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PREFACE

This manual is intended to provide the user with sufficient information to correctly set up and operate
the RX02 Floppy Disk System in any of the various configurations that are available for use with the
PDP-8, PDP-11, or LSI-11 computers. The manual presents general, installation, user, and program-
ming information for the RX02 Floppy Disk System and the interface options associated with the
PDP-8, PDP-11, and LSI-11 computer systems.
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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION

The RX02 is a low cost, random access mass memory device that stores data in fixed length blocks on
flexible diskettes with preformatted industry standard headers. The RX02 interfaces with either a
PDP-8, a PDP-11, or an LSI-11 system. Various interface modules are selected according to the com-
puter being used and either single or double density recording. The various configurations are:

Designation Computer Interface Recording
Module Density

RX8E PDP-8 M8357 Single

RX28 PDP-§ M8357 Single or Double
RX11 PDP-11 M7846 Single

RX211 PDP-11 M8256 Single or Double
RXVI11 LSI-11 M7946 Single

RXV21 LSI-11 M8029 Single or Double

NOTE

The single density recording configurations RX8E,
RX11, and RXV11 are compatible with the RX01
Floppy Disk System when the M7744 controller
module has been switched to be compatible with
these configurations. (See Table 2-2.)

The RX02 consists of two flexible disk drives, a single read/write electronics module, a micro-
programmed controller module, and a power supply, enclosed in a rack-mountable, 10-1/2 inch, self-
cooled chassis. A cable is included for connection to either a PDP-8 interface module, a PDP-11
interface module, or an LSI-11 interface module. The amount of data that can be stored on the RX02
varies according to the configuration. The recording density can be different for each drive. For each
drive system using double density recording, up to 512K 8-bit bytes of data (PDP-8, PDP-11, LSI-11)
or 256K 12-bit words (PDP-8) can be stored and retrieved. For each drive system using single density
recording, up to 256K 8-bit bytes of data or 128K 12-bit words (PDP-8) can be stored and retrieved.
The RX02 interfaces with IBM-compatible devices when single density data recording is used.



For single or double density recording, the RX02 is used with either an M8357 interface module (PDP-
8), an M8256 interface module (PDP-11), or an M8029 interface module (LSI-11). The interface mod-
ules convert the RX02 I/O bus to the bus structure of the computer being used. Each module controls
the interrupts to the CPU initiated by the RX02 and handles the data interchange between the RX02
and the host computer. Each interface module is powered by the host processor.

In addition, the RX02 is used for single density recording when it is configured to be compatible with
the RX01. The interface module used is either an M8357 (PDP-8), an M7846 (PDP-11), or an M7946
(LSI-11).

To record or retrieve data the RX02 performs implied seeks. Given an absolute sector address, the
RX02 locates the desired sector and performs the indicated function, including automatic head posi-
tion verification and hardware calculation and verification of the cyclic redundancy check (CRC)
character. The CRC character that is read and generated is compatible with IBM 3740 equipment.

1.2 GENERAL DESCRIPTION
An RX02 Floppy Disk System consists of the following components:

M7744 Controller Module

M7745 Read/Write Electronics Module
“H771-A, -C, or -D Power Supply

RX02-CA Floppy Disk Drive (60 Hz max of 2)

RX02-CC Floppy Disk Drive (50 Hz max of 2)

One interface module is used:

M8357 (PDP-8, Programmed 1/0)
M7846 (PDP-11, Programmed [/0) M8256 (PDP-11 with DMA)
M7946 (LSI-11, Programmed 1/0) M8029 (LSI-11 with DMA)

All components except the interface modules are housed in a 10-1/2 inch rack-mountable box. The
power supply, M7744 module, and M7745 module are mounted above the drives. Interconnection
from the RX02 to the interface is with a 40-conductor BCO5L-15 cable of standard length (15 ft).
Figure 1-1 is a configuration drawing of the system: part A shows the configuration for a bus interface
with DMA; part B shows the configuration for all Omnibus interfaces (programmed 1/0); part C
shows the configuration for a bus interface (programmed 1/0) that is RX01 compatible. Figure 1-2is a
front view of a dual drive system.

1.2.1 Interface Modules
The interface modules plug into a slot on the bus for PDP-8, PDP-11, and LSI-11 computers. Figure
1-3 shows the outline of the various modules and areas of interest on each module.
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1.2.2 Microprogrammed Controller
The M7744 microprogrammed controller module is located in the RX02 cabinet as shown in Figure
1-4. The M7744 is hinged on the left side and lifts up for access to the M7745 read/write electronics

module.

1.2.3 Read/Write Electronics
The M7745 read/write electronics module is located in the RX02 cabinet as shown in Figure 1-4.

M7744

CONTROLLER MODULE

CONFIGURATION /

SWITCH

BCOSL - 15
INTERFACE
CABLE

i, » R N ’
.» 22
- N ;
\ M7745
READ/WRITE
ELECTRONICS MODULE

MA 1751

.vzz.aaaaa@;‘\d{f:‘

PR

Figure 1-4 Top View of RX02

1.2.4 Electromechanical Drive

A maximum of two drives can be attached to the read/write electronics. The electromechanical drives
are mounted side by side under the read/write electronics board (M7745). Figure 1-5 is an underside
view of the drive showing the drive motor connected to the spindle by a belt. (This belt and the drive
pulley are different on the 50 Hz and 60 Hz units; see Paragraph 2.1.3.2 for complete input power
modification requirements.)
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Figure 1-5 Underside View of Drive

1.2.5 Power Supply

The H771 power supply is mounted at the rear of the RX02 cabinet as shown in Figure 1-4. The
H771-A is rated at 60 Hz +1/2 Hz over a voltage range of 90-128 Vac. The H771-C and -D are rated
at 50 Hz + 1/2 Hz over four voltage ranges:

90-120 Vac

3.5 A circuit breaker; H771-C
100-128 Vac
184-240 Vac

1.75 A circuit breaker; H771-D
200-256 Vac

Two configuration plugs are provided to adapt the H771-C or -D to each voltage range. This is not
applicable to the H771-A.

1.3 OPTION DESCRIPTION

The optional interface modules that are used to interface the RX02 with a PDP-8, PDP-11, and LSI-11
are listed in Paragraphs 1.1 and 1.2. (Each module is powered by the host processor.) The module
selected is determined by the computer being used and whether the data interchange is between either
IBM system 3740 compatible devices or DIGITAL system double density devices. Also, when an
M7744 controller module’s configuration switch is set to be compatible, the RX02 can operate as an
RXO01. The RXO02 interfaces with IBM compatible devices when single density data recording is used.
The RXO02 interfaces with DIGITAL system double density recording devices when the controller

module configuration switch is positioned to be compatible with RX28, RX211, and RXV2l con-
figurations.
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1.3.1 Operation For Single Density Recording Only (RX8E, RX11, RXV11)

1.3.1.1 PDP-8 Operation - The RX02 connects to the M8357 Omnibus interface module. This mod-
ule converts the RX02 [/O bus to PDP-8 family Omnibus structure. It controls interrupts to the CPU
initiated by the RX02, controls data interchange between the RX02 and the host CPU by programmed
1/0, and handles input/output transfers used for maintenance status conditions.

1.3.1.2 PDP-11 Operation - The RX02 connects to the M7846 Unibus interface module. This module
converts the RX02 I/O bus to PDP-11 Unibus structure. It controls interrupts to the CPU initiated by
the RX02, decodes Unibus addresses for register selection, and handles data interchange between the
RX02 and the host CPU main memory by programmed 1/0.

1.3.1.3 LSI-11 Operation ~ The RX02 connects to the M7946 LSI-11 bus interface module. This
module converts the RX02 1/O bus to the LSI-11 bus structure. It controls interrupts to the CPU
initiated by the RX02, decodes LSI-11 bus addresses for register selection, and transfers data between
the RX02 and the host CPU main memory by programmed 1/0.

1.3.2 Operation For Single or Double Density Recording (RX28, RX211, RXV21)

1.3.2.1 PDP-8 Operation - The RX02 connects to the M8357 Omnibus interface module. This mod-
ule converts the RX02 I/O bus to PDP-8 family Omnibus structure. It controls interrupts to the CPU
initiated by the RX02, controls transfer of data between the RX02 and host CPU by programmed [/0,
and handles input/output transfer used to test status conditions.

1.3.2.2 PDP-11 Operation - The RX02 connects to the M8256 Unibus interface module. This module
converts the RX02 1/0 bus to PDP-11 Unibus structure. It controls interrupts to the CPU initiated by
the RX02, decodes Unibus addresses for register selection, and initiates NPR requests to transfer data
between the RX02 and the host CPU main memory.

1.3.2.3 LSI-11 Operation - The RX02 connects to the M8029 LSI-11 bus interface module. This
module converts the RX02 I/O bus to the LSI-11 bus structure. It controls interrupts to the CPU
initiated by the RX02, decodes LSI-11 bus addresses for register selection, and initiates NPR requests
to transfer data between the RX02 and the host CPU main memory.

1.4 SPECIFICATIONS

System Reliability

Minimum number of revo- 3 million/media (head loaded)

lutions per track

Seek error rate 1 in 106 seeks

Soft data error rate 1 in 109 bits read or written

Hard data error rate 1 in 1012 bits read or written
NOTE

The above error rates only apply to DEC approved
media that is properly cared for. Seek error and soft
data errors are usually attributable to random effects
in the head/media interface, such as electrical noise,
dirt, or dust. Both are caliled “soft” errors if the er-
ror is recoverable in 10 additional tries or less.
“Hard” errors cannot be recovered. Seek error ret-
ries should be preceded by a recalibrate.

1-7



Drive Performance

Capacity Recording 8-bit bytes 12-bit words
Per diskette FM 256,256 128,128
MFM - 512,512 256,256
Per track FM 3,328 1,664
MFM 6,656 3,328
Per sector FM 128 64
MFM 256 128

Data transfer rate
Diskette to controller buffer

Buffer to CPU interface

4 us/data bit (FM)
2 us/data bit (MFM)

1.2 us/bit

NOTE

PDP-8 interface can operate in 8- or 12-bit modes
under software control.

Track-to-track move

Head settle time
Rotational speed
Recording surfaces per disk
Tracks per disk

Sectors per track
Recording technique

Bit density maximum on
inner track

Track density

Average access

Environmental Characteristics

Temperature
RX02, operating

RX02, nonoperating
Media, nonoperating

6 ms/track maximum

25 ms maximum

360 rpm % 2.5%; 166 ms/rev nominal

1

77 (0-76) or (0-114g)

26 (1-26) or (0-32g)

Double frequency (FM) or modified MFM
3200 bpi (FM) or modified (MFM)

48 tracks/inch
262 ms, computed as follows:

Seek Settle Rotate
A " A

“77tks/3 X 6ms’ +25ms’ ‘+ 166 ms/2 = 262 ms"

15° to 32° C (59° to 90° F) ambient;

maximum temperature gradient = 11° C/hr (20° F/hr)
-35° to +60° C (-30° to +140° F)

-35° to +52° C (-30° to +125° F)

NOTE

Media temperature must be within operating temper-
ature range before use.

Heat Dissipation (RX02 System)

Relative humidity
RX02, operating

Less than 225 Btu/hr

25° C (77° F) maximum wet bulb
2° C (36° F) minimum dew point
20% to 80% relative humidity
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RX02, nonoperating
Media, nonoperating
Magnetic field

Interface modules
Operating temperature
Relative humidity
Maximum wet bulb
Minimum dew point

Electrical

Power consumption
RX02

PDP-11 interface (M7846,
M8256)
PDP-8 interface (M8357)
LSI-11 interface (M7946,
M8029)

AC power

1.5 SYSTEMS COMPATIBILITY

5% to 98% relative humidity (no condensation)

10% to 80% relative humidity

Media exposed to a magnetic field strength of 50 oersteds or
greater may lose data.

5° to 50° C (41° to 122° F)
10% to 90%

32° C (90° F)

2°C (36° F)

SAat+5Vde, 25W:0.14 A at -5 Vdc,0.7W; 1.3 At +24 Vdc,
31w
1.8 A at 5 Vdc

1.5 A at 5 Vdc
1.8 A at 5 Vdc

4 A at 115 Vac
2 A at 230 Vac

This section describes the physical, electrical, and logical aspects of compatibility for data interchange
with IBM system 3740 devices and for data interchange with double density devices.

1.5.1 Media

The media used on the RX02 Floppy Disk system is compatible with the IBM 3740 family of equip-
ment and is shown in Figure 1-6. The *‘diskette’’ media was designed by applying tape technology to
disk architecture, resulting in a flexible oxide-on-mylar surface. The diskette is encased in a plastic
envelope with a hole for the read/write head, a hole for the drive spindle hub, and a hole for the hard
index mark. The envelope is lined with a fiber material that cleans the diskette surface. The media is
supplied to the customer preformatted and pretested.

INDEX HOLE

/

READ/WRITE
HEAD APERTURE

o]
REGISTRATION
HOLE

MA 1780

Figure 1-6 Diskette Media
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1.5.2 Recording Scheme

"There are two recording schemes used in the RX02: double frequency (FM) and modified Miller code
(MFM). The FM scheme is used for single density data recording which is compatible with IBM
system 3740 devices. (When this recording scheme is used and the RX02 is configured as shown in
Figure 1-1 part C, the RX02 is compatible with the RX01.) The MFM scheme is used for double
density data recording which is compatible with DIGITAL double density devices but is not com-
patible with other manufacturers.

1.5.2.1 Double Frequency (FM) - For the double frequency recording scheme data is recorded be-
tween bits of a constant clock stream. The clock stream consists of a continuous pattern of one flux
reversal every four us (Figure 1-7). A data “one” is indicated by an additional reversal between clocks
(i.e., doubling the bit stream frequency; hence the name). A data ““zero” is indicated by no flux reversal
between clocks.

A continuous stream of ones, shown in the bottom waveform in Figure 1-7, would appear as a ‘“2F”
bit stream, and a continuous stream of zeros, shown in the top waveform in Figure 1-7, would appear
as a “IF” or fundamental frequency bit stream.

PATTERN
0
CHANGING
T L L T L earrenn
| ALL ONES
Ill'!llllllIII“lI'III'IlPATTERN

AlLL ZEROS
L1 1
i
|

CP-1506

Figure 1-7 Flux Reversal Patterns for FM

1.5.2.2 Miller Code (MFM) - MFM or Miller code encodes clocks between data bits of a continuous
data stream. The data stream consists of flux reversals for a data ““one” and no flux reversal for a data
““zero.” A clock is recorded only between data *“‘zeros.”” Because it is possible to have double density
data fields map into a preamble and ID mark, the MFM encoding is modified slightly to prevent a
false header from being detected within a double density data field.

NOTE
The modified MFM encoding is not compatible with
other manufacturers.

The encoding algorithms for implementing modified MFM are:

Encoding Algorithm #1 (MFM or Miller Code Algorithm)

Data Encoded Data
Dn Dn+1 Dn Cn Dn+1
0 0 0 1 0
1 0 | 0 0
0 1 0 0 1
I 1 1 0 1
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Encoding Algorithm #2 (MFM Modified Algorithm)

Data
Dn Dn+1 Dn+2 Dn+3 Dn+4 Dn+5
i 1 1 1 O
Encoded Data
Dn Cn Dn+31iCo+1i1Dn+2iCa+2 Dn+31Ca+31Dn+4|{Ca+4|Dn+5
0 1 0 0 0 1 0 0 0 1 0
The decoding algorithm used in data separation is:
Encoded Decoded

Dn Cn Do+ 1 Dn D+l

0 0 0 1 ]

0 1 0 0 0

1 0 0 i 0

0 0 I 0 |

I 0 1 1 1

Figure 1-8 shows the waveforms that are generated for a data stream of zeros and ones when FM code,
MFM code, and modified MFM code are used.

DATA G 0 1 1 1 0 1 1 1 1 0 6] G
1 i i i i ! i 1 i H i 1 {
i 1 I i 1 i ] i | i t | t
1 1 ; i | | ) | i ] 1 t t
1 1 1 [l 1 1 + f i
H 1 ¢ 1 1 1 ! | §
1 § i I | § ! N §
M L1 I N N
: i | i : 5 ;
1 1 i 1
MODIFIED
W ) L1 1 I l L
Je———— MODIFYING ———sq
ALGORITHM

DATA * (%01
[
(BN
L]

MODIFIED l '“‘l l_l l'”‘
MF
WHERE j DATA * = 2/ DATA
Figure 1-8 FM versus MFM Encoding

1-11



1.5.3 Logical Format

Data is recorded on only one side of the diskette. This surface is divided into 77 concentric circles or
“tracks” numbered 0-76. Each track is divided into 26 sectors numbered 1-26 (Figure 1-9). Each
sector contains two major fields: the header field and the data field (Figure 1-10).

/— L.E.D. TRANSDUCER QUTPUT

HARD
INDE X
MARK {{
|} E— )
/4 { (, v
SECTOR PRE(_’L\’F?EX SECTOR SECTOR SECTOR SECTOR
- b = = =7 =4
=2 <320 BYTES ! ? 3
- 4 4
SOFT INDEX MARK
1BYTE
@ ROTATION
R R Bt )
Figure 1-9 Track Format (Each Track)
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et &, r D i¢ - L£.. 0
LA ¥ e
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W ocwi < w w e} o DATA
@ o | INTER: ool = & wio w | HEADER g H OR ) DATA
Z w | SECTORGAP! 218 2 > 12 pro |l Loe n W | 256,, BYTES OF MFM| cpe
ES |268YTES | Qb | @ cwl 2%« P | SevTes ¥ o W &1 (MODIFIED) 2 BYTES
galrsores [Smlowl S| 7 |og | - 22 |2 @ | paTa
& e hot O] g s 5w -
> | ¢ Q5 w | O
Lo A abla¥
Q. - EolE
<< 4
|
g ) rq4
2F R

 J
[ Ea]
Ls——o‘ — PREAMBLE 11 BYTES _L,‘,.! L_‘ 6 BYTES

ID GAP
[WR!TE GATE TURN OFF i's OR O's WRITE GATE TURN ON
FOR WRITE OF PRECEEDING FOR WRITE OF NEXT
DATA FIELD =+— ROTATION DATA FIELD

MA-1B27

Figure [-10 Sector Format (Each Sector)

1.5.3.1 Header Field Description - The header field is broken into seven bytes (eight bits/byte) of
information and is preceded by a field of at least six bytes of zeros for synchronization. The header and
its preamble are always recorded in FM.

I.  ByteNo. I: ID Address Mark - This is a unique stream of flux reversals (not a string of data

bits) that is decoded by the controller to identify the beginning of the header field. (Data =
FE hex, clock = C7 hex.)

2. Byte No. 2: Track Address — This is the absolute (0-114g) binary track address. Each sector
contains track address information to identify its location on 1 of the 77 tracks.

3. Byte No. 3; - Zeros



4,

5.

6,7.

Byte No. 4: Sector Address ~ This is the absolute binary sector address (1-32g). Each sector
contains sector address information to identify its circumferential position on a track. There
is no sector 0.

Byte No. 5: - Zeros

Bytes No. 6 and 7: CRC - This is the cyclic redundancy check character that is calculated for
each sector from the first five header bytes using the IBM 3740 polynomial.

1.5.3.2 Data Field Description - The data field contains either 131¢ or 259 bytes of information
depending on the recording scheme. This field is preceded by a field of zeros for synchronization and
the header field (Figure 1-10).

IR

Byte No. I: Data or Deleted Data Address mark - This byte is always recorded in FM and is
unique because it contains missing clocks. It is decoded by the controller to identify the
beginning of a data field. The deleted data mark is not used during normal operation but the
RX02 can identify and write deleted data marks under program control as required. There is
a unique address mark for each density as shown in the following table. One of these marks
is the first byte of each data field.

Table 1-1 Data Address Mark Code

Hex Byte
Mark Density Data Clock
FM FB C7
Data
MFM mod. FD C7
DELETED FM F8 C7
DATA MFM mod. F9 C7

Bytes No. 2: -129 (FM) or -257 (MFM modified) - This is the data field and it can be
recorded in either FM or MFM (modified). It is used to store 1289 or 256;¢ (depending
upon encoding) 8-bit bytes of information.

NOTE
Partial data fields are not recorded.

Bytes No. 130 and 131 or 258 and 259 - These bytes comprise the CRC character that is
calculated for each sector from the first 129 or 257 data field bytes using the industry stand-
ard polynomial division algorithm designed to detect the types of failures most likely to
occur in recording on the floppy media. These bytes will be recorded with the same encoding
scheme as the data field.

1.5.3.3 Track Usage - In the IBM 3740 system, some tracks are commonly designated for special
purposes such as error information, directories, spares, or unused tracks. The RX02 is capable of
recreating any system structure through the use of special systems programs, but normal operation will
make use of all the available tracks as data tracks. Any special file structures must be accomplished
through user software.

1.5.3.4 CRC Capability - Each sector has a two-byte header CRC character and a two-byte data
CRC character to ensure data integrity. The CRC characters are generated by the hardware during a
write operation and checked to ensure all bits were read correctly during a read operation. The CRC
character is the same as that used in IBM 3740 series equipment.
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CHAPTER 2
INSTALLATION

This chapter contains information that is required for site preparation, unpacking, installation, and
testing of the RX02 Floppy Disk System. Information is also provided to identify the various system
configurations that are available.

2.1 SITE PREPARATION

2.1.1  Space

The RX02 is a cabinet-mountable unit that may be installed in a standard Digital Equipment Corpo-
ration cabinet. This rack-mountable version is approximately 28 cm high, (10-1/2 inches), 48 cm wide,
(19 inches) and 42 cm deep (16-1/2 inches) as shown in Figure 2-1.

10.5"
{26, 7cm}

L 19”7
|

{48.3cm)

i A

(FRONT VIEW)
17.0"
DR — »
{43.2cm]}
/SEE NOTE
== /stsDE TRACK
(FRONT)| |2 5 T — o ]
L
26.5"
* {66.3cm) |
(SIDE VIEW)

NOTE:
DUST COVER ATTACHED TO
CABINET NOT RX02

MAL1B2G

Figure 2-1 RX02 Outline Dimensions
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“When the RX02 is mounted in a cabinet (Figure 2-2), provision should be made for service clearances
of approximately 56 cm (22 inches) at the front and rear of the cabinet so that the RX02 can be
extended or the cabinet rear door opened.

SWINGING DOOR
RH. OR L.H
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i ;
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REMOVABLE ] B 48 '/yan
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1
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! | PAN ?72 2em)
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i |
H |
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H“‘“‘ 21 ”/.5_“-L|
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| RX02 EXTENDED
| FROM CABINET ! I
\ |
e e e e e e 1 ¥

MA 1628

CABINET 71 7/16" {182.28 cm) HIGH
(FLOOR LINE TO CABINET TOP)

Figure 2-2 Cabinet Layout Dimensions

2.1.2 Cabling

The standard interface cable provided with an RX02 (BCO5L-15)is 4.6 m (15 ft) in length; the position-
ing of the RX02 in relation to the central processor should be planned to take this into consideration.
The RX02 should be placed near the control console or keyboard so that the operator will have easy
access to load or unload disks. The position immediately above the CPU is preferred. The ac power
cord is about 2.7 m (9 ft) long.

2.1.3 AC Power

2.1.3.1 Power Requirements - The RX02 is designed to use either a 60 Hz or ar 50 Hz power source.
The 60 Hz version will operate from 90-128 Vac, without modifications, and will use less than 4 A
operating. The 50 Hz version will operate within four voltage ratings and will require field veri-
fication/modification to ensure that the correct voltage option is selected. The voltage ranges of
90-120 Vac and 184-240 Vac will use less than 4 A operating. The voltage ranges of 100-128 Vac and
200-256 Vac will use less than 2 A. Both versions of the RX02 will be required to receive the input
power from an ac source (e.g., 861 power control) that is controlled by the system’s power switch.
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2.1.3.2 Input Power Modification Requirements - The 60 Hz version of the RX02 uses the H771-A
power supply and will operate on 90-128 Vac, without modification. To convert to operate on a 50 Hz
power source in the field, the H771-A supply must be replaced with an H771-C or -D (Figure 1-4) and
the drive motor belt and drive motor pulley must be replaced (Figure 1-5). The H771-C operates on a
90-120 Vac or 100-128 Vac power source. The H771-D operates on a 184-240 Vac or 200-256 Vac
power source. To convert the H771-C to the higher voltage ranges or the H771-D to the lower voltage
ranges, the power harness and circuit breaker must be changed. See Figure 2-3 for the appropriate
jumper and circuit breaker.

JUMPER Pt

SHIPPING POWER PLUGS
RESTRAINT (RED}

VOLTAGE {VAC) JUMPER CIRCUIT BREAKER
90-120 70-10696-02 3.6 A, 12:12301-01
100-128 70-10696-01 354, 12123-1-01
184-240 70-10696-04 1.75 A, 12-12301-00
200-256 70-10696-03 1.75 A, 12-12301-00

MA-1HES

Figure 2-3 RXO02 Rear View

2.1.4 Fire and Safety Precautions

The RX02 Floppy Disk System presents no additional fire or safety hazards to an existing computer
system. Wiring should be carefully checked, however, to ensure that the capacity is adequate for the
added load and for any contemplated expansion.

2.2 CONFIGURATION GUIDELINES

The most common RX02 Floppy Disk System configurations available are listed in Table 2-1. Each
interface module listed in the table plugs into a computer bus; it is compatible with the applicable
computer so that there is adequate power to operate each module. The interconnections between each
interface module and the RX02 controller for each of the configurations in Table 2-1 is by a BCO5L-15

cable which is 4.6 m (15 ft) maximum. (See Table 2-2 for the controller module configuration switch
positions.)
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Table 2-1

RX02 Configurations

Computer System pCPU Interface RX62 Power
Designation Controller Module Model No. Supply
RX8E M7744 M8357 RX02-BA 115V, 60 Hz
RX02-BC 115V, 50 Hz
RX02-BD 230 V, 50 Hz
PDP-8 RX28E M7744 M8357 RX02-BA 115V, 60 Hz
RX02-BC 115V, 50 Hz
RX02-BD 230 V, 50 Hz
RXI11 M7744 M7846 RX02-BA 115V, 60 Hz
RX02-BD 230 V, 50 Hz
RX02-BD 230 V, 50 Hz
PDP-11 RX211 M7744 MB256 RX02-BA 115V, 60 Hz
RX02-BC 115 V, 50 Hz
RX02-BD 230 V, 50 Hz
RXVI1i M7744 M7946 RX02-BA 115V, 60 Hz
RX02-BC 115 V, 50 Hz
RX02-BD 230 V, 50 Hz
LSI-11 RXV2i M7744 M8029 RX02-BA 115V, 60 Hz
RX02-BC 115V, 50 Hz
RX02-BD 230 V, 50 Hz
Table 2-2 Controller Configuration Switch Positions
Interface S1-1 S1-2 2 [ |st
| I
RX211, RXV2l, OFF ON ON #——— Top View
RX8E, RX11, RXVll1, ON OFF
RX28 OFF OFF

2.3 ENVIRONMENTAL CONSIDERATIONS

2.3.1  General
The RX02 is capable of efficient operation in computer environments; however, the parameters of the
operating environment must be determined by the most restrictive facets of the system, which in this

case are the diskettes.

2.3.2 Temperature, Relative Humidity

The operating ambient temperature range of the diskette is 15° to 32° C (59° to 90° F) with a max-
imum temperature gradient of 11° C/hr (20° F /hr). The media nonoperating temperature range (stor-
age) is increased to ~34.4° to 51.6° C (-30° to 125° F), but care must be taken to ensure that the media
has stabilized within the operating temperature range before use. This range will ensure that the media

will not be operated above its absolute temperature limit of 51.6° C (125° F).
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Humidity control is important in any system because static electricity can cause errors in any CPU
with memory. The RX02 is designed to operate efficiently within a relative humidity range of 20 to 80
percent, with a maximum wet bulb temperature of 25° C (77° F) and a minimum dew point of 2° C
(36° F).

2.3.3 Heat Dissipation

The heat dissipation factor for the RX02 Floppy Disk System is less than 225 Btu/hr. By adding this
figure to the total heat dissipation for the other system components and then adjusting the result to
compensate for such factors as the number of personnel, the heat radiation from adjoining areas, and
sun exposure through windows, the approximate cooling requirements for the system can be deter-
mined. It is advisable to allow a safety margin of at least 25 percent above the maximum estimated
requirements.

2.3.4 Radiated Emissions

Sources of radiation, such as FM, vehicle ignitions, and radar transmitters located close to the com-
puter system, may affect the performance of the RX02 Floppy Disk System because of the possible
adverse effects magnetic fields can have on diskettes. A magnetic field with an intensity of 50 oersteds
or greater might destroy all or some of the information recorded on the diskette.

2.3.5 Cleanliness

Although cleanliness is important in all facets of a computer system, it is particularly important in the
case of moving magnetic media, such as the RX02. Diskettes are not sealed units and are vulnerable to
dirt. Such minute obstructions as dust specks or fingerprint smudges may cause data errors. Therefore,
the RX02 should not be subjected to unusually contaminated atmospheres, especially one with abra-
sive airborne particles.

NOTE

Removable media involve use, handling, and mainte-
nance which are beyond DIGITAL’s direct control.
DIGITAL disclaims responsibility for performance
of the equipment when operated with media not
meeting DIGITAL specifications or with media not
maintained in accordance with procedures approved
by DIGITAL. DIGITAL shall not be liable for dam-
ages to the equipment or to media resulting from
such operation.

2.4 UNPACKING AND INSPECTION

24.1 General

The RX02 Floppy Disk System can be shipped in a cabinet as an integral part of a system o7 in a
separate container. If the RXO02 is shipped in a cabinet, the cabinet should be positioncd "2 . finul
installation location before proceeding with the installation.
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2.4.2 Toels

Installation of an RX02 Floppy Disk System requires no special tools or equipment. Normal hand
tools are all that are necessary. However, a forklift truck or pallet handling equipment may be needed
for receiving and installing a cabinet-mounted system.

2.43

2.4.3.1
I

2.

2.4.3.2
L

2.

6.

Unpacking

Cabinet-Mounted
Remove the protective covering over the cabinet.
Remove the restraint on the rear door latch and open the door.

Carefully roll the cabinet off the pallet; if a forklift is available, it should be used to lift and
move the cabinet.

Remove the shipping restraint from the RX02 and save it for possible reuse.

Slide the RX02 out on the chassis slides and visually inspect for any damage as indicated in
Paragraph 2.4.3.3.

Separate Container
Open the carton (Figure 2-4) and remove the packing pieces.
Lift the RX02 out of the carton.

Remove the shipping fixtures from both sides of the RX02 and inspect for shipping damage
as indicated in Paragraph 2.4.3.3.

Attach the inside tracks of the chassis slides provided in the carton to the RX02 (Figure 2-1).

Locate the proper holes in the cabinet rails (Figure 2-5) and attach the outside tracks to the
cabinet.

Place the tracks attached to the RX02 inside the extended cabinet tracks and slide the unit in
until the tracks lock in the extended position.

Attach the front bezel with the screws supplied.

Locate the RX02 cover in the cabinet above the unit and secure it to the cabinet rails (Figure
2-5).

2-6



T SLIDES

DISKETTES

SCORED
SHEET

DUST
COVER
PLYWOOD HOLDING

FIXTURE

ONE PIECE
FOLDER

~—— PLYWOOD
HOLDING
FIXTURE

.,\___?,.-—FLAT WASHER (8)

& \ SCREW (8}

S
SLOTTED
CARTON
SHIPPING
CARTON

MA- 1854

Figure 2-4 RX02 Unpacking
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Figure 2-5 RX02 Cabinet Mounting Information
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2.4.3.3

25

1.

Inspection

Inspect the front cover(s) of the RX02 to be sure it operates freely. Compress the latch which
allows the spring-loaded front cover to open.

2. Inspect the rear of the RX02 chassis to be sure there are no broken or bent plugs. Also, be
sure the fuse is not damaged.

3. Visually inspect the interior of the unit for damaged wires or loose hardware.

4.  Loosen the screws securing the hinged upper module (M 7744) and raise the module so that
modules M7744 and M7745 can be inspected for damaged components or wires.

5. Verify that the items listed on the shipping order are included in the shipment. Be sure the
interface cable (BCOSL-15) and the appropriate interface module are included.

NOTE
If any shipping damage is found, the customer should
be notified at this time so he can contact the carrier
and record the information on the acceptance form.

INSTALLATION

1. Ensure that power for the system is off.

2. Loosen the screws securing the upper module (M7744) and swing it up on the hinge.

3. Inspect the wiring and connectors for proper routing and ensure that they are seated cor-
rectly.

4. This step is for 50 Hz versions only. Check the power configuration to ensure that the proper
jumpers and the correct circuit breaker are installed (Figure 2-3).

5. Connect the BCOSL-15 cable to the M7744 module and route it along the near side of the
chassis through the back of the RX02 to the CPU; then connect it to the interface module
for the PDP-8, PDP-11, or LSI-11.

The cable is connected to the M7744 module with the red stripe on the left, looking from the
component side of board; the cable is connected to the interface module with the red stripe
toward the center of the module.

6. Refer to Table 2-2 for the correct controller configuration switch positions.

7. Refer to Table 2-3 for correct device code or addressing jumpers on the interface module.

8. Insert the interface module into the Omnibus (PDP-8), available SPC slot (PDP-11), or LSI
bus (LSI-11). The PDP-11 and LSI-11 interface modules must be inserted in the lowest
numbered available option location. Modules that use DMA processing should have a
higher priority than programmed I/O devices. For modules using DMA processing in the
PDP-11 SPC slot, ensure that the NPG (NPG IN, NPG OUT) line (CA1-CBl1) is cut on the
backplane.

9.  Connect the RX02 ac power cord into a switched power source.

10.  Turn the power on, watching for head movement on the drive(s) during the power up,

initialize phase. The head(s) should move one track toward the center and back to track
Zero.



Table 2-3 Interface Code/Jumper Configuration

PDP-8 (M8357)

Device Codes

SwWi Sw2 SW3 5W4 SW5 SWe
670X* ON ON ON OFF OFF OFF
671X ON ON OFF OFF OFF ON
672X ON OFF ON OFF ON OFF
673X ON OFF OFF OFF ON ON
674X OFF ON ON ON OFF OFF
675X OFF ON OFF ON OFF ON
676X OFF OFF ON ON ON OFF
677X OFF OFF OFF ON ON ON
PDP-11 (M7846) (Vi8256)
BR Priority Unibus Address 17717X* Vector Address (264,)*
BR7 - 54-08782 A12/W18 - Removed SW10 OFF V2/W1 - Installed SWI ON
BR6 - 54-08780 All/WI17 - Removed SW9 OFF V3/W2 - Removed SW2 OFF
BRS - 54-08778* A10/W16 - Removed SW8 OFF V4/W3 - Installed SW3 ON
BR4 - 57-08776 A9/W15 - Removed SW7 OFF V5/W4 - Installed SW4 ON
A8/W14 - Installed SWé6 ON V6/W5 ~ Removed SWS OFF
A7/W13 - Installed SW5 ON V7/W6 - Installed SW6 ON
A6/WI12 - Removed SwW4 OFF V8/W7 - Removed SW7 OFF
A5/WI11 - Removed SW3 OFF
A4/W10 - Removed SW2 OFF
A3/W9 - Removed SW1 OFF
LSI-11
(M7946) (M8029)

Register Address*
(17717X,)

(264,)

Vector Address*

Register Address*
(17717X,)

Vector Address*
(264,)

A-1 - CPU Selectable

W-7/A-2 - Installed

W-8/A-3 - Removed

W-9/A-4 ~ Removed

W-10/A-5 - Removed
W-11/A-6 -~ Removed
W-12/A-7 - Installed
W-13/A-8 - Installed
W-14/A-9 - Removed
W-15/A-10 - Removed
W-16/A-11 - Removed
W-17/A-12 - Removed

W-1/V-2 - Removed
W-2/V-3 - Installed
W-3/V-4 - Removed
W-4/V-5 - Removed
W-5/V-6 - Installed
W-6/V-7 - Removed

A-1 - CPU Selectable
A-2 - Hardwired
A-3 - Installed
A-4 - Installed
A-5 - Installed
A-6 - Installed
A-7 - Removed
A-8 Removed
A-9 - Instalied
A-10 - Installed
A-11 - Installed
A-12 - Installed

V2 - Installed

V-3 - Removed
V-4 - Installed
V-5 - Installed
V-6 - Removed
V-7 - Installed
V-8 - Removed

*Standard
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2.5.1 PDP8-A Modification
In order to bootload from an RX02 on a PDP8-A system, it is necessary to modify the KM8-A
(M8317) extended option module (if present) as follows (Figure 2-6):

s replace E82 with prom #23-465A2

e replace E87 with prom #23-469A2

s set SW#1 and SW#2 according to the bootload device as shown below.

Program S2-5 S2-6 S2-7 S2-8 S1-1 Si-2 Si-3
H/L PTR ON ON ON OFF ON ON ON
RK38-E ON OFF ON OFF ON OFF ON
RX8-E ON OFF OFF ON OFF ON ON
RLSA OFF ON OFF OFF OFF ON OFF

§2-1 o
528 |

£87 ~]

g8z /|

L Fl :

MA.2709

Figure 2-6 KMS8-A Modification

2.6 TESTING

To test the operation of RX02, run the DEC diagnostics supplied. Perform the diagnostics in the
sequence listed for the number of passes (time) indicated.

RX8 or RX11 Diagnostic - 2 passes
Data Reliability /Exerciser - 3 passes
DECX-8 or DECX-11 - 10 minutes

If any errors occur contact Field Service.
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CHAPTER 3
USER INFORMATION

3.1 CUSTOMER RESPONSIBILITY

It is the user’s responsibility to ensure that the RX02 is located and operated in an area that is free
from excessive dust and dirt, and meets or exceeds the environmental conditions listed in Paragraph
1.4. The exterior of the RX02 should be kept clean. Also, it is the user’s responsibility to ensure that
the diskettes are handled and stored properly in order to prevent errors or data loss which might occur
when recording or reading data; diskette handling procedures are described in Paragraph 3.2.

3.2 CARE OF MEDIA

3.2.1 Handling Practices and Precautions

To prolong the diskette life and prevent errors when recording or reading, reasonable care should be
taken when handling the media. The following handling recommendations should be followed to
prevent unnecessary loss of data or interruptions of system operation.

1. Do not write on the envelope containing the diskette. Write any information on a label prior
to affixing it to the diskette.

2. Paper clips should not be used on the diskette.

3. Do not use writing instruments that leave flakes, such as lead or grease pencils, on the jacket
of the media.

4. Do not touch the disk surface exposed in the diskette slot or index hole.
5. Do not clean the disk in any manner.

6.  Keep the diskette away from magnets or tools that may have become magnetized. Any disk
exposed to a magnetic field may lose information.

7. Do not expose the diskette to a heat source or sunlight.

8. Always return the diskette to the envelope supplied with it to protect the disk from dust and
dirt. Diskettes not being used should be stored in a file box if possible.

9. When the diskette is in use, protect the empty envelope from liquids, dust, and metallic
materials.

10. Do not place heavy items on the diskette.
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11. Do not store diskettes on top of computer cabinets or in places where dirt can be blown by
fans into the diskette interior.

12.  If a diskette has been exposed to temperatures outside the operating range, allow five min-
utes for thermal stabilization before use. The diskette should be removed from its packaging
during this time.

CAUTION
e Do not use paper clips on diskettes.
¢ Do not expose the diskette to a heat source or sun-
light.
¢ Keep the diskettes from magnetic fields.
e Do not write on the diskette with an instrument
that leaves an impression or flakes.

3.2.2 Diskette Storage

3.2.2.1 Short Term (Available for Immediate Use)
1. Store diskettes in their envelopes.

2. Store horizontally, in piles of ten or less. If vertical storage is necessary, the diskettes should
be supported so that they do not lean or sag, but should not be subjected to compressive
forces. Permanent deformation may result from improper storage.

3. Store in an environment similar to that of the operating system; at a minimum, store within
the operating environment range.

3.2.2.2 Long Term - When diskettes do not need to be available for immediate use, they should be
stored in their original shipping containers within the nonoperating range of the media.

3.2.3 Shipping Diskettes

Data recorded on disks may be degraded by exposure to any sort of small magnet brought into close
contact with the disk surface. If diskettes are to be shipped in the cargo hold of an aircraft, take
precautions against possible exposure to magnetic sources. Because physical separation from the mag-
netic source is the best protection against accidental erasure of a diskette, diskettes should be packed at
least 3 inches within the outer box. This separation should be adequate to protect against any magnetic
sources likely to be encountered during transportation, making it generally unnecessary to ship dis-
kettes in specially shielded boxes.

When shipping, be sure to label the package:
DO NOT EXPOSE TO PROLONGED HEAT OR SUNLIGHT.
When received, the carton should be examined for damage. Deformation of the carton should alert the

receiver to possible damage of the diskette. The carton should be retained, if it is intact, for storage of
the diskette or for future shipping.
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3.3 OPERATING INSTRUCTIONS

NOTE
The left drive is always identified as drive 0.

The RX02 has no operator controls and indicators. The diskette is inserted on a drive after com-
pressing the latch to allow the spring-loaded front cover to open. Place the diskette with the label or
top up (the jacket seams are on the bottom) on the drive spindle. Close the front cover which will
automatically lock when it is pushed down. Initialize the system (from the computer) and listen for
audible clicking sounds which indicate the head is moving over the diskette; the RX02 is ready for use.
Data storage and retrieval is controlled by the user’s program.

CAUTION
Do not open the drive door while the diskette is in
use; this results in errors.

3.4 OPERATOR TROUBLESHOOTING
Table 3-1 is a list of possible problems and some probable causes the operator may encounter. If the
problem cannot be corrected, refer to the RX02 Floppy Disk System Technical Manual if available.

Table 3-1 Operator Troubleshooting Guide

Problem Probable Cause Correction

No power
(drive inoperative)

Drive not ready

Error in recording

Power cord disconnected
Blown fuse
Circuit breaker open

Drive door open
Diskette improperly installed

Diskette wear
Diskette mounting hole

Mismatch in recording density
on a diskette

Connect power cord
Replace fuse
Close circuit breaker

Close door
Properly seat diskette

If worn, replace

If the hole is not concentric, re-
place diskette

If diskette data density is not
compatible with data to be re-
corded, replace diskette with a
new preformatted diskette.
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CHAPTER 4
PROGRAMMING

This chapter contains programming information for the following interface options: RX8E, RX28,
RXI1I, RXVI11, RX211, and RXV2!. The RX8E and RX28 programming information is presented
followed by the RX11 and RXV11 information and then the RX211 and RXV2I information is pre-
sented. The RX8E, RX11, and RXV1! options are used for single density recording and are com-
patible with the RX01 Fioppy Disk System. The RX28E, RX211, and RXV21 can be used for either
single or double density recording.

4.1 RX8E AND RX28 PROGRAMMING INFORMATION

The RXS8E interface allows two modes of data transfer: 8-bit word length and 12-bit word length. In
the 12-bit mode, 64 words are written in a diskette sector, thus requiring 2 sectors to store 1 page of
information. The diskette capacity in this mode is 128,128 12-bit words (1001 pages). In the 8-bit
transfer mode, 128 8-bit words are written in each sector. Disk capacity is 256,256 8-bit words, which is
a 33 percent increase in disk capacity over the 12-bit mode. The 8-bit mode must be used for generating
IBM-compatible diskettes, since 12-bit mode does not fully pack the sectors with data. The hardware
puts in the extra 0s. Data transfer requests occur 23 ms after the previous request was serviced for 12-
bit mode (18 ms for 8-bit mode). There is no maximum time between the transfer request from the
RXO02 and servicing of that request by the host processor. This allows the data transfer to and from the
RXO02 to be interrupted without loss of data.

The RX28 interface allows two modes of data transfer: 8-bit word length and 12-bit word length. For
each mode of data transfer there can be either single density or double density storage of data. In the
12-bit mode single density recording, 64 words are written in a diskette sector, and the diskette capac-
ity is 128,128 12-bit words; for double density, there are 128 words written in a sector with a diskette
capacity of 256,256 12-bit words. In the 8-bit word mode single density recording, 128 8-bit bytes are
written in each sector and the diskette capacity is 256,256 8-bit bytes; for double density, there are 256
8-bit bytes written in a sector with a diskette capacity of 512,512 8-bit bytes. (For the 12-bit mode, all
12-bit data words are loaded into the buffer and then the hardware forces zeros to add extra bits to the
end of the buffer so that the buffer is filled.)

4.1.1  Device Codes

The eight possible device codes that can be assigned to the interface are 70-77. These device codes
define address locations of a specific device and allow up to eight RX8E/RX28 interfaces to be used on
a single PDP-8. These multiple device codes are also shared with other devices. Depending on what
other devices are on the system, the RX8E/RX28 device code can be selected to avoid conflicts. (Refer
to the PDP-8 Small Computer Handbook for specific device codes.)
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The device codes are selected by switches according to Table 4-1. These switches control ac bits 6-8,
while ac bits 3-5 are fixed at Is. The device code is initially selected to be 70. Switches 7 and 8 are not
connected and will not affect the device selection code. The switches are all located on a single DIP
switch package that is located on the M8357 RX8E/RX28 interface board.

Table 4-1 Device Code Switch Selection

0 (OFF) 1(ON)
Device
Code S1 182 |1 S3] S4 | S5] S6 1 857 (88 | I Si
77 0 0 0 | I 1 X X | I S2
76 0 0 ! 1 l 0 X X I S3
75 0 i 0 1 0 1 X X /3 S4
74 0 1 1 1 0 0 X X /) S5
73 | 0 0 0 i 1 X X I S6
72 | 0 I 0 1 0 X X /) 57
71 1 1 0 0 0 ] X X ] S8
70 ] 1 I 0 0 0 X X

4.1.2 Instruction Set

The RX8E/RX28 instruction set is listed below and described in the following paragraphs. When
operating as an RX28, for the 8-bit mode, all instruction set commands are transferred in two 8-bit
bytes.

0T Mnemonic Description

67x0 No Operation

67x1 LCD Load Command, Clear AC

67x2 XDR Transfer Data Register

67x3 STR Skip on Transfer Request Flag, Clear Flag
67x4 SER Skip on Error Flag, Clear Flag

67x5 SDN Skip on Done Flag, Clear Flag

67x6 INTR Enable or Disable Disk Interrupts

67x7 INIT Initialize Controller and Interface

4,1.2.1 RX8E Load Command (LCD) - 67x! - This command transfers the contents of the AC to the
interface register and clears the AC. The RX02 begins to execute the function specified in AC 8,9, and
10 on the drive specified by AC 7. A new function cannot be initiated unless the RX02 has completed
the previous function. The command word is defined as shown in Figure 4-1. The command word is
described in greater detail in Paragraph 4.1.3.1.

60 01 02 03 04 05 06 07 08 09 10 M

) DRV
I l i 18;12 SEL FUNCTFONI

———— !
NOT USED MAINT NOT NOT
USED USED

MA 1853

Figure 4-1 LCD Word Format (RX8E)
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4.1.2.2 RX28 Load Command - (First byte 67x1, second byte — 67x2) - This command transfers the
contents of the AC to the interface register and clears the AC. The RX02 begins to execute the function
specified in AC 8, 9, and 10 on the drive specified by AC 7. A new function cannot be initiated unless
the RX02 has completed the previous function. The command word is defined as shown in Figure 4-2
and is described in greater detail in Paragraph 4.1.3.1.

L
“00 01 02 0304 05 06 07 08 09 10 11
12 BIT DEN 8/12 FUNCTION
MODE i
l
e ! UNIT
NOT RESERVED MAINT SEL
USED
0 1 2 3 a4 5 8 7
4:11
TRANSFER gy01 0
BYTE 1
3 BIT
MODE 0 1 2 3 4 5 & 7
TRANSFER

vies ooz oomloJojofo] | ] [

M 1782

Figure 4-2 Command Word Format (RX28)

When operating in the 8-bit mode, the Load command is stored in two 8-bit transfers. The first 8 bits
of the command word (shown as bits 4-11 in Figure 4-2) are stored; then TR is asserted and an XDR is
performed to transfer the remaining bits of data (bit 3, DEN, and bit 2, as shown in Figure 4-2) right-
justified. The extra bits in the second 8-bit transfer are filled with zeros. Upon completing the transfer
of the second 8-bit byte, Done is asserted to end the function.

4.1.2.3 Transfer Data Register (XDR) - 67x2 - With the maintenance flip-flop cleared, this instruc-
tion operates as follows. A word is transferred between the AC and the interface register. The direction
of transfer is governed by the RX02 and the length of the word transferred is governed by the mode
selected (8-bit or 12-bit). When Done is negated, executing this instruction indicates to the RX02 that:

1. The last data word supplied by the RX02 has been accepted by the PDP-8, and the RX02
can proceed, or

2. The data or address word requested by the RX02 has been provided by the PDP-§, and the
RXO02 can proceed.

A data transfer (XDR) from the AC always leaves the AC unchanged. If operation is in 8-bit mode,
AC 0-3 are transferred to the interface register but are ignored by the RX02. Transfers into the AC are
12-bit jam transfers when in 12-bit mode. When in 8-bit mode, the 8-bit word is ORed into AC 4-11
and AC 0-3 remain unchanged. When the RX02 is done, this instruction can be used to transfer the
RXES status word from the interface register to the AC. The selected mode controls this transfer as
indicated above.

4.1.2.4 STR - 67x3 - This instruction causes the next instruction to be skipped if the transfer request
(TR) flag has been set by RX02 and clears the flag. The TR flag should be tested prior to transierring
data or address words with the XDR instruction to ensure the data or address has been received or
transferred, or after an LCD instruction to ensure the command is in the interface register. In cases
where an XDR follows an LCD, the TR flag needs to be tested only once between the two instructions.

4-3



4.1.2.5 SER - 67x4 - This instruction causes the next instruction to be skipped if the error flag has
been set by an error condition in the RX02 and clears the flag. An error also causes the done flag to be
set (Paragraph 4.1.3.6).

4.1.2.6 SDN - 67x5 - This instruction causes the next instruction to be skipped if the done flag has
been set by the RX02, indicating the completion of a function or detection of an error condition. Ifthe
done flag is set, it is cleared by the SDN instruction. This flag will interrupt if interrupts are enabled.

4.1.2.7 INTR - 67x6 - This instruction enables interrupts by the done flag if AC 11=1. It disables
interrupts if AC 11=0.

4.1.2.8 INIT - 67x7 - The instruction initializes the RX02 by moving the head position mechanism of
drive 1 (if drive 1 is available) to track 0. It reads track 1, sector | of drive 0. It zeros the error and
status register and sets Done upon successful completion of Initialize. Up to 1.8 seconds may elapse
before the RX02 returns to the Done state. Initialize can be generated by the program or by the
Omnibus Initialize.

4.1.3 Register Description

Only one physical register (the interface register) exists in the RX8E/RX28, but it may represent one of
the six RX02 registers described in the following paragraphs, according to the protocol of the function
in progress.

4.1.3.1 Command Register (Figures 4-3 and 4-4) - The command is loaded into the interface register
by the LCD instruction for RX8E and by a load command (LCD and XDR) for the RX28 (Para-
graphs 4.1.2.1 and 4.1.2.2).

00 01 02 03 04 05 06 07 08 09 10 N

EEEERTREGEETN

NOT USED MAINT NOT NOT
USED USED

Ma. 1793

Figure 4-3 Command Register Format (RX8E)

00 01 02 03 04 05 06 07 08 09 10 M

12-BIT MODE DEN 8/12 FUNCTION —
[S—— ! I L—uwir [
NOT RESERVED MAINT NOT USED SEL NOT USED
USED
o 2 3 4 5 & 7
04: 11
1STBYTE
8-B1T MODE o 1 s 3 a4 5 & 7
00:03
INDBYTE | 0 [ Q| O | O -+
___ﬁ.—___l
NOT USED

MA 1754

Figure 4-4 Command Register Format (RX28)
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The function codes (bits 8, 9, 10) are summarized below and described in Paragraph 4.1.4.

Code Function

000 Fill Buffer

001 Empty Buffer

010 Write Sector

011 Read Sector

100 Not used (RX8E) ~ Set Density (RX28)
101 Read Status

110 Write Deleted Data Sector

111 Read Error Register

The DRV (UNIT) SEL bit (bit 7) selects one of the two drives upon which the function will be
performed:

AC7
AC7

0 Select drive O
1 Select drive |

The 8/12 bit (bit 5) selects the length of the data word.

ACS

0 12-bit mode selected
ACS5=1

8-bit mode selected

The DEN bit {bit 3) for RX28 indicates the density for the function to be performed (0 = single, 1 =
double). The RX8E/RX28 will initialize into 12-bit mode.

4.1.3.2 Error Code Register (Figure 4-5) - Specific error codes can be accessed by use of the read error
code function (111) (Paragraph 4.1.4.9). The specific octal error codes are given in Paragraph 4.1.5.

NOT USED ERROR CODE

[T

Figure 4-5 Error Code Register Format (RX8E/RX28A)

The maintenance bit (M bit) can be used to diagnose the RX8E interface under off-line and on-line
conditions. The off-line condition exists when the BCO5L-15 cable is disconnected from the RX02; the
on-line condition exists when the cable is connected to the RX02.

If an LCD 10T (I/O transfer) is issued with AC 4 = [, the maintenance flip-flop is set. When the
maintenance flip-flop is set, the assertion of RUN following XDR instructions is inhibited, and all
data register transfers (XDR) are forced into the AC. The maintenance bit allows the interface register
to be written and read for maintenance checks. The maintenance flip-flop is cleared by Initialize or by
a Load Command IOT with AC 4 = 0. The following paragraphs describe more explicitly how to use
the maintenance bit in an off-line mode.

The contents of the interface buffer cannot be guaranteed immediately following the first Load Com-
mand IOT, which sets the maintenance flip-flop. However, successive Load Command I0Ts will guar-
antee the contents of the interface register. The contents of the interface register can then be verified by
using the XDR IOT to transfer those contents into the AC.
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In addition, the maintenance flip-flop directly sets the skip flags, which will remain set as long as the
maintenance flip-flop is set. Skipping on these flags as long as the maintenance flip-flop is set will not
clear the flags. Setting and then clearing the maintenance flip-flop will leave the skip flags in a set
condition. The skip IOTs can then be issued to determine whether or not a large portion of the
interface skip logic is working correctly.

With the maintenance flip-flop set, it can be determined if the interface is capable of generating an
interrupt on the Omnibus. When the maintenance flip-flop is set, the done flag is set, and the interrupt
enable flip-flop can be set by issuing an INTR IOT with AC bit 11=1. The combination of done and
interrupt enable should generate an interrupt.

The maintenance flip-flop can also be used to test the INIT IOT. The maintenance flip-flop is set and
cleared to generate the flags, and INIT IOT is then executed. If execution of INIT IOT is internally
successful, all of the flags and the interrupt enable flip-flop should be cleared if they were previously
set.

In the on-line mode, use of the maintenance bit should be restricted to writing and reading the inter-
face register. The same procedure described to write and read the interface register in the off-line mode
should be implemented in the on-line mode. Exiting from the on-line maintenance bit mode should be
finalized by an initialize to the RX02.

4.1.3.3 RX2TA - RX Track Address (Figure 4-6) ~ This register is loaded to indicate on which of the
77 (0-76) tracks a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.1.4). Bits 0-3 are unused and are ignored by the control.

4.1.3.4 RX2SA - RX Sector Address (Figure 4-7) - This register is loaded to indicate on which of the
26 (1-26) sectors a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.1.4). Bits 0-3 are unused and are ignored by the control.

4.1.3.5 RX2DB - RX Data Buffer (Figure 4-8) — All information transferred to and from the floppy
media passes through this register and is addressable only under the protocol of the function in prog-
ress. The length of data transfer is either 8 or 12 bits, depending on the state of bit 5 of the command
register when the Load Command 10T is issued (Paragraph 4.1.3.1).

4.1.3.6 RXS8E - RX Error and Status (Figure 4-9) - The RXES contains the current error and status
conditions of the selected drive. This read-only register can be accessed by the read status function
(101). The RXES is also available in the interface register upon completion of any function. The RXES
is accessed by the XDR instruction. The meaning of the error bits is given below.

00 01 02 03 04 05 06 07 08 08 0 1 060 07 02 03 04 05 06 07 08 09 10 11
I
HEERD HERN o] ofo
(. v -l “ ~ s ;———a-b-w—-—-————’ k" -~y
NOT 0114, NOT USED 1-32,
USED MA-1858 MA 1859
Figure 4-6 RX2TA Format (RX8E/RX28) Figure 4-7 RX2SA Format (RX8E/RX28)
00 01 02 03 04 05 06 07 08 09 10 i 00 01 02 03 04 05 06 07 08 09 10 M
DRV
| ] I I I ! I [ ] rpy| PP 0 cRe
g A v " —_——— —
12 BIT 8 OR 12 BIT NOT USED NOT USED
MODE ONLY MODE AA.1860 AMA-1861
Figure 4-8 RX2DB Format (RX8E/RX28) Figure 4-9 RXES Format (RX8E)
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Bit Ne.
11

Description

CRC Error - The cyclic redundancy check at the end of the data field has indicated an error.
The data must be considered invalid; it is suggested that the data transfer be retried up to 10
times, as most data errors are recoverable (soft).

Initialize Done - This bit indicates completion of the Initialize routine. It can be asserted
due to RX02 power failure, system power failure, or programmable or bus Initialize. This
bit is not available within the RXES from a read status function.

Deleted Data (DD) - In the course of reading data, a deleted data mark was detected in the
identification field. The data following will be collected and transferred normally as the
deleted data mark has no further significance within the RX02. Any alteration of files or
actual deletion of data due to this mark must be accomplished by user software. This bit will
be set if a successful or unsuccesful Write Deleted Data function is performed.

Drive Ready - This bit is asserted if the unit currently selected exists, is properly supplied
with power, has a diskette installed properly, has its door closed, and has a diskette up to
speed.

NOTE 1
This bit is only valid for either drive when retrieved
via a Read Status function or for drive 0 upon com-
pletion of an Initialize.

NOTE 2
If the error bit was set in the RX2CS but error bits
are not set in the RXES, specific error conditions can
be accessed via a read error register function.

4.1.3.7 RX28 - RX Error and Status (Figure 4-10) - The RX2ES contains the current error and status
conditions of the selected drive. This read-only register can be accessed by the read status function
(101). The RX2ES is also available in the interface register upon completion of any function. The
RX2ES is accessed by the XDR instruction. The meaning of the error bits is given below.

Bit No.

G0 01 02 03 04 05 08 07 08 09 10 11
DRV DRVIDEN
[ I I lRDYl bo DENIERR J'D] ICRC]
1

A S I RESERVED
NOT USED RX02

MA-1862

Figure 4-10 RX2ES Format (RX28)

Description

CRC Error - The cyclic redundancy check at the end of the data field has indicated an error.
The data must be considered invalid; it is suggested that the data transfer be retried up to 10
times; as most data errors are recoverable (soft).

Reserved.

Initialize Done - This bit indicates completion of the Initialize routine. It can be asserted

due to RX02 power failure, system power failure, or programmable or bus Initialize. This
bit is not available within the RX2ES from a read status function.
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Bit No.

Description

RX02 - This bit is asserted if an RX02 system is being used.

DEN ERR - This bit indicates that the density of the function does not agree with the drive
density. Upon detection of this error the control terminates the operation and asserts error
and done.

DRYV DEN - This bit indicates the density of the diskette in the drive selected (0 = single, 1
= double).

Deleted Data (DD) - In the course of reading data, a deleted data mark was detected in the
identification field. The data following will be collected and transferred normally, as the
deleted data mark has no further significance within the RX02. Any alteration of files or
actual deletion of data due to this mark must be accomplished by user software. This bit will
be set if a successful or unsuccessful write deleted data function is performed.

Drive Ready - This bit is asserted if the unit currently selected exists, is properly supplied
with power, has a diskette installed properly, has its door closed, and has a diskette up to
speed.

NOTE 1
This bit is only valid for either drive when retrieved
via a read status function or for drive 0 upon com-
pletion of an Initialize.

NOTE 2
If the error bit was set in the RX2CS but error bits
are not set in the RX2ES, specific error conditions
can be accessed via a read error code function.

4.1.4 Function Code Description

The RX8E/RX28 functions are initiated by means of the Load command described in Paragraphs
4.1.2.1 and 4.1.2.2. The done flag should be tested and cleared with the SDN instruction in order to
verify that the RX8E/RX28 is in the Done state prior to issuing the command instruction. Upon
receiving a command instruction while in the Done state, the RX8E/RX28 enters the Not Done state
while the command is decoded. Each of the eight functions summarized below requires that a strict
protocol be followed for the successful transfer of data, status, and address information. The protocol
for each function is described in the following sections. A summary table is presented below.

Octal

0
2
4
6
10
12
14
16

AC
8 9 10 Function
0 0 0 Fill Buffer
0 0 1 Empty Buffer
0 1 0 Write Sector
0 1 1 Read Sector
I 0 0 Not Used (RX8E), Set Density (RX28)
1 0 1 Read Status
1 1 0 Write Deleted Data Sector
I 1 1 Read Error Register

NOTE
AC bit 11 is assumed to be 0 in the above octal codes
since AC bit 11 can be 0 or 1.
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4.1.4.1 Fill Buffer (000) - For RX8E this function is used to load the RX02 sector buffer from the
host processor with 64 12-bit words if in 12-bit mode or 128 8-bit words if in 8-bit mode. For RX28 this
function loads the sector buffer in 12-bit mode with 64 12-bit words for single density or 128 12-bit
words for double density; in the 8-bit mode, the buffer is loaded with 128 8-bit bytes for single density
or 256 8-bit bytes for double density. This instruction only loads the sector buffer. In order to complete
the transfer to the diskette, another function, write sector, must be performed. The buffer may also be
read back by means of the empty buffer function in order to verify the data.

Upon decoding the fill buffer function, the RX02 will set the transfer request (TR) flag, signaling a
request for the first data word. The TR flag must be tested and cleared by the host processor with the
STR instructions prior to each successive XDR IOT (Paragraph 4.1.2.4). The data word can then be
transferred to the interface register by means of the XDR IOT. The RX02 next moves the data word
from the interface register to the sector buffer and sets the TR flag as a request for the next data word.
The sequence above is repeated, until the sector buffer has been loaded (64 data transfers for 12-bit
mode or 128 data transfers for §-bit mode). After the 64th (or 128th) word has been loaded into the
sector buffer, the RX2ES is moved to the interface register, and the RX02 sets the done flag to indicate
the completion of the function. Therefore, it is unnecessary for the host processor to keep a count of
the data transfers. Any XDR commands after Done is set will result in the RX2ES status word being
loaded in the AC. The sector buffer must be completely loaded before the RX8E/RX28 will set Done
and recognize a new command. An interrupt would now occur if Interrupt Enable were set.

4.1.4.2 Empty Buffer (001) - This function moves the contents of the sector buffer to the host proces-
sor. Upon decoding this function RX2ES bits are cleared and the TR flag is set with the first data word
in the interface register. This TR flag signifies the request for a data transfer from the RX8E/RX28 to
the host processor. The flag must be tested and cleared; then the word can be moved to the AC by an
XDR command. The direction of transfer for an XDR command is controlled by the RX02. The TR
flag is set again with the next word in the interface register. The above sequence is repeated until all
words or bytes have been transferred, thus emptying the sector buffer. The done flag is then set after
the RX2ES is moved in the interface register to indicate the end of the function. An interrupt would
now occur if Interrupt Enable were set.

NOTE
The empty buffer function does not destroy the con-
tents of the sector buffer.

4.1.4.3 Write Sector (010) - This function transfers the contents of the sector buffer to a specific track
and sector on the diskette. Upon decoding this function, the RX8E/RX28 clears the RX2ES and sets
the TR flag, signifying a request for the sector address. The TR flag must be tested and cleared before
the binary sector address can be loaded into the interface register by means of the XDR command. The
sector address must be within the limits 1-32g.

The TR flag is set, signifying a request for the track address. The TR flag must be tested and cleared;
then the binary track address may be loaded into the interface register by means of the XDR com-
mand. The track address must be within the limits 0-114g.

The RXO02 tests the supplied track address to determine if it is within the allowable limits. If it is not,
the RX2ES is moved to the interface register, the error and done flags are set, and the function is
terminated.

4-9



If the track address is legal, the RX02 moves the head of the selected drive to the selected track, locates
the requested sector, transfers the contents of the sector buffer and a CRC character to that sector, and
sets Done. Any errors encountered in the seek operation will cause the function to cease, the RX2ES to
be loaded into the interface register, and the error and done flags to be set. If no errors are encoun-
tered, the RX2ES is loaded into the interface register and only the done flag is set.

NOTE
The write sector function does not destroy the con-
tents of the sector buffer.

4.1.4.4 Read Sector (011) - This function moves a sector of data from a specified track and sector to
the sector buffer. Upon decoding this function, the RX8E/RX28 clears RX2ES and sets the TR flag,
signifying the request for the sector address. The flag must be tested and cleared. The sector address is
then loaded into the interface register by means of the XDR command. The TR flag is set, signifying a
request for the track address. The flag is tested and cleared by the host processor and the track address
is then loaded into the interface register by an XDR command. The legality of the track address is
checked by the RX02. If illegal, the error and done flags are set with the RX2ES moved to the interface
register and the function is terminated. Otherwise, the RX02 moves the head to the specified track,
locates the specified sector, transfers the data to the sector buffer, computes and checks CRC for the
data. If no errors occur, the done flag is set with the RX2ES in the interface register. If an error occurs
anytime during the execution of the function, the function is terminated by setting the error and done
flags with RX2ES in the interface register. A detection of CRC error results in RX2ES bit 11 being set.
If a deleted data mark was encountered at the beginning of the desired data field, RX2ES bit 5 is set.

4.1.4.5 Set Media Density (100) for RX28 only - This function causes the entire diskette to be reas-
signed to a new density. The density bit (bit 3 RX2CS) indicates the new density of the diskette. The
control reformats the diskette by writing new data address marks (double or single density) and zero-
ing out all data fields on the diskette. Before executing the command the control will look for a
protective key word of 01001001 (ASCII‘I").

The control starts at sector 1, track 0 and reads the header information, then starts a write operation,
writing the new data address mark and data field as well as CRC characters. If the header information
is damaged, the control will abort the operation and assert DONE and ERROR.

This operation takes about 15 seconds and should not be interrupted. If for any reason the operation is
interrupted, an illegal diskette has been generated which may have data marks of both densities. This
diskette should again be completely reformatted.

4.1.4.6 Maintenance Read Status (101) for RX28 only - This function updates the drive ready and
drive density status of the selected drive, clears the INIT DONE bit, updates the Unit Sel, possibly sets
the density error bit and leaves the remainder of the RX2ES unchanged. The drive density is updated
by loading the head on the selected drive (without changing head and reading position) with the first
header and data mark that randomly appears under the head. The control will then generate the
appropriate number of shift pulses which will transfer the RX2ES (error and status) register over the
interface. Upon completion of the RX2ES transfer, the control asserts Done to complete the oper-
ation.

4.1.4.7 Read Status (101) for RX8E only - Upon decoding this function, the RX02 moves the RXES
to the RX8E interface register and sets the done flag. The RXES can then be read by the transfer data
register (XDR) command. The bits are defined in Paragraph 4.1.3.6.

NOTE
The average time for this function is 250 ms. Exces-
sive use of this function will result in substantially
reduced throughput.



4.1.4.8 Write Deleted Data Sector (110) - This function is identical to the write data function except
that a deleted data mark is written prior to the data field rather than the normal data mark (Paragraph
1.5.3.2). RX2ES bit 5§ (Deleted Data) will be set in the interface register upon completion of the
function.

4.1.4.9 Read Error Code Function (111) - The read error code function can be used to retrieve explicit
error information upon detection of the error flag. Upon receiving this function, the RX02 moves an
error code to the interface register and sets Done. The interface register can then be read via an XDR
command and the code interrogated to determine which type of failure occurred (Paragraph 4.1.5).

NOTE
Care should be exercised in the use of this function.
The program must perform this function before a
read status because the error register is ailways modi-
fied by a read status function.

4.1.4.10 Power Fail - There is no actual function code associated with power fail. When the RX02
senses a loss of power, it will unload the head and abort all controller action. All status signals are
invalid while power is low.

When the RX02 senses the return of power, it will remove Done and begin a sequence to:

I.  Move drive | head position mechanism to track 0.

2. Clear any active error bits.

3. Read sector | of track 1 of drive O into the buffer.

4.  Set Initialize Done bit of the RX2ES, after which Done is again asserted.

There is no guarantee that information being written at the time of a power failure will be retrievable.
However, all other information on the diskette will remain unaltered.

INIT IOT is a method of aborting an incomplete function (Paragraph 4.1.2.7).
4.1.5 Error Recovery

4.1.5.1 RXB8E - There are two error indications given by the RX8E system. The read status function
(Paragraph 4.1.4.7) will assemble the current contents of the RXES (Paragraph 4.1.3.6), which can be
sampled to determine errors. The read error register function (Paragraph 4.1.4.9) can also be used to
retrieve explicit error information.

The results of the read status function or the read error register function are in the interface register
when Done sets, indicating the completion of the function. The XDR IOT must be issued to transfer
the contents of the interface register to the PDP-8’s AC.

NOTE
A read status function is not necessary if the DRV
READY bit is not going to be interrogated because
the RXES is in the interface register at the com-
pletion of every function.
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The error codes for the read error register function are presented below.

Octal
Code Error Code Meaning

0010 Drive 0 failed to see home on Initialize.

0020 Drive 1 failed to see home on Initialize.

0030 Found home when stepping out 10 tracks for INIT

0040 Tried to access a track greater than 77

0050 Home was found before desired track was reached

0070 Desired sector could not be found after looking at 52 headers (2 revolutions)
0110 More than 40 us and no SEP clock seen

0120 A preamble could not be found.

0130 Preamble found but no 1/0 mark found within allowable time span

0150 The header track address of a good header does not compare with the desired track.
0160 Too many tries for an IDAM (identifies header)

0170 Data AM not found in allotted time

0200 CRC error on reading the sector from the disk. No code appears in the ERREG.
. 0210 All parity errors

0220 Self diagnostic error on Initialize

0240 Density Error

4.1.5.2 RX28 - There are two error indications given by the RX28 system. The read status function
will assemble the current contents of the RX2ES which can be sampled to determine errors. The read
error register function can also be used to retrieve explicit error information.

The results of the read status function or the read error register function are in the interface register
when Done sets, indicating the completion of the function. The XDR 10T must be issued to transfer
the contents of the interface register to the PDP-8’s AC.

NOTE
A read status function is not necessary if the DRV
RDY bit is not going to be interrogated because the
RX2ES is in the interface register at the completion
of every function.

The error codes for the read error register function are presented below.

QOctal

Code Error Code Meaning

0010 Drive 0 failed to see home on Initialize.

0020 Drive 1 failed to see home on Initialize.

0040 Tried to access a track greater than 76

0050 Home was found before desired track was reached.

0070 Desired sector could not be found after looking at 52 headers (2 revolutions).

0110 More than 40 us and no SEP clock seen

0120 A preamble could not be found.

0130 Preamble found but no ID mark found within allowable time span

0150 The header track address of a good header does not compare with the desired track.
0160 Too many tries for an IDAM (identifies header)

0170 Data AM not found in allotted time

0200 CRC error on reading the sector from the disk

0220 R /W electronics failed maintenance mode test.

0240 Density error

0250 Wrong key word for Set Media Density command
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4.1.6 RXSE Programming Examples

4.1.6.1 Write/Write Deleted Data/Read Functions - Figure 4-11 presents a program for implement-
ing a write, write deleted data, or a read function with interrupts turned off (IOF). The first 3 steps
preset the PTRY, CTRY, and STRY retry counters, which are set at 10 retries but can be changed to
any number. Starting at RETRY, the program tests for 8- or 12-bit mode, type of function, and drive.
Once the command is loaded, the program waits in a loop for the controller to respond with transfer
request (TR). When TR is set, the sector address is loaded and the AC is cleared. The program loops
while waiting for the controller to respond with another TR. When TR is reset, the track address is
loaded and the AC is cleared again. The program loops to wait for the Done condition.

When the done flag is set, the program checks for an error condition, indicated by the error flag being
set. If the AC=0000, the error is a seek error; if bit 11 of the AC is set, the error is a CRC error. Error
status from the RXES is saved and tested to determine the error (Paragraph 4.1.3.6). The RXES will
not include the select drive ready bit. If a parity error is detected, the program increments and tests the
PTRY retry counter. If a parity error persists after 10 tries, it is considered a hard error. If 10 retries
have not occurred, a branch is made to RETRY and the sequence is repeated.

After a parity test, the program tests to see if the CRC error bit is set. [fa CRC error is detected, the
program increments and tests the CTRY retry counter. If a CRC error persists after 10 retries, it is
considered a hard error. If 10 retries have not occurred, a branch is made to RETRY and the sequence
repeated.

A seek error is assumed if neither a CRC nor a parity error is detected. An Initialize (INIT) instruction
is performed (Paragraph 4.1.2.8). During a write or write deleted data function, the sector buffer must
be refilled because INIT will cause sector 1 of track 1 of drive 0 to be read, which will destroy the
previous contents of the sector buffer. The instruction sequence for a fill buffer function is not included
in Figure 4-11, but is presented in Figure 4-13. After the system has been initialized, the program
increments and tests the STRY retry counter. If a seek error persists after 10 tries, it is considered a
hard error. If 10 retries have not occurred, a branch is made to RETRY and the sequence repeated.

4.1.6.2 Empty Buffer Function - Figure 4-12 shows a program for implementing an empty buffer
function with interrupts turned off (IOF). The first instruction sets the number of retries at 10. A 2 is
set in the AC to indicate an Empty Buffer command and the command is loaded. When TR is set, the
program jumps to EMPTY to transfer a word to the BUFFER location. A jump is made back to loop
to wait for another TR. This process continues until either 64 words or 128 bytes have been emptied
from the sector buffer. When Done is set, the program tests to see if the error bit is set. 1f the error bit is
set, the program retries 10 times. If the error persists, a hard parity error is assumed, indicating a
problem in the interface cable.

4.1.6.3 Fill Buffer Function - Figure 4-13 presents a program to implement a fill buffer function. It is
very similar to the empty buffer example.
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9zae
2224
9282
8223
2224
203

BR06
2217

B212
2213
2214
3213
8216

8217
8228
gz221
p222
@223

2224
222%
2226
29227

8232
2231
@232
8233
g234
2233

3236
a237
82483

8241
2242
8243
2244

6721
6702
6703
6784
6785
6736
6707

1254
3285
1254
3256
1284
3257

1268
1261

1262
5701

5733
5212
1263
6702
720@

6733
5217
1264
6722
72982

4785
3224
6724
7482

6792
3263
7385
2265
7438
5241

2255
5226
7432

7321
265
7658
5259

/PROGRAMMING E£XAMPLES FOR THE AXB8/RAXZL FLEXIBLE D]SKETYE
’

/THE FOLLOWING ARE RX21 10T CODE DEFINITIONS

/

/THE STANDARD 10T DEVICE CODE IS 679~

/

LCDa6781 : /10T TO LUAD TKE GCOMMAND, (AC) 13 THE COMMAND
XQR=6702 /10T T0 LOAD OR READ TWE TRANSFER REGISTER
STR=6703 /10T TO SKIP ON A TRANSFER REQUEST FLAG

SERa8724 /18T TO SKIP ON AN ERROR FLAG

§aN26785 /107 TO SKIF QN THE DONE FLAS

1TR=6726 / (AC) = @ INTERRUPT ENABLE OFF/ (AC) = { MEANS ON
IN1T=6787 2107 T INITIZLIAE THE RXB/RXPL SUBSYSTEM

;YﬂE FOLLOWING 15 & PROGRAMMING EXAMPLE OF THE PROTQCOL REQUIRED

;ro WRITE, WRITE DELETED DATA, OR REAQ AT 3ECTOR "S" (YHE CONTENTS OF PROGRAM
ZEOCAYIOM SECTCR} OF TRACK "Y"™ (THE CONTENTS OF PROGHA4 LOCATION TRACK)

;zﬂ B OR 12 B]T MODE

/
START, TAD xMig

¢ =12
0C4 PTRY JPARITY RETRY COUNTER
TAD XMip
DCA CTRY /GRC RETAY CHUNTER
TAD KMLP
ACA STRY /SEEX REYRY CQUNTER

/
JHRITE, HRITE DELETED DATA, OR READ
/

RZTRY, TAD MODE /8 |F 12eBl7, 180 ]F 8817
TAD COMMAND / 4 IF WRITE, 14 1¥ WRITE DELETED
/DATA; DR & IF READ
TAD UNIT ¢/ 3 IF UNIT 7, 2@ IF UNIT &
Leo /10T 67XY TO LOAD THE COMMAND

/
/dA1T FOR THE TRANSFER REQUEST FLAG THEN TRANSFER THE SECTOR ADDRESS
/

STR /107 &7XY Tg

LTS . /WALT FOR TRANSFER REQUEST FLAG
TAD SECTOR /1 TQ 30LTAL)

XDR 7107 Y0 LOAD SECTOR

CLa /CLa BECAUSE 10T XDR ODESN'T

/
/WALT FOR THE TRANSFER REQUEST FLAG THEN TRANSFER THE TRACK ADDRESS
/

§TR 7107 67X3 10

JHP et /HAIT FOR TRANSFER REQUEST
TAD TRACK /B T6 114(0CTAL)

XDR /10T T9 LDAD TRACK

cLA 7CLA BECAUSE 10T XDR DOESN'?

/THE SECTOR AND TRACK ADDRESSES WAVE HEEN TRANSFERARLD TO TWE RX31 VIa THE XDR 10T
/

/#ALT FOR THE DONE FLAG AND CHECK FUR ANY ERRORS

/

/1F THE FUNCTION HAS COMPLETED SUCCESSFULLY (ND ERRQR FLAG) THEN MALT
/

SON /107 67X9% TO

MR -1 /WALT FOR DONE FLAS

SER 107 67X4 SAMPLES ERROM FLAG
HLT ¢/ 0K e COMPLETED

/
/THE ERROR FLAG 1§ SET

’

JTHE CONTENTS OF THE TRANSFER REGISTER IS THE ERRQA STATYS
/

/1F TRANSFER REGISTER BITS 18, anD 11 = 2 YHEN SgWME TYPE pf SEEx ERRQR MAS QCCURED,
/1F TRANSFER REGISTER 81T 11 = 1 THEN A CRC ERRQR WaAS QCCURED,

#1F TRANSFER REGISTER BIT 18 = 4 THEN A PAR]TY ERROR W45 QUCURED

/

XDR ZGEY CONTENTS OF TR (ERRQR 5TATUS)
0CA ASTATYS /AND SAVE

Cli, CLA 1AC RAL 2

AND ASTATUS ¢TESY FOR PARITY ERARQOR

SNA Ci4 /5%1® 1F PAR]YY ERROR

JMB TCRC /NOT & PARITY ERROA « MAYHE CRC

/
/4 PARITY ERRQR HAS QUCURED

/

7INCREMENT AND YEST THE PARITY ERROR RETRY COUNTER PROGRAM _OCATION " BTRY *®
/

/AND RETRY THE " COMMAND ™ UNTIL THE PARLTY CRRQAR RECQVERS

/

/9R YNTIy THE PTRY COUNTER QVERF QWS 70 @
/

IS¥ PTRY
JMP RETRY /RETRY THE COMMAND
WLT /HARD PARITY ERRQR

’
/THE ERROR FLAS 1S SET BUT THE ERHOR iS5 NOT a PAR]?Y ERR2R
7

/TEST FgR A CRC ERRgR
’

TCRE, Cil CLA [AC IR
AND ASTATUS /TEST FOR A CRC ERRQR
SNA CpA /S%1P IF A CRC ERAQR
JHP SEEK /NOT A CRC - MUST BE & SEEX

Figure 4-11 RX8E Write/Write Deleted Data/Read Example (Sheet 1 of 2)
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99
108
i1
192
183
ipg4
185
186
a7
128
139
118
111
112
113

115
1316
117
118
119
iz2¢
i21
122
123
124
125
126
127
128
129

138
3
132
133
134
i35
136
137
138
139
149
141
142
143
L44
145
146
147
148

is5e
151

168
169
174
a7
172
173

8245 2296
6246 5206
6247 7482
%258 4787
8251 2287
p252 5206
§253 7482
g254 7778
@255 o208
2256 Qo020
2257 209
A26g 0B
g261 2080
g262 0208
@263 ozo®
B2s4  gege
#2463 oce8
Figure 4-11

/4 CRC ERROR KAS QCCURED

;[NCH[HENT AND TpST THp CRC ERROR RETRY COUNTER PROGRAM LOCATION " CYRY »
;AND RETRY THE COMMAND UNTIL THE CRC ERADR RECOVERS

;UR UNTIL THE CTRY COUNTER OVERFLOWS 70 @

152 CTRY
JMP RETRY /RETRY THE COMMAND
HLY /HARD CREC ERAOR

;THE ERROR FLAG |5 SET

;THE ERROR 1S INOTY A PARITY ERRQOR AND 15 LNOTY A CRC ERRQR

;THEREFORE 15 MUST BE & SEEK ERROR

; (CONTENTS OF THE TRANSFER REGISTER BITS 18, AND 11 ¢ &)

gEEK. INIT 7107 67X7 TO INITIELIAE
;{NCREHENT AND TEST THE SEEK ERRQR RETRY COUNTER PROGRAM (OCATION * STRY »
;AND RETRY THE COMMAND UNTIL THE SEEX ERROR RECOVERS

/
/QR UNTIL THE CTRY COUNTER OVERFLOWS YO 2
/

1§ STRY
JMP RETRY /RETRY THE COMMAND
ML T /HARD SEEK ERROR
/THE FOLLOWING PROGRAM LOCATIONS ARE REFERENCED WITHIN THIS ExampLg
/
KM18, 1@
/
/THE FOLLOWING J PROGRAM LOCATIUNS ARE THE ERROR RETRY COUNTERS
/
PTRY, 2 /PARITY ERROR RETRY COUNTER
CTRY, 2 /CRC ERROR RETRY CQUNTER
STRY, @ /SEEK ERRQR RETRY COUNTER
’

/PROGRAM LOCATION " MODE » CONTAINS 4 & IF 12-B17 wODE, OR

JCONTALINS A 18A 1F 3-BIT MOODE

ﬁoBE. ] / 9 oR 130

;PROGRAH LOCATION ™ COMMAND ™ CONTAINS THE COMMAND Y0 BE SSUED Via TWE LCO {07
;HRIYE (43, WRITE DELETED DATA (14), QR READ (6), OR EMPTY BUFFER (2}
éaMnAuD. @ / 4, L4, OR B, OR 2

;PQOGRAH LOCATION " UNtT * CONTANS THE UNJT DES{GNATION

;uNlT B (@), OR UNIT 1 (20)

GNXV: 2 4 8 0n 29

;PROGRAH LOCATION " SECTOR " CONTAINS YHE SECTOR ADDRESS (1 To 32 OCTAL)
g:croa, [] /L 10 32 0CYAL

;PROGHAH LOCATION ™ TRACK " CONTAINS THE TRACK ADDRESS (3 T0 114 OCTAQ)
4RACK, 14 / 8 TO 114 OCTAL

;PRQGRAH LOCATION » 4STATUS ™ CONTAINS THE CONTENTS oF THE TRANSFER REGISTER
;AT THE DETECTION OF AN ERRQR (ERRQOR FLAG = 1) WH]CH CORAESPONDS T THE
;ERROR STATYUS

; « 2 [F SEEx ERRQR, 1 IF CRC ERRQR, 2 IF PARITY ERROR

’
ASTATUS, @ /STATYS AT ERROR

RX8E Write/Write Deleted Data/Read Example (Sheet 2 of 2)



228 /THE FOLLOWING 1S A PROGRAMMING EXAMPLE OF PROTOCQL REQUIRED TO

229 /
238 JEMPTY THE SECTOR BUFFER OF 64 12«BIT WORDS (12 BIT «ODE), OR
231 /
232 ZEMPTY THE SECTOR BUFFER QF 128 8=B1T BYTEY (B BIT MODE)
233 /
234 g312 1284 EENTRY, TAD KMi@ /7 8 TRYS 70 EMPTY THE SECTOR BUFFER
235 2313 2255 DCA PTRY /PARITY ERROR RETRY COUNTER
236 2314 1377 ESETUP, TAD (BUFFER-1) /PROGRAMS DAYTA BUFFER
237 2315 3810 DCA A1 /7AUTO INDEX REGISTER 18
238 29316 1269 TAD HODE s ® IF 12-B17, 186 IF & BT
239 8317 1261 TAD COMMAND / 2 MEANS EMPTY BUPFER
2409 @320 &7€1 LCO /107 TO 1SSUE THE COMMAND
241 /
242 /WALT FOR & TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA TQ THE FROGRAMS
243 /
244 /DATA BUFFER FROM THE RX@1 SECTOR BUFFER
245 /
246 /WALT FOR A DONE FLAG TO [NDICATE THE COMPLETON OF THE EMPTY BUFFER COMMAND PRIOR TO
247 /
248 /TESTING THE ERROR FAG
249 /
259 p321 6703 ELOOP, STR /TEST FOR TR FLAG
251 9322 7418 SKP /TR NOT BET, TEST POR DONE FLAG
252 9323 5333 JMP EMPTY /TR FLAG SET
253 g324 6705 SON /TESY FOR DONE FLAGQ
254 2329 8274 Jry BLULK /NOT TR, OR BONE YET
255 /
256 /THE DONE PLAG 1§ SET
257 /
258 /TEST FOR ANY ERRQRS (ONLY ERROR POSSIBLE 15 A PARITY £RRQR)
259 /
260 8326 6704 SER /TEST FQR THE ERROR FLAG
261 8327 7402 WLT /ND ERROAS - 0K
262 /
263 /INCREMENT AND TEST THE PARITY ERROR HETRY PROGRAM LOCATION ™ PTRY ®
264 /
265 /AND RETRY THE COMMAND UNTIL THE ERRDR RECOVERS
266 /
267 /0R UNTIL THE PTRY COUNTER OVERFLOWS To @
268 /
26% 332 2285 158 PTRY
270 331 5314 JME ESETUP JRETRY TQ EMBTY THME SECTOR BUFFER
271 @332 7402 HLT /HARD PARITY ERROR
272 /
273 /THE TRANSFPER REQUEST FLAG IS SET
274 /
275 /TRANSFER DATA TO THE PROGRAMS DATA BUFFER FROM THE RX81L SECTQR BUFFER
276 ’
277 8333 6702 EMPTY, XDR /FROv THE RXFL SECTQR BUFFER
278 8334 3410 DCA ! Aip /TO THE PROGRAMS DATA BUFFER
279 2333 5321 JNP ELDOP /L00P UNTIL THE DONE FLAG SETS
280 8377 2377
2408 PAGE )
281 /THE FOLLOWING PROGRAM LOCATIONS ARE RESERVED FO® THE PROGRAMS DATA BUFFER
282 /
283 g4 o0ee BUFFER, 8
284 2608 sBUFFERs 2GR
285 g

Figure 4-12 RX8E Empty Buffer Example



174 /THE FOLLOWING 15 A PROGRAMMING EXAMPLE OF PROTOCOL REQUIRED TO
/

175

176 /FILL THE SECTOR BUFFER WITH 64 1{2-BIT WORDS (12 81T MODE), OR

177 /

178 /FLILL THE SECTOR BUFFER W{TH 128 8-BIT BYTES (B BT vQDE)

179 /

186 goie A1@s19

i81 /

182 9266 1254 FENTRY, TAD KMig / 8 TRYS 10 FlLL THE SECTOR BUFFER
183 g267 3255 DCA PTRY /PARITY ERAOR RETRY COUNTER
184 8278 1377 SETUP, TAD {(BUFFER=1) /PROGRAMS DATA BUFFER

185 8271 3018 OCA ALR 7AUTO INDEX REGISTER 18

186 @272 1262 TAQ MODE / ¢ tF 12-81T7, 102 IF & BIT
187 9273 s781 Lco /10T 7O ISSUE THE COMMAND
188 / -

189 /WATT FOR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA FROM THE PROGRAMS
198 /

191 /0ATA BUFFER TO THE RX@1i SECTOR BUFFER

192 /

193 /WATT FOR & DONE FLAG TO INDICAYE THE COMPLETION OF THE FILL BUFFER COMMAND PRIOR TQ
194 /

195 /TESTING THE ERROR FLAG

196 /

197 8274 64783 L00P, STR /TESY FOR TR FLAG

i98 8278 7416 SKP /TR NQT QET, TEST FOR DONE FLAG
199 #2746 3306 JMP FlLL /TR FLAG SEY

229 8277 8705 SON /TESY FOR DONE FLAG

201 8329 5274 JHE L00OP /NBT TR, OR QONE YET

222 /

223 /THE DONE 7LAG 15 SEY

204 /

295 /TEST FQR ANY ERRORS (ONLY ERROR POSSIBLE |5 A FARITY LRROR)

286 /

2p7 2301 6704 SER /TEST FOR YHE ERROR FLAG
208 g302 7402 KLY /NO ERRORS - QK

209 /

210 /INCREMENT AND TEST THE PARITY ERROR RETRY PROGRAM LOCATION ® PTRY ©

211 /

212 /AND RETRY THE COMMAND UNTIL THE ERROR RECOVERS

213 /

21¢ QR UNTIL THE PYRY COUNTER QVERFLQWS TgQ @

215 /

216 8383 2255 1§ PTRY

217 8384 3272 JHE SETUP /RETRY T0 FILL THE SECTOR BUFFER
218 8305 7482 HLT /HARD BARITY ERROR

219 ’

229 /THE TRANSFER REQUEST FLAG IS SET

221 /

222 /TRANSFER DATA pROM THE PROGRAMS DATA BUFFER TO THE ®X81 SECYOR BUpfrER

223 /

224 2326 1419 Fitls TAD 1 ALp ZYIA AUTQ INDEX REGISTER 189
225 B387? 6782 XDR /70 THE AX81 SECTOR BUFFER
226 9318 7288 CLA /CLA BECAUSE JOT XDR DOESN’T
227 2311 8274 JHME L QOP /7L00P UNTIL TME DONE FLAG SETS

Figure 4-13 RX8E Fill Buffer Example

4.1.7 RX28 Programming Examples

Figures 4-14, 4-15, and 4-16 are programming examples for write, write deleted data or read functions,
for fill buffer functions, and for empty buffer functions, respectively. These examples are very similar
to the RX8E programming examples described in Paragraph 4.1.6. Basically, there are two differences
between the RX8E and RX28 examples. First, for the RX28 when a command is transferred in the 8-
bit mode of operation, it is transferred in two 8-bit words using an XDR to transfer the second
command word (see location 0225 in Figure 4-14); second, for the RX28, there is no parity error check
as there is in the RX8E; instead there is a density error check.



pRde
a2dt
2232
223

2224
r2as
2228
@227
221y

weld
o212
[ T35 ]
214
nels
a2le
ealr
8223
a2y
2222
022}y
2224
4229

222
#2271
LER
a1t
2232

223%
&2%4q
aelg
7234
2237

P
wedy
w242
2283

w4

245
bEXTY
(T334
a2se
2251
2252
2233
2254

bydy
br22
br23
724
6735
b72b
5727

3220
1266
$274
1266
LR

6728
5224
1273
1274
1275

3278
tals
6731
127¢
3267
Tasz2
$226
7136
Tads
Tasy
5723
5p23
57232

s723
iz?b
1277
bré2
T242

8723
5233
1322
by
LELF

5725
FELY
8129
T332

br2e

3323
Ta2i
321
Tp52
523%
2279
bETL
Te22

/PRIDGRAMING EXAHMPLES FOR TWE RA2B/F FLEXIBLE DIBKETTE

/
JTHE FILLONWING ARg RX1 10T COJE NEFINITIONS

/
/THE STANDARD IOT DEVIEE CIOE 18 675=
/

LCDe
X0Rm
§TRe
3Eqe
80VNe
INTRE
TNITs

6721
bTR2
6703
(341
6725
6Tb
6727

/137 13
7137 13
/13% 1)
/127 1)
/13T 1)
/(aC) =2
/13t 1)

LOAD THE COMMaND, (AC) 13 THE CoOMmaND

LOAD OR WEAD THE TRANSFER REGISTER
SXIP ON TRANSFER REQUEST PLAG

$xTP ON EQADR FLAG

3¢I® ON DGNE FLAG

INTERRUPT ENABLE OFF/(AC)=t %ZANS ON

INTTIALIZE YHE RX SUBSYSTEM

z
JTHE FILLOWING I8 A PROGRAWING EXAa%PLE OF THE PRDTOCOL REQUIRED

/
/7D 491TE, WRITE QELETED OaTa, 0% READ AV 3ECYOR "5" (THE CONTENTSE OF PROGRAM

’
JLICATION PSECTORA®) OF TAALK NT® (THE CONTENTS OF PROGR&Y LOCATION
’

/"TRACC™] TN B O 12 BIT M3DE,
’

02AR
START,

/
FuRITE,
’

RETRY,

TAD
0CA
TAQ
0Ca

WRITE DELETED OaTa,

30N
IHp
Tap
TAD
Tan

nea
Tan
LTo
TaD
AND
LT
Jup
cLL
RTL
4L
stR
e
e

RYL

vl
Cray
Cuid
Srey

2wl
50E
FUNCUN
JRIVEP

Lauand
Ca¥vanD

Co4vand
133

AalTYR

anl

f
swATY FOR THAMSFER REQUEST FLas

’
wayYYR,

31e
Jup
TAD
XhiR
CLa

anl

SECTOR

/
/Wh1T F0R TRANSFER REQUEST FLAS

/

574
JH e
Tan
e
CLa

ael
TaACK

/GEY RETRY CONSTANT
JSET UP CRC RETRY COUNY

/36T yP BEEK RETARY COynNT

3% READ

/MAKE SURE ORIVE READY FOR US
J1F NOT WaAlT

/8 I¥ 12+317 MODE, 128 1F £=B17 MpDE

/GET FUNCTION CODE

/GET DRIVE PARAMETERS) uwlIT, &,
/DENSITY

/34VE ENTTINE COMMAND

JGET cOMMaND

/LJAD COMYAND REGISTER

JGET COMMAND

/443 1T B8e81T HAODE

/1F YES BKIP AND 00 8317 PROTOCOL
/1F 12«BIT DOME LCD PRITOCAL
/GET UPPER 0 4178 OF

JCINMAND WARD TD LOWER

/8 BITS OF aC

/WALIT FDR A THANSFER REQUEST
JL00P UNTIL: TR,

FGIVE SECONU COMMAND #4IRD

THEN TRANSFER SECTOR A)DRESS

ZT3T TH SKIP UN TRANSFER REQUESY
JL30P UNTIL TR,

70 Tn 32 (JCTay)

/178D THE SECTOR

JCLEAR AC

THEN TRANSFER TRACK ADJRESS

/SXIP ON TRANSFER REJFJEST
7L00P UMTIL TR

72 T 116 (OLTAL)

/L2AD The TRACK

ICLEAR AC

/
JT4F COMUAND PRYTALIL AAS BEEN COYPLETEN, NOW

/
J«BIT FAR DONE ANA CWECK F3IR ERRIAG

/

30N
Jup
Sew
HLT

eS|

‘
FYHE EIROR FLAG Iy SETY

/
/YHE EARON

/

J1F 57ATUS
/1F STATUS
/1% STaTUS

s

X0R

oCs
Iac
AND
LLTY
Jup
182
Jup
HLT

C.a

ASTATS
AgTatys
JENSIT

£rTRY
IgTRY

/13T TO SxIP ON DONE FLASG
JL30P UNTIL DUNE

/137 10 3x1P ON ERRQOR FLAG
/N3 ERRORS 80 WaLv

3TaTyUS 15 LOCATEN (N TWE TRANSFER REGISTER

8 | THEN [RL ERIDY JCCURED
m 28 TwEw DENSITY EIROR QCLURED
8 2 THeN SEEX E303R O[CURED

/GET CUNTENTS OF TRANSFER REGISTEQ
/3TATUS AT OOME

JAND SAVE IT

/445K FOR CRC ERROR BIY

/17 ac NUT EQUAL YO ZERD CRC
/ER%NR OCCJRED 3D $x1Ip

/1P aC & 2 THEN CHECX FOR DENSITY ERRROR
/<EEP COUNT 3F RETRIES IF u 123 THEN SxIP

/1F RETRIES <i@ THEN 53 IY A5aln
79ALT

Figure 4-14 RX28 Write/Write Deleted Data/Read Example
(Sheet 2 of 2)

4-18

MA-1871



35

97

98

99
12e
191
132
123
124
185
1%e
197
128
§38
tie
i1
112
113
1ig
1158
11e
117
118
119
12e
iet

123
124
125
i2e
127
128
129
13¢
131

133
13q
135
13¢
137
138
139
1up
164
1d¢
143
194
145
14p
197
148
149
150
153
152
153
154
155
15s
157
158
159
ibe
16y
1be
163
iba
165
168
in?
158
159
110

eess
2258
e2s7
a2hp
@bt

e262
2abs
eeda
FEIYY

a2es
wasy

LERES
#eTy
eetre

2213

2eTa

€275

a2ty

wery

23na

233y

T3a7
T312
2321
7432
422

6727
2271
5208
T332

1112
3122

2pde
Aade
3nd2

3%22

Az

3222

3722

3aza

23z

3322

/THE EIROR WAS NIT & CRC 81 CWECK FOR WRUNG DENSITY, IF DENSITY ERROR
:DJE! EXI8Y TWHEN HALT, IF TKIS ERRJIR DCCURS IT COULD JJSY HAVE

:BEEH 3ECAUBE SE FIRGOT TO SET THE RIGHY NENSITY 1IN TUE COMMAND &oRD
;Uﬂ IY COULD BE TWE WRONG JISHETTE WMaAS BEENV INSERTED J¥ THE DRIVE OR
;xr CAULD BE SOME DTHMER RE&3IN BUT WE SHOYLD XNOW wWHAT CSUSED IV

/
/BEFIRE WE PROCEED,

/
DENSTT, CLA CLbL IaC RTL /AL 8 &
RYR /AL ® 20, %ASK FOR DENSITY ERAQOR
AND 4gTATUS /19 STATUS WORD IF SET 3K]IP
872 /1% NOY DENSITY ERROR wyST 8E SEExk ERRQR
wLT JRALT WITW DENSITY ERROR BIT SEY IN AC

/

JYAE EARDR MUSY 44VE BEEV a SEEX ERANA IF 4E GOT THIS FadR,
/

£135JE AN INITIALTIE TD ORIVE 30 #E START FROM TRACK 3

/

7AND TRY AGATN

4

8EEK, INTT /137 TO JNITIALIZE R2
182 S5TRY /KEEP LOUNT OF SEEK ERIINAS
Jup QETIY JRETRY COMMANG |8 TIMES
HLY FTHEN HALT

/
JCINSTANTS USED By TH[5 COOF
/

Kaip, £3 %]
wian, iem

/
JERRIR RETRY [OUNTERS

/

cray, Ed /CRC ERROR WETRY COUNTER

813y, @ /B3EEx ERNNR RETRY COJNTER

ETay, @ JFILL AND EMPTY BUFFER RETYH [DUNTER

/

JPROGRAY LOCALINN "«00E" COVTAINS 2 TF (2817 MODE, OR tey IF #-317 “D0E
/ .

MOJE, »

/

JLICATION "FUNCUN® CONTAINS 4 IF WRITE, la IF WRITE NELETEN 0aTa, OR
/b 1F RELD FUNCTIgY

/

FUNC N, @

/
ZLITATION RORIVED® A48 ALY ASSTGNMENTS

r

/ ve INIT A4 SINGLE JENSITY
/ 2Pe JuIT t SINGLE JENSTITY
/ supe dN1T @ DDYALE HENSITY
/ 4gae JuIT 1 D0uUBLE IJENSITY
/

u

RIVEP, #

’

JLITATION "CNUMANY I3 AMERE THE ASSEMALFD COMMAND 1S STORED
’

covmaN), @

7

JLICATION “SECTOR# 9 ST B 1 T3 §2 OCTaL

7

SELTI9, ¥

’

JLOCATION PTRACK™ %437 BE 2 7O 114 OCTaL

7

TRACK, @

’

JUDCATINN YASTATJIS™ 15 USE" TP STORE THE CINTENTS OF THE 5TATUS
/REGISTET IF AN EQRI| ICCURS, THE STATUS IS IN THE TRAMSFFF
/REGISTER wHEN “JANE" T8 SET,

/
ASTAY )8, 2
MA-1B72Z

Figure 4-14 RX28 Write/Write Deleted Data/Read Example

(Sheet 2 of 2)
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8332
a323
832a
832
23as
a3ar
a3z
A’y
a3z
0313
”3ta
2315
3ls
[ 328
a3ae
832y
r322
as23y
as2a
e32s
a32s

w32y
r33n
233
¢3sz
233

233
7335

733s
©337
n3ar

34y
€234
#3413
LAET

310

1266
3ar2
1377
35212
1273
1275
2%
tare
4721
1218
EETY
7652
5327
1278
136
Taze
122¢
£723
5323
8722
1222

br21
Tl
534y
8185
5327

[32.X]
122

gale
5324
T422

1212
bpae2
Tadz
5327

FTHE FOLLOWING 13 & #ROGRAMING EXAYPLE Fp PROTOCOL REIUIRED YO

/
/FILL THE BECTOR pJFFER

A1d=1R

/
FENTRyY, Tap rulg

BETUR,

oca
Yan
oCa
Tap
Tap
oca
TaD
Lco
Tan
AND
L LT
Jus
Tan
tLL
RYL
RAL
3T
Ing
x08
fLa

ETRY
(BUF
210

MA0E

CLa

LN

Fgla1)

dRIVEP
CoY4AND
Ca%uang

Codmand
130

LoJP
COUMAND

/ 8 THYS TO FILL TE SECTOR BUFFER
/ERRON RETRY CIUNTER

/POGRAMS DATA BUFFER

ZAJTO INDEX RESISYER (@

/@ IF {2«=BIT, {@@ tF & AlT

#GET DENSITY

/STORE ASSEMBLED COMWMAND

/GET COMMAND TJ AC

/15SUE COMMAND TO RY

/GET SAVED COMMaAND

/4434 FOR BeBIT “ODE

/Y% 8=B1T MDOE SEY DO Be-MNDE PAOTOCUL
J1F 12811 MONE GO STRAIGWT TO FIL{ LOOP
/GET SAVED COMMAND w0RD

/GET a MSB®3 (BITS ¥,1,2,3) OF
/CJMMAND WORD 0QOwWN 1O THE

/6 LSB’5 (PIYS3 8,9,19,11) OF aC
/137 10 SxIP gN TRAMNSFER READY

/1F TR NOT SET | NOP UNTIL 1T NOES
/188UE SECOND LONMAND wWnRp

JCLEAR THE &L 4NN RO FILL LOOP

i
/wAlT FDR 4 TRANSFER REQUESRT FLAG BFFORF TRANSFERNING JATA FRQM TWHE PROGRAMS

4
/NATA AUFFER 10 T4E Rx2y SECYNI BUFFER

4
sRATT FOR & NINE §L48 TO [uNTCATE THE COMPLETION OF THE FILL 3uFFER CNMMAND PAI0% TD

’
JTESTING THF ERRIR FLAG

/
Loae,

ste
BKP
JHP
30N
Jup

FILL
L20p

/4
2T4E DINE FLAG 15 SET
/

JTEST FOR ANY ERANRS

/

SkR
HLT

/TEST FOR TR FLAG

/TR NOT SEY, TESY FOR DONE FLAG
/TR FLALG SET

/TEST FOR DIONE FLAG

/NOT TR, DR DOVE YET

/TEST FOR THE EWANE FLAR
/8] ERROAS = 9¢

/
FINCREVENT aND TEST TME ENQQR ETQRY PRUGHEY LUCATION "ETRY®

’
JAND RETRY THE COu¥AND UNTT{ THE ERROQ RECOUVERS

/
£0% JINTIL YHE ETRy COUNTER IVEIFLNY T0 ¢

/

/
FTHF YIANSFER REJJEST FLAG

181

ETAY

JMP SETyR

MLT

13 SEY

7RETRY T0 FILL THE SECTOR BUFFER
/WERD PARITY EQRQOR

/
/TRANSFER DATA FR3¥ THE PRIGIAYS DaTa BUFFER TO THE Rx21 SECTOR BUFFER

/
FILL,

Ta0
¥0R
cLa
Inp

T AL

L30P

A

JVIA AJTO INDEX REGISTER ¢
#T0 TWE Rx@\ SECYOR BuFFER
/CLé RECAUSE T3T XNR NOESN®Y
JLANP UNTIL THME OONE FLAG SETS

Figure 4-15 RX28 Fill Buffer Example
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238 /YHE PILLORING 1S & PROGRAMMING EXAMPLE OF PROTOCOL REGUIRED 1O

23g /

24e JE¥PTY THE SECTOR BUFFER

24y 9345 1268 EENTRY, TAD Xvi@ / 8 TRY3 TO E9PTY THE SECTOR AUFFER
282 234 3272 DCA EYRY /EAROR RETRY COUNTER

243 p3ey 1377 ESETU®, TAD (BUFFER=1) /PROGRAMS DATA BUFFER

244 358 319 DCA A1D /AJTD INDEX REGISTER 10

248 B3%y 1273 TAD MODE / 3 IF 12817, 100 IF 8 BIY

246 93%2 1274 TAD FYNCUN / 2 MEANS E4PTY BUFFER

247 2353 127% Tap ORIvVEP /GET DENBITY

248 8384 3276 oCca Coumann /STORE AS3EMBLED COMYAND

249 9335 1276 Y40 COMMAND /GET COMMAND T2 AC

250 P38 8731 Leo /18SUE COMMAND TQ RX

254 8337 1274 TAD CoMMenD /GET SAVED COMVAND

252 p3be 2267 AND K132 /MASK FOR BeB1T MODE

233 a3k Ts52 BNA CLa /IF 8«81T MODE 3ET 0D 8-400F PRITOCOL
254 2362 577s* Ing EL00P /1F 12-B1T “ODE GO STRATIGWT To EMPTY LGOOP
253 @363 12lh Tab Counang /GET SAVED COMMAND WORD

256 23ba  T13b CLL RTL /GET 4 MS5B"3 (BITS @,31,2,3) OF

257 2365 Y226 RTL JCIMMAND WORD 00WN TO THE

258 a3se Tada RAL /a L3878 (8173 8,9,18,11) QF aC

25¢ 367 @723 TR /13T TD SKIP GV TRANSFER READY

280 e3la  Sye7 JHe ael /TF TR NOT SET LOOP UNTTL IT NODES
261 837y b722 X0R Z135UE SECOND COMMAND wnRD

262 8372 139 CLa /CLEAR THE AL AND DO EMPTY LDOP

2563 8373 §17s° Jue E Q0P /GET OVER TO VEXT PAGF

2ba 2378 2320
268 2377 a8

2438 PRGE
286 ’
287 JWATT FOR & TRANIFER REQUEST FLUG BEFORE TIANSFERRING DaTa Y0 THE PROGRAMS
268 ’
269 /DAYA BUFFER FROY THE Axd1 SECTOR BUFFER
27e /
2Ty #wAIY FOR & OONE PLAG TO INDICATE THE COMPLETION OF THE EMPTY HUFFER COMMaND PRIJR TO
212 /
273 JTEBYTING TWE ERRJQ FLAG
27q /
27s 2ade 6123 ELdne, 8§78 /TEST FOR TR FLAG
27¢ a3y Tal2 1Y /TR NOT BET, TEST FQOR DANE FLAG
ery a422 312 JuP EUPTY /TR FLAG BET
278 B4y 5728 30N /TEST FOR DONE FiLAG
279 Ba3a Spd8 Ins g 00° /NIt YR, DR DONE YET
280 /
28y /THE MONE FLAG 19 SEY
282 ’
283 JTEST FDR ANY ERRQRS
28aq /
285 3435 6734 SER /TEST FOR THE ERROR Fian
28p ?ade Tgdd HLT /ND ERRQRS = 03¢
287 /
288 SINCREYENT AND TEQT THE ERQQOR FETRY PROGHAR LOCATION "ETRY®
289 /
29 74ND QETRY THE CIu4anND UNTYIL T4E ERAQR RECOVERS
291 /
g%e JNR UNTIL THE ETy COUNTER OVEAFLOWS TU ¢
293 /
2%4 ae2y BYTTC 137 ETRY
29% aala  S5r7h* e EFETUR /RETRY YO EMPTY THE SECTOR BUFFER
29 aaty 7422 WL T /HARD ERROR
2 /
298 /THE YAANSFER REQGESY FLAG 18 SET
299 7
ine JTRANSFER NATA T TWE PROGOAMS DAYA RUFFER FROM THE Rx21 3ECTNR BUFFER
331 /
332 aat2  brd2 EMPTY, XDR /FROM THE RxAy SECTOR BUFFER
3es 2413 3312 DCa 1 Ag2 /T3 YHE PROGRAMS DAYA BuFFER
324 data 5238 Jmp 000 /i,30® UNTIL THE DONE FLAG SETS
325

30e as7s 2347
327 8s77 2272

Ap22 RAGE
pET) JIME FILLOWING PR0GRAM LOCATIONVS ARE RESERVED FOR THE PROGRAYS DATA BUFFER
329 /
31e b2 2242 BUFFER, @
3y j22e sBUFFERedad
312 5

MA-1874

Figure 4-16 RX28 Empty Buffer Example
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4.1.8 Restrictions and Programming Pitfalls

A set of 11 restrictions and programming pitfalls for the RX8E is presented below.

1.  When performing the following sequence of instructions, interrupts must be off.

—> STR
SKP
JIMP
SDN
JMP
(done)

= (fill or empty buffer) ¢+

If interrupts are not off, the following sequence of events will occur. Assume interrupts are
enabled and the RX8E issues an interrupt request just before the SDN instruction; the SDN
instruction will be executed as the last legal instruction before the processor takes over.
However, since the done flag is cleared by the SDN instruction, the processor will not find
the device that issued the interrupt.

2. Theprogram must issue an SER instruction to test for errors following an SDN instruction.

3. For maximum data throughput for consecutive writes or reads in 8-bit mode, interleave
‘ every three sectors; in 12-bit mode, interleave every two sectors. (This of course depends on
program overhead.)

4.  When issuing the IOT XDR at the end of a function to test the status, the instruction AND
377 must be given because the most significant bits (0-3) contain part of the previous com-
mand word.

5. If an error occurs and the program executes a read error register function (111) (Paragraph
4.1.4.9), a parity error may occur for that command. The error code coming back would not
be for the original error in which the read error register function was issued, but for the
parity error resulting from the read error register function. Therefore, check for parity error
with the read status function (101) before checking for errors with the read error register
function (111).

6. The SEL DRV RDY bit is present only at the time of the read status function (101) for
either drive, or at completion of an Initialize for drive 0.

7. It is not necessary to load the drive select bit into the command word when the command is
Fill Buffer (000) or Empty Buffer (001).

8.  Sector Addressing: 1-26 or 1-32g (No sector 0)
Track Addressing: 0-76 or [-114g

9. If a read error register function (111) is desired, the program must perform this function
before a read status function (101), because the content of the error register is always modi-
fied by a read status function.
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10.  The instructions STR, SDN, SER also clear the respective flags after testing so that the
software must store these flags if future reference to them is needed after performing one of
these instructions.

11.  Excessive use of the read status function (101) will result in drastically decreased throughput
because a read status function requires between one and two diskette revolutions or about
250 ms to complete.

4.2 RXI11 AND RXVi1 PROGRAMMING INFORMATION

This section describes device registers, register and vector address assignments, programming specifi-
cations, and programming examples for the RX11 and RXV11 interfaces.

All software control of the RX11/RXV11 is performed by means of two device registers: the command
and status (RXCS) register and a multipurpose data buffer (RXDB) register. These registers have been
assigned bus addresses (Paragraph 4.2.1) and can be read or loaded, with certain exceptions, using any
instruction referring to their addresses.

The RX02, which includes the mechanical drive(s), read/write electronics, and uCPU controller, con-
tains all the control circuitry required for implied seeks, automatic head position verification, and
calculation and verification of the CRC; it has a buffer large enough to hold one full sector of diskette
data (128 8-bit bytes). Information is serially passed between the interface and the RX02.

A typical diskette write sequence, which is initiated by a user program, would occur in two steps:

1. Fill Buffer - A command to fill the buffer is moved into the RXCS. The Go bit (Paragraph
4.2.2.1) must be set. The program tests for transfer request (TR). When TR is detected, the
program moves the first of 128 bytes of data to the RXDB. TR goes false while the byte is
moved into the RX02. The program retests TR and moves another byte of data when TR is
true. When the RX02 sector buffer is full, the Done bit will set, and an interrupt will occur if
the program has enabled interrupts.

2. Write Sector - A command to write the contents of the buffer onto the disk is issued to the
RXCS. Again the Go bit must be set. The program tests TR, and when TR is true, the
program moves the desired sector address to the RXDB. TR goes false while the RX02
handles the sector address. The program again waits for TR and moves the desired track
address to the RXDB, and again TR is negated. The RX02 locates the desired track and
sector, verifies its location, and writes the contents of the sector buffer onto the diskette.
When this is done, an interrupt will occur if the program has enabled interrupts.

A typical diskette read occurs in just the reverse way: first locating and reading a sector into the buffer
(read sector) and then unloading the buffer into core (empty buffer). In either case, the content of the
buffer is not valid if Power Fail or Initialize follows a fill buffer or read sector function.

4.2.1 Register and Vector Addresses

The RXCS register is normally assigned Unibus address 177170 and the RXDB register is assigned
Unibus address 177172. The normal BR priority level is 5, but it can be changed by insertion of a
different priority plug located on the interface module. The vector address is 264.
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4.2.2 Register Description

4.2.2.1 RXCS - Command and Status (177170) - Loading this register while the RX02 is not busy and
with bit 0=1 will initiate a function as described below and indicated in Figure 4-17. Bits 0-4 are write-
only bits. '

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 OO

| [T Jroeron] ]

_ ] | I

N
NOT USED TR DONE GO

RX INT UNIT
INIT ENB SEL

ERROR

MAa 1884

Figure 4-17 RXCS Format (RX11, RXV11I)

Bit No. Description
0 Go - Initiates a command to RX02, This is a write-only bit.

1-3 Function Select - These bits code one of the eight possible functions listed below and de-
scribed in Paragraph 4.2.3. These are write-only bits.

Code Function
000 Fill Buffer
001 Empty Buffer
010 Write Sector
011 Read Sector
100 Not used
101 Read Status
110 Write Deleted Data Sector
111 Read Error Register
4 Unit select - This bit selects one of the two possible disks for execution of the desired

function. This is a write-only bit.

5 Done - This bit indicates the completion of a function. Done will generate an interrupt when
asserted if Interrupt Enable (RX2CS bit 6) is set. This is a read-only bit.

6 Interrupt Enable — This bit is set by the program to enable an interrupt when the RX02 has
completed an operation (Done). The condition of this bit is normally determined at the time
a function is initiated. This bit is cleared by Initialize and is a read/write bit.

7 Transfer Request — This bit signifies that the RX11 or RXV11 needs data or has data avail-
able. This is a read-only bit.

8-13 Unused

14 RX Initialize ~ This bit is set by the program to initialize the RX11 or RXV11 without
initializing all devices on the Unibus. This is a write-only bit.

CAUTION

Loading the lower byte of the RXCS will also load
the upper byte of the RXCS.
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Upon setting this bit in the RXCS, the RX11 or RXVI1 will negate Done and move the
head position mechanism of drive 1 (if two are available) to track 0. Upon completion of a

successful Initialize, the RX02 will zero the error and status register, set Initialize Done, and
set RXES bit 7(DRV RDY) if unit 0 is ready. It will also read sector 1 of track 1 on drive 0.

15 Error - This bit is set by the RX02 to indicate that an error has occurred during an attempt
to execute a command. This read-only bit is cleared by the initiation of a new command or
an Initialize (Paragraph 4.2.6).

4.2.2.2 RXDB - Data Buffer Register (177172) - This register serves as a general purpose data path
between the RX02 and the interface. It may represent one of four RX02 registers according to the
protocol of the function in progress (Paragraph 4.2.3).

This register is read/write if the RX02 is not in the process of executing a command; that is, it may be
manipulated without affecting the RX02 subsystem. If the RX02 is actively executing a command, this
register will only accept data if RXCS bit 7 (TR) is set. In addition, valid data can only be read when
TR is set.

CAUTION
Violation of protocol in manipulation of this register
may cause permanent dats loss.

4.2.2.3 RXTA - RX Track Address (Figure 4-18) - This register is loaded to indicate on which of the

77 (114g) tracks a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.2.3). Bits 8-15 are unused and are ignored by the control.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

—
NOT USED 0-114,

Figure 4-18 RXTA Format (RX11/RXVI1)

4.2.2.4 RXSA - RX Sector Address (Figure 4-19) - This register is loaded to indicate on which of the
26 (32¢) sectors a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.2.3). Bits 8-15 are unused and are ignored by the control.

15 14 13 12 0w 10 09 08 07 08 05 04 03 02 01 OO
0 4} Q
. J . -t
- —
NOT USED 1-32,

CP 511

Figure 4-19 RXSA Format (RX11/RXVI1)

4.2.2.5 RXDB - RX Data Buffer (Figure 4-20) - All information transferred to and from the floppy
media passes through this register and is addressable only under the protocol of the function in prog-
ress (Paragraph 4.2.3).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 ©0

MA1866

Figure 4-20 RXDB Format (RX11/RXVI1I)
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4.2.2.6 RXES - RX Error and Status (Figure 4-21) - This register contains the current error and
status conditions of the drive selected by bit 4 (Unit Select) of the RXCS. This read-only register can be
addressed only under the protocol of the function in progress (Paragraph 4.2.3). The RXES content is
located in the RXDB upon completion of a function.

1% 14 13 12 11 10 09 08 07 06 O5 04 03 02 01 00
DEN
ERR
“ P { [ I
Y UNIT DD iD CRC
NOT USED SEL
DRV DRV
RDY DEN

MA-1867

Figure 4-21 RXES Format (RX11, RXVI1)

RXES bit assignments are:

Bit No.
0

Description

CRC Error - A cyclic redundancy check error was detected as information was retrieved
from a data field of the diskette. The RXES is moved to the RXDB, and Error and Done are
asserted.

Initialize Done - This bit is asserted in the RXES to indicate completion of the Initialize
routine which can be caused by RX02 power failure, system power failure, or programmable
or Unibus Initialize.

Density Error - This bit is asserted to indicate the density of the function in progress does
not match the drive density. Upon detection of this error the control terminates the oper-
ation and Error and Done are asserted.

NOTE
Bits 4 and 5 are asserted for the occurrence of double
density when the system is RX01-compatible.

Drive Density — This bit indicates the density of the diskette in the drive selected. When
asserted, double density is indicated.

Deleted Data Detected - During data recovery, the identification mark preceding the data
field was decoded as a deleted data mark (Paragraph 1.5.3.2).
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7 Drive Ready - This bit is asserted if the unit currently selected exists, is properly supplied
with power, has a diskette installed correctly, has its door closed, and has a diskette up to
speed.

NOTE 1
The drive ready bit is only valid when retrieved via a
read status function or at completion of Initialize
when it indicates status of drive 0.

NOTE 2
If the error bit was set in the RXCS but error bits are
not set in the RXES, specific error conditions can be

accessed via a read error register function (Para-
graph 4.2.3.7).

8 Unit Select — Drive 0 is selected if this bit is ““0”’; drive 1 is selected if this bit is a *““1.”

4.2.3 Function Codes

Following the strict protocol of the individual function, data storage and recovery on the RX11 and
RXV11 occur with careful manipulation of the RXCS and RXDB registers. The penalty for violation
of protocol can be permanent data loss.

A summary of the function codes is presented below:

000 Fill Buffer

001 Empty Buffer

010 Write Sector

011 Read Sector

100 Not used

101 Read Status

110 Write Deleted Data Sector
111 Read Error Register

The following paragraphs describe in detail the programming protocol associated with each function
encoded and written into RXCS bits 1-3 if Done is set.

4.2.3.1 Fill Buffer (000) - This function is used to fill the RX02 buffer with 128 8-bit bytes of data
from the host processor. Fill buffer is a complete function in itself; the function ends when the buffer
has been filled. The contents of the buffer can be written onto the diskette by means of a subsequent
write sector function, or the contents can be returned to the host processor by an empty buffer func-
tion.

RXCS bit 4 (Unit Select) does not affect this function since no diskette drive is involved. When the
command has been loaded, RXES, OUT, and Done are cleared. When the TR bit is asserted, the first
byte of the data may be loaded into the data buffer. The control then clears TR and after supplying the
appropriate number of shift pulses to store the data, again asserts TR. The same TR cycle will occur as
each byte of data is loaded. The RX02 counts the bytes transferred; it will not accept less than 128
bytes and will ignore those in excess. Any read of the RXDB during the cycle of 128 transfers is
ignored by the RX11/RXVI11. When the complete buffer has been filled, the control asserts Done.

4.2.3.2 Empty Buffer (001) - This function is used to empty into the interface the buffer of the 128
data bytes loaded from a previous Read Sector or Fill Buffer command. This function will ignore
RXCS bit 4 (Unit Select) and negate Done. For this function, TR and shift pulses are generated in the
same manner as for the fill buffer but the buffer is emptied.
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When TR sets, the program may unload the first of 128 data bytes from the RXDB. Then the
RX11/RXV11 again negates TR. When TR resets, the second byte of data may be unloaded from the
RXDB, which again negates TR. Alternate checks on TR and data transfers from the RXDB continue
until 128 bytes of data have been moved from the RXDB. Done sets, ending the operation.

NOTE
The empty buffer function does not destroy the con-
tents of the sector buffer.

4.2.3.3 Write Sector (010) - This function is used to locate a desired track and sector and write the
sector with the contents of the internal sector buffer. The initiation of this function clears TR and
Done.

When TR is asserted, the program must move the desired sector address into the RXDB, which will
negate TR. When TR is again asserted, the program must load the desired track address into the
RXDB, which will negate TR. If the desired track is not found, the RX11/RXV11 will abort the
operation, move the contents of the RXES to the RXDB, set RXCS bit 15 (Error), assert Done, and
initiate an interrupt if RXCS bit 6 (Interrupt Enable) is set.

TR will remain negated while the RX02 attempts to locate the desired sector. If the RX02 is unable to
locate the desired sector within two diskette revolutions, the RX11/RXV11 will abort the operation,
move the contents of the RXES to the RXDB, set RXCS bit 15 (Error), assert Done, and initiate an
interrupt if RXCS bit 6 (Interrupt Enable) is set.

If the desired sector is successfully located, the RX11/RXV11 will write the 128 bytes stored in the
internal buffer followed by a 16-bit CRC character that is automatically calculated by the RX02. The
RX11/RXV11 ends the function by asserting Done and initiating an interrupt if RXCS bit 6 (Interrupt
Enable) is set.

NOTE 1
The contents of the sector buffer are not valid data
after a power loss has been detected by the RX(2.
The write sector function, however, will be accepted
as a valid function, and the random contents of the
buffer will be written, followed by a valid CRC.

NOTE 2
The write sector function does not destroy the con-
tents of the sector buffer.

4.2.3.4 Read Sector (011) - This function is used to locate a desired track and sector and transfer the
contents of the data field to the uCPU controller sector buffer. The initiation of this function clears
RXES, Done, and OUT.

When TR is asserted, the program must load the desired sector address into the RXDB, which will
negate TR. When TR is again asserted, the program must load the desired track address into the
RXDB, which will negate TR.

If the desired track is not found, the RX11/RXV11 will abort the operation, move the contents of the

RXES to the RXDB, set RXCS bit 15 (Error), assert Done, and initiate an interrupt if RXCS bit 6
(Interrupt Enable) is set.

4-28



TR and Done will remain negated while the RX02 attempts to locate the desired track and sector. If
the RX02 is unable to locate the desired sector within two diskette revolutions after locating the
presumably correct track, the RX11/RXV11 will abort the operation, move the contents of the RXES
to the RXDB, set RXCS bit 15 (Error), assert Done, and initiate an interrupt if RXCS bit 6 (Interrupt
Enable) is set.

If the desired sector is successfully located, the control will attempt to locate a standard data address
mark or a deleted data address mark. If either mark is properly located, the control will read data from
the sector into the sector buffer.

If the deleted data address mark was detected, the control will assert RXES bit 6 (DD). As data enters
the sector buffer, a CRC is computed, based on the data field and CRC bytes previously recorded. A
non-zero residue indicates that a read error has occurred. The control sets RXES bit 0 (CRC Error)
and RXCS bit 15 (Error). The RX11/RXV11 ends the operation by moving the contents of the RXES
to the RXDB, sets Done, and initiates an interrupt if RXCS bit 6 (Interrupt Enable) is set.

4.2.3.5 Read Status (101) - The RX11/RXV11 will negate RXCS bit 5 (Done) and begin to assemble
the current contents of the RXES into the RXDB. RXES bit 7 (Drive Ready) will reflect the status of
the drive selected by RXCS bit 4 (Unit Select) at the time the read status function was given. All other
RXES bits will reflect the conditions created by the last command. RXES may be sampled when
RXCS bit 5 (Done) is again asserted. An interrupt will occur if RXCS bit 6 (Interrupt Enable) is set.
RXES bits are defined in Paragraph 4.2.2.6.

NOTE
The average time for this function is 250 ms. Exces-
sive use of this function will result in substantially
reduced throughput.

4.2.3.6 Write Sector with Deleted Data (110) - This operation is identical to function 010 (write
sector) with the exception that a deleted data address mark precedes the data field instead of a stand-
ard data address mark (Paragraph 1.5.3.2).

4.2.3.7 Read Error Code Function (111) - The read error code function can be used to retrieve explicit
error information provided by the uCPU controller upon detection of the general error bit. The func-
tion is initiated, and bits 0-6 of the RXES are cleared. Out is asserted and Done is negated. The
controller then generates the appropriate number of shift pulses to transfer the specific error code to
the interface register and completes the function by asserting Done. The interface register can now be
read and the error code interrogated to determine the type of failure that occurred (Paragraph 4.2.6).

NOTE
Care should be exercised in the use of this function,
since under certain conditions, erroneous error infor-
mation may result (Paragraph 4.2.5).

4.2.3.8 Power Fail - There is no actual function code associated with Power Fail. When the RX02
senses a loss of power, it will unload the head and abort all controller action. All status signals are
invalid while power is low.

When the RX02 senses the return of power, it will remove Done and begin a sequence to:

Move drive 1 head position mechanism to track 0.

Clear any active error bits.

Read sector 1 of track 1 of drive 0 into the sector buffer.

Set RXES bit 2 (Initialize Done) (Paragraph 4.2.2.6) after which Done is again asserted.
Set Drive Ready of the RXES according to the status of drive 0.

kW -
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There is no guarantee that information being written at the time of a power failure will be retrievable.
However, all other information on the diskette will remain unaltered.

A method of aborting a function is through the use of RXCS bit 14 (RX Initialize). Another method is
through the use of the system Initialize signal that is generated by the PDP-11 RESET instruction, the
console START key, or system power failure.

4.2.4 Programming Examples

4.2.4.1 Read Data/Write Data ~ Figure 4-22 presents a program for implementing a write, write
deleted data, or a read function, depending on the function code that is used. The first instructions set
up the error retry counters, PTRY, CTRY, and STRY. The instruction RETRY moves the command
word for a write, write deleted data, or read into the RXCS.

The set of three instructions beginning at the label 1$ moves the sector address to the RX11/RXV1i
after transfer request (TR), which is bit 7, has been set. The three instructions beginning at the label 23
move the track address to the RX11/RXVI1 after TR has been set. The group of instructions begin-
ning at the label 3% looks for the done flag to set and checks for errors.

An error condition, indicated by bit 15 setting, is checked beginning at ERFLAG. If bit O is set,a CRC
error has occurred, and a branch is made to CRCER. If a parity error has occurred, a branch is made
to PARER. If neither of the above occurs, a seek error is assumed to have occurred and a branch is
made to SEEKER, where the system is initialized. In the case of a write function, the sector buffer is
refilled by a JMP to FILLBUF. In the case of a read function, a JMP is made to EMPBUFF.

In each of the PAR, CRC, and SEEK routines, the command sequence is retried 10 times by decre-
menting the respective retry counter. If an error persists after 10 tries, it is a hard error. The retry
counters can be set up to retry as many times as desired.

NOTE
A fill buffer function is performed before a write
function, and an empty buffer function is performed
after a read function.

4.2.4.2 Empty Buffer Function - Figure 4-23 shows a program for implementing an empty buffer
function. The first instruction sets the number of error retries to 10. The address of the memory buffer
is placed in register RO, and the Empty Buffer command is placed in the RXCS. Existence of a parity
error is checked starting at instruction 33. If a parity error is detected, the Empty Buffer command is
loaded again. If an error persists for 10 retries, the error is considered hard.

If no error is indicated, the program looks for the transfer request (TR) flag to set. The error flag is
retested if TR is not set. Once TR sets, a byte is moved from the RX11/RXV11 sector buffer to the
core locations of BUFFER. The process continues until the sector buffer is empty and the Done bit is
set.

4.2.4.3 Fill Buffer Function - Figure 4-24 presents a program to implement a fill buffer function. It is
very similar to the empty buffer example.
4.2.5 Restrictions and Programming Pitfalls
A set of restrictions and programming pitfalls for the RX11/RXV11 is presented below.
1. Depending on how much data handling is done by the program between sectors, the min-

imum interleave of two sectors may be used, but to be safe a three-sector interleave is recom-
mended.
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,ABS
IPROGRAMMING EXAMPLES FOR THE RX11/R¥#1 FLEXIBLE DISKETTE

i
1THE FpLLoWING 1S THE HX11 $TANDARD OEVICE ADORESE® AND VECYQR ADDAESS
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ANE RETRY
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Figure 4-22 RXI11/RXVI1 Write/Write Deleted Data/Read Example
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iTHE FOLLOWING IS A PHOGRAMMING EXAMPLE OF PROTOCOL REQUIRED TO
JEMPTY THME SECToR BUFFER oF 128 8=B!Y BYTES

i

2982856 EENTRY: MoV #-18, PTRY ; B YRYS To EMPTY THE SECTQR BUFFER
ESETUPI MOV #BUFFER, HE i PROHGRAMS DATA BUFFER

176786 MOV COMMAND, RXCS i ISSYE THE EOMMAND

[
iWAIT FOR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA Tp THE PROGRAMS
iDATA BUFFER FRoN THE RXE1 3ECTQR BUFFER
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H
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I
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BH1 EMPTY ; BNE IF TRANSFER REQUESY FLAG 15 SET
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I
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JTEST FpR ANY ERRQRS (ONLY ERRER POSSIBLE IS A PARITY ERRpR)

T$T RXCS
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1AND RETRY THE CoMMAND UNTIL THE ERRgR RECOVERS
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HALT ; HARD PARITY ERRQOR

i
i TRE TRANSFER REQUESY FLAG Is sEv

;
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i
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PTRY: @ i PARITY ERRAR RETRY COUNTER
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+END

Figure 4-23 RX11/RXVI1 Empty Buffer Example
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;THE FOLLOWING 1S A PROGRAMMING EXAMMLE OF THE PROTOCOL REGUIRED TO
;FILL THE BECTOR BUFFER WITH 128 8-817 BYTES
| NOTES THE DATATOLTILE T SECTOR BIFER Cul SE ASSEABLLD [N CONE 1 T
982156 12767 177773 ©6POL42 ;ENTRY: MOV #=1B, PTRY ; B TRYS T0 PILL THE SECTOR BUFFER
288164 @12700 ¢2@8342 SETUPI MOV MBUFFER, R@ i PROGRAMS DATA BUPFER
BB817@ 2316747 020148 178772 MOV COMMAND, RXCS 5 1SSUE THE EOMMAND
:HAIY FOR A TRANSFER REQUEST FLAS BEFQRE TRANSFERRING DATA FAQH THE PROGRAMS
:DATA BUFFER TO THE RX@1 SECTOR SUFFER
:HATT FQR A4 DONE FLAT T3 INDICATE THE COHMPLETION OF THE FlLL BUFFER CQMMAND
:PRIoR Yo TESTING THE ERROR FLAG
gPB176 105767 176766 ioonx TSTE RXCS ; TEST FAR TRANSFER REQUEST FLAG
908202 g@1414 Akl FILL ; BEQ IF TRANSFER REQUESBY FLAG SEY
gR02084 932747 oJ0B4D 17679 BT #DONEBIT, AXCS i TESY FOR THE DONE FLAG
gog212 @ei’rL 8E£Q LOOP ; BEG UNTIL YHME DONE FLAG SETS
;THE ODoNE PLAG 1S SET
;TEST FoR ANY ERRQRS (gNLY ERRQR POSSIBLE IS A pARITY ERAgR)
opB214 288767 1767%8 : TST RXCS
289229 9201801 BNE 15
086222 aveeed WaLt : NQ CRRORS e 0K o COHRLETE
ﬁlNCREMENT AND TEST THE PARITY ERROR RETRY PRQGRAM LDCATION ™ BTRY ™
iANO RETARY THRE CgMMAND UNTIL THE E£RRAR RECQVERS
:oa UNTIL THE PTRY COUNTER QVERFLQHWS Tp 2
2BB224 2083287 Q38975 i‘3 INC PTRY
298232 @0135% BNE SETUP ; RETRY TQ FILL THE SECTOR BUFFER
868232 9p0829 HALTY ; HARD PARITY ERRQOR
iTHE TRANSFER REQUESY FLAG IS SET
:YRANSVER OATA FROM THE PROGRAMS QATA BUPFER To THWE RXB1 SECTOR BUFFER
BEB234 113867 176732 ;ILL: MoVE @(RB!+, RX0DB , PROGRAMS DATA BUFFER 1S 64 WORDS IN LENGTH
208248 082736 BR LOQP
Figure 4-24 RXI11/RXV1I1 Fill Buffer Example
If an error occurs and the program executes a read error code function (111), a parity error
may occur for that command. The error status would not be for the error in which the read
error code function was originally required.
The DRV SEL RDY bit is only updated at the time of a read status function (101) for both
drives, and after an Initialize, depending on the status of drive 0. At the termination of any
other functions it reflects the drive status of the last Read Status or Initialize command.
It is not required to load the Drive Select bit into the RXCS when the command is Fill
Buffer (000) or Empty Buffer (010).
Sector Addressing: 1-26 (No sector 0)
Track Addressing: 0-76
A power failure causing the recalibration of the drives will result in a Done condition, the
same as finishing reading a sector. However, during a power failure, RXES bit 2 (Initialize
Done) will set. Checking this bit will indicate a power fail condition.
Excessive use of the read status function (101) will result in drastically decreased through-

put, because a read status function requires between one and two diskette revolutions or
about 250 ms to complete.
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4.2.6 Error Recovery

There are two error indications given by the RX11/RXV11 system. The read status function (Para-
graph 4.2.3.5) will assemble the current contents of the RXES (Paragraph 4.2.2.6), which can be
sampled to determine errors. The read error code function (Paragraph 4.2.3.7) can also be used to
retrieve explicit error information. The RX11/RXV11 interface register can be interrogated to deter-
mine the type of failure that occurred. A list of error codes follows.

NOTE
A read status function is not necessary if the DRV
RIDY bit is not going to be interrogated because the
RXZ2ES is in the interface register at the completion
of every function.

Octat

Code Error Code Meaning

0010 Drive 0 failed to see home on Initialize

0020 Drive 1 failed to see home on Initialize

0040 Tried to access a track greater than 77

0050 Home was found before desired track was reached

0070 Desired sector could not be found after looking at 52 headers (2 revolutions)

0110 More than 40 us and no SEP clock seen
0120 A preamble could not be found

0130 Preamble found but no ID mark found within allowable time span
0140 CRC error on what appeared tc be a header. Error is not asserted
0150 The header track address of a good header does not compare with the desired track

0160 Too many tries for an IDAM (identifies header)
0200 CRC error on reading the sector from the disk
0220 R /W electronics failed maintenance mode test
0240 Density Error

4.3 RX211 AND RXV21 PROGRAMMING INFORMATION
This section describes device registers, register and vector address assignments, programming specifi-
cations, and programming examples for the RX211 and RXV21 interfaces.

All software control of the RX211/RXV21 is performed by means of two device registers: the com-
mand and status register (RX2CS) and a multipurpose data buffer register (RX2DB) which have been
assigned bus addresses and can be read or loaded.

The RX02 contains all the control circuitry required to read from and write on the disk and to calcu-
late and verify the CRC. It has a buffer large enough to hold one full sector of diskette data (128 or 256
8-bit bytes). Information is serially passed between the interface and the RXO02.

A typical diskette write sequence, which is initiated by a user program, would occur in two steps:

Fill Buffer - A command to fill the buffer is moved into the RX2CS. The Go bit must be set. The
program tests for TR. When TR is detected, the program moves the desired word count into the
RX2DB. TR goes false while the word count is moved to the RX02. The program retests TR and
moves the bus address into the RX2DB. The device now requests bus mastership and DMA’s one data
word at a time into the RX2DB and shifts it across the RX02 data bus serially one 8-bit byte at a time
into the sector buffer. When the word count register overflows (if necessary, the RX02 control zero-
fills the remainder of the sector buffer) the Done bit is set, and an interrupt will occur if the program
has enabled interrupts.
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Write Sector — A command to write the contents of the sector buffer onto the disk is moved into the
RX2CS. The program tests TR and when TR is set, moves the desired sector address to the RX2DB.
TR remains false while the sector address is shifted to the RX02 control. The control retests TR and
when it is again set, moves the desired track address register to the RX2DB. Again TR is negated. The
RXO02 locates the desired track and sector and compares the diskette density against the assigned
function density and writes the contents of the sector buffer onto the disk if the densities agree. When
the write operation is completed, the Done bit is set and an interrupt will occur if the program has
enabled interrupts.

A typical disk read operation occurs in the reverse order. First, the desired track and sector are located
and the contents of the sector are read into the sector buffer (read sector). Then the contents of the
sector buffer is unloaded into memory (empty buffer). In either case, the contents of the sector buffer
are not valid if either a Power Fail or Initialize follows a fill buffer or read sector function.

4.3.1 Register and Vector Addresses

The RX211/RXV21 use two registers for communicating with the host computer: the command and
status register (RX2CS) normally assigned bus address 177170 and the data buffer register (RX2DB)
normally assigned bus address 177172. The vector address is 264.

4.3.2 Register Description

4.3.2.1 RX2CS - Command and Status (177170) - Loading this register while the RX02 is not busy
and with bit 0=1 will initiate a function as described below and indicated in Figure 4-25.

15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00

1
RX | EXT
[ me{ ADDR I r l ,DEN] TR’ l l J FUNCTION IGo—l
I I | I
ERROR RX02 INTR UNIT
ENB SEL
DONE FAA-TH06

Figure 4-25 RX2CS Format RX211/RXV21

Bit No. Description
0 Go - Initiates a command to RX02. This is a write-only bit.

1-3 Function Select -~ These bits code one of the eight possible functions described in Paragraph
4.3.3 and listed below. These are write-only bits.

Code Function
000 Fill Buffer
001 Empty Buffer
010 Write Sector
011 Read Sector
100 Set Media Density
101 Read Status
110 Write Deleted Data Sector
111 Read Error Code
4 Unit select - This bit selects one of the two possible disks for execution of the desired

function. This bit is readable only when Done is set, at which time it indicates the unit
previously selected. This is a read/write bit.
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Done - This bit indicates the completion of a function. Done will generate an interrupt when
asserted if Interrupt Enable (RX2CS bit 6) is set. This is a read-only bit.

Interrupt Enable ~ This bit is set by the program to enable an interrupt when the RX02 has
completed an operation (Done). The condition of this bit is normally determined at the time
a function is initiated. This bit is cleared by Initialize and is a read/write bit.

Transfer Request - This bit signifies that the RX211/RXV21 needs data or has data avail-
able. This is a read-only bit.

Density - This bit determines the density of the function to be executed. This bit is readable
only when Done is set, at which time it indicates the density of the function previously
executed. This is a read/write bit.

Reserved for future use. Must be written as a zero.

RX02 - This bit is set by the interface to inform the programmer that this is an RX02
system. This is a read-only bit.

Extended address - These bits are used to declare an extended bus address. These are write-
only bits.

RX211/RXV21 Initialize ~ This bit is set by the program to initialize the RX211/RXV21
without initializing all devices on the Unibus. This is a write-only bit.

CAUTION
Loading the lower byte of the RX2CS will also load
the upper byte of the RX2C(S.

Upon setting this bit in the RX2CS, the RX211/RXV21 will negate Done and move the
head position mechanism of both drives (if two are available) to track 0. Upon completion
of a successful Initialize, the RX02 will zero the error and status register, and set Initialize
Done. It will also read sector 1 of track 1 on drive 0 into the buffer.

Error - This bit is set by the RX02 to indicate that an error has occurred during an attempt
to execute a command. This read-only bit is cleared by the initiation of a new command or
an Initialize.

4.3.2.2 RX2DB - Data Buffer Register (177172) — This register serves as a general purpose data path
between the RX02 and the interface. It may represent one of six RX02 registers according to the
protocol of the function in progress (Paragraph 4.3.3).

This register is read/write if the RX02 is not in the process of executing a command; that is, it may be
manipulated without affecting the RX02 subsystem. If the RX02 is actively executing a command, this
register will only accept data if RX2CS bit 7 (TR) is set. In addition, valid data can only be read when

TR is set.

CAUTION
Violation of protocol in manipulation of this register
may cause permanent data loss.
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4.3.2.3 RX2TA - RX Track Address (Figure 4-26) - This register is loaded to indicate on which of the
1144 (0-76,) tracks a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.3.3). Bits 8-15 are unused and are ignored by the control.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

v
NOT USED 0114,

Figure 4-26 RX2TA Format (RX211/RXV21)

4.3.2.4 RX2SA - RX Sector Address (Figure 4-27) - This register is loaded to indicate on which of the

325 (1-26¢) sectors a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.3.3).

-
NOT USED 132,

Figure 4-27 RX2SA Format (RX211/RXV21)

4.3.2.5 RX2WC - RX Word Count Register (Figure 4-28) ~ For a double density sector the maximum
word count is 128(. For a single density sector the maximum word count is 64;(. If a word count is
beyond the limit for the density indicated, the control asserts Word Count Overflow (bit 10 of

RX2ES). This is a write-only register. The actual word count and not the 2's complement of the word
count is loaded into the register.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 0O

- - 4/,../,
[_/ —.,‘<4r-%\ -

0128, .

Figure 4-28 RX2ZWC Format (RX211/RXV21)

43.2.6 RX2BA - RX Bus Address Register (Figure 4-29) ~ This register specifies the bus address of
data transferred during fill buffer, empty buffer, and read definitive error operations. Incrementation
takes place after a memory transaction has occurred. The RX2BA, therefore, is loaded with the ad
dress of the first data word to be transferred. This is a 16-bit, write-only register (Paragraph 4.3.3).

15 14 13 1z 1v 1o 09 08 g7 06 05 04 03 02 01 0D

EEEENEEEEEEEEEED

Figure 4-29 RX2BA and RX2DB Format (RX211/RXV21)

4.3.2.7 RX2DB - RX Data Buffer (Figure 4-29) - All information transferred to and from the floppy

media passes through this register and is addressable only under the protocol of the function in prog-
ress (Paragraph 4.3.3).
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4.3.2.8 RX2ES - RX Error and Status (Figure 4-30) - This register contains the current error and
status conditions of the drive selected by bit 4 (Unit Select) of the RX2CS. This read-only register can
be addressed only under the protocol of the function in progress (Paragraph 4.3.3). The RX2ES is
located in the RX2DB upon completion of a function.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 o0f 00
N — I l
NOT USED N XM DRY DRV RX
i Rov DEN | AC LO
we UNIT DD DEN 0 cRE
OVFL | SEL ERR RESERVED
AESERVED

MAYETO

Figure 4-30 RX2ES Format (RX211/RXV21)

RXES bit assignments are:

Bit No.
0

11

Description

CRC Error - A cyclic redundancy check error was detected as information was retrieved
from a data field of the diskette. The data collected must be considered invalid. The RX2ES
is moved to the RX2DB, and Error and Done are asserted. It is suggested that the data
transfer be retried up to 10 times, as most errors are recoverable (soft).

Initialize Done - This bit is asserted in the RX2ES to indicate completion of the Initialize
routine which can be caused by RX02 power failure, system power failure, or programmable
or bus Initialize.

RX AC LO - This bit is set by the interface to indicate a power failure in the RX02 sub-
system.

Density Error - This bit indicates that the density of the function in progress does not match
the drive density. Upon detection of this error the control terminates the operation and
asserts Error and Done.

Drive Density - This bit indicates the density of the diskette in the drive selected (indicated
by bit 8). The density of the drive is determined during read and write sector operations.

Deleted Data - This bit indicates that in the course of recovering data, the “deleted data”
address mark was detected at the beginning of the data field. The Drv Den bit indicates
whether the mark was a single or double density deleted data address mark. The data follow-
ing the mark will be collected and transferred normally, as the deleted data mark has no
further significance other than to establish drive density. Any alteration of files or actual
deletion of data due to this mark must be accomplished by user software.

Drive Ready - This bit indicates that the selected drive is ready if bit 7=1 and all conditions
for disk operation are satisfied, such as door closed, power okay, diskette up to speed, etc.
The RX02 may be presumed to be ready to perform any operation. This bit is only valid
when retrieved via a read status function or initialize.

Unit Select ~ This bit indicates that drive 0 is selected if bit 8=0. This bit indicates the drive
that is currently selected.

Word Count Overflow - This bit indicates that the word count is beyond sector size. The fill
or empty buffer operation is terminated and Error and Done are set.

Nonexistent Memory Error - This bit is set by the interface when a DMA transfer is being
performed and the memory address specified in RX2BA is nonexistent.
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4.3.3 Function Codes

Following the strict protocol of the individual function, data storage and recovery on the
RX211/RXV21 occur with careful manipulation of the RX2CS and RX2DB registers. The penalty for
violation of protocol can be permanent data loss.

A summary of the function codes is presented below:

000 Fill Buffer

001 Empty Buffer

010 Write Sector

01t Read Sector

100 Set Media Density

101 Read Status

110 Write Deleted Data Sector
111 Read Error Code

The following paragraphs describe in detail the programming protocol associated with each function
encoded and written into RX2CS bits 1-3 if Done is set.

4.3.3.1 Fill Buffer (000) - This function is used to fill the RX02 data buffer with the number of words
of data specified by the RX2WC register. Fill buffer is a complete function in itself: the function ends
when RX2WC overflows, and if necessary, the control has zero-filled the remainder of the buffer. The
contents of the buffer may be written on the disk by means of a subsequent Write Sector command or
returned to the host processor by an Empty Buffer command. If the word count is too large, the
function is terminated, Error and Done are asserted, and the Word Count overflow bit is set in
RX2ES.

To initiate this function the RX2CS is loaded with the function. Bit 4 of the RX2CS (Unit Select) does
not affect this function since no disk operation is involved. Bit 8 (Density) must be properly selected
since this determines the word count limit. When the command has been loaded, the Done bit (RX2CS
bit 5) goes false. When the TR bit is asserted the RX2WC may be loaded into the data buffer register.
When TR is again asserted, the RX2BA may be loaded into the RX2DB. The data words are trans-
ferred directly from memory and when RX2WC overflows and the control has zero-filled the remain-
der of the sector buffer, if necessary, Done is asserted ending the operation. If bit 6 RX2CS (Interrupt
Enable) is set, an interrupt is initiated. Any read of the RX2DB during the data transfer is ignored by
the interface. After Done is true the RX2ES is located in the RX2DB register.

4.3.3.2 Empty Buffer (001) - This function is used to empty the contents of the internal buffer
through the RX211/RXV21 for use by the host processor. This data is in the buffer as the result of a
previous Fill Buffer or Read Sector command.

The programming protocol for this function is identical to that for the Fill Buffer command. The
RX2CS is loaded with the command to initiate the function. (This function will ignore bit 4 RX2CS,
Unit Select). RX2CS bit 8 (Density) must be selected to allow the proper word count limit. When the
command has been loaded, the Done bit (RX2CS bit 5) goes false. When the TR bit is asserted, the
RX2WC may be loaded into the RX2DB. When TR is again asserted the RX2BA may be loaded into
the RX2DB. The RX211/RXV21 assembles one word of data at a time and transfers it directly to
memory. Transfers occur until word count overflow, at which time the operation is complete and
Done goes true. If bit 6 RX2CS (Interrupt Enable) is set, an interrupt is initiated. After Done is true,
the RX2ES is located in the data buffer register.

4.3.3.3 Write Sector (010) - This function is used to locate a desired sector on the diskette and fill it
with the contents of the internal buffer. The initiation of the function clears RX2ES, TR, and Done.

4-39



When TR is asserted, the program must load the desired sector address into RX2DB, which will drop
TR. When TR is again asserted, the program must load the desired track address into the RX2DB,
which will drop TR. TR will remain unasserted while the RX02 attempts to locate the desired sector.
The diskette density is determined at this time and is compared to the function density. If the densities
do not agree, the operation is terminated; bit 4 RX2ES is set, RX2ES is moved to the RX2DB, Error
(bit 15 RX2CS) is set, Done is asserted, and an interrupt is initiated, if bit 6 RX2CS (Interrupt Enable)
1s set.

If the densities agree but the RX02 is unable to locate the desired sector within two diskette revolu-
tions, the interface will abort the operation, move the contents of RX2ES to the RX2DB, set Error (bit
15 RX2CS), assert Done, and initiate an interrupt if bit 6 RX2CS (Interrupt Enable) is set.

If the desired sector has been reached and the densities agree, the RX211/RXV21 will write the 128)¢
or 64)p words stored in the internal buffer followed by a CRC character which is automatically calcu-
lated by the RX02. The RX211/RXV2l ends the function by asserting Done and if bit 6 RX2CS
(Interrupt Enable) is set, initiating an interrupt.

CAUTION
The contents of the sector buffer are not valid data
after a power loss has been detected by the RX02Z.
However, write sector will be accepted as a valid in-
struction and the (random) contents of the buffer will
be written, followed by a valid CRC.

NOTE
The contents of the sector buffer are not destroyed
during a write sector operation.

4.33.4 Read Sector (011) ~ This function is used to locate the desired sector and transfer the contents
of the data field to the internal buffer in the control. This function may also be used to retrieve rapidly
(5 ms) the current status of the drive selected. The initiation of this function clears RX2ES, TR, and
Done,

When TR is asserted the program must load the desired sector address into the RX2DB, which will
drop TR. When TR is again asserted, the program must load the desired track address into the
RX2DB, which will drop TR.

TR and Done will remain negated while the RX02 attempts to locate the desired sector. If the RX02 is
unable to locate the desired sector within two diskette revolutions for any reason, the RXV21/RX211
will abort the operation, set Done and Error (bit 15 RX2CS), move the contents of the RX2ES to the
RX2DB, and if bit 6 RX2CS (Interrupt Enable) is set, initiate an interrupt.

If the desired sector is successfully located, the control reads the data address mark and determines the
density of the diskette. If the diskette (drive) density does not agree with the function density the
operation is terminated and Done and Error (bit 15 RX2CS) are asserted. Bit 4 RX2ES is set (Density
Error) and the RX2ES is moved to the RX2DB. If bit 6 RX2CS (Interrupt Enable) is set, an interrupt
is initiated.

If a legal data mark is successfully located, and the control and densities agree, the control will read
data from the sector into the internal buffer. If a deleted data address mark was detected, the control
will set bit 6 RX2ES (DD). As data enters the internal buffer, a CRC is computed based on the data
field and the CRC bytes previously recorded. A non-zero residue indicates that a read error has oc-
curred and the control sets bit 0 RX2ES (CRC error) and bit 15 RX2CS (Error). The RX211/RXV21
ends the operation by asserting Done and moving the contents of the RX2ES into the RX2DB. If bit 6
RX2CS is set, an interrupt is initiated.
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If the desired sector is successfully located, the densities agree, and the data is transferred with no CRC
error, Done will be set and if bit 6 RX2CS (Interrupt Enable) is set the RX211/RXV21 initiates an
interrupt.

4.3.3.5 Set Media Density (100) - This function causes the entire diskette to be reassigned to a new
density. Bit 8 RX2CS (Density) indicates the new density. The control reformats the diskette by writ-
ing new data address marks (double or single density) and zeroing all of the data fields on the diskette.

The function is initiated by loading the RX2CS with the command. Initiation of the function clears
RX2ES and Done. When TR is set, an ASCII “I” (111) must be loaded into the RX2DB to complete
the protocol. This extra character is a safeguard against an error in loading the command. When the
control recognizes this character it begins executing the command.

The control starts at sector 1, track 0 and reads the header information, then starts a write operation. If
the header information is damaged, the control will abort the operation.

If the operation is successfully completed, Done is set and if bit 6 RX2CS (Interrupt Enable) is set an
interrupt is initiated.

CAUTION
This operation takes about 15 seconds and should not
be interrupted. If for any reason the operation is in-
terrupted, an illegal diskette has been generated
which may have data marks of both densities. This
diskette should again be completely reformatted.

4.3.3.6 Maintenance Read Status (101) -~ This function is initiated by loading the RX2CS with the
command. Done is cleared. The Drive Ready bit (bit 7 RX2ES) is updated by counting index pulses in
the control. The Drive Density is updated by loading the head of the selected drive and reading the first
data mark. The RX2ES is moved into the RX2DB. The RX2CS may be sampled when Done (bit 5
RX2CS) is again asserted and if bit RX2CS (Interrupt Enable) is set, an interrupt will occur. This
operation requires approximately 250 ms to complete.

4.3.3.7 Write Sector with Deleted Data (110) - This operation is identical to function 010 (write
sector) with the exception that a deleted data address mark is written preceding the data rather than
the standard data address mark. The Density bit associated with the function indicates whether a
single or double density deleted data address mark will be written.

4.3.3.8 Read Error Code (111) - The read error code function implies a read extended status. In
addition to the specific error code a dump of the control’s internal scratch pad registers also occurs.
This is the only way that the word count register can be retrieved. This function is used to retrieve
specific information as well as drive status information depending upon detection of the general Error
bit.
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The transfer of the registers is a DMA transfer. The function is initiated by loading the RX2CS with
the command and then Done goes false. When TR is true, the RX2BA may be loaded into the RX2DB
and TR goes false. The registers are assembled one word at a time and transferred directly to memory.

Register Protocol

Word 1<7:0> Definitive Error Codes

Word 1<15:8> Word Count Register

Word 2<7:0> Current Track Address of Drive 0
Word 2<15:8> Current Track Address of Drive 1
Word 3<7:0> Target Track of Current Disk Access
Word 3<15:8> Target Sector of Current Disk Access

Word 4<7> Unit Select Bit *
Word 4<5> Head Load Bit *
Word 4<6><4>  Drive Density Bit of Both Drives *
Word 4<0> Density of Read Error Register Command *
Word 4<15:8> Track Address of Selected Drive i

* For DMA interfaces the controller status soft register is sent to the interface at the end of the command. The
four status bits are included in an 8-bit word. Unit Select = bit 7, Density of Drive 1 = bit 6, Head Load = bit
5, Density of Drive 0 = bit 4, Density of Read Error Register Command = bit 0.

+The Track Address of the Selected Drive - Error is only meaningful on a code 150 error. The register contains
the address of the cylinder that the head reached on a seek error.

When the RX02 senses the return of power, it will remove Done and begin a sequence to:

Move each drive head position mechanism to track 0
Clear any active error bits

Read sector | of track I, on drive 0

Assert Initialize Done in the RXES.

Bt —

Upon completion of the power up sequence, Done is again asserted. There is no guarantee that infor-
mation being written at the time of a power failure will be retrievable; however, all other information
on the diskette will remain unaltered.

4.3.3.9 RX02 Power Fail - When the RX02 control senses a loss of power within the RX02, it will
unjoad the head and abort all controller action. The RXAC L line is asserted to indicate to the
RX211/RXV21 that subsystem power is gone. The RX211/RXV21 asserts Done and Error and sets
the RXAC L bit in the RX2ES.
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4.3.4 FError Recovery

There are two error indications given by the RX211/RXV21 system. The maintenance read status
function (Paragraph 4.3.3.6) will assemble the current contents of the RX2ES which can be sampled to
determine errors. The read error code function (Paragraph 4.3.3.8) can also be retrieved for explicit
error information. The RX211/RX V21 interface register can be interrogated to determine the type of
failure that occurred. The error codes and their meaning are listed below.

Octal

Code Error Code Meaning

0010 Drive 0 failed to see home on Initialize.

0020 Drive 1 failed to see home on Initialize.

0040 Tried to access a track greater than 76

0050 Home was found before desired track was reached.

0070 Desired sector could not be found after looking at 52 headers (2 revolutions).
0110 More than 40 us and no SEP clock seen

0120 A preamble could not be found.

0130 Preamble found but no ID mark found within allowable time span

0150 The header track address of a good header does not compare with the desired track.
0160 Too many tries for an IDAM (identifies header)

0170 Data AM not found in allotted time

0200 CRC error on reading the sector from the disk. No code appears in the ERREG.
0220 R /W electronics failed maintenance mode test.

0230 Word count overflow

0240 Density Error

0250 Wrong key word for set media density command

4.3.5 RX211/RXV21Programming Examples

4.3.5.1 Write/Fill Buffer

Figure 4-31 illustrates a program to write data on a disk by performing write and fill buffer sub-
routines. Initially, the write subroutine tests to see if there is an error from the last operation. If there is
an error, a branch is made and the write subroutine is not performed; otherwise a jump is made to the
fill buffer subroutine. (Before data can be written the RX02 sector buffer must be filled.) The Fill
Buffer command is set, the density (single or double) is set, and the command is loaded in the
RX02/RXCS. After a TR is received, the word count (for either 128 or 256 bytes of data) is loaded in
the RX02/RXDB. After another TR is received, the starting address where data will be retrieved from
memory is loaded in the RX02/RXDB. The RX02 controller fills the sector buffer with the number of
bytes indicated then the RX02 controller sets the Done bit. (If an Error is detected, the Error bit is set
in the RXCS and the program halts.) The program returns to the write subroutine, the drive is selected,
the write command and interrupt enable are set, the density is set, and the command is loaded in the
RX02/RXCS. There is a wait for TR, then the sector address is loaded in the RX02/RXDB; there is
another wait for TR and the track address is loaded in the RX02/RXDB. The data loaded in the sector
buffer is written by the RX02 controller on the selected drive (disk) at the selected track and sector.
While the controller writes the data, the program waits for an interrupt (which signifies the completion
of write data) to occur in order to return to the main program.
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Figure 4-31

#SBTIL MUDULE 4,0 = »RITE SUBROUTINE

PR N T T T T ]

GUTPLTI IS8T
BNE
JSK
NOP
HOY
BIS
8IS
12
J8x
st
BNE
MOV
JSr
181
BNE
MUy
JSK
ExQULTL RIS

Flix JLlF FIND ELAG

ENLOUY JEWUALS ZEKU THEN
PC,0UBLF2 JEILL RX¥Z BUFFER
UTI,CMU JSELECT DRIVE

#185,CHD JSET TO aRITE SECTUR + INI ENABLE
VENSTYL,CHD JBET ULENSITY

C*¥Y, BRXCS JLOAD CumMAND

PC,An1ER 160 A%ALT TRANSKFER READY
Bin 1iF FUINL FLAG

ERLOUT JEWUALS ZERU THEN
SA&,URALY JLOAD »eCLUR ADURLSS

B, ralb JGO ANALT IHANSPER READY
FIn $JLF vda)l ¥LAG

ENDUGT JEGUALS ZRRU THENK
TA,@RXDB JLUAY I[RACK AUDRESS
FCpLInTIER JWALT FOR INTERRUPT

PC JRETUHN

e e LT LT T L P T T LT

«SETIL MOLULF 4,1 = FILL RX42 BUFFER

[ R L T L T T R T T P Y )

GUBLF21 mOV
BIS
ROy
JSRK
I5T
BrE
MOy
JEK
18T
BHE
MoV
JSH
T&T
BNE
18T
BPL
HALT

ENDOL21 HTS

Jomescanmun

¥1,CND JSET FILL BUFFER COMMAND
UEnSTY,CHD ISET DEMNBITY
CvL,3kXCS JLOAD CUMMAND
FCyARTR )%ALT FOR ¥TR®
Fln JIF FINL1 FLAG
EMeou2 $EGWUALS ZFRO THEN
wDCMT, BRXDB JLUAD wUORD CUOUNT
PC,AnTH JARIT FOR "TH™
Fin 3IF FINI FLAG
E&LOL2 JEWUALS ZFHO TrEMN
Bwpllp , 2RXDB JLCAU BASE AUK FOR OQUTPUT BUFFER
PC,ARDN JRAIT FOR *DUNE®
FIu 11E FInl FLAG
Enpouz JEWUALS ZERD THEK
BRACS jJIF DEVICE ERRUR BIT
kngcoul y15 SET THEW
JERROR HALT
(4 JRETURN

B L L T L L L LT T P T T T T

MAE5T

RX211/RXV21 Write/Fill Buffer Example
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4.3.5.2 Read/Empty Buffer

Figure 4-32 illustrates a program to read data from the disk by performing read and empty buffer
subroutines. The drive to be read is selected, the read command and interrupt enable are set, the
density is set, and the command is loaded in the RX02/RXCS. There is a wait for TR and then the
sector address is loaded in the RX02/RXDB; there is another wait for TR, and the track address is
loaded in the RX02/RXDB. While the RX02 controller reads data from the selected location on the
selected disk into the RX02 sector buffer, the program waits for an interrupt to occur and then there is
a jump to the empty buffer subroutine. The empty buffer command is set, the density is set, and the
command is loaded into the RX02/RXCS. After a TR is received, the word count is loaded into the
RX02/RXDB; there is another wait for TR and the address in memory where the data is to be stored is
loaded into the RX02/RXDB. The data is emptied from the sector buffer by the RX02 controller, and
when the buffer is emptied, there is a return to the main program.

fSBTTIL  MOOUBLE 2,7 = Fehd SUBROUTINE
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Figure 4-32 RX211/RXV2! Read/Empty Buffer Example
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RX02 FLOPPY DISK SYSTEM Reader’s Comments
USER’S GUIDE
EK-RX02-UG-001

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of our
publications.

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well
written, etc.? Is it easy to use?

What features are most useful?

What faults or errors have you found in the manual?

Does this manual satisfy the need you think it was intended to satisfy?

Does it satisfy your needs? Why?

O Please send me the current copy of the Technical Documentation Catalog, which contains information on
the remainder of DIGITAL'’s technical documentation.

Name Street

Title City

Company State/Country
Department Zip

Additional copies of this document are available from:

Digital Equipment Corporation

444 Whitney Street

Northboro, Ma 01532

Attention: Communications Services (NR2/M15)
Customer Services Section

EK-RX02-UG-001
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