CLK, WB CLK 
H, and REC L pulses (TCCM4). PE CLK and PESB (phase-encoded status buffered) cause the SO and 
S 1 inputs of the TceM write multiplexer (TCCM2) to toggle as illustrated in Figure 4-40. Because 
ONES H is not asserted, phase-encoded Os are loaded into the TCCM write buffer by WB CLK. (The 
operation is identical to the manner in which postamble Os are produced, illustrated in Figure 4-40.) 

The number of preamble Os generated is counted by the motion delay counter on TCCM3. When forty 
Os have been generated, FORTY H causes the PRE 0 flip-flop to be cleared and the PRE 1 flip-flop to 
be set; this asserts ONES L, causing the TCCM write buffer to be loaded with a phase-encoded 1 s 
character. REC L pulses are continuously transmitted to the slave and cause the forty Os and the Is 
character fo be transferred to tape. 

After the preamble Is character is written, the PRE 1 flip-flop is cleared, and the data flip-flop is set. 
DAT A H asserted causes the data portion of the PE record to be written, as described in Paragraph 
4.2.9..2. 

4.2.9.4 Postamble Write Timing - When the frame count register overflows (indicating that the data 
has been written), WRITE END L is generated (MBI9) and clears the write data record flip-flop 
(TCCM4). WD R H negated clears the data flip-flop (TCPE3) and causes the POS 1 flip-flop to set. 
This asserts 0 NES L, and changes the mode of TCCM write multiplexer operation (Figure 4-40), so 
that a phase-encoded 1 s character is generated and written on tape. The next ST CLK pulse clears the 
POS I flip-flop. This negates ONES L and enables the postamble Os to be written on tape. The ST 
eLK pulse that follows sets the POS 0 flip-flop. While POS 0 is asserted, the binary counter on 
TCCM3 is upcounted from 40 to 80, during which time 40 postamble Os are written on tape. When 
EIGHTY L is asserted, the POS 0 flip-flop is cleared; this completes the PE record. 
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4.2.9.5 PE Tape Mark Generation - When DRV SETPLS is produced, it causes the TMWIP (tape 
mark write in progress) flip-flop (TCCM4) to be set. When the start motion delay is over, the write 
major states circuitry (TCPE3) is enabled, and TMWIP H allows the PRE 0 flip-flop to set. This causes 
the assertion of PE WRT ENB L, which enables generation of PE CLK, WB CLK, and REC L pulses 
(TCCM4). 

With PRE 0 asserted, almost the same situation exists as when preamble Os are written (Paragraph 
4.2.9.3). Forty tape characters will be written on tape. However, because WFMK L is asserted, bits 3, 
4, and 6 of the TCCM write buffer are force cleared. Thus, instead of all-O tape characters, only tracks 
1,2,4,5, 7, and 8 will contain Os; tracks 3,6, and 9 (corresponding to bits 3,4, and 6) will be erased. 

When the 40 characters comprising the tape mark have been written, FORTY H (TCCM3) causes the 
PRE 0 flip-flop (TCPE3) to be cleared; this inhibits further WB CLK and REC L pulses. 

4.2.9.6 IDB Generation - The IDB is written on tape automatically when a slave transport operating 
in PE mode is commanded to perform a write operation while at BOT, The circuitry that detects this 
condition is located on the TCCM module (TCCM3). The count in the motion delay counter is used to 
activate the write IDB circuitry. During a write from BOT operation, the start motion delay is in­
itiated. During the delay, the write IDB flip-flop is forced set and asserts WRT ID BURST L. The flip­
flop remains set while the identification burst is written, 

WRT ID BURST L asserted negates ACCL (SB) L; this enables the slave transport to transmit WRT 
CLK to the TM03. WRT ID BURST also generates PE WRT ENB L (TCPE3), which enables gener­
ation of PE CLK, WB CLK, and REC (TCCM4). At the same time, WRT ID BURST clears all the 
bits of the TCCM write buffer (TCCM2) except for the parity bit. WRT ID BURST H enables PAR­
ITY DATASET UP H, which causes the write buffer parity bit to produce alternate 1s and Os. The net 
result is alternate 1s and Os on the parity track (track 4) while all other tracks are erased. 

4.2.10 Write (NRZI) 
This paragraph discusses the operation of the TM03 write circuitry when operating in NRZI mode. 
The write data path (reference Figure 4-2) is covered from the output of the bit fiddler to the slave bus. 
Bit fiddler write operation is described in the latter paragraphs of this chapter. 

4.2.10.1 NRZI Data Write - The character~, multiplexed by the bit fiddler onto the write data bit 
fi~dler output lines (WDBFO 0-7), are transmitted to the TCCM module. In the TCCM module, the 
WDBFO lines are applied to the A inputs of the TCCM write multiplexer (TCCM2) and multiplexed 
to the TCCM write buffer. 

When the write buffer receives WB CLK H, it is loaded with the outputs of the write multiplexer. The 
outputs of the write buffer are then driven by drivers across the slave bus to the slave transport. 

4.2.10.2 NRZI Data Write Timing - When the TM03 decodes a write data function code, it places the 
WRITE and FWD commands on the slave bus. When the Massbus controller asserts RUN, the TM03 
generates DRV SET PLS, which sets the WDR (write data record) flip-flop (TCCM4); this enables 
generation of WB CLK and REC L pulses when WRT CLK is received from the slave transport. The 
TM03 also transmits SLAVE SET PLS to the slave transport. 

When the transport is up to speed, WRT CLK pulses are transmitted to the TM03 and generate WRT 
STRB, WB CLK, and REC L pulses. WB CLK is used to load the TCCM write buffer with the 
outputs of the TCCM write multiplexer (Figure 4-41). REC L is transmitted by the TM03 to the slave 
transport where it causes the tape character presently in the TCCM write buffer to be transferred to 
tape. WRT STRB activates the bit fiddler to generate the next character. 

WB CLK, 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 (MBI9). 
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4.2.10.3 CRee Generation - Data input to the TCCM is also input to the CRCC generator 
(CNRZ2). The generator, clocked by WB CLK, produces the CRCC by a series of shifts and XORs. 
The outputs of the CRCC generator (CRC 0-7, P) are applied to the B inputs of the TCCM write 
multiplexer. After the data portion of the record is written, the CRCC is transmitted to the slave 
transport and written on tape. 

4.2.10.4 CRee and LRee Write Timing - When the data portion of an NRZI record has been 
written, the WDR flip-flop is cleared; this enables a binary counter· (TCCM4) to be upcounted by 
WRT CLK. The counter, initially preset to a count of 8, generates CRC 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. Therefore, three clock pulses increment the counter to 11; another four clock pulses in­
crement it to 15, so that CRC STRB H is produced three character spaces after the data, and LRC 
STRB L is generated seven character spaces after the data (Figure 4-42). 

*M~934 only. M8934-YA uses a shift register instead of a counter. 
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Whenever LRC STRB or CRC STRB occur, WRT CLK ENBL H is momentarily asserted, and gates 
out one WB CLK ·H pulse and one REC L pulse. 

When CRC STRB H is asserted, the TCCM write multiplexer (TCCM2) gates the output of the CRCC 
generator (CNRZ2) to the TCCM write buffer (Figure 4-41). The WB CLK produced at CRC STRB 
time loads the buffer with the CRCC. The character is then driven to the slave transport via the slave 
bus. 

LRC STRB clears the entire TCCM write buffer (TCCM2) and causes Os to be transmitted to the slave 
transport. LRC STRB is also transmitted to the slave transport. 

4.2.10.5 NRZI Tape Mark Generation - During a write tape mark operation, WFMK is asserted. 
WFMK L causes all the bits of the TCCM write buffer (TCCM2) to be cleared, while at the same time 
NRZ WTMK L, 7CH TM1 and 7CH TMO are generated. These signals are input to slave bus drivers 
thereby forcing the tape mark character onto the write data (WD) lines of the slave bus. The tape mark 
character forced on the WD lines is 238. 

4.2.10.6 Tape Mark Write Timing - The assertion of DRV SET PLS causes the TMWIP (tape mark 
write in progress) flip-flop (TCCM4) to set. This loads a binary counter and allows WRT CLK H to be 
gated and produce WB CLK Hand REC L. 

When the start motion delay is over and the first WRT CLK pulse is received by the TM03, the first 
WB CLK H produced clears the TMWIP flip-flop; thus, further WB CLK and REC L pulses are 
temporarily inhibited. The REC L pulse produced, along with the WB CLK H pulse, cause the tape 
mark character to be transferred to tape. 

With the TMWIP flip-flop now clear, the binary counter is enabled. It operates in the same manner as 
during a CRCC and LRCC write, except that WFMK H asserted (TCCM4) inhibits the production of 
CRC STRB H. However, LRC STRB is produced in the normal manner, and occurs seven character 
spaces after the tape mark character. 

The LRC STRB L input to an AND gate on the TCCM module (TCCM2) removes the tape mark 
character forced onto the WD lines of the slave bus. LRC STRB L and the REC L pulse it produces 
are transmitted to the slave transport, thereby transferring the LRCC of the tape mark character 
(which is identical to the tape mark character) to tape. 
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4.2.11 Bit Fiddler - M8915-YA * 
NOTE 

The functional block diagrams in Paragraph 4.2.11 
use logical AND and OR symbols. It does not neces­
sarily follow that a corresponding gate exists on the 
TM03 logic prints. The assertion of inputs A and B 
causing the assertion of output C may be represented 
on a block diagram by a single AND gate, yet the 
engineering drawing may show that several circuit 
stages are involved in the ANDing operation. 

The signal names used on the functional block dia­
grams are the names used on the engineering circuit 
schematics (CS prints). Where other signal names or 
notes are used they are enclosed in parentheses. 

4.2.11.1 General - During a write operation the M8915-Y A bit fiddler receives 16- or 18-bit data 
inputs from the Massbus and disassembles it into 8-bit tape characters for the tape transport. During a 
read operation, 8-bit tape characters received from the tape transport are reassembled into a 16- or 18-
bit format and transferred out to the Massbus. The assembly/disassembly process is under the pro­
gram control of a microcontroller ROM. The ROM senses the type of operation, direction of motion, 
and format specified by the system program and branches to the proper routine to perform the speci­
fied type of transfer. Parity checks are made on data into the M8915-Y A, and parity is generated for 
data out of the M8915-Y A, for both read and write operations. In addition, internal parity checks are 
made on the data during the assembly/disassembly process. 

4.2.11.2 Data Transfer Formats (Figures 4-43, 4-44, and 4-45) - The assembly/disassembly process 
involves transferring the data in 4-bit groups or "nibbles." Figure 4-43 shows the 18 Massbus data bits 
and five 4-bit groups labeled A through E. The A, B, C, and D bit groupings are different in the upper 
SET LEFT format than in the lower SET RIG HT format. For example, group A in the SET LEFT 
format contains Massbus bits 17 through 14 while group A in the SET RIG HT format contains bits 15 
through 12. Groups A through D are transferred as 4-bit groups while group E is transferred as either 
a 4-bit group or as two 2-bit groups designated as E LEFT and E RIGHT. Groups F and G are 4-bit 
groups that make up the 8-bit tape character. 
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Figure 4-43 Massbus to Tape Character Disassembly / Assembly --------
*TEI6 and TU45 can also use M8915. The TU77 [317.5 cm/s (125 in/s)] must use the M8915-YA. 
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A I6-bit PDP-II word is completely contained within four nibbles. Therefore SET RIGHT is the only 
format used for PDP-It operations. During a PDP-It write operation, nibbles C and 0 are transferred 
to F and G, to form a tape character. Then nibbles A and B are transferred to F and G forming 
another tape character, thus writing the entire PDP-ll word on tape. During a PDP-It read forward 
operation, the reverse process occurs. A tape character is placed into groups F and G and transferred 
to groups C and D. The next tape character is also placed into F and G and transferred to A and B. 
Groups A, B, C, and 0 are then placed onto the Massbus in bits 15 through 00. (Massbus bits 16 and 
17 are not used for PDP-II operations.) 

PDP-IS format operations are identical to PDP-ll format operations except for the order of group 
transfers (Figure 4-44). Bits 00 and Ot of the PDP-IS data.word (corresponding to Massbus bits 16 and 
17) are ignored. 

WRITE/ 5th 4th 3rd 2nd 1 st TAPE CHARACTER 
READ HEADS 

o DIRECTION OF TAPE TRAVEL ~ ~ ~ ~ ~ 
1 WORD 1 WORD 

r-"---.~ 

PDP~ 11 
TAPE FORMAT 

1 WORD 1 WORD 
~~ 

PDP-15 
TAPE FORMAT I : I : I : I : I 

1 WORD 
A- , 

PDP-10 B E C A 
COMPATIBILITY 
TAPE FORMAT C A D B 

1 WORD 

__ ---------A~-----------
I 

I 
PDP-10 O· B E C A 

I CORE DUMP 

I TAPE FORMAT D C A D B 

I FIRST BYTE j 
*THIS NIBBLE IS ZERO-FILLED WRITTEN 

MA·1753 

Figure 4-44 Tape Recording Formats 
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Figure 4-45 illustrates the formats for PDP-IO, PDP-IS, and PDP-ll data words and how they are 
placed on the Massbus for proressorjMassbus transfers. All three formats place the most significant 
bits in the high numbered bit locations on the Massbus. In the PDP-II format, bit 0 is the LSB while 
bit 0 is the MSB in the other formats. 

The format for disassembling a 36-bit PDP-IO word and transferring it to tape is more complex. The 
disassembly process uses both the SET LEFT and SET RIG HT formats and all five of the 4-bit data 
groups. The first half of the PDP-I 0 word is received on the Massbus as bits 17-00 and the SET LEFT 
format is used. Groups A and B are transferred to F and G for the first tape character and groups C 
and 0 are transferred to F and G for the second tape character. Bits 0 I and 00 are placed into the E 
LEFT half of group E. The second half of the PDP-IO word is received on the Massbus as bits 17-00 
and the SET RIGHT format is used. In the SET RIGHT format, bits 17 and 16 are placed into the E 
RIGHT half of group E. Groups E and A are now transferred to F and G for the third tape character. 
Note that this character contains 2 bits from the first 18 data bits received on the Massbus. Groups B 
and C are then transferred to F and G for the fourth tape character. Bits 3-0 (group D) still remain to 
be written on tape. In the PDP-IO-compatible mode, these bits are ignored and the process is repeated 
for the next PDP-I0 word. In the PDP-IO core dump mode, the four bits in group 0 are written on 
tape as a fifth tape character. Group 0 is transferred to group G and group F is zero-filled. 

During a PDP-IO read forward operation, the process is reversed. The first tape character is placed 
into groups F and G and transferred to A and B in the SET LEFT format. The second tape character is 
placed into F and G and transferred to C and D. The third tape character is placed into F and G but 
only group F is transferred to group E, and only the E LEFT half of group E is placed onto the 
Massbus. After the 18-bit Massbus output has been transmitted, the SET RIGHT format is asserted. 
The E RIG HT half of group E already has data from group F of the third tape character. The second 
half of the third tape character (group G) is then transferred to group A. Then the fourth tape charac­
ter is placed into F and G and transferred to Band C. In the read PDP-IO compatible mode, the 0 
group is zero-filled and the second 18-bit Massbus output is transmitted to complete the reading of a 
36-bit PDP-IO word. In the read PDP-IO core dump mode, a fifth tape character is read from tape into 
group F and G. Group G is transferred to 0 and the 18-bit Massbus output is transmitted. (Group F 
contains all zeros as this nibble was zero-filled during the core dump write operation.) 

4.2.11.3 2907 Data Latches (Figure 4-46) - The grouping of four bits into data nibbles is accom­
plished by 2907 latches co'mposed of eight D-type flip-flops. The latches are labeled A through G and 
correspond to groups A through G discussed in Paragraph 4.2.11.2. Four of the flip-flops receive the 
input nibble and the other four flip-flops transmit the output nibble. The outputs of the receive flip­
flops are gated to a 4-line bidirectional data bus (00-03) by MC "X" TO BUS. The bus also provides 
the inputs to the four transmit flip-flops. When MC BUS TO "'X" asserts, the bus data is clocked into 
the transmit flip-flops, which output the data nibble. 

Each latch generates a parity bit for the nibble clocked into the receive side and the nibble clocked out 
of the transmit side. The signal MC "X" TO BUS selects one of these for the DR P "X" parity bit for 
the latch. When MC "X" TO BUS is true, DR P "X" is the parity bit for the input nibble. When MC 
"X" TO BUS is false, DR P "X" is the parity bit for the output nibble. 
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4.2.11.4 Write Data Path (Figure 4-47) - The 18-bit data word (MB D17 REC - MB DOO REC) is 
taken from the Massbus, via the Massbus receivers, and clocked into the left/right input multiplexer 
by WCLK. The multiplexer disassembles the 18-bit input into 4-bit nibbles and distributes the nibbles 
to latches A through E. The distribution varies according to whether an MC SET LEFT format or an 
MC SET RIGHT format is asserted. The distribution for both formats is shown in Figure 4-43. The 
trailing edge of WCLK clocks the nibble into the five latches. Note that different clock signals are 
applied to each half of the E latch. Bits 01 and 00 are clocked into latch E left by DR GET LEFT 
during a SET LEFT, and bits 17 and 16 are clocked into latch E right by DR GET RIGHT during a 
SET RIGHT. 

The 4-line data bus carries the nibbles fr~m latches A through E to latches F and q where t~e 8-~it 
tape characters are assembled. The assertIOn of MC A TO BUS by the program places the mbble In 

latch A onto the data bus. The assertion of MC BUS TO F by the program clocks the nibble into the 
transmit flip-flops of latch F. The program then negat~s MC A TO BUS and MC BUS TO F, and 
asserts MC B TO BUS and MC BUS TO G, thereby transferring the nibble in latch B to the transmit 
flip-flops of latch G. The TCCM or tape control NRZI module takes the 8-bit tape character from 
latches F and G, after which the program repeats the sequence for the other nibbles. Thus each nibble 
gets placed onto the data bus and transferred to latch F or G. When latches F and G are full, they are 
output to the TCCM or tape control NRZI module as a tape character to be written, and the process is 
repeated. 

When a write operation calls for a zero-fill into latch F,* MC BUS TO "X" is asserted to latch F 
without a corresponding MC "X" TO BUS asserted to latch A, B, C, D, or E. This results in all zeros 
being clocked into latch F due to the data bus terminators. 

4.2011.5 Read Data Path (Figure 4-47) - An 8-bit tape character (RDCO-RDC7) received from the 
maintenance register module is clocked into latches F and G by RDS (read strobe). The assertion of 
MC F TO BUS by the program places the nibble in latch F onto the data bus. The assertion of MC 
BUS TO A by the program clocks the nibble into the transmit flip-flops of latch A. The program then 
negates MC F TO BUS and MC BUS TO A and asserts MC G TO BUS and MC BUS TO B, thereby. 
transferring the nibble in latch G to the transmit flip-flops of latch B. The next RDS pulse clocks the 
next tape character into. latches F and G and the process is repeated. Thus each tape character is 
clocked into latches F and G, placed on the 4-bit data bus as data nibbles, and transferred to latches A 
through E. 

The left/right ouput multiplexer accomplishes the reverse of the left/right input multiplexer. It takes 
the nibbles in latches A through E and assembles them into an 18-bit data output for the Massbus. The 
20 bits from latches A through E are applied to the output multiplexer which selects 18 of the 20 bits 
for output to the Massbus. Only two of the bits from latch E are used for each 18-bit output. All four 
bits from latches A through D are used for each output but their position on the Massbus varies 
according to whether a SET LEFT format or a SET RIGHT format is asserted. Figure 4-43 shows how 
the. four bits from each latch are positioned on the Massbus for the SET LEFT format and the SET 
RIGHT format. Note that during a SET LEFT the two bits from latch E left are used, and during a 
SET RIGHT the two bits from latch E right are used. 

The assertion of MC SET SCLK clocks the data into the multiplexer, thereby transferring it to the 
Massbus as D17 TM - DOO TM. After the assertion of MC SET SCLK, latches A through E start 
filling up with new data nibbles and the process is repeated. 

*A write zero-fill is done only in PDP-tO core dump operation, and then only into latch F. 

4-85 



~ 
I 

00 
0'\ 

FROM 
MAINTENANCE 

REGISTER M8905-YB 

RDCP 

,--------'-1 -11-11 ROC 14-71 

RDS 

Me F TO BUS 

IFIG.4-481 
DR SET VPAR 

(TO MBI M8909-VAI 
ROC 10-31 

RDS 

(FIG. 4-481 MC G TO BUS 

TO TCCM MODULE 
M8933 OR TAPE 

CONTROL NRZI MODULE M8934 
~ 

=..:...:....:..INTERNAL 
PARITY 
CHECKER 

Figure 4-47 Write/Read Data Paths (Sheet 1 of 2) 

BOARD 
FAULT 

MC INST FMT ERR 

(SET FMTEI 

MC BF FMTE • (TO MBI 
M8909-VAI 

tAA-1822 



~ 
I 

00 
-.....l 

MC SET lEFT 

(FIG_ 4-48 l{ 
MC SET RIGHT 

MB OPA REC 

DR WClK 

MB 017 REC-MB 000 REC 
• 

} 
FROM MASSBUS 
RECEIVERS M5903 

a'..-- DATA BUS 00- 03 

SETLEFT(SETRIGHTlr--------~-'OR.PE~ LATCH E RIGHT 02-03 
.--____ .-,;....(0_R_0_l_7-_0_R_0;....1;..;,6:,...1 .;...! ~ 0 a ~, ____ --!.:(2:....:B~IT.:..:S::!..)_---. 

(FIG. 4-48) ... - - . - --- I .... - --- . - - (FIG. 4-48) 

(4 BITS) 

(FIG. 4-48) MC A TO BUS ._.- --- . - .. (FIG. 4-48) 

DR 013-oR 010 (011-oOB) (4 BITS) 

(FIG. 4-481 MC B TO BUS ... - --- . - - (FIG. 4-48) 017 TM-Ooo TM 

DR 009-0R 006 (007-004\ 

I 
' (4 BITS) I lEFT/RIGHT 

: 

OUTPUT 

r-----------~- MUX 

lEFT/RIGHT I I I 'DR 005-DR 002 (003-000) 
INPUT 
MUX 

DR GET RIGHT 

DR GET lEFT 

(FIG. 4-48) MC 0 TO BUS 

(FIG. 4-48) MC E TO BUS 

.... - --- . - - (FIG. 4-48) 

(4 BITS) 

(2 BITS) 

-.. - --- . - - (FIG. 4-48) 

Figure 4-47 Write/Read Data Paths (Sheet 2 of 2) 

DR lEFT :1 SEl I MC SET SClK, ClK 
(FIG. 4-48) 

DR PA 

DR PB 

DR PC 

DR PO 

DR PE 
r---

DR PER 

PAR 
GEN 

DR LEFT 

DR PEL 

OPATM 

PARITY 
FF 

TO MASSBUS { 
DRIVERS M5903 

MA-1821 



When a read operation calls for a zero-fill into latch A, B, C, D, or E, MC BUS TO "X" is asserted to 
the latch without a corresponding MC "X" TO BUS asserted to latch For G. This results in all zeros 
being clocked into the latch due to the data bus terminators. 

4.2.11.6 Data Parity - Data parity is checked when data is input to the bit fiddler and internally 
during the assembly /disassembly process. Parity is generated for the data output from the bit fiddler. 

During a write operation, the data clocked into the left/right input multiplexer is checked in a Mass­
bus parity checker. If an error is detected, DR SET DPAR (1) is asserted and sent to the error register 
in the MBI module. As the data is being disassembled, parity is checked on each nibble transferred 
from latches A through E to latches F or G. The A through E latch involved in a transfer will have its 
MC "X" TO BUS asserted, thereby outputting DR P "X" for the nibble being placed on the data bus 
(Figure 4-46). The F or G latch involved in the transfer will have its MC "X" TO BUS negated, 
thereby outputting DR P "X" for the nibble being taken from the data bus. These two parity bits are 
compared in an internal parity checker which asserts DR PAR ERR if a match is not obtained (pro­
vided the transfer is not a zero-fill). Microcode instruction MCI2, 3, 4 (discussed in Paragraph 
4.2.11.7) selects the A through E latch involved in the transfer, and MCI5 selects the F or G latch 
involved. DR PF and DR PG are exclusive-ORed to generate the parity bit WD BFO P for the output 
tape character. 

During a read operation the tape character input to latches F and G is checked in a read parity 
checker. If an error is detected, DR SET VPAR is asserted and sent to the error register in the MBI 
module. As the data is being assembled, parity is checked on each nibble transferred from latches For 
G to latches A through E. The F or G latch involved in a transfer will have its MC "X" TO BUS 
asserted, thereby outputting DR P "X" for the nibble being placed on the data bus. The A through E 
latch involved in the transfer will have its MC "X'" TO BUS negated, thereby outputting DR P "X" 
for the nibble being taken from the data bus. These-two parity bits are compared in the internal parity 
checker, which asserts DR PAR ERR if a match is not obtained and the transfer is not a zero-fill. 
Microcode instruction MCI2, 3,.4 selects the A through E latch involved in the transfer and MCI5 
selects the F or G latch involved. The parity- bits from latches A through E are applied to a parity 
generator whose output is applied to a parity flip-flop. When MC SET SCLK is asserted, the flip-flop 
outputs the parity bit to the Massbus. At the time MC SET SCLK asserts, the DR P "X" bit from each 
latch is the parity of the output nibble being applied to the output multiplexer. Note that the DR PE 
bit will be from latch E left when MC SET LEFT is true, and from latch E right when MC SET 
RIGHT is true. 

4.2.11.7 Program Control (Figure 4-48) - Operation of the bit fiddler is controlled by a micro­
controller ROM (control ROM) which outputs 8-bit microcode instruction words. The instruction 
words (MCIO-MCI7) specify the instruction to be performed and the instruction parameters. A binary 
program counter is incremented by MC CLOCK and supplies the address inputs (MC AO - MC A 7) to 
the control ROM. During system startup, the MC ENAB SYNC input to the control ROM is false, 
causing the ROM program to loop on itself in an idle mode. As the tape transport comes up to speed, 
BF ENABLE and AEMD assert, setting the ENAB SYNC flip-flop and asserting MC ENAB SYNC. 
The assertion of MC ENAB SYNC takes the ROM program out of the idle mode and initiates a GO 
routine wherein the program determines the type of operation to be performed. 
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A second ROM (start vector) also outputs MCIO-MCI7 in parallel with the control ROM output. The 
normally negated state of MC VECTOR XCT inhibits the start ROM and enables the control ROM, 
thus allowing the instruction words from the control ROM to operate the bit fiddler. During the 
control ROM GO routine, MC VECTOR XCT is asserted and transfers control to the start ROM for 
one instruction. The only type of instruction the start ROM issues is a branch instruction, which 
causes the control ROM program to branch to the starting address of 1 of 12 operational routines. The 
routines that may be selected are listed below: 

11 
11 
11 
11 
11 
11 

Write Forward Normal 
Read Forward Normal 
Read Reverse Normal 
Write Forward (PDP-15 - Normal) 
Read Forward (PDP-15 - Normal) 
Read Reverse (PD P-15 - Normal) 

10 
10 
10 
10 
10 
10 

Write Forward, Core Dump 
Read Forward, Core Dump 
Read Reverse, Core Dump 
Write Forward, Compatible 
Read Forward, Compatible 
Read Reverse, Compatible 

The routine addressed by the start ROM is determined by ROM inputs WRITE, FWD, FMT2, and 
FMT3 (ZERO FILL is not used). The start ROM forces a branch to the selected routine by asserting 
MC BRANCH and loading MCIO-MCI5 into the program counter. Address inputs MC P6 and MC 
P7 are obtained from the page number multiplexer and reflect the state of format bits FMTO and 
FMTI. This will be discussed later in this section. After the routine's starting address is loaded into the 
program counter, MC VECTOR XCT negates and program control returns to the control ROM. The 
program counter then steps the control ROM through the routine which executes the selected type of 
data transfer. 

Bits MCIO, 1, 6 are input to the instruction decoder and specify the instruction to be executed. On the 
next assertion of MC CLOCK, the decoder outputs the selected instruction (MC XFER, SET /CLR, 
BRS, or PAGE NO./START VECTOR) .. 

When the instruction decoder asserts the MC XFER instruction, the A-E XFER decoder and the F-G 
XFER decoder are enabled. The A-E XFER decoder outputs MC "X" TO BUS if WRITE is true or 
MC BUS TO "X" if WRITE is false. "X" will be A, B, C, D, or E as determined by MCI2, 3,4 of the 
XFER instruction word. The F-G XFER decoder will output MC BUS TO "X" if WRITE is true or 
MC "X" TO BUS if WRITE is false. "X" is either F or G as determined by MCI5 of the XFER 
instruction word. 

When the instruction decoder asserts the SET /CLR instruction, the SET /CLR decoder is enabled and 
outputs MC SET SCLK, MC SET LEFT, MC SET RIGHT, MC SET ZF (zero fill), or MC CLR ZF 
as determined by MCI2, 3, and 4 of the SET /CLR instruction word. A sixth output, SET FMTE (set 
format error), asserts if an attempt is made to execute an illegal operation. This output is not asserted 
during normal operation. It signifies an error condition and is discussed under program errors, Para­
graph 4.2.11.8. 

When the instruction decoder asserts the BRS (branch condition select) instruction, the MCI2, 3,4 bits 
of the BRS instruction word are latched into the branch condition register. The register output is 
applied to the branch logic where it selects either the unconditional state or one of four input signals 
(MC ENAB SYNC, AEMO, WCLK, or OR BYTE ROY) for monitoring. When the MCI6 input to 
the branch logic is false, MC BRANCH asserts if the selected branch condition is met. Any instruction 
word with MCI6 negated is a branch instruction with MC10-MCI5 of the instruction word being the 
branch address. (Note that when MCI6 is negated, there is no instruction output from the instruction 
decoder.) If the branch condition selected is UNCONDITIONAL, a branch will always occur when 
MCI6 negates. If one of the four input signals is selected, MC BRANCH will assert only if that signal 
is not true. The branch condition selected will remain until another BRS instruction places a new select 
code into the branch condition register. 
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The PAGE NO./ST ART VECTOR instruction causes one of two different actions, depending on the 
state of bit MCI4 of the instruction word. If MCI4 is false, it is a PAGE NO .. instruction only which 
latches up MCI2 and MCI3 into the page number multiplexer as MC P6 and MC P7. MC P6 and MC 
P7 are the two most significant bits of the address input to the program counter. During a branch 
instruction, they select the page· to which the program will branch. If MCI4 is true, the instructioIl"is a 
START VECTOR and PAGE NO. instruction. The next transition of MC CLOCK sets the START 
VECTOR flip-flop, asserting MC VECTOR XCT. The assertion of MC VECTOR XCT inhibits the 
control ROM and enables the start ROM as described earlier in this section. The page number multi­
plexer gets latched up just as in a PAGE NO. instruction except that the true state of MCI4 selects the 
FMTO and FMTI inputs as the MC P6 and MC P7 outputs for the program counter. 

4.2.11.8 Program Errors - In addition to ·checking for data parity errors (Paragraph 4.2.11.6), the bit 
fiddler also checks for parity errors in the program instruction words, and for illegal formats and 
improper commands that may be input to the TM03. 

Each program instruction is checked for odd parity in the MCI parity checker. Bit MCI7 of each word 
is the parity bit. If a parity error is detected, MC ERROR asserts, inhibiting the MC CLOCK signal 
and thereby stopping the program. The instruction word checked by the MCI parity checker is the one 
just executed. Thus when a program halt occurs, the instruction preceding the one now being output 
from the control ROM is the faulty one. The assertion of MC ERROR also sets the board fault flip­
flop. The flip-flop illuminates the BOARD FAULT light and asserts MC BF FMTE to the error 
register in the MBI module. 

Drawing M8915-8 lists all the address locations for the start vector ROM. Only six of these are legal 
addresses. The others result from illegal format coding or improper commands, .such as write reverse. 
The SET ICLR decoder is utilized to sense illegal addressing of the start ROM. Note that each illegal 
instruction word contains a SET/CLR instruction (MCIO, 1, 6) and a MCI2, 3,4 code of 68 which 
asserts the SET FMTE output of the decoder. However, only two of the four format bits are applied to 
the start ROM. The remaining two (FMTO, FMTI) are checked by an illegal format detector. The 
detector monitors all four format bits and output MC INST FMT ERR (instruction format error) 
when an illegal combination is sensed. Only four format codes are legal and these are shown in Table 
4-7. 

Table 4-7 Legal Format Codes 

FMT FMT FMT FMT 
3 2 1 0 Mode 

0 0 0 0 PDP-IO Core Dump 
0 0 I I PDP-IO Compatible 
I I 0 0 PDP-II Normal 
I I I 0 PDP-I5 Normal 

Neither SET FMTE nor MC INST FMT ERR asserts MC BOARD FAULT or illuminates the 
BOARD FAULT light; however they do assert Me BF FMTE to the error register in the MBI mod­
ule. 

*Refer to drawing M8915-9, -10, and to Paragraph 4.2.11.10. 
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4.2.11.9 Program Timing - Program timing and synchronization are obtained by a crystal oscillator 
generating a 15.6* MHz MC CLOCK signal. The microcontroller ROM specifies an instruction, sets 
up the instruction parameters, and executes the instruction, all under timing control of MC CLOCK. 
For purposes of this discussion, the leading and trailing edges of MC CLOCK are defined as its 
assertion and negation, respectively. The program operations timed to the leading and trailing edge of 
MC CLOCK are as follows: 

Leading Edge 

I. Latch and execute selected instruction in accordance with instruction parameters. This 
means one of the following: 

a. Transfer a data nibble or zero-fill a latch. 
b. Assert one of the six SET jCLR commands. 
c. Establish a new branch condition. 
d. Change page number bits P6 and P7. 

2. Increment the PC counter or load the PC counter with a branch address if BRANCH is true. 

Trailing Edge 

l. Control ROM fetches the instruction word addressed by MC AO - MC A 7. 

2. Check parity of instruction word which was just executed. 

3. Assert MC BRANCH if instruction is a branch instruction and if branch conditions are met. 

4. Cause start ROM to branch to operational routine if instruction is a START VECTOR and 
PAGE NO. instruction. 

4.2.11.10 Operational Flow Diagrams - Sheets M8915-9 and -10 show a program listing of the micro­
controller ROM. MC ENAB SYNC is the MSB of the control ROM address. With MC ENAB SYNC 
false, the program addresses are confined to sheet 9 (addresses 0008 to 3778). When MC ENAB SYNC 
is true, the program addresses are on sheet 10 (addresses 4008 to 7778). The second and third most 
significant bits of the control ROM address (MC A 7, MC A6) are established by the two page number 
bits, MC P7 and MC P6. The page number bits locate four pages of instructions when MC ENAB 
SYNC is true and another four pages when MC ENAB SYNC is false. Address bits MC A5 - MC AO 
locate the individual instructions within each page. The flow diagrams in this section illustrate the 
routines listed on sheets M8915-9, -10. The diagrams contain key address locations to establish a 
correlation between them and the program listings. 

The program startup flow diagram illustrates the startup sequence and the selection of the specific 
routine to be performed. The other diagrams show the sequence of events in each of the 12 routines. 
The flow diagrams do not involve any functions or operations not already described in preceding 
paragraphs. They serve to tie the steps of an operation together as they occur during program execu­
tion. 

*M8915-YA only. The M8915 bit fiddler uses a 10.0 MHz crystal oscillator which cannot be used with 317.5 
cm/s (125 in/s) transports (TU77). 
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Program Startup (Figure 4-49) - The assertion of MAS CLR initializes the M8915-Y A module and sets 
the program counter to zero. The assertion of MC SET RIGHT occurs during initialize. (This is 
essential if the program selects a PDP-II read operation or a PDP-15 read operation, because these 
routines do not contain a SET RIGHT instruction.) Next the program enters the idle mode where 
latches A through E are zero-filled. The program then waits for the assertion of BF ENABLE and 
AEMD. When this occurs the program jumps to the GO routine and waits for AEMD to negate. After 
the negation of AEMD, MC VECTOR XCT asserts, enabling the start vector ROM which branches 
the program to the address of I of the 12 operational routines. 

PDP-II Write Forward (II-NORMAL) (Figure 4-50) - The PDP-ll write forward (II-NORMAL) 
routine starts at location 4218. The program asserts MC SET RIGHT to select the PDP-II format for 
the I6-bit input word. MC SET SCLK asserts to request that input data be placed on the Massbus. 
When WCLK is received, the I6-bit input word is clocked into the multiplexer and into latches A 
through D. The program then transfers latch C to F and latch D to G. The 8-bit byte, now in latches F 
and G, and a parity bit are transmitted to the TCCM or the tape control NRZI module as a tape frame 
character. The program waits for the assertion of WRT STRB to signify that the TM03 write logic is 
ready for the next character. When WRT STRB asserts, and if BF ENABLE is still true, the data 
nibbles in latches A and B are transferred to latches F and G, respectively, and another tape frame 
character, along with its parity bit, are available to the output write logic. When the next WRT STRB 
is received, BF ENABLE. is checked and if still true, the cycle is repeated for the next data word 
received from the Massbus. 

If BF ENABLE is found to be false when checked by the program, MC ENAB SYNC is negated, 
which returns the program to the idle mode. 

PDP-II Write Forward (IS-NORMAL) (Figure 4-51) - The PDP-II write forward (I5-NORMAL) 
routine starts at location 6218' The instruction routine is identical to the PDP-II write forward routine 
except that latches A and B (bits 15-08) are used for the first tape character and latches C and D (bits 
07-00) are used for the second character. (See Paragraph 4.2.11.2 for a discussion of the various data 
transfer formats.) 

PDP-II Read Forward Normal/PDP-II Read Reverse (IS-NORMAL) (Figure 4-52) - The PDP-II 
read forward normal and the PDP-II read reverse (I5-NORMAL) routines are identical. The PDP-II 
read forward routine starts at location 4178. The PDP-II read reverse (I5-NORMAL) routine starts at 
location 6058. The assertion of RDS clocks a tape character into latches F and G. If BF ENABLE is 
true, the program transfers latch F to C and latch G to D. The program then waits for the next RDS 
pulse which clocks the next tape character into F and G. If BF ENABLE is still true, the data nibbles 
in latches F and G are transferred to latches A and B, respectively. Latches A through 0 then transfer 
their contents to the output multiplexer, which is still in the SET RIGHT format from the initialize 
routine. MC SET SCLK asserts and transmits the mUltiplexer output (DI5 TM - 000 TM) to the 
Massbus along with the parity bit. 

If, during a check of the state ofBF EN ABLE, it is fou.nd to be false, MC ENAB SYNC is negated and 
the program returns to the idle mode. If BF ENABLE goes false after a tape character has been 
clocked into latches C and 0, the other two latches (A and B) are zero-filled and MC SET SCLK is 
asserted before the program returns to idle. Thus all data read from tape is placed on the Massbus 
regardless of when the data transfer is terminated. 
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PDP-II Read Reverse Normal/PDP-It Read Forward (IS-NORMAL) (Figure 4-53) - The PDP-II 
read reverse normal and the PDP-II read forward (IS-NORMAL) routines are identical. The PDP-II 
read reverse normal routine starts at location 4058. The PDP-II read forward (IS-NORMAL) routine 
starts at location 6178. The assertion of RDS clocks a tape character into latches F and G. If BF 
ENABLE is true, the program transfers latch F to A and latch G to B. The program waits for the next 
RDS pulse, which clocks the next tape character into F and G. Then, if BF ENABLE is still true, the 
data nibbles in latches F and G are transferred to latches C and D, respectively. Latches A through 0 
then transfer their contents to the output mUltiplexer, which is still in the SET RIG HT format from the 
initialize routine. MC SET SCLK asserts and transmits the multiplexer output (DIS TM - 000 TM) to 
the Massbus along with the parity bit. 

If, during a check of the state of BF ENABLE, it is found to be false, MC ENAB SYNC is negated and 
the program returns to the idle mode. If BF ENABLE goes false with a tape character already clocked 
into latches A and B, the other two latches (C and D) are zero-filled and MC SET SCLK is asserted 
before the program returns to idle, Thus all data read from tape is placed on the Massbus regardless of 
when the data transfer is terminated. 

PDP-IO Write Forward (Figure ~54) - The PDP-IO write forward operation is executed in the com­
patible or core dump mode. In the compatible mode, a 36-bit PDP-I 0 word is written onto tape in four 
8-bit bytes and the last four bits of the word are discarded. In the core dump mode, the entire 36-bit 
word is written onto tape in five 8-bit bytes with the last byte composed of 4 data bits and a 4-bit zero­
fill. Figure 4-54 is a flow diagram of the PDP-IO write forward routines. Most of the diagram is 
common to both compatible and core dump operation. The portion of the diagram enclosed in dotted 
lines is only for PDP-IO compatible operation. Replacing this portion with the core dump portion 
converts the diagram into a PDP-IO core dump flow diagram. 

The PDP-IO compatible routine starts at location 7238. The PDP-IO core dump routine starts at 
location 5438. The program asserts the SET LEFT format and then MC SET SCLK to request data 
input on the Massbus. When WCLK is received, the I8-bit data input is clocked into the input multi­
plexer and into latches A through D and latch E left. (WCLK asserts DR GET LEFT, which clocks 
two bits into latch E left.) The program then transfers latch A to F and latch B to G. The 8-bit byte is 
now in latches F and G, along with a parity bit, are transmitted to the TCCM or the tape control 
NRZI module as a tape frame character. The program waits for the assertion ofWRT STRB to signify 
that the TM03 write logic is ready for the next character. When WRT STRB asserts, and if BF EN­
ABLE is still true, the data nibbles in latches C and D are transferred to latches F and G, respectively, 
and another tape frame character, along with its parity bit, are available to the output write logic. 
When the next WRT STRB is received, BF ENABLE is checked and if still true, the SET RIGHT 
format is asserted and MC SET SCLK is issued to request the second half of the input word. When 
WCLK is received, the I8-bit data input is clocked into the input multiplexer and into latches A 
through 0 and latch E right. (WCLK asserts DR GET RIGHT which clocks two bits into latch E 
right.) The program then transfers latch E (now loaded with four bits) to F and latch A to G. The 8-bit 
byte now in latches F and G, along with a parity bit, are transmitted to the output write logic as the 
third tape frame character. When the next WRT STRB is received, BF ENABLE is checked and if still 
true, latches Band C are transferred to latches F and G, respectively, forming the fourth tape charac­
ter. When the fourth tape character has been transmitted from F and G and the next WRT STRB is 
received, another check is made of BF ENABLE. 

If BF ENABLE is still true and the operating mode is PDP-] 0 compatible, the program returns to 
location 7238 to prepare for the next I8-bit data input. The 4-bit nibble still in latch 0 is not trans­
ferred to tape. 
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If BF ENABLE is still true and the operating mode is PDP-IO core dump, the program continues and 
transfers the nibble in latch D to latch G and then does a zero-fill into latch F. The output write logic 
takes the data in latches F and G for the fifth tape character and then asserts WRT STRB. If BF 
ENABLE is still true, the program returns to location 5438 to prepare for the next I8-bit data input. 

IfBF ENABLE checked false at any point in the PDP-IOwrite routines, MC ENAB SYNCis negated 
and the program returns to the idle mode. 

PDP-IO Read Forward (Figure 4-55) - The PDP-IO read forward operation is executed in the com­
patibility or core dump mode. In the compatibility mode, four 8-bit characters (32 bits total) are read 
from tape and placed onto the Massbus as 18 bits of one data transfer and 14 bits of a second data 
transfer. The remaining four bits of the second data transfer are zero-filled. In the core dump mode, 
five 8-bit characters (40 bits total) are read from tape and placed onto the Massbus as two I8-bit data 
transfers. The fifth tape character contains a 4-bit zero-fill which is discarded. Figure 4-55 is a flow 
diagram of the PDP-IO read forward routines. Most of the diagram is common to both compatible and 
core dump operation. The portion of the diagram enclosed in dashed lines is only for PDP-IO com­
patible operation. Replacing this portion with the core dump portion converts the diagram into a 
PDP-IO core dump flow diagram. 

The PDP-IO compatible routine starts at location 7258. The PDP-IO core dump routine starts at 
location 4258' The assertion of RDS clocks a tape character into latches F and G. If B F EN ABLE is 
true, the program transfers latch F to A and latch G to B. When RDS clocks the second tape character 
into latches F and G, BF ENABLE is again checked. If found to be still true, the program transfers the 
data nibbles in latches F and G to latches C and 0, respectively. When RDS clocks the third tape 
character into latches F and G, BF EN ABLE is again checked. If found to be still true, the program 
transfers the nibble in latch F to latch E and then asserts the SET LEFT format. MC SET SCLK then 
asserts and clocks the data from latches A through E (only two bits from latch E) to the Massbus via 
the output multiplexer. The program then transfers the nibble in latch G to latch A. The next RDS 
pulse clocks the fourth tape character into latches F and G. If BF ENABLE is stilI. true, latches F and 
G are transferred to Band C, respectively. 

If the operating mode is PDP-IO compatible, the program will zero-fill latch D, assert a SET RIGHT 
format to the output mUltiplexer, and assert MC SET SCLK. The assertion of MC SET SCLK clocks 
the data from latches A through E (only two bits from latch E) to the Massbus via the multiplexer. The 
program then returns to location 7258 and the cycle is repeated. 

If the operating mode is PDP-IO core dump, the program waits for RDS to assert and clock the fifth 
tape character into latches F and G. If BF ENABLE is still true, the nibble in latch G is transferred to 
latch 0 (latch F is discarded). The program then asserts the SET RIGHT format to the output multi­
plexer and asserts MC SET SCLK. The assertion of MC SET SCLK clocks the data from latches A 
through E (only two bits from latch E) to the Massbus via the mUltiplexer. The program then returns 
to location 4258 and the cycle is repeated. 

If BF ENABLE checked false at any point in the PDP-tO read forward routines, MC ENAB SYNC is 
negated and the program returns to the idle mode. If tape data has already been transferred to some of 
the A through E latches, the remaining latches are zero-filled, a format state is asserted (SET LEFT or 
SET RIGHT), and Me SET SCLK is asserted before the program returns to idle. Thus all data read 
from tape is placed on the Massbus regardless of when the data transfer is terminated. 
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PDP-lO Read Reverse (Figure 4-56) - A PDP-IO read reverse operation reads data from tape in the 
reverse sequence from which it was written. The PDP-IO read reverse operation is executed in the 
compatibility or core dump mode. In the compatibility mode, four 8-bit characters (32 bits total) are 
read from tape and placed onto the Massbus as 14 bits of one data transfer (plus a 4-bit zero-fill) and 
18 bits of a second data transfer. In the core dump mode, five 8-bit characters (40 bits total) are read 
from tape and placed onto the Massbus as two I8-bit data transfers. (The first tape character read 
contains a 4-bit zero-fill which is discarded.) Figure 4-56 is a flow diagram of the PDP-} 0 read reverse 
routines. Most of the diagram is common to both compatible and core dump operation. The portion 
of the diagram enclosed in dashed lines is only for PDP-IO compatible operation. Replacing this 
portion with the core dump portion converts the diagram into a PDP-IO core dump flow diagram. 

The PDP-IO compatible routine starts at location 7528. The routine looks for the assertion of RDS, 
whkh clocks a tape character into latches F and G. If BF ENABLE is true, the program zero-fills latch 
o as only 14 of the 18 bits of the first M assbus transfer will be data bits. 

The PDP-IO core dump routine starts at location 4528. The routine looks for the assertion of RDS, 
which clocks a tape character into latches F and G. If BF ENABLE is true, the program transfers latch 
G to latch D. The 4-bit nibble in latch F is a zero-fill and is ignored. When RDS clocks the second tape 
character into latches F and G, BF ENABLE is again checked. If found to be true, the program will 
continue. 

Continuation of the PDP-IO read reverse routine is identical for both the compatible and core dump 
modes. The program transfers latch F to B and latch G to C. When RDS clocks the next tape character 
(the second character for compatible operation or the third character for core dump) into latches F 
and G, BF ENABLE is again checked. If found to be still true, the program transfers the data nibbles 
in latches F and G to latches E and A, respectively. The program then asserts the SET RI GHT format 
followed by MC SET SCLK, which clocks the data from latches A through E (only two bits from latch 
E) to the Massbus via the output multiplexer. RDS then clocks the next tape character into latches F 
and G. If BF ENABLE is still true, latches F and G are transferred to C and 0, respectively. The next 
RDS pulse clocks the last tape character (of this PDP-IO word) into latches F and G. If BF ENABLE 
is still true, the data nibbles in·latches F and G are transferred to A and B, respectively. The program 
then asserts the SET LEFT format, followed by MC SET SCLK, which clocks the data from latches A 
through E (only two bits from latch E) to the Massbus via the multiplexer. The program then returns 
to location 7528 if the mo.de is compatible, or to location 4528 if the mode is core dump, and the cycle 
is repeated. 

If BF ENABLE checked false at any point in the PDP-IO read reverse routines, MC ENAB SYNC is 
negated and the program returns to the idle mode. If tape data has already been transferred to some of 
the A through E latches, the remaining latches are zero-filled, a format state is asserted (SET LEFT or 
SET RIGHT), and MC SET SCLK is asserted before the program returns to idle. Thus all data read 
from tape is placed on the Massbus, regardless of when the data transfer IS terminated. 

4.2.12 Bit Fiddler Read (M8906) 
This paragraph discusses the operation of the M 8906 bit fiddler during a read data operation (refer­
ence Figure 4-4). The M8906 bit fiddler is used in PDP-II systems. PDP-IO systems utilize an M8915 
bit fiddler which is described in Paragraph 4.2.11. 
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4.2.12.1 M8906 Bit Fiddler Operating Modes - When OCC is asserted on the Massbus, the bit fiddler 
is enabled (BF ENABLE H asserted on MBI9). [Reference the M8906 schematics and the M8906 bit 
fiddler read operation flowchart (Figure 4-57).] When DRIVE SET PLS is generated, tape motion is 
started and the bit fiddler is initialized by P BF RUN H (generated by the signal AEMD on BF2). The 
initial state of the bit fiddler during 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 select B flip­
flops. The format also determines the manner in which these flip-flops will be toggled (Table 4-8). 

Table 4-8 Bit Fiddler Initialization/Operation 

Select A Select B 

Format Mode Initial Toggled by Initial Toggled by 

Forward Normal Mode Clear Toggling inhibited Clear RDS 
Tape Core Dump Clear RDS Clear Alternate RDS 
Motion PDP-I5 Mode Clear Toggling inhibited Set RDS 

Reverse* Normal Mode Clear Toggling inhibited Set RDS 
Tape Core Dump Clear RDS Set Alternate RDS 
Motion PDP-I5Mode Clear Toggling inhibited Clear RDS 

*Only normal mode and PDP-IS mode provide proper reassembly in read reverse. 

The format select bits (FMT 0-3) of the tape control register are decoded in the bit fiddler (BF3) as 
shown in Table 4-9. 

Table 4-9 Read Formatting Codes 

FMT(O-3) 
3 2 1 0 Mode 

o 0 
o I 
I 0 

Normal Mode 
Core Dump 
PDP-I5 Mode 

Any other combination produces a bit fiddler format error (BFFMTE). 

4.2.12.2 M8906 Bit Fiddler Read Operation - Tape characters received from the maintenance register 
are checked for parity before being applied to the bit fiddler read multiplexer. If a parity error is 
detected, SET VPAR is asserted, which in turn asserts the INC/VPE error bit in the error register. 
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When a tape data character becomes available on the read data Clines (RDC 0-7 on BF5), the bit 
fiddler receives RDS (BF2). This causes one or two of the read latches on BF5 to be loaded by 
CLK (A) and/or CLK ®, or by CLK © and/or CLK @ , depending on the states of SELECT A, 
SELECT B, and CORE DUMP. The states of SELECT B and/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 assembles I8-bit data ~ds (bits 16 aJlR 17 forced~t) for 
transfer to the Massbus controller. Table 4-10 shows CLK \6J ' ®, \S>, and ® se­
quences for the different formats and tape motion directions. 

Mode 

Normal Mode 

Core Dump 

15 Mode 

Table 4-10 CLK @, ®, ©, and @ Sequences 

Direction of Tape Motion 

Foward 
Reverse* 

Forward 
Reverse 

Forward 
Reverse* 

Sequence 

A& B--+C& D--+ A & B--+C & D--+et c. 
C& D--+ A & B--+C& D--+ A & B--+etc. 

A--+ B--+C--+ D--+ A --+B--+C--+ D--+etc. 
C--+D--+A--+B--+C--+D--+A--+etc. 

C &D--+A & B--+C& D--+A & B--+etc. 
A&B--+C&D--+A&B--+C&D--+etc. 

*Only normal mode and 15 mode provide proper reassembly in read reverse. 

After each CLK ®, ®, ©, and @ cycle, an 18-bit data word, ready for transmission to the 
Massbus controller, is sitting on the data lines. The bit fiddler generates a parity bit, DPA TM, which 
will be transmitted with the data word. 

When the data word is assembled, the Massbus transfer (MB XFR, BF2) flip-flop is clocked set. This 
produces a I p's 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 is ready, SCLK is generated to the 
M assbus controller. \ 

Figure 4-58 is a timing diagram of bit fiddler operation in core dump mode during a read forward 
operation. 
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4.2.13 Bit Fiddler Write (M8906) 
This paragraph discusses the operation of the MS906 bit fiddler during a write data operation (refer­
ence Figure 4-2). The MS906 bit fiddler is used in PDP-II systems. PDP-IO systems utilize an MS9I5 
bit fiddler, which is described in Paragraph 4.2.11. 

4.2.13.1 Bit Fiddler Initialization - Reference the MS906 bit fiddler schematics and "the bit fiddler 
write operation flowchart (Figure 4-59). 

When the TM03 decodes a data transfer function code in the control register, acc TM is asserted 
(MBI7); this enables the bit fiddler (BF ENABLE H, MBI9). When the Massbus controller is ready to 
transmit data, it places an IS-bit data word on the data lines of the data bus, places a parity bit 
associated with the data lines on the DPA line, and then asserts RUN H. 

When the TM03 receives RUN H, DRV SET PLS is generated in the Massbus interface module 
(MS909-Y A). DR V SET PLS produces AEMD H (TCCM3), a pulse which, on its trailing edge, 
triggers a one-shot (BF2) and generates P BF RUN H. P BF RUN H initializes the bit fiddler by 
setting or clearing the select A and select B flip-flops. Because WRITE L is asserted during a write data 
operation, P BF RUN H is gated and sets the MB XFR (Massbus transfer) flip-flop. MB XFR H 
produces a SCLK pulse, which resets the MB XFR flip-flop and is transmitted to the Massbus con­
troller. 

When the Massbus controller receives SCLK, it transmits WCLK to the TM03 and then places the 
next data word and its corresponding parity bit on the data bus. WCLK, enabled by BF ENABLE, 
produces CLK WRT BUF H, which loads the bit fiddler write buffer (BF4). 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 written). 

4.2.13.2 Bit Fiddler Formatting - The mode of bit fiddler operation during a data write is determined 
by the selected data format. The format select bits (FMTO-3) of the tape control register are decoded 
in the bit fiddler as shown in Table 4-11. 

Table 4-11 Write Formatting Codes 

FMT (0-3) 
3 2 1 0 Mode 

o 0 
o I 
1 0 

Normal Mode 
Core Dump 
PDP-IS Mode 

Any other combination produces a bit fiddler format error (BFFMTE). The selected format deter­
mines the initial states of the select A and select B flip-flops, and also the manner in which the flip-flops 
are toggled (Table 4-12). SLCT A and SLCT B are multiplexed inputs (BF4) which determine the 
manner in which a data word stored in the write buffer is disassembled. Note that in core dump mode, 
WD BFO 4-7 are forced low. As SLCT A and/or SLCT B toggle, the data word is multiplexed into 
characters as indicated in Figure 4-60. 
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Table 4-12 Bit Fiddler Initialization/Operation 

Select A Select B 

Format Mode Initial Toggled by Initial Toggled by 

Normal Mode Clear Toggling inhibited Clear WRTSTRB 
Core Dump Clear WRTSTRB Clear Alternate W R T STR B 
PDP-15 Mode Clear Toggling inhibited Set WRTSTRB 

4.2.13.3 Bit Fiddler Timing - When WRT STRB H pulses are received by the bit fiddler, it begins 
disassembling the data word stored in the write buffer. In NRZI mode, this occurs immediately after 
the start motion delay, when the slave transport is up to speed and transmits WRT C LK to the TM03., 
In PE mode, WRT STRB pulses are generated after the preamble has been written. 

WRT STRB H is generated on the tape control common mode module (TCCM4). When DRY SET 
PLS H is asserted during a write data operation, the write data record flip-flop is set, generating WDR 
H. In NRZI mode (PESB L negated), this enables generation of WRT STRB H when WRT CLK is 
produced by the slave transport. WRT STRB' and WRT CLK will be at the same frequency. In PE 
mode, WRT STRB H is also derived from WRT eLK; however, PE WRT ENABLE L and DATA 
CLK H must be asserted. This. occurs when the data portion of a record is written. Because the 
frequency of DATA CLK H is half that of WR T CLK, WRT STRB H will also be at half the fre­
quency of WRT CLK H (Figure 4-61). 

Figure 4-62 is a timing diagram for bit fiddler write operation in core dump mode. Each time a WR T 
STRB H pulse is generated, the select A and/or select B flip-flops are toggled. The frame count register 
is also incremented (FCCLK H, BF2) at each WRT STRB H. For each combination of SLCT A and 
SLCT B, a separate character is multiplexed onto the bit fiddler output lines; this character becomes 
available to the write circuitry in the TCCM module. 

In core dump (or normal) mode, completion of data word disassembly is detected and the MB XFR 
flip-flop is clocked set. MB XFR H generates an SCLK pulse, which clears the M B XFR flip-flop and 
is transmitted to the Massbus controller. The controller responds to SCLK with a WCLK pulse which 
loads the bit fiddler write buffer with the data word on the data lines. The controller then places a new 
data word on the data lines, places a data parity bit on the DPA line, and waits for the next SCLK 
pulse. In the meantime, the bit fiddler performs its disassembly process on the new word in its write 
buffer, When this word is disassembled, another SCLK is transmitted to the controller; this cycle 
continues until all the data has been transferred. 

Each time the write buffer is loaded, a data bus parity check is performed. If there is a parity error, the 
parity error flip-flop (BF3) is set and SET DPAR H is generated. This causes the DPAR bit in the 
error register to be set. 

If a WRT STRB H pulse occurs before the bit fiddler receives a WCLK response from the Massbus 
controller, SET DTE L (set drive timing error) is asserted. This causes the DTE bit in the error register 
to be set. 

4.2.13.4 Parity Generation - Each 8-bit data character output from the bit fiddler write multiplexer is 
applied to a parity tree where a parity bit is generated for the data character. The parity bit plus the 
eight data bits form the 9-bit data characters applied to the TCCM module (M8933). 

4-113 



WRT eLK H n n n n n fL and WB eLK H 

PE eLK L I I L and DATA eLK H 

WRT STRB H n n fL (for PEl 

WRT STRB H n n n n n fL (for NRZI) 
MA·'833 

Figure 4-61 WRT STRB Timing 

4-114 



BIT FIDDLER r~lj __ ~ll(j 
ENABLE H ----1 

AEMDH_~\~'~i _____________________ _ 

P BF RUN H _~ 

SELECT A ~~~--4 

SELECT B 

MB XFR H_~ 

SCLK H _--'I 

WRT STRB H _~ll''''''j __ """ 

I 1st XFR I 2nd XFR I 
.... ---AND ---......... -- AND ... 

DISASSEMBLY DISASSEMBLY 

3rd XFR I 
DISA~~~MBLY ... ETC. 

MA-1774 

Figure 4-62 Bit Fiddler Write Operation in Core Dump Mode 

4-115 



4.2.14 Power 
This paragraph describes the routing of power to and within the TM03. An H740-DA * power supply 
provides ac and dc power and power-fail logic signals (AC LO and DC LO) to the TM03 (Figure 4-63). 
An ac cable carries 115 Vac for the TM03 cooling fan. A dc cable connects to the TM03 backplane 
with ten slip-on fasteners. Voltage levels present on the fasteners are: 

+5V 
+15 V 
-15 V 
GND 
ACLO 
DCLO 

DC power distribution to the TM03 modules is accomplished via the backplane. 

H740-DA 
POWER 
SUPPLY 

115 VAC 

DC POWER 
AC La, DC LO, GND 

~...J 
TM03 
LOGIC 
ASSEMBLY -

Figure 4-63 TM03 Power System 

COOLING 
FAN 

MA-1757 

*Refer to the H740-D maintenance manual listed in Table I-I. The H740-DA differs from the H740-D power 
supply in that an ac connector has been added to power the cooling fan in the TM03 housing. 

4-116 



5.1 SCOPE 

CHAPTER 5 
MAINTENANCE 

This chapter provides a complete description of the TM03 preventive and corrective maintenance 
procedures. The TM03 must operate with a tape transport; however the maintenance instructions 
provided herein are for the TM03 tape formatter only and do not apply to the transport. Refer to the 
maintenance manual for the specific transport for transport maintenance instructions. (Table 1-1 lists 
the manuals for the transports that can be used with the TM03.) Also included in this chapter are 
power supply adjustments and a description of the various module jumper configurations that will be 
encountered. 

5.2 MAINTENANCE PHILOSOPHY 
The TM03 utilizes a "module swap" maintenance philosophy. When troubleshooting, diagnostic pro­
grams are run and, if necessary, additional testing is performed, until the faulty module is identified. 
The error information provided by the diagnostics, when used in conjunction with the diagnostic 
documentation, indicates the functional area at fault. In some cases the diagnostic indicates which 
module is at fault. When further testing is required to locate the bad module, use is made of the 
engineering drawings and the flow and block diagrams in Chapter 4. The TM03 modules are function­
ally designed so that, in most cases, once the trouble has been localized to a functional area, it has also 
been localized to a specific module. . 

5.3 TEST EQUIPMENT 
Maintenance procedures for the TM03 require no special tools or test equipment and only a few items 
of standard equipment. These items are listed in Table 5-1. 

Table 5-1 Standard Tools and Test Equipment Required 

Equipment 

Dual-trace oscilloscope 

Digital voltmeter 
(capable of reading tenths of volts) 

Trimpot alignment tool 
(or insulated screwdriver) 

Hex-height module extender 

Diagnostics (MAINDECS) 

Manufacturer Designation 

Tektronix Type 465 or equivalent 

DIGITAL W904 

DIGITAL See Paragraph 5.8.1 
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5.4 PREVENTIVE MAINTENANCE 

5.4.1 PM Schedule 
The PM items listed in Paragraph 5.4.2 are to be performed on a quarterly basis. 

5.4.2 PM Checks 

5.4.2.1 DC Voltage Check - Check the three dc voltages (+5, +15, -15) from the H740-DA power 
supply. Make the checks on the TM03 backplane (Figure 5-1). If any of the voltages are outside the 
tolerances given in Table 5-2, adjust all three voltages according to Paragraph 5.5. 

Table 5-2 TM03 DC Voltages 

Voltage 

+5V 
+15 V 
-15 V 

Tolerance 

+0.3, -0 V 
+0.1, -0 V 
+0, -0.5 V 

5.4.2.2 Fan Check - Ensure that the cooling fan on the front of the TM03 housing operates when 
power is applied. When the power is removed, the fan should take at least 1 second to come to a stop. 
If the fan comes to a stop in less than 1 second, the bearings are worn, in which case the fan assembly 
must be replaced. 

5.4.2.3 Diagnostics - Run the complete diagnostic complement for the TM03/transport. Paragraph 
5.8.1 lists and describes these diagnostics. 

5.5 TM03 ADJUSTMENTS 
There are no adjustments in the TM03. The H740-DA power supply has adjustments for the three 
output voltages supplied to the TM03. To adjust the voltages, remove the cover from the power supply 
and locate the three adjustment potentiometers (Figure 5-2). Use a well-calibrated digital voltmeter. 
Connect the voltmeter to the TM03 backplane using Figure 5-1. Using a trimpot alignment tool, or 
insulated screwdriver, adjust the three potentiometers as follows: 

R35 for + 15.0 V 
R26 for -15.0 V 
R50 for +5.0 V 

Clockwise adjustment of the potentiometers increases the voltage. 

CAUTION 
Make adjustments slowly and do not adjust voltages 
beyond their 105 percent rating to avoid tripping the 
overvoltage crowbar protection circuit. If the circuit 
is tripped, de output fuses will blow. 

5.6 MODULE/SYSTEM COMPATIBILITY AND MODULE JUMPERS 

5.6.1 Module/System Compatibility 
Several TM03 module configurations will occur, depending on which tape transport and processor are 
used in a particular system. System errors will occur if the modules used are not compatible with the 
rest of the system. Compatibility must be considered with respect to both the transport and the proces­
sor. 
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5.6.1.1 Data Sync Modules - All transports connected to a TM03 must be of the same tape speed and 
the three M8901 data sync modules must be compatible with that speed. That is, the modules must be: 

M8901-YBs for 114.3 cm/s (45 in/s) slaves 
M8901-YCs for 190.5 cm/s (75 in/s) slaves 
M8901-YDs for 317.5 cm/s (125 in/s) slaves. 

5.6.1.2 Bit Fiddler Modules - The type of bit fiddler modules used depends on the system processor 
and the transport tape speed. Ensure that the bit fiddler modules are compatible with the system 
processor according to Table 5-3. M8915-YA can be us.ed with 114.3 cm/s (45 in/s), 190.5 cm/s (75 
in/s), or 317.5 cm/s (125 in/s) transports. M8915 can be used with 114.3 cm/s (45 in/s) or 190.5 cm/ 
(75 in/s) transports but not with 317 .5cm/s (125 in/s), transports (TV77). 

Table 5-3 Bit Fiddler Modules vs System Processor 

Bit Fiddler Module Processor 

M8906 PDP-II 
PDP-15 (normal mode) 

Processor 
Word 
Length 

16 bits 
18 bits 

M8915-YA (or M8915) PDP-I0 36 bits 
See Paragraph 5.6.1.2 PDP-15 (core dump mode) 18 bits 

5.6.1.3 NRZI Tape Control Modules - The type of NRZI tape control modules used in slot D-F05 
depends on the type of transport. An M8934 is used on 114.3 cm/s (45 in/s) and 317.5 cm/s (125 in/s) 
transports (TE16 and TV77), while an M8934-Y A is used on 190.5 cm/s (75 in/s) transports (TV45). 

5.6.2 Module Jumpers 
Some of the TM03 modules have provisions for jumper connections. These jumpers must be properly 
installed for correct TM03 operation. The following paragraphs describe the various jumper con­
figurations. 

5.6.2.1 PE Data Sync Module (M8901 *) - The M8901 series modules have three pairs of jumper 
terminals (WI-W2, W3-W4, W5-W6) used to identify the module type and to ensure that all three data 
sync modules are of the correct speed for the slave transport being used. Jumpers are installed onto one 
pair of terminals according to module type (Figure 5-3). The jumpers form part of a sensing circuit that 
asserts an NEF error if all three M8901 modules are not matched to the tape speed of the slave 
transport. (See Paragraph 4.2.6.2 for a description of the error sensing network.) 

NOTE 
It is important to note that the jumpers merely iden­
tify the module type and do not determine its oper­
ating speed. 

Figure 5-3 illustrates the location of the M8901 jumpers. 

*M8901-YB has a speed of 114.3 cm/s (45 in/s) 
M8901-YC has a speed of 190.5 cm/s (75 in/s) 
M8901-YD has a speed of 317.5 cm/s (125 in/s) 
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M890l-YD = W5-W6 IN (W1-W2. W3-W4 OUT); 125 IPS SPEED 

MA-1747 

Figure 5-3 M890 I Jumpers 

5.6.2.2 NRZI Tape Control Module (M8934 or M8934-Y A) - The NRZI tape control module has 
threejumpers, WI, W2, and W3 (Figure 5-4). Jumper WI is normally left out to enable the NRZI error 
correction feature. (See Paragraph 4.2.8.3 and sheet 2 of Figure 4-39 for a description of the function 
of WI in the error correction process.) When WI is installed, NRZI error correction is inhibited. 

NOTE 
If WI is installed, control logic test 2 will produce 
errors. 
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Figure 5-4 M8934 Jumpers 

Jumpers W2 and W3 determine the minimum allowable record length in the NRZI mode. The normal 
configuration (W2 in and W3 out) causes an NEF error when an attempt is made to write an NRZI 
record of less than ten characters. An ITM error occurs if a record of less than ten characters is read. If 
it is desired to read records of less than ten characters, W2 is removed and W3 is installed. 

NOTE 
When the short record capability is enabled (W2 out 
and W3 in), certain error conditions, such as noise 
blocks, will not assert an NSG error flag as they nor­
mally would. 
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5.6.2.3 Maintenance Register Module (M8905-YB) - The maintenance register module has one 
jumper (WI) which is always out for the TM03. Figure 5-5 illustrates the location of the jumper. 

Bit 13 of the tape control register, located on M8905-VB, is SAC for the TM03 and TCW for the 
TM02. One of the steps to change an M8905-YB (TM03) into an M8905 (TM02) is to change bit 13 
from SAC to TCW. Jumper WI accomplishes this step. 

MA-1748 

Figure 5-5 M8905-YB Jumper 

5.6.2.4 Control and Write Drivers (M8937) - Two jumpers (WI, W2) are located on M8937 and affect 
the auto density select capability of the TM03. The auto density select feature is enabled when WI is in 
and W2 is out. To disable this feature and place density control under control of the DEN 2 bit, 
remove WI and install W2. * (Refer to Paragraph 4.2.6.1 and Figure 4-28 for a discussion of the auto 
density select process.) Figure 5-6 illustrates the location of the jumpers. 

5.7 REMOVAL AND REPLACEMENT 
There are no removal and replacement procedures required for the TM03 tape formatter. The TM03 is 
'made up of 15 modules, enclosed in a housing with a cooling fan mounted on the front of the housing. 
The modules are simply removed or inserted as required. The fan on the front of the housing is 
removed via four mounting screws. Figure 5-7 illustrates the location of the TM03 modules. 

* A jumper change is also required in the slave transport. 
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M8937 
M8908-VA M8901 

NOTES 
1. M890' -VB FOR TE16 l46 IPS) 

M890'-YC FOR TU46 (76 IPS) 
M8901-YD FOR TU77 l126 IPS) 

2. M8934 FOR TE16 AND TU77 

M8934-YA FOR TU46 

3. MAY BE M6903 OR M6903-YA 

NOTE 1 

4. M8906 WHEN CPU IS PDP-" M8915-YA WHEN CPU IS PDP-10 AND TRANSPORT IS TU77 
M8915 OR M8915-

YA 
WHEN CPU IS PDP-10 AND TRANSPORT IS TE16 OR TU45. MA-1758 

Figure 5-7 Location of TM03 Modules 
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5.8 CORRECTIVE MAINTENANCE 
This paragraph covers all the diagnostic test routines used with the TM03. Also provided is trouble 
analysis and diagnostic information applicable to functional areas of the TM03. 

5.8.1 Diagnostics 
The TM03 cannot function independent of a slave transport. It must be connected to a slave to obtain 
required clock signals. Consequently, most of the diagnostics treat the TM03 and the transport as a 
subsystem* with each subsystem variation having its own set of diagnostics. Table 5-4 lists the diagnos­
tics used with TE16, TU45, and TU77 transports for both a PDP-ll system and PDP-IO system. 

The two control logic test diagnostics specifically test the TM03 and can isolate certain troubles to a 
specific module. The diagnostic documentation has complete instructions on how to run the control 
logic test and how to interpret the results. 

The remaining diagnostics localize trouble to a functional area instead of a module. In some cases, 
additional tests and analyses must be made to isolate between the TM03 and the transport and then to 
identify the faulty module. Instructions on how to run these diagnostics and interpret the results can be 
found in the maintenance manual of the specific transport. (See Table I-I for a list of transport 
maintenance manuals.) 

While troubleshooting the TM03, it is important to note that the control logic test diagnostics may run 
satisfactorily while the data reliability diagnostic fails. The control logic tests use the maintenance 
clock when checking the data and control paths. The frequency of the maintenance clock is a function 
of transport speed; however for a given transport speed the clock runs at a constant rate; therefore 
marginal components and modules in the TM03 perform satisfactorily. When running the multidrive 
data reliability diagnostic (or other system software) the TM03 clock becomes a function of the trans­
port data read rate. Certain transport irregularities, such as jitter and dynamic skew, cause the clock to 
run at an irregular rate, causing the same marginal components or modules to produce errors. (An 
area of the TM03 particularly susceptible to this type of marginal operation is the three M8901 data 
sync modules which contain the phase lock loops for reading PE data.) Thus the control logic tests 
may be used for troubleshooting but system performance must be verified using the multidrive data 
reliability diagnostic. . 

5.8.2 Clock Trouble Analysis 

1. Run the drive function timer diagnostic. 

There should be no out-of-range errors. (The diagnostic may fail for reasons other than 
faulty clocks.) Use the diagnostic printout for trouble analysis. 

2. With a transport selected, loaded, and on-line, connect an oscilloscope to pin F06S 1 on the 
TM03. Check for a clock square-wave (TAPE SPEED CLK) of the following frequency: 

114.3 cm/s (45 in/s) transport = 9.00 kHz (period = 111/-ls) 
190.5 cm/s (75 in/s) transport = 7.50 kHz (period = 133/-ls) 
317.5 cm/s (125 in/s) transport == 6.25 kHz (period = 160/-ls) 

3. Use Figures 5-8 and 5-9 as a guide for trouble analysis of TM03 clock signals 

"'The exception is the Data Tape Create diagnostic MAINDEC-II-DZTUF which does not require the use of a 
tape transport. 
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Table 5-4 TM03/Transport Diagnostics 

Proce~or 

PDP-II 

Title 

Multidrive 
Data 
Reliability 

TE16 

MAINDEC­
II-DZTED 

Basic Function MAINDEC-
Test II-DZTEC 

Control Logic MAINDEC-
Test 1 ll-DZTEA 

Control Logic MAINDEC-
Test 2 ll-DZTEB 

Drive MAINDEC-
Function lI-DZTEE 
Timer 

Utility Driver MAINDEC-
(Brutis) lI-DZTEF 

Data Tape MAIND EC-
Create ll-DZTUF 

*Revision B or higher. 

Transports 

TU77 

MAINDEC­
Il-DZTED* 

MAINDEC­
Il-DZTEC* 

MAINDEC-
11-DZTEA* 

MAINDEC-
11-DZTEB* 

MAINDEC-
11-DZTEE* 

MAINDEC­
II-DZTEF* 

MAINDEC­
II-DZTUF 
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TU45 

DECSPEC 
II-BDHDD 

DECSPEC 
lI-BDHCD 

DECSPEC 
II-BDHAD 

DECSPEC 
II-BDHBD 

DECSPEC 
11-BDHED 

DECSPEC 
11-BDHFD 

Description 

Tests TM03 and trans­
port circuitry by writing 
and reading user-deter­
mined or pre-determined 
data patterns and record­
ing mo"des. Provides er­
ror information to the 
user via the console. 

Tests the subsystem com­
mand functions (read, 
write, space, etc.). 

Tests TM03 logic. In­
cludes control and data 
logic in main tenan ce 
modes wrap 0 through 3. 
Indicates probable faulty 
area. 

Test TM03 logic. I n­
eludes control and data 
logic In main tenance 
mode wrap 4. Indicates 
probable faulty area . 

. Tests for proper tape mo­
tion timing (speed, accel­
eration, deceleration) 
and data transfer rate. 

A brute force routine 
that performs up to 15 
operational functions de­
termined by the user. 

A utility program supple­
men t to the m ultidrive 
data reliability diagnos­
tic. Creates a paper tape 
containing a desired data 
pattern for use as pattern 
o of the random data ex­
erciser portion of the 
multidrive data reliability 
diagnostic. 



Processor 

PDP-ll/780 
VAX 

DECsystem-
10/20 with 
RHI0 

DECsystem-
10/20 with 
RH20 

Title 

Data 
Reliability 

Drive 
Function 
Timer 

Basic and 
Reliability 
Diagnostic 

Magtape 
Reliability 
Diagnostic 

Magtape 
Basic/ 
Reliability 
Diagnostic 

Magtape 
Reliability 
Diagnostic 

* Revision B or higher. 
t Revision C or higher 
:j: Revision E or higher 
** Revision F or higher 

Table 5-4 TM03/Transport Diagnostics (Cont) 

TE16 

ZZ-ESMAA 

ZZ-ESMAB 

MAINDEC-
10-DDTUGt 

MAINDEC-
10-DDTUK 

MAINDEC-
10-DFTUE:j: 

MAINDEC-
10-DFTUK 

Transports 

TU77 

ZZ-ESMAA 

ZZ-ESMAB 

MAINDEC-
10-DFTUE** 

MAINDEC-
10-DFTUK* 
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TU45 

MAINDEC-
10-DDTUGt 

MAINDEC-
10-DDTUK 

MAINDEC-
10-DFTUE:j: 

MAINDEC-
10-DFTUK 

Descrip tion 

Test TM03 and transport 
circuitry by writing and 
reading user-determined 
or pre-determined data 
patterns and recording 
modes. Provides error in 
formation to the user via 
the console. 

Tests for proper tape mo­
tion timing (speed, accel 
eration, decelerat ion) 
and data transfer rate. 

This diagnostic tests mul 
tiple drives serially. It 
runs one drive through a 
group of tests and then 
runs the next drive 
through the same tests. 

Performs reliability tests 
in the area of interchange 
read/write, com 
patibility, and operator 
function select. 

Includes read and write 
retry testing of the tape 
formatter and the slave 
transport. 

Performs reliability tests 
in the area of interchange 
read/write, com 
patibility, and operator 
function select. 



YES 

STEADY STATE 
CLOCK SIGNALS 
AREOK 

NO 

REPLACE CABLE 
OR REPAIR/ 
REPLACE 
M8908-YA 

.REPAIR OR 
REPLACE 
M8933 

NO 

PLACE 
TRANSPORT ON­
LlNEAND 

ENSURE SELECT 

MA-1760 

Figure 5-8 Steady State Clock Trouble Analysis 
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Figure 5-9 Write Clock Trouble Analysis 
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5.8.3 Register Read/Write Trouble Analysis 

1. Run the control logic test diagnostics. Use the diagnostic documentation for trouble analy­
sis. 

2. Refer to flowcharts in Figures 4-17 and 4-19, and the timing and block diagrams of Figures 
4-18,4-20,4-21, and 4-22. 

3. Use Table 5-5 as a guide for trouble analysis of register read/write signals. 

5.8.4 Error Detection Trouble Analysis 

1. Table 5-6 lists errors which could occur during various operations and remain asserted after 
the operation is completed. If errors other than those indicated occur, the error detection 
circuitry may be at fault. 

2. Run the control logic test diagnostics to locate malfunctioning error detection circuitry. The 
diagnostics check the operation of each error bit except UNS. The assertion of UNS may be 
caused by the H740-DA power supply or the loss of MOL from the tape transport. 

. NOTE 
If WI on module M8934 (or M8934-Y A) is installed, 
the NRZI error correction feature is inhibited and 
control logic test 2 will produce errors. 

Table 5-5 Register Read/Write Trouble Analysis 

Symptom 

Massbus controller sets NED, or 
constant MCPE errors. 

I LR bit sets. 

Data in register read incorrectly 
without CP AR error. 

Data in register read incorrectly 
with CPAR error. 

Access to only every second reg­
ister. 

Check for 

• Software selecting proper TM03 address. 

• Proper TM03 address getting to TM03 and being acknowl­
edged (Is E8-3 on M8909-Y A high? M BI2.) 

• Demand getting to TM03. (Is DEM H asserted at pin 
A09U2?) 

• Register select lines and register select decoder (E14 on 
M8909-Y A; MBI 2) 

• Problem with C multiplexer lines, C-line latches, or register 
flip- flops. 

• Massbus cables and transceivers (at TM03 and controller). 

• No -15 Vdc at controller. 

• One bit high on RS lines (MBI2). 
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Table 5-6 Possible Errors During TM03/Transport Operations 

Errors ~ U U 
:it ~ Q.c ~ U 

~ ~ ;;;.. ~ Eo- ~ 
~ < Eo- < ~ ~ ~ ~ - '- ~ 00. ~ 

~ :it u '- ~ -'- Q.c :it Q.c ~ 00. U 00. ~ Eo- Q.. Z 0 
Operations ~ ~ 

~ U Q Z Q.. Z '- U Z Q 0 ;:J U - - '- -
Write to any register* X X X 

Read from any register X 

Load CSI with "NO-OP" X X X X X X 

Load CS 1 with "REWIND-OFF X X X X X X 
LINE" 

Load CS 1 with "REWIND" X X X X X X 

Load CSI with "DRIVE CLEAR" X X X X X 

Load CS 1 with "WRITE TAPE X X X X X X -X X X X X 
MARK" 

Load CSt with "ERASE" X X X X X X X 

Load CSt with "SPACE FWD" X X X X X X X X 

Load CSt with "SPACE REV" X X X X X X X X 

Load CS 1 with "WRITE X X X X X X X X X X X X X X X 
CHECK FWD" 

Load CS 1 with "WRITE X X X X X X X X X X X X X X X 
CHECK REV" 

Load CSI with "WRITE FWD" X X X X X X X X X X X X X X X X 

Load CSI with "READ FWD" X X X X X X X X X X X X X X X 

Load CS 1 with "READ REV" X X X X X X X X X X X X X X X 

MASSBUS INIT X 

Write into AS or MR register X X 

*Except AS or MR. 
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3. When troubleshooting the error detection circuitry, it is preferable to start at the error 
register and work back. Most of the error register flip-flops are located on the Massbus 
interface module (M8909-Y A; MBI 11). The flip-flops not on the interface module are lo­
cated as follows: 

a. INC/VPE, PEF /LRC, and COR/CRC are on TCPE2/CNRZ3. 

b. CS/ITM is on TCPE2/CNRZ2. 

c. NSG is on TCCM5. 

4. If the short record read capability is enabled (W2 out and W3 in on M8934), certain error 
conditions, such as noise blocks, will not assert NSG as they normally would. 

5. Use Table 5-7 as a guide in analyzing errors related to the Massbus controller, Massbus 
cabling, software, and the H740-DA power supply. 

6. Use Table 5-8 as a guide for trouble analysis of tape read/write errors. 

7. Use Table 5-9 as a guide for trouble analysis of data errors. 

5.8.5 Tape Motion Trouble Analysis 
Most tape motion failures occur in the tape transport and are located by off-line troubleshooting of the 
transport. To check on-line performance, run the following diagnostics in the order listed. 

1 . Basic function test 
2. Control logic test 1 
3. Control logic test 2 
4. Drive function timer 
5. Multidrive data reliability 

If the failure is not repeatable due to tape runaway or OPI errors, the utility driver diagnostic should 
be run. 

5.8.6 Data Read/Write Circuits Trouble Analysis 

1. Use the multidrive data reliability diagnostic to check out the TM03 read/write circuitry. 
The acceptable soft error rate is a transport parameter and reference should be made to the 
applicable transport maintenance manual. 

2. If the multidrive data reliability diagnostic fails, use the control logic test diagnostics to 
troubleshoot the TM03. (Refer to Paragraph 4.2.1 for a description of the maintenance 
wrap-around modes used by the control logic test diagnostics.) 

5.8.7 Bit Fiddler Error Analysis 
The bit fiddler (M8915-Y A or M8915) contains an LED which is mounted near the handle. Should the 
LED illuminate during program execution or in idle mode, it is indicative of a bad microcontroller 
ROM (ROM parity error) and the module should be replaced. 
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Error Bit 

Illegal Function 00 

Illegal Register 01 

Register 02 
Modification 
Refused 

Control Bus 03 
Parity 

Format Error 04 

Data Bus 05 
Parity 

Non-Executable 11 
Function 

Drive Timing 12 
Error 

Unsafe 14 

Table 5-7 Massbus Controller, Massbus Cable, Software, 
and Power Supply Error Analysis 

Manual 
Reference 

Mnemonic Table No. Print Reference 

ILF 2-4 Set IFL Logic: (MBI5, MBI7); 
ILF flip-flop (MBIlI); ILF 
multiplexer (MBIlO) 

ILR 2-4 Register select lines (MB I, MB2); 
Register select logic (MBI2); 
ILR flip-flop (MBlIl) 

RMR 2-4 RMR logic (MBI2): RMR flip-
flop (MBI 11) 
RMR multiplexer (MBI 10) 

CPAR 2-4 Clines (MBIl, MBI2, MBI3; CPAR 
flip~flop (MBI 11); C bus multiplexer 
(MBI3, MBI4, MBI5, MBI8, 
TCCM7, MR2 through MR6) 

FMT 2-4 Format bits (MR6); ILF decode(BF3) 

DPAR 2-4 Parity tree (BF3); DPAR flip-flop 
(MBIlI); Clines (MBIl, MBI2, 
MBI3) 

NEF 2-4 Analyze program to determine which 
of five causes are the most probable. 
Logic decoding of conditions is on 
MBI7. 

DTE 2-4 Caused by failure in SYNC CLK/ 
WCLK sequence (BF2) or occupied 
line (MBI7). 

UNS 2-4 MOL not present (MBI7); H740-DA 
AC LO is asserted. 

*PDP-l1 systems only. Refer to PDP-} 0 diagnostic documentation for applicable tests. 
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Control 
Logic* 
Test #1; 
Test No. 

Test 20 

Test 27 

Test 21 

Test 3 

Test 23 

Test 24 

Test 25 

Te~t 30 

Not tested 



Error 

Operation 
Incomplete 

Frame Count 
Error 

Mode of 
Operation 

NRZI 

PE 

Table 5-8 Tape Read/Write Error Analysis 

Bit Mnemonic Symptom Probable Cause 

13 OPI - No data written on tape. No 
SET PLS. Read logic 
failure. 

09 FCE During a read operation no The Massbus con troller was 
other error register bits are expecting a longer record. 
set. This is normal when tape 

format is unknown. 

I n the NRZI mode, during a Usually indicates the read 
read or write operation, amp output changed during 
other data error bits are the skew over pUlse. Verify 
present. signal amplitudes and tape 

speed. 

Errors occur only during a Usually indicates tape error 
write operation. caused early detection of 

postamble. 

Table 5-9 Analysis of Data Errors* 

Symptom 

PEF /LRC error only 

VPE with FCE error 

CRC and LRC errors without VPE 
while in the forward direction. 

CS/ITM error and NRZI runs 

INC without any bits being set in the CK 
register 

Probable Cause 

The LRC character or the LRC checking 
logic is at fault. 

The trouble could be a badly damaged 
tape, poor velocity regulation, a worn 
head or a faulty read amplifier. 

Problem is in the CRC character. 

Indicates a problem in detecting the end 
of the preamble in one or more tracks. 

Intermittent deskew channel in the 
TM03. 

*Troubleshoot data errors (INC/VPE, PEF/LRC, COR/CRC, CS/ITM) using Paragraph 5.8.6. 
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Mnemonic 

ACCL 
ADDR 
AEMD 
ANSI 
AS 
ASYCWRT 
ATA 
ATTN 
BCD 
BF 
BFFMTE 
BOT 
BPI 
7CH 
CHKCHAR 
CK 
CLK 
CLR 
CMBPE 
CNRZ . 
CNTR 
CO 
COMPER 
COR 
CPA 
CPAR 
CPI 
CPU 
CRC 
CRCC 
CRCE 
CRCS 
CS 
CT 
CTOD 
CWD 
DDTRK 
DECL 
DEM 
DEN 

Meaning 

Acceleration 
Address 
Acceleration Enable Motion Delay 
American National Standards Institute 
Attention Summary 
Asynchronous Write 
Attention Active 
Attention 
Binary Coded Decimal 
Bit Fiddler 
Bit Fiddler Format Error 
Beginning of Tape 
Bits Per Inch 
7 Channel 
Check Character 
Check Character 
Clock 
Clear 
Control Massbus Parity Error 
Tape Control NRZ 
Counter 
Carry Out 
Composite Error 
Correctable Data Error 
Control Bus Parity 
Control Bus Parity Error 
Characters Per Inch 
Central Processor Unit ,­
Cyclic Redundancy Check 
Cyclic Redundancy Check Character 
Cyclic Redundancy Check Error 
Cyclic Redundancy Check Strobe 
Control Status or Correctable Skew 
Count 
Controller to Drive 
Control and Write Driver 
Dead Track 
Decelerate 
Demand 
Density 

A-I 
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GLOSSARY (Cont.) 

Mnemonic 
DIP 
DPA 
DPATM 
DPAR 
DPR 
DRQ 
DRV 
DRY 
DS 
DT 
DTE 
DVA 
EAODTE 
EBL 
EMD 
ENB 
ENBL 
ENDPT 
ENV 
EOR 
EORS 
EOT 
EPR 
ER 
ERDS 
ERR 
EVPAR 
EXC 
F 
FC 
FCCLK 
FCE 
FCS 
FMK 
FMT 
FMTSEL 
FWD 
ID 
IDB 
ILF 
ILR 
INC 
INC ERROR 
INC PREAMBLE 
ILCC 
INIT 
IPS 
IRD 
IRG 
ITM 
LCTOD 
LRC 

Meaning 

Dual In-Line Package 
Data Parity 
Data Parity Transmit 
Data Bus Parity Error 
Drive Present 
Drive Request Required 
Drive 
Drive Ready 
Drive Status, Drive Select, or Data Sync 
Drive Type or Dead Track 
Drive Timing Error 
Drive Available 
Enable Abort on Data Transfer Errors 
End of Block 
Enable Motion Delay 
Enable 
Enable 
End Point 
Envelope 
End of Record 
End of Record Strobe 
End of Tape 
Error Pattern Register 
Error 
Enable Read Strobe 
Composite Error 
Even Parity 
Exception 
Function 
Frame Count 
Frame Count Clock 
Frame Count Error 
Frame Count Status 
File Mark 
Format Error 
Format Select 
Forward 
Identification 
Identification Burst 
Illegal Function 
Illegal Register 
Incorrectable Data Error 
Incorrectable Error 
Incorrect Preamble 
Illegal Check Character 
Initialize 
Inches Per Second 
Interchange Read 
Interrecord Gap 
Illegal Tape Mark 
Load Controller to Drive 
Longitudinal Redundancy Check 
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GLOSSARY (Cont.) 

Mnemonic 

LRCC 
LRCS 
LSB 
(M) 
MB 
MBXFR 
MBI 
MC 
MCPE 
MDF 
MM 
MMEOR 
MOH 
MOL 
MOP 
MR 
MSB 
MTA 
NED 
NEF 
NRZI 
NSA 
NSG 
OCC 
OCCTM 
OP 
OPI 
PBF RUN 
PAR 
PE 
PEF 
PERR AND ONE DD TRK 
PES 
PESB 
PIP 
PLS 
POS 
POST PAT 
PRE 
PREVER 
R 
RD 
RDS 
REC 
REG 
REV 
RMR 
RS 
RSDO 
RST 
RWND 
RWS 
·Controller signal. 

Meaning 

Longitudinal Redundancy Check Character 
Longitudinal Redundancy Check Strobe 
Least Significant Bit 
TM03 Logic 
Massbus 
Massbus Transfer 
Massbus Interface 
Maintenance Clock 
Massbus Control Bus Parity Error* 
Maintenance Data Field 
Maintenance Mode 
Maintenance Mode End of Record 
Moving Head 
Medium on Line 
Maintenance Operation Code 
Maintenance Register 
Most Significant Bit 
Magnetic Tape Adapter 
Nonexistent Drive* 
Non-Executable Function 
Non Return to Zero Inverted 
Not Sector Addressed 
Non-Standard Gap 
Occupied 
Occupied Transmit 
Operation 
Operation Incomplete 
Preset Bit Fiddler Run 
Parity 
Phase Encoded 
Phase Encoded Format Error 
Parity Error and One Dead Track 
Phase Encoded Status 
Phase Encoded Status Buffered 
Positioning in Progress 
Pulse 
Postamble 
Postamble Pattern 
Preamble 
Previous Error 
Register 
Read Data or Read 
Read Strobe 
Record 
Register 
Reverse 
Register Modification Refused 
Register Select or Reset 
Read Strobe Delay Over 
Reset 
Rewind 
Rewind Status 
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GLOSSARY (Cont.) 

Mnemonic 
(S) 
SAC 
SB 
SCLK 
SDWN 
SEL 
SHDN 
SHDWN 
SLA 
SLCT 
SN 
SPR 
SS 
(SS) 
SSC 
STCLK 
STRB 
SWC 
TAP 
TC 
TCCM 
TCPE 
TM 
TMRK 
TMWIP 
TP"MK 
TRA 
TRANS 
TRKn*ERR 

"TUR 
UNS 
VCO 
VPAR 
VPE 
VRC 
WBCLK 
WCLK 
WD 
WDBFO 
WDR 
WDWBO 
WFMK 
WRL 
WRP 
WRTCLK 
WTMK 

*n = track number 

Meaning 
Any Transport 
Slave Address Change 
Slave Bus 
Sync Clock 
Settle Down 
Select 
Shutdown 
Shutdown 
Slave Attention 
Select 
Serial N urn ber 
Slave Present 
Slave Select 
Selected Transport 
Slave Status Change 
State Clock 
Strobe 
Selected Slave Clock 
Tape Drive 
Tape Control 
Tape Control Common Mode 
Tape Control Phase Encoded 
Tape Mark 
Tape Mark 
Tape Mark Write in Progress 
Tape Mark 
Transfer 
Transition 
Track n * Error 
Tape U nit Ready 
Unsafe 
Voltage Controlled Oscillator 
Vertical Parity Error 
Vertical Parity Error 
Vertical Redundancy Check 
W rite Buffer Clock 
Write Clock 
Write Data 
Write Data Bit Fiddler Output 
W r:ite Data Record 
Write Data Write Buffer Output 
Write File Mark 
Write Lock 
Wraparound 
Write Clock 
Write Tape Mark 
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x 

6 

x - Description of an event or action (lower case). 

The signal level WRITE is asserted. 

The signal level WRITE is negated. 

If condition or signal is true flow follows 
YES branch, otherwise flow follows NO branch. 

A flip-flop is set asserting WRITE. 

A flip-flop is reset negating WRITE. 

Delay. If delay is fixed 
x = amount of delay or 
delay range. 

APPENDIX B 

FLOWCHART GLOSSARY 

Off page connector. 

On page connector. c'"'--__ ) Beginning or ending point of a flow 
diagram. 

11-4781 
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C.I NRZI (Non-Return to Zero Inverted) 

C.I.I Definition 

APPENDIX C 
RECORDING TECHNIQUES 

NRZI is a recording technique which requires a change of state (flux change) to write a 1, and no 
change of state (no flux change) to write a O. 

C.1.2 Format 

Cyclic Redundancy Check Character (CRCC) - This is a check character that is written four character 
spaces after the last character of an NRZI record (9-channel only). CRCC is derived by a complex 
mathematical formula applied to the characters written in the record. The result of this manipulation 
(CRCC) can be used to recover a lost bit in a record read from tape. 

Longitudinal Parity Check Character (LRCC) - This check character is written four character spaces 
after CRCC (9-channel). LRCC consists of one bit of even parity for each track of data. For example, 
if track I had an odd number of 1 s written in a record, then a 1 must be written in the LRCC bit 
associated with track 1. 

Tape Mark - A 9-channel NRZI tape mark consists of one tape character (238), followed by seven 
blank spaces, and then LRCC (238)' (CRCC is not written.) Figure C-l illustrates 9-channel NRZI 
tape format. 

C.2 PE (Phase Encoding) 

C.2.1 Definition 
Phase encoding is a recording technique in which a flux reversal occurs for each bit of information 
written on the tape. A 1 can be defined as a positive level followed by a negative transition, while a 0 
can be defined as a negative level followed by a positive transition. 

Sequential flux transitions on the tape are either at the data rate or at twice the data rate. Sequential Is 
or sequential Os will cause flux reversals to occur at twice the data rate (Figure C-2a). Alternate Is and 
Os cause flux reversals to occur at the data rate (Figure C-2b). 

C.2.2 Format 
To ensure proper extraction of PE data from the serial stream of transitions coming off the tape, PE 
data must be recorded in a precise format. A PE record consists of preamble, data, and postamble. 

1. Preamble: Forty characters of Os in all nine tracks, followed by a character of 1 s in all nine 
tracks. 

2. Postamble: One character of 1 s in all nine tracks, followed by 40 characters of Os in all nine 
tracks. 
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OXIDE SURFACE 

BOT MARKER 

(

ON OTHER) 
SIDE OF 

TAPE 

EXTENDED 
IRG 

TAPE MARK 
r-. 

EXTENDED 
IRG 

TAPE MARK 

CHARACTER 

Figure C-l NRZI Format (Nine-channel) 
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~7.5m(25 FT.) 

EOT MARKER 

(

ON OTHER) 
SIDE OF 

TAPE 



o o o o o 

MA-1779 

MA-1781 

a. Sequential Is and Sequential Os b. Alternate Is and Os 

Figure C-2 PE Waveforms 

The PE read electronics uses a data window to isolate data transitions (Figure C-3). Zeros in the 
preamble are used to set the window in position when reading in a forward direction, while Os in the 
postamble perform this function when reading in the reverse direction. The all-Is character in the 
preamble and postamble is used to mark the beginning of data. 

DATA 

WINDOW 

DATA TRANSITION 

o o o 
MA-1780 

Figure C-3 Data Window 

Tape Mark - A PE tape mark consists of forty Os in tracks 1, 2, 4, 5, 7, and 8 (bit positions 0, 1, 2, 5, 7, 
and 8) with tracks 3, 6, and 9 (bit positions 4, 6, and 3) dc erased. 

Identification Burst (IDB) - The IDB identifies the tape as being a PE tape. It consists of alternating 1 s 
and Os in the parity track (track 4) with all other tracks erased. The IDB is located at BOT, and has a 
minimum length of 4.3 cm (l.7 in.). Figure C-4 illustrates PE tape format. 
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f
XTENDED IRG J: RG 

4.3CM(t.7IN.) 7.6CM(3INJ --+io�-------RECORD ------0!4---'1.5CM (O.6IN.) NOMINAL 
MIN. MIN . 

. PREAMBLE: 41 CHAR. 

POSTAMBLE; 41 CHAR. 

91111111111111111 

81111111111111111 11111111111111111 

71111111111111111 II II III II I I I I I I II 
~MOST SIGNIFICANT 
~~-------------------1I1 III 

26 61111111111111111 11111111111111111 

25 51111111111111111 11111111111111111 

1111111111111111111111 P 41111111111111111 11111111111111111 ---------------------111 I I I I 

I 
IDENTIFICATION BURST 31111111111111111 11111111111111111 ------------------111 I I II 

I r-------l 
I BOT TAB : 
~-------' 

21111111111111111 11111111111111111 
~LEAST SIGNIFICANT 

11111111111111111 

~~-------------IIII I I I 

----------------11 I II II 

TRACK NUMBER REFERENCE EDGE 

NOTE: 
TAPE IS SHOWN WITH OXIDE SIDE UP. 

Figure C-4 PE Recording Format 
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C.2.3 PE Characteristics 
Phase encoding, also referred to as Manchester, Williams, Ferranti method for phase modulation, is 
currently used in high-density (1000-2000 bit per inch) magnetic tape stores. A cell is occupied by a 
square wave with one cell period. The usual convention is that it represents a logical 0 if the first half of 
the square-wave is positive and the second half is negative; for a logical 1 it is the opposite. Worded 
slightly differently, a positive-to-negative transition, in the middle of a cell, represents a logical 0, and a 
flux transition from negative to positive, in the middle of a cell, signifies a logical 1. If two identical 
symbols - two logical Os or two logical Is - follow each other, there is an interbit flux transition at the 
boundary of the cell. This interbit flux transition will be ignored by the readback circuitry. PE is self­
clocking as there is always a flux transition per cell. 

Comparing NRZI with PE, it would appear at first that as phase modulation requires more transitions 
per bit than NRZI, it would permit lower maximum bit density. However, there are more important 
considerations. In NRZI coding, the spacing of subsequent transitions may vary from a minimum 
determined by the chosen bit density for a string of logical Is to a large value for a long string of Os. 
This random variation of transitions causes peak shift and amplitude fluctuations. In a phase-encoded 
system, the ratio of maximum to minimum spacing is 2. Hence, although pulse crowding and peak 
shift phenomena in a system that has fixed magnetic and mechanical parameters are reached at a lower 
bit packing density with PE than with NRZI coding, the peak shift and amplitude fluctuation in PE are 
well defined and constant. 

The comparison of the frequency spectra of NRZI and PE systems reveals another important "differ­
ence between the two. The noise spectrum of a practical system (where the term "noise" includes all 
unwanted signals, not only random noise) exhibits large peaks at the low frequency end. Although the 
highest frequency in a PE system is twice that of the corresponding NRZI, the required band does not 
extend to low frequencies and a better signal-to-noise ratio can be achieved. 

With respect to the coding system's sensitivity to read errors, some broad qualitative conclusions are 
obtained. If in an NRZI coding system a single 1 or a single 0 is misread, it will have no effect on the 
interpretation of the forthcoming data bits of the sequence. [As NRZI is not self-clocking, in a paral­
lel-recording multitrack system each character must have at least one low-transition (i.e., logical 1) in it 
from which the read clock is derived.] 

In a typical phase-encoded readback channel, the read clock is derived from the data flux transition. 
The read logic separates the bit flux transitions which occur in the middle of the cell from the interbit 
transitions at the cell boundaries by opening a "window" at the expected bit transition time (Figure C-
3). The possible consequences of a single-bit dropout are illustrated in Figure C-5. It is assumed that 
the dropout occurs in the position of a bit-transition in a long chain of logical 1 s. The interbit transi­
tion following the dropout will now generate the next clock pulse and the subsequent logical Is are 
misread until synchronism is regained. Thus a single bit-transition dropout can cause an "error burst" 
extending over many bit lengths. In actual systems the possibility of this type of error is avoided by 
provision of a phase-lock oscillator which is normally resynchronized at every bit flux transition, but 
can maintain synchronism over a certain number of bits without re-synchronization. 

The checklist of PE reads is as follows. 

I. Efficiency is low (50 percent). There are two flux reversals per bit. 

2. Correlation is good; there is the maximum possible difference between logical 0 and 1. 

3. Bandwidth requirement is fair, does not extend to low frequencies, but maximum frequency 
is twice that of NRZI at the same density. 

4. The system is self-clocking. 
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5. Read resolution is poor, limited to a half-bit period. 

6. Circuit complexity is higher than for NRZI. 

7. Noise immunity is good; peak shift and amplitude fluctuation is predictable and constant at 
anyone recording density. 

POSITION OF 
DROPOUT 

WRITE DATA 

o o o o o 

DATA READ BACK 

Figure C-5 Potential Error Caused by Single Bit Dropout in PE 

o 

MA-1755 

The phase-encoded format (Figure C-4) does not utilize the CRC and LRC characters for error check­
ing. Each data block is preceded by 40 all-Os bytes followed by a single all-Is byte (preamble) and is 
terminated by a single all-Is byte followed by 40 all-Os bytes (postamble). The preamble synchronizes 
the read detection circuits so that is and Os are correctly identified in the data bytes which follow. The 
symmetry of preamble\and postamble permits reading in either direction. At the load point (beginning 
of tape), an "identification burst" consisting of 1600 flux reversals per inch, is written in the parity 
track. Odd character parity is specified. The tape mark consists of 64 to 256 flux reversals at 3200 flux 
changes per inch in tracks 1, 2, P, 5, 7, 8. The remaining tracks are dc erased. 

In phase-encoded systems there is, contrary to NRZI coding, a continuous read back signal which, 
because of the bandwidth limitation of the record/reproduce chain and the inherent properties of the 
recording media, appears as a near-sinusoidal signal. In high-density phase-encoded systems, the zero­
crossings of this quasi-sinusoidal signal can be used for accurate location of the readback pulse. This 
detection system is used for some single-track serial recordings. 
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APPENDIX D 
TM03 INTERFACE SIGNALS 

Table D-l M5903/Massbus Interface Signals 

Cable Pin* Polarity Signal 

Cable A A 1 - MASSDOO 
B 2 + 
C 3 + MASS DOl 
D 4 -
E 5 - MASS D02 
F 6 + 
H 7 + MASS D03 
J 8 -
K 9 - MASSD04 
L 10 + 
M 11 + MASS D05 
N 12 -
P 13 - MASS COO 
R 14 + 
S 15 + MASS COl 
T 16 -
U 17 - MASS C02 
V 18 + 
W 19 + MASSC03 
X 20 -
y 21 - MASSC04 
Z 22 + 
AA 23 + MASSC05 
BB 24 -
CC 25 - MASSSCLK 
DD 26 + 
EE 27 + MASS RS3 
FF 28 -
HH 29 + MASS ATTN 
JJ 30 -
KK 31 - MASS RS4 
LL 32 + 
MM 33 - MASSCTOD 
NN 34 + 

*Pin designations may be letters or numerals. 
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Table D-l M5903/Massbus Interface Signals (Cont) 

Cable Pin* Polarity Signal 

Cable A PP 35 + MASSWCLK 
(cont) RR 36 -

SS 37 + MASS RUN 
TT 38 -
UU 39 SPARE 
VV 40 GND 

Cable B A 1 - MASS D06 
B 2 + 
C 3 + MASS D07 
D 4 -
E 5 - MASSD08 
F 6 + 
H. 7 + MASSD09 
J 8 -
K 9 - MASS DI0 
L 10 + 
M 11 + MASS Dll 
N 12 -
p 13 - MASSC06 
R 14 + 
S 15 + MASSC07 
T 16 -
U 17 - MASSC08 
V 18 + 
W 19 + MASSC09 
X 20 -
Y 21 - MASS ClO 
Z 22 + 
AA 23 + MASS Cli 
BB 24 -
CC 25 - MASSEXC 
DD 26 + 
EE 27 + MASS RSO 
FF 28 -
HH 29 + MASSEBL 
JJ 30 -
KK 31 - MASS RSI 
LL 32 + 
MM 33 - MASS RS2 
NN 34 + 
PP 35 + MASS INIT 
RR 36 -
SS 37 + MASS SPI 
TT 38 -
UU 39 SPARE 
VV 40 GND 

*Pin designations may be letters or numerals. 
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Table D-l M5903/Massbus Interface Signals (Cont) 

Cable Pin* Polarity Signal 

Cable C A 1 - .. MASS D12 
B 2 + 
C 3 + MASS D13 
D 4 -
E 5 - MASS D14 
F 6 + 
H 7 + MASS DIS 
J 8 -
K 9 - MASS D16 
L 10 + 
M 11 + MASS D17 
N 12 -
P 13 - MASS DPA 
R 14 + 
S 15 + MASS C12 
T 16 -
U 17 - MASS C13 
V 18 + 
W 19 + MASS C14 
X 20 -
y 21 - MASS CIS 
Z 22 + 
AA 23 + MASS CPA 
BB 24 -
CC 25 - MASSOCC 
DD 26 + 
EE 27 + MASSDSO 
FF 28 -
HH 29 + MASSTRA 
JJ 30 -
KK 31 - MASS DSI 
LL 32 + 
MM 33 - MASS DS2 
NN 34 + 
PP 35 + MASSDEM 
RR 36 -
SS 37 + MASS SP2 
TT 38 -
UU 39 H MASS FAIL 
VV 40 GND 

*Pin designations may be letters or numerals. 
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Table D-l M8937/Slave Bus Interface Signals 

Connector Pin Signal Connector Pin Signal 

JI A WDO(SB)L Jl (cont) B GND 
C WDP(SB)L D 
E WDI (SB)L F 
H WD7 (SB)L J 
K WD2(SB)L L 
M WD6(SB)L N 
P REC (SB)L R 
S ACCL(SB)L T 
U SS 1 (SB)L V 
W LRC STRB (SB)L X 
Y SS2 (SB)L Z 
AA WDS (SB)L BB 
CC WD4(SB)L DD 
EE WD3 (SB)L FF 
HH SSO (SB)L JJ 
KK SLA VE SET PLS (SB)L LL 
MM EMD (SB)L NN 
PP IN IT PLS (SB)L RR 
SS DR V CLR PLS (SB)L TT 
UU STOP (SB)L 
VV +SV ,It 

Table D-3 M8908-YA/Slave Bus Interface Signals 

Connector Pin Signal Connector Pin Signal 

JI A RDO(SB)L J 1 (cont) UU REV (SB)L 
C RDP (SB)L VV +5V 
E RDI (SB)L B GND 
H RD7 (SB)L D 
K RD2 (SB)L F 
M RD6 (SB)L J 
P RD3 (SB)L L 
S RDS (SB)L N 
U RD4 (SB)L R 
W RSDO (SB)L T 
y BOT (SB)L V 
AA END PT(SB)L X 
CC SET SSC (SB)L Z 
EE RWND (SB)L BB 
HH SET VPE (SB)L DD 
KK TUR (SB)L FF 
MM TAPE WRT CLK (SB)L JJ 
PP FWD (SB)L LL 
RR CLOCK (SB)L NN ,11 
SS WRITE (SB)L TT 
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Table D-4 M8908/Slave Bus Interface Signals 

Connector Pin Signal Connector Pin Signal 

JI A MOL(SB)L Jl (cont) AA DTt (SB)L 
B PESB (SB)L CC WRL (SB)L 
C 7CH (SB)L EE BUS 1600 BPI L (DENO (SB)L) 
0 SNOO (SB)L HH DTO(SB)L 
E SN02 (SB)L KK SDWN (SB)L 
F SN05 (SB)L MM SLA (SB)L 
H SN04 (SB)L PP IRD (SB)L 
J SN06 (SB)L RR SPR (SB)L 
K SNOI (SB)L SS 1600 BPI L (DEN2 (SB)L) 
L SN07 (SB)L UU 1600 BPI H (DEN 1 (SB)L) 
M SN08 (SB)L VV +5V 
N SN09 (SB)L Z GND 
P SNIO (SB)L BB 
R SN II (SB)L DD 
S SNI2(SB)L FF 
T SN13 (SB)L JJ 
U SNl4 (SB)L LL 
V SN15 (SB)L NN 
W SN03 (SB)L TT 
X DT2 (SB)L 
y RWS (SB)L 
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