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CHAPTER 1
INTRODUCTION AND DESCRIPTION

1.1 INTRODUCTION

This manual, together with referenced documents, provides operation and maintenance infor-
mation for the TC-59 Magnetic Tape Control Unit. The level of discussion assumes familiarity with the
PDP-9 Programmed Data Processor, and a working knowledge of DEC logic symbology.

The TC-59 Magnetic Tape Control Unit controls a magnetic tape transport conforming to the
transport bus specification, such as DEC Model TU-20 or TU-79 Tape Transports. The TU-20 operates at
45 in/s with a maximum transfer rate of 36 kc. The TU-79 operates at 75 in/s with a maximum transfer
rate of 60 kc. Both transports are capable of operating either 7-track or 9-track head configurations.

The basic system consists of a PDP-9 interface cabling and an attached tape transport. Nor-
mally, a 10-ft cable is connected between the PDP-9 bus and the TC~59, and a 10-ft cable between the
TC-59 and the associated magnetic tape transport.

The TC~59 can mount anywhere within a standard 19-in. cabinet and contains three standard
DEC Type 1943 Mounting Panels and one standard 5-1/4 in. indicator panel. The total system requires

four mounting panel locations.

1.2 PURPOSE OF EQUIPMENT

The TC-59 control unit consists of tape control logic which, under the direction of the PDP-9
central processor, controls the operation of up to eight tape transport units. The TC-59 control unit op-
erates under PDP-9 program control to transfer data between core memory and the selected tape trans-
port. To transfer data to or from core memory, the TC-59 tape control utilizes the data channel facility
of the PDP-9; the data channel WC {word count) register specifies the record length (no. of words) and
CA (current address) register specifies the starting core memory address of the data transfer.

The TC-59 functions in either 7-track operation or 800 bpi 9-track operation; either 200,
556, or 800 bpi density modes are selectable in 7-track operation. It can operate in either binary or
BCD parity mode. For writing on tape, the 18-bit data words are transferred from core memory to the
data buffer in the tape control logic. The data buffer logic supplies the character to the tape transport
write logic as three 7-bit (6-bit character plus parity bit) characters for 7-track operation (two 9-bit
characters for a 9-track operation). For reading, the sequence is reversed, information is read from
tape as 7-bit characters and is sent to the data buffer. When a complete 18-bit word has been assembled
in the data buffer, a data-channel break (word transfer) is initiated to transfer the data buffer word into
core memory.

The operations that can be performed by the tape transport, under the control of the TC-59,

are as follows.
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REWIND =~  The transports rewinds the tape to the load point and stops.

WRITE - N words are written on tape as specified by the WC register. The CA register

specifies the memory block address.

WRITE EOF - An EOF (end-of~file) mark character (178) is written on tape.

READ - N words are read from tape as specified by the WC register. The CA register
specifies the memory block which is to receive the words.

READ/COMPARE - N words are read from tape as specified by the WC register. After

each complete word is read, it is compared to a word in memory (specified by CA) producing

a read-compare error when they don't compare.

SPACE FORWARD - The tape is spaced forward N records as specified by the WC register.
If EOT (end-of-tape) is encountered, the tape stops.

SPACE REVERSE - The tape is spaced in reverse for N records as specified by the WC
register. If BOT (beginning-of-tape) is encountered, the tape stops.

1.3 7-TRACK TAPE FORMAT

The 7-track system uses 1/2 in. tape with seven information channels. The format is shown
in Figure 1-1. The left side of the figure shows the tape in relation to the read and write heads. The
tape moves by the heads vertically, with forward direction down. The tape is composed of a mylar base
coated on one side with an iron oxide composition. The oxide, or dull side of the tape, faces the heads
with the left edge toward the transport drive plate. The recording density is 200 cpi (characters per
inch), 556 cpi, or 800 cpi. The method of recording is non-return~to~zero (NRZ).

Although the tape has two basic states of remanent magnetization, the remanent magnetic
state of the tape at a given position does not determine the value of the bit. A logical 1 is represented
by a change of magnetization in either direction. A logical O is represented by a constant state of
magnetization; therefore, writing a series of characters containing all Os is equivalent to writing a sec-
tion of blank tape. Each time a character is transferred into the tape transport write buffer, the NRZ
writers produce an equivalent character on the tape. Because of the NRZ method of recording, how-
ever, a transfer into the write buffer is not a normal 1s transfer; instead, whenever a 1 bit is to be
written in a given tape channel, the corresponding flip-flop is complemented to produce a change in
the tape magnetization. When a 0 is to be written, the corresponding bit of the buffer remains in the
initial stage, and there is no change in tape magnetization.

The structure and relative spacing of the individual tape characters are shown in the right

portion of Figure 1-1. Each 18-bit computer word is divided into three 6-bit characters. The writers
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Figure 1-1  7-Track Tape Format

contain seven flip-flops, however, corresponding to the seven tape channels. The seventh channel is
a lateral parity channel. The parity of the character may be either odd (binary) or even (BCD) as speci-
fied by the program. In reading the tape, only 1s are detected. The smallest unit of information that
can be written on the tape is a record. Since each computer word contains three 6-bit characters, a
record contains N x 3 data characters, where N is the number of words that the processor transfers.
After the last data character of the record is written the tape travels slightly over four char-
acter spaces of blank tape (EOR gap), and then clears the write buffer to produce an end-of-record
character, the EOR mark. The bit configuration of the EOR mark produced by clearing the write buffer
leaves an even number of 1 bits in each of the seven channels of the tape. All bits of the write buffer
start in the 0 state; to end in the O state, they must undergo an even number of transitions. For this
reason, the EOR mark is referred to as the longitudinal parity-check character. Besides detecting
changes in magnetization through the read heads, the tape transport also includes a photoelectric system
for sensing the beginning and end of the tape.

1.3.1 Load Point and End Point

The load and end points of the tape are marked by reflective strips mounted on the side of the

tape away from the head (Figure 1-1). These strips are detected by photo diodes which sense light



reflected from them. In writing on a newly mounted or rewound tape, a gap of about 3 in. is left from
the load point before writing can begin. When load point is sensed during o fast rewind condition, the
sensing device shuts off the high speed rewind. Before the tape movement stops, however, the load

point will be passed and the forward tape motion will be enabled fo advance the tape back to the load-

point strip.

1.4 9-TRACK TAPE FORMAT

The 9-track tape format shown in Figure 1-2 is similar to 7-track format except that 9-track

format has 9 tracks, the addition of the CRC (cyclic redundancy check) character, and operation is only
in the 800 bpi mode.

LPCC
[- r CRC r TRACKS

- ees e ws =
- e e e =
o b N

——I |’— 4 CHARACTER SPACES

- e e e
- e e ==
o W N O

Figure 1-2  9=Track Tape Format

The tape control assembles two 8-bit characters per 18-bit word for recording on tape. Each
8-bit character is recorded with a parity bit which can be either odd or even. The first character
recorded contains the most-significant bits of the PDP-9 18-bit word. Since 2 characters represent 16
bits of information, the first two bits are not recorded or read back from the tape transport as data.
Therefore, the first character represents bits 2 through 9. The second character represents bits 10
through 17. While recording, the parity of the first character is stored in bit 0, and the parity bit of

the second character is stored in bit 1. This allows the program to perform error detection.
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1.4.1 CRC Character
To write the CRC character, the TC-59 conirol incorporates a 9-position register C] through

C9 with the following track assignments:

Register Position Cl C2 C3 C4 C5 Cé c7 Cs8 C9
Track Number 4 7 6 5 3 % 1 8 2

To derive the CRC character, all data characters are exclusive ORed into the CRC register. Between
character transfers, the CRC is shifted one position, C] to C2, etc., and C9 to Cl1. If shifting causes
a 1 in C1, then the bits shifted into C4, C5, Cé, and C7 are inverted. After the last data character
has been added (exclusive ORed), the CRC register is again shifted and if C1 is 1 the C4, C5, Cé, and
C7 are inverted.

To write the CRC character on tape, all bit positions except C4 and Cé6 are inverted. The
parity of the CRC character will be odd if the number of data characters within the block is even, and
even if the number of data characters within thé block is odd. The CRC character may contain all
0 bits, in that the case the number of data characters was odd.

The LPCC character for 9-track format is the same as for 7-track format.

1.5 REFERENCED DOCUMENTS

The following documents contain information related to the TC-59 Magnetic Tape Control
Unit.

F-97 PDP-9 Maintenance Manual

F-95 PDP-9 User Handbook

DEC-00-14AA-D  TU-20 Instruction Manual

C-105 DEC Logic Handbook
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CHAPTER 2
OPERATION AND PROGRAMMING

2.1 INTRODUCTION

The TC-59 controls the operation of a maximum of eight magnetic tape transports. The
TC-59 uses the PDP-9 data channel facility to transfer data between system core memory and magnetic
tape. The data transfers are controlled by the resident-memory word counter (WC) and current address
(CA) registers associated with the assigned data channel. The TC-59 is assigned memory location 328
and 338 for WC and CA, respectively. The CA is incremented before each data transfer; therefore, the
initial contents should be set to the desired initial address minus one. The WC is also incremented
before each transfer and must be set to the 2s complement of the desired number of data transfers. In
this way, the word transfer which causes the word count overflow (WC becomes 0) is the last transfer
to take place.

To control operation, the TC-59 maintains a command register (Table 2-1); the program
specifies the desired operation by transferring control data (unit selection, density, mode, etc.) from
the AC to the command register using IOT instructions (Table 2-2). Tape status information (EOT, BOT,
error flags) can be read into the AC from the control unit by IOTs. Similarly, the control unit command
register can be read into the AC.

During normal data reading, the control assembles 18-bit computer length words from suc-
cessive frames read from the information channels of the tape. During normal data writing, the control
disassembles 18-bit words and distributes the bits so that they are recorded on successive frames of the
information channels. The control provides for selection of four recording densities: 200, 556, 800,
and 800/9-channel.

Although any number of tapes may be simultaneously rewinding, data transfer may take place
to or from only one transport at any given time; data transfer includes these functions: read, write,
write EOF (end-of-file), read/compare and space. When any of these functions are in process, the tape
control is in the not ready condition. A transport is said to be not ready when tape is in motion, when
transport power is off, or when it is off-line.

Data transmission may take place in either odd-binary or even-BCD parity mode. When
reading a record with an odd number of characters, the final characters come into memory left justified.

Ten bits in the magnetic tape status register retain error and tape status information. Some
error types are combines, such as lateral and longitudinal parity errors (parity checks occur after both
reading and writing of data) or have a combined meaning such as illegal, for maximal use of the avail-

able bits.



Table 2-1 TC-59 Command Register Control Data

UNIT SELECTION CORE
(0-7) DUMP COMMAND** DENSITY ***
0 1 2 3 4 5% 6 7 8 9 10 1
PARITY INTERRUPT
0=EVEN ENABLE/DISABLE
4=ODD

*Bit 5 specifies write exfended inter~record gap whereby 3-inches of blank tape is erased (or passed
over) before recording occurs.

**Bits 6, 7 and 8 decoding is as follows:

BITS
6 7 8 COMMAND
0 0 NO O°P
0 0 1 REWIND
0 1 0 READ
0 1 1 READ/COMPARE
1 0 0 WRITE
1 0 1 WRITE EOF
1 1 0 SPACE FORWARD
1 1 1 SPACE REVERSE

***Bits 10 and 11 decoding is as follows:

BITS DENSITY
10 11
0 0 200 BPI
1 556 BPI
1 0 800 BPI
1 1 800 BP1/9-TRACK
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2.2 IOT INSTRUCTIONS
Table 2-2 shows the IOT instructions for the TC-59.

Table 2-2 TC-59 Control 1OT Instructions

Mnemonic Octal Code Description

MTSF 707341 Skip on error flag or magnetic tape flag. The states of the
error flag (EF) and the magnetic tape flag (MTF) are sampled.
If either or both are set to 1, the content of the PC is incre-
mented by one to skip the next sequential instruction.

MTCR 707321 Skip on tape control ready (TCR). If the tape control is ready
to receive a command, the PC is incremented by one to skip
the next sequential instruction.

MTTR 707301 Skip on tape transport ready (TUR). The next sequential
instruction is skipped if the tape transport is ready.

MTAF 707322 Clear the status and command registers, and the EF and MTF,
if TCR. If not, TCR clears MTF, EF flags only.

MTCM 707324 Inclusively OR the contents of the AC bits 0 through 5,
9 through 11 into the command register; JAM transfer bits
6, 7, 8 (command function).

MTLC 707326 Load the contents of AC bits 0 through 11 into the command
register. (MTLC is the summation of MTAF and MTCM..)

- 707342 Inclusively OR the contents of the status register into bits
0 through 11 of the AC.

MTRS 707352 Read the contents of the status register into bits 0 through 11
of the AC.

-- 707302 Inclusively OR the contents of the command register into bits

0 through 11 of the AC.

MTRC 707312 Read the contents of the command register into bits 0 through
11 of the AC,

MTGO 707304 Set "go" bit to execute command in the command register,
if command is legal.

The magnetic~tape status register reflects the state of the currently selected tape unit.

Therefore, other units which may be rewinding, for example, will not interrupt when done.



2.3 MAGNETIC TAPE FUNCTIONS

The magnetic tape functions are specified by bits 6, 7, and 8 of the command register. When

any of the tape functions has completed its data operation (after the end-of-record character passes the
read head) the MTF (magnetic tape flag) is set, an interrupt occurs (if enabled), and errors are checked.

The following list defines the tape function.

2.3.1 No Operation
A NO OP command defines no function in the command register. A MTGO instruction with

NOP specified by the command register causes an illegal error.

There are two commands for spacing records — space forward and space reverse. The 2s
complement of the number of records to be spaced is loaded into the WC register. The CA register
need not be set. The space function terminates when a WC overflow occurs, or EOF (end-of-file) or
EOT (end-of-tape), whichever occurs first; the MTF (job done) flag is set and, if enabled, an interrupt
occurs. When issuing a space command, both the density and parity bits must be set to the density and
parity in which the records were originally written. For IBM compatibility, BOT (load point or begin-
ning-of-tape) detection during a backspace terminates the function with the BOT bit set. If a reverse
command is given when a transport is af BOT, the command is ignored, the illegal error and BOT bits

are set, and an interrupt (if enabled) occurs.

2.3.3 Read Data

Records may be read into memory only in the forward mode. Both CA and WC must be set;
CA to the initial core address =1; WC to the 2s complement of the number of words to be read. Both
density and parity bits must be set.

If WC is set to less than the actual record length, only WC words are transferred into memory.
If WC is greater than or equal to the actual record length, the entire record is read into memory. In any
case, both parity checks are performed. The MTF is set, and an interrupt (if enabled) occurs when the
LPCC mark passes the read head. If either lateral or longitudinal parity errors or bad tape have been
detected, or if an incorrect record=length error occurs (WC not equal to the number of words in the
record), the appropriate status bits are set; but the interrupt occurs only when the MTF is sef.,

To continue reading without tape stopping, issue MTAF (clear MTF) and then issue MTGO.
If the MTGO is not given before the shut down delay terminates, the fransport will stop.



2.3.4 _V_V_rite Data

Data may be written on magnetic tape in the forward direction only. For the write data
function, CA, WC, and density and parity must be set. The write function is controlled by the WC,
such that when WC overflows, data transfer stops, and the EOR (end-of-record) character and IRG
(inter-record = gap) are written. The MTF is set affer the EOR has passed by the read head. To con-
tinue writing, MTAF and MTGO must be issued before the shut down delay terminates. If any errors

occur, the EF (ermror flag) will be set when the MTF is set.

2.3.5 Write EOF

The write EOF command transfers a single file-mark character (178) to magnetic tape plus
the EOR character. CA and WC are ignored for write EOF. The density bits must be set and the
command register parity bit should be set to even (BCD). If it is set to odd, the control will automatic-
ally change it to even. When the EOF marker is written, the MTF is set and an interrupt (if enabled)
occurs. The tape transport stops, and the EOF status bit is set confirming the writing. If odd parity is
required after write EOF, it must be specifically requested through the MTLC command.

2.3.6 Read/Compare

The read/compare function compares tape data with core memory data. It can be useful for
searching and positioning a magnetic tape to a specific record, such as a label or leader, whose content
is known in core memory or to check a record just written. Read/compare occurs in the forward direc~
tion; CA and WC must be set. For each word read from tape, it is compared to the memory location
specified by CA. If there is a comparison failure, CA incrementation stops and the read/compare error
bit is set in the status register. Tape motion continues to the end of the record when the MTF is set and
interrupt (if enabled) occurs. If there has been a read/compare error, examination of the CA reveals

the word that failed to compare.

2.3.7 Rewind

The high-speed rewind command does not require setting of the CA or WC. Density and
parity settings are also ignored. The rewind command rewinds the tape to loadpoint (BOT) and stops.
Another unit may be selected after the command is issued and the rewind is in process. MTF is set and
an interrupt occurs (if the unit is selected) when the unit is ready to accept a new command. The

selected units status can be read to determine or verify that rewind is in progress.



2.3.8 Write Extended Inter-Record Gap

This feature, which occurs when bit 5 of the command register is set, permits a 3-in. inter-
record gap to be produced before a record is written. Using this feature, areas of bad tape can be

expediently passed over. Bit 5 is automatically cleared when writing begins.

2.4 CONTINUED OPERATION

The presence of the MTF flag signifies the end of the specified operation. To continue oper-
ation in the same mode, the MTAF and MTGO instructions should be executed before the inter-record
gap delay terminates operation. Since the tape control status will not be ready, MTAF does not clear
the command register; therefore, operation continues in the same mode. The MTGO instruction prevents
tape control status from reverting to not ready, therefore, tape motion continues. If the operation is a
data transfer function, the WC and CA should be reinitialized. Operation continues until the new set
of parameters (WC register) terminate operation by setting the MTF flag. If it is desired to continue
operation, the MTAF and MTGO instruction must be issued again.

To change modes of operation, in either the same or reverse direction, the MTLC and MTGO
instructions should be issued. If a change in direction is specified, the transport will stop, pause, and
automatically start up again.

For the write function, no change in direction can be effected; the only mode change that

can be performed is to a write EOF.

2.5 FLAGS

There are four flags that can be sensed by the I/O ship facility. They are the job done (MTF),
error (ER), tape control ready (GO), and tape transport ready (TUR). The MTF and ER are sensed by the
same IOT (instruction). If the interrupt is enabled, the MTF and ER flags generate an interrupt.

The MTF flag and the ER flag (if an error occurs) are set at the completion of the specified
function. An exception, however, is when an illegal command occurs; it sets the ER flag as soon as the

illegal command is detected. The ER is set by an illegal command or any of the following events:

BAD TAPE ERROR

BOT (Beginning of Tape)

DATA LATE ERROR

PARITY ERROR

EOF (end-of-file)

EOT (end-of-tape)

READ COMPARE ERROR
RECORD LENGTH INCORRECT
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If an error occurs as sensed via the ER, the status register can be examined to determine the

exact cause of the ER flag.

2.6 STATUS REGISTER

The TC-59 status register may be examined by issuing the MTRS instruction which reads the
content of status register bits O through 11 into bits O through 11, respectively, of the AC, The status

register format is as shown in Table 2-3; each bit is defined as follows:

Table 2-3  Status Register

Bit Function (when set) Bit Function (when set)
0 Error flag (EF) 7 Read/compare error
1 Tape rewinding 8 Record length incorrect
.. WC =0 (long)
2 Beginning of tape (BOT) WC #0 (short)
3 Illegal command 9 Data request late
4 Parity error (Lateral or
Longitudinal) 10 Bad tape
End of file (EOF) 1 Magnetic tape flag (MTF)
End of tape (EOT) or job done

2.6.1 Error Flag (ER)

The error flag was defined in Section 2.5,

2.6.2 Tape Rewinding

When a rewind command is issued to a tape unit and the function is underway, the tape
rewinding bit is set by the control. This status is a transport status and any selected transport which is

in a high speed rewind will display this bit.

2.6.3 Beginning of Tape (BOT)

The BOT bit is set when BOT reflective strip is detected on the selected tape transport.

2.6.4 Illegal Command
The illegal command bit is set when the MTLC or MTCM is issued to load the command
register and the tape control is not ready and the MTF is not set. The illegal command bit is also set by

the MTGO instruction when any of the following events occur.
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a. 9-track operation specified with a density other than 800 bpi.

b. The write lockout bit from the selected tape transport is set and a write EOF specified.
c. The selected tape transport not ready and the tape control is ready.

d. A NOP Command is selected.

e. Areverse direction and BOT status.

2.6.5 Parity Error

The parity bit is set by either a longitudinal or lateral parity error.

2.6.6 End-Of-File (EOF)

The end-of-file bit is set when the EOF mark is detected during space, read, read/compare,

or write EOF operation.

2.6.7 End-Of-Tape (EOT)

EOT detection occurs during any forward command when the EOT reflective strip is sensed.

When EOT is sensed, the EOT bit is set; but the function continues to completion at which time the

MTF is set (and EF is set).

2.6.8 Read/Compare Error
This bit is set by a read/compare error (defined in Section 2.3.6).

2.6.9 Record Length Incorrect

During read or read/compare, this bit is set when the number of words read does not agree
with the initial content of WC. If the record read was longer than that specified, then WC is 0; if
shorter WC # 0,

2.6.10  Data Request Late Error

The error occurs during a tape function that requires a memory access. If the data flag ini-
tiates a memory access, the data must be transmitted before the next read or write pulse; if it does not,
this error kit is set. In addition to setting the error flag, this error forces a WC overflow within the

tape control to terminate the present operation and prevent any further data transmission.

2.6.11 Bad Tape

Bad tape error indicates detection of a bad spot on tape. Bad tape is defined as three or
more consecutive characters missing followed by data within the period defined by the shutdown delay.
The error bit is set by the tape control when this occurs. MTF and interrupt do not occur until the end-

of-record in which the error was detected.
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2.6.12  Magnetic Tape Flag (MTF)
The MTF for job done flag was described in paragraph 2. 5.

2.7 MAGNETIC TAPE FUNCTION SUMMARY
Table 2-4 provides a summary of the tape functions. The legend below is used in conjunction

with Table 2-4.

LEGEND: CA = Current Address Register = 32
WC = Word Count Register = 33
F = Forward
R = Reverse
DS = Density Setting
PR = Parity Setting
EN = Enable Interrupt
Table 2-4  Magnetic Tape Function Summary
Function Characteristics Status or Error Types
NO-OP CA:  Ignored Ilegal
WC:  Ignored BOT
DS: Ignored Tape Rewinding
PR: Ignored
EN: Ignored
SPACE FORWARD CA:  Ignored Illegal
WC:  2s complement of number EOF
of records to skip
DS: Must be set Parity
PR: Must be set Bad Tape
EN:  Must be set MTF
BOT, EOT
SPACE REVERSE Illegal
EOF
Same as Space Forward Parity
Bad Tape
BOT
MTF
READ DATA CA:  Core Address - 1 lllegal
WC: 25 complement of number EOF
of words to be trans-
ferred
DS: Must be set Parity
PR: Must be set Bad Tape
EN:  Must be set MTF
EOT
Request Late
Record Length Incorrect
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Table 2-4 Magnetic Tape Function Summary (cont)

Function Characteristics Status or Error Types
WRITE DATA Illegal
EOT
Parity
Same as READ DATA MTE
Bad Tape
Data Request Late
WRITE EOF CA:  Ignored Same as WRITE DATA
WC:  Ignored Except EOF
DS:  Must be set
PR: Must be set
EN:  Must be set
READ/COMPARE lllegal
EOF
Read/Compare Error
Bad Tape
Same as READ DATA MTE
EOT
Data Late
Record Length Incorrect
REWIND CA:  Ignored lllegal
WC:  Ignored Tape Rewinding
DS: lgnored MTF
PR: Ignored BOT

EN: Must be set




CHAPTER 3
PRINCIPLES OF OPERATION

3.1 INTRODUCTION

This chapter describes system and detailed logic for each of the functions of the TC-59 Tape
Control Unit. The logic drawings in Chapter 6 are referenced in the text for the convenience of the

reader.

3.2 SYSTEM DESCRIPTION

A simplified overall block diagram of the TC-59 Magnetic Tape Control is presented in
Figure 3-1. Assuming a write operation, the programming first sets up CA (current address) and WC
(word count) registers in the data channel of the PDP-9 processor; the CA specifies the core memory
address from which to obtain data to be written; the WC specifies the number of words to be written on
tape. The program then loads the command register from the AC with appropriate commands (write,
density mode, parity, etc.) and issues the MTGO instruction which initiates operation. The appropriate
motion commands are transferred to the tape transport selected. A short delay is implemented to provide
the tape inter-record gap. During this delay, the data flag is set to initiate a word transfer from core
memory to the data buffer via the PDP-9 data channel.

After the inter-record gap delay and data buffer loading, the write operation begins.
Assuming 7~track operation, the data buffer 18-bit word must be divided into three 6-bit characters for
writing on tape. The character counter sequences the 6-bit character from the data buffer; as a 6-bit
character is written from the high-order bits of the data buffer, the character counter is incremented to
sequence the next low=-order 6-bit character. After the three 6~bit characters from the data buffer are
written, the DATA FLAG is set to initiate another word transfer to the data buffer via the data channel.

Operation continues in this manner until the WC register is reduced to zero, at which time
the tape control is notified. The LPCC character is written and write operation terminates. The tape
continues in the forward motion until the read circuits detect the end-of-record passing under the read
head. Tape motion ceases, the deceleration delay is initiated (time allotted for tape to stop), and the
job done (MTF) flag is set.

For the read operation, the initial programming sequence is similar to write. As 6-bit char-
acters are read from tape, they are sequenced into the data buffer by the character counter. When the
data buffer is full, the DATA FLAG initiates a data channel transfer of the data buffer word into core
memory. Operation continues until the read circuits detect the end-of-record.

As shown in Figure 3-1, the command register and tape control status can be transferred to

the PDP-9 AC by using the appropriate IOT instructions. Moreover, the job done flag and the error
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flag can be enabled to generate a computer interrupt. Through the 1/O skip facility, the processor can

examine the job done (MTF), tape unit ready (TUR), tape control ready (GO), or the error (ER) flag.

3.3 NRZ RECORDING

The actual technique of recording on magnetic tape is called the non-return-to-zero (NRZ)
method. In this method, a reversal of the direction of magnetization in a channel represents a 1 bit, a
lack of reversal represents a 0 bit. Writing is achieved by using a flip-flop to control the direction of
magnetizing current in each channel write head; the group of flip-flops is called the write buffer. By
applying the 1s lines to the complement inputs of the write buffer, each channel reverses its flux only
when a 1 bit is to be written for a character. Further, the write buffer accumulates the LPCC (longi-
tudinal parity check character) to be written as an EOR character. When the write buffer is reset at
ECR time, the LPCC character is written automatically because of the nature of NRZ recording.

The NRZ recording method provides self-checking during reading since a transition (or flux
reversal) in any channel, signifying a 1 bit for that character in that channel, is used to strobe or sense
all seven channels for that character. Ideally, all transitions for a single character would be sensed
simultaneously by the 7-channel read head. In fact, tape skew makes these transitions (if more than one
in a single character) non-simultaneous on reading. There may be a difference, however, in alignment
of the read head with respect to the write head recording the tape (static skew). There are apt to be
changes that vary during tape travel (dynamic skew) in tape alignment to the read head from its align-
ment during writing. To accommodate these timing variations between channels due to skewing, the
first detected transition for a character initiates a delay before the character is strobed. This delay is
selected to accept the maximum skewing produced at the linear tape transport speed with the designated
tape density.

A simplified block diagram of the tape system write and read paths for a single channel is
presented in Figure 3-2. The write path (WP) is shown at the top of the figure. The WRITE flip-flop in
the write amplifier is complemented at each WP pulse, if the data buffer for that particular character
contains a 1. When gated by a write~enable signal, the write amplifier drives one or the other of the
two opposing directions at the write head. If the WRITE ENABLE level is not present, no current flows
through either coil. Whenever a 1 is to be written on a tape, the WRITE flip-flop is complemented by
the WP pulse. The transition of the WRITE flip-flop terminates the current through one coil and starts
it in the other direction, changing the direction of the tape magnetization, and thus writing a 1 on tape.
As long as the WRITE flip-flop remains in the same state, the current flows through the same coil, and Os
are written on the tape. The tape is then magnetized in the same direction over a series of character

spaces.



The read path is shown at the bottom of Figure 3-2. The tape reaches the read heads shortly
after transversing the write head. As long as the direction of tape magnetization remains constant, no
current flows through the read head coil. Each change in the direction of tape magnetization induces
a current in the read head. The read current produced by two consecutive tape 1s is shown in the wave-
form near the read head. These signals are applied to a differential read amplifier to provide amplifica-
tion for different signals, but only fractional amplification for common mode signals. The output of the
read amplifier is then sent through a slicing rectifier. The rectifier output pulse is of the same polarity
for an input pulse of either polarity from a read amplifier. No slice output is generated, however,
unless the input exceeds a designated special level. A low-level noise input cannot generate an output
pulse. Next, the slicing rectifier output is applied to a peak detector. The peak detector produces a

logic pulse output at the peak of the input pulse.
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Figure 3-2 Tape Write and Read Signal Flow
3.4 PROGRAMMING SEQUENCE

The following paragraphs, which contain detailed discussion of logic circuits, must assume
that there is some program control. Therefore, the following programming sequence is shown to provide

this control:
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LAC TPFN /LOAD AC WITH TAPE FUNCTIONS
/TO BE TRANSMITTED TO TAPE
/CONTROL COMMAND REGISTER

MTCR /TAPE CONTROL READY  ?
IMP . -1 JWAIT

MTLC /AC TO COMMAND REGISTER
MTRR /TAPE TRANSPORT READY  ?
IMP XXX

MTGO /SET GO FLIP-FLOP

The first instruction loads the contents of symbolic location TPFN into the AC. Location
TPFN should be appropriately coded to the desired tape functions which are to be transmitted to the
tape control command register. MTCR checks to see if tape control is ready. If ready, the program
skips to the MTLC instruction. The MTLC instruction generates two |OT pulses — MTAF and LCM (refer
to drawing TC59-0-3).

Since GO (tape control ready) is reset at this time, the first pulse, MTAF, generates CLEAR
ALL (drawing TC50-0-3 Sh 2) which clears all flags, the command register, and normalizes key flip-
flops. The LCM pulse then strobes the AC content into the command register (CM0-CM11 on drawing
TC50-0-2 Sh 1). The command register now specifies the desired tape functions - parity, density,
tape transport selection, etc. The tape transport is now selected and the next instruction MTTR exam-
ines tape transport status. If not ready, the next instruction can be a wait instruction (JMP . -1) to
loop until tape transport ready or it can be a jump to some routine to select another fransport or deter-
mine why the presently selected transport is not ready.

If tape transport is ready, the program skips to the MTGO instruction. Before MTGO is
executed, the tape control will have determined whether the command was legal (see drawing
TC50-0-2 Sh 2). If legal, the GO flip-flop (drawing TC50-0-2 Sh 1) is enabled so that the MTGO

instruction can set the GO flip-flop.

3.5 INTER RECORD GAP DELAY

According to tape format, between each record there is an inter-record gap. Assuming that
the tape is in a stopped position, before reading or writing can occur, the tape must attain operating
speed within the inter-record gap. To provide the inter-record gap, the tape control timing circuits
incorporate a timing delay which is explained as follows.

The next sequential instruction MTGO (from above programming sequence) sets the GO flip-

flop (drawing TC50-0-2 Sh 2). The GO signal then performs the following functions.
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a. Sets the ALPHA (acceleration delay) flip-flop (TC50-0-4 Sh 1).

b. Generates the SET TAPE FUNCTION pulse (TC50-0-2 Sh 1) which turns the transport
status off the bus and sends to the transport, the command direction, forward reverse, rewind, rewind-
unload, and write. The transport that receives the command sets the function into the tape transport
register.

c. Generates the MOVE signal to move the tape in the specified direction.
d. Enables CM4 to revise the 9-track status to 7-track status. CM4 is the core dump bit
and causes a 9-track transport to appear as a 7-track system.

The ALPHA flip-flop being set generates ENABLE MUC (drawing TC50-0-4 Sh 1) which en-
ables the motion-up counter (MUC on TC50-0-1). For the write command, the ALPHA signal initiates
the data break cycle to transmit the first word to be recorded to the data buffer. ENABLE MUC now gen-
erates MUC pulses at the 800 bpi clock frequency of the selected tape transport. The MUC bits are
decoded so that the thirtieth MUC pulse sets the DELAY SYNC flip-flop (DELAY TRANSFERRED will be
0 at this time). DELAY SYNC synchronizes the motion transfer sequence to enable the motion-delay
characteristics from the selected tape transport to appear on the read buffer lines. The octal number,
representing motion delay characteristics, represents the start-stop characteristics and operating speed
of the attached tape transport. The next MUC pulse generates the STROBE DELAY pulse which strobes
the content of the read buffer lines into the T-register (TC50-0-4 Sh 1); the T-register is the timing
register that provides the necessary acceleration or deceleration delay. STROBE DELAY then sets the
DELAY TRANSFERRED flip-flop (indicating transfer complete) and resets the DELAY SYNC flip-flop.
The next MUC pulse generates a DOWN COUNT pulse and begins to count down the T-register. The
MUC pulses continue producing DOWN COUNT pulses on every thirty-second MUC pulse. Since the
DELAYED TRANSFERRED flip-flop is set thereafter, the thirtieth and thirty-first pulse will not reini-
tialize the T-register. When the T-register has counted down to a one-count, the next DOWN COUNT
pulse strobes the T-register to 0 and produces the IRD OVER (inter-record delay over) pulse. The IRD
OVER pulse clears the  and DE -Cflip-flops, thus ending the acceleration or deceleration delay. It
should be noted that the delay sequence just described is used for deceleration of the tape following a
tape spacing function as well as the acceleration of the tape before a tape spacing function.

The IRD OVER pulse, enabled by the ALPHA signal, generates the BEGIN OPERATION
pulse (TC50-0-4 Sh 2) which initiates the write and write end-of-file operations. If the rewind com-
mand is selected, the BEGIN OPERATION pulse resets the GO flip-flop which frees the tape control

for a new command to a different tape transport while the previously selected tape transport rewinds.

3.6 WRITE
The write operation is initiated by the BEGIN OPERATION pulse which sets the WRITE
ENABLE flip-flop (TC50-0-4 Sh2). The WRITE ENABLE signal then enables the CLOCK pulses




(TC50-0-2 Sh 2) to produce WP (WRITE pulses). The WRITE pulses complement the character count
circuits (CCO and CC1 on TC59-0-2 Sh 1) in order to disassemble the 18-bit word in the data buffer
into the appropriate é-bit (7-track operation) or 8-bit (?-track operation) characters that are to be
recorded. In 7-track operation there are three characters per word. In 9-track operation, there are
two characters per word.

For 7-track operation, the character count circuits sequentially generate 1ST CHAR 7
CHANNEL, 2ND CHAR 7 CHANNEL, and 3RD CHAR 7 CHANNEL signals (TC59-0-2 Sh 1) which
sequentially disassemble the 18-bit data buffer word into 6-bit characters and apply them to the bus of
the tape transport. In a similar manner, the 9-track decoding signals are formed. Drawing TC50~0-1
shows the decoding of the 18-bit data buffer word for both 7-track and 9-track operation.

The WRITE pulse also produces RECORD DATA pulses (TC50-0-4 Sh 2) which are sent to the
tape transport to record the characters on the tape. For 9-track operation the WRITE pulse exclusive
ORs the characters into the CRC register (TC50-0-3 Sh 1), one character at a time. The CRC register
then performs the necessary manipulation of the data to conform to 9-track format. The characters are
also decoded in the write parity circuit (TC50~0-3 Sh 2) and the parity bit pertaining to that character
is sent to the tape transport to be recorded.

When a complete word has been written on, the DATA FLAG flip-flop is set (if the word
count overflow WCO is in the 1 state). The DATA FLAG initiates a data break cycle to transfer a new
word into the data buffer. The DATA FLAG flip~flop is set in the following manner. The 2ND CHAR ¢
CHANNEL or 3RD CHAR 7 CHANNEL (TC59-0-2 Sh 1) generates ENABLE DATA FLAG which in turn
permits the WP to generate the WRITING SET DF pulse (TC59-0-2 Sh 2). This pulse generates the
+1-=>DF pulse (TC50-0-2 Sh 2) which sets the DATA FLAG flip-flop (TC50-0-2 Sh 1). The subsequent
data channel discussion describes in detail the data channel transfer.

Operation continues until the desired number of words are transferred as indicated by the
word-count overflow (I/O OFLO) pulse from the processor. The I/O OFLO pulse resets the WCO flip-
flop (TC59-0-2 Sh 2); when the last character of the last word has been written WCO (0) generates
LAST WORD (TC59-0-2 Sh 1). LAST WORD enables the WP to reset the WRITE ENABLE flip-flop which
in turn sets the WRITE EOR flip-flop (TC50-0-4 Sh 2), Since we are at the end of record, a 4-character
space must be left on tape and then the LPCC character must be written, This is accomplished as follows.

The WRITE EOR (1) signal enables CLOCK pulses to count up the EOR1 and EOR2 counter
(TC50-0-4 Sh 2) to produce the required 4-character space signified by the 4 CHAR pulse. For the
7-track system, the 4 CHAR puise generates the WRITE LPCC pulse (TC50-0-4 Sh 1) which is sent to the
tape transport to write the longitudinal parity=check character.

For a 9-track system, the CRC character is written following the first 4-character space. The

EOR1 and EOR2 counter recycles for second 4-character space count and then the LPCC is written.
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Tape motion continues in the forward motion until the read circuits detect the end-of-record
passing under the read head in the tape transport. When the read circuits detect the end of record the
RECORD OVER pulse is generated which initiates the deceleration delay. At the start of the deceleration
delay, STROBE delay ANDed with STOP sets the MTF (job done) flip~flop. If the interrupt is enabled,
MTF interrupts the main program to signify that the record has been written. Subsequently at the end
of the deceleration delay, the IRD OVER pulse is produced and is enabled by STOP (DE-cC (1) and NOT
SPACING) to produce the CLEAR GO pulse (TC50-0-4 Sh1), The CLEAR GO pulse resets the GO flip-

flop which terminates the MOVE signal and stops the tape thus completing the write operation.

3.7 WRITE CONTINUE

To continue writing record, the MTAF and MTGO must be issued before the deceleration
delay terminates. The MTAF resets key flip-flops and registers. The MTGO pulse sets the CONTINUE
flip~flop (TC50-0-3 Sh 2). Note that the MTGO pulse is enabled only when the inter-record delay is
not complete (GO is 1) and no change of direction has been specified. With the CONTINUE flip-flop
set, the CLEAR GO pulse at the end of the inter-record delay cannot reset the GO flip-flop. With the
CONTINUE flip-flop set, the IRD OVER pulse resets DE-dC, the transition of DE-Cis enabled by
CONTINUE (1) to set the «C flip-flop which initiates the acceleration delay. Operation from this point

is as described for the write operation.

3.8 WRITE END-OF-FILE MARK

After the inter-record delay, the BEGIN OPERATION pulse sets the SYNC EOF flip-flop
(TC50-0-4 Sh 2) which synchronizes the tape operation to write the 178 EOF character. SYNC EOF
enables the next CLOCK pulse to set the WRITE ECR flip-flop. The transition of WRITE EOR, enabled
by SYNC EOF, generates the RECORD DATA pulse which is sent to the tape transport to write the EOF
character on tape. WRITE EOR then enables the 4-character sequence prior to LPCC character; WRITE
EOR enables the CLOCK pulses to increment EOR1 and EOR2 to a 4-count and generate the 4 CHAR
pulse. For a 7-track system, 4 CHAR generates WRITE LPCC (TC50-0-4 Sh 1) which writes the LPCC
character. For a 9-track system, the first 4 CHAR pulse writes the CRC character; a second 4 CHAR

pulse is generated to write the LPCC. Operation terminates when the read circuits detect missing data

and begin the deceleration of the tape.

3.9 READ

After the initial programming sequence sets up for reading and issues the MTGO instruction,
and the inter-record delay sequence is complete, operation begins when the read circuits in the tape

transport detect data. For each character detected, the tape transport sends to the tape control a
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READ SKEW OVER pulse; the READ SKEW OVER pulse becomes the READ STROBE pulse (TC50-0-2 Sh 2);
READ OR READ COMPARE and ERF (0) enable the READ STROBE to generate the READ pulse. The char-
acter counter (CCO and CC1 on TC59-0-2 Sh 1) is zero at this time; therefore, 1ST CHAR 7 CHANNEL
signal enables the READ pulse to strobe the 6-bit character from the tape transport into the high-order
bits of the data buffer (TC59-0-1). The READ pulse also increments the character counter. Parity is
checked by the READ STROBE (TC50-0-3 Sh 1) by setting the LATERAL PARITY ERROR flip-flop when
an error occurs. The READ STROBE also accumulates the LPCC character by complementing the LPCC
register for those bits that are 1. Operation continues in this manner until the data buffer is full . The
character count will be two (assuming 7-track operations) which initiates a data break cycle to transfer
the data buffer content to the processor. This is accomplished by the READ pulse generating READING
SET DF (TC59-0-1) which generates the +1=»DF pulse (TC50-0-2 Sh 2) which in turn sets the DATA
FLAG flip-flop.

Operation continues in this manner until the read circuits detect missing data, thus signifying
end-of-record. It should be noted that if the WC is less than the record length, only the number of
words specified by WC are transferred to memory. If WC is greater than the record length, the entire
record, of course, is transferred into memory. In any case, the detection of end-of-record by read cir-
cuits is the determining factor for stopping operation. This is accomplished as follows.

The READ STROBE, which signifies that a character has been read from tape, is enabled by
MOTION FORWARD AND DE -dC(0) to set the DATA PRESENT flip-flop (TC50-0-4 Sh 1). DATA
PRESENT then permits the CLOCK pulse to toggle the EOR3 flip-flop (TC50-0-4 Sh 2). As long as data
is present, the READ STROBE resets EOR3 before EOR4 can be set. When data is missing, the READ
STROBE does not occur and EOR4 gets set. The next CLOCK PULSE generates the RECORD OVER pulse
which sets DE ~dCto initiate the deceleration delay and thus terminate operation. The LPCC register
should be 0 at this time; if not, LPCC # 0 (TC50-0-3 Sh 2) generates a PARITY ERROR (TC50-0-3 Sh 1).

To continue operation the program must issue MTAF and MTGO as described in the section on Writing.

3.10 READ/COMPARE

In the read/compare operation, a complete 18-bit word is read from tape and assembled into

the data buffer. After the word is assembled, the data break cycle is initiated to obtain the word from
memory for comparison. The word from memory is exclusive ORed into the data buffer. Consequently,
the data buffer should contain all Os; if not, the READ/COMPARE ERROCR is set.

Operationally, the read/compare mode is similar to the read mode except as follows. In the
read/compare mode of operation, the data break cycle is initiated (via READING set DF, TC59-0-1) to
obtain a word from memory in which to compare to the data buffer. During the word transfer, the READ/

COMPARE signal permits the LDB pulse to exclusive OR the word from memory (/O BUS) into the data
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buffer (TC59-0-1). The data buffer is then decoded to determine if it contains all 0s. The CHECK
DB =0 pulse (TC59-0-1) samples the decoded data buffer signal and if DB # 0, then the READ COMPARE
ERROR flip-flop (TC50-0-2) is set.

The READ/COMPARE ERROR being set inhibits the +1-=>DF pulse (TC50-0-2) which prevents
any future data break cycles (until flags are cleared.) This prevents the CA in the processor from being
incremented even though operation continues. Operation continues until the read circuits detect the
end-of-record. At that time the program may examine read/compare status and if a read/compare error

is found, the program can further examine the CA to determine the memory location that was in error.

3.11 DENSITY MODES

Three different tape densities are available: 800, 556, and 200 cpi (character per inch).
Bits 10 and 11 of the command register select the densities (see TC50-0-2 Sh 1). The different recording
densities are effected by changing the clock pulse frequency. For 800 cpi operation, the 800 bpi clock
pulses from the tape transport are enabled to produce the TC-59 clock pulse (TC50-0-4 Sh 2); for 556 cpi
operation, the 556 bpi clock pulses from the tape transport are enabled. For 200 cpi operation, the
800 bpi clock is counted-down by flip-flops A and B (TC50-0-4 Sh 1) which produce ENABLE 200 every

fourth count to enable the 800 bpi clock to produce clock pulses.

3.12 ERRORS

3.12.1 Data Late Errors

The data late error indicates that an extraneous word was either written or read from tape
before the data break cycle could supply another word for write or store the present data buffer word for
read. The DATA LATE flip-flop (TC50-0-2 Sh 1) is set when DATA FLAG is still set (indicating that the
data break cycle has not occurred) when STROBE DATA LATE pulse (WP or READ PULSE) occurs.

3.12.2  Parity Error
As discussed during write and read operation, the parity error is the result of either a longi-

tudinal or lateral parity error.

3.12.3  Read/Compare Error

The read/compare error was discussed in the read/compare discussion.

3.12.4  Record Length Incorrect

During read or read/compare operation, this error signifies that the record length specified

by the WC register differs from the record-length read from tape. The RECORD LENGTH INCORRECT
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flip-flop (TC50-0-2 Sh 2) is set for a long record by the READ STROBE (enabled by WCO(0) indicating
WC is 0) and by the RECORD OVER pulse (enabled when the WC register specifies more data) for a short

record.

3.12.5  Bad Tape Error

This error indicates that data was in the inter-record gap. The BAD TAPE ERROR flip-flop
(TC50-0-2 Sh 1) is set by the READ STROBE (indicating data present) which is enabled by DE-oCand
INTO RECORD.

All errors are combined, along with BOT, EOF, and EOT, to generate ERROR which sets the
ERROR FLAG flip~flop (TC50-0-2 Sh 1) following end-of-record. The ERROR FLAG status is sampled
by MTSF to generate a SKIP RQ (skip request) as shown on TC59-0-2 Sh 2).

If interrupt is enabled (CM9=1), the ERROR FLAG generates an interrupt as shown on
TC59-0-2 Sh 2.

3.13 ILLEGAL COMMANDS

The ILLEGAL flip-flop (TC50-0-2 Sh 2) is set by the MTGO pulse when one of the following

events occur.
9-track operation specified and density not set to 800 bpi.

b. Write or write EOF operation specified and the write=lockout bit (WL) from the tape
transport is set.

c. Beginning-of-tape status and a reverse motion specified.

d. Tape control (GO=1) and tape transport not ready.

e. A NO-OP (no operation) specified by the command register.

The ILLEGAL flip-flop is also set by the load command (LCM) when tape control is not ready
(GO(1)=1) and job done flag (MTF) is not set.

3.14 SPACE

There are two commands for spacing records -~ space forward and space reverse. The 2s com-
plement of the number of records to be spaced is set into the WC register. The CA register need not be
set. The operation of space forward or space reverse is accomplished in a similar manner to read or write,
The program initiates operation by setting the WC register, loading the command register, and issuing
the MTGO which starts the tape and initiates the acceleration delay. Subsequently, the read strobe
is monitored for end-of-record. While spacing over a record, no data is transferred; however, the last

character of the record initiates a data transfer.
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The end-of-record detection, as in normal operation, produces the RECORD OVER pulse which
initiates the deceleration delay. However, in a spacing operation it initiates a data channel transfer,
if the WC is not 0; that is, it generates +1=»DF which initiates the transfer (TC50-0-2 Sh 2). The WC
register is incremented in this manner. The CA is not incremented, since the spacing operation gen-
eraftes INC « MB (TC59-0-2 Sh 2) which prevents the CA from being incremented. (The INC - MB
causes the data channel break (DCH) in the PDP-9 to be o I~cycle break rather than the normal 3~ or 4-
cycle break. Only the WC register is incremented during the break.) Since GO is still set, the MOVE
signal maintains tape motion.

After spacing over the required number of records, the WC flip-flop is reset, thus enabling
the STOP signal (TC50-0-4 Sh 1). The IRD OVER pulse generates CLEAR GO which resets the GO flip-
flop to terminate operation.

The defecf‘ion of end-of-record in the space reverse mode is different from that for a forward
motion, since the LPCC is always the first character detected. This is accomplished by the INTO RECORD
flip=flop (TC50~0-4 Sh 1). The READ STROBE, which occurs as the result of the LPCC character, sets '
the INTO RECORD flip~flop. Note that DATA PRESENT will not be set by this READ STROBE. The
next READ STROBE occurs when the last character of the record (the first in reverse motion) moves under
the read head; this READ STROBE sets the DATA PRESENT flip-flop. When no more READ STROBES
occur, EOR 3 (TC50-0-4 Sh 2) remains set and the next CLOCK pulse sets EOR 4; the following CLOCK
pulse generates RECORD OVER, which initiates the deceleration delay.

3.15 DATA CHANNEL OPERATION

The PDP=9 data channel, multiplexed to permit interfaced service to four peripheral devices,
provides a high-speed interface to the core memory along the 1/O bus. Requests for data from the tape
control are honored by the channel at the completion of the instruction in progress at the time the request
is made. The channel is controlled by word count (WC) and address registers (CA) held in core memory;
each request updates these registers and transfers the data between the memory and the tape control.

Each of the four devices has a unique pair of (sequential) core memory registers associated
with it. The tape control is allocated to locations 32 and 33. These registers must be initialized by the
program, before the peripheral device may begin transferring data through the channel. The first (word
count) register, location 32, is initialized to contain the 2s complement of the number of words to be
transmitted. The second (address) register, location 33, is initialized to contain one less than the first
address of the data word block.

These registers may be examined at the end of channel operation to check for final address,
if, for example, the tape control indicates that an incorrect record length was read.

The maximum transfer capacity of the channel is between 250,000 and 333,000 words per

second, depending on the mix of input and output rates. Each input transfer steals three processor
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cycles; each output transfer steals four processor cycles. The latency time (maximum wait before service
is granted after a request is made) may be as high as 30 usec under adverse conditions. ‘

Priority among 1/O devices making simultaneous requests is determined by their physical place-
ment on the 1/O bus, with devices close to the processor having priority over devices further away. The
establishment of priority requires that each device quickly propagate an enable signal (ECH EN) to the
next device on the bus.

The DATA FLAG, as explained previously, is raised asynchronously by a request for data
transfer within the tape control. This flag is synchronized by the W104 Multiplexer, which requests a
data channel interrupt through the DCH RQ line (TC59-0-2 Sh 2). If more than one device on the channel
is requesting, the multiplexer insures that the lower priority device is shut out by driving its enable (DCH
EN IN) input line to ground and thus maintaining its DATA RQ flip-flop in the reset state. This request is
recognized by the processor and, at the end of the current instruction, control is relinquished to the chan-
nel hardware.

The channel hardware begins operation by identifying the device requesting service. This is
performed by issuing a grant signal (DCH GR) to all connected devices. Upon receipt of the grant signal,
the device which supplied the DCH RQ transmits the core memory address of its word count register along
the 1/O address lines. The specified register is read from memory, incremented, and rewritten. If, in
this word count updating procedure, the count reaches 0, an I/O overflow signal is sent to all devices.
The device hardware interprets the overflow signal as a shut down command. No further transfers are
made until the device is reinitialized by the programmer. Note that the READ RQ and WRITE RQ are con-
ditioned by DATA EN B; this assures that only the selected device propagates the read or write request.

After incrementing the word count reéister, the channel reads the next sequential word from
memory. This is taken as the current address register, which is incremented and rewritten into memory .

The updated value is used to specify the location into (from) which the data is to be transferred.

3.16 AUTOMATIC PRIORITY INTERRUPT

The priority interrupt operates in a manner somewhat similar to the priority scheme of the data

channel. Both make use of the W104 modules. Priority is established by putting the W104 modules in
tandem. The APl EN IN signal coming into the high-priority module with the APIRQ flip-flop set will
generafe a ground signal on APl EN OUT which disables the API RQ flip~flop in the lower-priority chain.
Interrupt requests start when the MTF or ERROR FLAG (enabled by CM9) generate ENABLE API
RQ, which in turn sets the INT flip-flop. INT enables the I/O SYNC pulse to set API RQ; APIRQ
remains set if there are no higher priority requests and sends the PROG INT RQ (interrupt request) to the
processor. The APl GR pulse (priority grant) then transfers the core location address of the program sub-
routine unique to the tape control to the processor. The APl GR also resets the interrupt request (INT)

flip-flop.






CHAPTER 4
MAINTENANCE

This chapter contains the information required for maintaining the Type TC-59 Magnetic Tape
Control. Three categories of maintenance are provided: preventive, troubleshooting procedures, and
corrective.

Preventive maintenance includes routine periodic checks, such as visual inspections, standard
procedures involving cleaning and lubricating, minor mechanical adjustments, and occasional marginal
checking to expose weakening conditions before they become malfunctions. It is primarily concerned
with mechanical operations of the tape transport.

It should be emphasized that good maintenance procedures are predicted upon a thorough
knowledge of not only the tape conirol unit but also the tape drive and the PDP-9 processor interface.
Therefore, if the maintenance technician is not familiar with the theory of operation, he should review
Chapter 3 of this manual or the applicable sections of the tape transport manual and the PDP-9 Main-
tenance Manual.

Troubleshooting procedures range from basic power-supply checks to intricate logic trouble-
shooting techniques involving programmed operation of the PDP-9.

Corrective maintenance outlines the measures required for correcting any malfunction, after
it has been isolated, by replacement of the module or defective part.

In addition fo maintenance information, this section includes assembly-location information,

to facilitate locating the circuits and parts within the system.

4.1 MAINTENANCE EQUIPMENT

The maintenance equipment specified in the PDP-9 Maintenance Manual is adequate for per-

forming tests on the TC-59 Magnetic Tape Control. The Datamec Manual references special adjustment

tools for aligning the tape transport.

4.2 MODULE LOCATIONS
Drawings D-MU-TC50-0-13 and A-MU-TC59-0-5 in Chapter 6 of this manual show the loca-

tion of the modules within the mounting panels, as viewed from the wiring side. The key functions or
signals associated with each circuit on the module are listed within the module location and grouped

according to the alpha pin designations.

4-1



4.3 PREVENTIVE MAINTENANCE

Preventive maintenance consists of tasks performed periodically, during operating time of the
equipment, to ensure satisfactory operation. Performance of such tasks forestalls failures induced by
progressive deterioration or minor damage, which, if not corrected, cause eventual down-time. Data
obtained during the performance of each task is recorded in a log book. Analysis of this data indicates
the rate of circuit operation deterioration and provides information for determining when components
must be replaced to prevent failure of the system.

The following mechanical checks must be performed at specified intervals determined by
operating time and operating environment. Following is a list of the periodic checks and procedures
required.

a. Clean the exterior and the interior of the equipment cabinet with a vacuum cleaner or
clean cloths moistened in nonflammable solvent.

b. Clean the air filters at the bottom of the cabinets. Remove each filter by taking out the
fan and housing (held in place by two knurled and slotted captive screws), and wash in soapy water and
dry in an oven or by spraying with compressed air. Spray each filter with Filter-Kote (Research Products
Corporation, Madison, Wisconsin).

c. Lubricate door hinges and casters with a light machine oil, wiping off excess oil.

d. Inspect all wiring and cables for cuts, breaks, fraying, wear, deterioration, kinks,
strain, and mechanical security. Tape, solder or replace any defective wiring or cable covering.

e. Inspect the following for mechanical security == switches, control knobs, lamp assem-
blies, jacks, connectors, transformers, fans, and capacitors. Tighten or replace as required.

f. Inspect all module mounting panels to assure that each module is securely seated in its
connector.

g. Inspect power supply capacitors for leaks, bulges, or discoloration. Replace any capac-
itors showing these signs of malfunction.

4.3.1 Power Supply Checks

The power-supply output checks described in Table 4-1 are performed by using a multimeter
for the output voltage measurements with the normal load connected. The oscilloscope is used to measure
the peak-to-peak ripple content on all dc outputs of the supply. The +10 and =15V supplies are not
adjustable; therefore, if the output voltage or ripple content is not within specifications, the power
supply is considered defective and troubleshooting procedures are required. Refer to engineering draw-

ing RS-B~728 for the power supply schematic.

4.4 TROUBLESHOOTING PROCEDURES
The troubleshooting procedures make use of two programs: TC-59 Control Test (MAINDEC

9A-D4AA-D) and the TC-59 Utility Program. Program descriptions of both are provided as part of the

documentation supplied with the equipment; they should be consulted for maximum troubleshooting
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efficiency. The TC-59 Control Test exercises the tape control circuits and provides error printouts.
The TC~59 Utility Program, through its pseudo commands, provides a means to expediently program tape-
control functions to exercise and test specific functions in conjunction with the DDT program. Test pro-

grams can be easily written, coded and typed in for immediate execution.

4.5 MODULE UTILIZATION
Table 4-2 contains a list of the number of modules used within the TC-59 Magnetic Tape
Control Unit.
Table 4=1 Power Supply Output Checks
Measurement Maximum
Terminals at Nominal Acceptable Output Maximum
Power Supply Output Output Current Peak-to-Peak
Output (Vde) Range (V) (A) Output Ripple (V)
Red (+) to +10 +9.5t0 11.5 7.5 0.7
Yellow (-)
Yellow (+) to -15 -14.5t0 16.5 8.5 0.4
Blue (-)

Table 4-2  Module Utilization

Number
Required Description
8 B130  3-Bit Parity Circuit
6 R0O02 Diode Gate
8 R107  Inverter
2 S107  Inverter
4 R111  Diode Gate
9 R113 Diode Gate
10 R123 Diode Gate
6 R141 Diode Gate
1 R151  Binary~to-Octal Decoder
9 R201  Flip-Flop
12 R202 Dual Flip-Flop
9 R203 Triple Flip-Flop
R205 Dual Flip-Flop
1 R601  Pulse Amplifier
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Table 4-2  Module Utilization (cont)

Number

Required Description
5 R602  Pulse Amplifier
9 R603 Pulse Amplifier
2 W005 Clamp Loads
1 W640 Pulse Amplifier
2 R002 Diode Network
3 R107  Inverter
3 R113 Diode Gate
3 R123 Diode Gate
4 S123 Diode Gate
1 R202  Dual Flip~Flop
1 R203 Triple Flip-Flop
9 R205 Dual Flip-Flop
1 R602 Pulse Amplifier
4 R603  Pulse Amplifier
4 W103 Device Selector
2 W104 Device Selector
3 W107 Device Selector
2 W640 Pulse Amplifier
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CHAPTER 5
INSTALLATION

The magnetic tape control is usually mounted in the main frame of the central processor sepa-
rate from the magnetic tape transports. Therefore, the magnetic tape transports are packed individually
and the cables connecting the transport and tape control are removed. In most cases, the interconnection
between the tape control and the associated processor remains intact, unless the tape control is located in
some place other than the main frame of the processor. There are five cables which connect to the trans-
port; they are single 9-conductor coax with W021 Connector Boards attached at each end and are approx-

imately 10 ft in length. To install the tape control unit to the tape transport, proceed as follows.

5.1 PDP-9 TO TC-59 CONNECTION

a. If the TC-59 is shipped for field installation, connect the PDP-9 cabinet to the TC-59
cabinet according to the field attachment kit instructions.

b. With all power off, connect the 30A twist-lock from the 834 Power Control in the TC-59

to its power outlet. Connect the standard 115 Vac 3-prong cable to the available outlet in the PDP-9
841A Power Control.

c. Connect the 1/O cables (7-ft W850s) to the PDP-9 and TC-59 as follows.

TC-59 Connection PDP-9 Connection
Cable 1 EF 1 and 2 AB 25 and 26
Cable 2 EF 3and 4 AB 27 and 28

d. The TC-59 834 Power Control Circuit Breaker can be turned on with the 834 Power Control
in remote selection. Do not turn on PDP-9 power.

5.2 TC-59 TO TU-20 CONNECTION
a. With the TU-20 Power Switch off, connect the 30A twist-lock to its power outlet.
b. Connect the transport cables (five 10-ft W021,/WO011 cables) as follows.

TC-59 Connection TU-20 Connection
Cable 1 AO01 C04 or D04
Cable 2 AQ2 C02 or D02
Cable 3 A03 C05 or DO5
Cable 4 BO1 C01 or DOI
Cable 5 B02 C03 or DO3

c. Turn on circuit breaker on the TU-20 841A, with the 841A in the local position.

d. Push the POWER switch on the TU-20 control panel to the ON position. The DC POWER,
RESET, and OFF LINE lamps should turn on.
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e. Turn on the PDP-9; the TC-59 power should come on with all control panel indicators off
except the write buffer.

f. At the tape transport, select unit O and put the tape at loadpoint and ON LINE.
g. The READY and 7-track indicators should come on with the write buffer off.

This completes the installation. Now run the diagnostics; TC-59 Control Test and Utility Test.
If @ malfunction occurs, refer to the maintenance chapter of this manual for guidelines to troubleshooting

this equipment.



CHAPTER 6
ENGINEERING DRAWINGS

This chapter contains the standard block schematics, circuit schematics, and engineering

drawings necessary for understanding and maintaining the TC-59 Magnetic Tape Control Unit. The

drawings are listed in the same order as they appear in the manual.

Drawing Number

D~-BS-TC59-0-1
D-BS-TC5%9-0
D-BS-TC59-0-3
D-BS-TC59-0-4
D-MU-TC59-0-5
D-BS-TC50-0-1
D-BS-TC50-0-2
D-BS-TC50-0-3
D-BS-TC50-0-4
D-IC-TC50-0-5
D-FD-TC50-0-6
D-FD-TC50-0-7
D-FD-TC50-0-8
D-FD-TC50-0-9
D-FD-TC50-0-10
E-FD-TC50-0-11
D-MU-TC50-0~13
D-IC-TC50-0-14

B130
R002
R107
S107
R111
R113

Engineering Drawings

Title

DB Register

Data I/O Control (2 sheets)
Device Selector

TC59 Bus

Module Utilization

Motion Up Counter and Writing Data
Command (2 sheets)

Data Flow (2 sheets)

Timing (2 sheets)

Indicator Connections
General Motion Timing
Write Flow

Isolated Flow Logic

General Flow Graph

. Data Flow Delay Sequence

Timing Flow
Module Utilization

Power Wiring

Module Schematics

3-Bit Parity Circuit
Diode Gate
Inverter

Inverter

Diode Gate

Diode Gate
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Module Schematics (cont.)

R123 Diode Gate
R141 Diode Gate
R151 Binary-to-Octal Decoder
R201 Flip-Flop

R202 Dual Flip-Flop
R203 Triple Flip-Flop
R205 Dual Flip-Flop
R601 Pulse Amplifier
R602 Pulse Amplifier
R603 Pulse Amplifier
WO005 Clamp Loads
W640 Pulse Amplifier
S123 Diode Gate
W103 Device Selector
w104 Device Selector
w107 Device Selector
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STATVS +To BUS [ CM 1) am 2 cM30)  [cm4a CMS (N cme cM7() cvms ) cMor) cMig CM ()
| H y N P . v v : H J R N P . U v
L oo A AL NI A ~v AL _ T oA RPN HNPI ~ A N/\—.irv/\ ~ N, ~ N
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TAPE BOT ILLEGALY)  PRRTTY EOF 1)) EoT READ DATA. MTF ()
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cLock PuLsE 2 1) o ADS OATA
£ M
EoR 4 (1) READ STROBER WRITE EORM: 4 CHARE
S dJ. F
? WRITE
S, EOF ?
P2, W s P> v
P Rep2 > CLOCK PULSE SPACE REVESE ~ A P
556 BPT —3) D23 ; ERF () ~ A R @l R113 5 o
CLOCK i‘alta A23 2 CHANNEL "o A
- ORE=Ts orion { CRC (#) —01&‘6\2“8
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(PoP-& DBP—> CRC CHARACTER WCo (0 2 CHANNEL
DBl PDP 9 WRITE = ° 4
DB @->DB 17) BUFFER {520 wre] l WRITE
_ S LINES ' LPce
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LATE())
- SumM ERROR
3 ILLEGAL ~ERROR FLAG
SETS SETS
MTF (1) ERROR
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ILLEGAL(Y MTSF CONTINUE IN
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A
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FROM TAPE
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FLOW
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TO CONTROL =< D
(RB@ -+ 7, RBP) )
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i
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DATA ENTERING Lpce READ OR @
ECH) PRESENT RECORD @-8) READ ‘;i’;g/iig' weo @
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2
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DELAY SEQUENCE
TRANSPORT INITIAL NUMBER IN TIMING BUFFER (7CHANNEL) OCTAL
WRITE START WRITE WRITING WRITE WRIT & WRITE ORWRITE| WRITE START
D TYPE (BoT) STOP START FORWARD REVERSE |EOF START |FROM BOT OR
(DONE INTCS0f STOP STOP FROM BOT WRITE EOF
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— X X' X X xIx x X
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N
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o oP Y %Y S Y B
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B
B
A A
S s 7 6 5 T 4 3 T
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NOTE:
. THE READ WEAD \S O.3'BEHIND
SET TAPE FUNCTION __U'\__—IMS THE WRITE HEAD (7 TRACK)
I, THE READ HWEAD wiLL DETECT
Go D"‘-——[

I
MTeR  —I1
Lo 3KiY U

DATA = 6MS (AT 451RS) AFTER
WRITING THE FIRST CHARACTER.
2 THE FLOW OF EVENTS BELOW
OCCUR FOR ALL FUNCTIONS
EXCEPT REWIND AND CONTINUE-

—

T DENSITY, COMMAND .
MTLS [1_UNYT DENSITY, C MODE
TAPE UNIT READY NO ——
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O S | R —
MTeo @ —
= f"——p-—sTART DELAY ——————
ENARLE  MUC — —
307 32ND
64 THN)
800 BPI CLOCK N N S | S— FljULsELJ L, [ et THN
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f [
STROBE DELAY i
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WRITE ENRBLE ¢ ¥ WRITE 15 SELECTED |
i —-‘I I +oep
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CC(PDPB) @ — L [—ﬁ [ T
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DATA FLAG U S e
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§ DB WHEN WRITANG
WCO V UL
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i
LAST WORD 1T
WRITE EOR L 4CH —
EOR 1 |
EOR 2 _
4 CHAR I
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/\.PCC
1
READ STROBE —. 9
IR, o saone
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\ . SPACE REVERSE
ENTERING RECORD & | o
| S
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EOR S § o1 LI T
1
EOR 4 @ 7/
!
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MTF L_n'/
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MTAF L
L
= T 7 6 5 4 [ 3 2 1
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R1/7(1) E ()| stroBE RB/1(1 ILLEGA - — DELAY | CHG 5 5 | STROBE A
1CH A C R € |pecomn PARITY TRANSH > 1 ] pqe STOP tPCe 9
= RECORD SYNC — FERREQ DIA STROBE] LA ) |EgF(1
RBP(1) | clock M |ipcoe (WTFCD LENGTH £OF MoT IO ' o
RO/0(1) ¢ FORWARD{EOF T
RO/1(1) 888 INCOR- j EOF RRORMyRITE I e 4 LPeC
C1OCK £oT P oR DATE STROSE |1 ST
— RD/0(1)SLROVER r 175 FLAG %‘5 LATE LLEGAL CRC[CHAR 8(1)
%71 ‘:nglmn RI13 [S197 [R@A2 |Rzgs |Repa | RAP? | RGPS |R111 |S6g3 |Reg3 | RAA? [RI11 |mapy [RI13 |We4# | S197 | a5 |[magi [ReP3 [R123 JRI23 [R1z3 | Ragz [AI1S [AIT3 Wale |wals
TIMING DELAY |STROBE SET RO N | IMe B/2(1)
B/2(8) | "pyry HOVE DATA |LLEGAL 800 | peLay |SYNC |peiay Tapg [SELE [TCRC cM3 ¢ 6 EOF | EOF
WRITE SET lop I 12473 § 1] N
A/3(B) [SELE I— L e w4 LR S — FUNCT TUR @ Twep OLR | | /3(1)
EOF SEL1
8/4(8) |sELT BIFFERS | Ro | EOR T s b N WL. M EoR3| | EOF 8/4(1) | TI(D)
START 17g : s STRoBE |CONT+ EOF 4 A ‘
B 4/5(8) [sEL2 L SsTOPL — - 556 SBUNT e SEL2  [B/9(g) gQE o5 08) 70 T |gral , 4/5(1)| T0
" TaPE ERROR | DATA READ 80 loLock RECORD SE N START LM/3(D) SENT i |LATERAL 2/6(1){18(1) B
2/6(8) lyove R L _{DATA |DEL L ;
M NI, FLAG | FLAG £) DOMN PELAY | 8/4(8) : N ™ o |PARITY Ragsi
17108 | STARY | 0 eReor | | _| puLsE | cPeM PULSE |- FENABLEL &/5UD |y |> DF = wea(1y[CME '
Ie sTap SPACE ENAB- B 2/50) CHT(8) s i Rty () C
WRITE [WRITE REVERSE COUNT | ¢ onge| € 12 /1(8) TAPE IV RA/3 | T0
|PaRITY JLPCC. READ | go 200 Tom : FUNCT.| | |Tg RB/4
8/1(8) [ENABLE DELAY 2R 21 CLEAR lcus(a) - R4/S | outy
entbie [cano ] oaTa [COHEAREILLEGAL STROBEIEOF = 1y MC |srope| ]IRR i : 8/8(8) aTE T R/ n
TAP% ERRIR STROBE U WRITINGTC59 RPB Y
2/ FLAG LSE | DELAY OVER RBP
/8B leyner. NTF ERROR TC-59 EF RR/1(1
| 2,3 4 5 6,7 8 9,10 1l 213,14 15,16 17,18 ;19 ,20,21 (22,23 ;24,25 26,27 ,28 29,30,31 32,33 ,34,35,36,37,38;32 40,41 42,43 ,44
R205 | R265 | RZB5 |Regs |Rgp2 |5187 | RiB7_|Gi@7 |R2p2 |R2g1 [R2B1 | R2ZB1 | RoB1_|RZBI1 |R2E1 |R2T | R2A1 | RZA1 | Ri23 |Ri23 |Ri23 |R123 | Rop7 | R2P2 |Rop2_|RPA2_ | R2@3 | RigT_|Rii3 | Rg2 |Rop2 _|Rz@2 )
TUR 18/1(8) ENTER- [PARITY | PARITY
—> . 1/1¢1) B/1C1) GRC 4 |CRC 4 |CRC 7 e EBROR | coeer | pipec- «—
i o< T T T recorn [ OF TION
IRp |BOT |2/BC1) B/BCT) /8(B) EOR- | EOR- |WRITE D CoMP
T2 |6 | T8 LAT. WuC  |uc
- EOT  |4/5(1) REWIND A 1 3 |ENABLE | Nt :32“ PARITY . s
C ] CRC 5 [CRC 5 | CRC 7|8/1(8) —
WL |s/a() | Arau GRC 1 |CRC 2 |CRC 3 ERC 4 |CRC S [CRC 6 [CRG7 [ORC S |CRC S  + -+ RECORD i C
R m
EOR- |EOR- [WRITE 1
rewino M3 owwn. | pe. o ki SPAC- | 10N
T1 3 15 17 U WRITE | Oc CcRC 6 |cRe 6 |B/1B) (B/1(D) | B 2 4 EOR c c
B - —cuamel> 2" | eoF L - i B
ERROR : 2 4
!g?izn JCI‘E(I) FLAG(1) B/8(8) |8/8(8) TAPE D COMR!
RIB]__ | WBA5 | RZ§3 [ R2p5 [RZps |R2P5 | R2p5 | B3P 'W'mu—w—rm—"rm—w T | 8138 BT (W2PT [Rzas |Rz83 | R2p3 |R1i3_|RisT [Ri13 REPS | R6B3_ | R6B3 |R11a_|R111__| RBBZ | R2p3_|Ri13_ | ReB2
% B
RB/2(1)RB/2(1) 1ST
acry CHARS TR 200 RECORD BEGIN | CLEAR [;4A RECORD OKTA | srap
Rh/a(RRALLY 17, Mg | CM3 [CHE |CHO MRITE HAR - S I e
2 Rass(1) OVER | GRER. |60 | pepgpp|DATA B
— 2/6(1) LPCC
R/4(1)RREE LRCCE | LPCC2 | LPCC4 |LPCCB EOT  {rconen| 599 poppon [ P LPCC 5
Dl READ | READ |READ |READ [ WP [wP [wp |w tM 6 1 |1Ro- |“anp . D
— LATERAL oVER enaBLE[200 | =8 ILLEGAL
PARITY RARITY PARITY PARITY [PARITY| (1) | <1y | (1) |¢1) fcM1 jema |cu7 |cwrg|REW T8 18pg/ oF DATA e ERRal L |
EM 8 PRESENT_MUC L
R2/6(1) crea ERROR 0DD opp anp i) 200 — - DELAY
— BaT oara | CLOCK BAD .
o1/ CRCS LACC1 LPCC3 | LPCCS |LPCCY | __|PULSE |cLGCK | DOWN |4 TAPE |MOTION RECORD RACK
T i - SYNC
—— tRo CM 2 [CM5 |CWB [CM 11 ;g T b RESENT POLSE | COUNT | CHAR gjgf ;“Am; WOTION |LENGTH | oo
= | FUNGT. ERROR FoR\vAquggg¥- PULSE
A A
DEC FORM NO.
DRD 105 8 7 6 5 T 4 3 l 2 I 1

D-MU-TC50-0-13 Module Utilization
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6 5 { 4 3 2 | 1
[ 1™ o . nnEnn]
———i (] (] [ O INDICATOR D
| _— TeaneL
nn IR L] L]
inny [T7  [1J O
™
atA HPV -5V -5V B
TA'R l l X | l GND l I FiX | | VAR | | —
C
728
PS
L gV Hev -\5V -5V ]
wr| T TR [T s TEY LT VAR '1 > Loelc
—15V ] com Hgv ] | p
[ -
2
< |
RED/WHT
/_ TWP -
L4 #la AWG -
| -
A g -
834 éfH_EFX 2
PC - gg
Hev 1PV 6ND | | -5 Y -5V - 2
I 11 ! I
VAR FAX Fix VAR i
ol
]
» .
115 VAC rO | 1 3
iN Lo ; B
6
-/
To Zowsn Va
TURN ON -
vl
BLK
BLU
A
W 6 T 5 T 4 3 -" T

D-IC-TC50-0-14 Power Wiring
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D3 o4 jos 8 D10
Q3 (%)
[pEC2894-18 [DEC2694 1B
SRI2 RIE R23
37800 7,500 < 7,500
]" OA+IOV(A)
Oc oND
Y 3 D22
S | IMolleo| 1, 3 e e
> MFD g MFD © Sio% Jiox 7 21
D-662
0
SR b2 D7 > :
L A *: Sh 662
0% 0%
DI9
D-662
Dis
2z Kb! e D-662
€ DEC3009A b DEC3009A DI7
D-6
our Q4 ouT"*o- 62
SDA-
(] D6 SRz 3
< RS 8 [Ri0 >RI3 21,600 SRe4 rey SR2e
21,800 1,500 A 31,000 :,l.oooI ".,5001 1,000 1000 $ 1,000
i3 {6
. . . 0B-15V
. 22V
UNLESS OTHERWISE INDICATED:

RESISTORS ARE 1/4W, 5%

DIODES ARE D664 I -

B130 3 Bit Parity Circuit

DIo
DO
D664 or
D5
EO
D664
D9
HO
4
D66 oK
D4
JOr
D664
D8
LO-
D664
ON
D3
MO
D664
o7
PO P
D664
-Os
D2
RO
D664
D6
TO
D664
-Ov
D
uo-
D664

|--v.-.x.._:x....=>

R0O02 Diode Gate
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|
;I —O A(HI0V)
Ri R2 R3 R4 RS %RG | R7 ]
100,000 100, 000 100,000 100,000 100,000 100,000 I 100,000 |
I — ——
- +—Oc (D)
1
1 : o8 |
a2 < a3 o4 Qs )98 | g a7 D662 |
[ |
L/ I -]
i _ D662 |
[ ] )
i
FO e LO- NO- RO—¢— | :Tcﬁ ' Bl
os ve gk ! b7 P
Koz Ao Xos X aE 7 ¥ R
N ¥ beez
) . o tlowatam 1 | "
R8 D12 f o3 RIO Di4 Rit 015 R12 i3 1 Ria 1 RIS
7,500 1!D662 300 Yosez $7500 Woeez 7300 Woesz 27500 Woesz $7500 | Woesz 78001 I gts00 '
I [}
| |
I 1
1 I
: % ' L-0B(-15v)
]
Di8 RIE D19 RI7 D20 ZRI® D21 QRI9 D22 R20 H R22 | 1
vesz 15000 ¥ beez gis,000 W oesz $15,000 W neez is,000 W oes2 < 15,000 i 15,000, L
] 1
]
,,,,, — [ — 4 [ S— P S— ! !
_____ -
o028 &oze Kon D2e (71}
UNLESS OTHERWISE INDICATED
RESISTORS ARE I/4W, 5%
DIODES ARE D-664
TRANSISTORS ARE DEC 36398
PRINTED  CIRCUIT REV. FOR
DGL BOARD IS SIA
:
!:::::::f:t:::::?:ﬂ
R107 Inverter
- . . O A+10V(A)
%RI %nz §R3 §R4
100,000 100000 100,000 5 100,000
-
L 4 i OC GND
QI 02 Q3 04 !
4 4 |
]
i
o H
00— F O—¢ 40— LO—4 i H
DI D2 D3 04 o7 ! on |
[ p-g62!
. D 48 I
F———>3 f |
D3 S D2 Dls ! | '
¥D-662 éﬂe D-662 SR9 D-662 SRIO D-662 SRIt H | SRiS !
3,000 3,000 3,000 3,000 : y Si1,500 :
| Vb |
2: e e LELY
- '
wos_ SRe D19 SRI7 D20  SRI8 D2l SRI9 | | STRATE |
662 915,000 ¥D-662 $15000 ¥D-662 S15000 D662 $15000 ! S J
‘ i
J
y Vri D26 D27 D28
Q
E H K M
UNLESS OTHERWISE INDICATE D:

RESISTORS ARE

174 W;5%

DIODES ARE D-664
TRANSISTORS ARE DEC 3639
PRINTED CIRCUIT REV. FOR

DGL BOARD IS SIA

USE THE ETCH BOARD OF THE RIO7

T ow oA e e

S107

Inverter
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O A+ 10VIA)
r——==== ul
— L-Oc GND
2 [}
| |
! |
Ly 019 |
Q2 i ¥ p-ee2 |
DEC 3639 DEC 3639 ! \
''& 0. |
| ¥ o-ee2;
| |
deoai lor !
To ! D-862 |
o7 DI2 MFD ! I
D-664 D-664 i |
R b | o018
oe [ ot | ¥ o662
D-664 10 D-664 I8 | |
L oM 0-664 s —or D-664 ! i
i [ !
: 4 v I
! Boo  $5%00 Moo 33500 | S,
E % %S'ﬁ % %s‘* | S5% !
! ¢ s — — —~OB- 1BV
L EXAMPLE DGL2 j | -3V :
e !STRATE
STRATE
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
PRINTED CIRCUIT REV. FOR
DGL BOARD IS SIB
[T::::T:f:f::f::f::
R111 Diode Gate
-
—y ¢ —O 8-18V
>
%nz SRi4
15,000 18,000
Da P n
D664 D6 D8 D664 027 D28
o H L
Q2 Q4 5
D3 DEC36398  DI3 DEC36398 D25 RIS DEC3639B
DE64 D664 D664 26000
!
E Jy
O Aslov
s
IS DI7
T
al DIt
DEC3639B ,0l,
R u
-0 € GND

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W,5%
DIODES ARE 0662

Tzzooozesoyzooced]

R113 Diode Gate

6-49



-Q A +10V (A)

R 2 R 8 R 1l R4 R 17
100,000 100,000 100,000 100,000 100,000 100000
0 ¢ GND
020
D-662
u
oI9
D-682
olg
b §—oOr s
ory
SRI3
15,000
-0 B -15v
UNLESS OTHERWISE INDICATED:
TRANSISTORS ARE DEC 3639
RESISTORS ARE 1/4W,5%
DIODES ARE D-664 USE THE ETCH BOARD OF WiOl
R123 Diode Gate
—OA +10V (A)
[\73] RO RI0
Fo A e $27,000 100,000
» R7 1% 10%
oig
Ho— P 15,000 »> -0 ¢ eND
oIt 020 022 al Q2
Jo »! ) ) DEC30098 DEC36398
Lgl R6 . T
10 Des2
Ko B 15000 o Yoz
MFD
Do DIp
» @ D23 >
LO- i " ¢ ¥ osee
08
MO——Pp—— 18,000 P
D24
07 olg
NO P ¢ 0662 2an RO
o8 R4 S$1,800 7,600
po— P 15000
s DI7
RO B [P
g R3 |
D4
so—p—— 18,000
03 I8
TO- »l (V)
o R2
D2
uo——N—_—. 15,000
DI oI5
Wl
VO P} il ¢
LA -
UNLESS OTHERWISE INDICATED: 15,000 o8-8y
RESISTORS ARE 1/4W, 8%
DIODES ARE D664
I LT TIIIINTIILIIEY
R141 Diode Gate
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—QA+HIOV(A)

RI R2 R3 R4 RS R6 R7 |Roeo 000
100,000 100,000 100,000 100,000 100,000 100,000 100,000 " oo
a P p » p———O C GND
Q4 Qs Q6 Q7
3 (o4 .@h—o 5 & gb—o 2
R S T g
[ cl
i LF.m
MFC
D28 D29 30| 031
R2| R22 R23 R24
7,500 7500, 7500 7,500,
R25
D49 050 D5I y 052 1,500
D-663 D-663 D-662 [D-662)
—QB -15v
RS9 Ri4 RIS RIE
18,000 03713:000 D3s! 3000, pag %000 D40
D-662 D-662 D-662 D-662
o3 Joie fos Jois oz foie jois [o2o b2 fo2z [p23 [pes
L
2O
K0 O
2& Ft;l O
EoO UNLESS OTHERWISE INDICATED
o RESISTORS ARE /4 W; 5%
22FF! O DIODES _ARE D-664
JoOr TRANSISTORS ARE DEC 3639B
RT5T  Binary-to~-Octal Decoder
-OA+IOV(A)
C GND
o RS - -
100,000
40 Dal D42 y YLt ?D‘M D 4! 046 D47 D48 D49,
H P S u
4 D8 DiO 22 24 p27 29 D32 D34
03 08 09 DIl D23 025 D28 D30 D33
b F $—DH—p—ie—o » R 3Dl ——{4—OT b
cl ce c3 c4 cs
9P 10 - 0 ird
K
| LA} b7 LAY LAY D26 LAY D31 LY
g g
O
[ 20
joutPUT
RI > R2 R3 >R4 >R6 R7 QRS >R9 >Rl RI2 > RI3 >Ri4 dRI5 RI6 RI7
15,000 Q 15000 15,000 Q15,000 18,000 4,700 94,700 915,000 15,000 Q15,000 15,000 15,000 15000 Q15000 1500
13 & —& > * -+ ® > O B-15V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W;5%
CAPACITORS ARE MMFD
DIODES ARE D-664
I_TTCZIT??T'TIT?':T:T
R201 Flip-Flop
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UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W35%
CAPACITORS ARE_MMFD

DIODES E D-664
TRANSISTORS ARE DEC 3639C

R203 Triple Flip~-Flop

6-52

D43 Da4 D45 D47 D48
E L 13 v
Ria T —OA +I0V
1000009 p16 D2s 100,000 |oo.ooo!! D35
Q3 04 e———OC GND
DEC{3639¢
ol ci oIS ¢z DI9 ; D34 ca a2
D — 4 ¢ YO« —i¢ ¢ {6 0-662
100 j 14 100 33 100
03 3—352 o8 D20 D-662 p37 038 pai
» 'o-662 1% N 832, 1t tg—ou 0-662
0 7 030 5oir 040
D-662
D2
J 15,000 15 000 o 02 15,000 036 cs |
i . o ; 5 o w039
Ri R2 R9 RIO Rl RI2 RIS RIE RI9 rz2o M
15000 %5.000 07 4 700 o2 %s,ooo 15,000 gns.ooo §|5.000 028§ 4,700 <4,700 ]koz: %i&ooo %.5,000 D-862
- - 08-15V
» R2I
. Lt}
oSl l D52 1,500
M
UNLESS OTHERWISE INDICATED:
RESISTORS ARE |/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D-664
[???TT?ZT:TTTT?ITZI
R202 Dual Flip~Flop
Da7 D48 Dag 050 D51 D52
J H P N v u
A+IOV (A)
R2 §R6 RIO Ri4 R18 R22 * &
100,000 100,000 ¥oi1 Vo4 D2s D28 100,000 1 D39 paz2
- . ’ —OC GND
@ Q2 010 ci cz2 c3 D46
H(——q — —4 D-662
oese to ¥o-662 "oo'ga D662 'O%zv ooez«’szz _ﬁpﬁh
- all
03 Yo-662 oe YWoss2 031 Bigsz
¢ . 1 p —i—
b2 D8 13' o7 pi2 |6 026 |p30 D40 ¢ 4 D44
F £ MED D-662
o R
Pl 043
Rl R3 R4 QRS R7 Re R9 2RI RI2 2RI3 s RIE RI? 2RI9 R23 R24 0-662
15,0004 4,700 | 24,700 215000 I5000 15000 I5000<4,700 | <4,700415000 ¢15,000 < 15,000 15 4,700 15000 <15000 15,000
i 0B-i5V
] 06 oI5 020 D29 D34
R25
e 1,500



— ——J £D D57 ;:; ;
D53 3054 56 % pel
* N
o OA+I0VIA)
K T
RIS R20
D3 D2) yyo24 D27 @D30 $100,000 100,000 D45 D48
. P C GND
cl c3 ca ce o
100 o7 u;:[o 100 D4l | 100 cs
I Tl
S ¢ Ay Ay R 82362 MFO
o2 D20 26 5 D44
3 [ p37 i D5l
D-662 D-662
[ c7
T~ 01
MFD W D50
D-862
DI DIs Des D43
1 R A > ‘ B
2RI ’R2  QR3 RS RE R7 PRIO  QRI2 Lma >RI4 RI9 >R22 24
% |5,ooo%| 4,700 4,700 15,000 5,000 215000 %moo%s.o 4,700 Q15000 31600025.000
<
* -OB-13v
RO QRN >R25
ls,ooogw,ooo 1,500
Dl
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 5 %
CAPACITORS ARE MMFD oIS
DIODES ARE D-664
H s
D55
R205 Dual Flip-Flop
A+I10V (A)
xe]
T v T 1
-3V
1 ! B
: ISTRATE LS sy
13 SRI4 RIS RIT 1 RIS
800 St X éRIG 7500 1 1,500 |
5% >5% % 10,000 5% g 1 h
i
|
Dag !
F E g |
o © ¢—¢ !
' pso |
| ce ! D-662 |
<680 | D44 i |
1 e ¢ ' 8_45952:
ol 3 z B
1A~ OEC i pag !
2894-28) D45 || D-6621
D4 D42 Qt ol 13 i
c 4043 LM A io 2!
3639C ' D-6621
D-662 D-662 L2 TR
> = -OC GND
040 114
1
.0l
R4 MFD
15,000 5%
cl 013 p W 028 ca I
[
it 4 clo
100 D22 00 .01 MFD
a D4 DIO DI6 D25 D3I D37 D5t
D34
DI
L i 1

UNLESS OTHERWIS INDICATED:
RESISTORS ARE 1/4W; 10%
CAPACITORS ARE MMFD
DIODES ARE D-664

R601 Pulse Amplifier
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~O A+IOV

oo 0
i9e0 I
- ] N
+~OCN GND
03 o7 aQl Coe; a_c09| i ]2 |
DEC 0t L. D42 SV L 2
3639C Q2 ""o‘z M 0-662 |
 __R20 DEC DEC igo3ss |
12 1% 2694-28 26894-2804) |17 D-662 |
330 0% c7 = || |
» oK —ou S T lygose |
4 MFD D-662 |
RS 35 SR7 I
*os 1,800 [1E) o3 'y 0-33 |
1T o-662 |
* s 8-15V
T t 0
RIO IR'Z i ' ‘RIQ ,
1 RIS Ri8 1 !
*oe 15,000 éns.ooo%'-”m“ *Dz‘ 15, 030 éls.ooo } 21,500 |
H o p S Al '
o7 | 032 | 3V
—<ce Yo21 ce LSTRATE
100 -
010 D20 026
Die
i R
46 Yoa7 D48 050
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFO
DIODES ARE D-664
R602 Pulse Amplifier
» o’ ? -OA+IOV(A)
T b 1 o OCHNU
RIO RIZ R20 chg
It woopon| o3s  Sioooo
5% 5% D40
Q2 Q4 as Q6 D-662
DEC2894-28  DIS DEC2894-28 D27 >> >DEC 2894-28
4
D39
g £-662
b3t D43
0-662 DA -C7
6 % of
F [ D30 =55 T MFD W D38
T T D-662 D-662
o4 | po 026" D29
pO—Pl-4—1¢ b v ! 1 par
rR7 Mhof2 RO émz B2z ris D24 rie Sris Mp3s rR21 Mp3e b-68
7,500 15,000 < 1,500 7,500 15,000 $1,500 7,500
5% 5% Q5% 5% 5% 8% %
i d OB-isV
gmooo élnn 021 3:11300 3;«300 D33
1 0 !
800 o8 000 08
c3 cs
o3 | 100 020 025 | 100 D32
L LAY . K s Ll LAY R
D46 oie D47 D48 D28 D49

UNLESS OTHERWISE INDICATED:
RESISTORS ARE_ 1/4W;10%
CAPACITORS ARE MMFD

OIDDES AR

E
TRANSISTORS

D-664
ARE DEC 3639-0

R603 Pulse Amplifier
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OB -18V

R2
3,000

D4

R4 D& R6

3,000 3,000
R

R3 DS RS

3,000 00

8 QRS Do Y0 12 QRI2 D4 QRri4  |Dis
3,000 ,000 3,000
J K
s T v v
b7 R7 bs ime bn " DI3 13
3,000 3,000 3,000
P < <

UNLESS OTHERWISE INDICATED:
RESISTORS ARE
DIODES ARE D-8

/AW, 8%
64

s-c-g7ooo-ec]

<av

WO005 Clamp Loads

-OC @ND

RIt
DS
e
100
SRIO MMFD Do
>
J | PO - D12 DI3
ld al <
RISS ¢ P} oM S R32
oto
H NO—2 2
T3 | > >
R7 RI4 I‘OZ, Fozé’ R24 Srer R31
cloRf1o% f10% i
e T 80
Q4 o=cé s DI7
DEC6534B Qs Q6 2 RI9
Mupp D9 Di6
. - R ~ 1.5V
UNLESS OTHERWISE INDICATED:
CAPACITORS ARE .0l MFD lcoso |co% oI5
RESISTORS ARE 1/4W] 5% -~ L
RESISTORS ARE 3,000; 5% MMFDSRIB  MMFD on oRCis
DIODES ARE D664 b DI4
TRANSISTORS ARE DEC3639 _3v
TRANSFORMERS ARE T208I
Vo3 D8
p—o—oT R23 -
o3
4 >
%ms R20 R26 i»tha
~15v

W640 Pulse Amplifier
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9G-9

8ipy spolg  €Z1S

SR8 R . SRI4
< 100,000 100,000 $100,000

<
<

SRI7
100,000

O A +I10V (A)

Q2

Jol:3
Des2

D7
D662

SRa
>7,500

Qs

Q6

O C GND

UNLESS OTHERWISE INDICATED:

TRANSISTORS ARE DEC3639
RESISTORS ARE 1{/4W, 5%
DIODES ARE D664

USE THE ETCH BOARD OF THE WIOI

O B -5V

DEC FORM NO.
DRS8 102




£6-9

loyosjag @10 E0LM

OAA+ 1OV (A)

—QAB - 15V
Rl S R2 RI3 RI7 R20 é nz(zvé R24 SR26 SR28 gnso R33< R34 SR37
15000  S100000! 3,000 00 15,000 S100,0 3,000 $15,000 $100,00051,500 10,000 $3,000 $3,000
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