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FORWARD

This manual provides operating and service information for the PC-36, Manufactured by Wangtek Incor-
porated, 41 Moreland Road, Simi Valley, California.

The content includes a detailed product description, specifications, installation and operation instructions.
Also included are theory of operation, maintenance, troubleshooting, and parts removal and replacement
instructions.

TECHNICAL SUPPORT

if for any reason you require product technical support, please contact the OEM or Distributor where you first
purchased your equipment. If they cannot help you or at their direction, Wangtek Technical Support can be
reached at:

WANGTEK Incorporated WANGTEK-Europe
41 Moreland Road Unit 1A, Apolio House
Simi Valley, CA. 93065 Calleva Industrial Park
Aldermaston, Reading

(805) 583-5255 RG7 4QW England

Telex 650450 44-7356-77746

FAX (805) 583-8249 Telex 851-848135

FAX 44-7356-6076

WARNING

This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause interference to radio communications. It has been
tested and found to comply with the limits for Class B computing devices pursuant to Subpart J of Part 15 of
FCC Rules, which are designed to provide reasonable protection against such interference when operated in
a commercial or residential environment. This equipment is a Class B digital apparatus which complies with
the Radio Interference Regulations, CRC ¢.1374.

PROPRIETARY NOTICE

This document contains information proprietary to Wangtek Incorporated. No reproduction, in whole or in
part, or use of the information contained within is authorized except as Wangtek may agree to in writing.

COPYRIGHT NOTICE

This document and the information contained within is copyright by Wangtek Incorporated and may not be
duplicated in full or in part by any person without prior written approval of Wangtek. While every effort has
been made to keep the information contained within current and accurate as of the date of publication, no
guarantee is given or implied that the document is error-free or that it is accurate with regard to any
specification. Wangtek reserves the right to make changes, for the purpose of product improvement, at any
time.
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1.0 INTRODUCTION

The purpose of this document is to provide a functional description of the
Wangtek PC-36 Controller, detailing specific host commands implemented in the
manner in which the tape drive is controlled, monitored, the method of the status
and error reporting to the host, and the diagnostic capabilities of the controller.

The Wangtek PC-36 Controller is designed to interface with the Wangtek Series
SO00E and the Wangtek Series 5125E Basic Drives via the QIC-36 basic streaming
tape drive interface. The Series 5000E interface signals are described in Section
4.4.4 and the Series 5125E interface signals are described in Appendix "A". The
controller provides for the implementation of standard set of QIC-02 defined
streaming commands with the IBM PC interface. However, most of the functional
characteristics of the controller are under firmware control; therefore, other
optional commands can be implemented by simply upgrading the firmware.

2.0 DEFINITIONS

The following is a definition of the terminology used throughout this document for
further reference.

block A group of 512 consecutive bytes of data which are transferred as
a unit.
BOM Beginning of Media, the start of recordable area of tape on the

initial track (Track 0).

BOT Beginning of Tape, a marker indicating the beginning of tape.
cartridge Refer to ANSI Specification X3.55-1982.
command The instruction byte which specifies the operation to be
performed.
continuable Any error after which an operation can be continued by issuing
another command.
device The controller as described herein.
drive A device used to store and recover data onto and from magnetic
' tape.
EOT End of Tape, the marker indicating the end of tape.
erase To remove magnetically recorded data from the tape.
EW Early Warning, a marker indicating the approaching end of the

permissable recording area.

Page 1
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FIGURE 1.0 PC-36 CONTROLLER

Page 2



exception
condition

fatal

file mark
host

LP

search

status

streaming
drive

underrun

3.0

PC-36 CONTROLLER OEM MANUAL

Any condition which prevents the performance of a potential
command or the continuance of the current operation.

An error which causes an operation to be aborted and requires
that operation to be started over.

A magnetically recorded identification mark.
An IBM PC, PC XT or PC AT interfaced to the controller.

Load Point, a marker indicating the beginning of the permissable
recording area.

A Read operation that logically repositions the tape and does not
transfer data to the controller.

Bytes transmitted indicating the current condition of a device.

A tape drive that is designed to maintain continuous tape motion
without the requirement to start and stop within an inter-record
gap. If tape motion is interrupted for any reason, the drive must
re-position the tape by moving far enough in the reverse direction
to allow the tape to be brought up to speed in the forward
direction before it reaches the point at which the preceding
operation was terminated.

A condition developed when the controller transmits or receives
data at a rate less than that required by the device to maintain
streaming operation.

SPECIFICATION SUMMARY

Table 1.0 lists specification summary of the PC-36 Controller.
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TABLE 1.0 SPECIFICATION SUMMARY

CHARACTERISTIC

TYPE/VALUE

Host Interface
Drive Interface

Data Interchange Format

Tape Drives Controlled
Transfer Rate

Recording Tracks/Format

Recording Code
Data Buffering

Write Re-tries
Read Re-tries

Error Detection

Soft Error Rate (Read)
Hard Error Rate (Read)

MTBF
MTTR

Temperature
Operating
Non-Operating
Relative Humidity
EMI

Power Requirements

Power Dissipation
Physical Characteristics:

Width (inches/cm)
Height (inches/cm)
Weight

IBM PC (Technical Reference 6025005, 6936808)
QIC-36 Standard Interface

QIC-24 Standard for Data Interchange or QIC-11
(Archive 8")

Four (4) maximum

90 Kbytes per second

9 track serpentine

(0,2) Run length limited (GCR encoding)

Three (3) x 512-byte blocks, or 15 x 512-byte blocks
(optional)

16 maximum
16 maximum

CRC (standard)

1 in 108 bits
1 in 1010 bits

25,000 power-on hours
Less than 30 minutes

+59C to 459C (+419 to +1139F)
-300C to +60°C (-229 to +1400F)

20 to 80% non-condensing
Compliance with FCC class B

+12 VDC @ 0.2 amps
+5 VDC @ 2.0 amps

12.5 Watts

13.5/34.29
4.2/10.67
0.6 pounds

NOTE: In general, the PC-36 controller shall meet the IBM PC operating

environment specification.
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4.0 INTERFACE

This section defines the electrical interface between the PC-36 controller and the
host computer, the basic streaming tape drive interface and the controller power
requirements. The controller is contained on a single 13.5" X 4.2" board.
Connectors are provided for the host and drive. The board is designed to mount in
a full length expansion slot in an IBM PC, XT or AT.

4.1 INPUT POWER

The input power for the controller is provided from the host through the J1 I/O
connector.

4.2 CONTROLLER POWER REQUIREMENTS

The voltages and currents required to operate the Controller are shown in Table

2.0 along with the applicable pin numbers of the J1 I/O connector.

TABLE 2.0 CONTROLLER POWER REQUIREMENTS

COMMENTS
PIN PIN VOLTAGE VOLTAGE CURRENT REFERENCE
NUMBER NAME MINIMUM  MAXIMUM OPER. NOTES
B9 V12+ 11.6 12.4 0.2A +12vDC
(See Note 2)
Bl, 10, 31 GND +5VDC/+12vDC
Return
B3, 29 V5+ 4.85 5.25 2.0A +5VDC

(See Note 2)
NOTE 1. Must be tied together and to ground at one point in power supply.
NOTE 2. All voltages measured at J1 I/O connector.
43 HOST INTERFACE
The host computer interface to the controller is via card edge connector J1 to the
62-pin host computer bus. The board utilizes one of the long slots in the card

cage. Operational parameters required to interface with the controller are
described in Section 5.1.
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4.3.1 Host Interface Signal Levels
All signals to the host are standard Tri-State TTL levels as follows:

False = High = 2.4 to 5.25 VDC
True = Low = 0 to 0.8 VDC
Off = High impedance state

Voltages shall be measured at the controller connector,

4.3.2 Signal Loading

Signals from the host to the controller are loaded by not more than 2.0ma.
Command, address, DMA and interrupt request lines drive into not more than two
PAL1628A inputs. The data lines drive into a single L5245 input.

4.3.3 /O Channel

The 1/O channel is an extension of the 8088 microprocessor bus. It is, however,
demultiplexed, repowered, and enhanced by the addition of interrupts and direct
memory access (DMA) functions.

The I/O channel contains an 8-bit, bi-directional data bus, 20 address lines, 6
levels of interrupt, control lines for memory and I/O read or write, clock and
timing lines, 3 channels of DMA control lines, memory refresh timing control
lines, a channel-check line, and power and ground for the adapters. Four voltage
levels are provided for I/O cards: +5 Vdc, -5 Vdc, +12 Vdc, and -12 Vdc. These
functions are provided in a 62-pin connector with 100-mil card tab spacing.

For additional information refer to IBM PC Technical Reference Manual.

4.3.4 1/0 Channel Description

The following is a description of the IBM Personal Computer XT I/O Channel. All
lines are TTL-compatible. Signal pinouts are shown in Table 3.0. IBM PC 1/O
channel signal orientation is shown in Figure 2.0.

SIGNAL /o DESCRIPTION

0sC o Oscillator: High-speed clock with a 70-ns
period (14.31818 MHz), It has a 50% duty
cycle.

Page 6
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SIGNAL

CLK

RESET DRV

AO0-A19

D0-D7

ALE

I/O CH CK=*

1/0

I/0

DESCRIPTION

System clock: It is a divide-by-three of the
oscillator and has a period of 210 ns (4.77
MHz). The clock has a 33% duty cycle.

This line is used to reset or initialize system
logic upon power-up or during a low line
voltage outage. This signal is synchronized
to the falling edge of clock and is active
high.

Address bits 0 to 19: These lines are used to
address memory and I/O devices within the
system. The 20 address lines allow access
of up to 1 megabyte of memory. AO is the
least significant bit (LSB) and Al9 is the
most significant bit (MSB). These lines are
generated by either the processor or DMA
controller. They are active high.

Data Bits 0 to 7: These lines provide data
bus bits 0 to 7 for the processor, memory,
and 1/O devices. DO is the least significant
bit (MSB). These lines are active high.

Address Latch Enable: This line is provided
by the 8288 Bus Controller and is used on
the system board to latch valid addresses
from the processor. It is available to the
I/O channel as an indicator of a valid
processor address (when used with AEN).
Processor addresses are latched with the
failing edge of ALE.

-I/O Channel Check: This line provides the
processor with parity (error) information on
memory or devices in the 1/O channel.
When this signal is active low, a parity error
is indicated.
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SIGNAL
I/0 CH RDY

IRQ2-IRQ7

IOR*

IOw*

MEMR #

MEMW #*

/0

I

DESCRIPTION

I/O Channel Ready: This line, normally high
(ready), is pulled low (not ready) by a
memory or I/O device to lengthen 1/O or
memory cycles. It allows slower devices to
attach to the I/O channel with a minimum
of difficulty. Any slow device using this line
should drive it low immediately upon
detecting a valid address and a read or write
command. This line should never be held
low longer than 10 clock cycles. Machine
cycles (I/O or memory) are extended by an
integral number of CLK cycles (210 ns).

Interrupt Request '2 to 7: These lines are
used to signal the processor that an I/O
device requires attention. They are
prioritized with IRQ2 as the highest priority
and IRQ7 as the lowest. An Interrupt
Request is generated by raising an IRQ line
(low to high) and holding it high until it is
ackowledged by the processor (interrupt
service routine).

-I/O Read Command: This command line
instructs an I/O device to drive its data onto
the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

-I/O Write Command: This command line
instructs an I/O device to read the data on
the data bus. It may be driven by the
processor or the DMA controller. This

signal is active low.

Memory Read Command: This command
line instructs the memory to drive its data
onto the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

Memory Write Command: This command
line instructs the memory to store the data
present on the data bus. It may be driven by
the processor or the DMA controller. This
signal is active low.
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SIGNAL 1/0

DRQ1-DRQ@3 [

DACKO*- O
DACK3*

AEN O
T/C 0

CARD SLCTD* [

DESCRIPTION

DMA Request 1 to 3: These lines are
asynchronous channel requests used by
peripheral devices to gain DMA service.
They are prioritized with DRQ3 being the
lowest and DRQ1l being the highest. A
request is generated by bringing a DRQ line
to an active level (high). A DRQ line must
be held high until the corresponding DACK
line goes active.

-DMA Acknowliedge 0 to 3: These lines are
used to acknowledge DMA requests (DRQ1-
DRQ@3) and to refresh system dynamic
memory (DACKO0). They are active low.

Address Enable: This line is used to de-gate
the processor and other devices from the
I/O channel to allow DMA transfers to take
place. When this line is active (high), the
DMA controller has control of the address
bus, data bus, read command lines (memory
and I/0), and the write command lines
(memory and I/0).

Terminal Count: This line provides a pulse
when the terminal count for any DMA
channel is reached. This signal is active
high.

-Card Selected: This line is activated by
cards in expansion slot J8. It signals the
system board that the card has been
selected and that appropriate drivers on the
system board should be directed to either
read from, or write to, expansion slot J8.
Connectors J1 through J8 are tied together
at this pin, but the system board does not
use their signal. This line should be driven
by an open collector device.

The following voltages are available on the system board 1/O channel:

+5 Vdc +5%, located on 2 connector plns (B3, B29)
-5 Vdc +10%, located on 1 connector pin (BS)

+12 Vde +5%, located on

1 connector pin (B9)

-12 Vdc +10%, located on 1 connector pin (B7)
GND (Ground), located on 3 connector pins (B1, B10, B31)
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TABLE 3.0. SIGNAL PINOUTS

Jl
Pin # Name Signal Description
Al I/O CH CK* I/0 Channel Check
A2 D7
A3 Dé
A4 D5
A5 D4 Data Bits 0 to 7
A6 D3
A7 D2 DO =LSB
A8 D1 D7 = MSB
A9 DO
Al0 I/0 CH RDY I/O Channel Ready
All AEN Address Enable
Al2 Al9
Al3 Al8
Al4 Al7
Al5 Alsé
Alé Al5
Al7 Als
Al8 Al3
Al9 Al2 Address Bits 0-19
A20 All
A2l Al0 AD = LSB
A22 A9 Al9 = MSB
A23 A8
A24 A7
A25 A6
A26 AS
A27 A4
A28 A3
A29 A2
A30 Al
A3l A0
Bl GND Ground
B2 RESET DRIVE Reset or Initialize
B3 +5V DC
B4 IRQ2 Interrupt Request #2
BS -5V DC
Bé6 DRQ2 DMA Request #2
B7 -12v DC
B8 CAND SELECT* Card Selected
B9 +12v DC

*Negative True
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TABLE 3.0. SIGNAL PINOUTS

(Continued)
Jl
Pin # Name
B10 GND
Bll MEMU*
B12 MEMR *
B13 IOW*
Bl4 IOR*
B15 DACK 3%
B16 DRQ 3
B17 DACK 1*
B18 DRQ 1
B19 DACK 0*
B20 CLOCK
B21 IRQ7
B22 IRQ6
B23 IRQ5
B24 IRQ4
B25 IRQ@3
B26 DACK 2%
B27 TIC
B28 ALE
B29 +5VDC
B30 0osC
B31 GND

*Negative True
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Signal Description

Ground

Memory Write Command
Memory Read Command
1/0 Write Command

I/0 Read Command
DMA Acknowledge #3
DMA Request #3

DMA Acknowledge #1
DMA Request #1

DMA Acknowledge #0
System Clock

Interrupt Request 3 to 7

DMA Acknowledge #2
Terminal Count
Address Latch Enable

Oscillator=High-5peed Clock
Ground
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FIGURE 2.0 IBM PC I/O CHANNEL SIGNAL ORIENTATION

Reer Panei
Signsl Narme Signel Name
N0 e 81 A1 e -ugcuex
*RESET DAV - ed 07
v - s 106
«R02 - e 0%
-$v0C e g +08
L H o e 03
-1V . s ‘02
~CARDSLCTD - - o0
‘v = ed ~08
(- 1] e $10 A10 =i *10 CH ROY
~MEw - ey ‘AEN
-MEMR . i A1
-1on = o e 2 3]
-108 o —td ik
~DACK] = - A8
-0mQ) = — a1
- DACKY » ot AL
<0R0N - e -A13
- DACKO - — i
[4%.14.} pepee 870 420 wunnd <Al
«IRQ? e e A0
<IRQE o g Ay
+IN0S - —d a8
-iR0s - g Y
+tR03 - g AS
-DACK2 = —npe *AS
I e e A
at = gt <A
1 bt — a2
174 = . - ar
11} bt 831 231 wded a8
Component Side

Page 12



PC-36 CONTROLLER OEM MANUAL

4.4 TAPE DRIVE INTERFACE

The interface of the PC-36 controller to the tape drive is accomplished via card
edge connector J2 on the controller board. A 50-wire ribbon cable with 3M-type
3415-0001 connector (or equivalent) or a 62-pin D-Series connector AMP P/N

211139-1 (or equivalent) is required for connection between the controller and the
tape drive. The maximum cable length is 3 meters.

4.4.1 Interface Signal Levels

All interface signals between the basic tape drive and the PC-36 controller are
TTL logic levels as defined below:

SIGNAL TRUE = LOGIC 1 (low) 0.00 to 0.55 VDC
SIGNAL FALSE = LOGIC 0 (high) 2.40 to 5.25 VDC

4.4.2 Signal Loading

All signals from the PC-36 controller to the tape drive are capable of driving one
standard TTL load in addition to the signal terminator.

All signals from the tape drive to the controller must be capable of driving at
least one standard TTL load (1.6ma) in addition to the 23ma required by the tape
drive interface terminations. Refer to the following documents:

1) Model 5000E series 1/4" streaming cartridge tape drives OEM
manual.

2) Operational Description Chapter 5 of this specification.

4.4.3 Drive Signal Terminations

All signals between the PC-36 controller and the tape drive should be terminated
with 330 ohms to ground and 220 ohms to 5 Vdc.

Signal inputs to the controller are terminated at the controller. Signal outputs
from the controller must be terminated in the tape drive; or in the last tape drive
when more than one tape drive is daisy chained to the controller. Figure 3.4
shows the signal termination scheme.
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FIGURE 3.0 INTERFACE SIGNAL TERMINATION
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4.4.4 Tape Drive Interface Signal Descriptions

This section describes the electrical interface between the streaming cartridge
tape drive and the PC-36 controller. The controller signal interface to the tape
drive consists of three (3) basic signal groups. They include:

1. Tape Drive Control Signals
2. Tape Drive Status Signals
3. Data Interchange Signals

There are fourteen (14) tape drive control signals, four (4) data signal lines, and
six (6) tape drive status output signals. Figure 3.2 identifies the tape
drive/controller interface signals. This signal interface is pin and plug compatible
with the QIC-36 interface standard.

For additional information of the drive, refer to Series 5000E OEM Manual,
Wangtek P/N 200363-001.
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FIGURE 4.0
TAPE DRIVE/CONTROLLER INTERFACE SIGNAL GROUPS
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TABLE 4.0 CONTROLLER/TAPE DRIVE INTERFACE SIGNALS

J2A J2B
Pin # Pin # Name Signal Description
02 1 GO* Go Contral for Capstan Motor
04 2 REV#* Direction Control for Capstan Motor
06 3 TR3* Track Select Bit 3
08 4 TR2#* Track Select Bit 3
10 5 TR1#* Track Select Bit 3.
12 6 TRO* Track Select Bit 3
14 7 RST* Reset
18 9 DS2* Drive 2 Select Control (Not Used)
20 10 DS1#* Drive 1 Select Control
22 11 DS0* Drive 0 Select Control
24 12 RDL* Read Level Output-a digitized derivative of the
Analog Output Signal
26 13 RDP#* Read Pulse Output - A Pulse per Flux Transition
28 14 UTH* Upper Tape Position Code
30 15 LTH* Lower Tape Position Code
32 16 SLD#* Selected Response from éelected Drive
34 17 CIN* Cartridge In Place
36 18 USF * Unsafe - Cartridge Safe plug is in the "unsafe"
position (i.e., writing is enabled)
38 19 TCH* Capstan Tachometer Pulses - each pulse Equals
0.145 +3% inches of tape movement
40 20 WDA-* Write Data Signal
42 21 WDA+* Inverse Write Data Signal
44 44 RES Reserved
- 46 46 HSD* High Speed Select Control
48 48 WEN* Write Enable Control
50 50 EEN* Erase Enable Control

NOTE: All pins not listed on each connector are signal grounds.

* Indicates low true.
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Control Signals to Tape Drive

The QIC Controller signal outputs to the tape drive consist of the following

signals:
SIGNAL
RST*

DSO*
thru
DS2+*

GO*

REV*

TRKO*
thru
TRK3#*

WEN*

EEN*

DESCRIPTION

RESET: This signal, when active low, initializes the tape drive
and causes the magnetic recording head to go to the track
position closest to the lower edge of tape.

DRIVE SELECT 0 through 2: These signals are used to select any
one of three tape drive units for operation. (D52 is not used.)

GO: This signal, when active low, enables the tape drive motor if
the tape drive is selected. Tape motion will not be enabled,
however, if REV* is high and the tape is at the EOT (end-of-tape)
position or if REV* is low and the tape is at the BOT (beginning-
of-tape) position.

REVERSE: This signal output, when high, enables the tape to
move from the beginning-of-tape to the end-of-tape; when low,
tape movement is in the opposite direction.

TRACK SELECT 0 through 3: These signals are binary-encoded
track addressing outputs to the tape drive. These signals are used
to position the recording head over logically adjacent tracks and
enable writing and/or reading the selected track. Tracks 0
through 8 are valid address codes for 9-track drives.

WRITE ENABLE: This signal, when active low, allows transitions
on the write data inputs WDA/WDA* to be recorded on the
selected track.

ERASE ENABLE: This signal, when active low, causes the tape

drive erase bar to be enabled. All tracks are simultaneously
erased.
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Status Signals From Tape Drive

The QIC Controller receives the following status inputs from the tape drive.

SIGNAL

CPR*

SLD*

USF *

UTH*
and
LTH=*

UTH*

DESCRIPTION

CARTRIDGE:PRESENT: This signal input, when active low,
indicates that a cartridge is inserted in the tape drive.

SELECTED: This signal input, when active low, indicates the
selected tape drive is powered up and ready for operation.

UNSAFE: This signal input, when active low, indicates that the
installed tape cartridge is not write protected (cartridge not set
to SAFE position).

UPPER TAPE HOLE and LOWER TAPE HOLE: This inputs to the

~ QIC controller provides an indication of the current tape position

as indicated below. These status signals are indicated below.
These status signals are not valid upon initial insertion of tape
cartridge until such time that the tape drive is reset or the tape is
moved to the EOT or BOT positions.

LTH* Interpretation

TCH*

L
H

Beginning-of-tape position.

Warning Zone (between load point and early warning hole and
BOT) .

In Recording Zone (between load point and early warning
hole) if a BOT or EOT was detected since cartridge insertion;
otherwise this code means "tape position unknown".

End-of-tape position.

TACHOMETER: This signal is a pulse input to the QIC
controller whose frequency is proportional to the speed of the
tape drive motor. Each TCH* pulse represents a movement
of approximately 0.14 (+8%) inches of tape past the magnetic
recording head. This signal can be usd by the controller to
determine the current tape speed, how much tape was used,
or for other diagnostic purposes.
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Data Signals

The data interchange signals consist of a pair of write data output lines and two
(2) independent read data inputs to the tape drive. The data interchange signals
are described below:

SIGNAL

DESCRIPTION

WDA-
WDA+

RDP*

RDL*

WRITE DATA: These signals ae differential signal lines containing the
information to be recorded on magnetic tape. Data appearing on these
signal lines will only be recorded if the write enable (WEN*) signal line
is active. Each change of state in the WDA-/WDA+ signal line
recorded as a flux transition on tape.

READ DATA PULSE: This signal input from the tape drive contains
the data read from magnetic tape during either a read only or read-
after-write operation. Each negative-going edge of the RDP* signal
line represents a flux transition recorded on magnetic tape.

READ DATA LEVEL: This signal input from the tape drive contains
the data read from magnetic tape during a read-only or read-after-
write operation. Each transition of the RDL * signal represents a flux
transition recorded on magnetic tape. This signal is not used on the
PC36 controller.
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5.0 FUNCTIONAL DESCRIPTION

The PC-36 controller provides an interface between an IBM PC, XT or AT and a
Series 5000E 1/4-inch cartridge streaming tape drive. Its input conforms to the
IBM PC I/O channel requirements described by IBM Technical Reference 6025005.
Its output is compatible with the QIC-36 interface, the industry standard basic
streaming tape drive interface.

The PC-36 controller performs the function of an intelligent streaming tape
controller. In the write mode, it accepts data from the host, formats it into
blocks, appends CRC, GCR encodes the data and writes it to tape. The controller
performs a read after write data check using the appended CRC to insure data
integrity. In the read mode, the controller reads data from tape, GCR decodes
the data, checks the CRC and sends the data to the host.

The PC-36 controller is microprocessor based. Therefore, most of its operating
characteristics are a function of the firmware installed. Further information as
to the format of the data blocks, tape format and the interpretation an execution
of commands will be found in the subsequent sections.

As shown in Figure 5.0, the PC-36 controller consists of the following functional
blocks.

Host Interface

Basic Tape Drive Interface
Microprocessor

DMA Controller

ROM

RAM

GCR Read

GCR Write

CRC Generator

Data Separator

Each of these functional blocks will be described in the following paragraphs.

5.1 HOST INTERFACE

This section provides the electrical interface between the PC-36 Controller and
the host computer. The host adaptor logic controls data transfers to and from the
host bus. It uses three custom PAL's to decode the address in order to execute
the various system commands. It also includes the various switches and jumpers
used to determine the device address, the DMA channel, and the interrupt request
level.
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5.1.1 I/0O Channel Interface

The controller conforms to IBM PC I/O channel requirements described by IBM
Technical Reference 6025005. The controller provides manually selectable: a) 10
bit I/O Port Address (even addresses only), b) request/acknowledge selection for
DMA channels 1, 2 or 3 and c) interrupt selection for levels 2 through 7.

S.1.1.1 Controller Port Address Selection

The controller port address is dip-switch positions of SW-1 on the PC-36
controller board. Switch positions relative to port addressing are shown below.

ADDRESS BIT A9 | A8 | A7 1 A6 |AS | A4 | A3 |A2 Al ! AD

v ——

SW-1 POSITION 9 8 | 7 6 5 | 4 | 3 2 1 |[N/A

000 (HEX) ON |ON |ON ||ON | ON [ ON [ ON | ON | ON | N/A
2AC (HEX) OFF | ON |OFF | ON |OFF | ON |OFF |OFF | ON | N/A
300 (HEX) OFF |[OFF |ON | ON [ ON | ON [ ON | ON | ON |N/A
3F6 (HEX) OFF |OFF |OFF |{OFF |OFF |OFF | ON |OFF |OFF |N/A

338 (HEX) OFF [OFF | ON | ON |OFF {OFF [OFF [ ON | ON |N/A

Switch Positions: ON - Logical False (0)
OFF - Logical True (1)

Position 10 not used - off (normal).
Address Bit A0 not used.

5.1.1.2 DMA Data Transfer

The controller utilizes the host PC's DMA channel which is jumper addressable to
address 1, 2, or 3. Additional DMA information is described in Programming
Guide, Section 11.0.

5.1.1.3 Interrupt Addressing

Interrupt addresses are jumper selectable from 2 to 7. The default address is 2.
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5.1.2 I/O Address Interface

Interfacing to the PC-36 controller board is accomplished by addressing two
default ports as shown below:

ADDRESS READ/WRITE
NAME (HEX) FUNCTION
Status Port 300 Read Only
Control Port 300 Write Only
Command Port 300 Write Only
Data Port 301 Read/Write

5.1.2.1 Status Port

Reading from the selected 1/O port address shall input the following QIC-02
operational status as defined by the QIC-02 specification to the computer (Refer
to Section 6.0):

Bit 0 Ready

1 Exception
2 Direction

3 Reserved
4-7 Not Used

The controller generates Interrupt (if enabled) when status bits 0 or 1 become
active low.

5.1.2.2 Control Port

Writing to the selected I/O port address sends the following control directives to
the controller (Refer to Section 6.0):
Bit O ONLINE
1 RESET
2 REQUEST
3 Enable selected DMA Channel (1 or 2) and Interrupt
4 Enable DMA Channel 3 and Interrupt
5-

7 Not Used

5.1.2.3 Command Port

Writing to the selected I/O port address plus 1 transfers the standard QIC-02
commands as defined by the QIC-02 specification to the controller (Refer to
Section 7.1).
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5.1.2.4 Data Port

Writing to or Reading from the selected I/O port address plus 1 shall transfer data
between the host computer and the controller. Reading from the selected 1/O
port address plus 1 shall also input the six (6) status byte descriptions of the
controller to the host computer. (Refer to Section 7.2 for description of status
bytes).

5.2 BASIC TAPE DRIVE INTERFACE

The PC-36 controller provides an interface to a Series 5000E tape drive which is
compatible with the QIC-36 industry standard interface. For additional
information, refer to Section 4.4

5.3 MICROPROCESSOR

The PC-36 controller is controlled by an 8085A-2 microprocessor running at 7.2
MHz input clock frequency. Many of the operating characteristics of the
controller are controlled by the microprocessor. Therefore, it is possible for
configure the controller to write different tape formats or respond differently to
host commands by changing the firmware running on the 8085A-2.

5.4 DMA CONTROLLER

The PC-36 controller uses a 8257 DMA controller to handle data transfers to and
from the controller RAM and the host or basic interface. Three of the four DMA
channels available on the 8257 are used. DMA Channel 0 is used to transfer data
from RAM to tape via the GCR write gate array. DMA Channel 1 is used to
transfer data from tape, via the GCR read gate array, to RAM. DMA Channel 2
is used to transfer data between RAM and the host interface.

5.5 ROM

The PC-36 controller is designed to accept any of the plug compatible ROMS
(JEDEC Approved) from 16K (2Kx8) to 128K (16Kx8) in size. No jumpers are
required for change in ROM size. EPROM configuration - One socket is provided
for using EPROM chips. The currently used EPROM types are shown (equivalent
types may be used).

EPROM Type 8 X 4K Intel 2732
8 X 8K Intel 2764 (Standard)
8 X 16K Intel 27128

The firmware program executed by the 8085A-Z is contained within the EPROM.
Additionally, QIC-24 data format described in Section 9.0 is controlled by the
EPROM.
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5.6 RAM

The PC-36 controller is designed to accept either 2K or BK RAM chips. A jumper
change is required to accommodate the different RAMS.

RAM configuration - One socket is provided for using byte-wide static RAM chips.
The currently used RAM types are shown below (equivalent types may be used).

RAM Type 8 X 2K AMD 9128-20 (Standard)
8 X 8K Hitachi 6264-15P

RAM serves as on-board data buffer and a scratch pad memory storage for the
8085A-2 microprocessor. 2Kx8 and 8Kx8 RAM's provide 3x512 and 15x512 data
block buffers, respectively.

5.7 GCR READ GATE ARRAY

The GCR Read gate array is a semi-custom chip. It performs the GCR decode
and serial to parallel conversion necessary to interface with the basic tape drive.

The GCR read gate array is designed to interface with both the microprocessor
and the DMA controller. The Hold Acknowledge output from the microprocessor
is used to differentiate between command and status transfers with the
microprocessor and data transfers with the DMA controller. Communication with
the microprocessor is via I/O Port BX. Communication with the DMA controller
is on DMA Channel 1.

The GCR read gate array also interfaces with one of the two CRC/ECC gate
arrays on the PC-36 controller. It passes GCR decoded data to the CRC/ECC and
latches the state of the error output at the end of the block.

5.8 GCR WRITE GATE ARRAY

The GCR Write gate array is a semi-customer LSI device. It performs the GCR
encode and parallel to serial conversion necessary to interface with the basic tape
drive. This device is designed to interface with both the microprocessor and the
DMA controller. The Hold Acknowledge output from the microprocessor is used
to differentiate between microprocessor initiated operations and DMA transfers.

The microprocessor communicates with the GCR Write gate array via I/O Port
71X. The DMA controller communicates via DMA Channel 0.

Like the GCR Read array, the GCR Write array interfaces with a CRC/ECC gate
array to calculate the CRC on ECC that is appended to data written to tape.
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5.9 CRC GATE ARRAYS

The CRC gate arrays are semi-custom LSI devices. They are capable of
calculating a Cyclic Redundancy Check (CRC) character on a serial data stream.
Two of these devices are used on the PC-36 controller. One is used to append
CRC to the data written to tape. The second is used to check the integrity of
data read from tape.

The device used to append CRC to data written is interfaced to the GCR Write
gate array. At the beginning of each data block, this CRC gate array is
initialized, via its INIT* input, by the GCR Write array. Data is then shifted
serially through the device. At the end of a data block, the GCR Write array
signals the device to begin outputting the calculated CRC on its Data Out output.
This is shifted out, serially by the GCR, write array's CRC clock.

The device used to check the inteqgrity of data read from tape is interfaced to the
GCR Read gate array. At the beginning of each data block read, it is initialized
via its INIT* input. Data and the CRC (appended during the write operation) are
then shifted serially through the device. After the last bit of CRC has been
passed to the device, its ERROR* output is true (Low) at this time, an error
condition has been detected.

5.10 DATA SEPARATOR

The data separator is a high performance phase lock loop (PLL) with the necessary
additional logic to track the incoming read data and convert it back into a NRZ
data stream and clock. This data stream is then decoded by the GCR Read Gate
Array. The data separator utilized a 4046 PLL chip and various other CMOS FET
switches, flip-flops, and other logic elements to perform this function.

6.0 CONTROL LINES

6.1 RESET

This signal is generated by the host. Controller connected to the bus is reset and
operating parameters are initialized. After RESET, the drive with unit address 0
takes command of the bus and activates EXCEPTION.

6.1.1 No device with unit address 0. The bus stays in a nonactive state and

no indication is given to the host. After a time-out, the host may
issue a select command to select another drive.
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6.2 EXCEPTION

This signal is generated by the controller to indicate that the controller has
information for the host. After a RESET, EXCEPTION is always asserted by the
selected device. EXCEPTION may be asserted during an operation and should be
treated with priority. After EXCEPTION, the only legal command that should be
transmitted to the device is Read Status.

6.3 ONLINE

This signal is generated by the host and is true when the device is either writing,
reading or searching. In all other operations, the state of this signal is not
relevant. Deasserting the ONLINE signal terminates a write or read operation
and rewinds the tape to BOT. During deselection and selection of the device
while at position, care must be taken to avoid unwanted rewind as a result of the
ONLINE signal. Following a write or read operation, the device does not perform
rewind when deselected with ONLINE asserted. When reselected the device will
sample the state of ONLINE. A rewind does not occur if selection is made with
ONLINE asserted or deasserted. However, the host must assert ONLINE prior to
any subsequent read or write operations.

6.4 REQUEST

This signal is generated by the host to initiate and execute command transfers.
REQUEST is also used to handshake with READY when transferring status
information from the controller to the host. This signal should only be asserted
when an EXCEPTION or READY is asserted.

6.5 READY

This signal is generated by the controller to indicate one of the following
conditions:

1. The controller is available to receive and execute a new
command.

2. A new block is ready for transfer during a read or write operation.

3. The controller is ready to receive a new block during write
operation.

4. The controller is ready to transfer status information to the host
when REQUEST is asserted.
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6.6 TRANSFER

This signal is generated by the host and decoded by the Pal on the host adaptor
logic to indicate that data is being placed on the data bus in write mode or that
data has been taken from the bus in read mode., TRANSFER is used in conjunction
with ACKNOWLEDGE to move data between the controller and host.

6.7 ACKNOWLEDGE

This signal is generated by the controller to indicate that data has been accepted
from the data bus in write mode or that data is being placed on the bus in read
mode. ACKNOWLEDGE is used in conjunction with TRANSFER to move data
between the controller and host.

6.8 DIRECTION

This signal is generated by the controller to indicate the direction of the bus. The
asserted state of DIRECTION indicates that transfers are from the controller to
the host.

7.0 COMMAND/STATUS

The controller includes firmware implementation of all standard QIC-02
commands as follows, including the corresponding 8-bit OP Code:

COMMAND OP CODE HEX
BIT 7654 3210
Select Drive "O" 0000 0001 01
Select Drive "1" 0000 0010 02
Select Drive "2" 0000 0100 04 (Not Used)
Rewind to BOT 0010 0001 21
Erase Tape 0010 0010 22
Initialize (Retension) Tape 0010 0100 24
Write Data 0100 0000 40
Write File Mark 0110 0000 60
Read Data 1000 0000 80
Read File Mark 1010 0000 A0
Read Status 1100 0000 Co
Select QIC-11 Format 0010 0110 26
Select QIC-24 Format 0010 0111 27

Power-On/Reset

All unimplemented, reserved, and unassigned commands will return a illegal
command status from the controller.
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7.1 COMMAND DESCRIPTIONS

This section defines the commands which are implemented by the controller.

7.1.1 Select (Device N) Command.

The SELECT command selects one of up to three drives. The drives remains
selected until changed by either a RESET or another SELECT command.

Before a new device is selected, the currently selected drive's tape must be
rewound to BOT; otherwise, the controller will return an illegal command status
to the host.

In the case where no drive is selected due to a RESET (NO DRIVE PRESENT) or
the attempted selection of a nonexistent drive, the host may then issue a SELECT
command to identify another drive.

7.1.2 Rewind Command

The REWIND command positions the tape in the drive at BOT. The normal
completion of this command causes READY to be asserted.

7.1.3 Erase Command

The ERASE command completely erases the tape in the drive. The command
moves the tape in the selected drive to BOT, activates the erase head and moves
to EOT, deactivates the erase head and moves the tape back to BOT. In addition,
this command performs all the functions of the INITIALIZATION command. The
normal completion of this command causes READY to be asserted.

7.1.4 Initialization Command
The INITIALIZATION command conditions the tape in the drive according to the
recommendations of the media manufacturer. The command moves the tape in

the selected drive toc BOT, then to EOT and then back to BOT. The normal
completion of this command causes READY to be asserted.
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7.1.5 Write Command

The WRITE command causes data to be written on the tape in the drive. The host
must assert ONLINE before issuing the WRITE command. Then, the device
transfers data. The READY line is asserted when the device is ready for a data
block transfer. When the READY line is asserted, the host can terminate transfer
of write data by alternatively issuing a WRITE FILE MARK command or
deactivating ONLINE. Deactivating ONLINE causes a file mark to be written (if
not preceded by a WRITE FILE MARK command) and the tape is rewsund toc BOT.
Note: A WRITE command following cartridge insertion, RESET, or any command
which positions the tape at BOT will commence recording at BOM. Otherwise,
recording will commence at the current tape position. If, between blocks, the
host starts data transfer by asserting TRANSFER before the device asserts
READY, then the behavior of the READY signal is device dependent. The device
will, regardless of the way READY is handled, continue the TRANSFER and
ACKNOWLEDGE handshaking correctly so that no data is lost.

When EW is detected while recording on the last track, the device ceases to
transfer additional data blocks from the host. The device completes writing the
current write block in progress, terminates the WRITE command, and reports
EOM by means of an EXCEPTION and READ STATUS. The device allows the
transfer of two additional blocks of data with a WRITE command after the receipt
of EOM. However, EXCEPTION is asserted for each block transferred. The
controller will accept the READ STATUS and WRITE FILE MARK commands
after detection of EOM.

7.1.6 Write File Mark Command

The WRITE FILE MARK command causes a FILE MARK to be written on the tape
in the drive. A WRITE FILE MARK command following cartridge insertion,
RESET, or any command which positions the tape at BOT commences recording
from BOM. Otherwise, recording commences from the current tape position. The
normal completion of this command causes READY to be asserted. Deasserting
ONLINE causes the tape to rewind to BOT.

7.1.7 Read Command

The READ command causes data to be read from the tape in the drive. The host
must assert ONLINE before issuing the READ command. Then, device transfers
data. The READY line is activated when the device is ready for a data block
transfer. The READ command is terminated by the device if a file mark is
detected. The host is informed of file mark detection by means of an
EXCEPTION and a read status sequence. When READY is asserted, the host may
terminate the READ command by either:

(a) Deactivating ONLINE, which causes the tape to rewind to BOT; or

{(b) Issuing another command.

Page 31



PC-36 CONTROLLER OEM MANUAL

A READ command following cartridge insertion, RESET, or any command which
positions the tape at BOT commences reading at BOM. Otherwise, the READ
command commences from the current tape position. If the host starts a data
transfer between blocks, before READY is asserted READY may not occur.

7.1.8 Read File Mark Command

The READ FILE MARK command causes the tape in the drive to move to the
EOM side of the next file mark. No data is transferred to the host. A READ
FILE MARK command following cartridge insertion, RESET, or any command
which positions the tape at BOT commences reading from BOM. Otherwise,
reading commences from the current tape position. The normal completion of
this command causes EXCEPTION to be asserted with FMD asserted.

7.1.9 Read Status Command

The READ STATUS command causes the device to transfer to the host
information about itself. The device transfers six bytes of status information.
The normal completion of this command causes READY to be asserted. The
READ STATUS command must be issued in response to an EXCEPTION condition.
Any other command will be rejected by the controller if an EXCEPTION condition
exists.

7.1.10 Select QIC-11 Format

If the controller being used has a firmware with default data format of QIC-24,
then the SELECT QIC-11 FORMAT command will cause the controller to write or
read data in the QIC-11 (Archive 8-inch) format.

This command should be issued only when the selected drive is READY and the
inserted cartridge is at BOT. The controller will accept the command if the
cartridge is not inserted; however, it will then assert EXCEPTION, informing the
host of no cartridge in place. If the command is given during a READ or WRITE
operation, the controller will reject it as an illegal command, and the tape will
rewind to BOT. '

7.1.11 Select QIC-24 Format
If the controller being used has a firmware with default data format of QIC-11,

then the SELECT QIC-24 FORMAT command will cause the SBF to write or read
data in QIC-24 format.
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This command should be issued only when the selected drive is READY and the
inserted cartridge is at BOT. The controller will accept the command if a
cartridge is not inserted; however, it will then assert EXCEPTION, informing the
host of no cartridge in place. If the command is given during a READ or WRITE
operation, the controller will reject it as an illegal command, and the tape will
rewind to BOT.

7.1.12 Power-On/Reset

The POWER-ON/RESET sequence provides the host with the information on power
on occurrences in the device, It also provides a convenient mechanism for
initializing the device during hardware and software debugging of the host
interface.

A power-on condition or a pulse on the reset line resets the device, and forces it
to assert EXCEPTION. When the power on reset times out or when the reset
pulse terminates, the device initializes operating parameters and defaults to drive
0 for subsequent commands. The device waits for the host to issue a command. If
the command issued was a READ STATUS command, the device now executes the
command by transferring the six required status bytes, and sets bit 0 of byte 1
(the second byte) to indicate that power-up or a reset occurred.

7.2 STATUS DESCRIPTION

All DEVICE STATUS is contained in 6 byte groups as defined in the following
sections.

7.2.1 Status Byte Summary

Table 3.0 presents a summary of the 6 status bytes returned by the Read Status
command.

7.2.2 Status Byte Description

Bytes 0 and 1 contain exception status (EXC) to define the reason that the device
asserted EXCEPTION. A description of each status bit is as follows:

STATUS BYTE1

BIT O: POR - The Power On/Reset bit is set after the host asserts RESET or
when the controller is powered up. The bit is reset by a Read Status
Sequence.

BIT 1. RES - Reserved
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BIT 3:

BIT 4:

BIT 5:

BIT 6:

BIT 7:
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RES - Reserved

BOM - Beginning of Media bit is set whenever the cartridge is logically
at beginning of tape, Track 0. The bit is reset when the tape moves
away from beginning of tape. This is the only bit in this byte that does
not set EXCEPTION when it goes true, nor is it reset by the Read
Status Sequence.

MBD - The Marginal Block Detected bit is set when the controller
takes more than eight but less than sixteen retries to read a block with
correct CRC. This status bit warns the host that the tape is marginal
and should be replaced. This bit is reset by the READ STATUS
sequence.

NDT - No Data Detected bit is set when an unrecoverable data error
occurs due to lack of recorded data. Absence of recorded data is the
failure to detect a data block within 20 inches of tape after three
consecutive retries. This bit is reset by a Read Status Sequence.

ILL - Illegal command bit is set if any of the following occurs. The bit
is reset by a Reset Status sequence.

a. SELECT command is issued with no drives or more than one drive
indicated.

b. ONLINE not asserted when a WRITE, WRITE FILE MARK, READ
or READ FILE MARK command is issued.

c. A command other than WRITE or WRITE FILE MARK is issued
during the execution of a Write Data sequence.

d. A command other than READ or READ FILE MARK is issued
during the execution of a Read Data sequence.

e. A command to select a new drive is issued when the current
drive's tape is not at BOT.

ST1 - Status Byte 1 bit is set if any other bit in Status Byte 1 is set.
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TABLE 5.0 STATUS BYTES

BYTEO  BYTE 1 ACE:%;/ M DESCRIPTION
BIT 76543210 76543210
(RERRRRE R POR  power on/reset occurred
[RRRRRRE! L B e POR  power on/reset occurred
reerern R RES reserved for end of recorded media
IRERRERE U et RES reserved for bus parity
IRRERNER LRNR error
SRERRAN 1) IR, BOM  beginning of media
REEREEN 1] pommcmccceeee MBD  marginal block detected
e l4cccccccccanas NDT  no data detected
REERERR T SRR T ILL illegal command
RENRRRE R ST1 status byte 1 bits
T FIL file mark detected
I . BNL  bad block not located
| I O S UDA  unrecoverable data error
IR I R R I EOM  end of media
I8 P WRP  write protected cartridge
1! fommcccccccccccccccccaaa- DFF  device fault flag
PSS CNI cartridge not in place
g St STO status byte 0 bits
MSB LSB
BYTE 2 BYTE 3 DEC  data error counter
BYTE 4 BYTE 5 URC  underrun counter
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BYTE O

BIT O:

BIT 1:

BIT 2:

BIT 3:

BIT 4:

BIT 5:

BIT 6:

BIT 7:
Refer

FIL - File Mark detected bit is set when a File Mark is detected during
a Read Data or Read File Mark sequence. The bit is reset by a Read
Status sequence.

BNL - Block in error Not lLocated bit is set when an unrecoverable
read error occurs and the controller can not confirm that the last
block transmitted was the block in error. The bit is reset by a Read
Status sequence.

UDA - Unrecoverable Data Error bit is set when the controller cannot
read a block after sixteen retries and cannot obtain a correct CRC.
The UDA bit is also set when the controller cannot correctly write a
block within sixteen retries or when the controller cannot locate a
block. The UDA bit is reset by a READ STATUS sequence.

EOM - End of Media bit is set when the logical early warning hole of
the last track is detected during a write operation. This bit will
remain set as long as the drive is at logical end of media. The EOM
bit will not be reset by a Read Status sequence.

WRP - Write Protected bit is set if the cartridge write protect plug is
set in the file protect "safe" position. Operator must change the write
protect plug position before the status bit will reset.

DFF - Device Fault Flag bit is set when the device detects a problem
other than data errors during command execution. RESET or READ
STATUS sequences will reset this bit.

CNI - Cartridge Not in Place bit is set if a cartridge is not fully
inserted into the drive., Operator must correct the condition before
the status bit will reset.

STO - Status Byte 0 bit is set if any other bit in Status Byte 0 is set.

EXCEPTION STATUS SUMMARY and EXCEPTION STATUS

DESCRIPTION for further explanation.

Bytes 2 and 3 contain the data error counter {DEC) which accumulates the number
of blocks rewritten for WRITE operations and the number of soft read errors
during READ operations. These bytes are cleared by a Read Status sequence.

Bytes 4 and 5 contain the underrun counter (URC) which accumulates the number
of times that streaming was interrupted because host failed to maintain minimum
throughput rate. These bytes are cleared by a Read Status sequence.
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7.2.3 Exception Status Summary
Byte 0 Byte 1 Description
1. 110X0000 00000000 No Cartridge
2. 00100000 00000000 Device Fault Flag
3. 10010000 X000X000 Write Protected
4. 10001000 00000000 End of Media
5. 100X0100 10001000 Read or Write Abort
6. 100X0100 00000000 Read Error, Bad Block Xfer
7. 100X0110 00000000 Read Error, Filler Block Xfer
8. 100X0110 101000