EK-ORX02-TM-001

RXO02 Floppy Disk System
Technical Manual

digital equipment corporation *maynard, massachusetts



1st Edition, October 1978

Copyright © 1978 by Digital Equipment Corporation

The material in this manual is for informational purposes and is
subject to change without notice.

Digital Equipment Corporation assumes no responsibility for any
errors which may appear in this manual.

Printed in U.S.A.

This document was set on DIGITAL’s DECset-8000 computerized
typesetting system.

The following are trademarks of Digital Equipment Corporation,
Maynard, Massachusetts:

DIGITAL DECsystem-10 MASSBUS
DEC DECSYSTEM-20 OMNIBUS
PDP DIBOL 0S/8
DECUS EDUSYSTEM RSTS
UNIBUS VAX RSX

VMS 1IAS



PREFACE

CHAPTER 1

1.1
1.2
1.2.1
122
1.2.3
1.2.4
1.2.5
1.3
1.3.1
1.3.1.1
1.3.1.2
1.3.1.3
132

1.3.2.1
1.3.2.2
1.3.2.3
1.4

1.5
1.5.1
1.5.2
1.5.2.1
1.5.2.2
1.5.3
1.53.1
1.53.2
1.533
1.53.4

CHAPTER 2

2.1
2.1.1
2.1.2
213
2.13.1
21322

CONTENTS

Page
GENERAL INFORMATION
INTRODUCGTION ... .oottitiiiiiiiities ettt e e e e et re ree e ese e snee s e eseat seeses e s saarees 1-1
GENERAL DESCRIPTION ......uuiiiiiiiiieiiine ettt e v i 1-2
Interface MOdULES .......ccoiviiieei e 1-2
Microprogrammed Controller..........ocvviuveriinviiiniiiciini 1-2
Read /Write EIECITOMICS ....cvvvinieniiiiii it 1-2
Electromechanical DIIVE ..........couiiiiiiioniin ettt 1-2
POWET SUPPLY «oeeieiiie ittt e e e ettt e s e s 1-4
OPTION DESCRIPTION ....oouiiiiiiiii it e e e e 1-4
Operation For Single Density Recording Only (RX8E, RX11, RXVI1)........ 1-6
PDP-8 OPEration......c.uuvueieiiies e ieernereieeeeveenieerr e e see e eeeesson saee o 1-6
PDP-11 OPeration.........cooieeiieiiieieeerieie e e eeesseeereen e seee e e e snseainesesans 1-6
LSI-11 OPEeration .....cocuiviiiiiiiiiriess e ieeee e et et e r e e et 1-7
Operation For Single or Double Density Recording RX28, RX211,
20, 0 N T VU O O RV PP TUP P PR 1-7
PDP-8 OPEration.......cccvivivreeereriieeriiiiieee it e s e s s e e 1-7
PDP-11 Operation.......ccociueriuiureereoiieemnienieee s sesisiiess s srnee sneeeesne s 1-7
LSI-11 OPEration ...c.ccceiive it veeeeiiiniris e terene et st seer s e s 1-7
SPECIFICATIONS ..ottt sttt et et e e sirenne e see e s st ea eabaeaees 1-8
SYSTEMS COMPATIBILITY ..ouiiiiii it 1-9
)\ (0 - T OO PSSV UPP PP UORPPTPPPN 1-9
Recording SCheme .......o.uoiiriiiiiviiiiiciiie s 1-10
Double Frequency (FM).....cccccovivviiiirniiineccccicni e 1-10
Miller Code (MEM) ..ottt ettt e e 1-10
Logical FOrmat.......ccooooiiiiiiiii e et 1-12
Header Field DeSCription.......ccoccvvuiiiireiireerienieerecerneiniines e 1-13
Data Field DesCription ..........ccccuvueerereieineeeiiie i 1-13
Track USAE ..c.coeeviiiiiene i i 1-14
CRC Capability......cccvureuvricririeervreee e eneiineieeirenieeeessseseeesns e snnneness 1214
INSTALLATION
SITE PREPARATION ....ooiiiiiiiie ettt ettt e e 2-1
SPACE. ...ttt vttt e et e e e e st e e e e 2-1
(081 1 1T~ S OO PO PPPTUUSPTPEUPP 2-2
AC POWET ..o ettt e e e et e e cte e ter et ee s et st e e et sers eae e 2-3
PoOWer REQUITEMENTS ....c..viiuirie it et e e 2-3
Input Power Modification Requirements...........cccooovviiiniiiiiincnn. 2-3

iii



2.14
22

23
231
232
233
234
235
24
24.1
242
243
2431
2432
2433
25

2.6

CHAPTER 3

3.1
3.2
32.1
322
3.2.2.1
3222
323
33

34

CHAPTER 4

4.1
4.1.1
41.2
4121
4.1.2.2
4.1.23
4.1.24
4.1.2.5
4.1.2.6
4.1.2.7
41238
413

CONTENTS (Cont)

Page

Fire and Safety Precautions .........ccccoveieiviiiiiiiiiiiiiin e e e 2-4

CONFIGURATION GUIDELINES .....oooiiiiiii e 2-4

ENVIRONMENTAL CONSIDERATIONS........ooiiieeceee e 2-4

€3 11 -1 LU TR 2-4

Temperature, Relative Humidity ............c..oooo e 2-4

Heat DiSSIPAtiOn ......ccoiiiciiiiieiiiie e te e e e e e e e e e as eee s s 2-4

Radiated EMiSSIONS ... .ueiiiieiiiiiiiie e e e e e e et e e eret e s e e s 2-4

CLEANIINESS ...ttt et e et et e ettt rae e e eaterar e e e 2-6

UNPACKING AND INSPECTION ...t e 2-6

L€ 1231 ¢ | IS P UUU TR 2-6

L0008 e e e e et e e a e aeae e e taeaaeens 2-6

UNPACKINE 1oiiiiiiiiiis et e e s ee e s et seeeesas sranbes srsseereenennrnnnes 2-6

Cabinet-Mounted...........ocoit i e e 2-6

Separate CoOMtAIMET........ouvuiiieiiiiiie e et e et e e e e 2-7

INSPECLION 1.oiiieiii it ettt e e e e e e e etas s er e e e e eerenane 2-7

INSTALLATION ..ot ettt ettt ettt e 2-7

TESTING ...t et e e e ettt e eae e e e e et be s s e e e e st aeee e e s aas 2-11
USER INFORMATION

CUSTOMER RESPONSIBILITY ..ot 3-1

Handling Practices and Precautions.............cccccovvviviiiiiiiiii i 3-1

DiSKEtte SLOTAZE ...oiivviiee it e et et v aete e et e ee e s eb e e e e eans 3-2

Short Term (Available for Immediate Us€) .............ccoeeeveevrerrinnrcirininnn, 3-2

LONE TEIM ..ottt et e e e e e et e erae e ee e 10372

Shipping DiSKettes......ccuuuiiiiiiiiiiiiiiee it et e ears v e 3-2

OPERATING INSTRUCTIONS ...t e 3-3

OPERATOR TROUBLESHOOTING ........ovtiiiiiiiiieeeeeee e e 3-3

PROGRAMMING

RX8E and RX28 PROGRAMMING INFORMATION ........c.coooiiiiviiii 4-1

DEVICE COUES. ... ueitiiiiieeeciiiie et e et et et et ettt e ete e e e e b et e s eeeans 4-1

INStIUCLION SEL. ... iiiii e e e et et e e 4-2

RXS8E Load Command (LCD) = 67X1.....coooviiiiiiiiiiiii e e 4-2

RX28 Load Command - (First byte 67x1, Second byte 67x2) ................ 4-3

Transfer Data Register (XDR) = 67X2.......oiviviiiiiiiieiiciiee e 4-3

STR = 67X e e e et e st e e e e e e e earar e 4-4

SER = 67X4 ..ottt et e e 4-4

SDIN = 67X ottt et a e e 4-4

INTR = 67X6 oot et s vt e e sna e e eaes 4-4

INTT m 07XT et e et e e e et ere e e re e s et e e o 4-4

Register DesCription..........coiiiiiiieeie et 4-4

v



4.13.1
4132
4133
4134
4135
4.13.6
4.1.3.7
414
4.14.1
4142
4143
4144
4.14.5
4.14.6
4147
4.1.438
4.14.9
4.14.10
4.1.5
4.1.5.1
4.1.5.2
4.1.6
4.1.6.1
4.16.2
4.1.6.3
41.7
418
4.2
42.1
422
422.1
4222
4223
4224
4225
4226
423
4231
4232
4233
4234
4235
4236
42.3.7

CONTENTS (Cont)

Page

Command ReZIStET.........ccociuviriiieriire e e 4-4
Error Code REGISLET ....ovvvvvviiieeiiirn et e e s 4-5
RX2TA - RXTrack Address.....c.ccoovveieeveecieieiiieie e sreceneienree e neeeeene 420
RX2SA - RX Sector Address .........cueveeeveeirieiiiiiiiiii e s e 4-6
RX2DB - RX Data Buffer......c....coooiiviieiiiei e 4-7
RX8E ~RX Error and Status .........ccooeieieiinieiiiceenrcinec i 4-7
RX28 —RX Error and Status.......cccoeeiviuiuiinererreereiinanie i e 4-8
Function Code DeSCription ........c.ccevviveerirerinsoniineeieceneiaerne e 4-9

Fill Buffer (000) .....ccoviiivirreiieeiviee oo crrievesieer e eneeseeneesevieen e enannd=10
Empty Buffer (001) ....ccooovvioiiiiriieee e 4210

Write Sector (010)...cciiiviiiit et ceecrrrecr e v et e e 4-11
Read Sector (011) ...iriiii e e e e 4-11

Set Media Density (100) for RX28Only.......cccoeviiiiininiinn, 4-11
Maintenance Read Status (101) for RX28 Only.......cccccceveviiiinninnn. 4-12
Read Status (101) for RX8EONly ......cccoevviveiiviiiiniciiiicii i 4-12
Write Deleted Data Sector (110) .....vvvvvvvivirivireeieeeriinee e eeeeee 12
Read Error Code Function (11 1)...e.oviiiiiiiiniiiiiine e 4-12
PoweT Fail ..o 4-12
EITOr RECOVETY .oiiiviiiiiiei i ettt st et st e cesbiba bbb ses st sanen e 4-13
RXBE ... ottt et e ettt e e bt e e e e e sta e e et saae e 4-13

RX 28ttt e e e e e e et e s e ae s 4-13
RX8E Programming EXamples.......c.cccevvmviiniiiiniiriiie v s 4-14
Write/ Write Deleted Data/Read Functions..............cccoooniin, 4-14
Empty Buffer Function..........coocveeeviiinini e 4-16

Fill Buffer FUNCLION........ouiiiii it st e e 4-17
RX28 Programming EXamples.........cccoviieiiimiiiiiiiiiees e e e 4-17
Restrictions and Programming Pitfalls.........ccccovimiiinicininnnn, 4-23
RX11and RXV11 PROGRAMMING INFORMATION .........ccceevvvninnennn 424
Register and Vector Addresses..... ..o vvuvviiriiieririnnic e, 4-24
Register DesCTiPtion . ... covivieiiiii i ettt e st e 4-24
RXCS - Command and Status (177170).......c.vviiieeriiiineieeeieii e, 4-24
RXDB - Data Buffer Register (177172) .....ooiveviiiiniiiniceiii i, 4-26
RXTA ~ RXTrack Address ........cooooeeiiiviioniieii e 4-26
RXSA - RX Sector Address ......c.coeerviieiniierieeieeniiieiii e i e 4-26
RXDB - RX Data Buffer........ccccviiviiiriiiiiinc e 4-27
RXES ~ RX Error and Status ......cccoeeeeiiiiiiiiineiiinnneecnnnciiiiinee 4-27
FUunction Codes ......cuiiitveiiriien e ettt s e e 4-28
Fill Buffer (000) ....ccooiiiiiiiieece e e e s 4-29
Empty Buffer (001).......ooeeiiiiiiiieien et 4-29
Write Sector (010)4-29
Read Sector (011) ... e e srer e e e enraesasnnnraessnnesssnnneesnene 1ea s 4230
Read Status (101)... U UUUUUUUPPUURNRURVORPPO - 2 |{
Write Sector with Deleted Data (1 10) .................................................. 4-31
Read Error Code Function (111)......covieeiiiiieiiiiiiiiiiei 4-31



4238
424
424.1
4242
4243
425
42.6
4.3
43.1
432
4.3.2.1
4322
4323
43.2.4
43.2.5
43.2.6
432.7
43238
433
433.1
4332
4333
4334
4335
433.6
43.3.7
433.8
4339
434
435
43.5.1
43.5.2

CHAPTER 5

5.1

5.1.1
5.1.2
5.1.3
51.4
5.1.5
5.1.6
5.2

5.2.1

OVERALL SYSTEM BLOCK DIAGRAM

CONTENTS (Cont)

Power Fail ....coooiiiiiiiii e
Programming Examples.........ooooiiiiiiiiiiiii e
Read Data/Write Data........ccccoccoiiiiiiininiiiie e
Empty Buffer Function.............o.oocoviiin
Fill Buffer FUnction.......cc.ccccvnei oot e
Restrictions and Programming Pitfalls...........c..ccoooooiiiiiiiiiii e
ErrOr RECOVETY. .o iiiiiiiieiiect et

RX211 and RXV2] PROGRAMMING INFORMATION .........cocovvvieiinininnn.

Register and Vector Addresses..........o.iovvvveeiiiniieiiciiieie e e
Register DESCIIPLION c...vvuveeit ittt ettt e e
RX2CS - Command and Status (177170) ......cccocooovieviniiiiiii e
RX2DB - Data Buffer Register (177172).......cccoovviiiiiiciiei e
RX2TA - RX Track Address..........oovvivieeiiiiiiiiie e
RX2SA - RX Sector Address..........cueevvioeiiniiirieeee e
RX2WC -RX Word Count Register ............ccoeeiuiievirniiiiiiiiii oo
RX2BA - RX Bus Address Register............cccccocooviviiniiiieiiciie e
RX2DB- RX Data Buffer.............ccceoiiiiiii

Function Codes .........oooiiiiiiiiiiii e
Fill BUffer (000) ..ot
Empty Buffer (001)....cccoovviieiiiiiie e e
Write Sector (010) .. ..uuiiiiiiiiiiiiee e e e,
Read Sector (O11) ..o e e
Set Media Density (100)............cooviivineieeiiiccieeeeceee e,
Maintenance Read Status (101)..........ccooiiiiiiniiiiiiiiii e
Write Sector with Deleted Data (110)...........cccoovvvieiiviiiiiiiiieiiene,

Read Error Code (111).cciiiciiiiiiieinee e 4-44

RX02 Power Fail ......ccooiiiiiii e
ErTOT RECOVETY oottt et e e
RX211/RXV2] Programming Examples ........c.c..ooovieiiiiieiiiiviiciiiicee e

Write /Fill Buffer ..o e

Read /Empty Buffer.........cocouiviiiiniiiiii e

THEORY OF OPERATION

Omnibus to RX8E/RX28 Interface Signals ...........cccooeviiiiniiiini i
Unibus to RX11/RX211 Interface Signals............ccccoovviviviniiioes e
LSI-11 Bus to RXV11/RXV2I Interface Signals.............ccc.ooviiiiininnnnnn,
Interface Module to uCPU Controller Signals ..............cccoeoovvvieiiieiiiiee,
pCPU Controller to Read/Write Electronics Signals ..........c..cccocvviiiiciinnn
Read/Write Electronics to Drive Signals ........ccoooeviiiiiiiin v

INTERFACE MODULES BLOCK DIAGRAM DESCRIPTION ...................

RX8E/RX28 Interface (M8357) Block Diagram Description ......................

vi

........................................................



5.2.1.1
5.2.1.2
52.13
52.14
52.1.5
52.2
52.2.1
52.2.2
5223
52.24
5225
5226
5.2.3
523.1
5232
5233
5234
52.35
5.2.3.6
52.3.7
524
524.1
5242
52.43
5244
5.2.4.5
524.6
5247
52.48
525
5.2.5.1
5.2.5.2
5253
5254
5.2.55
52.5.6
5.2.5.7
52.5.8
5.3
53.1
53.1.1
5.3.1.2
53.13
53.14

CONTENTS (Cont)

vii

Page

Device Select and IOT Decoder........cooovvevieiviiieeeri e, 5-10
Interrupt Control and Skip LOgic.......cccuvvviviiiiiiniiiiiiiiiiiiin s 5-12

C Line SElect LOZIC .uieveiiiieiiiiiiie e ee et sereer et st e s e cniane e 5-12
Interface REGISTEr ..ouoiiiiiiiiiee et e e 5-12
Sequence and Function Control Logic... reeerrieeere e 3=13
RX11 Interface (M7846) Block Dlagram Descrlptlon .................................. 5-14
Address Decoder .. U RO UPRUPe B3 £
Data Path Selectlon ............................................................................ 5-14
Interface Data Buffer Register. ....coeiveiiciinieeiiieeiee e 5-16
Sequence and Function Control Logic.......ccccooviiniiiiiiiiiiiin 5-16
Interrupt Control LOZIC. ...coiviiiviiiiieriiiiiie e 5-17
Vector Address GENerator...........vveeevireeimieutmiriiiriiieereiniiesie e 5-17
RXV11 Interface (M7946) Block Diagram Description............cccccveeiiiniines 5-17
Address Decoding LOgic......cooeoeviviiiniii i 5-17

[/O Control LOGIC .....eoueiiiiiiiiie i e 5-17

RX Data Buffer (RXDB) Register..........c.ccovvivivevriviiiiiiiiiicn s 5-17

RX Command/Status (RXCS) Register..........cccoooeoiniiiinin, 5-17
Status and Control Signal Interface LOgIiC.........cccevvveeiiiiininiiiiiiinninn. 5-19
Interrupt Control LOGIC.....cccoviveimriiiniiininiiiii i 5-19
INitialize LOZIC. . uuivvieeiiiiiieie e e ettt e et 5-19
RX211 Interface (M8256) Block Diagram Description...........c..ccccoeviinnnn.n. 5-19
Address Decoder, Buffer Selector, SSYN Register...........ccecveniiennnn 5-19
Command and Status Buffer............cc.ccoeeeiiiiiiieiini 5-20
Data BUffer ........cooiiiiiiii et e 5-20
Data Input/Output and TRANSMIT DATA CIRCUIT ................. 5-20
AdAress CITCUILS ...uiuiiiiiiiieiee e eeeeeir et st 5-20
Interface Control CIrCUILS ... ...cociveiieer it 5-20

Bus Control CiTCUItS ......eeuvvvieierirceriiicieenet et s e 5-22
INtErTUPt CITCUILS...ueiiieiieeiieiet it 5-22
RXV21 Interface (M8029) Block Diagram Description .........ccccoceevvureenn . .5-22
Input/Output Transceiver, Buffer Selector...........coiiiin 5-22
Command and Status Buffer............cccoooviiiiiricn 5-22
Data BUffer ..o.coiii it ittt et et s b e s ernres 5-24
Input/Output Transceiver and Transmit/Receive Data Circuit........... 5-24
AdAress CITCUILS ..uvuvvviieiieieiiiies e et seierce e e e s ce e e caaaa e 5-24
Interface Control CIrCUILS ... coeciviuiivirieer i ceiiireeereenie e e s 5-24

BUS Control CITCUITS ....ccciuuuriiiiie e ereiiieeereer e e seirice e e e re i et errbe e 5-25
INtErTUPt CITCUILS...eutiiieiiiiie e s e 5-25
UNIT LEVEL DESCRIPTION ..ottt 5-25
Microprogrammed Controller (M7744) Hardware Description.................. 5-25
PROM, ROM Register, Processor and Sequencer Circuits.................. 5-25
Branch Control CirCUits........covevvvenneiiveiriiereen e e 5-30

I/O Control CITCUILS....c.eevrerniiiriiiiin i e 5-30
Sector Buffer and Control Circuits........o.eceeeveeerereciininein v e ienieens 5-31



53.1.5
5.3.1.6
5.3.1.7
532

53.2.1
5322
5323
5324
53.2.5
5.3.2.6

5.3.2.7
5328
5.3.29
5.3.2.10

5.3.2.11

5.3.2.12

5.3.2.13
533
5.3.3.1
5.33.2
5.3.33
534
5.34.1
5.34.2
5343
5344

CHAPTER 6

6.1
6.2
6.2.1
6.2.2
6.3
6.4
6.4.1
6.4.2
6.5
6.5.1

CONTENTS (Cont)

Page
Data Selection and CRC CirCuits......ooeeiiieeerieiieeer et 5-31
Timing and Synchronizing Circuits..........ccocoveevinieiiiniincicn e 3-32
Power Fail CIFCUIL ......ooovuiiiiiei it e et et e e e 5-32
Microprogrammed Controller Software Description............ccocovviiieiinnnns 5-32
INitialize ROULIME ... ccoviiiiieie e e e ee e et e e e 5-32
Find Header (FIND HD) Subrouting .........c.ccccccoeiiiniinnniiiiniinnennnn 5-32
Read Address Mark (RDAM) Subroutine ........ccccoouvriiniiiiiiniieennnnn, 5-35
Read (RD) Sector SUbIOUtINE .....covvvriiiiiiiiiiircie i 5-35
Write/Write Sector SUbrouting..........ccovvvveniiiii 5-35
Read Error Register (RDERRG) and Set Density (SET DEN)
SUDTOULITIES - eeveiaviairrrereiesrereeae e eeeeeeeeeereerssrtstnaassraaeaeaeseananaeaansen s e anens 5-35
Fill/Empty Buffer ROUtINE .......coooviviiiniii 5-35
Find Track SUDTOULINE ....oceviiiviieeiiiieieeeieeeeeen i 5-35
Decode Command (DECCMD) Routine.........oooooiiiiiiiiiiiiiiiinnnin, 5-45
Maintenance Read Status (MRDST) and Check Ready
(CHKRDY) SUDTOULINES ..c..oiiiiiiiriiiiiiiii et 5-45
Get Parameter (GET PAR), Step Head (STEPHD), Wait,
Wait Run, and Write Zeros (WRTS) Subroutines ................cccoeeiinine 5-45
Find Sector (FINDSE), Send Word 12 (SNDW12),
Send Word 8 (SNDW8), Get Command (GET CMD), and
Get Word (GET WRD) Subroutines.........cooeviivviiionniininniiciiic 5-45
Maintenance Check Ready (MAINT CHK) Subroutine ..................... 5-45
Read/Write Block Diagram DesCription..........ocooiiiiinmiii 5-52
Drive and Head Control ...........oovviviiiiiieriiiiniiiiiie e 5-52
Position Data Selection. ... ...uuueeeieiiiiiiiiiiiiiiiiiiiriirir e 5-52
Read/Write CITCUIt .....ooviiiiiiiiiiii s 5-52
Mechanial Drive Description...........coicmirieeeeiniiiiiiiiiiiiin e 5-55
Drive MechaniSm ......oevveeiieiiiiiiiieeeee e 5-55
Spindle MechaniSm ..........ccccciiiiiiiiiiniiin i 5-55
Positioning MechaniSm ...........cocccviiiiiiiiiinnniiieni 5-55
Head Load MechaniSm.........coiieeriiiiriiiniinee et ee e 5-58
MAINTENANCE
EQUIPMENT CARE ...ttt e 6-1
TROUBLESHOOTING THE RXO02 ......ooceiiiiiiiiiiiiiiiiiii i 6-1
M7744, MTTA5 FaIlUTES ...voveeeieiiiiiieiieres e eeiiireie et e 6-1
DIVE FAIIUTES .oovvveiiiiiiiiiiee e et re e eeseenaean 6-1
TROUBLESHOOTING WITH DIAGNOSTICS ..o 6-1
TROUBLESHOOTING WITHOUT A DIAGNOSTIC.........coooviiiiiiiiiiinn, 6-2
RX211and RXV21 SYStEMS ceovviieiiiiiiieiieiiiiiiinii e 6-2
PDP-8 and CMO05-8 Based SyStems.......cc.ucvereereniiineiniiiiiiriie i niiieeeea e 6-5
REMOVAL AND REPLACEMENT ... 6-5
Module Replacement Procedures ...........ccooviiiiiiiniiiiininne e 6-5

viii



6.5.2
6.5.3
6.5.4
6.5.5
6.5.6

CONTENTS (Cont)

APPENDIX A RX02 SUMMARY

Figure No.

1O PO R —m e e e — m  — —
1 | - ] 1] ] ]
L= —woauadhbhbo~

L} 4
o

Page
Drive Replacement Procedure ..............ecvveeeriiiiiniiiiiiiinininiecen e 6-8
Front Handle Replacement Procedure..........cccevvniieenviriereniiineiioinecinniieccnne 6-8
Drive Motor Replacement Procedures..........ccocevivveriiiiniiieeeneeniiicnieiieen e 6-9
Drive Belt Replacement Procedures............cooouverirveiieeeiniineeiiecie e, 6-10
Quick Check For Belt on Pulleys............oooeiiiiiiiiiiiii s 6-10
FIGURES
Title Page
Floppy Disk Configuration ........cc.ccccevvineiiieiceiiiiiinie i et e e 1-3
Front View of the Floppy Disk SyStem .........cccceoivieiieniniiiiiiin i 1-4
Interface ModUIES .....ccovniiieiie e e e e 1-5
Top View OF RXO02 ...t ctcvircititrceciirs s e e er s er e 1-6
Underside VIEW Of DIIVE .......oocoiiiiiiiieeer it cee e ettt s s s e 1-7
DiSKELtE M @I .. uiiiviiiiiniiiiiinieieiritres it eeeeireeee it e s s ees ereeeeae s enreane raessss e e s tasratenes 1-10
Flux Reversal Patterns for FM ......coooviiiiiiiiii e 1-11
FM Versus MEM ENncoding ......covceviiivinniiiiiiene e e veiien oo v e e enns 1212
Track Format (Each Track).......coveviimimiiniiiiniii e cireeirin e ies e eaes e s s s e e 1-12
Sector Format (EaCh SECtOr)....uuuiiiiiiiiieririei e et eree et esincteae e sanssaenees 1-13
RX02 Qutline DImensions...........cccvviviesieeceiiivisseririreesssesevesneesennsaseeeneoseenesnesnesnen2= |
Cabinet Layout Dimensions.......covcvveeireiiiiis cvnie ettt nese i e s ssee s s e e 2-2
RXO2 REAT VIEW ..veiviiiiti ettt it cevtees aereesree s s eesseeraesss senseansensessnnnsnesvenne 273
RXO02 UnNPacking ......cccuuuiiiiiiiiiiiiiein ettt e sete e tr s s eres s s aen sabnre oo 2-8
RX02 Cabinet Mounting Information ..........c...c.eeeetvvvieeecinniiiiciinc e 2-9
LCD Word Format (RX8E)........ccceeiiiiii e s ettt e s s 4-2
Command Word Format (RX28) ....ccovviiioiiniin e ierieiirnnrnrnreieess e e e eeseisseneneeas 4-3
Command Register Format (RX8E).....c...ccccvioviiiieiiiiiitir i 4-4
Command Register Format (RX28F) .........ccoiiiiiiiiiiiiiiiieic i 4-5

Error Code Register Format (RX8E/RX28A)......ccccvceveirivminnieceencniinienninn e 426
RX2TA Format (RX8E/RX28) ......coovereivniiinecrienineieenitvrcreneec s s e ene 7

RX2SA Format (RX8E/RX28).....ccccommiiriiiiiiiie i s e 4-7
RX2DB Format (RX8E/RX28)......ccccsiriiinemitiinie it e 4-7
RXES Format (RX8E)... ..ottt et e 4-7
RX2ES Format (RX28)......uuiiiiiiiiieeiieiiiie et ettt e o 4-8
RX8E Write/Write Deleted Data/Read Example..........ccccoeovvnneivrinncnvnnnnn 415
RX8E Empty Buffer Example.........cccocooooioiiiii e 4-17
RX8E Fill Buffer EXample.........ccoovveerrenriein i e e 4-18

ix



Figure No.

4-14
4-15
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25
4-26
4-27
4-28
4-29
4-30
4-31
4-32
5-1

5-2

5-3

5-4

5-5

5-6

5-7

5-8

5-9

5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
5-20
5-21

FIGURES (Cont)

Title Page
RX28 Write/Write Deleted Data/Read Example ... 4-19
RX28 Fill Buffer EXample .......oocvveieiiiiiiiiiiiii e 4-21
RX28 Empty Buffer Example ...t 4-22
RXCS Format (RX11/RXVI 1) ..o 4-25
RXTA Format (RX1I1/RXVI1) oo 4-26
RXSA Format (RXI1/RXVI1).coooiviiiiiiiiiiiiiiiiiiine i 4-26
RXDB Format (RXI1/RXVIL)..coiiniiiiiiiiii i e 4.27
RXES Format (RX11/RXV 1) i 4-27
RX11/RXV11 Write/Write Deleted Data/Read Example............cococooiinin 4-32
RX11/RXV11 Empty Buffer Example..........cooooiiiiii 4-34
RX11/RXV11 Fill Buffer Example.........ccccooiiiiiis ..4-35
RX2CS Format (RX211/RXV21) ccooviiiiiiiiiiii i 4-37
RX2TA Format (RX2I1/RXV21) ..o 4-39
RX2SA Format (RX211/RXV21) ..eoiiiiii et 4-39
RX2WC Format (RX211/RXV21)..cooiiiiiiiiiiiii e 4-39
RX2BA and RX2DB Format (RX211/RXV21) ..o 4-40
RX2ES Format (RX211/RXV21) ..o 4-40
RX211/RXV21 Write/Fill Buffer Example .........cocovinncninin 4-46
RX211/RXV21 Read/Empty Buffer Example..........ccoconiiinnn. 4-47
RX02 System Block Diagrami.........ccoovvirmiiivinn it e 5-2
Omnibus to RX8E/RX28 Interface Signals.........ccccooovmminniinnn 5-2
Unibusto RX11/RX211 Interface Signals........ccoooiiiiiiiiin 5-4
LSI-11 Busto RXV11/RXV2I Interface Signals.........cccocovernrrriiiiiiiiniiiiinnn. 525
Interface to uCPU Controller Signals........ccccouuermiminiiie e 5-6
uwCPU Controller to Read/Write Electronics Signals ..., 5-8
Read /Write Electronics to Drive Signals .........cccooeoeiieinninnincininnninen. 3-10
RX8E/RX28 Interface Block Diagram.........c..cociniiiiininininn 5-11
RX11 Interface BIock Diagram .......cccvcveueiiiiiiiiiiniiiie e 5-15
RXV11 Interface Block Diagrami...........cueueeuieiiiiiimiiiiiiininiiiiin oo 5-18
RX211 Interface Module Block Diagram...........ccooviiiviiiiinniniiii e 5-21
RXV21 Interface Module Block Diagram........ccccoovviiniinniniiiiiiiieeii e, 5-23
uCPU Controller Block Diagram ..........ccouviiiiiiiiiiiiinnoaniiiiniie s e 5-26
Arithmetic and Logical Instruction FOrmat .......c.ccoevecovniicnniniinceiiininnnnn. 5228
Branch Instruction FOrMAat.........c.eeeevieniieniiiiiiiiiniiin e e e 5-28
[/O Instruction FOrmat ..........ocooiiiiiiiiiniiii i 5-28
JMP/JSR Instruction FOrmat .........c.coooviimiiiiiii 5-28
Initialize Routine FIOWChATt..........ooiviiieiriiee i 5-33
Find Header Subroutine Flowchart ..........ccccooioiiiiiiiii e 5-34
Read Address Mask Subroutine Flowchart..........ccooovviiii 5-36

Read Sector SUbrouting FIOWCHATL ... ...cocvvvmeer e visiiie e eee e erraviessees e eeneeeee . 9239



Figure No.

5-22
5-23
5-24
5-25
5-26
5-27
5-28

5-29

5-30
5-31
5-32
5-33
5-34
5-35
5-36
6-1
6-2
A-1

Table No.

PR RN R WD —
[V O YGRS LIRY JUN N5 J S,

FIGURES (Cont)

Title Page
Write/Write Sector Subroutine Flowchart. ... 5-40
Read Error Register and Set Density Subroutines Flowchart ........................... 5-42
Fill/Empty Buffer Routine Flowchart ..............cc..cooi 5-43
Select Drive and Find Track Subroutines Flowchart.............cccocooiiiiniiiiinnnn. 5-44
Decode Command Routine Flowchart ... 5-46

Maintenance Read Status and Check Ready Subroutines Flowchart...................5-48
Get Parameter, Step Head, Wait, Wait Run, and Write Zeros

Subroutings FIOWCRATE ...ccvviviiiice i et e e e enes 549
Find Sector, Send Word 12, Send Word 8, Get Command and Get Word
Flowchart SUDTOULINES ........oouiiiiier s e e e e 5-50
Maintenance Check Ready Subroutine Flowchart ..........ccooooiieiiniiiininnn, 5-51
Read/Write Electronics Block Diagram ... 5-53
Data SYNC Timing Diagram ..........cccooviviiiiniiiiinriiii i e 5-54
Disk Drive Mechanical SYStem .. ..uuieriiiiieiiiiriiiiiiinieeeie et it s e 5-56
Drive MeEChaAnISIM .. ..ooiuiii ittt et eee s e et st e eeeeee ettt e e e et e e e 5-56
Centering Cone and Drive HUb ..........ccoociiiiiiin 5-57
Positioning MechaniSm ..........couviviiiesieiieiiniiiiiicnre e 5-58
RX02 Component Location Diagram.............cccooviiimmiiniiaiii e 6-6
Drive Motor Positioning Diagram........cccccccevueinimicmiininiiiiini e 6-9
R X02 System Interconnection Diagram ..........ccoeooviiiiiiiiiiiii A-4
TABLES

Title Page
Data Address Mark Code......uuuiurieiiiiiiiiieiie i i e 1-14
RX02 CONIGUIALIONS ...vuvennvieisrreiriirses seireeereieeeieeeenieseretraeressin s et s e st sesers s enbans 2-5
Controller Configuration Switch Positions .........cccoovevviiiiiinniiii, 2-6
Interface Code/Jumper Configuration.............coooiviiiiiiiiiiiniis e 2-10
Operator Troubleshooting GUIde ...t 3-3
Device Code Switch Selection.......cooviiiiiiiiiiit i e 4-2
C Line Transfer Control SIgnals .......ccoeevervvveiiirveieeermineneeninin oo e 9= 13
Troubleshooting Chart...........oiiiiiie e e 6-2
Error Code Probable Causes .......cooveiviiieeriieirveve et et s 6-4
M7 TA5 CONNECLOTS ..uciiieiiteeieee e eees et s eesaeere s ess rerane seess st seettees sastaestas sebesetrsaasnns 6-7

Xi






PREFACE

The 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, programming
and maintenance information for the RX02 Floppy Disk System and the interface options associated
with the PDP-8, PDP-11, and LSI-11 computer systems.






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-8 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 one or 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. 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 128
12-bit words (PDP-8) can be stored and retrieved. The RX02 interfaces with IBM-compatible devices
when single density data recording is used. If two drives are used, the recording density can be different
for each drive.

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/0O 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.
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In addition, the RXO02 is used for single density recording when it is configured to be compatible with
the RXO01. 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
RXO02 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 RXO02 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 I/0)
M7846 (PDP-11, Programmed 1/0) M8256 (PDP-11 with DMA)
M 7946 (LSI-11, Programmed I/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 RXO02 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 I/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.

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 M 7745 read/write electronics module is located in the RX02 cabinet as shown in Figure 1-4.

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 1-2 Front View of the Floppy Disk System

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 RX02 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 RXV21 con-
figurations.
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Figure 1-4 Top View of RX02

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 I/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
I/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
RXO02 and the host CPU main memory by programmed I/0.
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Figure 1-5 Underside View of Drive

1.3.1.3 LSI-11 Operation - The RX02 connects to the M7946 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 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/0O 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 I/0O,
and handles input/output transfer used to test status conditions.

1.3.2.2 PDP-11 Operation - The RX02 connects to the M 8256 Unibus interface module. This module
converts the RX02 /O 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 1/0 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.

1-7



1.4 SPECIFICATIONS

System Reliability

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

lutions per track
Seek error rate
Soft data error rate

1 in 106 seeks
1 in 109 bits read or written

Hard data error rate 1 in 1012 bits read or written

Drive Performance

Capacity
Per diskette

Per track

Per sector

Data transfer rate

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 called ““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.

Recording 8-bit bytes 12-bit words
FM 256,256 128,128
MFM 512,512 256,256
FM 3,328 1,664

MFM 6,656 3,328

FM 128 64

MFM 256 128

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

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:
Se)ﬂ( Settle Rotate

N

P
77 tks/3 X6ms + 25ms + 166ms/2 =262 ms
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Environmental Characteristics

Temperature
RX02, operating 15° to 32° C (59° to 90° F) ambient;
maximum temperature gradient = 11° C/hr (20° F/hr)
RX02, nonoperating -35° to +60° C (-30° to +140° F)
Media, nonoperating -35° to +52° C (-30° to +125° F)
NOTE

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

Heat Dissipation (RX02 System) Less than 225 Btu/hr

Relative humidity
RX02, operating 25° C (77° F) maximum wet bulb
2° C (36° F) minimum dew point
20% to 80% relative humidity

RX02, nonoperating 5% to 98% relative humidity (no condensation)
Media, nonoperating 10% to 80% relative humidity
Magnetic field Media exposed to a magnetic field strength of 50 oersteds or

greater may lose data.

Interface modules

Operating temperature 5° to 50° C (41° to 122° F)
Relative humidity 10% to 90%
Maximum wet bulb 32° C (90° F)
Minimum dew point 2°C(36°F)
Electrical

Power consumption

RX02 S5Aat+5Vde,25W;0.14 A at -5 Vdc, 0.7 W; 1.3 At +24 Vdc,
31 W

PDP-11 interface (M7846, 1.8 A at 5§ Vdc

M8256)

PDP-8 interface (M8357) 1.5 A at 5 Vdc

LSI-11 interface (M 7946, 1.8 A at 5 Vdc

M8029)

AC power 4 A at 115 Vac

2 A at 230 Vac

1.5 SYSTEMS COMPATIBILITY
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.
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Figure 1-6 Diskette Media

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.

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.
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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 1 0 0
0 1 0 0 1
1 1 1 0 1
Encoding Algorithm #2 (MFM Modified Algorithm)
Data
Dn Dn+1 Dn+2 Dn +3 Dn + 4 Dn+5
0 1 1 1 1 0
Encoded Data
Dn Cn Dn+1{Cn+1|{Dn+2|Cn+2|Dn+3{Cn+3|Dn+4{Cn+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 Dn+1 Dn Dn + 1
0 0 0 1 1
0 1 0 0 0
1 0 0 1 0
0 0 1 0 1
1 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.

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).
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Figure 1-9 Track Format (Each Track)
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Figure 1-10 Sector Format (Each Sector)

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.

1.

5.
6,7.

Byte No. 1: 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.)

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.

Byte No. 3: - Zeros

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;y 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).

1.

Byte No. 1: 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.
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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

2.  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 128, or 256,y (depending
upon encoding) 8-bit bytes of information.

NOTE
Partial data fields are not recorded.

3. 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

2.1 SITE PREPARATION

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.

2.1.1 Space

The RXO02 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"
Tﬂﬂ]] M‘” m {26.7cm)
l; i
— | — ]
19’/
{48.3cm) ———— ¥
{FRONT VIEW)
17.0"
(43.2cm)
/SEE NOTE
== /—INSIDE TRACK
(FRONT)| |== 2 — fo ] 1
Nt
26.5"
- {66.3cm) >
(SIDE VIEW)

NOTE: DUST COVER ATTACHED TO CABINET NOT RX02

MA-1825

Figure 2-1 RXO02 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
R.H. OR L.H.

FRAME DOOR R.H. OR L.H.
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TGRS | \
A
//// \\\\\\
Z N .
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| FROM CABINET |
| |
o ]
CABINET 71 7/16" (182.28 cm) HIGH MA-1828
(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 a 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.

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 P1

/
J[T — 7 %—l
P T Al e mm

, 3

SHIPPING POWER PLUGS
RESTRAINT (RED)

VOLTAGE (VAC) JUMPER CIRCUIT BREAKER
90-120 70-10696-02 3.5 A, 12-12301-01
100-128 70-10696-01 3.5 A, 12-12301-01
184-240 70-10696-04 1.75 A, 12-12301-00
200-256 70-10696-03 1.75 A, 12-12301-00

MA-1855

Figure 2-3 RXO02 Rear View
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2.1.4 Fire and Safety Precautions

The RXO02 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.)

NOTE
For single drive configurations, the drive will be iden-
tified as drive 0 and will be mounted as the left drive.
For dual drive configurations, the left drive will be
identified as drive 0 and the right drive will be identi-
fied as drive 1.

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).

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 radio broadcasts, vehicle ignitions, and radar transmitters located
close to the computer 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.
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Table 2-1 RX02 Configurations

Computer | System uCPU Interface RX02 Drive
Designation Controller Module Model No.
RXS8E M7744 M8357 RX02-AA Single/115V, 60 Hz
RX02-AC Single/115V, 50 Hz
RX02-AD Single/230 V, 50 Hz
RX02-BA Dual/115V, 60 Hz
RX02-BC Dual/115V, S0 Hz
RX02-BD Dual/230V, 50 Hz
PDP-8 RX28E M7744 M8357 RX02-AA Single/115V, 60 Hz
RX02-AC Single/115V, 50 Hz
RX02-AD Single/230 V, S0 Hz
RX02-BA Dual/115V, 60 Hz
RX02-BC Dual/115V,50Hz
RX02-BD Dual/230V, 50 Hz
RX11 M7744 M7846 RX02-AA Single/115V, 60 Hz
RX02-AC Single/115 V, S0 Hz
RX02-AD Single/230 V, 50 Hz
RX02-BA Dual/115V,60 Hz
RX02-BD Dual/230V, 50 Hz
PDP-11 RX211 M7744 M8256 RX02-AA Single/115V,60Hz
RX02-AC Single/115V,50Hz
RX02-AD Single/230 'V, 50 Hz
RX02-BA Dual/115V, 60 Hz
RX02-BC Dual/115V, 50 Hz
RX02-BD Dual/230V, 50 Hz
RXV1l1 M7744 M7946 RX02-AA Single/115V, 60 Hz
RX02-AC Single/115V, 50 Hz
RX02-AD Single/230V, S0 Hz
RX02-BA Dual/115V, 60 Hz
RX02-BC Dual/115V, 50 Hz
RX02-BD Dual/230V, 50 Hz
LSI-11 RXV21 M7744 M8029 RX02-AA Single/115V, 60 Hz
RX02-AC Single/115V, S0 Hz
RX02-AD Single/230 V, 50 Hz
RX02-BA Dual/115V, 60 Hz
RX02-BC Dual/115V,50 Hz
RX02-BD Dual/230V, 50 Hz
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Table 2-2 Controller Configuration Switch Positions

Interface S1-1 S1-2 2 Sl
1
TRX211, RXV21, OFF ON ON Top View
RXSE, RX11, RXVIl, [ON OFF
RX28 OFF OFF

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 or in a
separate container. If the RX02 is shipped in a cabinet, the cabinet should be positioned in the final
installation location before proceeding with the installation.
2.4.2 Tools
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.
2.4.3 Unpacking
2.4.3.1 Cabinet-Mounted

1. Remove the protective covering over the cabinet.

2.  Remove the restraint on the rear door latch and open the door.

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

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

5. Slide the RX02 out on the chassis slides and visually inspect for any damage as indicated in
Paragraph 2.4.3.3.
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2.43.2

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).

2.4.3.3 Inspection

2.5

L.

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 (M7744) 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).
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Figure 2-4 RXO02 Unpacking
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Figure 2-5 RXO02 Cabinet Mounting Information

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.

Refer to Table 2-2 for the correct controller configuration switch positions.
Refer to Table 2-3 for correct device code or addressing jumpers on the interface module.

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/0 devices. For modules using DMA processing in the
PDP-11 SPC slot, ensure that the NPG (NPG IN, NPG OUT) line (CA1-CB1) is cut on the
backplane.

Connect the RX02 ac power cord into a switched power source.
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.
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Table 2-3 Interface Code/Jumper Configuration

PDP-8 (M 8357)
Device Codes

SW1 Sw2 SW3 SwW4 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) (M8256)
BR Priority Unibus Address 17717X* Vector Address (264;)*
BR7 - 54-08782 Al2 - Removed SW10 OFF V2 - Installed SW1 ON
BR6 - 54-08780 All - Removed SW9 OFF V3 - Removed SW2 OFF
BRS5 - 54-08778* |[A10 -~ Removed SW8 OFF V4 - Installed SW3 ON
BR4 - 57-08776 A9 - Removed SW7 OFF VS5 - Installed SW4 ON
A8 -lInstalled SW6 ON V6 - Removed SW5 OFF
A7 -Installed SW5 ON V7 - Installed SW6 ON
A6 - Removed SW4 OFF V8 - Removed SW7 OFF
A5 -Removed SW3 OFF
A4 - Removed SW2 OFF
A3 - Removed SWI OFF
LSI-11 (M8029)
Register Address* Vector Address (264g)
(17717X)

A2 - Installed
All - Installed
A10 - Installed
A9 -Installed

V2 - Installed
V3 - Removed
V4 - Installed
V5 - Installed

A8 -Removed V6 - Removed
A7 -Removed V7 - Installed
A6 - Installed V8 - Removed

AS -Installed
A4 -Installed
A3 -Installed

*Standard
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Table 2-3 Interface Code/Jumper Configuration (Cont)

LSI-11 (M7946)

Vector Address Register Address
2643 270g 177170 177150

W6 - Removed W6 - Removed W17 - Removed W17 - Removed

W5 - Installed W5 - Installed W16 - Removed W16 - Removed

W4 - Removed W4 - Removed W14 ~ Removed W14 - Removed

W3 - Removed W3 - Removed W13 - Installed W13 - Installed

W2 - Installed W2 - Removed W11 - Removed W11 - Removed

W1 - Removed W1 - Installed W10 - Removed | W10 - Removed
W9 - Removed | W9 -Installed
W8 - Removed | W8 - Removed
W7 -Installed W7 - Installed

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.






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.

11. Do not store diskettes on top of computer cabinets or in places where dirt can be blown by
fans into the diskette interior.
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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
* Do not use paper clips on diskettes.
¢ Do not expose the diskette to a heat source or sun-
light.
o 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 disk-
ettes 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 RXO02 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.

34 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 the problem to DIGITAL Field Service.

Table 3-1 Operator Troubleshooting Guide

Problem Probable Cause Correction
No power a. Power cord disconnected a. Connect power cord
(drive inoperative) b. Blown fuse b. Replace fuse
c. Circuit breaker open c. Close circuit breaker
Drive not ready a. Drive door open a. Close door
b. Diskette improperly in- b. Properly seat diskette
stalled
Error in recording a. Diskette wear a. If worn, replace
b. Diskette mounting hole b. If the hole is not con-
centric, replace diskette
c. Mismatch in recording c. If diskette data density is

density on a diskette not compatible with data
to be recorded, replace
diskette with a new pre-
formatted diskette.
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CHAPTER 4
PROGRAMMING

This chapter contains programming information for the following interface options: RX8E, RX28,
RX11, RXV11, RX211, and RXV21l. The RX8E and RX28 programming information is presented
first, followed by the RX11 and RXV11 information, and then the RX211 and RXV21 information is
presented. The RX8E, RX11, and RXVI11 options are used for single density recording and are com-
patible with the RX01 Floppy Disk System. The RX28E, RX211, and RXV21 can be used for either
single or double density recording.

4.1 RXSE and RX28 PROGRAMMING INFORMATION

The RX8E 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
RX02 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.)

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 1s. 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.
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Table 4-1 Device Code Switch Selection

Device 0 (OFF) 1(ON)
Code | S1[S2|S3|sS4|{S5]|sS6|S7]|S8

i 0 [0 10 [T |1 |1 |X [X 1 Sl
76 o o [1 |1 |1 o |x [X /1 S2
75 o {1 Jo |1 [o |1 |Xx |X  — S3
74 o [t {1 |1 jo |o [x |X — S4
73 1 o o o |1 |1 [X |X — S5
72 1 {0 (1 Jo |1 jo |X IX  — S6
71 1 |1 (o o o |1 |X [|X — S7
70 1 |1 {1t Jo {o |0 |X |X E— S8

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.

10T 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 RXS8E Load Command (LCD) - 67x1 - 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.

00 01 02 03 04 05 06 07 08 09 10 ™

DRV
SEL

8/12

— ]
NOT USED MAINT NOT NOT
USED USED

MA-1853

FUNCTION

Figure 4-1 LCD Word Format (RX8E)
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4.1.22 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.

Y [
‘00 01 02 03°04 05 06 07 08 09 10 11
12 BIT
MODE DEN|  [8/12 FUNCTION
T
—— | [ uNIT
NOT RESERVED MAINT SEL
USED
0o 1 2 3 4 5 6 1
TRANSFER g701 04:11
BYTE 1
8 BIT
MODE o 1 2 3 4 5 6 7
TRANSFER 00:03
BYTE 2 6702 (xDRIf 0 |0 [0 [ O «
MA-1792

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-8, and the
RX02 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 RXO02 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.
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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 transferring
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.

4.1.2.5 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. If the
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 1 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
’ghe 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 1

DRV
8/12 geL | FUNCTION

\ v - | | |
NOT USED MAINT  NOT NOT
USED USED

MA-1793

Figure 4-3 Command Register Format (RX8E)
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00 01 02 03 04 05 06 07 08 09 10 M

12-BIT MODE DEN 8/12 FUNCTION -
— | | [ —uniT [
NOT RESERVED MAINT NOT USED SEL NOT USED
USED
0o 1 2 3 4 5 6 7
04:11
1ST BYTE -
BITM
8-8IT MODE o 1 2 3 4 5 6 7
00:03
onosyTE folo |l oo -
[ ~ J
NOT USED
MA-1794

Figure 4-4 Command Register Format (RX28F)

The function codes (bits 8, 9, 10) are suummarized 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 Errror Register

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

AC7=0 Select drive 0
ACT7=1 Select drive 1

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

AC5=0 12-bit mode selected
ACS=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.

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 BCOSL-15 cable is disconnected from the RX02; the
on-line condition exists when the cable is connected to the RX02.
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00 01 02 03 04 05 06 07 08 03 10 11

A g
NOT USED ERROR CODE

CP-1515

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

If an LCD IOT (I/O transfer) is issued with AC 4 = 1, 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 IOTs 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.

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.
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00 01 02 03 04 05 06 07 08 09 10 11
0

NOT 0-114,
USED MA-1858

Figure 4-6 RX2TA Format (RX8E/RX28)

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

0 OB ¢

- -l . J

Rg g
NOT USED 1.32,

MA.1858

Figure 4-7 RX2SA Format (RX8E/RX28)

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 IOT is issued (Paragraph 4.1.3.1).

4.1.3.6 RXSE - 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 09 10 M

12 BIT 8 OR 12 BIT
MODE ONLY MODE

MA-1860

Figure 4-8 RX2DB Format (RX8E/RX28)

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

DRV

RDY

\ v J \ J
NOT USED NOT USED

DD iD CRC

MA-1861

Figure 4-9 RXES Format (RX8E)
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Bit No. Description

11 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).

9 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.

5 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.

4 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.

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

DRV DRV|DEN
roY| PP |DEN|ERR \D CRC
T

\g RESERVED
NOT USED RX02

MA-1862

Figure 4-10 RX2ES Format (RX28)
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Bit No.

11

10

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.

RXO02 - 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 as-
serts error and done.

DRV 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 thee 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.
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AC
Octal 8 9 10 Function
0 0 0 0 Fill Buffer
2 0 0 1 Empty Buffer
4 0 1 0 Write Sector
6 0 1 1 Read Sector
10 1 0 0 Not Used (RX8E), Set Density (RX28)
12 1 0 1 Read Status
14 1 1 0 Write Deleted Data Sector
16 1 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.

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 8-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.

4-10



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.

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. Ifillegal, 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.

4.1.45 Set Media Density (100) for RX28 Only - This function causes the entire diskette to be re-
assigned 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‘T’).

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.
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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 always 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:
1. Move drive 1 head position mechanism to track 0.
2. Clear any active error bits.
3.  Read sector 1 of track 1 of drive 0 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).
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4.1.5 Error Recovery

4.1.5.1 RXSE - 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.

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 I/O 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 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
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.
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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

0220 R/W electronics failed maintenance mode test.

0240 Density error

0250 Wrong key word for Set Media Density command

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. If a 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.
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/PROGRAMMING EXAMPLES FOR THE RX8/RX@1 FLEXIBLE DISKETTE

.
2 ’
3 /THE FOLLOWING ARE RX31 10T COOE DEFINITIONS
4 /
5 /THE STANDARD DT OEVICE CODE 1S 678~
6 ’
7 6701 LCO36701 /10T TO LOAD THE COMMAND, (AC) |8 THE COMMAND
8 6702 XJORa§7@2 /10T TO LOAD QR READ TWE TRANSFER REGISTER
9 6723 STR=67023 /10T TO SKIP ON A TRANSFER REQUEST FLAG
19 6704 SER=6704 /10T T0 SKIP ON AN ERROR FLAG
11 6705 SON=6705 /13T TO SKIP ON THE DONE FLAG
L2 6706 INTR=6786 / (AC) = ¥ INTERRUPT ENABLE OFF/ (AC) = { MEANS ON
13 6707 IN1T26707 /107 TO INITIZLIAE THE RXB8/RX@L SUBSYSTEM
14 ’
15 /THE FOLLOWING IS A PROGRAMMING EXAMPLE OF THE PROTOCOL REQUIRED
16 ’
17 /TO WRITE, WRITE DE(LETED DATA, OR READ AT JECTOR "5" {YHE CONTENTS OF PROGRAM
18 /
L9 /LOCATION SECTOR) OF TRACK ™T" (THE CUNTENTS OF PROGRAM LOCATION TRACK)
29 /
21 /IN B OR 12 BIT MQDE
22 /
23 p228 1254 START, TAD KMig / e12
24 2231 3285 DCA PTRY /PARITY RETRY COUNTER
25 @292 1254 TAD KM1Q
26 2203 3286 DCA CTRY /CRC RETRY COUNTER
27 @224 1284 TAD KMiR
28 2205 3297 DCA STRY /SEEX RETRY COUNTER
29 /
38 /WRITE, WRITE DELETED DATA, OR READ
3: ’
32 8236 1269 RZTRY, TAD MODE /@ IF 12«87, 190 [F 8817
33 8227 1261 TAD COMMAND 7/ 4 IF WRITE, 14 IF WRITE DELETED
34 /0ATA, OR 6 IF REAO
35 212 1262 TAD UNIT / 3 1P UNIT B, 22 IF UNIT 1
36 9211 8701 LCO /10T 67Xy YO LOAD THE COMMANO
37 /
38 JWAIT FOR THE TRANSFER REQUEST FLAG THEN TRANSFER THE SECTOR ADORESS
39 /
48 92:2 6723 STR 7107 67X3 To
41 92:3 85212 JHP -1 /WALT FOR TRANSFER REGUEST FLAG
42 0214 1263 Tad SECTOR /L TO 32(0CTAL)
43 2215 4792 XDR 7107 70 LOAD SECTOR
44 0216 7202 CLA /CLA BECAUSE 10T XOR DOESN'T
45 /
46 /WAIT FOR THE TRANSFER REQUEST FLAG THEN TRANSFER THE TRACK ADORESS
47 /
48 p2:7 6733 S§TR /10T 67xY YO
49 p220 5217 JMP =l /WALY FOR TRANSFER REQUEST
53 P221 1264 TAD TRACK / 2 TO 114(0CTAL)
51 p222 67@2 XDOR /107 TO LOAD TRACK
52 @223 7290 CLA /CLA BECAUSE 10T XOR DOESN'T
53 /THE SECYOR AND TRACK ADDRESSES HAVE BEEN TRANSFERRLD T0 TWE RX31 VIA THE XDR I0T
54 ’
55 /WALT FOR THE DONE FLAG AND CHECK FOR ANY ERRDRS
56 /
57 /1F THE FUNCTION HAS COMPLETED SUCCESSFULLY (NO ERROR FLAG) THEN WALT
58 /
59 224 6705 SON 7107 67%x8 10
62 g225 8224 JMP -1 /HALT FOR DONE FLAS
61 p226 6704 SER /10T 67X4 SAUPLES ERROR FLAG
62 g227 7482 HLY / 0K = COMPLETED
63 /
64 /THE ERROR FLAG IS5 SET
65 /
66 /THE CONTENTS OF THE TRANSFER REGISTER IS YME ERRQR STATUS
67 /
68 /1F TRANSFER REGISTER BITS 18, AND 11 = 8 THEN SOME TYPE oF SEEx ERROR HWAS QCCURED,
69 /1F TRANSFER REGISTER BIT 14 = 1 THEN A CRC ERRQR WAS OCCURED,
79 #1F TRANSFER REGISTER BIT 19 = 1 THEN A PARITY ERROR HAS OCCYRED
71 ’
72 2238 6782 XDR /GET GCONTENTS OF TR (ERROR STATUS)
73 p231 3265 0CA ASTATUS /AND SAVE
74 p232 7325 CLL CLA IAC RAL /2
75 8233 2265 AND ASTATUS /TEST FOR PARITY ERROR
76 9234 76%0 SNA CL#A /SK1P 1F PARITY ERROR
77 @235 5241 JMP TCRC /NOT A PARITY ERROR = MAYBE CRC
78 /
79 /4 PARITY ERRQR HAS OCCURED
8@ /
31 /INCREMENT AND TEST THE PARITY ERRQGR RETRY COUNTER PRQOGRAM [[OCATION " PTRY "
32 /
83 /AND RETRY THE " CDMMAND ™ UNTI[ THE PARITY ERRQR RECQVERS
84 ’
85 /0R UNTI_ THE PTRY COUNTER QVERFLOWS TO 2
86 /
87 2236 2285 ISE PTRY
88 2237 5206 JMP RETRY /RETRY TWE COMMAND
89 8242 74p2 HLY /HARD PARITY ERROR
99 /
91 /THE ERROR FLAG IS SET BUT THE ERAOR IS NOT A PAR]TY ERROR
92 /
93 /TEST FOR A CRC ERRQR
94 /
95 @241 7301 TCRC, CLL CLA 1aAC 71
96 242 o265 AND ASTATUS /TEST POR A CRC ERRQR
97 2243 76%0 SNA CL A& /SK{P IF A CRC ERROR
98 8244 %52%2 JMP SEEK /NOT A CRC « MUST BE A SEEX

Figure 4-11 RX8E Write/Write Deleted Data/Read Example (Sheet 1 of 2)
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99 /A CRC ERROR HAS OCCURED

188 /
1e1 /INGREMENT AND TgST THE CRC ERROR RETHY COUNTER PROGRAM LOCATION " CTRY *
182 /

ie3 /AND RETRY THE COMMAND UNTIL THE CRC ERROR RECOVERS

104 /

105 /QR UNTIL THE CYRY COUNTER OVERFLOWS TO @

126 /

107 9249 22%¢ 1S% CTRY

138 8245 5204 JMP RETRY /RETRY THWE COMMAND

129 8247 7402 HLT /WARD CRC ERRQR

118 /

111 /THE ERROR FLAG 1S SET

112 ’

113 /THE ERROR 1S [NOTY 4 PAR[TY ERROR AND IS CNOT) 4 CHC ERADR

1:4 /

115 /THEREFDRE S MUST BE 4 SEEK ERROR

116 /

117 / (CONTENTS OF THE TRANSFER REGISTER 8ITS 18, AND 11 3 2)

118 /

119 0258 4727 SEEK, INIT /10T 67X7 TO [NITIZLIAL
120 /

121 /INCREMENT AND TEST THE SEEK ERROR RETRY COUNTER PROGRAM LOCATION ™ STRY »
i22 /

123 /4ND RETRY THE COMMAND UNTIL THE SEEK ERRQR RECOVERS

124 /

125 /3R UNTIL THE CTRY COUNTER QVERFLOWS 70 2

126 /

127 p251 22%7 1SE STRY

128 2252 5206 JMP RETRY /RETRY THWE COMMAND

129 2253 7402 HLT /HARD SEEK ERROR

138 /THE FOLLOWING PROGRAM LOCATIONS ARE REFERENCED WITHIN TWIS EXAMPLE

131 /

132 8254 7770 KM1d, =10

133 /

134 /THE FOLLOWING 3 PROGRAM LOCAT]ONS ARE THE ERROR RETRY COUNTERS

.35 ’

136 2253 Q209 PTRY, 2 /PARITY ERRQR RETRY CQUNTER
137 2256 Jo00 CTRY, e /CRC ERRQGR RETRY COUNTER
138 9257 2200 STRY, 2 /SEEK ERROR RETRY COUNTER
139 /

149 /PROGRAM LOCATION " MODE " CONTAINS A D IF 12-BIT ODE, 9R

141 /CONTAINS A 107 IF 8-BIT MOOE

142 /

143 2263 geod MO0E, 2 / 2 OR 120

144 /

145 /PROGRAM LOCATION ™ COMMANO " CONTAINS THE COMMAND To BE [SSUED V4 TrE LCO 10T
146 /

147 /WRITE (4), WRITE DELETED OATA (14), QR READ (6), OR EMPTY BUFFER (2)
148 /

149 8261 o008 CoMMAND, @ / 4, 14, OR 6, OR 2

150 /

151 /PRQGRAM LOCATION " UNIT " CONTAINS THE UN;T DES{GNATION

52 /

153 ZUNIT @ (B), OR UNIT 1 (20)

154 /

155 262 ¢2@@ UNLT, ] /7 8, OR 20

156 /

157 /PROGRAM |OCATION " SECTOR " CONTAINS THE SECTOR AQURESS (1 TO 32 OCTAL)
.58 /

159 0263 oze0 SECTQR, @ / 1 70 32 OCTa

L69 /

161 /PROGRAM LOCATION ™ TRACK ' CONTAINS THE TRACk ADDRESS (2 TQ 114 QCTAL)
162 /

163 2264 yped TRACK, 2 / 2 TQ 114 QOCTAL

164 /

165 /PROGHAM LOCATION " ASTATUS " CONTAINS THE CONTENTS OF TWE TRANSFER REGISTER
166 /

167 /AT THE DETECTION OF AN ERROR (ERRQR FLAG = 1) WH]CH CORRESPONDS TO TME
168 /

169 /ERRQR STATUS

L7m /

171 /s = p IF SEEx ERRQR, 1 IF CRC ERROR, 2 IF PARITY ERROR

172 /

173 2269 peee ASTATUS, P /STATUS AT ERRQR

Figure 4-11 RXS8E Write/Write Deleted Data/Read Example (Sheet 2 of 2)

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. If 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.
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228 /THE FOLLOWING 15 A PROGRAMMING EXAMPLE OF PROTQCOL REQUIRED To

229 /
230 /EMPTY THE SECTOR BUFFER OF 64 12=BIT WORDY (12 81T wQOE), ON
231 /
232 /EMPTY THE SECTOR BUFFER OF 128 8=B]T BYTES (8 BIT MOQE)
233 /
234 p312 1254 EENTRY, TAD xMig / B TRYS T0 EMPTY THE SECTOR BUFFER
235 2313 3255 0CA PTRY /PARITY ERRQR RETRY COQUNTER
236 P314 1377 ESETUP, TAD (BUFFERe1) /PROGRAMS DATA BUFFER
237 2319 3010 OCA AP /AUTO INDEX REGISTER 12
238 2316 1260 TA0 MOOE ¢/ 8 1F 12-B17, 100 IF & 817
239 317 1261 TAD COMMANO / 2 MEANS EMPTY BUFPFER
240 2320 4701 LCco /10T TO 1SSUL THE COMMAND
261 /
242 /WAIT FOR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA TO THE PROGRAMS
243 /
244 /DATA BUFFER FROM TWE RX31 SECTOR BUFFER
245 /
246 /HALT FOR A DONE FLAG T0O INDICATE THE COMPLET]ON OF THE EMPTY BUFFER COMMAND PRIOR TO
247 /
248 /TESTING THE ERROR FAG
249 /
2% g32y 6703 ELOOP, STR /TEST FOR TR FLAS
254 pI22 7448 SKP /TR NOT 8ET, TEST POR QONT FLAG
252 2323 5333 JMP EMPTY /TR FLAG SET
253 2324 64709 SON /TEST FOR QONE FLAG
254 2325 9274 JHP kLUUK /NOT TR, QR DONE YET
255 /
256 /THE DONE TLAG S SET
257 /
258 /TEST FOR ANY ERRORS (ONLY ERROR PDSSIBLE 1S A PARITY ERRQR)
259 /
260 324 4704 SER /TEST FOR THE ERROR FLAG
261 #9327 7422 HLY /NO ERRORS = 0K
262 /
263 /INCREMENT AND TEST THE PARITY ERROR RETRY PROGRAM LOCATION " PTRY ®
264 /
265 /AND RETRY THE COMMAND UNTIL THE ERROH HECOVERS
266 /
267 /0R UNTIL THE PTRY COUNTER OVERFLONWS TO 2
268 /
269 pI3Ie 2285 1SE PTRY
278 p3I3L 5314 JMP ESETUP /RETRY T0 EMPTY THWE SECTOR BUFFER
271 9332 7422 WL T /HARD PARITY ERROR
272 /
273 /THE TRANSTER REQUEST FLAG IS SET
274 /
275 /TRANSFER OATA T0 THE PROGRAMS DATA BUFFER FROM THWE RX81 SECTQR BUPFER
276 /
277 p3I33 6702 EMPTY, XQR /FROM THE RX31 SECTOR BUFFER
278 2334 3442 0CA ! Alp /70 THE PROGRAMS DATA BUFFER
279 2335 8321 JMP ELOOP /L00P UNTIL THE OQONE FLAG SETS
288 2377 2377
2400 PAGE
281 /THE FOLLOWING PROGRAM LOCATIONS ARE RESERVED FQR TWE PROGRAMS ODATA BUFFER
282 /
283 8400 0002 BUFFER, @
284 2600 sBUFFER+200
285 H

Figure 4-12 RX8E Empty Buffer Example

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.

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 cpack.



174 /THE FOLLOWING 1S A PROGRAMMING EXAMPLE OF PROTOCOL REQUIRED TO

175 /

176 /F1LL THE SECTOR BUFFER WITH 64 12-B1T WORDS (12 BIT MODE)., OR

177 /

178 /FILL TME SECTOR BUFFER WITH 126 8-BIT BYTES (8 BIT 9QDE)

179 /

189 vaie A10n19

181 /

182 9266 1284 FENTRY, TAD KMig / 8 TRYS 71O PI_LL THE SECTOR BUFFER
183 @247 3285 0CA PTRY /PARITY ERROR RETRY COUNTER
184 92780 41377 SETUP, TAD (BUFFER«Y) /PROGRAMY DATA BUFFER

185 @271 3I@1@ 0CA a1@ 7AUTO INDEX REGISTER i@

186 0272 1260 TAD MQODE ¢/ 8 1F 12-81%, L@@ IF 8 BIT
187 273 4701 Lco /10T TO {SSUE THE COMMAND
188 /

18% /WAIT FOR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA FROM THE PROGRAMS
190 /

191 /DATA BUFFER TO THE RXPY SECTOR BUFFER

192 /

L93 /WALT FOR A ODNE FLAG TO [NDICATE THE COMPLETION QF THE FILL BUFFER COMMAND PRIOR TO
194 /

195 /TESTING THE ERROR FLAG

196 /

197 B274 6703 LOOP, STR /TEST FOR TR FLAG

198 8278 7410 SKP /TR NQT SET, TEST FOR QONE FLAG
199 g27é 3306 JHMR FILL /TR PLAG SET

202 277 6708 SON /TEST FOR OONE FLAG

201 2308 9274 JMP LOQOP /NOT TR, OR BONE YET

2z2 /

203 /THE DONE FLAG IS SET

204 /

HH /TEST FOR ANY ERRQRS (ONLY ERROR POSSIBLE IS A PAR!TY ERROR)

286 /

227 9321 6724 SER /TESY FQR THE ERRQOR FLAG

208 2302 7402 HoT /NO ERAQRS = (0K

229 /

210 /INCREMENT AND TEST THE PARITY ERROR RETRY PROGRAM LGCATION " PTRY ®

21 /

212 /AND RETRY TWE COMMAND UNTIL TwE ERROR RECOVERS

213 /

214 /0R UNTIL THE PTRY COUNTER QVERFLOWS TO 2

218 /

216 2303 229% 1S2 PTRY

217 2304 8270 JMP SETUP /RETRY 70 FlLL THE SECTOR BUFFER
2.8 2309 7402 HLT /HARD PARITY ERROR

219 /

220 /THE TRANSFER REQUEST FLAG IS SET

ezl /

222 /TRANSFER DATA FROM THE PROGRAMS DATA BUFFER Tp THE RX84 SECTOR BUFFER

223 /

224 2306 1410 FiLl, TAD | ALp /VIA AUTR INOEX REGISTER 12
22% 8327 8702 XOR /70 THE RX@4 SECTOR BUFFER
226 23128 7200 CLA /CLA BECAUSE 10T XOR DOESN'T
227 2311 8274 JMP LOOP /L,00P UNTIL THE DONE FLAG SETS

Figure 4-13 RX8E Fill Buffer Example

4-18



O® PR L AN D OD AT N E WU —

2¢

a22e
nedy
2232
w223

2234
Peds
223¢
8237
p2le

ety
s21
wais
[N
nels
n2le
2217
peiEn
ey
veRa
022}
229
wees

vele
r2ay
w2l
2 1
2232

2233
T4 T
aess
723
hra

ne4n
wedy
naug
agues

wedn

rads
724e
aear
ArAY]
228y
2252
zesy
2254

6721
722
b33
5134
673S§
4726
s127

32239
tabs
3272
1268
sary

6725
52234
1273
127a
1275

278
127s
br21
1276
3267
Tab52
S22p
1126
Tahs
Tréu
67133
S22
122

5723
322
1211
8742
reor

b123
5253
1300
8722
LEXY

5725
5242
by 2y
ra2e

br22

33
1221
324
TySs
525%
227
5238
raze

/PROGAAMING EXAMPLES FOR TWE RX2B/E FLEXIMLE DISKETTE

/
/THE FOLLOWING ARE Rx2d1 10T COJE NEFINITIONS

/
JTHE STANDARD JOT DJEVICE CJDE IS 67S5=
/

LCOw
X0
§TRe
SERs
SONs
INTRE
INITS

[ 2431
47Tn2
6193
e1m4
6758
6708
dra7

/19T 12
/13T 12
/191 13
/19T 1)
7131 12
/(aC) w2
/137 13

LOad YHE COMMAND, (AC) 1S THE COAMMAND

LOAD OR WEAD THE TRANSFER RFGISTER
SKIP DN TRANSFER REQUEST F A5

$XTP ON ERIOR FLAG

SKIP ON DONE FLAG

INTERRUPY ENMHLE DFF/(AC)s{ MEANS ON

INTTIALTZE YHE RX SUBSYSTEM

/
/THE FILLOWING IS A PROGRAMING EXAMPLE OF THE PROTOCOL REQUIRED
/

/7D WRITE,

HRITE QELETED DaT4,

/
JLOCATION "SECTOR®) OF TRASK PT" (THE CONTENYS OF PROGRAY LOCATION
/

IMTRACK®)

/
s270
sTaRT,

/
IwR1TE,
/

RETRY,

TAn
)
Tan
DCa

WRITE DELETED DATaA,

8$DN
JMp
Tan
TaD
Tan

hea
TaD
Lce
Tan
AND
SN
Jup
CLL
RYL
Rap
sSTR
fLT)
xn\e

RYL

(v1d
CrRy
(413
Sty

ael

i pld
FUNCUN
IRIVEP

Casmand
CoM4ard

CodvaNnD
K132

WATTTR

eml

TN B DY 12 BIT MaIng,

/
/WATT FUR TRAVSFEZQ REQUESY FL4j

/
wATTTR,

8TR
Jup
Tan
xR
CLa

eml

SgCro%

/
/WATT FOR TWANSFER REQUEST FLAS

/

/

STR
Jre
Tan
XnR
Cla

vel
Taicxk

/GET RETHY CONSTANT
/8ET UP LRC RETHY COUNT

/8EY UP SEEK RETRY COUNT

IR READ

/MAKE SURE UGRIVE READY FOR US
/1F NOT waly

NR] REAU AT SECTOR "S" (THE CUONTENYS 0OF PROGRAM

/2 1F 12=817 MONE, 122 1F Re=31T “nnf

/GET FUNCTION CODE

/GET NRIVE PARAMETERS un(T, ¥,
INENSTITY

/SAVE ENTTRE CNMMAND

/GET COMMAND

/LJ4D COMMAND REGISTER

/GET COMMAND

/448 1T Bad?T MODE

/1F YES SKIP AND DD B8=31T1 PRITNCIL
Z1F 12«RIT DNNE LCD PRIATOCNL
/BET UPPER a4 H1TS OF

JCIMMAND wIRD TO LOwER

/4 3178 OF aC

JAATT FOR & THANSFER RERUEST
/LOUP UNTIL TR,

/GTVE SECONU COMMAND 4IRM

THEN TRANSFER SECTOR A)0RESS

Z13T T SKIP UON TRAVSFER NFWUEST
/LIJP UNTEL TR,

/1 Tn 32 (JCTaL)

/LR THE SECTOR

/CLEAR AL

THEN TRANSFER TRACK ADNIRESSE

/85¢IP (Ir) TRANSFER RED)EST
JLNOP unTTL TR

/¢ Y0 114 (OCTAL)

JLIAD TheE TRACK

/CLEBR AL

JTHE COMMAND PROTACOL H45 afEn COMPLETEN, %0«

/
/o4AIT FNP DIONE ANA CHECK FAR EIRIS

/

SoN
Jmp
SER
HLY

el

/
/THE ERRQR FLAG e SE?
/

/THE E4ROR

/

/1F STATUS &

/1F STATUS
/1F STATUS

/

¥DR

0Cs
TaC
AND
SN&
Jup
181
JmMp
NL'

1

AgTATS
AgTaTysS
JgNstY

Crry
ReTay

/19T TO S¢IP NH NONE FLASG
/L3098 UNTIL NUNE

/137 TN SxkI® NN ERROR FL A%
/NI FRKOKRS SJ WAl T

STATUS IS LNACATEN TV THF YRANSFER REGISTER

THEN CRC ER30R JCCURED
s 22 T4EN DENSITY EIRJR OECURED
® 2 THEN SFEX EXROIR OCCURED

JGET CUNTENTS OF TRANSFER REGISTEQ
/STATUS AT DONE

JAND SavE IT

/4ASK FNR CRC ERROR 81T

/IF AC NUT EQUAL 70 ZE3D CRL
JERROR OCCJRED SO SKIP

JIF AC &8 2 THEN CHECK FOR NENSITY ERRROR
/CEEP COUNT IF RETRIEY IF & 12 THEN $xP

Z1F RETRIES «l¢ THEN N3 JT a5als,
FHALY

MA.1871

Figure 4-14 RX28 Write/ Write Deleted Data/Read Example
(Sheet 1 of 2)
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Figure 4-14 RX28 Write/Write Deleted Data/Read Example
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Figure 4-15 RX28 Fill Buffer Example
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238 /THE FILLOWING 13 & PROGRAWMING EXAMPLE OF PROYNCCOL REJUIRED TO

239 /
247 JEMPTY THE SECTOR BUFFER
283 p3a5  12b% EENTRY, Tan xvin / 8 TRYS TD EMPTY THE SECTUR RUFFER
262 P33 3272 nNCa ETRY /ERRDR RETRY CJUNTER
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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.

10.

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

STR

SKP

JMP

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.

The program must issue an SER instruction to test for errors following an SDN instruction.

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.)

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.

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).

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.

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).

Sector Addressing: 1-26 or 1-323 (No sector 0)
Track Addressing: 0-76 or 1-114g

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.

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.
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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 RXV11 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/RXVI11 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 RXO02 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 RXIDB. 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.

4.2.2 Register Description

42.2.1 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 04 are write-
only bits.
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Bit No.

1-3

1 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

FUNCTION
[ J l l I
ERROR NOT USED TR DONE GO
RX INT UNIT
INIT ENB  SEL Ma-1864

Figure 4-17 RXCS Format (RX11, RXV1I)

Description
Go - Initiates a command to RX02. This is a write-only bit.

Function Select - These bits code one of the eight possible functions listed below and
described 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

Unit select — This bit selects one of the two possible disks for execution of the desired
function. This is a write-only bit.

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 RX11 or RXV11 needs data or has data
available. This is a read-only bit.

Unused

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.

Upon setting this bit in the RXCS, the RX11 or RXV11 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.
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Bit No. Description

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).

4.22.2 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 data 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

0

Y Y
NOT USED 0-1144

CP 1510

Figure 4-18 RXTA Format (RX11/RXV11)

4224 RXSA - RX Sector Address (Figure 4-19) - This register is loaded to indicate on which of the
26 (32g) 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.

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

0 040

—— -
NOT USED 132,

CcP-1511

Figure 4-19 RXSA Format (RX11/RXVi1)
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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).

% 14 13 12 11 10 09 08 07 06 05 04 03 02

01

00

Figure 4-20 RXDB Format (RX11/RXV11)

MA-1866

4.22.6 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.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
DEN
ERR
[ ) [ I I [
Y UNIT DD 1D CRC
NOT USED SEL
DRV DRV
RDY DEN
MA-1867
Figure 4-21 RXES Format (RX11, RXVI11)
RXES bit assignments are:
Bit No. Description
0 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.

2 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 program-

mable or Unibus Initialize.

4-27



Bit No.

8

Description

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).

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).

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.

4-28



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/RXV11. When the complete buffer has been filled, the control asserts Done.

4.23.2 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.

When TR sets, the program may unload the first of 128 data bytes from the RXDB. Then the
RX11/RXVI11 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.

4233 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/RXVI1Il 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.
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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 RX02.
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.

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/RXVI11 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.

4.23.5 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.
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4.23.6 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).

4.23.7 Read Error Code Function (111) - The read error code function can be used to retrieve explicit
crror 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).

4.23.8 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 | head position mechanism to track O.

Clear any active error bits.

Read sector 1 of track 1 of drive O 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.

Nk =

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.

4.24 Programming Examples

4.24.1 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/RXVI1
after transfer request (TR), which is bit 7, has been set. The three instructions beginning at the label 2§
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 Ois 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.
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ABS
JPROGRAMMING EXAMPLES FOR THE Rx11/RxS1 FLEXIBLE DISKETTE

}
1THE FoLLpWING 1S THE RX11 BTANDARD DEVICE ADORESS AND VECTQR ADDAESS

}

RXCSs177472
RXDBeL77172
RXSAWL77472
RXTA®177172
RXEJw177472

1
STHE POLLOWING 18 A PROGRAMMING

COMMAND STATUS REGIBTEN
DATA BUFFER REGISTER
SECTOR ADDRESS REGIZTER
TRACK ADORESS REGISTER
ERROR TATUS REGISTER

CXAMPLE OF TWE PAQTOCOL REQUIRED

4TO WRITE, WRITE DELETEO DATA, OR READ AT SECTOR "§% (THE CONTENTS OF PROGRANM

iLOCATION BECTOR) OF TRACK "=T™ ¢
}
STARTE Mgy #-18, pTRY

MOV #e18, CTRY
MOV s«id, STRY

BITS 3 THRU 1 13 THE CoMMAND (
TRY: MgV COMMAND, AXCS
AlT FQR THE TRANSFEN REQUEST F

e v T e e n —n v
» x m

7578 RXCS
BEQC 1§
HOVB SECTOR, RXSA

THE CONTENTS OF PROGNAM LOCATION TRACK!

i PARLTY RETRY CoUNTER
; CRC RCTRY EQUNTER
3 SEEK RETRY GCOUNTER

WRITE, WRITE OELETED DATA, DR READ
BITS ¢ TRRU 1 of PRQORAM LODCATIQN COMMAND QoNTAIN THL FUNCTIQN
81T 4 s 3 MEANS UNIT L ( w @ MCANE UNIT 9}

4 o WRITE, 14 » WRITE DELETED DATA, 6 ® READ)
i UNIT @ (WRITE, WRITE DELETED OATA, pR READ)
LAG THEN TRANSFER THE SECTOR ADORESS

TEST 'gn THE TRANSFER REQUEST FLAG

5 BEQ UNTIL THE TRANSFER REQUEBT FLAGC SETS
; LDAD SECTOR ADDRESS

H
JWAIT FpR TME TRANSFEW REQUEST FLAG TWEN TRANSFER TWE TAACK AQORESS

1
2% TSTE RXCS
BEQ 2%
MOVEB TRACK, RXT4

H
i THE SECTom AND TRACK ADDRESSES

‘

; TEST FQR TME TRANSFER REQUEST FLAG
BEQ UNTIL ®HE TRANSFER REQUENT FLAG SETS
i LOAD TRACK ADDRESS

MAVE BEEN TRANSFERRED To THE RX21

iWSAIT FQr THE OQNE FLAG AND CHECK FgR ANY ERRQRS
1

}1F THE FUNCTIQN HAS COMPLETED SUCCESSFULLY (Np ERAQR FLAG) THEN HalLt

i
3§ BT #0ONESIT, RXCS
BEQ 33

TST RXCS
BNE ERFLAG
HALT

iTHE ERROR FLAG 13 SET

TESY FOR THE OgNE FLAG

BEQ UNTIL THE DONE FLAG SETS
TESY FOR TWE ERROR FLAG

BNE IF aN ERROR WAS OCCURED
0K o COMPLETED

H
JTHE CONTENTS OF THE RXES 1§ THWE ERRQR STaTug

;Xf THE RXES BITS 1 AND @ o # THEN SQME TYPE oF SEEx ERROR OCCURED
J1F THWE RXES BIYT @ = 1 THEN A CRC ERARQA Wa8 QCCURED
i1F THE RXES BIT 1 w §{ THEN A PAR]TY ERROR W45 DCCURED

i
ERFLAG! B]T #3, RXES
8€0 SEEX
B1T #2, RXES
BEQ CAC

A PARITY ERRQR MAS OCCURED

TEST FOR CRC AND PARITY ERAQRS

NOT A PARITY OR CRC (MUST) BE 4 SEEK
TEST FOR PARITY ERROR

NOT A PARITY ERRDR [MUST) BE A CRC

i
JINCREMENT ANQ TEJT THE PARITY ERROR RETRY CQUNTER PROGRAM LOCATIQN * pTRY =
H

iAND RETRY THE ™ COMMAND " UNTIL THE PARITY ERRQR RECOVERS

i
JQR UNTJL THE 2TRY CoUNTER QVERFLOWS To 2
i

INC PTRY
BNE RETRY
WaLT

;A CRC EARQR HAS 0CCURED

RETRY THE COMMAND
; WMARD PARITY ERROR

i
1 INCREMENT AND TEBY THL CRC ERRQR RETRY CQUNTER PRQGRAM LOCATION ¥ CTYRY =

;AND RETRY THE COMMAND UNTIL TWE CRC EARQR RECQVERS

'
JQR UNTIL THE CTRY COUNTER QVERFLQWS Tp o

i

CRCt INC CTRY
BNE RETRY
HALT

iTHE ERROR FLAG 19 SET

; RETRY THE COMMaAND
: WARD CMC ERRDR

$THE ERRQR 1S [NpTI A PARITY ERRoR AND IB CNOTI A CRC ERRQR
i

H
i
[
i
SEEK:  mMpv SINIT, RXCS

THEREFDRE 1T MUST 8E A SEEX ERROR
(STATE oF RXCS BITS 8 AND 1 ARL ®)

i INIYIALIEE

i
} INCREMENT AND TEST THE SEEK ERRpR RLYRY COUNTER PROGRAM LOCATIQN » stay =

}
JAND RETARY THE CoMMAND UNTIL THE SEEX ERMQR RECQVERS

i
1OR UNTIL THE CTAY COUNTER OVERFLQWS To 8
1

INC STRY
NE RETRY
HALY

: RETRY THE SOMMAND
; HARD BREX ERROR

Figure 4-22 RXI11/RXV11 Write/Write Deleted Data/Read Example
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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 3$. 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.

4.2.43 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.

2. 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.

3. 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.

4. It is not required to load the Drive Select bit into the RXCS when the command is Fill
Buffer (000) or Empty Buffer (010).

5.  Sector Addressing: 1-26 (No sector 0)
Track Addressing: 0-76

6. 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.

7.  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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le@ iTHE FOLLOWING IS A PROGRAMMING EXAMPLE OF PROTOCO| REQUIRED TO

162 JEMPTY THE SECTQR BUFFER QF 128 8B1YT BYTES

163 i

164 208242 212767 177770 0Op8@36 EENTRY! MoV #-1@, PTRY i 8§ TRYS To EMPTY THE SECTOR BUFFER
165 208258 212720 090342 ESETUP: MOV #BUFFER, K@ ; PROMGRAMS DATA BUFFEN

166 22254 216767 Q02@54 176786 MOV COMMAND, RXCS ; ISSUE THE GOMMAND

167 }

168 iWAIT FoR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA Tg THE PRQGRAMS
169 ;

178 ;DATA BUFFER FRQN THE RXBL SECTQR BUYFFLR

171 ;

172 IWALT FOR A DONE FLAG To INDICATE THE CoMpLETIQN oF THE EMPTY BUFFER CoMMAND
1?73 H

174 IPRIOR Ta TESTIN G THE ERRQR FLAG

175 i

176 @2@8@262 183767 176722 ELooPt TSTB RXCS ; TEST FOR TRANSFER REQUEST FLAG

177 @2@PB26s6 ©pP1214 BMI EMPTY ; ONE 1F TRANSFER REQUEST FLAG 18 SET
178 2238278 232767 70240 1768672 91T #DONEBIT, RXCS ; TESY FOR DONE FLAG

179 @@2278 281771 BEQ ELOOP ; BEQ UNTIL THE DONE FLAG BETS

188 }

181 i THE DONE FLAG ]S SET

182 H

183 ;TEST FoR ANY ERRQRS (ONLY ERRQR POSSISLE IS A PARITY ERRgR)

184 H

185 2080328 <¢0B5767 176664 TST RXCS

186 2P83I24 231001 BNE 1§

187 908306 20000 HALT ; NO ERRORS » 0K « COMPLETE

188 H

189 i INCFEMENT AND TEST THE PARITY ERROR RETRY PRQGRAM LOCATIQN " pTRY "
198 H

191 s ANO RETRY THE CoMHAND UNTIL TWE ERRoR RECOVERS

192 i

1;3 JOR UNTIL THE PTRY CUNTER QVERFLOWS T0 2

194 i

195 3080319 U@B267 30012 18 INC PTRY

196 208314 201355 BNE ESETUP ; RETRY TQ EMPTY THWE SECTOR BUFFER
197 220316 2o@eoe HALT ; WARD PARITY ERROR

198 H

199 s YHE TRANSFER REQUEST FLAG 15 SEY

220 i

201 ITRANSFER OATA Tp THE PROGRAM DATA BUFFER FRQM THE RX®1 SECTQR BUFFER
222 H

203 Q00320 116738 176646 EMPTY! MgvB RXDB, @(RE2)+

224 200324 0207%6 B8R ELOOP

206 JTHE FOLLOWING 3 PRUGRAM LOGATIONS ARE TWE ERROR RETRY COUNTERS

207 i

228 2283246 20808 PTRY: [} ; PARITY ERROR RETRY COUNTER

229 228339 Y200Ye CTRY: 2 ; CRC CRAQR RETRY COUNTER

210 300332 (320820 STRY: 2 ; SEEK ERROR RETRY COUNTER

211 )

2.2 JPROGRAM LOCATION " CQMMAND " CONTAINS TWE COMMAND TO BE ]SSUED VIA THE LCO 10T
213 H

214 iWRITE (4), WRITE DELETED DATA (14), pR READ (6), OR EMPTY BUFFER (2)
215 }

216 0P@334 poQoYe COMMAND § 2 ; 4, 14, 6, OR 2 @ (GD BT 1 s 1)

217 ;

218 ;PROGRAM LQCATION » SECTOR " CONTAINS THE SECTOR ADDRESS (L Tp 32 0CTal)
219 H

228 0630336 (22002 SECTQR: 2 ;1 TD 32 oCrAL

221 i

222 JPROGRAM LOCATION ™ TRACK " CONTAINS THE TRACK ADDRESS (2 To 114 oCTAL)
223 i

224 pRRI4E Q00020 TRACK: 8 i @ 0 114 OCTAL

225% H

226 JPROGRAM EQUIVALENTS

227 i

228 020049 DONEBITw4p

229 240000 INITs42000

239 290342 BUFFER=,

231 300542 ,WBUFFER+222

232 200001 JEND

Figure 4-23 RXI11/RXV11 Empty Buffer Example
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111 ;THE FOLLOWING 1S A PHOGRAMMING EXAMPLE OF TWE PROTOCOL REQUIRED TO
112

3
113 iFILL THE BECTOR BUFFER WITH 128 8-81T BYTES
114 H
115 } NOTE: TWE DATA T0 FILL THE SECTQR BUFFER CAN BE ASSEMBLED IN CORE IN THE
116 i EVEN AQDRESSES BYTES OF (28 W0ADS OR [N BOTW BYTES OF 64 WORDS
117 i
118 900156 12767 177773 D@BLl42 FENTRY: MoV #<18, PTRY ; 8 TRYS TO PILL THE SECTOR BUFFER
119 200164 012700 020342 SETUP1I MOV #BUFFER, RO ; PROGRAMS DATA BUPFER
120 9200178 316767 02301493 176772 MOV COMMAND, RXCS i ISSUE THE COMMAND
121 [
122 SWALT FOR A TRANSFER REQUEST FLAG BEFQRE TRANSFERRING DATA FRQM THE PROGRAMS
123 }
124 ;OATA BUFFER TO THE RXP1 SECTOR SUFFER
125 H
126 iWAIT FOR A DONE FLAY TQ [NDICATE TME COMPLETION OF THE FILL BUFFER COMMAND
127 '
128 JPRIOR To TESTING THE ERRQR FLAG
129 H
130 BPOL76 189767 176766 LooP!  TSTB RXCS i TEST FOR TRANSFER REQUEST FLAG
131 202202 oe1414 nMl FILL ; BEQ IF TRANSFER REQUEST FLAG SET
132 000204 32767 04PB4R 176756 BIT #DONEBIT, RXCS i TEST FQR TWE DONE FLAG
133 @ee2i2 901771 BEQ LOOFP ; BEG UNTIL THE DONE FLAG SETS
134 i
135 JTHE DONE FLAG IS SET
136 i
137 JTEST FgR ANY ERRQRS (QNLY ERROR POSSIBLL IS A PARITY ERRQR)
138 i
139 o@B214 209767 176752 TSY RXCS
149 p@0228 001001 BNE 18
141 @00222 200920 HALT i NO CRRORS « 0K » COMPLETE
142 i
143 i INCREMENT AND TEST THE PARITY ERROR RETRY PROGRAM LOCATIQN " PTRY "
144 H
145 {AND RETRY THE CQMMAND UNTIL THE ERRQR RECQVERS
146 i
147 JOR UNTIL THE PTRY COUNTER OVERFLQWS Tp 2
148 [
149 908224 20%267 000076 188 INC PTRY
159 000232 201358 BNE SETUP ; RETRY TO FILL THE SECTOR BUFFER
151 808232 20020 HALT ; MARD PARITY ERROR
152 i
153 iTHE TRANSFER REQUEST FLAG 1S SET
154 i
155 ;TRANSFER DATA FROM THE PROGRAMS DATA BUPFER TQ THL RX®Y{ SECTOR BUFFER
156 J
157 288234 113867 176732 FILL: MQVB ®(R3)+, RXDB ; PROGRAMS DATA BUFFER 1S 64 WORDS IN LENGTW
158 000248 2007%6 BR LOOP

Figure 4-24 RXI11/RXVI11 Fill Buffer Example

4.2.6 Error Recovery

There are two error indications given by the RX11/RXVI11 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
RDY bit is not going to be interrogated because the
RX2ES is in the interface register at the completion
of every function.
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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 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 to 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 RXO02 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 RX02.

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.

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
RX02 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.
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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

4.32.1 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.

1% 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

RX EXT
niTl ADDR DEN| TR FUNCTION | GO

T [ ] I
ERROR RX02 INTR UNIT
ENB SEL

DONE MA-1906

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.

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.
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Bit No.  Description

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 RX211/RXV21 needs data or has data avail-
able. This is a read-only bit.

8 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.

9-10 Reserved for future use. Must be written as zero.

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

12-13 Extended address — These bits are used to declare an extended bus address. These are write-
only bits.

14 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 RX2CS.

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 wiil also read sector 1 of track 1 on drive 0 into the buffer.

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.

4.32.2 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 RXO02 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.

4.3.2.3 RX2TA - RX Track Address (Figure 4-26) - This register is loaded to indicate on which of the
1143 (0-7619) 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.
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1 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

0

~

v
NOT USED 0-1144

CP 1510

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

32g (1-2640) sectors a given function is to operate. It can be addressed only under the protocol of the
function in progress (Paragraph 4.3.3).

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

0 0 0

~—
NOT USED 1-32

CP-1511

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 1281¢. For a single density sector the maximum word count is 641¢. 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 00

0-128,,

MA-1868
Figure 4-28 RX2WC Format (RX211/RXV21)
4326 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).
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MA-1869

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

4.32.7 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).

4.32.8 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 01 00

N ) I I |
Y
NOT USED  NXM DRV DRV | RX
RDY DEN | ACLO
WC UNIT DD DEN ID CRC
OVFL | SEL ERR RESERVED
RESERVED
MA-1870

Figure 4-30 RX2ES Format (RX211/RXV21)

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 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.
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Bit No. Description

5 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.

6 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.

7 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.

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

10 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.

11 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.

4.3.3 Function Codes

Fellowing 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

011 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.
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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 theword 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.

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, words stored in the internal buffer followed by a CRC character which is automatically calcu-
lated by the RX02. The RX211/RXV21 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 RX02.
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.
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4.3.3.4 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.

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.
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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.

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 | <15:8> Word Count Register

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

Word 4 <7> Unnit 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 t

4.3.3.9 RXO02 Power Fail - When the RX02 control senses a loss of power within the RX02, it will
unload 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.

When the RXO02 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 1 of track 1, on drive 0

Assert Initialize Done in the RXES.

hale i S

* 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 | = bit 6, Head Load = bit 5, Density of Drive 0 =
bit 4, Density of Read Error Register Command = bit 0.

t 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 reacheed on a seek error,
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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.

4.3.4 Error Recovery

There are two error indications given by the RX211/RXV2l 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/RXV21 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 O 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/RXV21 Programming 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 RX211/RXV21 Write/Fill Buffer Example

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.
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Figure 4-32

oSBTIL MOVULE 2,¢ = ReAD SUBROUTINE

IxPUTE  NOP

MOV UTT,Crb JSELECT ORIVE

BIS 8127,CMD $SET READ COMMAMD + [NT ENB
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RX211/RXV21 Read/Empty Buffer Example
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CHAPTER 5
THEORY OF OPERATION

This chapter describes the functional operation of the hardware and uCPU software of the RX02
Floppy Disk System. This information combined with the programming information and descriptions
contained in the other chapters should give the reader an understanding of the RX02 Floppy Disk
System theory of operation.

The first section of this chapter describes the overall system block diagram and the interconnection
between system assemblies; the second section describes the interface modules; and the third section
describes the assemblies housed within the RX02 cabinet. (Reference should be made to the PDP-11
Peripherals Handbook, the Microcomputer Handbook and the PDP-8 Small Computer Handbook for
input/output transfer information for each computer.)

5.1 OVERALL SYSTEM BLOCK DIAGRAM
The floppy disk system consists of four elements (Figure 5-1):

l. Drive mechanics, which includes actuators and transducers (up to two per controller) to
read/write data.

2. Read/write electronics, which transfers control and data signals between drive mechanics
and control logic.

3.  Microprogrammed controller, which includes all control logic.

4. Bus interface module, which transfers control and data signals between the host processor
bus and the RX02 microprogrammed controller.

Operation of the RX02 Floppy Disk System is governed by the host processor. General functions
(such as write data, read data) to be performed are initiated by the processor and coupled through the
interface module to the uCPU controller. The uCPU decodes the general function, and using its own
microprogram, initiates specific functions to accomplish the general function. The uCPU output gov-
erns the read/write electronics which in turn develop the necessary signals to position the read/write
heads in the desired location in order to read or write data. The data paths between each of the
elements is bidirectional so that for reading, the data flow is from the disk to the read/write electron-
ics, to the uCPU, to the interface, and then to the host processor; for writing, the data flow is reversed.

5.1.1 Omnibus to RX8E/RX28 Interface Signals

The RX8E/RX28 interface communicates with the PDP-8 Omnibus via the signals shown in Figure 5-
2 and described below.

DATA BUS - Twelve parallel bits of data are transferred along a bidirectional bus for both input and
output data between the AC register in the processor and the interface register in the interface module.
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MEMORY DATA BUS - This signal provides 1/O transfer (IOT) instructions from memory to the
interface.

TP3 H, TP4 H - These signals are used to clear the flag and clock the interface register of the interface
in transferring data along the data bus.

INTERNAL I/O - This signal is grounded by the interface selector decoder to inhibit decoding any
internal Omnibus 1/0 transfer (I0T) instructions. Failure to ground this line will result in long 10T
timing.

SKIP L - An IOT checks the flag for a ONE state. If the flag is set, SKIP L is asserted and the address
of the program counter (PC) plus one is loaded into the central processor memory address (CPMA)
register to implement a skip.

INT RQST L - This signal is part of the Omnibus interrupt structure. It is the method by which the
interface signals the processor that it has data to be serviced.

C0, C!I - Signals CO and C1 determine the type of transfer between the interface and the processor.
These signals control the data path within the processor and determine if data is to be placed on the
data bus or received from the data bus. They are also used to develop the necessary load control signals
required to load either the accumulator (AC) or the program counter (PC) in the processor.

INIT H - INIT H is a signal used to clear all flags in the interface and initialize the RX02.

1/0 PAUSE L - This signal is used to gate the select and operation codes into the programmed 1/O
interface of the PDP-8 decoders.

5.1.2 Unibus to RX11/RX211 Interface Signals
The RX11/RX211 interface communicates with the PDP-11 Unibus via the signals shown in Figure 5-
3 and described below.

ADDRESS (A Lines) - The 18 address lines are used by the CPU to select the device register addresses
of the RX11/RX211 which are 177170 (RXCS) and 177172 (RXDB).

DATA (D Lines) - The 16 parallel data lines are used to transfer information in and out of the inter-
face.

MSYN L - This signal is the master synchronization control signal that is initiated by the device that
has control of the Unibus for data transmission.

SSYN L - This signal is the slave synchronization control signal that is initiated in response to an
MSYN L signal from the processor or another device that has control of the Unibus and is about to
send data.
NPR L - This signal from the processor will inhibit the interface from issuing a bus grant.

NOTE

The RX11 is not an NPR device. The RX211 is an
NPR device.

CI L - This bus signal is coded by the master device to control the slave in Data In mode (passing data
to the Unibus) if it is negated, and Data Out mode (passing data from the Unibus) if it is asserted.
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Figure 5-3 Unibus to RX11/RX211 Interface Signals

INIT L - This is the signal asserted by the processor when the START key on the console is pressed,
when a RESET instruction is executed, or when the power fail sequence occurs. This signal will in-
itialize the system.

INTR L - This signal is asserted by the interface when it has bus control during an interrupt sequence.
It directs the processor to go to interrupt service routine.

SACK L - This signal is sent by the interface to the processor in acknowledgment of Unibus control
being transferred to it. This signal inhibits further bus grants by the processor.

BBSY L - This is the signal sent by the interface when asserting master control of the Unibus. This
signal follows the SACK L signal.

BR (7:4) - These four priority bus request lines are used by the interface to request bus mastership.
Each device of the same priority level passes a grant signal to the next device on the line, unless it has
requested bus control; in this case, the requesting device blocks the signal from the following devices
and assumes bus control.

BG (7:4) - These are four priority bus grant lines corresponding to the four request lines. The proces-
sor uses them to respond to a specific bus request.

5.1.3 LSI-11 Bus to RXV11/RXV21 Interface Signals
The RXV11 or RXV21 interface module communicates with the LSI-11 via signals shown in Figure 5-
4 and described below.

BDALO:15L ( Data/Address) - The 16 data/address lines are used by the CPU to communicate data
and address information in and out of the interface module.
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Figure 5-4 LSI-11 Bus to RXV11/RXV21 Interface Signals

BDIN L - This signal is used with BSYNCL to indicate that the CPU is ready to accept data. When
used without BYSNCL, it is used to indicate that the CPU has an interrupt in progress.

BDOUT L - This signal is used by the CPU to indicate that valid data is available on BDAL 0-15.

BRPLY L - This signal is asserted by the interface module to indicate to the CPU that it has either
accepted data from the bus or placed data on the bus.

BSYNC L - This signal is the master synchronization control signal asserted by the master device
when it has control of the bus for transmitting an address.

BIRQ L - The interface asserts this signal to indicate to the CPU that it has data to be processed.

BIAK IL, BIAK OL - BIAK IL, interrupt acknowledge in, is asserted by the CPU in response to a
BIRQL. If the interface 1s not asserting BIRQL, it will pass the signal via BIAK OL to the next device.

BBS7 L - The master device asserts this signal when an address in the 28K-38K range is placed on the
bus.

BINIT L - This signal is asserted by the CPU to initialize or clear the interface module as well as all
devices connected to the 1/0 bus.

BDMGI L, BDMGO L - BDMGI L, DMA grant-input, is asserted by the CPU and routed to the first
device on the bus. If the device is not requesting the bus, the signal is routed to the next device via
BDMGO L.
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BWTBT L - This signal, write/byte, is asserted during BSYNC L to indicate that an output sequence
is to follow; it is also asserted during BDOUT L for byte addressing.

BADI6 L, BADI7 L - Extended address bits.

BDMRL - This signal, direct memory access request, is asserted by the interface to request bus master-
ship.

BPOK H - This signal indicates the processor power supply operation is normal.
BSACK L - This signal is asserted by the interface to indicate it is bus master.
5.1.4 Interface Module to unCPU Controller Signals

The pCPU controller and interface modules communicate via the signals shown in Figure 5-5 and
described below.

RX DATA L
RX DONE L |
RX TRANSFER REQUEST L _

RX SHIFT L
uCPU RX OUT L “1 INTERFACE
CONTROLLER

o

-

RX ERROR L
RX RUN L

RX INIT L
RX 12 BIT L (PDP-8 ONLY)

RX DMA MODE H
RX AC L

MA-2009

Figure 5-5 Interface to uCPU Controller Signals

RX INIT L - The RX02 will negate DONE L and move the head position mechanism of drive 1 (if it
exists) to track 0. The RX02 will also read sector | of track 1 of drive O and then assert DONE L
without error upon successful completion of the function.

RX DONE L - This signal, asserted low, indicates that there is no RX02 function in progress. In-
itiating any function will cause DONE L to be negated for the duration of that function. Attempting to
initiate any function other than Initialize while DONE L is negated is illegal and may result in an error.

RX RUN L - This signal initiates communication between interface and controller. RUN L, asserted
while DONE L is true, passes a command from interface to controller serially. DONE L will be
negated until the command has been executed (or until Initialize is asserted). RUN L, asserted while
DONE L is false, signals transfer of data to or from the controller. All control lines to the controller
must be stable 75 ns before RUN L is asserted.
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RX OUT L - This signal indicates the direction in which the RX02 is prepared to transfer data. When
OUT L is asserted, the direction of transfer is from controller to interface. When OUT L is negated,
the direction is from interface to controller. OUT L is never asserted while DONE L is true, and OUT
L is negated by Initialize.

RX TRANSFER REQUEST L (TRL) - This signal with RUN L and OUT L forms a bidirectional
handshake set. On transfers from controller to interface (OUT L asserted), TR L going true indicates
that the next data element has been transferred to the interface register. The transfer of the following
data element will be initiated by asserting RUN L. This will negate TR L until the new data element
has been assembled in the interface.

On transfers from interface to controller (OUT L negated), TR asserted indicates that the controller is
prepared to accept the next element of data. The arrival of the new data element will be signaled by
assertion of RUN L. Assertion of RUN L while TR L is negated is an error.

RX DATA L - This is a bidirectional line for transfer of data to and from the controller. A parity bit is
appended to the serial data stream by the interface when the direction of the data transfer is into the
controller. The controller will interrogate the parity bit for validity.

RX SHIFT L - The SHIFT L pulse strobes information to or from the controller bit-by-bit via the
DATA line.

1. Interface to Controller Transfer - OUT is negated and the transfer of either commands or
data words begins with the assertion of RUN L. Following the assertion of RUN L, DONE
L or TR L will be negated and a number of SHIFT L pulses will occur. The number depends
on the length of the data element to be passed.

The first bit of data (or command) must be stable when RUN L is asserted. The SHIFT L
pulse width is 200 ns nominal. SHIFT L pulses will not occur more often than every 400 ns.
Subsequent bits of data may be brought up on the trailing edge of SHIFT L. DONE L or
TR L will be reasserted foliowing the last SHIFT L pulse.

2. Controller to Interface Transfer - QUT is asserted and the assertion of TR L indicates the
controller’s readiness to transfer data. Assertion of RUN L will negate TR L and initiate a
train of SHIFT L pulses. The data is to be sampled on the leading edge of SHIFT L and is
valid only while SHIFT L is asserted. TR L will be reasserted at the end of each element of
data. DONE L will be asserted following transfer of the last element of data in a block.

RX 12 Bit L - This signal is asserted by the interface to controller and determines the number of shift
pulses generated by the controller for each byte transferred.

Signal 12 Bit L asserted will produce 12 SHIFT L pulses for data transfer between the interface and
controller upon the assertion of RUN L. Signal 12 Bit L negated will produce eight SHIFT L pulses
for data transfer between the interface and controller upon the assertion of RUN L. This line must
remain asserted throughout the entire data transfer. When data is transferred, the most significant bit
is transferred first.

NOTE
Signal 12 Bit L is only asserted by a PDP-8 interface
for 12-bit words. It is never asserted by a PDP-11 or
LSI-11 interface.
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RX ERROR L - This is an error summary bit generated by the controller that sets when any error is
detected. The detection of ERROR L stops all controller action and asserts DONE L and the Error
flag. This line is cleared by INIT L or the initiation of a new function.

RX DMA MODE H - This line is asserted to indicate direct memory access mode of operation.
RX AC L - This line is asserted when the RX02 has lost power.
5.1.5 uCPU Controller to Read/Write Electronics Signals

The uCPU controller and read/write electronics communicate via the signals shown in Figure 5-6 and
described below.

DRV READ STROBE H
DRV SEL HDO H

DRV SEP CLK H

DRV WRT GATE H

DRV ERASE H

DRV OUT/ABOVE TRK 43
DRV LOAD HEAD H

DRV WRITE DATA

R/W . DRV STEP L uCPU
ELECTRONICS [* CONTROLLER
DRV SEL TRKO H

DRV SEL INDEX H
DRV SEP DATA H
DRV SEL DK1 H
AC LO L

DRV READ 2F L
DRV LOCK CLK H
MAINT MODE H

Y

MA-2010

Figure 5-6 uCPU Controller to Read/Write Electronics Signals

DRV OUT/ABOVE TRK 43- When writing data, this signal is asserted by the controller to select the
lower of two write current levels when operating on a track above 43. As the head moves closer to the
center of the disk, the bit density increases as linear velocity decreases, necessitating a reduction in
write current. When reading data, this signal determines the direction in which the head will move in
response to a STEP L signal; when OUT/ABOVE TRK 43 is asserted, the heads will travel toward the
outer edge of the disk.

DRV WRITE DATA - This signal conveys the complete data stream to the read/write electronics at
TTL logic levels. Each transition on this line results in a flux reversal on the disk.

DRV SEP DATA H - This signal conveys the complete data stream recovered from the diskette. It is

asserted with READ STROBE H and remains valid for 4 us for single density data and 2 us for double
‘density data.
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DRV SEL DKI H - This signal uniquely selects one of the two possible disk drives. The assertion of
this line will select logical drive 1 for use. Unit 0 is physically the left-hand unit in the rack.

DRV WRITE GATE H- This signal is asserted by the controller to enable the selected write drivers.
This level must be asserted prior to the beginning of the data field to be written and is negated after the
last bit of the data field. This timing is completely under microprogram control.

DRV ERASE H - This signal is used in conjunction with DRV WRITE GATE H to enable the tunnel
erase drivers. It is asserted and negated after the assertion of DRV WRITE GATE H, with timing
determined by the microprogrammed controller.

DRV LOAD HEAD H - This signal is asserted by the controller to hold the media against the selected
head.

DRV STEP L - This signal is asserted twice by the controller to change head position by one track in a
direction determined by signal OUT H. There are two step pulses per track for each track to be stepped
(6 ms step time per track).

DRV SEL TRK O H - This signal is asserted by the selected drive to indicate that its head is positioned
over track O.

DRV SEL INDEX H - This signal is asserted by the selected drive to indicate that the head index hole
has been detected. This occurs once per revolution and is used by the control to time operations and
detect “‘up to speed.”

AC LO L - This signal is asserted by an Initialize signal from the controller to the drives, during and
after a loss of power (an initialize is provided over this line).

DRV READ STROBE H - This signal is asserted by the selected drive to indicate that SEP DATA H
and SEP CLK H are valid and may be stored. This signal is asserted for approximately 1 us every 4 us
for single density and every 2 us for double density.

DRV SEL HD O H - This line (for future use) selects one of two possible heads on a disk drive.

DRV SEP CLK H - This line indicates that a separated clock has been detected in a data stream. SEP
CLOCK H is asserted with READ STROBE H and remains valid for 4 us for single density and for 2
uss for double density.

DRV READ 2 F L - This signal controls the density at which the phase lock loop (PLL) will acquire
and/or maintain phase lock.

DRV LOCK CLK H - This signal controls the phase lock loop (PLL) and preamble detection so that
the PLL will acquire phase lock during the six bytes of zeros preceding the ID, Data, or deleted data
address marks. The PLL does not function when LOCK CLK H is negated.

DRV MAINT MODE H - When asserted, the R/W electronics are exercised without storing or re-

trieving data from the media. This mode tests the digitized portion of R/W electronics including
preamble recognition circuitry, the PLL, and the data separator.

5.1.6 Read/Write Electronics to Drive Signals
The read/write electronics and drive(s) communicate through five sets of signals per drive as shown in
Figure 5-7 and described below. The plug designations for the cabling are also shown in Figure 5-7.

HEAD - This is an analog signal that conveys data to and from the drive head.
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Figure 5-7 Read/Write Electronics to Drive Signals

INDEX - This is a set of signals connected to a LED-phototransistor pair which locates the index hole
for determination of diskette rotational position and speed.

TRACK 00 - This is a set of signals connected to a LED-phototransistor pair, which indicates posi-
tioning at track O.

HEAD STEPPER - This signal is output from the read/write electronics, which moves the head from
track to track.

HEAD LOAD SOLENOID - These signals activate a solenoid to hold the head against the diskette
during a read/write operation. The head is unloaded from the diskette to reduce diskette wear when
not performing a read/write operation.

5.2 INTERFACE MODULES BLOCK DIAGRAM DESCRIPTION

The following paragraphs contain functional block diagram descriptions of each of the interface mod-
ules used with the RX02.

5.2.1 RXS8E/RX28 Interface (M8357) Block Diagram Description
Figure 5-8 presents a block diagram of the RX8E /RX28 interface. The E references on the diagram are
IC chip designations on the RX8/RX28 print set, which is a separate document.

5.2.1.1 Device Select and IOT Decoder - The device select and IOT decoder logic decodes instructions
from the memory data bus and generates signals to the interrupt control and skip logic, the C line
control logic, and the sequence and function control logic.
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Device selection codes are determined by the switch configuration with relation to the state of MD6,
MD7, and MD8. When the correct code for the RX8E/RX?28 is input to the device select logic on
MDO03 L-MDO08 L and I/O PAUSE L is asserted, MD09 L-MD 11 L are decoded by the decoder E41
and signal INT I/O is asserted on the Omnibus. I/O PAUSE L is present anytime an IOT instruction
is being executed by the program. INT I/O L prevents the processor from executing other I1/O trans-
fers (IOTs) while this instruction is being executed.

Decoder E41 is a BCD to decimal decoder. All Os applied to inputs D0-D3 (D3 is MSB) will cause pin
1, which is unused, to be asserted low. An input of 001 will cause signal LCD IOT L to be asserted. An
input of 010 (decimal 2) will cause XFER IOT L to be asserted. Therefore, for each function code
input on MD09 L-MDI11 L, only one of the decoder output lines will be asserted. The function codes
are further explained in Paragraph 4.1.2.

5.2.1.2 Interrupt Control and Skip Logic - The interrupt control logic asserts the BUS INT RQST L
signal on the Omnibus. Bit 11 of the data bus must be set and an INTERRUPT IOT L must be
decoded by the interface to set the interrupt enable flip-flop. The combination of the interrupt enable
and buffered done flip-flops will assert BUS INT RQST L. Setting the buffered done flip-flop indicates
that no RX02 function is currently in progress.

The skip logic implements the three IOT commands Skip on Transfer Request Flag (STR), Skip on
Error Flag (SER), and Skip on Done Flag (SDN) as described in Paragraph 4.1.2.

NOTE
When using these instructions, the respective flags
are cleared after they are tested.

Signal SKIP L will be asserted if any of the above instructions are decoded by the IOT decoder and the
respective flag has been asserted by the RX02.

The RX8E/RX28 asserts the flags by causing a positive transition on the clock inputs of flip-flops
XFER REQ, ERR, and DONE. The signal MAINT (1) L will directly set the skip flags to allow the
skip IOTs to assert the BUS SKIP L signal when decoded by the IOT decoder.

5.2.1.3 C Line Select Logic - The C line select logic (E10, E12, E14) controls the direction of data
flow between the processor AC and the data bus and determines whether or not the AC is cleared upon
completion of the transfer. CO L will be asserted during a load command (LCD) instruction when
signal LCD IOT L is asserted. Assertion of C1 L requires XFER IOT H to be asserted and either
MAINT (1) L or B DONE L to be asserted or WRT H to be negated. Data transfers occur under the
control of the C bits according to Table 5-1.

5.2.1.4 Interface Register - The interface register (E9, E21, E3) is made up of three 8271 4-bit shift
registers. This register temporarily stores data during transfers from the Omnibus to the RX02 pCPU
controller or during transfers from the uCPU controller to the Omnibus.

During a data transfer from the Omnibus (Fill Buffer), the 12 parallel data lines to the register are
enabled by signal RX8 SEL L from the device select logic. Data is parallel-loaded into the register
when signals ENB BUFF LOAD L and CLK BUFF L are asserted. In shifting data out of the register
serially for transmission to the uCPU controller, ENB BUFF LOAD L must be negated. Signal CLK
BUFF L from the sequence and function control logic clocks data out of the buffer (Paragraph
5.2.1.5).

During data transfer to the Omnibus (Empty Buffer), serial data from the uCPU controller is shifted
into the buffer. ENB BUFF LOAD L must be negated while CLK BUFF L supplies the clock pulses.
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Table 5-1 C Line Transfer Control Signals

Type of Transfer CO0| C1 | Action Required by RX8E/RX28 Action by Processor
Interface

Output AC to data H |H |Load data bus into buffer. Transfers AC to data

bus; AC unchanged. bus. AC remains un-
changed.

Output AC to data L |H |Load data bus into buffer. Transfers AC to data bus

bus; AC cleared Ground CO0. and clears AC.

Input AC-ORed H |L |Gate peripheral data to data bus. AC-ORed with periph-

with peripheral data Ground Cl. eral data.

Jam input data bus L |L |Gate peripheral data to data bus. Transfers data bus to AC

to AC. Ground CO0 and Cl. register.

The parallel data is enabled from the outputs of the register when MAINT (1) H, RDH, or BDONE H
is asserted, and when XFER IOT L is asserted as decoded by the IOT decoder. Only eight bits of data
will be output if signal 8/12 (0) H is low; otherwise, 12 bits will be transmitted.

5.2.1.5 Sequence and Function Control Logic - The sequence and function control logic performs six
distinct functions:

Controls loading and shifting of the interface register to and from the uCPU controller.
Senses 8- or 12-bit mode and outputs RX 12 BIT L.

Senses maintenance conditions.

Generates INIT L signal to the uCPU controller.

Generates RUN L signal to the uCPU controller.

Generates a parity bit for the serial bit stream to the RXO02.

SNk W —

Interface register operation is controlled by signals ENB BUFF LOAD L and CLK BUFF L gener-
ated by the sequence and function control logic. To assert ENB BUFF LOAD L, signal RX OUT L
cannot be asserted and either RX TRANSFER REQUEST L or RX DONE L must be asserted.

In parallel data entry to the buffer, CLK BUFF L will be asserted if any of the following conditions
hold:

1. ENB BUFF LOAD L is asserted
2. Either LCD OR XDR instructions are being performed
3. Signal BUS TP3 H is asserted.

In serial data entry to the buffer, the CLK BUFF L pulses are derived from the RX SHIFT L pulses
from the uCPU controller.

The 8/12 flip-flop will set and signal 8 /12 (1) H will be asserted if BUS DATA 5 L is asserted during a
Load Command (LCD) operation. Signal 8/12 (1) H is used to control whether 8 or 12 bits of data are
transferred to or from the Omnibus and whether 8 or 12 bits of data are transferred between the
interface and the uCPU controller.
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The MAINT flip-flop will set, and signal MAINT (1) H will be asserted if BUS DATA 4 L is asserted
during a LCD operation. Signal MAINT (1) H is used to allow parallel writing and reading of the
interface register from the Omnibus. It is also used to assert signal RUN L and C line control signals.

An initialize signal to the uCPU controller (RX INIT L) is generated either by a BUS INIT H signal
from the Omnibus or an INIT IOT L decoded from the IOT decoder.

The RUN L signal, which is used to initiate communication between the interface and uCPU con-
troller, is asserted by setting the run flip-flop. This flip-flop is clocked either in Command Transfer
mode when LCD IOT H is asserted or Data Transfer mode to or from the pCPU controller when
XFER 10T H is assertea. (RUN L cannot be asserted if DONE L is asserted.) RX BUSY L and INIT
L must both be high for a RUN L signal to be asserted. Assertion of either RX BUSY L or INIT L will
clear the run flip-flop.

5.2.2 RXI11 Interface (M7846) Block Diagram Description
A block diagram of the RX11 interface is shown in Figure 5-9. The E references are IC chip designa-
tions on the RX11 print set, which is a separate document.

5.2.2.1 Address Decoder - The address decoder determines whether this interface is being addressed
and whether control information or data is being transferred.

The hardware E20, E24, E27, E30 is a logic network that decodes two discrete addresses assigned to
the RX11. Address bits (17:13) must always be asserted to satisfy the decoder. The state of address bits
A (12:03) is determined by the placement of jumpers A12-A3 on the board. For each of these bits, one
8242 exclusive-NOR gate is used. Insertion of aa jumper for a particular bit position stores a 0 on one
leg of the 8242 so that a 1 appearing on the other leg causes the output to go low. This is a mismatch
condition which is met when the associated address bit is a 1. When both legs match (1s or Os on both),
the output is high. The output of these 12 gates are wire-ORed and applied to pin 9 of the E2§ gate. Pin
10 of thiss gate receives the NANDed signal of A (17:13) and BUS MSYN. Pin 8, the output of this
gate, is signal REG SELECT L and is asserted when the proper Unibus addresses are decoded.

The states of address bits A02 and A0l and REG SELECT L are used to produce signals SELECT 00
H or SELECT 02 H. If BUS A0l L is asserted, SELECT 02 H is asserted. If BUS A0l L is negated,
SELECT 00 H is asserted. These signals, in turn, allow access to the RXCS register when SELECT 00
H is asserted, or to the RXDB register when SELECT 02 H is asserted. (Refer to Paragraph 4.2 for
register descriptions.)

5.2.2.2 Data Path Selection - Data path selection logic provides the input/output path for data.
Signal BUS CI1 L from the Unibus controls whether a Data Out or Data In operation is to be executed.
Assertion of BUS CI L indicates Data Out (from Unibus), and negation of BUS C1 L indicates Data
In (to Unibus). Signals OUT H and its complement IN H are derived from BUS C1 L and are input to
bus transceivers E4 and E7. With BUS C1 L negated and SELECT 02 asserted, all eight bits from the
data buffer are enabled through the bus transceivers. With BUS C1 L negated and SELECT 00 H
asserted, only lines BUS D04-BUS D07, providing control and status information (RXCS), are en-
abled. With BUS C1 L asserted, none of the transceivers are enabled, and data is being input from the
Unibus on lines BUS D00-BUS DO07.

Multiplexer El controls passage of status and control information (RXCS) in the form of signals
DONE H, INIT ENB (1) H, and TRANSFER REQUEST H from the sequence and function control
logic or passage of data from the read/write buffer register (RXDB). If SELECT 02 H is asserted, data
is output from EI; if SELECT 02 H is negated, control information (RXCS) is output from EI.
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5.2.2.3 Interface Data Buffer Register - The interface register ES is an 8-bit, parallel load, shift regis-
ter. Data transfer through the register can take place from the Unibus to the uCPU controller or from
the uCPU controller to the Unibus.

In data transfer to the RX11 from the Unibus, parallel data is loaded into the register when RX BUSY
H is negated and LOAD H is asserted. Data is serially shifted in the register from Qa to Qu by the B
SHIFT H signal derived from the uCPU controller when RX BUSY H is asserted. Serial data is shifted
to the sequence and function control logic, which transmits data to the uCPU controller (Paragraph
5.2.2.4).

Data is assembled in serial fashion for parallel transfer on the Unibus. Serial data is input at B SER
DATA H and shifted by B SHIFT H when RX BUSY H is asserted and LOAD H is negated. The
eight bits of parallel data appearing at the output of the buffer are input to the-data path selection logic
for transmission to the Unibus.

5.2.2.4 Sequence and Function Control Logic - The sequence and function control logic provides key
signals to control the interface register and the interrupt control logic as shown in Figure 5-9. Oper-
ation of this circuitry is controlled by signals from the uCPU controller and SELECT 00 H and
SELECT 02 H from the address decoder.

Signals RX TRANSFER REQUEST L, RX OUT L, RX DONE L, AND RX RUN L control data
transfer between the interface and the uCPU controller. The RX RUN L signal initiates commu-
nication between the RX11 interface and the uCPU controller. The run flip-flop E37 is set in passing
either a command from interface to controller or data between interface and controller. RUN asserted
while Done is true passes a command from interface to controller. Run asserted while Done is false
signals transfer of data to or from the controller.

Once a particular function has been decoded by the uCPU controller, it requests a data transfer by
assertion of RX TRANSFER REQUEST L. Access of the RXDB in the RX11 interface sets the run
flip-flop and thereby asserts RX RUN L. The run flip-flop is cleared either by assertion of B INIT H
or BUSY H. RX BUSY H is asserted when both RX TRANSFER REQUEST L and RX DONE L
are negated. Assertion of RX BUSY H also allows the interface register to shift serially in commu-
nicating between uCPU controller and interface.

RX OUT L from the uCPU controller determines in which direction the data transfer is about to take
place. When RX OUT L is asserted, the direction of data transfer is from controller to interface. When
RX OUT L is negated, the direction of data transfer is from interface to controller.

On transfers from controller to interface, assertion of RX TRANSFER REQUEST L indicates that
the next data element has been assembled in the RXDB. Transfer of the next data element is initiated
by RX RUN L. On transfers from interface to controller, assertion of RX TRANSFER-REQUEST L
indicates that the controller is prepared to accept the next element of data. Arrival of the next data
element will be signaled by assertion of RX RUN L.

The three signals DONE H, INT ENB (1) H, and TRANSFER REQUEST H from the sequence and
function control logic to the data path selection logic represent the three bits that may be read in the
control and status (RXCS) register. A functional programming description of this register is given in
Paragraph 4.2.

During serial data transfer from the RXDB, binary counter E3 and flip-flop E2 are used to count eight
bits of data and to append the parity bit to the data element.

An error indication from the uCPU controller results in assertion of RX ERROR L. This indication is
passed to the Unibus when a read from the RXCS to the Unibus is performed. When this occurs,
signal BUS D15 L is asserted.
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5.2.2.5 Interrupt Control Logic - The interrupt control logic receives and generates the control signals
required for the RX11 to become bus master. With signals DONE H and INT ENB H both asserted,
BUS REQUEST L will be generated if the SACK and BBSY flip-flops, E3, are not set. The BUS
REQUEST L signal is routed to the appropriate bus request line (normally BRS) through the priority
plug. Etch on the plug selects both request and grant lines. When the bus grant signal is generated by
the processor, it is routed via the priority plug and becomes signal BG IN H. This signal clocks the
GRANT flip-flop E25 and the SACK flip-flop E31. The SACK flip-flop is set because the RX11 had
requested bus mastership. The SACK flip-flop is cleared and the BBSY flip-flop set when BUS BBSY
L, BUS SSYN L, and BG IN H are negated on the Unibus. Thus the BUS BBSY L signal will be
asserted again by the RX11, which is now bus master. The BBSY signal is inverted and applied to the
vector address generator, generating the BUS INTR L signal and the vector address of 264.

5.2.2.6 Vector Address Generator - The vector address generator consists of eight bus drivers E35,
E38 that are used to generate a vector address and the BUS INTR L signals. When BUS BBSY L is
asserted by the RX11, the inputs to the bus drivers are active. Seven drivers are connected to the
Unibus data lines D (08:02) via jumpers. The placement of these jumpers determines the vector
address.

5.2.3 RXVI11 Interface (M7946) Block Diagram Description

Command and data transfers between the LSI-11 processor and the RXVI11 are executed under pro-
gram control via this module. Figure 5-10 is a block diagram illustrating the logic functions of the
interface. The E references on the diagram are IC chip designations on the the RXV 11 print set which
is a separate document.

5.2.3.1 Address Decoding Logic - Address decoding occurs on the leading edge of BSYNC L asser-
tion. SYNC H clocks address decoding logic to produce an active or passive ME H signal. The ME H
signal is a result of comparing DAL REC2-12 H bits to the address configured on address jumpers
W7-W17 at SYNC H time. When the RXV11’s address is decoded, ME H goes active, enabling an
RXV11/LSI-11 bus data or command transfer. Note that address bit DAL REC | H is applied to I/O
control logic; this bit is used in selecting either command/status (CS) or data buffer (DB) data trans-
fers.

5.2.3.2 I/0 Control Logic - I/O control logic circuits control the actual command, status, or
read/write data transfer between the LSI-11 Bus and the addressed RXV11 register. Control signals
CS H and DB H are generated by this logic function in response to address bit DAL REC | H to select
either the RXCS or RXDB register. The actual signal sequence for LSI-11 Bus cycle operations in-
volving this function are as described in the Microcomputer Handbook.

5.2.3.3 RX Data Buffer (RXDB) Register - The RXDB (E25) is the main command/data interface
function. It is an 8-bit parallel load, parallel read shift register. Parallel load occurs during DATO bus
cycle execution; RX BUSY H loads command or write data bits present on DAL REC 0-7 H into the
shift register. B SHIFT L pulses then serially shift the command or data byte bits out of RXDB bit
DO7 L and into the serial bus interface and parity logic. Serial command/data and parity bits are then
shifted to the controller via the bidirectional RX DATA L signal.

During a data read operation, the process is reversed. Controller serial data bits are received via the
RX DATA L signal, serial bus interface and parity logic, and shifted into the RXDB via SER DATA
H. Once the data byte is available, a DATI bus cycle can be initiated. Parallel read data bits D0-7 L
are gated through input data select logic and routed over TDAL 0-7 H to bus transceivers which place
the read data onto BDAL 0-7 L.

5.2.3.4 RX Command/Status (RXCS) Register - The RXCS function is actually not a register. It is a

group of command/status bits which are program-accessible via a register address. Only 10 of the 16
RXCS bits are used. Six are write-only bits, three are read-only bits, and one is a read/write bit.
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During an RXCS read operation, CS H and READ CS H go high, enabling the status of ERROR H,
TR, INT ENB (1) H, and DONE bits onto BDAL 15 L, BDAL 7L, BDAL 6 L, and BDAL 5L,
respectively. Note that input data select logic routes bits 5, 6, and 7 as during the RXDB read oper-
ation.

During an RXCS write operation either a command (contained in RXCS bits 1-3) is being transmitted
to the RX02, interrupts are being enabled or disabled (RXCS bit 6 set or reset), or the RXVI11 is being
initialized (RXCS bit 14 is set). RXCS bit 0 (Go bit) is a logical 1 during an RXCS write operation
when a command transfer is being executed. This causes the RXDB to parallel-load the command byte
and serially transmit it to the controller, as previously described for a data write operation. When
RXCS bit 0 is a logical 0 during an RXCS write operation, the command bits are not transmitted to
the controller. Instead, the RXV11 is either being initialized (RXCS bit 14 = 1) or the INT ENB
(RXCS bit 6) bit is being set or reset.

5.2.3.5 Status and Control Signal Interface Logic - The status and control signal interface logic is the
control interface between the controller and the RXV11 interface logic. All control and timing signals
required for command or status transfers between the RXV11 interface and the RX02 directly involve
this logic function. TR, DONE, and ERROR RXCS signals are produced by this logic function.

5.2.3.6 Interrupt Control Logic - The interrupt control logic function contains the interrupt enable
flip-flop (RXCS bit 6). When set, the circuit requests interrupt service when the DONE H signal goes
active. The interrupt sequence is initiated by the logic when it asserts BIRQ L. The processor responds
by asserting BIAKI L and BDIN L, causing VECTOR H and VECTOR L to go to their respective
active states. VECTOR H and VECTOR L cause input data select logic to enable the vector address,
configured by jumpers W1-W6, onto the BDAL bus. The actual sequence of operations for interrupt
operation is described in the Microcomputer Handbook.

5.2.3.7 Initialize Logic - Initialize logic is activated whenever a DATO cycle is executed with the
RXCS, and BDAL 14 L is asserted. This is equivalent to writing a logical 1 into RXCS bit 14. The
logic responds by generating an active RX INIT L signal (pulse) which initializes the floppy disk drive.
RX INIT L only remains active for the duration of the bus cycle.

5.2.4 RX211 Interface (M8256) Block Diagram Description

The RX211 transfers commands and data between the RX02 Controller and the PDP-11. The RX211
is an NPR device which functions as a slave when receiving commands from the PDP-11 and functions
as a master when making data transfers. The interface is selected for use by a unique address (normally
177170 for command and status register and 177172 for the data buffer register) which is decoded by
the interface so that the command or data can be processed. Figure 5-11 is a block diagram of the
RX211 showing the major signal flow to/from the various functional groupings of the module. The E
references on the diagram are IC chip designations on the RX211 print set which is a separate docu-
ment.

5.2.4.1 Address Decoder, Buffer Selector, SSYN Register - When the PDP-11 has a command to be
processed by the RX211, address data (BA) and a delayed MSYN signal are placed on the bus. The
address bits are decoded by the address Decoder, which by placement of jumpers on E74 (jumper
inserted = 0, jumper removed = 1) so that the address and jumper are equal, asserts REG SEL L when
MSYN is asserted with the correct address. (Address bits 13:17 are always high.) The REG SEL L
along with PROC OUT, which determines direction of transfer, enables the buffer selector circuits to
decode BAOI, 02 to develop signals which enable the data on the data lines to be entered either into the
command and status (C&S) buffer or into the data buffer. When BAOI, 02 are both low, data is
entered into the C&S buffer, and when BAOI is high and BAO2 is low, data is entered into the data
buffer. The asserted REG SEL L is also applied to and enables the SSYN register which generates
delayed SSYN OUT signals that are applied to the interface control to establish RUN conditions and
to the PDP-11 to indicate that the address has been recognized.
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5.2.4.2 Command and Status Buffer - Command information on the data lines is entered into the
command and status (C&S) buffer circuits when WRT CSR H and SEL CSR H are asserted. The
command data is entered in register E37 by WRT CSR H and shifted to the output of multiplexer E14,
E8 as MDATA by SEL CSR H. When SEL CSR H is negated, data from the data buffer is output
from El14, E8 as MDATA.

5.2.4.3 Data Buffer - The data buffer receives data either from the PDP-11 or from RX02 Controller
and couples the particular data to the receiving device via the data input/output circuit. Data from the
PDP-11 is parallel loaded into the data buffer ES, E20 when EN SHIFT, developed internally by TR
and BDONE, is negated and the clock signal is asserted. The parallel data is shifted serially through
the buffer from Data 0 to Data 7 and from Data 8 to Data 15 when EN SHIFT is asserted and the
clock signal is asserted. The serial data to be output to the RX02 Controller is coupled to the interface
control circuits by bits Data 7, 11, 15. (Data is transferred in 8-bit bytes and commands are transferred
in 12-bit format.) SER DATA from the RX02 Controller is serially loaded into the data buffer ES, E20
when EN SHIFT is asserted and shifted by the clock signal. The parallel output of the data buffer is
coupled to the data input/output circuits. The buffer clock signal used to shift the data in the buffer is
enabled by SHIFT and MSYN CLR EN, RX OUT, WRT REG.

5.2.4.4 Data Input/Output and TRANSMIT DATA CIRCUIT - The data input/output couples the
data to be processed between the PDP-11 and the RX02. The inputs to the El, E2, E4, E7 are C&S
data and data buffer data. When data is to be coupled through El, 2, 3, 7, XMIT DATA L is asserted
and the data is available at the output as BD (00:15). For commands, XMIT DATA L is enabled by
REG SEL L, and C&S data is applied as MDATA which is subsequently serially shifted through the
data buffer to the controller via the interface control. Data buffer data is applied as both MDATA and
DATA 1, 2, 10, 12:14 which are parallel loaded on the bus for transfer to the PDP-11. When data is to
be applied on the bus from the PDP-11, XMIT DATA L is disabled by RX OUT and PROC OUT.
During data transfers, MSYN CLR EN and EN ADDR L are low so that XMIT DATA L is con-
trolled by RX OUT which toggles according to the direction of data transfer from interface to con-
troller or controller to interface.

5.2.4.5 Address Circuits - The address circuits consist of an address counter and address in-
put/output gates which provide the means to transfer data directly to or from PDP-11 memory. For a
fill or empty buffer command, the address counter (E61, 55, 49, 32, 26) is loaded with a memory
address via the data buffer. For either of these commands, LOAD BAR and WRT REG PLS are
asserted and the counter is loaded with BD 01:15. The output of the counter is coupled through the
address input/output gates to the bus as BUSA (01:15) which represents the starting address to enter
or read from PDP-11 memory. The address counter is incremented after each word (16-bit) data
transfer by EN ADDR L which is toggled by the bus control circuit which operates in the NPR mode
for the data transfer to fill or empty the controller buffer.

5.2.4.6 Interface Control Circuits - The interface control circuits establish the conditions to transfer
commands and data to/from the controller. The function to be performed is identified as fill buffer,
empty buffer, read error code, or other by FUNCT 0, 1, 2. When a command is to be transferred,
BD00, BDONE, WRT CSR, and SSYN OUT L are used within the interface control (E39, E41) to
develop a GO signal whhich asserts RX RUN indicating a command transfer to the controller (while
RX DONE is asserted). Data for a command is coupled through the interface control (E9, E15) to the
controller via DATA 11 and RX DATA L as a 12-bit word; the SHIFT L signal is used to sequence the
interface control. If the function to be performed is fill buffer, empty buffer, or read error code, an
NPR REQ is generated to initiate a request for bus mastership. The RX211 establishes bus mastership
after data is in the interface buffer. Data is transferred between the controller and the interface in 8-bit
bytes using ENA 8 bit or ENA 16 bit to load the controller data in the data buffer or using DATA 7 or
DATA 15 to couple data buffer data to the controller. When RX OUT is negated, the TR signal is
asserted when the controller is ready to accept the next element of data; when RX OUT is asserted, the
TR signal is asserted when a byte of data is transferred from the controller. The RX DONE signal is
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asserted when the function to be performed is completed. After RX DONE is asserted, the 12-bit error
status register is transferred; then B DDONE is asserted to establish conditions for performing a new

function.

5.2.4.7 Bus Control Circuits - The bus control circuits generate the signals to establish bus mastership
along with front-end, tail-end, and data deskew delays required during data transfers. When an NPR
REQ is generated by the interface control,a BUS NPR is developed by E30 and applied to the PDP-11
processor. When the bus control circuit receives BUS NPG, it generates an acknowledge, BUS SACK
L, a BUS BSY and a delayed (200 ns) BUS MSYN indicating it has bus control. EN ADDR L is
asserted to enable the memory address to be placed on the bus. SSYN IN is applied from the slave
(memory) to indicate conclusioon of data transfer and clears the master Sync (MSYN CLR EN) sub-
sequently negating BUS BSY so another device may take over as bus master.

5.2.4.8 Interrupt Circuits - The interrupt circuits are used to generate an interrupt to return to execu-
tion of the PDP-11 program after an RXO02 function is completed. When an RX02 function is com-
pleted, BDONE iss asserted and if BDO06 (interupt enable) of the command and status word was set, a
Bus Request is generated to gain control of the bus in order to place the vector address on the bus. [Bus
Request is routed to BR (04:07) by the priority plug.] A bus grant from the processor is routed by the
priority plug as BG, which is used by E31 to generate a BR SACK signal that generates a BBSY OUT
L; the vector generator is enabled and the vector address (BD 02:08) and INTR L are output to the
processor. After receipt of the vector address data, the processor asserts SSYN and subsequently bus
mastership is released.

5.2.5 RXV21 Interface (M8029) Block Diagram Description

The RX V21 interface transfers commands and data between the RX02 Controller and the LSI-11. The
RXV21 is an NPR device which functions as a slave when receiving commands from the LSI-11 and
functions as a master when making data transfers. The interface is selected for use by a unique address
(normally 177170 for the command and status register and 177172 for the data buffer register) which is
decoded by the interface so that a command or data can be processed. Figure 5-12 is a block diagram
of the RXV21 showing the major signal flow to/from the various functional grouping of the module.
The E references on the diagram are IC chip designations on the RXV21 print set which is a separate
document.

5.2.5.1 Input/Output Transceiver, Buffer Selector - When the LSI-11 has a command to be processed
by the RXV21, address data BDAL and a BSYNC signal are placed on the bus. The address bits are
decoded by the input/output transceiver, which by placement of jumpers (W1 to W11 - jumper in-
serted = 1, jumper removed = 0) so that the jumper and address are equal, asserts MATCH when
BSYNC is asserted with the correct address. MATCH along with BSYNC, which determines direction
of transfer, enables the buffer selector to decode TSBUSI and to develop signals which enable data to
be entered either into the C&S buffer or into the data buffer. When TS BUS 1 is negated, data is
entered into the C&S buffer (WRT CSR PLS is asserted), and when TS Bus 1 is asserted data is entered
into the data buffer (WRT DB asserted). The asserted WRT CSR and WRT DB signals are also
applied to the interface control to be used to establish RUN conditions.

5.2.5.2 Command and Status Buffer - Command information on the data/address lines is entered into
the command and status (C&S) buffer circuits (E43) when WRT CSR PLS is asserted. Command data
is shifted to the output of E38, E39 as TS Bus data by RD CSR L which is asserted when the command
is placed on the input lines. The function to be performed is contained in TS BUS 1, 2, 3 which are
coupled to the interface control as FUNCT 0, 1, 2 in order to establish the conditions to subsequently
shift the 12-bit command to the controller.
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5.2.5.3 Data Buffer - The data buffer receives data from either the LSI-11 or the controller and
couples the particular data to the receiving device via the input/output transceiver. Data from the LSI-
11 is parallel-loaded into the data buffer E37, E33 when signals (LO SEL 0 and DB SEL 1), developed
internally by WRT DB, WRT CSR, RX DONE, are both asserted and the clock signal developed by
SHIFT input is asserted. The parallel data is shifted serially through the buffer from Data 0 to Data 7
and from Data 8 to Data 15 when SHIFT is asserted. The serial data, which is to be output to the
controller, is coupled to the interface control circuits by bits Data 7, 11, 15; data is transferred in 8-bit
bytes and commands are transferred in 12-bit format, SER DATA from the controller is serial-loaded
into the data buffer using ENA 8-bit L and H to enable the high order and low order byte and shifting
the data by the clock signal. (The buffer clock signal is enabled by SHIFT and PROC OUT and
SRPLY, or LOAD BAR or MDIN.) When 8 bits of data are in the buffer its parallel output is coupled
through the input/output circuits to the LSI-11.

5.2.5.4 Input/Output Transceiver and Transmit/Receive Data Circuit - The input/output transceiver
couples the data to be processed between the LSI-11 and the controller. Inputs to E31, E36, E41, E45
are C&S data or data buffer data and LSI-11 data/address. When data is to be coupled from the LSI-
11 through the input/output, DAL REC is asserted and the data is available as TS BUS 00:15. The
DAL REC signal is enabled by negating RD DB, RD CSR, EN DATA and EN ADDR. The TS BUS
data is applied to the C&S buffer and the data buffer and all data (commands and data) are sub-
sequently serially shifted through the data buffer to the controller via the interface control. When data
is to be coupled to the LSI-11, XMIT EN is asserted and data buffer data or status data are coupled
through the input/output transceiver to the bus for transfer to the LSI-11.

The XMIT EN signal is asserted by negating RD DB or RD CSR or by asserting EN ADDR or EN
DATA. Status data are output when RD CSR is applied to the C&S buffer circuits and data from the
data buffer are output when RD DB is applied to the data buffer. The direction of data transfer from
the interface to the controller or from the controller to the interface is determined within the buffer
selector circuits according to the state of BD IN or BD OUT.

5.2.5.5 Address Circuits — The address circuits consist of a counter which provides the means to
directly address the LSI-11 memory for data transfers. For a fill or empty buffer command, the address
counter (E46, E47) is loaded with a memory address via the data buffer. For either of these commands,
LOAD BAR is asserted and the counter is loaded from TS Bus 00:15. (For an extended address, TS
Bus 12, 13 are loaded into E 32 when the counter reaches maximum by WRT CSR and WRT CSR PLS
during a command word input so that bits BAD 16, 17 are available.) The output of the counter is
coupled through the input/output transceiver to the bus as BDAL 0:15 which represents the starting
address to enter or read from the LSI-11 memory. The address counter is incremented after each word
(16 bits) transfer by EN ADDR L which is toggled by the bus control circuit operating in the NPR
mode for the data transfer to fill or empty the controller sector buffer.

5.2.5.6 Interface Control Circuits - The interface control circuits establish the conditions to transfer
commands and data to/from the controller. The function to be performed is identified as fill buffer,
empty buffer, read error code, or other by FUNCT 0, 1, 2. When a command is to be transferred, TS
Bus 0, B DONE, WRT CSR are used within the interface control (E17) to develop a Go signal which
asserts RX RUN indicating a command transfer to the controller while RX DONE is asserted. The
command word is coupled through the interface control (E13, E48, E35) to the controller via Data 11
and RX DATA L as a 12-bit word; the RX SHIFT signal from the controller is used to step the
interface control through its sequence. If the function to be performed is fill buffer, empty buffer, or
read error code, an NPR REQ is generated to initiate a request for bus mastership. (If RX AC L0 is
asserted indicating a power loss in the controller, NPR REQ is inhibited.) The RXV21 establishes bus
mastership after data is in the interface buffer. Data is transferred between the controller and the
interface in 8-bit bytes using ENA 8-bit L and H to load the controller SER DATA in the data buffer
or using DATA 7 or DATA 15 to couple data buffer data to the controller. The RX OUT signal
indicates the direction of transfer. When RX OUT is negated, the TR signal is asserted when the
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controller is ready to accept the next element of data, and when RX OUT is asserted, the TR signal is
asserted when a byte of data is transferred from the controller. The RX DONE signal is asserted when
the function to be performed is completed. After RX DONE is asserted, 12-bit error status is trans-
ferred, then B DONE is asserted to establish conditions for performing a new function.

5.2.5.7 Bus Control Circuits - The bus control circuits generate the signals to establish bus mastership
during data transfers. When an NPR REQ is generated by the interface control, a BMDRL signal is
developed by E7 and applied to the LSI-11 processor. A bus grant (BMGI) is applied to the bus
control circuitry (BRPLY and BSYNC are negated) to grant bus mastership and an acknowledge
(BSACK L asserted) is generated indicating the interface has bus mastership. Signal EN ADDR L is
asserted to enable memory address to be placed on the bus. After becoming master, B SYNC L and
either BD IN L or BD OUT L are asserted, data is placed on the Bus, BRPLY is received, the BD IN
or BD OUT is negated, B SYNC is negated, and bus mastership is released.

5.2.5.8 Interrupt Circuits — The interrupt circuits are used to generate an interrupt to return to the
execution of the LSI-11 program after an RX02 function is completed. When an RXO02 function is
completed, B DONE is asserted and if TS BUS 6 (interrupt enable) of the command and status word
was set, a BIRQ (bus request) is generated to gain control of the bus in order to place the vectoraddress
on the bus. A bus grant (BIAKI) from the processor is routed by the priority daisy-chain and is used by
E26 to generate ENB VEC which enables the vector address (BDAL 02:08) from the input/output
transceiver and BRPLY (via the buffer selector). After receipt of the vector address, the processor
terminates BD IN and BIAKO and subsequently bus mastership is released.

5.3 UNIT LEVEL DESCRIPTION

The following paragraphs provide a functional description of the units housed within the RX02 cabi-
net. There is a block diagram description of the uCPU controller, the read/write electronics, and the
mechanical drive; there is also a brief description of the uCPU software. These units contain all the
components necessary to rotate the disk, position the read /write heads, and perform the desired func-
tions (write, read data). (Signal flow and interconnection between these units and the interface module
are described in Paragraph 5.1.)

5.3.1 Microprogrammed Controller (M7744) Hardware Description

This section describes the hardware operation of the controller. (The uCPU software is described in
Paragraph 5.3.2.) Figure 5-13 is a detailed block diagram of the controller showing the major signal
flow to/from the various functional groupings that develop the signals to accomplish the various
RX02 functions (e.g., write data, read data, etc.). The E references on the diagram are IC chip designa-
tions on the controller print set which is a separate document.

5.3.1.1 PROM, ROM Register, Processor and Sequencer Circuits - Operation of the controller is
controlled by the PROM, ROM register, microprocessor, and microsequencer circuits which function
as a computer control unit. The PROM contains a 1538, 16-bit word microprogram which determines
controller operation. The output of the PROM, which is determined by the ROM ADDR (10:0) input
from the microsequencer address register, is applied to the ROM register and microprocessor.

The ROM register is used to store the microinstruction and subsequently controls operation of the
microprocessor, microsequencer, and the various other circuits which develop the control signals to
accomplish the desired microinstruction function. The microprocessor performs arithmetic and logical
operations specified in the 16-bit microinstructions of program and provides an 8-bit data and status
output (uDAT 0:7) that contains eight branch conditions for the branch selector.

There are seven types of microinstructions contained in the microprogram: arithmetical and logical,
branch (condition high and condition low), I/O (input/output), Jump and JSR instructions. The for-
mats for the various instructions output from the ROM register are shown in Figures 5-14, 5-15, 5-16
and 5-17.
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Figure 5-14 Arithmetic and Logical Instruction Format
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Figure 5-17 JMP/JSR Instruction Format
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For an arithmetic and logical instruction the output of ROM REG bit 15 is equal to 1; this signifies
that this instruction is to be performed by the microprocessor. ROM REG bits 02, 03, 04 indicate the
source of data (ROM REG, ROM OUT, or internal inputs) for the microprocessor; ROM REG bits
11, 12, 13, 14 provide A and B RAM addresses for the processor; ROM REG bits 05, 06, 07 indicate
the function to be performed by the microprocessor (add, subtract, etc.); and ROM REG bits 8,9, 10
are decoded by DST decoder E37 when bit 15 is a 1 to indicate the data destination within the micro-
processor and also the output of the microprocessor. The output of the microprocessor is applied to
the uDAT storage register E52, E58 which is loaded whenever the destination code uDAT DST 0, 1, 2
is other than 0, 0, 1, respectively; this code indicates no storage (i.e., NO-OP - no change to data
registers in 2901) and a constant is input to the microprocessor for the microinstruction immediately
before the microinstruction when NO-OP occurs. The constant input to the microprocessor for arith-
metic operations is contained in PROM outputs, ROM OUT 2 to 7, 11 and 12 which are used on the
microinstruction currently at the output of the ROM register. When the constant is loaded in the
ROM register, a NO-OP or “waste” cycle occurs and the microprocessor is unmodified.

For a branch instruction, ROM REG bits 15 and 14 are 0 and 1, respectively; this signifies that this is a
branch condition as decoded by branch decoder E26. ROM REG bits 13, 12, 11, 10, and 9 indicate the
branch condition which is decoded by the 32-to-1 branch selector E12, E25. ROM REG bit 8 indicates
whether a high or low signal will cause a successful branch. An unsuccessful branch takes one cycle
and causes the microprocessor program to be incremented by one. A successful branch takes the cycles
and branches to the address formed by bits (07:00) concatenated with the microprogram counter three
high order bits.

For an I/O instruction, ROM REG bits 15, 14, 13 are 0, 0, and 1, respectively; these bits are decoded
by 1/O OP decoder E23. ROM REG bits 12, 11, 10 and 9 indicate the I/O function to be performed
which is detected by I/O function decoder E16. ROM REG bits 8 and 7 are decoded as CO and Cl
which determines the state (setting, resetting, or toggling a flip-flop) of I/O function control circuits
El, 2, 13, 14, 15, 17, and 18.

For JMP and JSR instructions, ROM REG bits 15, 14, 13, and 12 are 0000 (JMP) and 0001 (JSR)
respectively; these bits are decoded by the microsequencer control E31, 37,40 and 41. ROM REG bits
10-1 contain the microprogram address of the jump.

As each microinstruction is output from the PROM, the next instruction is determined by the micro-
sequencer address register. The output of the microsequencer register is governed by the micro-
sequencer control (E31, 37, 40, 41) and the wait/incrementer (E34, E35). The microsequencer control
decodes ROM REG bits 00, 13:15 and generates the uSEQ FILE EN, uSEQ PUSH, x«SEQ S0, and
uSEQ S1 signals that determine the microsequencer internal source for the next address. The
wait/incrementer and decoding of the micro op code generates the uSEQ CN H signal which is used
either to increment the microsequencer register to the next sequential address or to hold the micro-
sequencer register to the current address, in which case the same microinstruction is repeated until the
wait/incrementer overflows or a successful branch occurs. After an arithmetic and logic instruction,
the next PROM address is from the microsequencer internal program counter which enables the pro-
gram to continue in sequence. After a successful branch instruction, the nexxt PROM address is from
the microsequencer program counter bits (10:8) concatenated with the microsequencer D inputs
(ROM REG bits 07:00) which enables the microprogram to branch to an address other than the next
sequential address. (For a write double density branch, the ROM ADDR 0RO, OR1 signals are ORed
into the least significant bits of the microinstruction and a normal successful branch is never per-
formed.) For an unsuccessful branch, the microprogram counter is incremented. After an I/O instruc-
tion, the next PROM address is from the microsequencer internal program counter. When the wait bit
(ROM REG bit 4) is set in an I/O instruction immediately before a branch instruction, the program is
incremented by uSEQ CN H after a wait and a successful branch occurs; if the branch is unsuccessful,
the program is incremented after the wait elapses. (The incrementer countt is set to zero and when a
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successful branch occurs, the count is preset to 256 and the uSEQ CN H goes high.) For either JMP or
JSR instructions, the program jumps unconditionally to the PROM address which is contained in the
current ROM REG (10:00) inputs applied to the R inputs of the microsequencer register; the program
returns to the next instruction after the JSR instruction via the address stored in the microsequencer
internal file.

5.3.1.2 Branch Control Circuits - The branch control circuits, which cconsist of the branch selector
(E12, E25), the Branch Cond High or Low (E24), the branch function decoder (E26), and the ROM
ADDR OR gate (E26), detect when a branch condition is to be performed and develop a low SUC
BRAN IN L signal to indicate a successful branch. There are 32 branch conditions that are used for
the microprogram. When a branch instruction is at the output of the ROM register, alow ROM REG
bit 13 enables the branch selector to decode ROM REG bits 12, 11, 10, and 9 which contain the code
for the particular branch. (MUX E12 is used for branches 0-17g and MUX E25 is used for branches
203-373.) The output of the branch selector, which is the inverse of the input, is applied to branch
condition T or F gate which is enabled by the BRANCH signal (ROM REG 15, 14 = 0, 1) to develop a
low SUC BRAN IN L when some branch conditions are false (ROM REG 08 = 0) and when some
conditions are true (ROM REG 08 = 1). The low SUC BRAN IN L signal, which indicates a success-
ful branch, forces the BRANCH signal false and after being applied to the synchronizer storage regis-
ter, enables the microsequencer to increment to the next microinstruction address. The ROM ADDR
OR gate provides the ROM ADDR 0RO, ORI to the microsequencer to modify the PROM address
during double density writing (ROM REG bits 13, 12, 11, 10 = 1111) while a branch condition is
incomplete; this only happens for branch conditions 36g and 37g.

If it is assumed that the ROM REG output contains a branch instruction (01 00110 000 110 000) to test
for write data, the following events would occur. ROM REG bits 15 and 14 are 0 and 1, respectively,
so the BRANCH signal at E26 is high. ROM REG bits 13, 12, 11, 10,9, are 0, 0, 1, 1, 0 respectively so
that MUX EI2 is enabled by ROM REG bit 13 low and the WRT DAT L input to the MUX is
selected to be output from the MUX E12. ROM REG bit 8 is 0 so a branch will occur when the write
data condition (WRT DAT L) is false. So for this instruction, when write data is not in process (WRT
DAT L = 1), a branch will occur (SUC BRAN IN L = 0) and the microprogram will go to instruction
060. (ROM REG bits 7, 6, 5, 4, 3, 2, 1, 0 are 00110000 respectively.)

5.3.1.3 1/0 Control Circuits - The 1/0O control circuits which consist of the I/O OP decoder (E23),
the /0 function decoder (E16) and the I/O function control (El, 2, 13, 14, 15, 17, 18), detect when an
I1/0 (input/output) function is to be performed and develop the appropriate signals (RX DATA L,
RX OUT L, etc.) to accomplish the desired results (read data, write data, etc.). There are 16 I/O
functions that are to be accomplished by the microprogram. When an I/O instruction is at the out-
putof the ROM register, ROM REG bits 15, 14, 13 (001) are decoded by the I/O OP decoder to enable
the 1/0O function decoder to decode ROM REG bits 12, 11, 10, 9 which contain the code for the
particular I/O function. The output of the decoder is 1 of 16 clock signals, operating at the rate of TP3
L (50 ns pulse every 200 ns), which are applied to the I/O function control circuits, the CRC, and the
buffer control; these circuits develop interface signals between the controller and the R/W electronics
and the interface modules. The I1/0 clock signals trigger the control circuits to set, clear, etc. according
to the enabling signals CO, C1 which are generated by ROM REG bits 8 and 7 (00-Toggle, 01-set, 10-
clear, 11-no op). The clock signals (BUF DAT CLK and BUF WRT CLK) applied to the buffer
control are used to write/read buffer data also according to the enabling signals CO, C1. As each I/O
control flip-flop is triggered, its output is applied to selection gates where, according to the bus enabled
(DRV BUSS H = R/W, DRV BUSS L = interface), the desired signal is available at the controller
output.
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If it is assumed that the ROM REG output contains an I/O instruction (001 000 1010 000 000) to set
Write Gate, the following events would occur, ROM REG bits 15, 14, and 13 are 001 respectively so
the I/O OP H signal at E23 is high. ROM REG bits 12, 11, 10, 9 are 0001, so that when TP3 L goes
low, the IOB 1 CLK L signal goes low at the output of E16. The IOB 1 CLK L siignal is applied to and
sets E13 making IOB 1 (1) H high because ROM REG bits 8 and 7 are 0 and 1 respectively. With IOB
(1) H high, it is ANDed with a DRV BUSS H signal, which would have been generated prior in the
microprogram instructions, so DRV WT GATE H signal is applied to the R/W electronics to enable
the write drive.

5.3.1.4 Sector Buffer and Control Circuits - The sector buffer circuits which consist of buffer control
(E50), sector buffer address counter (ES1, 57, 63) and the sector buffer (E56, E62) stores a sector of
data either input from the interface module or input from the R/W electronics. The stored data from
the interface module is subsequently written on the disk and the stored data from the R/W electronics
(read from the disk) is subsequently output to the interface module. Whether the sector buffer stores or
outputs data is determined by the WRITE ENABLE output of buffer control ES0. When WRITE
ENABLE is low, data can be stored in the buffer (C1 H asserted and BUF WRT CLK L asserted) and
when WRITE ENABLE is high, data can be output from the buffer (CO H asserted and BUF WRT
CLK L asserted). The data is input to the sector buffer serially via the buffer control (BUF DATA IN
H) which is applied from the data selector and CRC circuit. The BUF DATA IN H signal is applied to
flip-flop ES0 which is triggered by BUF DAT CLK L once for each bit; ES0 is set or cleared according
to the data to be entered, and the BUF DAT IN (1) H output of E50 is input to the sector buffer and
also to the branch selector where the program tests for a write data condition. The data is output
serially from the sector buffer as SEC BUF OUT (1) H when WRITE ENABLE is negated, and the
buffer is either emptied or filled according to the BUF ADDR output of the buffer address counter.

The buffer address counter can be preset to count either 1024 (single density data) or 2048 (double
density data) and then it outputs a SEC BUF OVF (overflow) to the data selector and branch selector
circuits when an overflow occurs. The counter is preset when ROM REG bit 13 is 1 (I/O function) and
ROM REG bits 9 to 12 contain the I/O function code 16; the counter is preset to count 1024 when CO
H is low and C1 H is high and it is preset to count 2048 when both CO H and C1 H are low. Once the
counter is preset, it is incremented by TP3 L whenever ROM REG bit 5 is asserted during an 1/0
function. As the counter is incremented, a new address is applied to the sector buffer in order to either
fill the buffer or empty the buffer; the buffer address is always sequential up to 1023 or 2047.

5.3.1.5 Data Selection and CRC Circuits - The data selection and CRC circuits, which consist of a 4-
to-1 MUX E44 and 16-bit shifter E43, controls what data is input to the sector buffer, when data is
output from the sector buffer, and also generates a CRC character to be written on the disk and checks
the CRC character read from the disk. When data is to be input to the sector buffer, RX DATA H
from the interface module is selected at E44 if ROM REG bits 7 and 8 are 1 and O respectively, and
DRYV SEP DATA H from the R/W electronics is selected if ROM REG bits 7 and 8 are both 0. The
BUF DAT IN H serial output of E44 is the same as the input (*‘1” in *“1” out, “0” in “0”’ out). When
data stored in the sector buffer is to be output, SEC BUF OUT B is selected as the input at E44 when
ROM REG bits 7 and 8 are 0 and 1 respectively, and the output CRC IN is applied to the I/O function
control circuits for subsequent data output to the interface or R/W electronics.

The CRC character is calculated when data is being written on the disk by applying the CRC IN to
CRC generator E43 at the same time it is being used as an output to the driver in the R /W electronics.
The CRC generator E43 is preset, to implement the 2;, + 2;, + 25 + | polynomial, by a low DRV
BUSS H when data is to be input from the interface. The CRC E43 is enabled by a high input from
flip-flop E13 and data is clocked into the CRC by TP3 L. The CRC generator remains enabled until
SEC BUF OVF H occurs at which time CRC OUT occurs and the CRC character (16 bits) is written.
After the data field has been written, the CRC register contains the remainder of the division by the
polynomial, which is a two-byte character that is written after the data field.
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While the data is being output from the buffer and while the CRC character is being output, WRT
DAT L is low to indicate that writing a sector of data is still in progress. After the CRC character is
written, WRT DONE L goes low and the microprogram branches to another instruction. The CRC
character is checked when data is being read from the disk by using DRV SEP DATA to develop CRC
INN at E44 at the same time DRV SEP DATA is being used to develop BUF DAT IN. The CRC IN is
applied to CRC E43 which checks all bits including the CRC bits. The data and CRC bits are divided
by the same polynomial so that if an error is detected, CRC ERR H goes high; otherwise it remains
low.

5.3.1.6 Timing and Synchronizing Circuits - The timing circuits consist of a 20 MHz oscillator E27
and a counter E28. This circuit develops S MHz SYS CCLK H AND SYS CLK L signals and a 5 MHz
TP3 L signal that has a 50 ns pulse width. These timing signals are used throughout the controller to
time the shifting and storing of data.

The synchronizing circuits consist of two flip-flops, E11 and E19. These circuits are used to synchro-
nize external signals and delayed internal signals to coincide with timed events within the controller.
Pulsed signals such as DRV SEL INDEX, as well as signals with levels, are clocked into E11 by SYS
CLK L and then shifted into E19 by SYS CLK H, thus synchronizing these signals with events of the
microsequencer, microprocessor, ROM register, etc. which are all clocked by SYS CLK H.

5.3.1.7 Power Fail Circuit - The power fail circuit is used to clear the controller registers and stop
timing when the RX02 is initialized or loses power. When power is first applied, RX INIT L is low and
forces both DRV AC L and INIT L low to clear the various registers; then two transistors within the
circuit conduct and force both DRV AC L and INIT L high so the various registers are ready to
operate. When power is lost in the RX02, these same two transistors stop conducting and DRV AC L
and INIT L are both forced low.

5.3.2 Microprogrammed Controller Software Description
The following paragraphs provide a brief description of the various subroutines of the controller
microprogram. The flowcharts presented in Figures 5-18 to 5-30 provide a guide through the micro-
program listing which is contained in the RX02 print set.

5.3.2.1 Initialize Routine (Figure 5-18) - This subroutine starts at microinstruction 0. When the host
processor initializes or there is a power [oss in the RX02, the program counter is cleared and the RX02
stops. When the microcode initialize is negated, unit (drive) one is selected and the head is stepped in
and out, then unit zero is selected and the head is stepped in and out. If errors are found, error (error
code 010 for drive 0 and error code 020 for drive 1) and done are set. If there are no errors, a mainte-
nance mode check is initiated in order to check out the read path of the read/write electronics. If there
are no errors in the maintenance check, drive zero is checked to see if it is up to operating speed and the
ready condition is flagged. The density is determined and sector 1 of track 1 is loaded into the sector
buffer of the controller, the drive status is set into the interface register, and thenn the routine ends.

5.3.2.2 Find Header (FIND HD) Subroutine (Figure 5-19) - This subroutine which starts at micro-
instruction 400 is used to locate the identification (data, clock) address mark of the sector header field.
A search is made for the header ID, and if this is successful, the track and sector are compared with the
target track and sector. If there is a mismatch between tracks and sector, the mismatch is flagged. A
byte of zeros is read and a check is made for CRCC errors; if there is an error, the header bad start
count is incremented and the header search continues. If there is no error but there is a mismatch
between the target track and the actual track read, error and done are set (error code 150). If there are
no errors, the subroutine returns to the calling routine.
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5.3.2.3 Read Address Mark (RDAM) Subroutine (Figure 5-20) - This subroutine which starts at mi-
croinstruction 471 is used to identify the address mark. A check is made for single or double density,
the drive bus is selected, and lock clock is set to enable a read from the drive. There is a 51 us wait for
Read Strobe to occur. If there is no read strobe, an error (error code 120 for nonexistent drive) is set,
but if read strobe occurs, a check is made for separated data (a nonzero first bit). If data ““one’ is not
detected before 255 zeros have passed, error is set. Each bit of the header ID byte is checked for the
appropriate data and separated data, and when the ID is identified, the subroutine returns to the
calling routine. If no IDAM is found, error and done are set (error code 160).

5.3.2.4 Read (RD) Sector Subroutine (Figure 5-21) - This subroutine which starts at microinstruction
1657 is used to read a sector of data into the sector buffer. First the track and sector are located, the
data address mark is read, and density is checked. Data is read from the disk, written into the buffer,
and applied to the CRC. When the complete sector is written into the buffer, CRC is read and if there
is no error, the function is ended (OK DONE). If there is a CRC error, error and done are set (error
code 200).

5.3.2.5 Write/Write Sector Subroutine (Figure 5-22) - The write sector and write routines start at
microinstructions 363 and 124, respectively, and they are used to write a sector of data on the disk. The
write sector subroutine starts by locating the track and sector and then goes to the write subroutine.
Data is written on the diskette a single sector at a time. To write data in a sector, the drive bus is
selected, the high or low level write current is selected, the density is determined, the data from the
sector buffer [either 1024 bits (single density) or 2048 bits (double density)] is written, the CRC (16-
bits) is written, and then the postamble is written. The DAM (data address mark) appropriate to either
a write or write sector command is written immediately before the data field.

5.3.2.6 Read Error Register (RDERRG) and Set Density (SET DEN) Subroutines (Figure 5-23) - The
RDERRG subroutine which starts at microinstruction 1336 is used to apply error status to the inter-
face register. The set density subroutine which starts at microinstruction 1251 is used to set the density
(data address mark) for each sector of each track on the diskette.

The set density subroutine starts by filling the sector buffer with zeros and then selecting target track 0
and target sector 1. The appropriate density is written on sector 1 of track 0 and the sector is filled with
zeros. The sector count is incremented until all sectors of a track have the appropriate density and all
zeros; then the track count is incremented. When all sectors of all tracks are filled with the appropriate
density and zeros, the subroutine returns to the calling routine.

The RDERRG subroutine starts by asserting RX OUT to establish that the direction of data transfer
is to the interface module. If the operating configuration is the same as an RX01 (no DMA interface),
the content of the error register is output to the interface register. But if there is a DMA interface, the
word count, current track 0, current track 1, target track, target sector, and soft status registers are
applied to the interface and the subroutine exits to OK DONE.

5.3.2.7 Fill/Empty Buffer Routine (Figure 5-24) - This routine which starts at microinstruction 1000
is used to fill or empty the sector buffer with single or double density data. The direction for data
transfer is determined and OUT is set accordingly; then it is determined if the interface is DMA or
programmed I/O. The appropriate word or byte count is set according to single or double density and
8-bit or 12-bit mode. The buffer address is incremented or decremented as appropriate for the fill or
empty commands and then the routine exits to OK DONE. (When filling the buffer for word counts
less than maximum, the unused portion of the buffer is filled with zeros.)

5.3.2.8 Find Track Subroutine (Figure 5-25) - This subroutine which starts at microinstruction 1124 is
used to locate the target track for a particular drive and then to step the read/write head to that track.
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Figure 5-25 Select Drive and Find Track Subroutines Flowchart
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The drive is determined and then the track address is checked to be sure it is a legal address. If the
address is illegal, error (code 040) and done are set, but if the address is legal, the desired drive bus is
selected and the direction for head movement is selected. The head is stepped to the target track. (If
home is found before the target track, error - code 050 - and done are set.) On a write command if the
heads have been unloaded, the DMA of the sector previous to the desired sector is read to determine if
the diskette is of the appropriate density. If there is a density error, error and done are set (error code
240). After correct density is determined, the target sector is restored and the subroutine exits to the
calling routine.

5.3.2.9 Decode command (DECCMD) Routine (Figure 5-26) - This routine which starts at micro-
instruction 1400 is used to decode the command from the host processor and subsequently to branch
to the routine to perform the desired function. Transfer request is cleared, the direction of transfer is
set to in, done is set, and the command is entered. The 8-bit or 12-bit mode is determined, done is
cleared, and the function to be performed is decoded (write data, fill, etc.) and this routine jumps to the
particular routine.

5.3.2.10 Maintenance Read Status (MRDST) and Check Ready (CHKRDY) Subroutines (Figure 5-27)
- The MRDST and CHKRDY subroutines start at microinstructions 646 and 656, respectively. These
subroutines are used to check the speed and density of the drive selected and to set the ready bit.

5.3.2.11 Get Parameter (GET PAR), Step Head (STEPHD), Wait, Wait Run, and Write Zeros
(WRTS) Subroutines (Figure 5-28) - The GET PAR subroutine which starts at microinstruction 767 is
used to store target track and sector. (The high order three bits of the 8-bit sector byte are masked.)
The STEP HD subroutine starts at microinstruction 1741 and is used to step the read/write head to the
target track; two step pulses are applied to the head motor to move the head one track. The WAIT
subroutine which starts at microinstruction 1762 is used for delays in 100 us multiples. The WAIT RN
subroutine which starts at microinstruction 357 is used to time out (200 for RX02 DMA con-
figurations, indefinitely for RX01 configuration and RX02 programmed I/O configurations) the wait
for RUN to be asserted for data transfers to/from the interface module. If a timeout occurs, the
routine asserts error and done. The WRTOS subroutine starts at microinstruction 326 and it is used to
write zeros for the sync field (six bytes).

5.3.2.12 Find Sector (FINDSE), Send Word 12 (SNDW12), Send Word 8 (SNDWS8), Get Command
(GET CMD), and Get Word (GET WRD) Subroutines (Figure 5-29) - The FINDSE subroutine which
starts at microinstruction 1543 is used to locate the target sector by comparing the current sector
location of the read /write head with the target sector until a match is found, or if no match is made, an
error (code 070) is set. The SNDWI12 and SNDW8 subroutines start at microinstructions 1567 and
1621, respectively. These subroutines are used to send 8-bit or 12-bit words to the interface; for the 12-
bit mode high order bits 8-11 are shifted so that they are the next four bits transmitted after the low
order bits (0-7). The GET CMD and GET WRD subroutines start at microinstruction 752 and 1625,
respectively. These subroutines are used to get the command (the length of the word in the command
depends on 8-bit or 12-bit mode) and store it so the function contained in the command can be
performed.

5.3.2.13 Maintenance Check Ready (MAINT CHK) Subroutine (Figure 5-30) - This subroutine which
starts at microinstruction 721 is used to set maintenance mode and check the read/write electronics
during maintenance (troubleshooting) by writing zeros and reading these same zeros to generate SEP
DATA and SEP CLK signals. If an error occurs, error code 220 is set in the error register, and if no
errors occur, maintenance mode is cleared and the routine returns to the calling routine.
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Figure 5-26 Decode Command Routine Flowchart
(Sheet 1 of 2)
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5.3.3 Read/Write Block Diagram Description

The read/write electronics transfer data between the drive(s) heads and the controller. Data and con-
trol commands are processed so that the desired drive and head are selected and then data is either
read from or written on the disk. Figure 5-31 is a block diagram of the read/write electronics which
shows the signal flow to/from the major functional circuits of the assembly. The E references on the
diagram are IC chip designations on the read/write print set.

5.3.3.1 Drive and Head Control - The drive and head control circuits consist of the head load control
(ES3, Q26, Q27) and the stepper motor control (El to E10, E57 to E61, Q12 to Q19). The head and
drive selected are determined by DRV SEL DKI1 which is applied to both circuits along with SEL
DKO. The DRV AC L signal is used to initialize both the head load and motor control circuits; so
when DRV SEL DKI is asserted, the drives and step counters for drive 1 motor are enabled and the
step counting and driver circuits for drive O are disabled. The direction in which the head moves is
determined by DRV OUT/ABOVE TRK 43; when it is asserted, the head moves out toward the edge
and when the signal is negated, the head moves toward the center. With the drive selected, the head
motor is stepped to the desired track using two step pulses (DRV STEP L) for each track moved. With
the head positioned over the desired track, the DRV LOAD HEAD signal is asserted to activate the
head solenoid for the drive selected by the assertion or negation of DRV SEL DKI. The drive and head
selected status is applied to the controller by the position data selector.

5.3.3.2 Position Data Selection - The position data selector couples drive track 0 and head index data
to the controller. Track 0 and head index hole detection are each accomplished by a LED phototran-
sistor pair which develops a pulse each time the index hole passes or when the head is positioned over
track 0. The track O signal for each drive and the index hole signal for the head(s) of each drive are
applied to data selector E56. The outputs, DRV SEL TRK 0 and DRV SEL INDX, are determined by
which drive (SEL DKO) and head (DRV SEL HDO) are being used. When SEL HDO and SEL DKO
are both asserted, the DRV SEL TRKO output is for drive 0, track 0 and the DRV SEL INDX output
is for drive 0, head 0.

5.3.3.3 Read/Write Circuit - The read/write circuits consist of the head select matrix and read /write
control, the write current amplifier, the read current amplifier, and the read data detector (PLL, data
separator, preamble detector, data gate). These circuits process the data to be written on the disk or the
data to be retrieved from the disk.

Data can be written on the disk when DRV WT GATE is asserted enabling the encoded DRV WT
DATA to be coupled through the write current amplifiers to the drive head selected by SELDKO,
SELDKI, SEL HDO. At the same time the write path is enabled by DRV WT GATE, the read path
from the head select matrix is disabled. The DRV ERASE signal is asserted after DRV WT GATE to
enable the erase amplifier in order to compensate for displacement between R /W pole and erase poles.
The DRV OUT/ABOVE TRK 43 signal is used to disable a transistor in the write circuit and reduce
the write current when writing on tracks above track 43; when closer to the center of the disk, bit
density increases and less current is necessary.

Data can be read from the selected disk when DRV WT GATE is negated which enables the read path
from the head select matrix (E27). The signal from the disk is amplified by the read current amplifier
and filter (E25, E23) which enhances the signal and reduces high frequency noise; the analog playback
signal is digitized by differentiating the signal and detecting the zero crossover. The digitized data is
coupled through the data gate to the data separator so that the data can be retrieved. The data is
separated by developing a clock signal which operates at the frequency of the playback and then using
the clock signal to gate the data. The data gate couples the digitized data to the PLL, data separator,
and preamble detector when MAINT MODE is negated. (When MAINT MODE is asserted DRV
WWT DATA iscoupled to the PLL, data separator and preamble detector in order to test the operation
of these circuits.) For data acquisition, the PLL has to be aligned and locked onto the data frequency
during the preamble (six sync bytes of zeros). The preamble detector which is enabled when DRV
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LOCK CLK is asserted by the controller counts the preamble bytes of zeros. After one byte of zeros,
the PLL is enabled and begins to lock onto the data frequency. (The PLL generates a clock signal
aligned to the data frequency by comparing the frequency of a VCO with the data frequency and
adjusting the VCO until it approximates the data frequency.) The PLL locks onto the data frequency
within four bytes of zeros unless a nonzero byte occurs which will reset the byte counter (E32, E40) and
disable the PLL. After four bytes of zeros have been counted, FAST LOCK is negated which indicates
that PLL is locked on. FAST LOCK enables the CLK and DATA to be processed by the data separa-
tor. The CLK signal is used to establish a window which will be high during data and low during a
clock for both FM and MFM playbacks (Figure 5-32). A “1” bit in the playback when the window is
high is set in the data latch and a ““1” bit in the playback when the window is low is set in the clock
latch. Data and clock bits are latched in E48, and synced in E50 and subsequently stored in the 3-bit
clock register and the 3-bit data register ESS. (The 3-bit register is necessary because of modified MFM
encoding.) When data is MFM encoded, DRV RD 3F is asserted by the controller and the PLL clock
and data decoding are adjusted accordingly. DRV READ STROBE is asserted as DRV SEP DATA
and DRV SEP CLK are available at the output. The SEP DATA or SEP CLK signal is asserted for 4
us for single density data and for 2 us for double density data.
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5.3.4 Mechanical Drive Description
The mechanical drive consists of four major parts:

1. Drive mechanism

2. Spindle mechanism

3. Positioning mechanism
4. Head load mechanism

The mechanical structure of the drive is shown in Figure 5-33; each section is described in the following
paragraphs.

5.3.4.1 Drive Mechanism - The drive system provides rotational diskette movement using a single
phase motor selected to match primary power of the controller system (Figure 5-34). The diskette drive
attains ready status within 2 seconds of primary power application.

A cooling fan is mounted on one end of the drive motor shaft. Rotation of the diskette is provided by a
belt and pulley connected to the other end of the motor shaft. The drive pulley and belt are selected for
either 50 or 60 Hz power to achieve a diskette rotational speed of 360 rpm. (See Paragraph 2.1.3.2 for
complete input power modification requirements.)

5.3.4.2 Spindle Mechanism - The spindle mechanism consists of a centering cone and a load plate. In
the unload position, the load plate is pivoted upward, creating an aperture through which the floppy
diskette is inserted. In this position, the centering cone disengages the diskette from the drive mecha-

nism.

To load a diskette, the operator inserts the floppy diskette and presses down on the load handle which
latches the load plate in the operating mode. The centering cone is mechanically linked to the load
plate and is activated at the same time (Figure 5-35).

The centering cone is an open splined nylon device that performs two functions:

1.  Engages the diskette media and drive mechanism.
2. Positions the diskette media in the correct track alignment.

As the load plate is pivoted to the load position, the centering cone enters the floppy diskette center. At
approximately 80 mils from the fully down position, a centering cone expander is automatically acti-
vated. This device then expands the centering cone, which grips the inner diameter of the diskette
media in the correct track alignment.

The track 0 position serves as the diskette drive reference track. This position is sensed by a photo-
transducer, which generates track O status. This status is sent to the controller for initial track position-
ing. The controller generates step pulses to position the carriage from the current track to a new track.

5.3.4.3 Positioning Mechanism - The positioning mechanism comprises a carriage assembly and a
bidirectional stepper motor (Figure 5-36). The stepper motor rotational movements are converted to
linear motion by the rotor lead screw.

The read/write head mount rides on the lead screw and is held in horizontal alignment. When the
stepper motor is pulsed, the lead screw rotates clockwise or counterclockwise, moving the mount in or
out.
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Figure 5-34 Drive Mechanism
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Figure 5-36 Positioning Mechanism

The stepper motor includes four pairs of quadrature windings. For positioning, one or more step
pulses are sequentially applied to quadrature windings, causing an imbalance in the electromagnetic
field. Consequently, the stepper motor rotor revolves through detent positions until the step pulses are
halted. The rotor then locks in that position. The sequence in which the stepper motor quadrature
windings are pulsed dictates rotational direction and subsequently higher or lower track addressing
from a relative position.

5.3.4.4 Head Load Mechanism - The head load mechanism is basically a relay driver and a solenoid.
When activated by signal LD HD from the controller, the spring-loaded head load pad is released and
rests in parallel alignment with the floppy diskette surface. The disk clamping platform (located on the
casting) provides the lower alignment dimensional surface, while the head load solenoid bar provides
the upper alignment surface.

In the load position, the read/write head rides between these two alignment surfaces and keeps the
read/write head in contact with the diskette surface. The load pad is located behind the read/write
head and holds the floppy diskette flat against the lower alignment block. To minimize diskette surface
and head wear, the head is automatically disabled by the controller if no new command has been
issued within 200 ms. (Head settling time is 25 ms.)
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CHAPTER 6
MAINTENANCE

This chapter contains information necessary to maintain and troubleshoot the RX02 Floppy Disk
System. Included is equipment care information, troubleshooting procedures, diagnostic routines, and
removal and replacement procedures.

6.1 EQUIPMENT CARE

There is no scheduled preventive maintenance to be performed on the equipment. However, the exte-
rior of the equipment should be kept clean using a damp cloth; if necessary the internal chassis should
be cleaned with a vacuum cleaner.

NOTE
There are no field adjustments to be made on the
RX02.

6.2 TROUBLESHOOTING THE RX02
Sections are included for troubleshooting the RX02 with and without the use of diagnostics. When
attempting to diagnose the failing component the following procedure is recommended.

6.2.1 M7744, M7745 Failures
Place the replacement module on the existing M7745 module using a memory shield to prevent short-
ing. Remove the mounting hardware only when a module has been verified to be faulty.

6.2.2 Drive Failures

If one drive is believed to be faulty, interchange the cables of drive 0 and drive 1. If failures remain with
a given drive number, replace module M7745 or M7744. Remove the drive from the chassis only if
failures continue.

6.3 TROUBLESHOOTING WITH DIAGNOSTICS

Diagnostics consist of the RX02 Logic/Function Test, the RX02 Subsystem Performance Exerciser,
and the DECX-11/DECX-8 modules. To load each diagnostic refer to the associated diagnostic docu-
mentation. Successful completion of the diagnostics will indicate that the system is operational. If
error codes are displayed when running the performance exerciser or DECX refer to Table 6-2 to
identify the probable cause of the error.

NOTE
The following procedure should only be used if the
RXO02 is the only loading device on the system and it
is impossible to load the diagnostics.
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6.4 TROUBLESHOOTING WITHOUT A DIAGNOSTIC

6.4.1 RX211 and RXV21 Systems

1. Install a known good diskette in drive 0

Initialize processor

3: Examine RX2CSR (777170): bits 11, 5 should be set; bit 15 should not be set.

a. no bit 11 - replace interface

b. no bit 5 - Table 6-1

, Done bit timeout

c. bit 15 set - Table 6-1, initialize error

Table 6-1 Troubleshooting Chart

Problem

Probable Cause

Suggested Remedy

No indication of power
(drive inoperative)

Drive not ready

Cannot run diagnostics

Power cord not connected

Blown fuse

Drive power connector
disconnected

Power supply fault

Door open

Diskette not spinning
Motor not rotating
M7745 module
M7744 module
Improperly loaded
Interface problem

Possible CPU problem

Check power cord connection.

Check fuse; replace if blown.

Check power cable connection to drive.
Check power supply output:

+24 Vdc at P1-6

+ SVdcatPl-4
~ 5VdcatPl1-2

+ 5 Vdc at P2-4 } Controller

R /W electronics

+10 Vdc at P2-1

Replace power supply if voltages not
correct.

Close door.

Replace belt.

Check ac power connector.
Replace module.

Replace module.

Reload diagnostic.
Replace interface.

Run CPU diagnostics.
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Table 6-1 Troubleshooting Chart (Cont)

Problem

Probable Cause

Suggested Remedy

Initialize Error

Interface cable inserted
backward

Diskette problem
Switches not set properly
M7744 module

M7745 module

Reverse cable.

Replace diskette.

Check switch settings on M7745.
Replace M7744.

Replace M7745.

Done bit timeout

Switches not set properly on
M7744 module

M7744 module

Interface module

Check switch settings on M7744.

Replace M7744,

Replace interface.

TR bit timeout

M7744 module

Interface module

Replace M7744,

Replace interface.

Set Density Error Diskette
M7745
M7744
Data error but no CRC error M7744 Replace M7744.
Interface Replace interface.
For RX211 and RXV21 only Interface Replace interface.
Fill Buffer Error NPR jumper on PDP-11 Cut jumper.
backplane not cut
Empty Buffer Error Interface Replace interface.
M7744 module Replace M7744.

Unexpected interrupt to loc. xxx

Switch settings on interface

Interface

Check switch settings on interface.

Replace interface.




4. Examine RX2 ES (777172): bits 2, 7 should be set; bits 0, 1, 3, 4, 11 should not be set.

no bit 2 - replace M7744

no bit 7 — Table 6-1, Drive not ready
bit 0 set — Table 6-2, Code 200

bit 1 set — replace M7744

bit 3 set — Table 6-1; no RX02 power
bit 4 set — replace diskette

g. bit 11 set - replace interface.

-0 o O

5. If neither address answers, replace the interface module or check switches (jumpers) on the
interface.

NOTE
If RX2CS bit 15 is set and all bits of RX2EX are
valid, load and execute the following program to
obtain the definitive error code.

001000 012701 MOV #ADR,R1
177170

001004 032711 1$: BIT #40,(R 1)
000040

001010 001775 BEQ 1$

001012 012711 MOV #17,(R1)
000017

001016 032711 28 BIT #200,(R1)
000200

001022 001775 BEQ 28

001024 012761 MOV #2000,2(R 1)
002000
000002

001032 032711  38: BIT #40,(R 1)
000040

001036 001775 BEQ 38

001040 000000 HALT

Refer to Table 6-2 to correlate the definitive error code with the probable cause of error.

Table 6-2 Error Code Probable Causes

Error Code
000 [010 1020 ] 040 | 050 | 070 [110 120 | 130 | 150 | 160 | 170 | 200 | 220 | 230 | 240 | 250
If D D E C A A A A C C A A C E A E
Error|B B B D C C C C D D C C B B B B
Bit |C C B D D D B B B B B E
is B B B C
set. E G
E

A = Diskette E = Interface module

B = M7744 controller F = Cables

C = M7745 R/W electronics G = Power supply

D = Drive



6.4.2 PDP-8 and CM05-8* Based Systems

1. Insert a known good diskette into drive 0.

2.  Load and execute the following program to obtain the contents of the RX2ES and the

definitive error codes.

200/ 6007  CAF
201/ 6755  SDN
202/ 5201 JMP-1
203/ 6752  XDR
204/ 3214  DCA214
205/ 1216  TAD2I6
206/ 6751  LCD
207/ 6755  SDN
210/ 5207  JMP-I
211/ 6752 XDR
212/ 3215  DCA2I5
213/ 7402  HALT

214/ 0  ERROR ANDSTATUS REGISTER
215/ 0  DEFINITIVE ERROR CODE, BITS 4
216/ 16 (411)

LOC 214 contains the RX2ES

LOC 215 contains the definitive error code bits (4:11) (Table 6-2).

RX2ES bits 4, 8, 9 should be set; bits 7, 10, 11 should not be set.

no bit 9 - replace M7744; replace PDP-8 interface.

no bit 4 - Table 6-1 (Drive not Ready)
bit 11 set — Table 6-2 (Code 200 Error)
bit 10 set - replace M7744; replace M 7745
bit 7 set - replace diskette.

-0 a0 o

no bit 8 - verify switch settings on M7744; replace M7744; replace interface module.

If the program does not run, the M7744 controller module should be replaced.

6.5 REMOVAL AND REPLACEMENT

The following steps define the procedures for removing and replacing the subassemblies of the RX02

Floppy Disk System.
6.5.1 Module Replacement Procedures
Floppy Disk Controller M7744 (Figure 6-1)

1. Remove power from the RXO02.

2. Unscrew the three screws on the module and raise the module to the servicing position.

3. Remove the plugs in connectors J1 and J2.

* For VT78 and VT178 consoles the MR78 Field Service ROM package is required to boot ODT into the console prior to entering the short

diagnostic program.
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Figure 6-1 RXO02 Component Location Diagram
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Lower the module and remove the three screws holding the module onto the hinge.
Remove the module.
To install a module, perform steps 1-5 in reverse.

Ensure that cable BCOSL-15 is inserted with the red stripe on the cable nearest the front of
the unit.

Read/Write Control, M7745 (Figure 6-1)

1.
2.

Remove power from the RX02.
Raise the floppy disk control module to the servicing position.

Remove the plugs from connectors on the module, ensuring that they do not drop into the
drive.

Remove the eight screws holding the module to the frame and remove the module.
To install a M7745, replace the screws and plugs removed in steps 3 and 4, ensuring that they

are reinstalled into the correct connector (Table 6-3).

Table 6-3 M?7745 Connectors

Connector Description

J1 Disk drive interface cable
J2 Power from H771 power supply
DKO(P3) Head cable

DKO(P4) Stepper motor

DKO(PS) Head load solenoid
DKO(P6) Index signal

DKO(P7) Track 0 signal

DKI1(P3) Head cable

DKI1(P4) Stepper motor

DKI1(P5) Head load solenoid
DKI(P6) Index signal

DKI1(P7) Track 0 signal

H771 Power Supply Regulator, 70-10718

1.

2.

With the power off, remove the plug from the regulator.

Unscrew the leads going to the capacitors. Check the H771 prints to ensure that the wiring
matches the prints.

Remove the plugs from the M7745 and M7744.
Remove the six screws holding the regulator to the power supply chassis.

Replace the regulator by performing steps 1-4 in reverse.
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6.5.2 Drive Replacement Procedure

1.

10.

11.

13.

14.

15.

6.5.3

With power removed, remove the plenum and power plug from the rear of the drive (Figure
6-1).

Raise the M7744 module to the service position.

Remove the plugs for this drive (Table 6-3).

Loosen the six screws securing the drive to the chassis.

While holding the drive, remove the screws from the four corners.

Carefully remove the remaining screws without allowing the drive to drop down.
Slowly lower the drive, guiding the wiring as the drive is lowered.

To install a drive, place the two center screws in the holes in the chassis.

Raise the drive, guiding the wiring through the hole.

With the drive centered, start the two screws carefully so as not to cross-thread them. Do not
tighten these screws all the way.

Start the remaining screws, being careful not to cross-thread them.
Tighten all screws including the screws for the plenum.

Insert the plugs listed in Table 6-3.

Insert the power plug.

Secure the M 7744 module.

Front Handle Replacement Procedure

Remove the drive carefully as described in Paragraph 6.5.2.

While holding the cone, lift the cover into place and remove the two screws securing the
handle to the cover.

Remove the handle by pulling it through the openings in the bezel.
Replace the handle but do not tighten the screws all the way.

Adjust the handle so that the handle adapters do not interfere with the bezel. Latch the
handle properly.

Tighten the screws.

Recheck for interference and replace the drive.
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6.5.4 Drive Motor Replacement Procedures

1.
2.

10.

I1.

12.

Remove the drive as described in Paragraph 6.4.2.

Remove the bottom cover.

Disconnect the motor wires.

Remove the drive belt.

Remove the pulley from the motor shaft.

Remove the nuts securing the motor to the chassis and remove the motor.
Insert the new motor and secure it loosely in place.

Replace the pulley on the new motor shaft.

Adjust the height of the motor pulley until the two pulleys are in line. (Pulley may be
adjusted by placing a straight edge such as a scale between the two pulleys.)

Place the DEC tool (part #9306353-3 for 50 Hz motor or 9306353-2 for 60 Hz motor)

between the spindle pulley and motor pulley to measure the correct distance between both
pulleys and then secure the motor in place (Figure 6-2).

Place the drive belt on the pulleys.

Replace the drive bottom cover and then reinstall the drive.

DECTOOL
9306353

DRIVE
MOTOR SPINDLE
PULLEY PULLEY

MA-2047

Figure 6-2 Drive Motor Positioning Diagram



6.5.5 Drive Belt Replacement Procedures

1.

2.

Discard the old belt.

Clean the pulleys and motor shaft with freon, 90% alcohol, or a suitable non-oil base
solvent.

Loosen the drive motor nuts.

Place the belt spacer tool (9306353-2 for 60 Hz motor, or 9306353-3 for 50 Hz motor)
between the pulleys (motor and spindle) and move the motor so that the tool is snug (Figure
6-2).

Tighten the motor nuts to secure the motor.
First loop the belt over the motor pulley; then loop the belt over the spindle pulley.
The belt will now be mounted with the correct tension.

NOTE
The belt used is made of nylon, not rubber, and it will
not exert more tension if it is stretched beyond the
diameter set by the tool. If the belt is stretched
beyond the distance set by the belt spacer tool, it will
be damaged because of the belt construction.

6.5.6 Quick Check For Belt on Pulleys
The RXO02 belt is easily checked by sliding it forward on slides and viewing the belt path through the
opening between the sheet metal chassis and the bottom cover.
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APPENDIX A
RX02 SUMMARY

Interface Density Computer
RX8E-M8357 Single PDP-8 - Prog1/0
RX28-M8357 Single or double PDP-8 - Prog I/0
RX11-M7846 Single PDP-11 - ProgI/0
RX211-M8256 Single or double PDP-11 - DMA
RXV11-M7946 Single LSI-11 - Prog /O
RXV21-M8029 Single or double LSI-11-DMA
(Address for RX2C5 = 177170, for RX2E5 = 177172)

Controller M7744 Switch Settings

Interface S1-1 S1-2

RX8E/RX11/RXVI1 ON OFF

RX211/RXV21 OFF ON

RX28 OFF OFF

ON ON |«—Illegal settings

Read/Write Electronics M 7745
Power supply

H771A: 115 V/60 Hz,

H771C: 115 V/50 Hz,

H771D: 230 V/50 Hz
Left Drive = Drive0 Single Drive 60 Hz = RX02-CA
Right Drive = Drive | Single Drive 50 Hz = RX02-CC

Track Address: 0-1145 (0-76)
Sector Address: 1-324 (1-26)
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RX2CS

1 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXT | EXT HD INT UNIT
T En| TR DONE
erRR | i | ST 2 | Rx02 e | D ENE ceL FUNCTION GO
\ -7 A
v r ™~
NOT PRESENT 000 FILL BUFFER
FOR RX01 CONFIG. 001 EMPTY BUFFER
010 WRITE SECTOR
011 READ SECTOR
100 (SET DENSITY FOR RX28, RX2 11, RXV21 ONLY)
101 READ STATUS
110 WRITE DELETED DATA
11 READ ERROR REGISTER
PDP-8-RXCS
00 01 02 03 04 05 06 07 08 09 10 11
RES | DEN |MAINT] 8/12 SSLV FUNCTION
—
USED FOR RX28
PDP-11/LSI-11-RXCS
15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0
INT UNIT
ERR | INIT TR | eng [PONE| ap FUNCTION GO
[\ v J
NOT USED .
RX8E RXES
00 01 02 03 04 05 06 07 08 09 10 11
DRV | DEL
RDY |DATA 0 CRC
NOT USED NOT USED
RX28 RX2ES
00 01 02 03 04 05 06 07 08 09 10 11
DRV | DEL | DRV | DEN SIDE
Rx02 | 1D c
RDY |DATA| DEN | ERR roy | CRC
NOT USED
RXII/RXVIl RXES
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIT | DRV | DEL | DRV | DEN
SEL | RDY |DATA| DEN | ERR ID CRC
NOT USED
RX211/RXV2l RXZ2ES
15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0
WC UNIT | DRV | DEL | DRV | DEN | RX
ID
NXM 1 ove SEL | RDY |DATA| DEN | ERR | AC L CRC
NOT USED
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Temperature

RX02

media
Relative Humidity
RX02

media
Electrical

AC power input

RX02

Interface module

M7946, M8029
M7846, M8256
M8357

nonoperating:

operating:

nonoperating:

operating:

nonoperating:

nonoperating:

-35°to +60° C(-30° to +140° F)
15°t032° C(50° to 90° F)

-35°t052° C(-30°to 125° F)

25° C (77° F) max wet bulb
2° C(36° F) min dew point
20% to 80% rel humidity

5% to 98% rel humidity (no condensation)

10% to 80% rel humidity

4AatllSVac
2Aat230Vac

SA@ +5Vdc,25W;0.14 A@-5Vdc, 0.7 W,
1.3A@ +24Vdc, 31 W

1.8 A@ +5 Vdc
1.8 A@ +5 Vdc
1.5A@ +5Vdc
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[-V 2Indig

(z Jo 1 ways) weiferg uondIAUUCIINU] WRISAS 70X Y

R/W ELECTRONICS

CABLE 1A 7015-580

J1i

20
14
18

16

17

13
15
19

12

@ o A W N

CABLE BCO5L-15

HEAD P3 o} 45-3 TO 10, 13 TO 20
DRIVE INDEX PE ol 13-21 70 28
o TRACK 00 P7 »{13-3335.36.37
o HEAD STEPPER 23 I
— Ac InP ID
CINPUT | HEAD LOAD SOLENOID P5 | .\
HEAD P3,16-3T0 10 1370 20
ORIVE INDEX P8yl ia-21 T0 28
-
] TRACK 00 7l 14-33 35 36,37
HEAD STEPPER 2 [
HEAD LOAD SOLENOID P5
AC INPUT 14-11.12
P3
N CABLE 7010696
.01 10070 132 VAC
02 90TO 120 VAC
.03 20070264 VAC
04 180TO 240 VAC
e
| T
+24V 8
AC
INPUT GND 5
D +5 4
GND 3 j
5 2
GND+5 V GND +10
5 4 3 1

| . 1N

J2

GND GND 1

GND __GND| 20
DRV READ STROBE H
DRV SEL HDO H 3
DRV SEP CLK H 17
DRV WRT GATE H 5
DRV ERASE H
DRV OUT/ABOVE TRK 43 14
DRV LOAD HEAD H 13
DRV WRITE DATA 8
DRV STEP L 6

2

DRV SEL TRKO H 12
DRV SEL INDEX H 9
DRV SEP DATA H 18
DRV SEL DK1 H 15
AC LO L
DRV READ 2F L 10
DRV LOCK CLK H 19
DRV MAINT MODE H "

P1

-5 vDC

GND

+5 VvDC

GND

+24 VvDC

uCPU
CONTROLLER

J1

LL
RR

FF
vV
Ll

J3

o o koW

RX DATA L

RX DONE L

RX TRANSFER REQUEST L

RX SHIFT L

AX OUT L

RX ERROR L

RX RUN L

RXINIT L

RX 12 BIT L

RX DMA MODE H

RX AC L

J1
8B

D
N
FF
w
T

INTERFACE
( SEE SHEET 2

(PDP-8 ONLY)

)
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AR1TODV?

AP1TO DP1

RX 8E OR CH2
RX 28 cJ2

INTERFACE cL1

cB1
cP1
CE1, CH1
CR1
CD1

|

TP3 H

TP4 H

INTERNAL I/O L

SKIP L

INT RQST L

COo, C1

INIT H

1/0 PAUSE

MEMORY DATA BUS (9)

wCcw—-z2z20

EH2TO ED1
€D2 TO CU2

RX 11 OR 33
RX 211 £
INTERFACE |,
EF2

DL1

FM1

FT2

FD1

DD2 TO DH2

DK2 TO DV2

CA2, EA2

DA2, FA2

MSYN L

K ADDRESS SIGNAL (18) )
DATA SIGNAL (16)

SSYN L

NPR L

ClL

INIT

INTR L

wCcw—2zC

SACK L

BBSY L

BR (7:4)

BG (7:4)

+5V

AU2TO BV2

AH2

AE2
RXV11OR  AF2
RXV 21 A2
INTERFACE 4|,
AM2
AN2
AP2
AT2
AR2
AS2
AK2
ACt
AD1
AN1
BB1
BN1
AA2, BB2

K BDALOOTO 15 )

BDIN L

BDOUT L

BRPLY L

BSYNC L

BIRQ L

BIAK I L

BIAKOL

BBS7 L

BINIT L

BDMGI L

»wCcom

BDMGO L

BWT BT L

BAD 16 L

BAD 17 L

BDMR L

BPOK H

BSACK L

+5V
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RX02 FLOPPY DISK SYSTEM Reader’s Comments
TECHNICAL MANUAL
EK-ORX02-TM-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
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