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QUARTER-INCH TAPE: USE AND MAINTENANCE 

~-----------------------------CAUTION-----------------------------~ 

You must follow the guidelines outlined below 
to ensure satisfactory performance and full 
service life of your quarter-inch cartridge 
(OlC) drive and tapes. Be sure the write­
protect cam is in the correct position. You 
should attain a soft (correctable) error rate 
of 1 in lx108 bit transfers, a cartridge life 
of 2000 passes {one pass is equivalent to 
winding the tape its full length from one end 
to the other}, and a drive life of 5 years. 

Failure to follow these guidelines can result 
in poor performance (excessive errors); damage 
to the tape cartridges, tape drive, or both; 
loss of interchangeability: or a combination 
of these conditions. 

Drive and Cartridge Care. 
care and use them in an 
following conditions: 

Maximum wet bulb 
temperature: 

Operating 
temperature: 

Treat cartridges with 
environment with the 

Relative humidity: 

Altitude: 

20% to 80% noncondensing 

-1000 feet to 15,000' feet 

Be sure to retension the cartridge before its 
initial pass (see below). Protect the drive and 
cartridges from excessive shocks, which can impair 
the drive alignment and cartridge tension. Do not 
expose the tape cartridge to magnetic fields, such 
as from CRT screens or power sources. 



Approved Cartridge Use. Use only approved tape 
cartridges to attain the specified error rate 
standard. Other cartridges may initially meet 
this standard, yet degrade in reliability over the 
specified cartridge life. The following cartridge 
tapes are approved: the DC-60~A and DC-61SA (3M 
Corp.), and the l0000FTPI (Data Electronic~, 
Inc.) • 

Cartridge Retensioning. Keep the cartridge 
properly tensioned to ensure full life service and 
data reliability. Failure to adequately tension 
the cartridge will damage the cartridge and 
destroy data on the tape. To retension the 
cartridge, use the tape unit retension command. 
(See Section 4 of the Quarter-Inch Cartridge Tape 
for NGEN Manual for detai Is.-r-

With normal use, retension the cartridge every 
eight hours. When using the tape drive exten­
sively in start/stop mode, retension the cartridge 
once every two hours. 

Tape Head Cleaning~ Clean the tape drive 
tead/wr i te head assembly after any initial pass 
of a new cartridge: once after two hours (of 
actual tape movement) when using a new cartridge: 
and at least once every eight ,hours thereafter for 
the life of the tape. In addition, if the tape 
drive has not been used fora week or longer (or 
if you are not sure how long the tape drive has 
been unused), clean the tape head before use. 

Failure to clean the heads will result in 
excessive data errors and may decrease the life of 
the drive. (See Appendix B of the Quarter-Inch 
Cartridge Tape for NGEN Manual for details.) 
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RELATED DOCUMENTATION 

The documents described below provide additional 
information related to the contents of this 
manual. For a complete list of Convergent 
Technologies® documentation, see the "Guide to 
Technical Documentation" in the Executive Manual 
or similar command-line interpreter manual for 
your oQerating system. 

CONVERGENT TECHNOLOGIES DOCUMENTATION 

Introductory 
Installation Guide (NGEN) 
Operator's Guide (NGEN) 

Hardware 
Diagnostics Manual 
Floppy/Hard Disk Manual 
Processor Manuals 
Software Debugger 

The NGEN Installation Guide describes the 
cedure for unpacking, assembling, cabling, 
powering up an NGEN workstation. 

pro­
and 

The NGEN Operator's Guide is a link between the 
user and the workstation. It describes the 
operator controls, use of the floppy disk drives, 
how to verify workstation operations, and how to 
use software release notices. 

The NGEN Diagnosti~s Manual outlines the tests 
used to verify proper operation of the modules of 
a workstation. The manual describes tests for 
individual modules, along with bootstrap proce­
dures and customization programs. 
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The Floppy/Hard Disk Manual describes the archi­
tecture and theory of operation for the Floppy / 
Hard Disk Module. It discusses the .applicable 
disk drives and controllers, and contains the 
applicable OEM disk drive manuals. 

The .Processor Manuals describe the respective 
Processor Modules. Each manual (a two-volume set) 
covers one processor module and details the archi­
tecture and theory of operation of the printed 
circui t· boards, externa 1 interfaces, and memory 
expansion, as well as the X-Bus specifications. 

The Debug~er Manual describes the Debugger, which 
is designed for use at the symbolic instruction 
level. It can be used in debugging C, FORTRAN, 
Pascal, and assembly language programs. (COBOL 
and BASIC, in contrast, are more conveniently 
debugged using special facilities describ~d in 
their respective manuals.) 

VENDOR DOCUMENTATION 

The boards that make up the Quarter-Inch Cartridge 
Tape Module are dependent upon programmable large­
scale integration (LSI) circuitry to perform their 
functions. Since only hardware functions and 
software interfaces of the LSI circuitry are 
summarized in this manual, see the· following for 
additional information: 

o Intel Co~onent Data Catalog. Santa Clara, 
CA: Intel Corporation, 1980. 

o 

viii 

Intel 
book. 
1980. 

Microprocessor and Peripheral Hand-
Santa Clara, CA: Intel Corporation, 
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CONVENTIONS 

NUMBERS 

Numbers used in this manual are written in decimal 
unless suffixed with IIhll for hexadecimal. For 
example, l0h = 16 and 0FFh = 255. 

SIGNAL NAMES 

Signal names used in this manual are suffixed with 
plus (+) and minus (-) to distinguish active-high 
from active-low signals, respectively. An example 
of a RD (Read) signal is as follows: 

Signal Name Logical State Voltage Level 

RD- 0 (active) Low 
1 (inactive) High 

RD+ 0 (inactive) Low 
1 (active) High 

Conventions ix 



1 OVERVIEW 

INTRODUCTION TO THE MANUAL 

This manual is written for the engineer who tests 
or services the Quarter-Inch Cartridge (QIC) Tape 
Module electronics, or writes or modifies system 
software for use with the workstation. This 
manual does not, however, support modifications to 
existing hardware. The manual is divided into the 
following chapters: 

o Overview 

o Architecture 

o Theory of Operation 

o Drive Specifications 

Chapter 1, "Overview," describes the capabilities 
of the QIC Tape Module and its major components. 

Chapter 2, "Archi tecture, II covers the tape 
control circuitry in terms of its applicable 
software interface to hardware components. 
Applicable command and status registers for the 
control circuitry are defined. In addition, the 
X-Bus identification scheme is summarized. 

Chapter 3, "Theory of Operation," detai Is the 
component-level circuit description of the QIC 
Tape Module. In addition, an interconnect wire 
list is provided. 

Chapter 4, "Drive Specifications," contains the 
manufacturer's manual for the tape drive. 

Overview 1-1 



In addition, Appendix A contains OIC Tape Module 
specifications, Appendix B contains the schematic 
diagrams for the OIC Tape Module, and Appendix C 
contains th~ cleaning instructions for the drive 
heads. 

GENERAL DESCRIPTION 

The OIC Tape Module, shown in Figure I-I, consists 
of a single modular assembly and contains the 
circuitry necessary to provide 55M bytes of 
storage on one DC-600A, quarter-inch cartridge 
tape. 

Figure 1-1. Quarter-Inch Cartridge Tape Module 

1-2 Quarter-Inch Cartridge Tape Hardware Manual 



MAJOR COMPONENTS 

The major components of the QlC Tape Module in­
clude the following: 

o the enclosure, which houses the drive and 
the Tape Drive Control board 

o the Tape Drive Control board, 
cally on the left side of 
(with module facing front) 

mounted verti­
the enclosure 

o one tape drive, mounted vertically in the 
enclosure 

o the motherboard, which lies on tne bottom of 
the enclosure 

o two 
the 
one 

dC/de power 
motherboard, 
supplying +.5 

converters that plug into 
one supplying +12 Vdc and 

Vdc 

The major components used for tape dr ive control 
logic are on the. Tape Drive Control board, and 
include 

o tape drive control circuitry 

o one X-Bus Gate Array, for the X-Bus inter­
face 

o one 8253 programmable interval timer 
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2 ARCHITECTURE 

INTRODUCTION 

This chapter provides information for the systems 
programmer, engineer, or technician, who needs to 
understand the Quarter-Inch Cartridge (QIC) Tape 
Module hardware at a functional block level, and 
who must program the devices within the QIC Tape 
Module. 

A functional block diagram is shown in Figure 2-1. 
Each block is described in this chapter in rela­
tion to the programmable device or devices 
performing the applicable function in the work­
station. The nature of the function and how it is 
implemented is. described. In addition, specific 
status and command registers are examined. 

The following subjects are discussed: 

o X-Bus interface 

o tape control/status registers 

o tape drive read/write operation 

o tape drive command and status registers 

o tape drive control to tape drive interface 

o DMA transfer mode 3 

o ROM ~ddressing 

o Module I/O address summary 

Architecture 2-1 
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X-BUS INTERFACE 

The I/O ports on the OIC Tape Module are partially 
defined by the module base I/O address issued by 
the Processor Monule. For example, the Status 
register resides at port XX80h, where XX is the 
module address ann 80h is the register address. 
Upon either a power-up or a manual reset, the 
bootstrap ROM program in the Processor Module 
assigns a unique I/O base address to each module 
that is physically attached to the X-Bus. 

MODULE IDENTIFICATION 

A power-up reset, manual (push-button) reset, or 
any I/O operation to specific ports in your 
Processor Module, resets all X-Bus modules 
except the Processor Module. Only the module 
immediately to the right of the Processor Module 
is enabled. This monule identifies itself by 
placing a type/state word on the nata bus when 
port 0 is read by the Processor Module. 

The Processor Module writes to port 0, a base I/O 
address that corresponds to a register in the 
module and defines the range of I/O addresses 
reserved for th~ module's use. Writing to port 0 
also causes the module to reenable the X-Bus 
connection to the next module, and to ignore 
subsequent reads and wr i tes to and from port 0. 
This allows the Processor Module, to repeat the 
process for each module, beginning at the module 
adjacent to the Processor Module and repeating the 
process for each module to the right. 

A ready timeout, signaled by a nonmaskable inter­
rupt (NMI) when accessing port 0, indicates that 
no additional modules are available. 

Architecture 2-3 



IMPLEMENTATION 

The module identification scheme is implemented by· 
hardware as follows: 

o All modules on the X-Bus are assigned an 
input signal line (XPIN) and are required to 
generate an output signal line (XPOUT). The 
input signal always enters a module on the 
module' s left side, and the output signal 
always exits the module on the module's 
right side. 

o During power-up, all modules reset an in­
ternal flip-flop to drive XPOUT low. 

o The XPIN line of the module closest to 
Processor Module is controlled by 
Processor Module. When XPIN is low, the 
register clears. 

the 
the 
I/O 

o When a module IS XPIN is high and its XPOUT 
is low, the base I/O address is zero. 

o The Processor Modlll e reads port 0 to 
identify the module (in this case, the QIC 
Tape Module) and then writes a byte to the 
low-order eight bits of the data bus, which 
become the high-order eight bits of the 
module's I/O address range (256 byte-ports 
or 128 word-ports). This write also enables 
the XPOUT line in the module, which allows 
the next module on the right to undergo the 
same operation. 

Eight-bit devices are not required to scan the 
high-order byte of a port. Therefore, the base 
I/O address is written to the low-order byte of 
port 0 . This corresponds to the high-order byte 
of the 16~bit base address. and defines a range of 
up to 256 port addresses reserved for the QIC Tape 
Module's use. 
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The Processor Module is always referred to as 
module 0, the first module to the right of the 
Processor Module is referred to as module 1, and 
so on. The bootstrap ROM always writes this 
module number to the low byte of port 0 when it 
performs the identification polling sequence. 
Therefore, the module to the right of the 
Processor Module uses I/O ports 0100h through 
01FFh, the next module to the right uses ports 
0200h through 02FFh, and so on, depending on how 
many modules are used. The bootstrap ROM also 
builds an array of the module type/state words 
returned by each module, and stores this table in 
memory for the system. 

TAPE CONTROL/STATUS REGISTERS 

The following registers are described in detail: 

o Read Tape Control registers 

o Write Tape Control registers 

o Read Tape Line Status registers 

READ TAPE CONTROL REGISTER (XX82h) 

Data Bit 

1 

2 to 4 

Function 

Tape Reset (TRESET+). Resets the tape 
drive when asserted for at least 20 
microseconds. This signal is the in­
verted RESET- of the drive. 

Tape On Line (TONLINE+). This signal 
is the inverted ONLINE- signal of the 
drive. 

Reserved. 
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Data Bit 

5 

6 

7 

Function 

Tape Write 
high, it 
operation. 

Operation (TPWROP+). 
enables 

Tape Read Operation 
high, it enables 
operation. 

the tape 

(TPRDOP+) . 
the tape 

When 
write 

When 
read 

Tape Select (TSEL+). Tape selected 
light on the motherboard and interrupt 
enabled. 

WRITE TAPE CONTROL REGISTER (XX82h) 

Data Bit 

1 

2 to 4 

5 

6 

7 

Function 

Tape Reset (TRESET+). Resets the tape 
drive when asserted for at least 20 
microseconds. This signal is the 
inverted RESET- of the drive. 

Tape On Line (TONLINE+). This signal 
is the inverted ONLINE- signal of the 
drive. 

Reserved. 

Tape lvrite Operation (TPWROP+). When 
high, it enables the tape write 
operation. 

Tape Read Operation (TPRDOP+). When 
high, it 
operation. 

enables the tape read 

Tape Select (TSEL+). Tape selected 
light on the motherboard and interrupt 
enabled. 
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READ TAPE LINE STATUS REGISTER (XXB4h) 

Data Bit 

o 

1 

2 

3 

4 

5 

6 

7 

Function 

Tape Acknowledge (TACK+). 
the inverted ACKNOWLEDGE­
t~e tape drive. 

Reflects 
signal of 

Tape Ready (TREADY+). Reflects the 
inverted READY- signal of the drive. 

Tape Exception (TEXP+) . Reflects 
the inverted EXCEPTION- signal of the 
drive. 

Tape Direction (TDIRC+). Reflects the 
DIRECTION- signal of the drive. 

Terminal Count Interrupt (TCINT+) . 
When set, T.CINT+ signals that terminal 
count is reached in the read/write 
operation. 

End of Command Interrupt (ENDCMDINT+). 
Hhen set, ENDCMDINT+ signals the 
completion of a command. 

Reserved. 

Reserved. 

INTERRUPT CLEAR REGISTER (PORT XX88h) 

A write to this register with any value clears the 
interrupt condition bits TCINT+ (bit 4) and 
ENDCMDINT+ (bit 5) in the Read Tape Line Status 
register (XX84h). 
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TAPE DRIVE READ /WRITE 

READING DATA FROM TAPE TO PROCESSOR MODULE 

The sequence to issue the read command is as 
follows: 

1. The Processor Module sets up the DMA word 
address by writing the 23-bit word address 
to the DMA Address registers (ports XXBAh, 
XXBCh; and XXBEh). 

2. Timer counter 0 (port XX90h) is set by the 
Time Mode Control register (port XX96h) to 
mode 0 (interrupt on terminal count) and 
loaded with the va lue of the number of 
bytes in a mul tiple of 512 bytes to be 
transferred, minus one byte. 

3. TSET+, TONLINE+, TSEL+, and TPRDOP+bi ts 
are set in the Tape Control register (port 
XXB2h) . 

4. .Assertion of TRgADY+ is checked in the 
Tape Line Status register (port XXB4h). 

5. Command byte BfJh is issued to the Tape 
Command Byte register (port XXB0h). 

6. The Processor Module waits for dn inter­
rupt for completion of the read operation. 

B. Upon interrupt, the Tape Line Status 
register (port XXB4h) is read for the in­
terrupt condition. 

9. The TSEL+ bit in the Tape Control register 
(port XXB2h) is reset to free the X-Bus 
interrupt line. 
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10. A write is performed to the Clear Pending 
Interrupt register (port XX88h) to clear 
the interrupt. 

11. The TPRDOP+ bit in the Tape Control 
register (port XX82h) is reset to inhibit 
erroneous read on tape. 

12. I f the TEXP+ interrupt in the Tape Line 
Status register (port XX84h) is asserted, 
a file mark is encountered. Operation is 
terminated by issuing a read status 
conunand. 

13. If TCINT+ interrupt in 
Status register (port 
asserted, an error exit 
formed. 

the Tape 
XX84h) is 
routine is 

Line 
not 

per-

14. If not the last buffer block, then go to 
- step 16. 

15. The Processor Module may deassert TONLINE+ 
in the Tape Control register (port XX82h). 
Either a Read File Mark or another Read 
Data conunand is issued. End-. 

16. The Processor Module waits for TREADY+, 
which signals that the drive is ready for 
the next data block. 

17. The address counters and timer counter 0 
are reloaded with the value of bytes in a 
multiple of 512 bytes to be transferred, 
minus two bytes. 

18. TPRDOP+ is set to continue the read 
operation. TSEL+ is set to enable the 
interrupt and light the LED. 

19. Go to 6. 
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WRITING DATA FROM THE PROCESSOR MODULE TO TAPE 

The sequence to issue the write command is as 
follows: 

1. The Processor Module sets up the DMA word 
address by writing the 23-bit addresses to 
the DMA Address registers (ports XXBAh, 
XXBCh, XXBEh). 

2. Timer counter 0 (port XX90h) is set by the 
Timer Mode Control register (port XX96h) 
to mode " (interrupt on terminal count) 
and loaded with the value of the number of 
bytes to be transferred in a multiple of 
512 bytes, minus one byte. 

3. Timer counter 1 (port XX92h) is set by the 
Timer Mode Control register (port XX96h) 
to a programmable one-shot mode 1, and 
loaded with 510 byte.s (512 bytes minus 
two) . 

4. TSET+, TONLINE+, TSEL+, and TPWROP+ bits 
are set in the Tape Control register (port 
XXB2h) • 

5. TREADY+ for drive ready is checked in the 
Tape Line Status register (port XXB4h). 

6. Command byte 40h is issued to the Tape 
Command Byte register (port XXB0h). 

7. 

B. 

2-10 

The Processor 
terrupt for 
operation. 

Module waits 
completion of 

for 
the 

an in­
write 

Upon interrupt, the 
register (port XXB4h) 

Tape Line Status 
is read to verify 

the existence of TCINT+. 
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9. The TSEL+ bit in the Tape Control register 
(port XX82h) is reset. 

10. A write to the Clear Pending Interrupt 
register (port XX88h) is performed to 
clear the interrupt condition. 

11. The TPWROP+ bit in the Tape Control 
register (port XX82h) is set to inhibit an 
erroneous write to tape. 

12. I f not the last bu ffer block, then go to 
step 16. 

13. The Tape Line Status register (port XX84h) 
is read, and there is a wait for TREADY+. 

14. The Processor Module may either issue a 
\,lrite File Mark command or reset 'rONLINE+ 
to terminate the Write Data to Tape 
operation. 

15. End. 

16. To continue writing from the buffer, the 
address counters and the timer counter 0 
are loaded with the number of bytes to be 
transferred, minus one byte. 

17. TPWROP+ is set to restart the tape write 
operation. TSEL+ is set to enable the in­
terrupt and LED. 

18. Go to 7. 
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COMMAND AND STATUS REGISTERS 

READ TAPE STATUS BYTE REGISTER (PORT XX88h) 

Six bytes are read from this register: bytes 0 
through 5. 

BYTE 0 

Data bit functions of this register are as 
follows: 

Data Bit 

1 

2 

3 

Function 

File Mark Detected. Tape control cir­
cuitry sets this bit when it detects a 
file mark during a Read Data or Read 
File Mark operation. A Read Tape 
Status sequence resets the bit. 

Block-in-Error Not Located. The tape 
control circui try sets this bit when 
an unrecoverable read error occurs and 
the control circui try cannot confi rm 
that the last block transmitted was 
the block in error. A Read Tape 
Status sequence resets the bit. 

Unrecoverable 
tape control 

Data Bit Error. The 
circui try sets this bi t 

when a hard error occurs during a 
or write operation. A Read 
Status sequence resets the bit. 

read 
Tape 

End of Media. The tape control ci r­
cui try sets this bi t when it detects 
the logical early warning hole of the 
last track during a wr i te operation. 
A Read Tape Status sequence resets the 
bit. 
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Data Bit 

4 

5 

6 

7 

BYTE 1 

Function 

Write Protect. The tape control cir­
cuitry sets this bit if the cartridge 
write protect plug is set in the 
file's protect position. Changing the 
plug position resets the bit. 

Drive Not Online. The tape control 
circuitry sets this bit if the drive 
is not physically connected or is not 
receiving power. 

Cartridge Not in 
trol circuitry 
cartridge is not 
the drive. 

Place. The tape con­
sets this bit if a 

fully inserted into 

Exception Byte 0. This bit is set if 
any of the other bits in status byte 0 
are set. 

Data bit functions of this register are as 
follows: 

Data Bit 

1 

2 

Function 

Reset/Power-Up Occurred. The tape 
control circuitry sets this bit after 
the Processor Module issues a reset, 
or when the OlC Tape Module is powered 
up. A Read Tape Status sequence 
resets the bit. 

End of recorded data. 

Parity error on data bus. 
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Data Bit 

3 

4 

5 

6 

7 

Function 

Beginning of Media. The tape control 
circu~try sets this bit when the 
cartridge is at the beginning of tape. 
This bit is reset when the drive 
leaves the beginning of the tape. 

Eight or more retries. 

No Data Detected. The tape control 
circui try sets this bit when an un­
recoverable data error occurs due to 
lack of recorded data. This occurs 
when the QlC Tape Module does not 
detect a data block within a tape 

. control circui try timeout. A Read 
Tape Status sequence resets the bit. 

I llegal Command. The tape control 
circuitry sets thi~ bit if any of .the 
following .conditions occur: 

o the Processor Module asserts 
ONLlNE- when a data transfer com­
mand is received 

o the Processor Module sends a com­
mand other than Write or Write File 
Mark during a write operation 

o the Processor Module sends a com­
mand other than Read or Read File 
Mark during a read operation 

o th~ Processor Module sends a Select 
command when the cartridge in the 
drive is not at the beginning of 
the tape 

Exception byte 1. 

2-14 Quarter-Inch Cartridge Tape Hardware Manual 



BYTE 2 

Tape status byte 2 is the mast significant byte, 
with a soft-error count. 

BYTE 3 

Tape status byte 3 is the least significant byte, 
with a soft-error count. 

BYTE 4 

Tape status byte 4 is the most significant byte, 
with a buffer-underrun count. 

BYTE 5 

Tape status byte 5 is the least significant byte, 
with a buffer-underrun count. 
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WRITE TAPE COMMAND BYTE REGISTER (XX80h) 

Bytes of this Write register can be configured 
one of the following: 

Command 

Select 
Drive 

Begin-
ning of 
Tape 

Erase 
Tape 

Reten-
sion 

Read 
Data 

Read 
File 
Mark 

Write 
Data 

Write 
File 
Mark 

Read 
Tape 
Status 

7 6 

·0 0 

0 

1 

1 

1 

1 

1 1 

Data Bits 
5 4 3 2. 1 

0 1 0 0 0 

1 0 

1 1 

1 0 0 1 

o 

1 0 0 0 

1 0 0 

for 

" 
1 

1 

0 
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CONTROL CIRCUITRY TO TAPE DRIVE INTERFACE 

Communication between the Tape Drive Control board 
and the tape dr i ve takes place through the tape 
drive interface, which consists of the following: 

o four control lines from the Processor Module 

o four control lines from the tape drive 

o the a-bit bidirectional data bus 

For detailed information on the tape drive inter­
face, see the manufacturer's tape drive manual in 
Chapter 4, "Drive Specifications." 

DMA TRANSFER MODE 3 

DIRECT MEMORY ACCESS 

Direct memory access (DMA) transfer operations are 
bus operations that access data differently than 
the conventional master/slave I/O or memory 
operations. DMA transfer operations allow other 
bus masters besides the Processor Module to 
independently access the buses and support data 
transfers without direct program control. Bus 
masters can retain the bus for more than one cycle 
at a time. The X-Bus has four DMA transfer modes, 
mode 0 through mode 3. Since the arc Tape Module 
uses only mode 3, only mode 3 is described here. 
For information about modes 0 through 2, see the 
Processor Manual for your system. 
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MODE 3 

During a mode 3 transfer , the Proce$sor Module 
only provides the arbitration for bus acquisition 
signals. 'Th~ requesting module, which must be a 
master, generates the control and addresses. Mode 
3 is only valid on DMA channels 1 through 3 of the 
Processor Module: however, more than one mode 3 
maater may share the same data transfer channel. 
The QICTape Module uses DMA channell. 

The data reque~ts and acknowledges are daisy­
chained through'priority arbitration logic. When 
the Processor Module asserts XDACK- (X-Bus DMA 
Acknowledge), each mode 3 module determines if it 
has a valid request. I f the appl icable mode 3 
module has asserted X-Bus DMA Request (XDRQ-) , 
then it controls the channel and inhibits X-Bus 
DMA Acknowledge (XDACK-) for the next X-Bus mode 3 
master module downstream. If no request is 
pending for the applicable module, the mode 3 
master module asserts XDACK- for the next module 
on the X";Bus. 

ROM ADDRESSING 

The ROM address is mapped in the module memory 
address by writing I/O address XXl0h with bit 2 of 
the data bus set. Input/output address XX20h is 
the memory select register, which is loaded'with 
00h through 0Fh, specifying a 1M-,byte X-Bus window 
that can be used for ROM. 

The following is an example of how to read the 
bootstrap ROM when connected to a Processor Module 
with an 80186 CPU: 

o Write a value of 0C038h to the 80186 CPU 
upper memory chip select (UMCS) address 
0FFA0h to specify a 256K-byte memory block 
size. 
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o Write a value of 2880h to port 0FA00h, the 
Extended Address register (EAR) of the 
Processor Module, to set to the fifth 
1M-byte boundary with a window size of 224K. 

o Output byte value 5 to port XX20h, and set 
the EAR of the X-Bus Gate Array to respond 
to the fifth 1M-byte boundary. 

o Output byte value 4 to port XX0Ah for boot 
enable. 

o Read the bootstrap ROM contents starting 
from address 0C0000h. 

MODULE I/O ADDRESS SUMMARY 

A summary of the I/O ports defined for the Ole 
Tape Module is provided in Table 2-1. Port 
number, input information, and output information 
are listed. 
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Table 2-1. I/O Address Summary 
(Page 1 of 2) 

Port No. (h) 

XX80 

XX82 

XX84 

XX86 

XX88 

XX8A 

XX8C 

XX8E 

Read 

Tape Status 
Byte 
register 

Tape 
Control 
register 

Tape Line 
Status 
register 

Write 

Tape Command 
Byte register 

Tape Control 
register 

Clear Pending 
Interrupt 
register 

DMA Low 8 
Address Bits 
register 

DMA Middle 8 
Address Bits 
register 

DMA High 8 
Address Bits 
register 
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Table 2-1. I/O Address Summary 
(Page 2 of 2) 

Port No. (h) Read Write -
XXge Timer Timer Counter e 

Counter e register 
register 

XX92 Timer Timer Counter 1 
Counter 1 register 
register 

XX94 Timer Timer Counter 2 
Counter 2 register 
register 

XX96 --.,- Timer Mode 
Control 
register 
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3 THEORY OF OPERATION 

This chapter, which provides detailed component­
level descriptions of the hardware incorporated in 
the Quarter-Inch Cartridge (QIC) Tape Module, is 
directed to the engineer who needs to understand 
the QIC Tape Hodule at the component level. Each 
functional block is described in relation to the 
logic that performs the function. Schematic 
windows - are provided on each applicable page to 
supplement the text. In addition, a complete set 
of schematic drawings is provided in Appendix B. 

Each schematic window represents an applicable 
portion of the schematic diagram. The page of the 
schematic diagram and location (coordinate) within 
that page is provided below each window, as shown 
in the following example: 

15f'....5 2" xlOWR-
3C 74lS244 

9 

27 XHEMRD- V~~ ~ 21 KEMOP-1'2,.. 
1317A~ XADR7-

74lS32. 

- --
929-003 

(From Figure B-1, Page 2, Coordinate 8B.) 

This window comes from the second page of the 
schematic drawing in Figure B-1 (Appendix B). The 
exact location, taken from the top left corner of 
the window, is at coordinate 8B. 
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CIRCUIT DESCRIPTIONS 

Detailed component-level circuit descriptions are 
given for the following: 

o X-Bus Gate Array 

o tape drive operation 

o mode 3 DMA 

o tape drive interface logic 

o 8253 programmable interval timer 

o power supplies 

X-BUS GATE ARRAY 

The X-Bus Gate Array at 5E is used for the 
following: 

o module identification 

o I/O read and I/O write 

o Bootstrap requests from the CPU 

The pin assignments and functions of the X-Bus 
Gate Array are listed in Table 3-1. 
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Table 3-1. X-Bus Gate Array Pin Assignments 
and Functions 

Pin 

1 

2 to 5 

6 to 9 

10 to 12 

14 

15 

(Page 1 of 5) 

Function 

Reset (RESET-). Low true input ini­
tializes the device and suspends all 
operations. 

X-Bus Address Bus (XADRl4- through 
XADRl 7-) • Low true input reflects 
the module memory base address. 

Data Bus (DAT7+ through DAT4+). 
High true input reflects data to be 
written into the X-Bus Gate Array 
when the proper control signals are 
valid. 

Data Bus (DAT3+ through DAT0+). 
Bidirectional, high true data bits 
reflect data to be written into or 
read from the X-Bus Gate Array when 
the proper control signals are 
valid. 

Oscillator Resistor (OSCRES+). High 
true output pin is used for connec­
tion of a timing resistor for the 
on-chip oscillator. 

Osci llator Return (OSCRET+). High 
true input pin is used for connec­
tion of the oscillator RC network 
through a protection resistor. 
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Table 3-1. X-Bus Gate Array Pin Assignments 
and Functions 
(Page 2 of 5) 

Pin Function 

16 Power (VSS-). This input is a power 
connection required by the X-Bus 
Gate Array. 

17 Oscillator Capacitor (OSCCAP+). 
High true output pin is used for 
connection of a timing capacitor for 
the on-chip oscillator. 

18 Acknowledge (ACK+). High true out­
put indicates to the X-Bus that the 
data has been transferred and the 
bus cycle· can be terminated. ACK+ 
is generated only for I/O operations 
and ROM reading. 

19 I/O Read (IORD-). J .. ow true output 
read strobe is generated by the 
X-Bus Gate Array only if the module 
is selected for an I/O read opera­
tion. 

2f(J I/O Write (IOWR-). Low true output 
write strobe is generated by the 
X-Bus Gate Array only if the module 
is selected for an I/O write opera­
tion. 

21 Memory Operation (MEMOP-). Low true 
output . indicates th~ module is 
selected for a memory operation. 
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Table 3-1. X-Bus Gate Array Pin Assignments 
and Functions 
(Page 3 of 5) 

Pin Function 

22 ROM Enable (ROM-). Low true output 
enables the ROM device. 

23 X-Bus Priority Out. (XPOUT+). Posi­
tive true output is a daisy-chained 
signal that allows the next module 
to initialize. 

24 

25 

26 

Identification Enable (IDEN-). Low 
true output signifies that DMA is 
active on the X-Bus. 

X-Bus I/O Read (XIORD-). Low true 
input indicates that an I/O read 
operation is to be performed on the 
X-Bus. This signal is used in con­
junction with the XADRB- through 
XADRF- lines to determine if the I/O 
operation is for the module. 

X-Bus I/O Write (XIOWR-). Low true 
input indicates that an I/O write 
operation is to be performed on the 
X-Bus. This signal is used in con­
junction with the XADRB- through 
XADRF- lines to determine if the I/O 
operation is for the module. 
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Table 3-l.X-Bus Gate Array Pin Assignments 
and Functions 

Pin 

27 

28 

-(Page 4, of 5) 

Function 

X-Bus Memory Read (XMEMRD- ) • Low 
true signal indicates that a memory 
read operation is to be performed on 
the X-Bus. This signal is used only 
to enable the CPU to read the module 
ROM. 

Load Address Enable (LOADEN+). High 
true input allows access to the 
on-chip locations (memory select 
registers and ROM shadow bit). When 
this input is high, these two func­
tions are not decoded and the I/O 
operation is intended for external 
devices. When LOADEN- is low, 
XADR3- and XADRS- decode the I/O 
operation as follows: 

XADR3- XADRS-

1 

1 

1 1 

I/O OEeration 

External 

ROM shadow 
bit 

Memory Select 
register 

External 
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Table 3-1. X-Bus Gate Array Pin Assignments 
and Functions 
(Page 5 of 5) 

Pin Function 

29 

30 to 31 

32 to 35 

36 

37 to 40 

X-Bus DMA Enable (XOMEN-). 
input indicates that the 
active on the X-Bus. 

Low true 
DMA is 

X-Bus Address Bus (XADR3- and 
XADR5-). Low true inputs. (See pin 
28 above.) 

X-Bus Address Bus (XADR8- through 
XADRB-) • Low true inputs. XADR8-
through XADRF- reflect module I/O 
base .address, except during 
initialization. 

Power (VDD+). This input is a power 
connection required by the X-Bus 
Gate Array. 

X-Bus Address Bus (XADRC- through 
XADRF-). Low true inputs. (See pins 
32 to 35 above.) 
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MODULE IDENTIPICATION 

Base addresses for the various I/O· ports and 
registers are assigned by the Processor Module 
when a power-up or manual reset occurs on the 
X-BUB as XRS'r- (X-Bus Reset), or when XPIN+ (X-Bus 
Priority In) is reset low, signifying that 
activity on the X-Bus for the OIC Tape Module is 
suspended. 

As shown' in the following window, XRST-, con­
necting from Jl, pin 88, is buffered at 3E (pin 9) 
and driven through gate 118 to the X-Bus Gate 
Array (5E). Resetting 5E clears all the internal 
registers. After reset, the Processor Module 
performs a read, and since the X-Bus Gate Array 
is clear, it responds to r/o port address, loca­
tion 0. 

,q I "1 1:>1 . 
,.',cADRF - «l OSCRE5 OSC(AP O~RE1 24 
~"DRE - 3~ 

XADRF- ~ 

lAME:- +5V 
,XAORO- 3B 

AADRD- bt r'\.XADRC.- ~7 

~)(ADRB- 35 
xADR('- ~DD 

XADRB- D7i 
c.. 

r'\. AADRA- 34 7 
,XADR~- 33 

XADRA· D6" 
8 

'-.XADR8- 32, 
AADAA· D5 

9 XADR8- 04 to 
'-.XADRI7- 5 

D!>+ 
11 XADRI7- DZt ,UDR"'- 4 AADRI6- 01+ 
1Z 

~XADRI~- 3 13 
~XADRI4- Z 

Y.AOR15- IX/)f 

r'\.XADR7- ZB 
lADR\4 -

)(.PRST- ,XADR5- 31 
LOADEI'H 

~ADR5-
,XAt>R3- 30 

~OR:!>- lCPOUT Z~ 3E 74l&244 
18 X~T- " ~ 13 N-K 

\2.~/I8) 
11 1 RESET- ~ 

XPIN+ I 74F0l' 5f: 
)(BUS GA 

929-004 

(From Figure B-1. Page ,2. Coordinate 80.) 
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When XIORD- (X-Bus I/O Read) is low, SE generates 
a low at pin 24 (IDEN-), enabling lC and llE. The 
data from the input of lC and llE is transferred 
to the data bus D0+ through D7+, and D8+ through 
DF+. 

RIO 
> IK 

F 
5 10 74lS244 11E 74LS244 
rum; 24 - 1 ~ 
IDEH 

,~ 
OJ 1q EN 

+5\1 EN EN 

~ 
+5V t5V • ~ r ~ r 'VDD R3 , 

l.. D7+ IK ~ H 'V~ 07+/ R15. 8 1'2. 
D7t 13 .IT 7 ..If 'V 

7 Dbt 7 DE>~ IK • ~ Db" 
B D5 .. 15 --- S DSV ~ 14 D5 
9 TI" 3 D4~ 13 7 

D4 
10 D3+ 7 12 D.3Y 4 ,,, 

D~ 
11 Dl. -t 7 14 D2,,/ is 5 . 02:t ~ T 

01+ 
12 D1+ 4- 1" Dl "/ 18 
13 ~+ 18 D~+ 17- 3 D<6+ 2. 

929-{)OS 

(From Figure B-1, Page 2, Coordinate 6D.) 

The identification codes are as follows: 

o high byte 31 (which is the QlC Tape Module 
identification type) 

o low byte 41 (which means this is a bootable 
device, the boot ROM can be read through DMA 
channel 0, and can support a non-80186 CPU) 
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Module Identification Read 

Pin 19 of SE (IORD-) is a modifier signal that is 
enabled and goes to pin 9 of 7A. 

pE I·~H 
ZI':)Y 

~GA t1 74L c;;,/I 74 LSa2. 

. 
1~ 

IORI)-
20 

lOWR- q 
10-:17A") 8 

12 
13J2A' II 

74LS~2.. 
74 L5¢ 8 

929-006 

(From Figure a-I, Page 2, Coordinate 6C.) 

When pin 8 of 7A is low, the output of 2A (pin 11) 
is low. The signal coming from pin 11 is DBTXVEN­
(Data Bus Transceiver Enable), which enables data 
bus transceivers, 9E and 10E. 

Since pin 4 of 8A is low, pin 19 of both 9E and 
leE are low. The direction is controlled by pin 1 
of 9E and l0E, which are tied to pin 6 of 7B. 
IORD- (from pin 19 of SE) is low and goes to AND 
gate 7B, forcing pin 6 of 7B low, and thus pin 1 
of 9E and l0E are also low, enabling the direction 
of the data to flow to the CPU. 
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IOE 74LS~4(i') 

~ 6! ~ 
1 I-- '-t< Et-t 

1 It..: 3EN![BAl (,1 3lNHABJ 
l....- t-- l 

XOATF - ~ I~ (] II / OF .. 18 
10 t 

XOAH - B I~:': t>z\7 ~ 12 / OE • 3 
XOATO - 7 -- -- - 13 / 00-+ 17 --
XOAT('- b 14 / DC.· 4 --
XOATB- 5 IS / OS+ 14 ~ 
XPAi A- 4- I/O / DA+ 7f--
)(DAi~- 3- 17 / D~ • 13 f--

XDAT8- 2 18 / 08+ 8--

'---

DA1LWR -

5 
74 LSII 

qE 74LS~4~ 
DBix\lEN - 4 " 1~ ~D 7~ 

SA 03 ~ 
ROMRD- 3 f- 1 

1 IL: ~EN' [SAl 
EN 

.~" 11 C1 
CPUMEHwR - 5 76 .... 6 

3ENZlABJ 
I....- ,-- l-IORD- 3 

XDAT 7- '" q \7, azY II D7· 3 10 C ~ XDAT~- 8 ":'- 12 D"· 4---
~DAT5- 7 - -- ---- - 13 / D5-+ 7--

929--007 

(From Figure B-1, Page 4, Coordinate 80.) 

Module Identification Write 

After the Processor Module reads the identi­
fication code of 31 and 41, it writes to port ~, 

an internal' register of the X-Bus Gate Array (the 
value of the base address of the module it 
selected) . 
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.~ - ROM-

J'-87D XIOWR- 15 !J Z, XIOWR-
3E 7415244 

Q 

!I )f.MEM~D-' Z7 XHEHRt>- V$~ 
2.1 

MEMOP-
112~ 
13J7A p!!-

74lS32.. 

929-008 

(From Figure 8-1, Page 2, Coordinate ac.) 

As shown above, XIOWR- from JI-87 is asserted and 
buffered through pin 5 of 3E to pin 13 of AND gate 
2A (pin 13). Pin 11 of 2A (DBTXVEN-) goes low and 
enables transceivers 9E and 10E. 

lORD-
1~ 

20 T lOWR-
~' 

4OJ7A 
8 12-

13J2~ II 
74lS32. 

74L~8 

ri 
4A 74LS7~ 

V$~ 
13 :L 
IZ 

R (iI 

1O 
XADR7- /I 

CI 
1O 

5 G ~. 

929-009 

(From Figure 8-1, Page 2, Coordinate 6C.) 
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Since this is not a read operation, pin 6 of 7B 
remains high. As shown in the following window, 
pin 1 of 9E, and pin 1 of l0E are high, enabling 
data to be transferred from the X-Bus data bus to 
the X-Bus Gate Array. 

IOE 74LS"40 

~ U? 
IE 74 

1-

1 ~ 3ENlfBAl -teEN 
(,1 3ENHA8J 

"-- t"- :=L 
XDATF - ~ ~<J II ~ DF • 18 10 t 
XDAH- B 1== t:>t;7 ~ 12 / DE + 3 "-
XOATO- 7 13 / DO-t 17 I--
XOATC- b 14 / D(..+ 41--
XDATB- 5 15 / DB'" 14 f-
XDAT A- 4 I" / DA+ 7f-
XDA1~- 3 17 / Dq ... 13 I--
XDAT8- 2 18 / 08'" 8 

-
O.A.iLWR -

5 
74LSII 

" c}E 74LS"4(2) 
DBi>cVEW - 4 (0 1~ 3D 7~ 

ROMRO- 3]~ u~ 
1 
r--

1 - ~ENI (SA) EN 
~I/ 11 

C1 
CPUMEl1wR - 5 78 b 

L- 3ENZ[ ABJ 
'-- ,----

~ lORD- 3 
XDAi 7-

~ q ~~ " 07+ 3 10 [; 
XDAT" - 8 :== ~ ~ 12 0(,,+ 4--

XDAT5- 7 ,--- - 13 D5+ 7--

929'{)10 

(From Figure B-1. Page 4. Coordinate 80.) 

I/O READ AND WRITE 

Decoders lIe and 12e decode the proper I/O 
addresses for various I/O ports. Decoder lIe is 
used for input read, and decoder 12e is used for 
output write. The select and enable lines of the 
decoders are connected to the address lines Al+ 
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through A4+, and A 7+. The range of the output­
decoded address is from XX80 through XX8E. The 
timer chip select enable is connected to pin 6 of 
l7B, which is enabled when A4+ and A7+ are high. 
Thus, the timer responds to address space XX90. 

I~ 12 WJ7A; B 
13J2A \I 

74 LS32. 
74t.5¢8 

IIG 704LS138 

4A 74L5H A'+ 1 0 ~ 15 

13 9 A'Z.+ 
2 t61 

1 14 
~ G 2 13 12 
ID A3+ 3 2 3~ /I 
CI 

'0 S G ~ A7+ "T 
4~ - 5~ .w 4 ,,~ 

~ 7P-I-

12(. 74LSl3S 
A1. 1 tiL--15 

A2+ 2 }i L--14 
t 

A3+ 3 2~ 
3p!l. 2 
4 11 

A1+ " tj,. 5 )10 
A4' 4 ~ 

T 4 ~ 
" r.--7 

5l17 8) c.. 
7 

I 74 L 5~q) 

929{)l1 

(From Figure B-1, Page 2, Coordinate SC.) 

The X-Bus Gate Array compares the module base 
address and generates a low signal at pin 19 of 5E 
(IORD-), enabling pin 5 of llC. At the same time, 
a low enable signal is generated at pin 15 of llC. 
Since pin 15 is connected to pins 1 and 19 of 2C, 

. the 8-bi t data on the TD0+ through TD7+ bus is 
sent to the CPU through transceiver 9E. 
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(From Figure B-1, Page 6, Coordinate 6D.) 

In . a write operation, pin 20 of 5E is enabled, 
which means that pin 5 of 12C is also enabled. A 
low signal is generated at pin 15 of l2C. The 
data is latched to register 3D at the trailing 
edge of the IOWR-. IOWR- is modified from XIOWR­
to provide the proper address setup time and data 
hold time. 

~,74l~11 .E 74l5~4~ 
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(From Figure B-1, Page 4, Coordinate BC.) 
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BOOTSTRAP REQUESTS FROM THE CPU 

When the CPU boots from the tape, it a~serts boot 
bit D2 (pin 11 of 5E) to port XX~Ah. XX is the 
base address assignment the CPU gives to a par­
ticular module. When bit D2 is enabled, pin 9 of 
7B is high. Since the CPU is writing to the X-Bus 
Gate Array at XX~Ah, XADR7- is not asserted at pin 
28 of the X-Bus Gate Array, and thus it is high. 
Pin 17 of 9C (XADR3-) is asserted and inverted at . . 

pin 3 of 9C~ Pin 11 of 7B (A3+) is set to 1 and 
enabled. 

F=" 5E ~8 2 74F0" 
XBU5 GA. 11 74LSII 

2~ xDMEN-

lORD-
19 
20 I 

2.5 )OWR-
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'\..XADRZ- IS 5 AZ .. 
c... 74 L~'Z..40 V 

f'\.~ADR3- 17 3 A~ .. 

-V9c.. 74LS24~ V 
929-014 

(From Figure B-~, Page 2, Coordinate 7C.) 
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When D2+ is set to 1, pin 8 of 7B and pin 3 of 13C 
are also set to 1, indicating at pin 9 of 5E that 
there is a boot enable. When there is no boot 
enable, data bit D4+ goes through pin 1 of 13C to 
pin 3 of l3C, and then back to pin 9 of the X-Bus 
Gate Array. 

",)(AOR8- 32 XADR8- 04 9 17 3 D4y 
10 D~+ 7" 12. O.!'}' 

"XA[)RI7- 5 
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11 D2. of" 7 14 D2y 
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I~ 
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929·015 

(From Figure 8-1. Page 2. Coordinate 6C.) 

CPU ROM Read 

The CPU bootstrap ROM in the Processor Module does 
not have the code to boot from the tape. The 
program in the 2732A EPROM (2B) contains 
instructions for the CPU to boot from the tape. 
The CPU reads the bootstrap program into its 
memory and then executes the program. 
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(From Figure B-1, Page 6, Coordinate 80.) 
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After setting the proper X-Bus window, the CPU 
performs an I/O read to the ROM. IORD- is 
asserted, which enables transceivers 9E and l0E. 
2A (pin 11) enables DBTXVEN- (data bus transceiver 
enable) . 

IORD- ~ 

12. J 
1~2.y \I 

IOWR· 
~ 

DBT"VEN-
~ 

74L508 

lie 74lS138 

4A 74LSH Ah 1 0 (fJ ~8 
I 2 l6~ 13J R G I9 A'l+ 1 F?-

.?' ? 
13 

5TA1RD- ~ 
C.1LRD -

~ UNSTRD-

929-017 

(From Figure B-1, Page 2, Coordinate 4C.) 

DBTXVEN- is now low, enabling transceivers 9E and 
10E, which provide the data for an I/O operation. 
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(From Figure B-1, Page 2, Coordinate 4C.) 

The X-Bus Gate Array "(SE) asserts the ROM at pin 
20 of 2B, which is the CS- (Chip Select) pin. 
During the I/O read cycle, SE also enables MEMOP­
(Memory Operation) at pin 21 to read data from the 
ROM. Once the content of the ROM is loaded into 
the CPU, the CPU can execute the code read from 
the 2732A. 
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(From Figure B-1, Page 6, Coordinate 80.) 
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TAPE DRIVE OPERATION 

READ STATUS COMMAND 

The CPU issues a read status command (~C~h to port 
XX8~h). At the trailing edge of the command byte 
write, pin 5 of flip-flop 3A is clocked high 
(since the input of 3A is high). When pin 5 of 3A 
goes high, WREQ+ (Write Request) at pins 11 and 12 
of l4A are also high. A timing diagram for the 
read status command is shown in Figure 3-1. 

8 
STATRD- 4 WREG ... 

2 

( 

~A 74L~74 

~ s Q 5 WREQ-+ 

2- to 3" TRESET-- --- I>C1 
~ WR£G-1 iii -~ R 

~ S ~c!. f-

12 C1 '-1 

..=- \0 ,...... 

~~ R Q9 
9 74LS(ll8 

10J2A) B 

AD'(+ 

I 
, 

929-C20 

(Prom Figure B-1, Page 6, Coordinate lC.) 

Pin 11 goes to pin 13 of 4E, which is output at 
pin 7 of 4E as REQUEST-. Some time after REQUEST­
is set, the tape drive will set READY-. READY­
(coming in from Jl-9 at pin 6 of buffer 3E) is 
output at pin 14 as TREADY-. 
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Figure 3-1. Read StatuB Comaand Tiaing Diayra. 

Theory of Operation 3-21 



I I 

~v 3E 74L5244 

1 EN RP2. 
10 

220/330 

~ 16 
b 14 2 

TAU - '2. B ACIC. -
"V <l -C>J1 -8 TRcAD'(- 14 ----- " fEADy. 

TExP - 1(" -------4 EX(£P-
-£:>JI • ~ 

,DIRe· 1B -----2- DI~c.. 
-c:> JI - II 
-DJI - 11 

TAr", ~ 
929-021 

(From Figure B-1, Page 6, Coordinate 3B.) 

When TREADY- is low, it goes to l2A, pin 3. Pin 4 
of l2A is high and latches the data into pin 11 of 
flip-flop 3A. Pin 8 of 3A goes low, thus the 
output of AND gate 2A (pin 3) goes low, clearing 
3A (pin 5) and removing the WREQ+. 

t RI'=> 
~ IK 

" 74LSa'lB 3A 74L'5.74 

~ Q 5 WREQ'* 
2, J2~ 3 5 
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929-023 

(From Figure B-1, Page 6, Coordinate 1B.) 
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The tape drive deasserts READY- some time after 
REQUEST- goes false. The tape drive asserts 
READY- again when the status byte is available to 
be r~ad, ~nd asserts DIRC- in preparation for 
sending the first status byte. DIRC-, coming from 
Jl, pin 12, goes to pin 2 of 3E. 

l J 
~v 3E 74l5Z44 

1 EN RP2 
10 

220/330 

~ 18 
b ~ 2 

TACK- '2 8 ACK -
"il <l DJI - 8 TREAD"(- 14 ,,. eEADy-

TExP - 1" . 4 EX(EP - .- JI • ~ 

TDIRe - 1B ~ DI~.c. 
-C> JI - II 
::::::: JI - 1'2. 

TIJ.'i( (i;"71 

929-024 

(From Figure B-1, Page 6, Coordinate 3B.) 

The buffered output at pin 18 (TDIRC-) goes to pin 
1 Of 2E. When pin 1 is asserted, the transceiver 
data path direction is from the HB0- through HB7-
bus, to the TD0+ through TD7+ bus. 

"'\ ll. 14L'5b4q) 
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r--...TD~+ " 14 ~B?'- i' 
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929-025 

(Prom Pigure B-1, Page 4, Coordinate 8B.) 
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Since pin 9 of 3A is high, the assertion of READY­
forces pin 5 of 4A, SECREADY+ (Second Ready), 
high. 

~A 7ALS7d 

1~5 '" ,JREQ" 
G!"~ .-

) 

,=-- 10 
IL- el 7RESET-

I~ Q ~ ~J"<EG -
R 

4A 74lS 74 
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~':l 61 5 SECREADi+ 
t>CI 1;-

!I I~ ID (1 

I~ R 61 9 z ID 
9 74lSIlJtI 

~ Qr~ 1-. 8 R - 10J2A" 

929~26 

(From Figure 8-1, Page 6, Coordinate 68.) 

Because pin 4 of l4A is performing a read status 
only, it is low. So pin 6 of l4A is also low, and 
pin 2 of 12A is high. When the drive is selected 
at pin 2 of l4C, an interrupt is generated at 
Jl-l09 to inform the CPU that the status byte is 
available. 

IUIOI 
~ ______________________________ ~TC~I~WT~-__ ~s 

PU, f27I 
f------------~--------------~~ 

2. 74F3B 

~z 1114C); 
.. "V'i2A 

74LS04 

(From Figure 8-1, Page 6, Coordinate 4A.) 
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After receiving the interrupt, the Processor 
Module reads port XXB4h (LINSTRD-) to verify that 
ENDCMDINT+ is set. The Processor Module then 
performs six reads on port XXB~h (STATRD-) to 
fetch· the six status bytes. 

When the tape does a read from port XXB~h 

(STATRD-) , the output of 2A goes low to clear 
SECREADY+. When SECREADY+ is clear, pin 6 of 4A 
goes high, which removes the interrupt. Every 
time the CPU reads the status, it triggers one­
shot flip-flop 6A, and 6A goes high for 2~ 

microseconds. Pin 6 of 6A and pins 13 and 11 of 
l4A go high. Thereafter, REQUEST-, coming from 
pin 7 of 4E, remains low for 2~ microseconds. 

~ 

(;42 J 
-/1-
10PF 

1 ONLINE -
TRE~ET-

Q " 
13 

WREG+ 1'l)14~ 
fDA 14L5~2 
~LSct>2. 

1---4 3 TR.v.ISFER 
~7-.-----------;REGUEST-

lip!. 

929-028 

(Prom Pigure 8-1, Page 6, Coordinate SC.) 

READ TAPE DATA COMMAND 

As shown in the following two windows, the CPU 
sets the DMAword address by writing the· 23-bi t 
address to address registers 80, 9~, 4C, SC,6C, 
and 7C. A timing diagram of the Read Tape Data 
command is shown in Figure 3-2. 
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Read Tape Data Command Timing Diagra. 
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(Prom Pigure B-1, Page 4, Coordinate 4C.) 
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(From Figure B-1, Page 5, Coordinate 4C.) 

The CPU is reading data from the tape and w~iting 
to the memory, so it needs to know the address of 
the memory to be written. The 23-bit word address 
(Al+ through Al 7+), is loaded into the address 
counter by writing to ports XX8Ah, XX8Ch, and 
XX8Eh. Each write loads 8 bits of address into 
the counter. Address 0 is asserted automatically 
during DMA. 
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The CPU also sets up the 8253 programmable 
interval timer, telling it how many bytes need to 
be transferred from the tape. The CPU then issues 
the command' byte 40h to the CMDBTWR- (Command Byte 
Write) port. At the trailing edge ofCMDBTWR-, 
flip-flop 3A is clocked at pin 3, then at pin 5, 
which goes high. The output of pin 5, WREQ+ 
(write Request), goes .through 14A (pin 12), 
indicating to the drive that there is a write 
request. 
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929-032 

(Prom Figure B-1., Page 6, Coordinate 3C.) 

The tape drive asserts a ready through JI, pin 9, 
which is then b'uffered through pin 6 of3E as 
TREADY- (Tape Ready). 
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(From Figure B-1. Page 6. Coordinate 3B.) 

-TREADY- is inverted at pin 3 of l2A and clocks pin 
11 of 3A. Since pin 5 of 3A is set to 1, pin 9 
goes high, and pin 8 goes low, clearing the 
request. The tape drive deasserts and asserts 
READY- again. The second time that READY- is 
asserted, SECREADY+ (Second Ready) at pin 5 of 4A 
is asserted, indicating that the data is ready to 
be read. 
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(From Figure B-1. Page 6, Coordinate 7B.) 
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The )1andshake between the Tape Drive Control board 
and the QIC-02 interface is through ACK­

. (Acknowledge) and TRANSFER- (Transfer), via Jl, 
pins 8 and 7, respectively. 

I" ~JI 
11 3 TRIWSFER-~ J I 
I'! 7 REGUEST-::: 

-L;:> JI 

3E 7415244 JV 
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Jl 
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JI 1" -.-.--.-- 4 EX(fP - .--... 
929'{)J6 

(From Figure 8-1, Page 6, Coordinate 38.) 

During a read operation, the tape asserts ACK-. 
When the tape control circuitry on the Tape Drive 
Control board receives the data, it asserts 
TRANSFER-, notifying the tape drive that the data 
has been received. The tape drive monitors the 
transfer. When the transfer has been asserted, 
the tape drive. drops the acknowledge and asserts 
an acknowledge for the second byte. 

Since counter 0 of the 8253 programmable interval 
timer (8B) is set in the interrupt on terminal 
count mode, pin lei is low, and pin 8 of l2A and 
pin 11 of 8A are high, set in the initial 
condition. 
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(From Figure B-1. Page 5. Coordinate 7B.) 

Pin 9 of SA is tied to TPRDOP+ (Tape Read 
Operation), and is high because it is reading. 
Pin 10 of SA is tied to TACK+ (Tape Acknowledge), 
originating from pin 6 of 12A through pin 12 of 
buffer 3E. 
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220/330 1 

18 b 4 2 
TACK - 1'l. <J 8 ,ACK-
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TI;!EAD'( - 14 (, fEADY-
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TACK.-

929"{)31 

(From Figure B-1. Page 6. Coordinate 3B.) 

When the tape drive has data available, TACK- is 
low, and pin 6 of 12A is high. Pin 10 of SA goes 
high, indicating that a byte is available. Pin 3 
of 16B is tied to DCLK- (Data Clock), which is 
running at 250 nanoseconds. When a byte is 
available, pin 2 of 16B is high. 
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(Prom Figure B-1, Page 5, Coordinate 4C.) 

At the next clock (25~ nanoseconds later), DCLK­
is asserted again, and pin 9 of l6B goes high~ 
Because this clock is asynchronous, l6B prevents 
metastable conditions. Data from the tape drive 
may be valid as late as 4~ nanoseconds after ACK­
is asserted. 

Pin 9 of 16B goes to pin 1 of 6B. Th~re is as yet 
no write to CPU memory,. and no DMA· operation 
occurring at this time. (At this point, pin 2 of 
6B is high, because MEMl'lR+ (Memory Write) is low.) 
TRDTXF+ (Tape Read Transfer) comes from pin 3 of 
6B, indicating that the tape is available. 

TRDTXF+ now goes to pin l~ of l4A, while pin 8 of 
l4A goes into pin 17 of 4E, indicating that the 
data has been received. 
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I TrJRTX F ... q) 

~TX~ ... __ ~8 TIo?ESEr ... I 
TONLINE -+ 

74LS~Z. 

TSEL+ 

4E 74LS24~ .p; 
--.JL t> Q q 

IS ~ 

17 3 13 
WREQ+ 12)14~ II I~ 7 

I 74LS;2 
- 3E 74L5244 

r r--
929-OJ9 

(From Figure B-1, Page 6, Coordinate 4C.) 

Pin 3 of 6B clocks pin 3 of l0A. This causes pin 
5 of l0A to go high, deasserting DATLWR- (Data Low 
Wr i te) . 

, L"'A 74L574 2~ -!liPB , R Q ~ 

··~'D '74 LSOB 
~ 

'-',->(.1 

'" f-~S Q 

OATI.H.JR-

~~7~?, .1 
,..... 5 Q --r-.---- \ 

-' 

-_ .. --------

929-040 

(From Figure B-1, Page 5, Coordinate 4D.) 

DATLWR- clocks into pin 11 of 20, and the tape 
data lines (HB0- through HB7-), coming through 2E, 
are latched into 2D. When the second byte is 
available, the tape drive asserts TACK- once 
again. 
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;$ Pin 3 of 68 goes high, notifying the· tape drive 
that it has received the data. l0A now clocks the 
flip-flop (pin 6 of l0A goes high and clocks pin 
11) • DATHWR- at pin 6 of l0A goes high and 
latches the data into register 10. 

-

IE 74F374 10 7415374 r\.Dh 

f , i\. D~" 

~ EN ~ EH '\. 05" 
(,1 C1 \.. 04" 

~ r 'I r-
18 

10 [> ~I~ T07. 13 
ID [> ~12 OF· 

• 3 2 TOb+), 8 9 D~. 

fi- 17 HQ lDS+'f1 14 -- IS Do .. .. - -;;-;;: 

929-t141 

(PromPigure 8-1, Page 4, Coordinate 60.) 

Pin 9 of 10A also goes bigh, issuing TRDREQ+. Two 
bytes have already been received at this point, 
and are ready to do a DMA transfer to the CPU 
memory. TRDREQ+ goes to pin 4 of 13C and clocks 
pin 9 of 148, generating a DMA request. 

I 9 74F08 74LSI75 
1 

INTC.LR- 10.J111P 8 R 148 

r~ TRDREGl + 4 r-TWRREG+ 5)1~~O 
TPWROP + 74lS~2 12 1O C:PUMEMRD+ 

10 ~ 
TPf':DOP+ 13 15 MEMWR .. -_ .. _. 

~ 
929-t142 . 

(Prom Pigure 8-1, Page 3, Coordinate 80.) 
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At the same time, TRDREO+ also goes to pin 2 of 
l6A to inhibit further returning of a TRANSFER­
signal to the tape drive until DMA is complete. 

In" IRKI1 

~ 
OATLRO- ... 
HEMWR+ 

~D l'bA 74LS74 . Z 3 
, R GI~ 

TRD1 .. F't 
" 1 1"8 f 

TRDREG.+ 2. 10 74LSOB 
TACK- ~'1 

4 5 G ~ 
929-043 

(Prom Pigure 8-1, Page 5, Coordinate 3D.) 

MEMWR+ (pin 15 of l4B) is asserted, and one clock 
later, SMEMWR+ (Synchronous Memory Write) goes 
high, indicating a local request with LOCAL RO+. 

1 
R G T T 

15 Dl'n DAC K~ 
~~ 

14B 
14 ID -
1~ ----- IZ DL'T'XA(K-

I -------4 - .- - .. - <:> ~MEMRD'" ..---:-
10 CPUMH1R[)+ .3 2.. L 2 12- -----

10 ~ JJ.. f---_ .. 105MEMWi(. 

13 
15 MEMWR ~ .~ --.---.- ~ _. -" --
~ 

-1.. ~ 
~ 

929-044 

(Prom Pigure 8-1, Page 3, Coordinate 7D.) 

If the third byte is available before the DMA is 
complete, TACK- clocks pin 3 of l6A, and pin 6 of 
l6A has a eJ. 
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When the Processor t10dule is signaled that the DMA 
is finished, it clears lIB and l4B, thus clearing 
MEMWR+ at pin 15. MEMWR+ then goes low, forcing 
pin 1 of l6A low, and forcing pin 6 of l6A high. 
At this point, pin 3 of l6A gives a transfer 
acknowledge back to the tape drive. 

V~ II1"V 

~ 
DATLRD- <4 

TRDREQ+ 

11~ A 74L.S 74 

~R Q~ 
2. 10 
! "'1 

HEMWR+ 
~p 2 

1J~B../ 
a TRDT"F + (, 

14 LSOB 
TACK-

929-045 

From Figure 8-1, Page 5. Coordinate 3D.) 

If the DMA is completed before the third byte 
count, the MEMWR+ still clears pin 6 of flip-flop 
l4E, which goes high and is enabled. 

~ C1 
14E I 

R .---

"I I 74F32. 
2 3 ~CTLENf 

-$ lD 
15 Dl'flDAC.K- 1 J10('): 

t~ 12- Dl,( )(Ac.K-

~ '5 SHEMRP+ 

CPUMEMRD+ 2. ~ & .3 

~ 
10 5I1EI'IW~. 'O)/3~ 

MEMWR .- 2--, 74 LS~Z. 

929-046 

(F~om Figure 8~1. Page 3, Coordinate 60.) 

3-38 Quarter-Inch Cartridge Tape Hardware Manual 



The flip-flop is cleared when LOCAL DACK- is low 
and goes through lSA (pin 9), indicating that the 
request is not finished. 

I 4 5 Q I) I lOA 74F74 

I a 
'" s Q~ 2. I ! £:1 ,D l 1 R ~~- ID 

TPRDOP+ 1 G~ 10 5 ~ 
R Gr--

11 ('1 10 Cil~ 

•5v1: II 
5 

Q 8 ic.rNr .. 12 
(1 

q 74LS¢e. 
13 

ID 

~ I J .-.... 8 R 1i pCLR- 10-" 15~ 

929047 

(From Figure B-1, Page 5, Coordinate 6C.) 

WRITE TAPE DATA COMMAND 

When wr i ting data to - the tape, the CPU enables 
TSEL+ (T-Select) and TONLINE+ (T-On Line) at 110, 
and enables the bit write operation. A timing 
diagram of the write tape data command is shown in 
Figure 3-3. 

~"V , ..... , .. OJ ' .. v '''J~' 
~---

1 RST 1 
~ -< 

1\ ,~ ~·Cl ~N 

I I :J c-
TAC.\(- D7 + 11 Ib TSEL .. 4 t> 'V '" 

D7+ / 
D 'il 15 TREADY- D(' t 14 TPRDOP+ " 14 D" t ./ 

TE~P- 'E5~ 7 " TPWROP.13 7 015+ -
TDIRC----- ,04t e 9 II C) D4 ... 

J.!i!: D3 ~ 13 ------ Il. 8- 12 D3+ / 
MDlIH- 02 .. 4 -- 5 IS 5 D2. '-t -

Dl -t 3f--- '2.. 11 3 D1-t./ 
Dt>· 18 1~ 2- 16 00· ./ 

~ 

-
TI<E SET. 

~~ I I TONllNE ;~ 1 14A ~ 
929-049 

(From Figure B-1, Page 6, Coordinate 3D.) 
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7A writes to the tape. The 8253 programmable 
interval timer at 8B enables OUT0 (the internal 
counter) at pin 10, generating RDWRTC+(Read Write 
Terminal Count). 

/rPRDOP+ I lq 
IZA 74LS04 .~ RDWRTC+ q 8 

" 74L~11 
BLJ(BD~Y- V 

1+5k 8B 8253 

4 74LS~8 
II 6A.TE.~ OUTe~ 

5115") " 14 bATE.1 001 \ 1 
~ 6A1E.2. OOTZ -' 

12.A q 8 D0+ 

iJ'-c.. 15 ~~ Dgl 7 
I K \ Dl DI. ,), 

) 

929-050 

(From Figure B-1, Page 5, Coordinate 1B.) 

When SECREADY+ goes high, TREADY- clears flip-flop 
llA. At this time, pin 6 of 11Aand pin 1 of 15B 
are high, and pin 2 of 15B is high • 

--
. ~ 

IZA 74LS04 ~8 r1)8 1\ 
74LSII 

IIA 7.:llS 74 
4 Q~ < S 
3 

C.\ 
2. - lD 

1READY- 1 00+ 
R G " DI· '\ 10 -L-

D2 + '\ " 
5 Q 

CI 
D3 +" . TP\lJROP· 12 

10 
D4+ "- ~ ~ R ap§-
05+ " 
O{;. ." Z 3~ 
07+ " ~12 4 14L~11 

"- Bl ';1 
929-051 

(From Figure B-1, Page 5, Coordinate 6B.) 
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Figure 3-3. Write Tape Data Coamand Tiaing Diagraa 
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Pin 6 of 118 causes pin 1 of 158 to go high. Pin 
1e of 88 goes low, then gets inverted to high at 
12A, generating a SECREADY+. At this time, the 
outputs of pin 12 (llA and 158) are high. When 
pins 3, 4, and 5 of 158 go high, their outputs go 
to pin 8 of 13A, which is a divide-by-two flip­
flop that controls the high-low byte. Then, pins 
2 and 13 of 13A issue TPWROP+ (Tape Write 
Operation), giving a DMA request. 

II<. ~~4 
4 ~ G 5 I 

2J7A)3 ~ 
C\ 

2 74L&U. ..... I-

r-;- \0 
- (p 

R G~ 2. 74f00 
10 

& G~ 
1jqA,3 II 

""\ 
IZ 

10 roo ~ 
~rl R 5 74F~Qj 

:lOll." " 
929-062 

(From Figure 8-1, Page 5, Coordinate 7D.) 

Pin 6 of gate 9A goes low, issuing a DATLRD- (Data 
Low Read). DATLRD- is driven through gate 118 

I 
2)7A)3 

74L&!2. 

l'tJRTII F + 
f DATHRD-

2. 74f00 

1JqA,3 
DAlLRD-

HEMWR+ 

5 74F~Qj 

.&19A'- " 

TROT"F .. 

929-063 

(From Figure 8-1, Page 5, Coordinate 5D.) 

(pin 2),-and the output of 118 (pin 3) enables 3D 
at pin 1. 
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~1I1 
qe 14lS~4'" 

4 SA " 
1~ 

G!~ 
?>O 74F374 
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1 ~ ~ENI [SA1 

1 
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~Sl/ 11 
C1 

5 78 0 
3ENZlA6J --- r-- "I r 3 

q '\7t<J \I D7+ 3 10 t> '\7 2 TO'~ 

8 f!:= ..!2:B! ~ 12 ~+ 4 5 TOb+ 
7 1- 13 05+ 7 " TD!)+ 

" 14 04" B ~ 1D4+ 

5 15 D3+ /8 I') TD3+ 

4 I~ 02.+ 17 I" TD2.+ 

3 17 01 + 14· 15 T01+ 

2 16 00+ 13 12. 10~+ 

I~ 

"' 3 
929 '()54 

(From Figure 8-1, Page 4, Coordinate 7C.) 

The control circuitry asserts TRANSFER- to inform 
the tape drive that data is available . The tape 
drive receives the data, asserts acknowledge, and 
the control circuity removes ,the transfer. This 
is called a handshake operation. When pin 1 or 
pin 3 of 7A is high, the tape generates a transfer 
to pin 9 of l4A. 

1"'-" "' '~ (.., 
DC. + [)4+ 18 2 lD4 + "- 04" ~ 17 1(.1 
DO+ DS .. 1" 4 TDS+ "- 05+ 5 ~~NOO1I 
OE ... D(.+ 14 " TD"+ " D(;'+ 7----~ 
OF ... Dh 12 8 T07+ "- D7+ ~ .1!.-.'\ 

TI<JRTX F ... ~ r--

TROT l(~ -+ 10J14~8 
74L5~Z. 

~ 

929"()!)& 

(From Figure 8-1, Page 6, Coordinate SC.) 
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The high output (pin 8) then goes to pin 17 of 4E, 
and lowers the transfer, indicating to the tape 
drive that there is data available. The tape 
drive then issues an ACK- from connector Jl, pin 
8, to pin 8 of bu ffer 3E. ACK- is buffered, 
bringing pin 12 of 3E low and issuing a TACK­
(Tape Acknowledge). When TACK- is low, there is a 
trans fer pending, and the acknowledge is coming 
back from the tape drive. 

I Ii 

I? 7 

3E 74L5244 

1 EN 

TKJW:>FER --r> J I - 7 
REGUEST- -i'> JI - 4 ...... 

• r::N 

RP2. ~ 
220/330 h 
18b 142 V 

~I-TA_U_-__ ' 2-1 "J <1 B 1 ACK - -L> Jl - 8 

... -+--+::TR:--E_A,=-D'Y-"--_14 ... '--I-" __ -""-+-+ __ t-i'E_A_D_Y_--; JI - ~ 
TE)(p - 1" --.-- 4.'-__ -""-+ __ +-E_X(£_·_p_---i_> JI _ II 

"--+-'I--IIT>-r-I'\,-n.-r--",o.-i . .. _ I? n,t> r 

929-O!;6 

(From Figure B-1, Page 6, Coordinate 3B.) 

When TACK- is high, it clocks pin 11 of flip-flop 
l3A. Pin 9 of 13A is then driven high through 
gate 9A, where the output (pin 3) enables pin 1 of 
lEo 

DAT~wR-

DAi~RD -
IDE 74LS"40 

~: 6?> ~ 
1 

1 ~3fNIfBAJ ~ EN 
C-1 3ENl[ABJ 

'--- r--

18~ XDATF - ~ .~ ~II L DF + 

XDAH. - 8 .- -- 12 / DE ... 3·--

929-OS1 

(From Figure B-1, Page 4, Coordinate 80.) 
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MODE 3 DNA 

CONTROL ARBITRATION 

The tape control circuitry operates asynchronously 
to the CPU and performs reads and writes at any 
time. The CPU responds to the tape control 
circuitry with an XACK- after each transfer. 

DNA MEMORY·READ 

When the tape control circuitry performs a tape 
write operation, TPWROP+ (at pin 12 of control 
register 14B) is set. 

I 9 74F",S 74LSI75 

INTCLR- 1{?}~1IB 8 1 
~R 148 

TRDREG+ 4 r~ r TWRREG+ 5 )13C EI 

TPWROP + 74 LS~2. 12. 10 CPUMEMRD+ 
ID ~ 

TPRDOP+ 13 
. 15 MEMWR ... -_. 

~ 
929-058 

(Prom PigureB-I, Page 3, Coordinate 80.) 

TWRREQ+, from pin 6 of 15B, is asserted to request 
a word of data to be read from CPU memory, through 
mode 3 DMA. 
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,--;-;;- 74lS II 
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C.Mt>B,(lWR - D~<t 

VOZ+ 
/DI <t 

BlKBDRY- /O('/)+ 
/ 

TWRR£Q:t 

929-059 

(From Figure B-1, Page 5, Coordinate 58.) 

This causes pin 5 of l3C to go high. At the same 
time, pin 6 of l3C goes high and is driven to the 
clock of l4B (pin 9). The output of pin U', 
CPUMEMRD+ (CPU Memory ,Read), is high. This means 
that data is read from the memory, and then 
written to the tape. CPUMEMRD+ is high, so pin 3 
of l4E is also high. (See Figure 3-4.) 

One clock later, pin 2 of l4E goes high, and then 
the output of pin 5 goes high, which is SMEMRD+ 
(Synchronous Memory Read). Pin 8 of 13C generates 
LOCAL RQ+ (Local Request), which is high and goes 
to pin 1 of 17B. Pin 3 of l7B then goes low and 
drives pin 11 of lSA (XDRQI0UT-) low, which 
indicates that there is a DMA request pending. 
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919-061 

(From Figure B-1, Page 3, Coordinate 6C.) 

The CPU 
XDACKIN­
pin se. 

acknowledges the request by lowering 
(DMA Acknowledge In) via connector Jl, 

5MC.K.-

JI - SO D XDACKIN-

- 919-061 

(From Figure B-1, Page 3, Coordinate 8B.) 
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Figure 3-4. Mode 3 DNA M~ry Read Tiaing Diagr~ 
(Page 1 of 2) 
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Figure 3-4. Mode 3 DMA Memory Read Tiaing Diagram 
(Page 2 of 2) 
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XOACKIN- goes low, pin 6 of l4C goes high, and 
OCLK- (Data Clock) clocks pin 5 of 140, which also 
goes high. SOACK+ (Synchronous OMA Acknowledge) 
clocks pin 11 of 140. Since pin 8 of l3C is high, 
there is a request pending. Pin 8 is tied to pin 
12 of 140. This means that pin 9 of 140 will be 
high, indicating that there is a bus available and 
the request has been granted. One clock later, 
LOCAL DACK- goes high, and LOCAL DACK- at pin 16 
of l3E goes low, which enables the OMA • 

DACK+ 
.,. LS24Q 
4 '''' 

+5V 

Z -.!s XI-IBE+ 
"1...J J/-B9 ~ 574F32 lOC. 

~ 741..5125 

RII 
>IK 
---+5V (PUMEHRD· " 51 

'L 
1'2115"; " IC.PRGIOUT- -D J1-52. 

RL. 74 LSrt>B 
929-06J 

(From Figure B-1, Page 3, Coordinate 3C.) 

When XACKIN+ is high, pin 11 of l4C generates 
XMODE3-, which is low-asserted. This means that 
the address line is asserted, so a read is being 
performed from the CPU. When pin 3 of l5C is low, 
XCTLEN- enaples transceiver l3E, generates XMEMRD­
at pin 3, and sends it to the CPU. 
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929~64 

(Prom Pigure B-1, Page 3, Coordinate 6C.) 

When LOCAL OACK- is asserted, the address is 
driven on the X-Bus address lines through inverted 
buffers 70, 50, and 60. As shown in the following 
two windows, the address counters (80, 90, 4C, SC, 
6C , and 7C) are incremented at the trailing edge 
of LOCAL OACK-. 
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(From Figure B-1, Page 4, Coordinate 4C.) 
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(Prom Pigure B-1, Page 5, Coordinate 4C.) 

The mode 3 master DMA suppl ies the address and 
control lines during the DMA cycle. When the CPU 
receives a DMA, and when an XMEMRD- from pin 3 of 
l3E is ~sserted, the CPU issues XACK-, indicating 
that the data has been supplied. 
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(From FigureD-I, Page 3, Coordinate6D.) 

Two clocks later, the CPU issues a XACK-. The 
delay on XACK- at pin 3 of 130 goes low, pin 2 of 
l3D goes low, and pin 11 of l3C goes low, clearing 
the request. When the CPU returns wi th XACK­
(indicating that the CPU has supplied the data and 
cleared the request), pin 8 of 13C goes low. One 
clock later, pin 2 of 130 goes low, forcing XACK­
low. Since LOCAL OACK- is already low, pin 11 of 
l3C and pin 8 of llB are low, clearing pin 1 of 
l4E and l4B. 

13E !~E. 
74 LSZ40 74LS2.40 

8 12 G 14 !XlK - r--2 
~~C1 

... .. - .-.- f R I 9 14P08 74LSI75 . ----
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929-068 

(From Pigure D-I, Page 3, Coordinate 7D.) 
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This sequence clears the CPU memory, inverting it 
from high to low, bringing XMEMRD- high. Since 
pin 17 of 13E is low, the output of pin 3 
(XMEMRD-) is high and completes the memory read 
cycle. At the same time, CPUMEMRD- at pin 11 of 
14B goes high and clocK the data on the data bus 
at pin 11 of lE and 3D. 
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. ...,.... C>t\7 ~ 12 / DE" .3 
10 

2 TD""" 
'1 13 / DO+ n I" 1DS" 
b 14 ./ DC." 4 -:. TD4+ 
? 15 / DB+ 14 ,S TO!". 
4 I" / DA+ 7 b TD2.+ 
3 17 ./ D~" 13 12 TOt +" 
2- 18 ./ 08'" 8 --- ~ TD0+" 

1 qE 74LS"4UJ 

" 1~ 
(23 

3D 74F374 
1 

1 ~ ~ENI [SA1 11 
EN 

1 '1 ....... 
2-- 3ENHABJ -- r- '--l r 

~ '\71<1 II 07+ 3 10 C> '\7 2 TO'" 
B ,~='= k!Y ~ 12 D"" 4-- 5 TOb" 
7 13 D5" 7 ---- " T05+ 

~. ... . 
929-069 

(From Figure 8-1, Page 4, Coordinate 7D.) 

Upon completion of DMA, pin 11 of 14B goes high, 
and CPUMEMRD- clocKs flip-flop 13A at pin 3. It 
then ClOCKS the data on the X-Bus data bus to 
register IE and 3D. Pin 5 of 3A is driven high by 
gate 7A, requesting that a byte be written to the 
tape drive. 
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DNA MEMORY WRITE 

The OMA memory write operation is identical to the 
DMA memory read operation, except for the 
following: 

o TPROOP+ is enabled 

o MEMWR+ is asserted to write the content from 
registers 10 and 20 to memory 

74F374 10 74LS374 

dEN 
11 C1 

r I I 
t> V.,:.I~.:..-...:TD~7_+ ........ ___ -+'1:.:::..j'3 10 t> v 12. OF ~ 

2 TO".' B 9 Db 
Ho 1D5+ 14 I; OD~ 
S TD4+ 7 G, DC.+ 
,; TD3+' '7 '''' DB· 
" TD21 4 5 DA4' 
12 TDI+' 18 - Iq O~ .. 
9 T00+' 3 .LQS+ , 

14F314 ZD 74LS~74 

.LJ< EN 
11 G1 

~ 104+ S 9 04+ / 

I\. 07. 

I\. D5 + 
I\. 04 .. 

I\. D~-+ 
I\. 02. .. 
I\. 01 .. 
i'.. D0+ 

(Fram Figure 8-1, Page 4, Coordinate 5D.) 

15 

10 

15 

929-010 

A timing diagram for the OMA Memory Write opera­
tion is shown in Figure 3-5. 
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XDCLK-
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MEMWR+ ___ ----"j I 
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XDACKIN-

ROGNT+ 

l~~ ________________________ ~ __________________________________ +--

15.6 ns (maxl----!I+­
Ilr--------------------------------------~~ 

27 m (maxl- I-- 27 ns (maxl-.J f4-
)CALDACK+ 11 
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)CALDACK-

XMODE3-

~ V 6 ns (maxI I 9 nl (maxI· ----+It 
37 nl (maxl- - - l- 52 ns (maxI 

XCTLEN-

XMEMWR-

" ~ 
55 nl (maxl_ I- 18 ns (~xl-1 -, 

j 

10 to 50 ni_ t-- - - 117 nl (maxI 

XACK-
, 

1---1.-~ nl Iminl 27 ns (~x)-

SXACK- " 
1-

27 m (minl_ f4-
60 nl (maxI ---.! 1.-18 nl (maxI 

XADR~ -----~----------------------------~~ic============================================================~}----------------to XAR17-
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to XDATF-

51 nl (maxI 16 ns Iminl 

929-011 

Pigure 3-5. Mode 3 DIIA lIe.ory Write Tiaing Diagr_ 
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TAPE DRIVE INTERFACE LOGIC 

The tape drive control circuitry communicates with 
the tape drive through a QIC-02 interface, which 
contains 

o four control lines from the tape drive 
control circuitry 

o four control lines from the tape drive 

o one a-bit bidirectional bus (TBUS) 

The control lines for the tape 
circuitry and the tape drive are 
3-2 and Table 3-3, respectively. 

drive control 
shown in Table 

For detailed information on the tape drive 
interface, see the manufacturer's drive manual in 
Chapter 4, "Drive Specifications," which includes 
the following: 

o control lines 

o bidirectional bus lines 

o pin assignments 

o interface signal timing 

o signal terminations 

o signal loading 

o power interface 
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Table 3-2. Tape Drive Control Circuitry Control 
Lines 

Signal Function 

REQUEST- Driven by the control circuitry to 
signal the tape drive that a 
command is present on the TBUS 

ON LINE- Host-generated control signal 
asserted prior to initiating a read 
or write operation and reset to 
terminate a read or write operation 

TRANSFER- Data handshake signal from the 
Processor Module, used wi th 

RESET-

3-62 

ACKNOWLEDGE- from the tape drive to 
transfer data asynchronously across 
the interface 

Causes the tape drive to perform 
power-on/reset sequence 
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Table 3-3. Tape Drive Control Lines 
(Page 1 of 2) 

Signal Function 

READY- Tape drive generated signal which 
indicates one of the following: 

o a command has been taken from 
the TBUS 

o data has been placed on the TBUS 
during a read-status sequence 

o 

0 

a beginning-of-tape, 
or erase 
completed 

sequence 
retention, 
has been 

a buffer is ready to be filled 
by the host, or a Write File 
Mark command can be issued, or 
ONLINE- deasserted during a 
write-data sequence 

o a Write File Mark command has 
been compl eted during a wr i te­
file-mark sequence 

o a buffer is ready to be emptied 
in the read mode 

o the tape drive is ready to re­
ceive a new command 

Theory of Operation 3-63 



Table 3-3. Tape Drive Control Lines 
(Page 2 of 2) 

Signal Function 

EXCEPT ION- Signals the termination of an 
operation. The termination re-

ACKNOWLEDGE-

DIRECTION-

ferred to may be a normal com­
pletion or an interruption due to a 
faul t. The host must initiate a 
sense interrupt status. 

Handshake signal from the tape 
drive, used with TRANSFER- to 
transfer data across the TBUS 
asynchronously. 

When true, data flows to the 
trol circuitry.. When false, 
flows to the tape drive. 

con­
data 

8253 PROGRAMMABLE INTERVAL TIMER 

The tape control circuitry uses an 8253 pro­
grammable interval timer (8B) resident on the Tape 
Drive Control board. Counter 0 is used to count 
the number of bytes to be transferred to the tape 
drive. Counter I is used to detect the 512-byte 
block boundary. Counter 2 is not used. The pin 
assignments and functions of timer 8B are provided 
in Table 3-4. 
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IZA 74L504 L 
RDWRTG+ q e 

BlKSO£Y- v-
"5h 888253 

- .q 74LS~8 II 6ATE.0 OUT. ~ 
5115"'" 14 6ATE i oo11! 

.., ~ GA1E.2. OOTZ~ 
00+ 1U, q ~tJ D0 8 

~" 15 a..:. I Dt 
7 01" '\ 

74LS(b4 _18 ClK'l. " 02 ... '\ 

AI+ Iq A0 
DZ. 

5 03"''\ 
D3 

A2+ 20 A1 D4 
4 D4 ... '\, 

ZI lS D5 
3 05+'\ 

22 0" + '\, 2-RO 0" 
2-

B ;:J"R D7 
1 07 ... '\, I lS'B'1'2. 

'\, ,..J2.':'::'::;; 
929~72 

(From Figure B-1, Page 5, Coordinate 7B.) 

8B is selected when 17B issues 8253 CS- from pin 
6. When selected, the CPU writes to several 
registers in 8B (using the XIOWR- strobe) to set 
the timing mode. 

------ - ----L\ 

1-------------- ------- --
1-------------------- ---

5J 178)0-"------------------ -L 
74 LSQ'>0 

I 

INTC.LR-
ADRLWR-

ADRMWR-

/>.DRI-lWR-
- -

8'ZS!C.S -
-"- -. 

(From Figure B-1, Page 2, Coordinate SA.) 

~ 

~ 
~ 
~ 
~ 

929-013 
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Table 3-4. 8253 Programmable Interval Timer 8B 
Pin Assignments and Functions 
(Page I of 2) 

Pin Function 

1 to 8 Data Bus Lines (D0+ through D7+). 

9 

10 

11 

12 

13 

14 

15 

16 

17 

3-66 

Bidirectional buffered data bus, 
which interfaces to system bus. 

Clock 0 (CLK0+ ) • 
counter 0. 

ClocK input of 

Output 0 (OUT0+). Used for counting 
the number of bytes to be trans­
ferred to the tape drive. 

Gate 0 (GATE0+). Gate input of 
counter 0; strapped to +5 v. 

Ground. 

Output I (OUT1+). Used for the 
512-byte blocK boundary counter. 

Gate 1 (GATEl+). 
counterl. 

Clock I (CLKI+). 
of counter 1. 

Gate input of 

I-MHz clocK input 

Gate 2 (GATE2+). Not used. 

Output 2 (OUT2+). Not used. 
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Table 3-4. 8253 Programmable Interval Timer 88 
Pin Assignments and Functions 
(Page 2 of 2) 

Pin Function 

18 

19, 20 

21 

22 

23 

24 

Clock 2 (CLK2+). Not used. 

Address Lines (A0+ and AI+). Used 
to select one of the three counters 
or the Mode Control word for read or 
write operations; connected to X-Bus 
address lines XADR1- and XADR2-. 

Chip Select (CS-). Enables the 8253 
when 178 issues 8253CS- from pin 6. 

Read (RD-). 
operation. 

Write (WR-). 
operation. 

Power (+5 V). 

Signifies I/O read 

Signifies I/O write 
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Internal registers of 8B are listed below with 
their addresses in the module relative to the 
module base I/O address (XXh) I 

A2+ 

1 

1 

Read write 
~ Register (RD-) 

~ Read counter ~ 
(XX9~) 

1 

1 

Read counter 1 
(XX92h) 

Read counter 2 
(XX94h) 

Register (WR-) 

Load counter ~ 
(XX9~h) 

Load counter 1 
(XX92h) 

Load counter 2 
(XX94h) 

Mode Control 
word (XX96h) 

The CPU can select one of several registers by 
using XADRl- and XADR2-, and can read from or 
write to the selected registers. XADRl- is 
inverted at 9C before generating to 88 as A~+. 

~c. 74LS'2.4(l) 
"XADR1- 13 7 A1+ 

"XADR2.- IS 5 / AZ + 

,,)C.ADR3- 17 ~ 
(.74L,s"Z..40 

V A:!> + 3 
.~ 74LS24¢ V 
~ 74LS2+~ 

,,~OR4- 2 18 A4+ 

1' ... 9 
V 1 .q 

51178; c. 
929-014 

(Prom Pigure 8-1, Page 2, Coordinate 18.) 
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Al+ connects to the A0+ input of 88 (pin 19), and 
A2+ connects to the Al+ input of 88 (pin 20). 

During I/O cycles, read operations are indicated 
when IORD- is generated from pin 19 of 5E to the 
RD- input of 88, pin 22. Write operations are 
indicated when IOWR- is generated from pin 20 of 
5E to the WR- input of 8B at pin 23. 

POWER SUPPLIES 

Two standard dc/ dc power converters are used in 
the QIC Tape Module. One supplies +12 Vdc for the 
drive and the other supplies +5 Vdc for the drive 
and controller circuitry. For more information, 
refer to the Power System Manual. 
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QICTAPEMODULE INTERCONNECT WIRE LIST 

PI-1I0,IIZ,1I4,1I6,IIS./20.17-f>/<iVNT 1 ANI) Z. ~ I : + 3<..VA 

:rz·"O,/lZ.'I'I."o..'16.'ZO.J",.~."'7.N·'.P'''' ------1. r---+--' ----_ t3<..Vfj 

PI,:1'2 -109,111. 115,11'7,117,11'. n·Z,'I.<',8.P"·2.P"·2 I 1 ~ 3~ ATN 

, .... c:7 I "8 c.<-o 
.001..., .001...., 

D--f------------- +12V 
pr;'.!.'1.'.t.,7,P~·',Z)O.U,3~,'Ia."i'.lt,,120,PS·'.c>--f--~:---=:---.------_ .,v 
J" 4. ;)'10 - .. , P' .22 D!1oIO/l=L::.:.lrr~'I-_-.:;."'~..::O;.;.I_ .... 

Pl '23 c>n:.:;E:.::L.,---+_::..J~....,....,, __ ...J 

02. 
PI,:TZ-3,'I,I/,'7,Z3.2~J311)."7,C;3,C;9.""'.7/.77,83·D __ t-_"'-_---1r-_ .......... ---1-..----, 
8 •• 9-4.9'.'7.'., Pl- ~.I',2C;.)C;,"C;,"i"."".n. 
ec;.'''.IO~./lo;. P"-'.3.0;,7.9,II,I',10;,17.1"Z/. 
U.itC;.Z7, 29,31.'3,30; •. 37,'9,"11 ,4l1 ... ., ... " .. '. 
I"".-9.IO.II.IZ,13. 
PIl> - 8,9.IO.II,IZ.l3. 
j'6-Z,~."O"Z.3. 
P&- 3 

x- X-
BUS BUS CNT-
IN OUT RLR TAPE 

Signal Pl J2 P3 P4 

XPWREN- 5 5 

XDACK3- 6 6 

XDRQ3- 7 7 

XDACK2- 8 8 

XDRQ2- 9 9 

XDACKl 
IN- 10 50 

XDRQ1 
OUT- 12 52 

XDRQ4- 13 13 

XADRF- 14 14 60 

XADRE- 15 15 61 

XADRD- 16 16 62 

XADRC 18 18 63 

XADRB- 19 19 64 

XADRA- 20 20 66 

0.":; ",C2 
C.II."Z ". 

ell"l ,It! ,tZ ,It, 
~90',/ cIa 

,'~I 
.101 .. 93 .. ,,,,) 

929-076 

BRK BRK SDL FAN PWR PWR 
P5 P6 J7 P8 J9 J10 ---_._----
15 15 
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x- x-
BUS BUS CNT-
IN OUT RLR TAPE BRK BRI< SDL FAN PWR PWR 

Signal Pl J2 P3 P4 P5 P6 J7 P8 J9 J1121 

XADR17- 21 21 67 

XADR16- 22 22 68 

XADR15- 24 24 69 

XADR14- 25 25 7121 

XADR13- 26 26 71 

XADR12- 27 27 72 

XADR11- 28 28 73 

XADR1121- 30 30 74 

XADR9- 31 31 76 

XADR8- 32 32 77 

XADR7- 33 33 78 

XADR6- 34 34 79 

XADR5- 36 36 8f21 

XADR4- 37 37 81 

XADR3- 38 38 82 

XADR2- 39 39 83 

XADR1- 40 4121 84 

XADRI2I- 42 42 111 

XPIN+ 44 116 

XPOUT+ 44 117 

X33KHZ 
SYNC+ 46 46 14 14 

XINTR5- 48 48 

XINTR3- 49 49 

XINTR4- 5121 5121 11219 

XINTR2- 51 51 

XINTR1- 52 52 
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x- x-
BUS BUS CNT-
IN OUT RLR TAPE BRK BRK SDL FAN PWR PWR 

Signal P1 J2 P3 P4 P5 P6 J7 P8 J9 J10 

XINTR0- 54 54 

XMODE3- 55 55 54 

XMEMRD- 57 57 112 

XMEMWR- 58 58 56 

XDMAEN- 60 60 110 

XMODE2- 61 61 

XDATF- 62 62 108 

XDATE- 63 63 107 

XDATD- 64 64 106 

XDATC- 66 66 104 

XDATB- 67 67 103 

XDATA- 68 68 102 

XDAT9- 69 69 101 

XDAT8- 70 70 100 

XDAT7- 72 72 99 

XDAT6- 73 73 98 

XDAT5- 74 74 97 

XDAT4- 75 75 96 

XDAT3- 76 76 94 

XDAT2- 78 78 9"3 

XDAT1- 79 79 92 

XDAT0- 80 80 91 

XSPKR- 81 81 

XACK- 82 82 90 

XLOCK- 84 84 

XBHE+ 85 85 89 
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x- x-
BUS BUS CNT-
IN OUT RLR TAPE BRI< BRI< SDL FAN PWR PWR 

Signal PI J2 P3 P4 P5 P6 J7 P8 J9 J10 

XRESET- 86 86 88 

XIOWR- 91 91 87 

XIORD- 92 92 86 

XPCLK+ 93 93 

XDCLK- 95 95 118 

ONLINE- 3 28 

REQ- 4 30 

RST- 6 32 

XFER- 7 34 

ACK- 8 36 

READY- 9 38 

EXCEP- 11 40 

DIRC- 12 42 

TD7- 13 12 

TD6- 14 14 

TD5- 16 16 

TD4- 1.7 18 

TD3- 18 20 

TD2- 19 22 

TDl- 20 24 

TD0- 21 26 

MODLITE- 22 

TSEL- 23 

XDACK1 
OUT- 10 51 

XDRQ1 
IN- 12 53 
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4 DRIVE SPECIFICATIONS 
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CORPORATION 

SCORPION@) 

1/4" Streaming Tape Drive 
PRODUCT DESCRIPTION 

Part Number 20271-001 

March 1984 



APPENDIX A: QUARTER-INCH CARTRIDGE TAPE 
MODULE SPECIFICATIONS 

GENERAL . 

TAPE PERFORMANCE 

Number of tracKs: 9 

Number of channels: 2 (read-after-write) 

Tape capacity: 

Tape backup time: 

SSM bytes 

Typically one minute per 
each megabyte file. 
Actual time required for 
bacKup depends on system 
activity and file frag­
mentation. 

Recording mode: NRZI 

Recording data 
density: 8,000 bpi 

Encoding method: 4 to S RLL 

Flux density: 10,000 ftpi 

TracK capacity: 6.6M bytes 

Data transfer rate: 90K bytes per second 

Maximum burst: 200K bytes per second 

Tape speed: 90 ips 

Start/stop time: 300 milliseconds 
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INTERFACE 

ELECTRICAL 

OIC-02, Revision D with command and interface 
timing as specified in the Archive Corporation 
1/4" Streaming Tape Drive Product Description 

DATA FORMAT 

OIC-24, Revision D 

RELIABILITY 

MAXIMUM ERROR RATE 

Soft write: 

Soft read: 

Hard read: 

MTBP 

less than 1220 blocKs 
(rewritten with a DC-600A 
tape) 

1 in 108 bits read 

1 in 1010 bits read 

5,000 POH, 30% duty cycle 

MTTR 

30 minutes 

SERVICE LIPE 

5 years 
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POWER REQUIREMENTS 

INTELLIGENT TAPE DRIVE 

Tolerance 

+12 Vdc: 

+12 Vdc: 
+S Vdc: 

Ripple 

+12 Vdc: 
+5 Vdc: 

+/- 0.8 A 

+/- 10% 

+/- 5% 

100 mV p-p 
50 mV p-p 

Operational Current 

+12 Vdc: 
+5 Vdc: 

Tape Start or 

+12 Vdc: 
+5 Vdc: 

Stop 

PO'ttier Dissipation 

+12 Vdc: 
+5 Vdc: 

1.75 A 
2.4 A 

Current 

+4.15 A up to 1 
o A 

(Streaming Mode) 

21 W 
12 W 

second 

Power Dissipation (Start, Stop, or Surge) 

+12 Vdc: 
+5 Vdc: 

50 W 
12 W 
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TAPE CONTROL CIRCUITRY 

DC voltage 

+5 V 

Tolerance 

+/- 5% 

Current 

1.2A 

Power Dissipation 

6 W 

SAFETY 

ESD 

5,000 V: 

12,500 V: 

17,500 V: 

25,000 V: 

No observable effect 

Errors corrected via 
software intervention 

Error corrected via 
operator intervention 

No permanent damage 
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ENVI RONMENT AI. 

ALTITUDE 

Operating: 

Nonoperating: 

TEMPERATURE 

Operating: 

Nonoperating: 

HUMIDITY 

Operating: 

Nonoperating: 

THERMAL GRADIENT 

Operating: 

SHOCK 

Operating: 

Nonoperating: 

-200 ft to +15,000 ft 

-1,000 ft to +30,000 ft 

+5 0 e to +45 0 e 
(+41 0 F to +113 0 F) 

-30oe to +60oe 
(-22 0 F to +140 0 F) 

20% to 80% 

85% at 60 0 e for 12 hours 

lOe per minute 
(33.7 F per minute) 

2.5g maximum (1.2 sine 
wave of 11 milliseconds 
duration on three 
orthagonal axes) 

25g maximum (0.5 sine 
wave of 11 milliseconds 
duration on three 
orthagonal axes) 
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VIBRATION 

5 Hz to 55 Hz 

SWeep 

15-minute cycle at 0.015 inches amplitude 

Dwell 

10 minutes each 4 major resonances: 

5 to 10 Hz: 

10 to 25 Hz: 

25 to 55 Hz: 

PHYSICAL 

. Height: 

Width: 

Depth: 

Weight: 

A = 0.124 inches (3.2 mm) 

A = 0.040 inches (1.0 mm) 

A = 0.015 inches (0.4 mm) 

3.25 inches 

5.75 inches 

8.45 inches 

3.75 lb 
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APPENDIX B: TAPE CONTROL BOARD .sCHEMATIC DIAGRAMS 

Tape Control Board Schematic Diagrams 8-1 
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APPENDIX C: MAINTENANCE 

QOARTER-INCH CARTRIDGE TAPE 

The tape drive uses a quarter-inch cartridge (OlC) 
tape wi th a tape length of 6e1e1 feet. I tis 
recommended that you use 3M DC-6e1e1A tape 
cartridges. Figure C-l shows the internal 
components of the DC-6e1e1A, and how the components 
interact with the tape drive. Figure C-2 shows 
the safe and unprotected positions of the write 
protect plug. 

The OlC tape drive has an MTBF of SeIeIeI power-hours 
and a MTTR of one-half hour. Recommended full 
service life is five years. 

File Protect 

Tape Path -t""" ..... ~:::=~ 
(Oxide Outl 

Take-Up Hub 

Direction of Forward 
Tape Motion 

Tape 'Shown in 
Beginning of Tape Position 

Flat Drive Belt 
990-003 

Figure C-l. Internal Components of the DC-6SSA 
Quarter-Inch Cartridge Tape 
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Write Permitted Write Prohibited 

····1 , 
I 

I 
i 

990-004 

Figure C-2. Tape Write Protect Plug Positions 

TAPE DRIVE HEAD MAINTENANCE PROCEDURE 

This chapter covers the cleaning of the tape drive 
heads, to ensure maximum performance of the tape 
drive. If you are using new tape cartridges, the 
heads must be cleaned after every two hours of 
actual use. For other cartridge conditions, 
cleaning should be performed at eight-hour in­
tervals during normal use. Normal use is defined 
by the specification of the unit. For hostile 
environments, such as high humidity or high 
temperatures, it may be necessary to increase the 
frequency of head cleaning to once every four· to 
six hours. 

The following troubleshooting procedure suggests 
some of the more common sources of poor per­
formance. If the drive is reading erroneous data, 
follow these steps to discover the source: 

o do the first step of the troubleshooting 
procedure, then attempt to read the drive 
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o if the error persists, do the second step, 
then attempt to read the drive 

o if the error still persists, do the third 
step, and so on 

TROUBLESHOOTING PROCEDURE 

1. Retension the cartridge by sending a Re­
tension command request to the drive. 

2. Clean the tape heads, as detailed in the 
following cleaning procedure. 

3. Retension the cartridge by sending a Re­
tension command request to the drive. 

4. Replace the cartridge with a known good 
cartridge. The original cartridge may be 
worn. 

5. Retension the cartridge by sending a Re­
tension command request to the drive. 

6. Change the tape drive. 

7. Change the Quarter-Inch Cartridge Interface 
(QIC-02) board. 

8. Change the QIC-02 flex cable. 

Maintenance C-3 



CLEANING EQUIPMENT 

To clean the tape drive heads, you will need the 
Inmac Tape Drive Head Cleaning Kit (part number 
71Se), which contains the following: 

o swaba (noncotton) 

o cleaning solution 

o aerosol can. containing compressed air 

CLEANING PROCEDURE 

To clean the tape drive heads, perform the fol­
lowing steps: 

1. Remove the cartridge from inside the drive 
by firmly moving the slide lever away from 
the cartridge until the lever stop is 
reached. The lever action causes the head 
assembly to retract from the cartridge. 
The same action triggers an ejector which 
lifts the cartridge clear of the retaining 
lip, and pushes it out of the aperture. 

2. Move the head assembly into 
contact position by moving the 
lever to the right-hand stop. 
the tape drive. 

the tape 
upper slide 
Power down 

3. Dampen a swab by dripping cleaning solu­
tion onto the dua I-colored spade end of 
the swab. 

---------------------- CAUTION--------------------~ 

Do not dip the swab into the cleaning solu­
tion. 
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4. Insert the swab, spade end first, through 
the cartridge access slot until you touch 
the head. 

5. Using the coarse, green side of the swab, 
clean the head with an up-and-down motion 
(toothbrush style). 

6. Remove the swab and redampen it with 
another application of cleaning solution. 
Again, do not dip the swab into the 
cleaning solution. 

7. Reinsert the swab and clean the head again 
with the fine, white side of the swab by 
using the same up-and-down motion you used 
for the coarse, green side. 

8. Remove the swab. Now, insert a clean, dry 
swab and remove any residue of cleaning 
fluid. 

9. Discard both swabs. Store unused swabs so 
that they do not collect dust or debris. 

10. Inspect the sensor holes which are located 
on the inside near the head spring 
assembly. Clean the tape hole sensor 
openings as needed by using the compressed 
air from the aerosol container that comes 
with the kit. 

11. Move the head assembly back into the 
retract position by moving the upper slide 
lever to the left-hand stop. The tape 
drive is now ready for use. 
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GLOSSARY 

2732 EPROM (erasable programmable read-only 
memory). The 2732 EPROM contains the necessary 
information for the X-Bus master to bootstrap from 
the tape drive. 

8253 programmable interval timer. The 8253 is a 
three-channel programmable counter/timer chip 
manufactured by Intel. It is used in the Quarter­
Inch Cartridge Tape Module for interrupt control 
and DMA transfers. See the Intel Microprocessor 
and PeriQheralHandbook. 

buffer. A buffer is an amplifying signal driver, 
not necessarily with memory capability. Buffers 
that provide temporary storage for data are called 
storage buffers. 

bus. A bus is a signal line or a set of lines 
used by an interface system to connect a number of 
devices and to trans fer information. In general, 
three types of buses make up a bus set (which is 
a Iso referred to as a bus): the add ress bus, the 
data bus, and the control bus. See also X-Bus. 

bus cycle. A bus cycle is the transfer of data 
bytes or words across an interface by means of an 
interlocked sequence of control signals. Inter­
locked denotes a fixed sequence of events in which 
one event must occur before the next event can 
occur. 

byte. A byte is a group of eight adjacent bits 
operated on as a unit. See also high-order byte 
and low-order byte. 

clock cycle. A clock cycle is a signal waveform 
used to synchronize the timing of switching 
circuits and memory. 
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compatibility. Compatibility is the degree to 
which modules can be interconnected and used with­
out modification. 

daisy chain. A daisy chain is a specific method 
of propagating signals along a bus. The daisy 
chain method permits assignment of devicepri­
orities based on the electrical position of the 
device along the bus. 

decoder. A decoder is a device that determines 
the meaning ofa set of signals and then initiates 
a system operation based on those signals. 

1, direct memory access logic. See DMA. 

DMA (direct memory access). DMA allows a pe­
ripheral device to transfer data to or from memory 
without using the CPU, via a DMA controller in the 
Processor Module. 

DNA address. When the DMA channel is initialized 
for a transfer, the DMA address is the initial 
memory address of the transfer. If the DMA 
address is read for status at any time, it is the 
current memory address of the transfer. 

driver. See buffer. 

flip-flop_ A flip-flop is a digital circuit that 
can be in either of two states, depending on the 
input received, and which stat~ it was in when the 
input was received. 

handshake. A handshake is the exchange of control 
signals between the CPU and a device, or devices. 

high-order byte. A high-order· byte is the most 
. significant byte in a word (bits8h to Ph). The 
high-order byte is also called the odd byte, since 
it always has an odd address in memory. See also 
byte. 
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identification polling sequence. The identifi­
cation polling sequence is a routine in the boot­
strap ROM of the Processor Module. The sequence 
is used to identify modules connected to the 
X-Bus. 

interface. An interface is a shared boundary 
between two systems, or between parts of two 
systems, through which information is conveyed. 

interrupt logic. Interrupt logic interrupts the 
CPU so that it can service an I/O or peripheral 
device. 

I/O pins. Input/output (I/O) pins are the pins of 
a chip through which signals are input or output . 

. low-order byte. A low-order byte is the .least 
significant byte in a word (bits 0h to 7h). The 
low-order byte is also called the even byte, since 
it always has an even address in memory. See also 
byte. 

manual reset. A manual reset is a system reset 
brought about when the user presses the reset but­
ton on the back of the Processor Module. See also 
reset. 

mode 3 DMA. Mode 3 DMA performs transfer opera­
tions that allow other bus masters besides the 
Processor Module CPU to independently access the 
buses and to support data transfers without direct 
program control. 

motherboard. The motherboard interfaces to all 
boards and po~er supplies. 

NMI. See nonmaskable interrupt. 
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nonmaskable interrupt (NMI). During the X-Bus 
module identification polling sequence, a non­
maskable interrupt signals a ready timeout to 
signify that no additional modules are connected 
to the X-Bus. 

port. A port is an I/O address, usually con-
taining (if a status port) or requiring (if a 
command port) specific data. A port can allow 
access to several registers. See also register. 

power-up reset. A power-up reset is an automatic 
system reset that occurs when the power is turned 
on. See also reset. 

QIC-e2 interface. The QIC-02 interface is used to 
transmit data, commands, and status information to 
and from the tape drive. (See the Archive 
Corporation 1/4" Streaming Tape Drive Product 
Descriptio!:.! in Chapter 4, "Drive Specifications.") 

register. A register is a temporary memory loca­
tion for data. 

reset. A reset can be ei ther a system reset, as 
defined by the reset pin functions of the various 
chips connected to the system reset function, or a 
software register reset, equivalent to a clear. 
See also power-up reset and manual reset. 

set. To set is to write a logical 1 or series of 
Is to a register. 

signal. 
of logic. 

A signal is the physical representation 

signal line. A signal line is one of a set of 
signal conductors in an interface system used to 
transfer messages among interconnected modules. 
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system. A system is a set of interconnected ele­
ments that achieve a given objective through the 
performance of a specified function. 

word. A word is 16 bits or 2 bytes. 

workstation master. A workstation master is a 
master module within a workstation. 

X-Bus. X-Bus is a standard asynchronous system 
bus that allows total configurability and inter­
connection of the workstation modules. The X-Bus 
supports two independent address spaces: 
and I/O. The X-Bus structure is bui 1 t 
master-slave concept, allowing modules 
ferent speeds to interface. 

memory 
upon the 
of dif-

X-Bus Gate Array. The X-Bus Gate Array, located 
on the Tape Drive Control board in the Quarter-
Inch Cartridge Tape Module, is 
identi fication, I/O read and 
bootstrap requests from the CPU. 

used 
I/O 

for module 
write, and 

X-Bus master. An X-Bus master is the module that 
controls the X-Bus. 
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INDEX 

2732A EPROM, 3-17. See 
also ROM. 

8253 programmable inter­
val timer, 3-3~, 
3-31, 3-4~, 3-64 to 
3-69 

pin assignments and 
functions, 3-66 to 
3-67 

Acknowledge, 3-4 
Address enable 

load, 3-6 
Address summary, 2-19 to 

2-21 
Altituee, A-5 
Archive QIC streaming 

tape drive, 4-1 

Base I/O address, 3-68 
B10ck-in-error not 

located, 2-12 
Boot enable, 2-19 
Bootstrap 

requests from CPU, 
3-16 to 3-19 

ROM, 3-17 
Buffer under run count, 

2-15 
Byte 

1, 2-13 to 2-14 
2, 2-15 
3, 2-15 
4, 2-15 
5, 2-15 

Cartridge not in place, 
2-13 

Channels, A-I , 
Circuit descriptions, 

3-2 

Cleaning 
equipment, C-4 
procedure, C-4 to C-5 

Clear Pending Interrupt 
register, 2-9, 2-11 

Command 
Illegal, 2-14 
Read Data, 2-9 
Read File Mark, 2-9, 

2-14 
Read Status, 3-2~ to 

3-26 
Read Tape Data, 3-27 
Write File Mark, 2-11, 

2-14, 3-63 
Write Tape Data, 3-39 

to 3-45 
Command registers, 2-16 
Components 

major, 1-3 
Control circuitry to 

tape drive inter­
face, 2-17 

Control lines, 3-62 
Conventions, ix 

numbers, ix 
signal names, ix 

Count 
buffer underrun, 2-15 
soft error, 2-15 

CPU ROM read, 3-17 to 
3-19 

Data 
format, A-2 
read, 2-16 
transfer rate, A-I 
write, 2-16 

DC-6~~A QIC tape, C-l 
Dc/de power converter, 

1-3, 3-69 
DMA, 2-17 to 2-18 

Address register, 2-8, 
2-l~ 

enable, 3-7 
memory read, 3-46 to 

3-57 
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DMA (cont.) 
memory write, 3-58 to 

3-59 
mode 3, 3-46 to 3-60 

memory read timing 
diagram, 3-49 to 
3-51 

memory write timing 
diagram, 3-59 

transfer mode 3, 2-17 
to 2-18 

word address, 3-26 
Drive _ 

not online, 2-13 
select, 2-16 
specifications, 4-1 

Electrical specifica­
tions, A-2 

Encoding method, A-I 
Environmental specifica­

tions, A-5 to A-6 
Erase 

sequence, 3-63 
tape, 2-16 

Error 
parity, 2-13 
unrecoverable data 

bit, 2-12 
Error rate 

maximum, A-2 
ESD, A-4 
Exception byte 0, 2-13 
Extended Address regis-

ter, 2-19 

File mark detected, 2-12 
Flux density, A-I 
Functional block diagram 

QIC Tape Module, 2-2 

Humidity, A-5 

Identification 
codes, 3-9 
enable, 3-5 
module, 3-8 to 3-13 

Illegal command, 2-14 
Interconnect wire list, 

3-70 to 3-73 
Interface logic 

tape drive, 3-61 to 
3-64 

Interface specifica­
tions, A-2 

Interrupt Clear regis­
ter, 2-7 

I/O 
address, 3-68 
address summary, 2-19 

to 2-21 
read, 3-4, 3-13 to 

3-15 
write, 3-4, 3-13 to 

3-15 

Load address enable, 3-6 

Ma~ntenance, C-1 to C-5 
QIC tape, C-1 
tape drive head, C-2 

to C-5 
Master, 2-17 
Maximum burst, A-I 
Media 

beginning, 2-14 
end, 2-12 

Memory 
operation, 3-4 
read, 3-46 to 3-57 
Select register, 2-18 
write, 3-58 to 3-59 

Mode 3, 2-17 to 2-18 
control arbitration, 

3-46 
DMA, 3-46 to 3-60 

memory read timing 
diagram, 3-49 to 
3-51 

memory write timing 
diagram, 3-59 

Module base r/o address, 
3-68 

Module identification, 
2-3, 3-8 to 3-13 

read, 3-10 
write, 3-11 to 3-13 
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Module I/O address sum-
mary, 2-19 to 2-21 

Motherboard, 1-3 
MTBF, A-2, C-l 
MTTR, A-2, C-l 

NMI, 2-3 
No data detected, 2-14 
Numbers, ix 

Online, 2-5, 2-13 
Oscillator 

capacitor, 3-4 
resistor, 3-3 
return, 3-3 

Parity error, 2-13 
Performance, A-l 
Physical specifications, 

A-6 
Pin assignments and 

functions 
8253 programmable in­

terval timer, 3-66 
to 3-67 

X-Bus Gate Array, 3-3 
to 3-7 

Positions 
tape write protection 

plug, C-2 
Power 

on, 3-62 
requirements, A-3 to 

A-4 
supplies, 3-69 
up, 2-13, 3-8 

Power converter 
dc/dc, 1-3 

Processor Module, 2-3, 
2-4, 2-5, 2-9, 2-11, 
2-14, 2-18, 2-19, 
3-17, 3-38 

Processor Module to tape 
write data, 2-10 to 

2-11 
Programmable interval 

timer. See 8253 
programmable inter­
val timer. 

Protection plug 
tape write positions, 

C-2 

QIC-02 interface, 3-61 
QIC tape 

internal components, 
C-l 

QIC Tape Module, 1-2, 
1-3, 3-1 

functional bloCK dia­
gram, 2-2 

interconnect wire 
list, 3-70 to 3-73 

specifications, A-l to 
A-6 

Quarter-Inch Cartridge 
Tape Module. See 
OIC Tape Module. 

Read, 3-13 to 3-15 
Read data, 2-16 

command, 2-9 
tape to Processor 

Module, 2-8 to 2-9 
Read file mark, 2-14, 

2-16 
command, 2-9 

Read operation, 2-6 
Read Status command, 

3-20 to 3-26 
timing diagram, 3-21 

Read Tape Control regis­
ter, 2-5 to 2-6 

Read Tape Data command, 
3-26 to 3-39 

timing diagram, 3-27 
Read Tape Line Status 

register, 2-7 
Read tape status, 2-16 
Ready timeout, 2-3 
Recorded data 

end, 2-13 
Recording 

density, A-I 
mode, A-l 

Register 
Command, 2-16 
Extended Address, 2-19 
Interrupt Clear, 2-7 
Memory Select, 2-18 
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Register (cont.) 
Read Tape Control, 2-5 

to 2-6 
Read Tape Line Status, 

2-7 
Status, 2-12 to 2-15 
Tape Command Byte, 

2-8, 2-10 
Write Tape Command 

Byte, 2-16 
Write Tape Control, 

2-6 
Reliability, A-2 
Reset, 2-5, 2-13, 3-3, 

3-8, 3-62 
Retension, 2-16, 3-63 
Retries, 2-14 
ROM 

addressing, 2-18 
CPU read, 3-17 to 3-19 
enable, 3-5 

Safety specifications, 
A-4 

Schematic diagrams 
Tape Control board, 

B-1 to B-13 
Select 

drive, 2-16 
tape, 2-6 

Service life, A-2 
Shock, A-5 
Signal names, ix 
Slave, 2-17 
Soft error count, 2-15 
Specifications 

drive, 4-1 
electrical, A-2 
environmental, A-5 to 

A-6 
interface, A-2 
physical, A-6 
safety, A-4 
temperature, A-5 

Start/stop time, A-I 
Status registers, 2-12 

to 2-15 

Tape 
acknowledge 
backup time, A-I 

beginning of, 2-16 
capacity, A-I 
cartridge not in 

place, .2-13 
Command Byte register, 

2-8, 2-10 
Control board 

schematic diagrams, 
B-1 to B-13 

control registers, 2-5 
to 2-6, 2-8, 2-9, 
2-10, 2-11 

direction, 2-7 
erase, 2-16 
exception, 2-7 
Line Status register, 

2-8, 2-9, 2-10, 
2-11 

online, 2-5, 2-6 
performance, A-I 
read operation, 2-6 
ready, 2-7 
reset, )2-5, 2-6 

·select, 2-6 
speed, A-1 
status read, 2-16 
status registers, 2-7 

Tape drive 
control circuitry 

control lines, 
3-62 

control lines, 3-63 to 
3-64 

head maintenance 
procedure, C-2 to 
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interface, 2-17 
interface logic, 3-61 

to 3-64 
read, 2-8 
write, 2-8 

Tape Drive Control 
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Tape drive operation, 
3-20 to 3-45 

8253 programmable in­
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Tape drive operation 
(cont. ) 

Read Tape Data com­
mand, 3-26 

timing diagram, 3-27 
Write Tape Data com­

mand, 3-39 
timing diagram, 3-41 

Tape to Processor Module 
read data, 2-8 to 2-9 

Tape write 
operation, 2-6 
protection plug posi­

tions, C-2 
Temperature 

specifications, A-5 
Terminal count 

interrupt, 2-7 
Thermal gradient, A-5 
Timeout, 3-2 
Timer 

counter 0, 2-8, 2-9, 
2"10, 3-32 

counter 1, 2-10 
Timing diagram 

mode 3 DMA memory 
read, 3-49 to 3-51 

mode 3 DMA memory 
write, 3-59 

Read Status command, 
3-21 

Read Tape Data com­
mand, 3-27 

Write Tape Data com­
mand, 3-41 

Track capacity, A-1 
Troubleshooting pro­

cedure, C-3 

UMCS, 2-18 
Unrecoverable data bit 

error, 2-12 

Vendor documentation, 
viii 

Vibration, A-6 

Wire list, 3-70 to 3-73 
Write, 3-13 to 3-15 

operation, 2-6 
protect, 2-13 

Write data, 2-16 
Processor Module to 

tape, 2-10 to 2-11 
Write file mark, 2-14, 

2-16 
command, 3-63 

Write Tape Command Byte 
register, 2-16 

Write Tape Control 
register, 2-6 

Write Tape Data command, 
3-39 to 3-45 

timing diagram, 3-41 

X-Bus 
DMA enable, 3-7 
Gate Array, 2-19, 3-2 

pin assignments and 
functions, 3-3 
to 3-7 

interface, 2-3 to 2-5 
implementation, 2-4 

to 2-5 
module identifica-

tion, 2-3, 2-4 
I/O read, 3-5 
I/O write, 3-5 
memory read, 3-6 
memory write, 3-6 
priority out, 3-5 
window, 3-18 
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