gx\ fu -f f: 4 : f‘” ) ’(“i,'
i ) ¥ 3 1

SC I IO T A AC T 2 C K C)

(&

C B
v i

Professional”

ceecs

Technical Manual



Professional ”

300w

Technical Manual

dlilgliltlall



1st Edition, December 1982

Copyright © 1982 by Digital Equipment Corporation
All Rights Reserved

The reproduction of this material, in part or whole,
is strictly prohibited. For copy information, contact
the Educational Services Department, Digital
Equipment Corporation, Maynard, Massachusetts
01754.

The information in this document is subject to
change without notice. Digital Equipment Corpo-
ration assumes no responsibility for any errors that
may appear in this document.

This equipment has been certified to comply with
the limits for a Class B computing device, pursuant
to Subpart J of Part 15 of FCC Rules. Only
peripherals (computer input/output devices, ter-
minals, printers, etc.) certified to comply with the
Class B limits may be attached to this computer.
Operation with noncertified peripherals is likely to
result in interference to radio or television reception.

Printed in U.S.A.

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

CTI BUS DECwriter RSTS
DEC DIBOL RSX
DECsystem-10 Digital logo UNIBUS
DECSYSTEM-20 MASSBUS VAX

DECUS PDP VMS
DECmate P/OS VT
DECnet Professional Work Processor

Rainbow



CONTENTS

INTRODUCTION
CHAPTER1 SYSTEM INTRODUCTION

1.1 System DesCription ... .....uittiie i e e e i, 1-1
1.1.1 System Unit .. ... it i it e it e i e, 1-2
1.1.2 Video MoOmitOr . ..ottt i e e e 1-2
1.1.3 Keyboard ... .o e 1-2
1.2 System Specifications ...................... et et e e 1-2

CHAPTER 2 INSTALLATION

2.1 Introduction . ... ..ottt i i e i i e, 2-1
2.2 Site Preparation . ... ...ttt e e e 2-1
2.2.1 1 ¢ 1o 2-1
2.2.2 Lighting ... et e 2-1
2.2.3 01 2-1
224 Environment . ......... ... e e e 2-1
2.3 System Installation .............coiiiiiiiiiiniiiit ittt e 2-2
2.3.1 Packaging . ... e e, 2-2
2.3.2 Installing the Professional 350 .......... ... ... i, 2-2
2.3.3 Additional Equipment ..............iiiiiiiiiii it it e, 2-2
2.3.3.1 TopCover Removal ......... ... ittt 2-2
2.3.3.2 Printed Circuit Board Module Installation ............................. 2-5
2.3.3.3 RD50 Mass Storage Device Installation .................c.oovinnn.... 2-6
2.3.34 Floating Point Adapter ............ccoiiiiiiiiiii ittt 2-7
2.4 System UpKeep . ...t i e e e e 2-12
2.4.1 System Cleaning . ........ooiiiiiiiiiiiiiiii i i et 2-12
2.4.2 Diskette Handling and Storage ..................... ... il 2-12

CHAPTER3 CONTROLS AND INDICATORS

31 IntrodUCHOn ..ottt i e e e, 3-1
3.2 System Unit Controls and Indicators .......................... et 3-1
321 (@707 01 () 3-1
3.2.1.1 System Power Switch .......... .. ... i i 3-1
3212 Voltage Selection Switch ......... ... ... .. .. . i 3-1
322 o Te 1o 17 ) ¢ A 3-1
3.2.2.1 Diskette Drive Busy Indicators ...............ccciiiiiiiiiiiiininnn, 3-1
3.2.2.2 Indicators 1,23, and 4 ........ .ot e 3-1

iii



3223

w W
w
N
~

R RRRRROL
— et otk
BWN -

N =

3.4.
34.2.1
3.42.2
3423
3424
34.25
3.4.2.6

CHAPTER 4

4.1

4.2
4.2.1
42.1.1
4.2.1.2
42.1.3
4.2.2
4.2.3
4.2.3.1
4232
4.2.3.3
4.2.4
4.2.4.1
4.24.2
4.2.5
425.1
4252
4.2.6
4.3
4.3.1
4.3.2

CHAPTER 5

I EVEVEVEVEVEV

[CY CF O Sy

D= =
-

DC INdicator ......cvviiiiiiit ittt e et e 3-1
System Circuit Breaker .......... ... ittt it 3-1
Video Monitor Controls ............oiiiriiiii ittt 3-3
Brightness .........iiniiii i i e et et e 3-3
L7071 ¢ T AP 33
Keyboard Controls and Indicators ...............ccceiiiiiiiiinneennnannnn 3-3
1003 414 (o -3 33
Main Keypad . ... .coiiiiiiii i i e e e e e 3-3
Editing Keypad ........c.coiiniiniiiiiii i e 3-3
Numeric Keypad ...t it it eiie e 3-3
Special Function Keys ........... .. ittt iiiinnnnnn. 3-5
T L ToF: 170 ¢ 3-5
HOLD SCREEN Indicator ..........oiiiiiininiieiiniieeiannnnnnnn 35
LOCK Indicator .. ...ttt ittt it e e ittt eieeeeneaannnns 3-5
COMPOSE Indicator ........ciiiinntiiie ittt iieinananenn 3-5
WAIT Indicator .. ....oooiiit i ettt ti s 3-5
CLICK ..ottt e e 3-5
TONE .. oo e e e 3-5
SYSTEM OVERVIEW
Introduction ....... ...ttt e e i, 4-1
Functional Description . ........coviiiiiiin ittt it it eiieeenns .42
System ModUle .. ..ot e e 4-2
Computing Terminal Interconnect (CTDBUS .......................... 4-2
RAM Daughterboard (128K) .......... .ot 4-2
Floating Point Adapter (FPA) ..., 4-2
Keyboard Subsystem ............ i e 4-3
Video Monitor Subsystem . ........coiiiiiii i i e e 4-3
VR201 Video MONitor .........vuieiinniiner e eiineneeeannn. 4-3
Bit Map Video Controller Module ................... ... iiinaa.. 4-3
Extended Bit Map Module .......... ...ttt 4-3
RX50 Dual Diskette Drive Subsystem ............ccoiiiiiinneeininnn.. 4-3
RXS50 Controller Module ..ottt ein i, 4-3
RX50 Dual Diskette DIive .....ooiiniiiii ittt ieneannnnn 4-4
RD50 Hard Disk Drive Subsystem ..........c.oooiiiiiiiiiiiiinnnean.. 4-4
RD50 Hard Disk Controller .......... ... iiiiiiiiiiiiiininannnnn. 4-4
RD5S0 Hard Disk Drive ...ttt iiiee e eiiiienns 4-4
Power SUPPIY ..ot e e e 4-4
Functional Operation Description ............coiiiiiiiiiniiieiinnnnnnnn 4-4
Initialization SeqUENCE . .. ...t nr ettt 4-5
Hardware Interaction Example ............ ... iiiiiiiiiiiiiiniinnnn.. 4-5

SYSTEM MODULE

IntrodUcCtion .. ... .. i ien i i it it ittt 5-1
Chapter Organization . ....... ...ttt ittt 5-3
Related Documentation . .........c.couiuiieeintiineerinneenernneennanens 5-3

General DesCription ... .....iitntin ittt ittt ittt iae e inaeaaannns 5-3
System Module General Description .............ccooiiiiiiiiiii .. 5-3

Subsystem CharacteristiCs . ........c.vuiierinieeennreennrnnneenneenns 5-4
Physical Description ........... et e et e, 5-4

iv



v
SIS
W W W
N —

RS- SR NERERE Y
[, I SNV}

[NESESN SR SN SN SN SRS
it _

PN
P - \O
v~ OO

=

SULpLOR PR

Pt N = N = N —

[

k.

NANNANAANDANANUANANUAUALALANANAUAUANALANANALALALALAL KL G L
k.

PWLLWLWRLWLLWRLWLLLLLLLLLLWLLLLLWLLLLLLLWLLLWLD
o = e = = D0 00T TN VNUNUNERBRRWWWRRNRONNENDNOND R = —-— -

WWWOND=O

[N

System Module Features . ...ttt ittt ittt e, 5-4

Central ProcesSOr ...ttt ittt et et et i e 5-4
Memory Management ... ..........uueueertorennenneaneaneeneeneanns 5-5
Floating Point Option ..........ciiuiitint e eanrennernarannnenn 5-5
Power-Up Self-Test . ..ot it ettt it cie e 5-5
BOOt SEqUENCE ..ttt e e e e 5-6
CTI BUS Option Connectors .. ...ovvetiieeitieeeneeenneeneennnenanens 5-6
N 2310 B S 1 1<) - S 5-6
Indicator (LED) Register and Display ..............ccooiiiiiiiaaat. 5-6

0 17<) 8101 AP 5-6
ROM MmOy oottt ittt ettt ettt te et ene i inaaaaanns 5-7
ID PROM ..ottt e e e e 5-7
RAM MemMoOry oottt et ettt et a e 5-7
Video/Keyboard Port . .....ooiiiii it it it ittt 5-7
Printer Port ... ... e 5-8
Console Serial Line Port ......... ...ttt iiiennennns 5-8
Communication Port ......... .. i i e e 5-8
Battery Backed Up System Clockand RAM ............................. 5-9
Detailed DesCription .. ... ......uutinttt et i ei e 5-9
Microprocessor OVeIVIEW . ... ...'ieitietteineeineeieeeneenneeenenens 5-11
Chip System Architecture ...........cci ittt iieiieeenannns 5-12
Data/Base Control Chip Interaction ..............cooiiviiienennnnn... 5-12
Memory Management Interaction ..............c.ouitiiiirirreinneennns 5-15
Floating Point Interaction ......... .. ... ... .., 5-16
Instruction Cycles and Timing ......... .. ... i i, 5-16
Instruction CycCles . ...ooiiiir it it et et et i e 5-17
Basic Timing Logic ...t it et 5-18
Detailed Timing Logic ..........ccciiiiiiii ittt iineann, 5-21
MIB Decode Logic ......oiiiiiiii it i et i e e 5-22
CPU Chip Reset ..\ttt it e et eiaaeanns 5-22
Service Register . ... ..ottt ittt e e e 5-23
BUSES ..ot e e e i e, 5-23
Bus Reply ...t e e e e 5-27
Other Bus Control Signals .......... ... iiiiiniiii i 5-27
Bus Interfaces .........oiiiiiiiiiiiiii ittt i e e 5-29
Buffers ... o et e 5-29
Registers .......cvviiiiiiininiiiiinnnnn. e e 5-30
Other Control Logic . ..o vv ittt i et et e eaaeees 5-34
Slot Select Decoder ......ooiiiiiii it it e 5-34
I/O Page Address Decoder ..........ovviiiiniiiiiiieeiiieneennnnn, 5-34
Interrupt Vector CirCuit . ......o.viittiii ittt iei i iene e 5-41
Interrupt Service ... i i i i i e e 5-44
Direct Memory Access (DMA) .. ...ttt 5-44
DMA Detailed Description ........ PP 5-45
Read Only Memory (ROM) ......... ... 5-45
ID PROM .. e e 5-46
Random Access Memory (RAM) ... .. .ottt it e 5-46
RAM Timing and Control .......... ...t iiiiiiiiniinrinnenneennn. 5-48
Keyboard I/O .. ..ot i e e e 5-50
Printer 1/ O ... e e 5-51
Communication /O ............ e e 5-52
Communications I/O Detailed Description ..............cc.cvvvuun.... 5-52
Battery Backed Up Clock and RAM . ....... ... oottt iinnenns. 5-54
Clockand RAM Circuit ......coiiiiini i iiiiiiie i iieinienneanns 5-54
Battery Charger and Voltage Sensor ............coviviiieinrrenrennnnn 5-54

\4



DB W -

WA =

AR ARAAARARRRRANRRRRRS
W N =

NNNo oo bbb LLb -

B
o0 00

W
N
\O

o ov o o o oy n
[\

Wb hh v
BN DN = ok i

i

Programming Information ............... .o ittt i 5-56

Introduction . ... ...t i i e e e e 5-56
General Programming Information .................. .. ... . o ., 5-56
Central Processor .. ...ivut ittt it ittt et it 5-56
Power Fail Trap .....couiiiii ittt ittt e i 5-58
Memory Management .............coiiiiiiiiiiiii i 5-58
Memory Management Relocation ................ ..o iiiiiiinnnn.. 5-64
Default State After Power Up ..ot i ii i 5-64
Floating Point Precision ............c..oiiiiiiiiiiiieiiniiinennnnn. 5-65
Computing Terminal Interconnect (CTD) BUS ......... ... ... ... . ... 5-66
System Control and Status Register (SCSR) .............. . ... ... ... 5-67
Default State After Power Up ...... ...ttt 5-68
Indicator (LED) Display ..........coiiiininrinriiiniiieiinneennnn 5-68
LED Display Default State After Power Up ..............ccovviinnn.. 5-69
Interrupt Controllers ........coutiniinnetiie i it iee e iiie e 5-69
Control Status Register (CSR) ... ...t 5-73
Data Register . ...ttt i i i e e e 5-77
Interrupt Controller Default State After Power Up ..................... 5-77
Direct Memory Access (DMA) ...ttt i it ene e 5-78
Option Module Address ............... e e 5-79
Option Module Vectors . ......outiiie ittt e i eeiianneann 5-79
Option Module Present Register (OMPR) ............................. 5-80
ROM .o e e et e 5-80
D PROM .. e e e 5-80
RAM o 5-82
Keyboard . ...ttt i e e e e 5-83
Keyboard Interface ........... ..ot iiiiiiaiannnnn, 5-83
Keyboard Default State After Power Up ............ccciiiiiiiii... 5-89

g 117 P . 5-89
Printer Port Interface . ....... ...ttt i it 5-89
Printer Default State After Power Up .............c0 ... 5-96
Communications ................couenenn. P 5-96
Communication Port Interface .............. .. ittt 5-96
Communications Port Default State After Power Up .................. 5-112
Battery Backed Up System Clock and RAM ....................ccoo.tt. 5-112
Clock Interface . ......coviiie i e e et 5-113
System Clock Default State After Power Up ......................... 5-124
Battery Backed Up RAM . ... ... i ittt eiieeans 5-124
Maintenance OD T ... ... i i i it ittt 5-125
Terminal Interface .............ccoiiiieinnenn... e 5-125
Entry Conditions . ........ciiiriiiiin ittt iiie i, 5-125
ODT Operation of Serial Line Interface ............................. 5-125
Command Set .......oviiiiiiniiii ittt et it i s 5-126
Address Specification ........... i i i e i 5-130
Invalid Characters ........ciiiiii ittt ittt e et 5-132
Maintenance Terminal . ......... ... ittt i, 5-132
Maintenance Terminal Interface .............. ... oo, 5-132
L0707 1111 7 ) ¢~ O PP 5-134
Specifications ..................... it e et e e, 5-143
Physical Specifications .............coiiiiiniiiiiiii ittt 5-143
Dimensions and Weight ........ ... .. it 5-143
Module Interconnects ..........c.ovituineiineiineeiiieeinnernnennns 5-143
Power Requirements ..............c.iiiiiiiininrininiieiaennennnnn 5-143
DC Power Requirements ...........c..couiiineuinennnrenneeennennnns 5-145



5.6.3 Environmental Specifications .............cooiiiiiiiiniiiinrrnnann. 5-145
5.6.3.1 T emMPerature . .. ..ottt ittt et et e 5-145
5.6.3.2 Relative Humidity ........... ... i ittt 5-145
5.6.3.3 ARUAe ... e 5-146
5.6.34 Airflow — Operating . .. .....uuuuu ettt 5-146

CHAPTER 6 LK201 KEYBOARD DESCRIPTION

6.1 Introduction .......coiiiii i e i e 6-1
6.1.1 Related Documentation ............c.iiiiiiiininein it 6-1
6.2 Physical Description .......couiitiii ittt e e 6-2
6.3 Functional Description . ....... ... .. i i i i i 6-4
6.3.1 Overview of Keyboard Operation ............. ... .ciiiiiiiiiiiinennnnn. 6-4
6.3.1.1 Keyboard Scanning ...........c.uiiiririiniine e iiiin et 6-4
6.3.1.2 Control of Audio Transducer and Indicators ........................... 6-5
6.3.2 Keyboard Firmware Functions ........... ... ... iiiiiiiiiiiiiinnnnnn. 6-5
6.3.2.1 Functions Not Changed by System Central Processor Instructions . ....... 6-5
6.3.2.2 Functions Changed by System Central Processor Instructions ............ 6-5
6.3.2.3 Firmware Functions That Can Be Changed ........................... 6-5
6.4 Detailed Keyboard Circuit Description .........ccvuiiiiieriinennreennnnnn. 6-6
6.4.1 Keyboard Matrix Scanning .................c0vviennn... J 6-6
6.4.2 Audio Transducer Control Circuit ......... ... iiiiiiiii i, 6-12
6.4.3 Indicator (LED) Control Circuit ..........vviirneen i iinreannnnn. 6-13
6.4.4 Keyboard Communication .............cc.uueiiiiiiiiiiineneeeeennnnnn 6-13
6.4.4.1 Keyboard Transmit Mode ...........coiiiiiiiiniiiiiiniinennnn. 6-13
6442 Keyboard Receive Mode ......... ...ttt iinennnnns 6-14
6.4.5 Reset Signal for 8051 Microprocessor ........ccouviiiin i innennennns 6-14
6.4.6 Hardware Keyboard Identification (ID) .................ccoiiiiiiiin... 6-14
6.4.7 Voltage SUPPHES . ..ottt it i i e i et e 6-14
6.5 Keyboard Programming . ...........cuuiiiiiiniiiin i iiieennnrneennnns 6-15
6.5.1 Keyboard Layout and Key Identification ................................ 6-15
6.5.2 1% e To L= O 6-20
6.5.2.1 Special Considerations Regarding Autorepeat . ......................... 6-20
6.5.2.2 Special Considerations Regarding Down/Up Mode ..................... 6-20
6.5.2.3 Autorepeat Rates ..ottt i i i 6-22
6.5.3 Keyboard Peripherals ...........c.uiiiiiiiniiiniiiierineennennnns 6-22
6.5.3.1 N 1« & o T 6-22
6.5.3.2 Indicators (LEDS) . ..ivitir ittt it et et ettt eiieeanns 6-22
6.5.4 Keyboard-to-System Module Protocol ..............c.ccoiiiieiiiienn.n. 6-23
6.5.4.1 Keycode Transmission ......... N 6-23
6.5.4.2 Special Code Transmission ............c.oviuiiiiiininennennennennn. 6-23
6.5.4.3 Power-Up Transmission ..........c.cuiiiiintiiieeiineiininneennnnnns 6-24
6.5.5 System Module to Keyboard Protocol ..................cciiiiiiinin... 6-25
6.5.5.1 Commands .........iiiiiiiii e e i e ... 6-25
6.5.5.2 Parameters ...t e i e 6-25
6.5.5.3 Peripheral Commands ............uiieimmineis i, 6-26
6.5.54 Mode Set Commands ............coieiiinrieiiii it 6-30
6.5.6 ~ Special Considerations ...............iiiiiiiiiit . 6-32
6.5.6.1 Error Handling .. ... ..ot i i et 6-33
6.5.6.2 Keyboard Locked Condition .................0iiiiiiiiiiieninnnnnn. 6-33
6.5.6.3 Reserved Code ......ooiviiinr it ittt ittt i it iie s 6-33

vii



6.5.6.4 8 =T LY, oo (- O 6-33
6.5.6.5 Future EXpansion . ...........uiiiiniiiiiiiii it iiineinnenns 6-33
6.5.7 Default Conditions ...........c.iiiriiiiie ittt ittt 6-33
6.5.7.1 Audio Volume ... ... i e i e e e 6-33
6.6 SPECI ICatIONS . .\ttt e e e e e 6-34

CHAPTER 7 BIT MAP VIDEO CONTROLLER AND EXTENDED BIT MAP MODULES

7.1 Introduction . ........cciuiriiiine i it ittt et e 7-1
7.1.1 Related Documentation ............ ... o i 7-1
7.1.2 General Information . ........ ... it i e PP 7-2
7.2 Functional Components .............iiiuneiinrenneeeenreenneennennnnens 7-3
7.2.1 Bit Map Video Controller Circuit Components ...........ovveiiernrnennn.. 7-3
7.2.1.1 CTIBUS Interface Circuits .........ccoviieriiieiiinrinneninennanans 7-3
7.2.1.2 CTI BUS Register Access CirCuits .. ....ovvtneennrernnenneernneenns 7-4
7.2.1.3 S 1] 7 - 7-4
7.2.1.4 CTI BUS Video Memory AcCCeSS . ..vvvtiiriiiereinriieeernennnnnns 7-4
7.2.1.5 Video Memory Control and Update Circuits .. ......................... 7-5
7.2.1.6 Video MemOrY .. ovvtiiet ittt ettt 7-5
7.2.1.7 Video Generator CirCuit ........coviviineerneirnnreennennneenneeenn. 7-5
7.2.2 Extended Bit Map Module Circuit Components ..............c.covvevnn... 7-6
7.2.2.1 CTIBUS Interface Circuit ........vvvriiin i eeiieneennennn, 7-6
7.2.2.2 Plane and Color Map Registers ..........0..ciiiiiiiiiiiniiiinennnnn. 7-6
7.2.2.3 _ CTI BUS to Video Memory Access ClI'CllltS .......................... 7-7
7.2.2.4 Video Memory Update Circuits . . ........coiviiinn .. 7-7
7.2.2.5 Video MemoOry ..ottt it it et e i 7-7
7.2.2.6 Video Generator . ... .vut e et ee e eeee e eeaeeeenneeennnnnnnn 7-8
7.3 Theory of Operation ...........uiiiiitiin ittt iiie e ieninaaeeans 7-8
7.3.1 Bit Map Video Controller Detailed Operation ............................ 7-8
7.3.1.1 CTI BUS Interface Detailed Operation ..............ciivvennrennnnnn. 7-8
7.3.1.2 CTI BUS Register Access Detailed Operation ......................... 7-11
7.3.1.3 RegiSterS ..ottt e e 7-13
7.3.14 CTI BUS Video Memory Access C1rcu1ts ............................. 7-22
7.3.1.5 CloCK Gemerator . ..ot e it sttt et et iee et iiee e enneeaeeans 7-22
7.3.1.6 Video Memory Control and Update C1rcu1t Operation .................. 7-24
7.3.1.7 Video Memory Circuit Operation ................... e 7-29
7.3.1.8 Video Generator Circuit Operation ..............ciiiiieniinennennn.. 7-29
7.3.2 Extended Bit Map Module Detailed Operation ................cccvvnn.n.. 7-34
7.3.2.1 CTI BUS Interface Circuit Operation ............covvviriienneennnnnn 7-34
7.3.2.2 Plane 2 and 3 Control and Color Map Register Operation ............... 7-36
7.3.2.3 CTI BUS Video Memory Access Circuit Operation .................... 7-38
7.3.2.4 Video Data Update Circuit Operation ...............ccooiiiiinine... 7-38
7.3.25 Video Memory Plane 2 and 3 Circuit Operation ....................... 7-41
7.3.2.6 Video Generators Circuit Operation ............coovvieiiiieneennnnn.. 7-41
7.4 Detailed Connector Descriptions ...........ccciiiiiiiiiiniinnernennnnnnn 7-44
74.1 CTIBUS Interface J1 .. ... oottt 7-44
7.4.2 Drive Interface Connector J2 .. ... ...ttt 7-44
74.2.1 NOMEMH Signal .......c.iiiiiiiiiiiiiii ittt 7-44
7.4.2.2 COLOR H Signal ......coiiiiiiiiiii it ittt iiiiaaneens 7-44
7.4.2.3 BSELD L Signal ...... ..ottt it eiie i eeiianneenn 7-44
7424 WRI2 H Signal .....oiiiiiiiiiiiii ittt tie et e ieeiiaaeanns 7-44
7.4.2.5 RDIO H Signal . ....counttiiiiiie it 7-44
7.4.2.6 WRIO H Signal ......ooiiiiiii i it it et e eiaiaae e 7-44
7.4.2.7 DX H Signal ...ttt ittt et e, 7-44

viil



7.4.2.8 DOH Signal ... e 7-44

7.4.29 CMI1 and CMO Signals .....coiiiiiiiie ittt ettt eeie e 7-44
7.4.2.10 PAT H Signal ... i et e eaann 7-44
7.4.2.11 X3 H, X2 H, X1/PRESET H, and X0/CLOCK H Signals ............. 7-44
7.4.2.12 Mli Hand MO HSignals ............0 ittt 7-47
7.4.2.13 MEMREQ L Signal ................. e, 7-47
7.42.14 SVID Signal . ..ottt e ettt e e 7-47
7.4.2.15 OPTREG L Signal .........c.coiiuiiiiiiiiiiiiiiie e iinnnns 7-47
7.4.2.16 MATCHH Signal ... it ettt e it eans 7-47
7.42.17 ZERO H Signal ...ttt ettt et iians 7-47
7.4.2.18 MEM H Signal .......ccoiiiiiiiiiiiiii i iiiiiinaannns 7-47
7.4.2.19 SYNCL Signal .................... e e e 7-47
7.4.2.20 MPE H Signal .......coiiiiiiiiiiiiii i ettt 7-47
7.4.2.21 WRT L Signal ......coiiiiiiiiii i it ittt iee e aiaeaaas 7-47
7.4.2.22 MCA Signal ......coniiiiiiii i e e 7-47
7.4.2.23 MRA Signal ... e 7-47
7.4.2.24 AM6 H Through AMO Signals ................. e et 7-47
7.4.2.25 CLK L Signal . ....coniii et eans 7-47
7.4.2.26 IOPRES L Signal ........ ...ttt iiiiiiiiaannns 7-47
7.5 Programming .............iiiiiiiii i e it 7-48
7.5.1 Identification Code Register (IDR) ............ ... i, 7-49
7.5.2 Control Status Register (CSR) ....... ...t 7-49
7.5.2.1 Bit O/Line Mode Definition ............c.coiiiiiiiiinriineiinennnennn. 7-49
7.5.2.2 Bit 1/Interface Mode Definition ...............ccoiiiiiiiiiniiiinna... 7-49
7.5.2.3 . Bit 5/0dd/Even Frame Definition ...................cciiiiiiia... 7-49
7524 Bit 6/End of Frame Interrupt Enable Definition ....................... 7-49
7.5.2.5 Bit 7/End of Frame Definition ............. ... .. ... ... ... oo, 7-49
7.5.2.6 Bits 8 and 9/Operation Class Definition .............................. 7-49
7.5.2.7 Bit 10/Color Map Enable Definition .................cciviiinennnn.. 7-50
7.5.2.8 Bit 13/Option Presence Definition ................ccciiiiiiiiinnann.. 7-50
7.5.2.9 Bit 14/Done Interrupt Enable Definition . .................. ... ... ..... 7-50
7.5.2.10 Bit 15/Transfer Done Definition ...... e e e e i e, 7-50
7.5.3 Plane 1 Control Register (P1C) ........coiiiiiiii ittt 7-50
7.5.3.1 Bits 2,1,0/Plane 1 Logical Operation Select Definition .................. 7-50
7.5.3.2 Bits 4,3/Plane 1 Horizontal Resolution Select Definition ........... U 7-51
7.5.3.3 Bit 5/Plane 1 Video Memory Enable Definition ........................ 7-52
754 Plane 2 and 3 Control Register (OPC) ..............coiiiiiiiiiiiin... 7-52
7.5.5 Color Map Register (CMP) ...ttt eieeeas 7-53
7.5.6 Scroll Register (SCL) ...t i et e ieie e 7-53
7.5.7 Xand Y Registers (X)(Y) .viiiiiii ittt ittt et i ettt 7-54
7.5.8 Counter Register (CNT) ... ..ot i et et i e 7-55
7.5.9 Pattern Register (PAT) . ...... oot e i 7-55
7.5.10 Memory Base Register (MBR) ...ttt 7-55
7.6 SPECIfiCations . ... ..ottt e e 7-56

CHAPTER8 MONOCHROME MONITOR

8.1 General . ..o e e 8-1
8.1.1 Related Documentation . ..........oouttiin et erernrennenenenenas 8-1
8.2 Physical Description . .......oviiitintii ittt ittt et et iie s 8-2
8.3 Functional Overview . ....... ..ottt ittt ittt ittt 8-3
8.3.1 VIDEO Data ......coiiiiiiiiii ittt ettt et et e ieinennns 8-4
8.3.2 SYNC Data . ..ottt e et e e e e e 8-4

ix



8.4 Monochrome Monitor System Communication ...................cuuuunn... 8-4

8.4.1 Composite Video Signal ............. ittt ittt 8-6
8.5 ORI oo e e e e e 8-8
8.6 YOKE .. e e e eeeiaaaaa, 8-9
8.7 Monitor Module . ...... ..ttt i e e e e 8-9
8.7.1 Dynamic FOCUS ...ttt ittt et 8-10
8.7.2 Grid Bias . ...t i i e e e e 8-10
8.7.3 Horizontal Deflection .......... ..ottt iiieeineennnn 8-10
8.74 Linear Regulator ... ...ttt it i i it it et enaaa 8-10
8.7.5 Vertical Deflection . ..........iiiuiniiiii ittt et iiaeennnnn 8-11
8.7.6 Video AMP .. oo e e e e 8-11
8.7.7 Flyback Transformer ............oiiuiiiireiiiie it iiieeeiinnnennns 8-11
8.7.8 L e 8-12
8.7.9 T e e e 8-12
8.7.10 Pl e 8-12
8.8 N 1T 1 1 (o) o TS 8-12

CHAPTER 9 RX50 CONTROLLER MODULE

9.1 General Information ........ e e 9-1

9.1.1 Related Documentation . .........couuuieieireiineenneruneeneennenenns 9-1
9.1.2 RX50 Controller Module Information .................... ... ooo... 9-2
9.2 Functional Components . .............ouuiiietuiininerenenneeeeenneneenns 9-3
9.2.1 10 175] 74 =) R 9-3
9.2.2 CTI BUS to Controller Memory Interface ...............ccinnoia. 9-4
9.2.3 Microprocessor to Controller Memory Interface .......................... 9-5
9.24 Disk Control and Status Interface ............... ..., 9-5
9.2.5 MFM Write DataInterface .......... ... ... i, 9-5
9.2.6 MFM Read DataInterface .............. ..o, 9-5
9.3 Theory of Operation . ..........iviieiiit ittt ittt ineenns 9-5
9.3.1 CTI BUS to Controller Memory Interface Detail ......................... 9-6
9.3.1.1 RX50 Module Initialization ............cc0viiniiiiiniineerneennnnnn. 9-6
9.3.1.2 Interrupt Signal Generation ................c.coiiiiitiiiiiinnnnnnnnn. 9-6
9.3.1.3 RX50 Module Acknowledgment ................ccoiiiiiirninninn... 9-8
9.3.14 Host Processor to Controller Memory Accessing ...............coo..... 9-8
9.3.2 Microprocessor to Controller Memory Accessing .........c.covvviieeennnnn. 9-10
9.3.2.1 Command and Status Register Accessing ..........cooviiiiininnn.... 9-10
9.3.2.2 Sector Buffer Memory Accessing Function ............................ 9-10
9.3.3 Disk Control and Status Interface Function .............................. 9-12
9.3.3.1 Control and Status Signal Processing ............c.coiieiiiiiiinennnenn. 9-12
9.3.3.2 Drive Select Signal Conversion ............couiiiiirinnernnennnennnns 9-14
9.3.3.3 Drive Control Signal Gating ..............cciiieiiieeiineeennnnnnnnn 9-14
9.34 Write Data Interface Function ........... ... i ittt e, 9-14
9.3.4.1 Write Data Bytes to Floppy Controller Transfers ...................... 9-16
9.3.4.2 MEMERNCOAING ....ooviin ittt ettt et e it eiaeenns 9-16
9.34.3 Write Data Precompensation .............coiiiiiiiietnineenennnnnnnn 9-17
9344 MFM Write Data Synchronization ...................coiiviiennnn.... 9-17
9.3.5 MFM Read Data Interface Function ............. e e e 9-17
9.35.1 Data Separator and Phase Lock Loop Operation ....................... 9-17
9.35.2 Read Data Byte Conversion and Transfer ............................. 9-18
9.3.6 Module Data Flow Description ..............cciiiiiiieiniiinennennnn. 9-19



W N =

W N =

R
AN bW

101010101010 0 1010V VWV 1 VY O
(VRO RV RV RV RV BV RV RV RV RV RV RV R NV N,

e
L
[l o
)

9.5.12

\O A
c\

961
9.6.1.1

Detailed Connector Descriptions ... .....oouiititinet e eenninnneennns 9-20

CTIBUS Interface J1 ... ...ttt iiennn e 9-20
Drive Interface Connector J2 .. ... .. ...ttt 9-20
TKG43 L Output SIgnal ...........ccci ittt 9-22
SEL O thru SEL 3 Output Signals ...............cciiiiiiiinnnennn.. 9-22
TKOO L Input Signal ... ..ot e iiiiianns 9-22
MOTOR PWR ON L Qutput Signal ...........c.ccoiiiiiiiiniinnnnn.. 9-22
DIR Output Signal ...........ciiiiiiiiiiiii ittt iiaannnns 9-22
STEP L Output Signal ..............iiiiiiiiiiii it iieiinennnnn 9-22
WRT DATA L Output Signal ..., 9-22
WG LOutput Signal ..........oo it i i iiinneas 9-22
INDEX L Output Signal ...........ciiiiiiiiiiiin it iiniinennnn. 9-22
WRT PRT LInput Signal .......... ... ... . ... 9-22
RDDATA LInput Signal ..........coiiiiiiiiiie it iiiinan, 9-22
READY Input Signal ...ttt ittt ittt 9-22
Programming .. ....ii ittt i e e e et 9-22
RXSID Identification Register (X00) Description ........................ 9-23
RX5CS0 Register (X04) Description ..........ccouiiiireninnennenennaen, 9-24
Command Mode Bit Definition .............. ..ottt 9-24
Maintenance Status Mode Definition ............. P 9-26
Read/Write Status Mode Definition ............... ... .. ..., 9-26
RXS5CSI1 Register (X06) Description . ..........viiiieerrnneennaneennns 9-27
Command Mode Bit Definitions .................cciviiiiiiiii... 9-27
Maintenance Status Mode Definitions ....................... ... ..... 9-27
Read/Write Status Mode Definitions ...............ccciiiiiieinn... 9-28
Extended Functions Mode Definition ................ ... ..., 9-28
RX5CS2 Register (X10) Description . .......ovvviiiiineiineiineninennns 9-29
Command Mode Register Definition ................. ... ... 9-29
Maintenance Status Mode Register Definition ......................... 9-29
Read/Write Status Mode Register Definition .......................... 9-29
Extended Functions Mode Definition ................coiiiiiiiiinne .. 9-30
RXS5CS3 Register (X12) Definition .........coviiiinirineiineennennn. 9-30
Maintenance Mode Status Register Definition ......................... 9-30
Read/Write Status Mode Register Definition .......................... 9-32
Extended Function Mode Register Definition .......................... 9-32
RX5CS4 Register (X14) Definition ................oiiiriieiiinnnennnn. 9-33
Maintenance Status Mode Register ............... ..., 9-33
Read/Write Status Mode Register Definition .......................... 9-34
Extended Function Mode Register Definition .......................... 9-34
RXS5CS5 Register (X16) Definition ...........c0cviiiiiineiiiannennnn.. 9-35
Read with Retries Definition (000) ..............ccoiiiiiiiiiiinnnn.. 9-35
Write Sector with Deleted DATA MARK (001) ....................... 9-36
Report Format Parameters of Selected Diskette (010) .................. 9-36
Set Format Parameters of Selected Diskette (O11) ..................... 9-36
Report Controller Version Number (100) .................c.coiinaa... 9-37
Read and Compare (101) ... ... it iaaee 9-37
RXS5EB Empty Data Buffer Register (X20) Definition .................... 9-38
RXS5CA Clear Address Register (X22) Definition ........................ 9-38
RX5GO Start Command Register (X24) Definition ...................... 9-38
RXS5FB Fill Sector Buffer Register (X26) Definition ..................... 9-38
Command and Status Register Summary ..................cciiiiiiae.. 9-38
General Sequence of Operation .............oiiiiiiinirinrrnecnnennnnenn 9-39
Read/Write Operations ..........c.c.iiieeiiinreiieerieenneenneeninennns 9-40
Read/Write Status ...........ooiiiiiii i et iiiiaeneann 9-41

xi



9.6.2 Maintenance Operations . ...........c.veueenuineeeeruenneeeneenanennans 9-41

9.6.2.1 . Maintenance Status .......... ..ottt i i e e e 9-41
9.6.3 Controller Initialization and Self-Test Sequence .................ccoovn.. 9-41
9.7 P ICatIONS . . vttt e e e e e 9-43
9.7.1 Electrical CharacteriStics .........vviiiin ittt ittt e, 9-43
9.7.2 Environmental CharacteristiCs ............ciiiiiiieiinenenernennnnnnnn 9-42
9.7.3 Physical Characteristics . ........vveririntiineiin e eneeennannnans 9-43

CHAPTER 10 RX50 DUAL DISKETTE DRIVE

10.1 General Information ........ ..ottt i i i e e e 10-1
10.1.1 Related Documentation . ........cvuiit et ittt ittt ie et enennnns 10-1
10.1.2 IntrodUction ... ..ot e et e 10-2
10.1.3 Physical Description . ..........c.ciiiiiiiiinie ittt 10-2
10.1.4 Diskette Description . ..........cciiiiiiiinr ittt 10-3
10.1.5 Operating Procedures ............. ittt ittt 10-3
10.1.5.1 Diskette Handling and Storage ............ccoiiiiiiiiinninnennnenn. 10-4
10.1.5.2 Write Protection of Diskettes ............co it 104
10.1.5.3 Diskette Loading/Unloading ..............ccoiiiiiiiiiiineennnnn... 10-5
10.1.6 Configuration Options . .........coiiiiiiiinne i iiiiiee i iiiaaanenennn. 10-7
10.2 Functional Components . .........c.oouiiiiiiinteiineriin i rnnennnenns 10-7
10.2.1 Seek and Interface Module Functions . ............ ... ..., 10-9
10.2.2 Motor Control Module and Spindle Motor Function ..................... 10-9
10.2.3 Head Load Solenoid Function ..............ciiiiiiinieiiniinnnnannn. 10-9
10.2.4 Sensor FUNCHIONS ... ovvi ittt it et ettt en s 10-9
10.2.5 Stepper Motor Function .............ciiiiiiiniiiiniiiniiienaeenn, 10-10
10.2.6 Read/Write Module Function ..............c.iiiiiiiiiiniiinnnnnn. 10-10
10.2.7 RX50 Drive Set-Up Sequence . ..........ovtiiiineiniinrinneenannnnnn 10-10
10.3 Theory of Operation . ........ouniituine ettt ittt eiinneaans 10-10
10.3.1 Drive Mechanisms Detailed Operation . .............coviiiiieennnn.... 10-10
10.3.1.1 Diskette Positioning Mechanism .............. ... ccciiiiiinrnnnann.. 10-13
10.3.1.2 Spindle Drive Mechanism ............. ... il 10-13
10.3.1.3 Head Positioning Mechanism ..............cc0oiiiiiiiieinnnennennn. 10-13
10.3.14 Head Load Mechanism . ...........c.oiiiiiiiniiiin e 10-13
10.3.1.5 M OTS oottt e e e 10-14
10.3.2 Select Circuit Detailed Operations ...............cccoiviiiivennnnn.... '10-14
10.3.2.1 Drive Select Circuit Detail . ... ...ttt iiiinn, 10-16
10.3.2.2 Motor Enable Circuit Detail ........... ..o, - 10-16
10.3.2.3 Head Load Circuit Detail .......... ..., 10-16
10.3.3 Motor Control Circuit Detail ...............oiiiiiiiiiiii ... 10-17
10.3.3.1 Frequency to Voltage Converter Detail ..................ccovvu.... 10-17
10.3.3.2 Summer Detail ... ...t e 10-17
10.3.3.3 Integrator Detail ........ ... it i i e i 10-17
10.3.3.4 Gain Amplifier and Current Limiter .................c.cciiiiiii... 10-17
10.34 Head Load Solenoids and Indicators ................cciiiiiiiiiinn... 10-19
10.3.5 Status Circuit Detail ............. i i it i 10-21
10.3.5.1 Write Protect Status Circuit Detail .............. ... ..., 10-21
10.3.5.2 Diskette Present Status Circuit Detail ................. ... ..., 10-21
10.3.5.3 Output Driver Detail ............c.c0 ittt e 10-21
10.3.54 S VoIt MONItor ..ot e e ... 10-21
10.3.6 Status Sensor Detail . ... e e 10-23
10.3.6.1 Index Sensor Detail ......... ... it 10-23
10.3.6.2 Diskette Present and Write Protect Sensor Detail ..................... 10-23

xii



10.3.10.1
10.3.10.2
10.3.11
10.4
10.4.1

0
10.4.1.11
10.4.1.12
10.4.2
10.4.2.1
10.4.2.2
10.4.2.3
10.4.3
10.4.3.1
10.4.3.2
10.4.3.3
10.4.3.4
10.4.3.5
10.4.3.6
10.4.3.7
10.4.4
10.4.5
10.4.5.1
10.4.5.2
10.4.5.3
10.4.5.4
10.4.5.5
10.4.5.6
10.4.5.7

Stepper Motor Circuit Detail .............ccoiiiiiiiiiiiiiiiininenn. 10-25

Stepper Motor Driver Detail ................. i, 10-25
Track Zero Sensor Detail . ...ttt it iiieennn, 10-25
Track Zero Status Circuit Detail ................. ... ... ... 10-25
Read/Write Interface Circuit Detail ............ ..., 10-27
Write Driver Circuit ..........coovviiiiiiiiiiiiiin, e 10-30
Erase Gate Timer Detail ................... ..., e 10-30
Output Driver Detail . ...... ...ttt ittt 10-30
Write Circuit Detailed Operation ..............ciiiiiiiiiieiinnennnn. 10-30
Write Current Generator Detail ............. ... ... .. ... ... .. .. ... 10-32
Voltage Reference Detail ............coiiiiiiiniiiiiin i, 10-32
12 Volt Gate Detail .........cooiiiiiiiii ittt iiinn e 10-32
Differential Write Switch Detail ........... ... ... .. ... ... iiian.. 10-32
Erase Gate Generator Detail ............cco0 it iinnnn... 10-32
Multiplexer Detail ........ .. .. i i i e 10-33
Read Circuit Detailed Operation .............coiiiiiieriinieeeeennnnn. 10-33
Read Amplifier Detail .. ...ttt it et iineennn, 10-35
Multiplexer Detail .........oi ittt iiaeanann 10-35
Read/Write Head Detailed Operation ................ .. ..., 10-36
Intermodule Signal Definitions ...........c..coiiiiiiiiinniiinn .. 10-36
Seek and Interface/Controller Module Connector J1 ..................... 10-36
TKG43 L Input Signal ... ... ... i iiiieaaenn 10-38
DRIVE SEL 0 thru DRIVE SEL 3 Input Signals ..................... 10-38
TRACKOLOutput Signal ..........coiiiiiiiiiiiin i 10-38
MOTORON LInputSignal .........ccoiiiiiiiiiiiiiiiniineenn, 10-38
DIRECTION Input Signal ............ccciiiiiiiiiiineiinnnnnnn. 10-38
STEP L Input Signal .......... .. ittt iieieinnnaanns 10-38
WRITE DATA LInput Signal ..., 10-38
WRITE GATE LInput Signal ............ciiiiiiiiiiiiiiiinenns, 10-38
INDEX L Output Signal ..........ciiiiiiiriiniiniieennnennn, 10-38
WRITE PROTECT L Output Signal ............... ..., 10-38
READ DATA L Output Signal .........ccviiiiriniiinrenriennennn. 10-38
READY Output Signal ....... ... ... i 10-38
Seek and Interface/Motor Control Module Connector J4 ................. 10-39
MPWRH Input Signal ......... ... it 10-39
SIDE A LInput Signal ..........0 ittt 10-39
SIDEBLInput Signal ...........coiiiiiiiiiiiiiii it 10-39
Seek and Interface/Read Write Modules Connector J9 ................... 10-39
DCOK L Output Signal ........covttiinieiinr et iinennennneannnnn 10-39
WRITE L Output Signal ...ttt 10-39
RDATA HInput Signals ........... ittt iiiiinanennns 10-40
W GATE L Output Signal ......... ...t iiiiinnennn 10-40
WRITE CURRENT SWITCH Output Signal ....................... 10-40
ERASE GATE L Output Signal ............ccciiiiiiiiiniiineenn.. 10-40
SELALOutput Signal ...ttt it iiiniianans 10-40
Seek and Interface Power Connector J3 ........ ... ... 10-40
Seek and Interface Connectors J2, J5, J6, J7, 18, J10, and J17 ........... 10-40
Side A Switches and Indicators Connector J2 ........................ 10-40
Track O Sensor Connector J5 ...ttt .. 1041
Side B Head Load Solenoid Connector J6 ............... ..., 10-41
Stepper Motor Connector J ... ..iiiiiiie ittt e 10-41
Side B Switches and Indicators Connector J8 ........................ 10-41
Side A Head Load Solenoid Connector J1O ...................... ..., 10-41

Drive Select Jumper J17 ... i i i e 10-41

Xiii



10.4.6
10.4.6.1
10.4.6.2
10.4.7
10.4.7.1
10.4.7.2
10.5
10.5.1
10.5.2
10.5.3
10.5.4
10.5.5
10.5.6

CHAPTER 11

Motor Control Modules Connectors J4, J11, and J16 .................... 10-42
Spindle Motor Connector J11 ..............cciiiviininn.... e 10-42
Front Panel Operational Indicators Connector J6 ..................... 10-42

Read/Write Module Connectors J9, J14, and J15 ....................... 10-43
Side A Read, Write, and Erase Head Connector J14 .................. 10-43
Side B Read, Write, and Erase Head Connector J15 ................... 10-43

SPECHICAtIONS . . ..ottt e e 10-43

Performance Specifications .............. P 10-43

Reliability Specifications ...........c.coiiiiiiiiiiiiiiiiiieaan, 10-44

Functional Specifications ...........c.ciiiiiirtiintiiineniiinennann 10-44

Electrical Specifications ................ e e e 10-44

Environmental Specifications ............. ... iiiiiiiniiiiiinaann.. 10-44

Mechanical Specifications . ........... ... e 10-45

RD50 HARD DISK CONTROLLER MODULE

General Information ...... ...ttt e e 11-1
Related Documentation . .........outiiinrne it itiiierenernenenns 11-1
RD50 Hard Disk Controller Module Introduction ....................... 11-2

Functional Components ..........c.couiuiiiiintiineeineerneennrennnennns 11-2
(0 ) =3 o 13 PP 11-2
CTI BUS Interface Circuits .. ... et e e e e e 11-4
Microprocessor Control Circuits ............... ettt et e, 11-4
Disk Control and Status Circuits ..........cviiiit it iiienennns 11-4
MFM Write Data Circuits ...........c0iiiiniiniiniiinineennenn.... 114
MFM Read Data CircuitsS .......c.oivitniiiie ittt ie e iiennnannnn 11-5

Theory of Operation . ......... ...ttt 11-5
CTI BUS Interface Circuits ..........couiuiiiiniiine i iiieennneans 11-6

CTIBUSI/O Controller .........ciiiiiiiiiitiit it iiieinneans 11-6
CTI Data/Address TranSCeivers . ..........uvviiiiiernnennnennnnnnn. 11-6
STATUS/INIT Register .....coviiiiiieiieiiiiiiie e iiineennnns 11-6
Address Buffer ... ..o e e 11-6
Data I/O POrts ..ottt ettt e 11-6
General Controller ACCesS .......ovviiiiinriii it iieiieinenannn 11-8
Microprocessor Control Circuits ............coiviiiiieiineieeennnnnns 11-8
Internal /O Bus Control ........ ...ttt it 11-8
Memory Mapping and ACCESS .. ... .vviieitiiiee it 11-8
Disk Read Write Contol Buffer .............. ... .. . ... 11-8
Disk Control and Status Circuits ...........coviiiiniiniin e, 11-10
Disk Control Signal Buffer .......... ..., 11-10
Disk Status Signal Buffer .......... ...t 11-11
MFM Write Data Circuits . ........coiinitiiiiii it ittt ieinenennens 11-11
Parallel-to-Serial Converter ..........ccovvtiiriiiiereieenineenaennns 11-12
CRC Generator/Checker .............cciiiiiiiiiini i 11-12
MEM Generator . .....ooviieieit ittt eie e ete e neenaennens 11-12
MFM Read Data Circuits .........ccoiiriiiiiin it inineannn. 11-12
Phase Lock Loop/Data Separator ........... e e e 11-12
Address Mark Detector ...... e 11-12
Serial-to-Parallel Converter .............ovitiiiiiiniiniiinnnnnn. 11-13
CRC Generator/Checker ...........c.uuiiiiiii it 11-13



ke

e el

Awww
oo o
[\

[
Pt
W

L T U U U U U U TN T VO T T S VA U VS U T T VO VR TR T TR TR U
AN bW =

—
—
O O00~1INA WU W =

[Sa—y

[
[ T T o T oy Gy U e g ey

[S—
PPN NNNNNNNUUaLhLNDDbDN =

ek ko kot ok
BwWN =

— e

Controller Data Flow Description .............c.c0iiiiiiiiiiiieiiinenn. 11-13

Drive Command Data Flow .......... ... ... i iiiiiiiniiian.. 11-15
Write Data FIoW ... ..o ittt et e e ieeaeans 11-15
Detailed Connector Descriptions .............c.coiiiiiiiniineinennnnnnnns 11-15
CTIBUS Interface J1 ... ..ot ettt et ieenns 11-16
Disk Control/Status Connector J2 . ..........oiiiieiiiiieiiiinnaan, 11-16
REDUCED WRITE CURRENT (Pin2) ..............ciiinnnnnnn.. 11-18
WRITE GATE (Pin 6) ...ttt iiiiaaaannn 11-18
HEAD SELECT (Pins 14 and 18) .............cciiiiieiiiiiianen. 11-18
STEP(Pin24) ..........ccooiiviio... e e 11-18
DIRECTION IN (Pin 34) .....iiit ittt eiiiiee e 11-18
DRIVE SELECT (Pin26) ........ccoiuiuiininnnnnnnns . 11-18
SEEK COMPLETE (Pin 8) ......ciiriiiiitiiiiieiiieeennnnn. 11-18
TRACK 000 (Pin 10) ...ttt et e et i e 11-18
WRITE FAULT (Pin 12) . ... it eee e eiieennn 11-18
INDEX (Pin 20) ..ottt ettt et enn 11-18
READY (Pin 22) ..ottt e ettt ettt et eees 11-19
Disk Data I/O Connector J3 ...ttt it ittt ettt 11-19
DRIVE SELECTED (Pin 1) ..ottt it iiin e, 11-19
MFM WRITE DATA (Pins 13 and14) .............cccciiiiiana... 11-19
MFM READ DATA (Pins 17 and 18) ............cciiiiiiiieennnn. 11-19
Programming Registers . ........coivuiiriiiie ittt ittty .11-20
ID Register (774000) . .....couniniieeiiiiiet i iiee e naannn, 11-20
ERROR/PRECOMP Register (774004) .........ccoviiiiieiiinnnnnnn. 11-21
DM NotFound, Bit 8 ....... ..ot et eiiee 11-21
TROOO Error, Bit 9 ...t i i et et e, 11-21
Illegal/Aborted Command, Bit 10 ................... e 11-21
IDNotFound, Bit 12 ... ... i i it eii e, 11-22
CRCErrorID Field, Bit 13 ... .. i eiian 11-22
CRC Error Data Field, Bit 14 ......... ...t 11-22
BACKUP REVISION/SECTOR ID Register (774006) ....... e 11-22
DATA BUFFER Register (774010) ..........coiiiiiiiiiiiinnnnnnnn. 11-22
CYLINDER ID Register (774012) ...ttt iiiiieannns 11-23
HEAD ID Register (774014) ................c.c..... e 11-23
STA 2/COMMAND Register (774016) ......coiiiiiiiiniiianennn. 11-24
1] {0 - OO P 11-24
Read Sector ...t i e e e e 11-25
4o TI 1= () P 11-26
Format . ..ot e e e e 11-27
Brror Status ... it i e e e 11-27
DataRequest ................... et e et e e e e, 11-28
Seek Complete ............. S 11-28
Write Fault .. ... i i i e e e e e 11-28
Drive Ready ....ovviiiiiii it et e e e e e e e 11-28
STATUS/INIT Register (774020) . ...t iiie it eiiineeenn 11-28
OP ENDED ..ottt ittt et et ettt 11-28
RESET/INITIALIZE . ...ttt ettt i, 11-28
DR .ottt e e e 11-29
BU SY o e e e e 11-29
General Sequence of Operation ............ccoiiiiiiiiiiniineeeninnnnnn 11-29
Read Sector, Write Sector, Format Command .......................... 11-29
Read Sector Command Follow-Up Sequence ......................... 11-29
Write Sector and Formant Command Preparation ..................... 11-30
Write Sector and Format Command Follow-Up ...................... 11-30

Xv



11.6.2 Read After Write Verify Follow-Up ........... ... coiiiiiiiiiinen.. .. 11-30

11.6.3 Restore Command ...........iiiiiiiniie ittt ittt ein e 11-30
11.6.4 Initialization SeqUence ..........c.iiiiiintii ittt et 11-30
11.7 Specifications .. ...t e e e e 11-31
11.7.1 Environmental . ........... it i i i e it e 11-31
11.7.2 PO it e e e e e 11-31

CHAPTER 12 RD50 HARD DISK DRIVE

12.1 General Information . ............uiiiiint ittt it eii it 12-1
12.1.1 Related Documentation ...........couiiiinnnnetennnineeeinenenennn. 12-1
12.1.2 RD50 Hard Disk Drive Introduction ....................coiiiivienn... 12-2
12.2 Functional Components . ..........cuuuieerinrernneenneenneenneeneeenns 12-2
12.2.1 (01755 4 1= AP 12-2
12.2.2 Drive Mechanism . .........uiiiiitiiiiie ittt ettt itieiiieennaanns 12-2
12.2.3 Spindle Motor Control Circuit ........ ...ttt iienennn, 12-2
12.2.4 Power-Up CIrcuit .. ..ivit ittt it ettt ettt ittt eianens 12-2
12.2.5 Fault Detection Circuit ......... .. ..ottt iietenenenenannns 12-4
12.2.6 B T-T) QO3 12 L A P 12-4
12.2.7 Write CIrCUIt ..o vttt i it ettt e et it e e e 12-4
12.2.8 Read CirCUuit . ...ttt i i ittt e et et ettt et aieenns 12-4
12.3 Theory of Operation ...........cuuiiiiiiriine e iineiineennennneans 12-4
12.3.1 Drive Mechanism Detailed Operations . ............ccovviiieeiinennnenn. 12-4
12.3.1.1 Sealed Head and Disk Assembly (HDA) ......... ... ..ot 12-4
12.3.1.2 Sensors and Hardware ............c. ..ottt iinnennnnns 12-9
12.3.2 Spindle Motor Control Circuit Detailed Operations ..................... 12-10
12.3.2.1 Motor Current Control . .........c.civitineeiireieeiineneeanaannns 12-11
12.3.2.2 Spindle Motor Current Switching .............cciiiiiiiiiiiineennnns 12-11
12.3.3 Power-Up Circuit Detailed Operations . ...........coveiiieeeineennnnnns 12-12
12.3.3.1 Reset Signal Generation ............. . ci ittt iiiiinnieennnnn. 12-12
12.3.3.2 Up-to-Speed Signal Generation .............coiiiivreiiiinenernnnnn.. 12-12
12.3.3.3 ‘ Recalibration Signal Generation ...............oiieeiinernneennennns 12-12
12.3.3.4 Ready Signal Generation ..............coiiiiiiinnrerinnrernnnnnn. 12-12
12.3.3.5 Recalibration Signal Generation Deselection ......................... 12-14
12.3.4 Fault Detection Circuits Detailed Operation .................... ...t 12-14
12.34.1 Head Selection Malfunction Detection .............................. 12-14
12.3.4.2 Power Unsafe Detection ..........covviiiiiiinriiinirnniinennnenns 12-16
12.3.4.3 Write Circuit Unsafe Detection . ............ciiiieiiiniiiinnnnn. 12-16
12.3.4.4 Write Status Detection . ...ttt it i, 12-16
12.3.5 Seek Circuit Detailed Operation .............c.0iiiiiieiiniiirinnnennns 12-16
12.3.5.1 Head Direction Selection .............ouuiiiiiiiereiiiineeennnn.n. 12-17
12.35.2 Step Pulse Selection ..ottt ittt 12-18
12.3.5.3 Step Pulse and Direction Signal Conversion .......................... 12-18
12.3.54 Track Zero MoOnitors .. ...ovtt ittt et et eeieeine e eaeeanns 12-19
12.3.5.5 Seek Complete Indicator ................... e 12-19
12.3.6 Write Circuit Detailed Description ..........ciiiiiiniiiieiinennneans 12-19
12.3.7 Read Circuit Detailed Description ...........c.ccoiiieiiiinireenneanns 12-21
12.4 Connector DesCIIPtiONS ... ovvit ittt ittt ettt ittt e ie i nernnanns 12-24
12.4.1 Connector JI, R‘R'W Module ...t iiiiiennns 12-24
12.4.1.1 REDUCED WRITE CURRENT (Pin2) .........ccoiiiiiiinnnnn... 12-26
12.4.1.2 WRITE GATE (Pin 6) .......ciiiiiiieiiiiiie i iiiiieeinnnnnnnn 12-26
124.1.3 SEEK COMPLETE (Pin8) ......coiiiiiiiiiie it eiiiaans 12-26
12.4.1.4 TRACK 000 (Pin 10) ...ttt ettt et eeiaeeans 12-26
12.4.1.5 WRITE FAULT (Pin 12) ... .o it i i iiiaaanens 12-26

Xvi



12.4.1.6
12.4.1.7
12.4.1.8
12.4.1.9
12.4.1.10
12.4.1.11
12.4.1.12
12.4.2
12.4.2.1
12.4.2.2
12.42.3
12.4.3
12.4.4
12.4.5
12.4.6
12.4.77
12.4.8
12.4.9
12.4.10
12.5
12.5.1
12.5.2
12.5.3
12.5.4
12.6
12.6.1
12.6.2
12.6.3
12.6.4
12.6.5
12.6.6

CHAPTER 13

13.1
13.2
13.3
13.3.1
13.3.2
13.3.2.1
13.3.2.2
13.3.3
13.4
13.4.1
13.4.2
13.4.2.1
13.4.2.2
13.4.3
13.4.3.1
13.4.3.2
13.5
13.6
13.6.1
13.6.2

HEAD SELECT (Pin14 and 18) .........ccoiiiiiiiiiiinnnnannn.. 12-26
INDEX (Pin20) . ...oiiiiiii ettt ittt it i e eaaneens 12-26
READY (Pin 22) ...ttt ettt iiiaaa e, 12-26
STEP (Pin 24 ) ..ottt e e e e e e 12-26
DRIVE SELECT (Pin 26) ......uuutiiiiiiiiieieee e 12-26
DRIVE CAPACITY (Pin32) .....oiiiiiiiii it iiie e 12-26
DIRECTION IN (Pin 34) ...ttt eens 12-27
Connector J2, RA'W Module . ...ttt iinaann. 12-27
DRIVE SELECTED (Pin 1) ......cviiiriiiei it iiiieneennnnn. 12-27
MFM WRITE DATA (Pins 13 and14) ...........c.0oiiiiiain.. 12-27
MFM WRITE DATA (Pins 17 and 18) .............coviiiiinon... 12-27
Connector J3, R‘/W Module . .......cooiiiiiiiiiiii it 12-28
Connector J4, R‘'W Module ...ttt 12-28
Connector J5, RA'W Module . ..ottt iii i, 12-28
Connector J6, R‘“'W Module . ............ . ittt 12-28
Connector JT, R‘'W Module ...ttt ein e 12-28
Connector J8, RFAW Module . ......coiiiiiiiiiii ittt iiieennn. 12-28
Connector J1, Motor Control Module ................ ... ... 12-30
Connector J2, Motor Control Module ................. ... . iiiiiins. 12-30
Maintenance Procedures ...........ccoiiiiiii it i i e 12-30
Preventive Maintenance ............. ..ottt 12-30
Test Point Locations ........................ e et i, 12-30
Jumper/Dip Switch Settings . .........cooiiiiiiiiiii i 12-32
Removals and Adjustments .. .......c.itii ittt iieiieiienennns 12-32
SPECHfICAtIONS . . .ottt e i 12-32
Performance Specifications ........... ... .. i i il 12-33
Reliability Specifications .............coiiiiiiiiiiiii i, 12-34
Functional Specifications ............ ... ... iiiiiiiiiiiiniiiiinn.. 12-34
Electrical Specifications ..............cciiiiiiiniinriiniieienanenn 12-34
Environmental Specifications ........... ... i it i 12-34
Mechanical Specifications ... ...ttt i i e 12-35

POWER SUPPLY

Introduction .....ooivi i et 13-1
Physical Description ... .....oiuuiriun it iiieeeieeineenrenaaannnnn 13-2
Functional Description . ........coiiiiiiiii ittt ettt itteen e enannann 13-4
Power Conversion ...........cuiiiiiiiinineeeteeneeneeneneennennns 13-4
(07011 yo) B 05 11111 7R 13-5
Regulation .. ...t i it it et et 13-5

g (014 (o + R 13-5
Power Status Signals .........coiiiiiiii it i e i e 13-6
Detailed Description ...........ciiiiiiiiineiiiiiiie it 13-6
Power Conversion . ..........c..iiuiiuintineieieneeieeneneeennnanns 13-6
L0315 'o U 13-7
Pulse Width Modulation Regulation ............... ... .. i, 13-7
ProteCtion ..ottt e e e e 13-7
Power Status MoOnitor . ... ...ttt ittt ittt it 13-8
DlOK it e e e e e e e 13-9
POK e e e e 13-9
L0703 ¢V 1= o 13-10
SpeCifICations . . ...ovi it i e e e e e i, 13-11
Physical .......coo i e e e 13-11
Electrical ............... ettt e e e e e e 13-11

Xvii



FIGURES

1-1 The Professional 350 Computer System ..............ccoiiiiiiiineeennn.. 1-1
2-1 System Unit Rear Panel ...........c.ciiiiiiiiiiiiiiiie i iiiernnneennnens 2-3
2-2 Monitor Rear Panel .......... ..ottt ieiieeennnn 2-3
2-3 Top Cover Removal ........o.iiiiiii ittt iieieeneeennns 2-4
2-4 Card Cage Door Securing SCrew .. .......couueereeirnenteenenaeeeeennnn. 2-5
2-5 Bit Map Video Controller to Extended Bit Map Module Connector .......... 2-6
2-6 RDS50 Hard Disk Drive Installation ...............ccciiiieiiiiiieiannnn.. 2-7
2-7 Removingthe Cables ....... ...ttt ittt 2-8
2-8 Slide QUL DOOTS .. iiti ettt i it et ettt eee i tie e e naeranaean 2-8
2-9 Release Thumb SCrews . ..........ouiiiiiiiini it iiieineeeeennnn. 2-9
2-10 Removing the System Module .......... ... .. it 2-10
2-11 Installing the Floating Point Adapter ............ ... ciiiiiiiiiiinnnnn.. 2-11
3-1 System Unit Front Panel ........... ... ittt innnan, 3-2
3-3 Monitor Rear Panel ...........ouiiiiiiiiii it iiiiieniaennns 3-3
3-4 Keyboard Layout . ..........iiiiiiiiit ittt 34
4-1 Physical Component Block Diagram ...............co it iinenrenn. 4-1
4-2 Functional System Block Diagram ..................... ..., 4-5
5-1 System Block Diagram ........ ...ttt i i e 5-1
5-2 System Module . .....ooiiit i i i e e i e e 5-2
5-3 Section 5.3 MapD ..ot e e e 5-10
5-4 CPU Chip Set Communication .............oeeiieerineineenerenneennn. 5-13
5-5 Basic Microinstruction Cycle . ...ttt ittt 5-17
5-6 Address Relocation Cycle .......oviiiiiiii ittt ieeienn e 5-20
5-7 Phase Signal Duration Functional Diagram ............................... 5-21
5-8 System Module Block Diagram .............ciuiiiniieiiinerneennnenans 5-25
5-9 Professional 350 System Module Bus Layout ............................. 5-26
5-10 2= ) 5-28
5-11 Address and Data Strobe ..... et e et et e 5-28
5-12 Master and Slave Drive Enable ........... .. ... . it i, 5-28
5-13 System Block Diagram with Bus Interfaces ............................... 5-29
5-14 System Block Diagram with Registers ............cc it inen. 5-31
5-15 LED DiSplay . ..oooiiittt ittt e e 5-33
5-16 CPU Writing to /O Device .......cvviiiiiiiiiiiiiiiiiiiiiinaennnn. 5-36
5-17 Simplified CTI BUS Timing Relationship During a Write Cycle ............. 5-37
5-18 CPURead from RAM ... ... i 5-38
5-19 Simplified CTI BUS Timing Relationship During a Read Cycle ............. 5-39
5-20 DMA Request and Grant ..............uiuiienrrnnneenenunenneennnanenn 5-40
5-21 Simplified CTIBUS Timing Relationship During a DMA Request/Grant Cycle... 5-41
5-22 CPU Writing Out to RAM .. ... i e it it iiee e 5-42
5-23 Functional Interrupt Control Circuit ............cciiviiiiiniiieinnennnnn 5-43
5-24 Interrupt Acknowledge Signal ...........ccoiiiiiiiii i i 5-44
5-25 DMA Arbitrator ... ..ottt e i e 5-45
5-26 ROM Addressingand Reading ............coov it innnnenn. 5-45
5-27 Refresh~ R/W Arbitration ..., 5-47
5-28 RAM Address MultipleXer ........coiiiiiiiiieiit ittt iieiianennnnn 5-49
5-29 Keyboard Interface . .......covviiniiiin ittt it iiee e tinaannenn 5-50
5-30 Printer Interface ...ttt i it ittt 5-51
5-31 Communication Interface ......... ...ttt 5-53
5-32 Functional Battery Charger and Voltage Sensor ........................... 5-55
5-33 Memory Management Relocation ................... . oo, 5-64
5-34 Floating Point Adapter Socket Location ...........ccooviieiininriinnennnnn 5-65

Xviii



T T T 1 1 i
~N N

=t et et = O O ~I AN N R WN === \O00~-1~1A WA WN = WWWw

i e e )
CO~ITAAWUNMPAWN—=O

] 1 ] ] ] ] 1 1 1 1 ] 1 ] 1 1 1 1 1 1 [ ] [} 1 ] 1 1
A WN~O w >

e B EES BEN B N IR EEN N RN IEN IEN RN PN IEN BN PN Neo N e We We e, We e ) We We ) We ) Neo We Weo We We WO RV RV}

-3
)

N
E-N

9 2
1 1 1 1 1 1 1 1 1
N
O 00~ W

(o e <l T ReRe REN BESS U BEN |
AU bW

CTIBUS Option SIots .....ooviiiiiiiiit ittt eiiiiiiieeanenns 5-66

Memory Option SIotS . ... .vt ittt i i it it e i e e 5-82
Connector Placement ...........c.cooiiiiiiiiiin ittt eiaeeiianennenns 5-144
System Block Diagram . .....citiiin ittt vt et i e 6-1
LK201 Keyboard . ........oiiiiiitiiiie et iiiiae e eannnaeaens 6-2
Keyboard Cable Connections . ........c.oueveiunrerneeenerennrenneeennnns 6-3
Simplified Block Diagram of L K201 Keyboard Circuitry ................... 6-4
Simplified Block Diagram of Matrix Scanning Circuit ...................... 6-6
Example of Ghost Key Generation .................ciiiinneennnnnnennn. 6-7
LK201-AA Keyboard Layout .........c.ccoiviiiiiiineniererinrenneennanns 6-10
LK201-AA Keyboard Layout ...........c.ciiiiiiiiniiiieiiaennannen. 6-11
Beeper Control Circuit .. ...ttt it ittt et i 6-12
Indicator (LED) Control Circuit ..........ccoiiiiuiniinreninennnaennnnn. 6-13
Keyboard Transmit and Receive Character Format ........................ 6-14
System Module to Keyboard Protocol .............. ... . ... 6-25
Indicator (LED) Parameter ...........ciiiiiiiiiiiie i iiieiineennnnn 6-29
Indicator (LED) Layout .........ccuuuiiieiniiiiiinntiiaeeeennnnaeann. 6-29
Audio Volume Parameter ....................... PSP 6-29
System Block Diagram ...........c.oiiiiiiit ittt i i i 7-1
Bit Map Video Controller and Extended Bit Map Modules .................. 7-2
Bit Map Video Controller Block Diagram ...............cccoiiiiiiie... 7-4
Video Memory Bit Map Layout ........... ..., 7-5
Extended Bit Map Block Diagram ............. ... .ottt iiiininnnnn. 7-17
CTI BUS Interface Circuit Operation ...........ccciiniieneinennennnn. -71-9
CTI BUS Register Access Circuit Operation .................coiiiiiiin... 7-12
ID Register Operation ............uiieiteeeeinnneeennneeeennnneennnns 7-14
CSR Register Operation . ..............iiiiiiieeienetneenenaannnnaens 7-15
Plane Register Operation . ........couttiitteinttineerneennneeneeennennns 7-16
Scroll Register Operation .........c.ovvtiiiireineineinreennernnrannnens 7-17
X and Y Coordinate Register Operation .................... PN 7-18
Counter Register Operation ..........cooiriiiiiininr it iiiineeenns 7-19
Pattern Register Operation ........................... e 7-20
Memory Base Register Operation ..............covviiiiinnennreeneenn. 7-21
CTI BUS Video Memory Access Circuit Operation ........................ 7-23
Clock Generator Circuit Operation ..........c..ivuieiinrirrinrrnneernneen, 7-24
Video Memory Control and Update Circuit Operation...................... 7-25
Video Memory Circuit Operation . .........ccvuuieieerrineeeeeennneneennn. 7-30
Video Generator Circuit Operation .............cveeeuieiieeernarerennn.. 7-31
Nonmapped Video Signal Characteristics ...............viiiiiiiinn.. 7-33
Mapped Video Signal Characteristics ...........ccvvviiiirineinnrnnnnennnn 7-34
CTI BUS Interface Circuit Operation (Option Module) .................... 7-35

Plane 2 and 3 Control and Color Map Register Operation (Option Module) ... 7-37
CTI BUS Video Memory (Plane 2 and 3) Access Circuits Operation

(Option Module) ........oiitniii i ittt e 7-39
Video Data Update Circuit Operation (Option Module) .................... 7-40
Video Memory (Plane 2 and 3) Circuit Operation (Option Module) .......... 7-42
Video Generator Operation (Option Module) ............. ...ttt 7-43
Bit Map Video Controller and Extended Bit Map Modules I/O Signal Flow ... 7-45
System Block Diagram .............c.ciiiiiiiiiii i 8-1
Monochrome Monitor Exterior View ..ot 8-2
Monochrome Monitor Block Diagram .............coiiiiiiineiininnnenn.. 8-3
Monochrome Monitor System Communications Diagram ................... 8-4
Composite Video Signal Representation ..............ccoiiiiiiiiiniiaea.. 8-6
Composite Video Sync Timing Diagram .................coiiiiiinraren... 8-7

Xix



\O\O\D\O\O\P\O\O\OOOOO
OO IAA N H WN— 0

1
2
3
10-4
10-5
10-6
10-7
10-8
10-9
10-10
10-11
10-12
10-13
10-14
10-15
10-16
10-17
10-18
10-19
10-20
10-21
10-22
10-23
10-24
10-25
10-26
10-27
10-28
11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
11-10
12-1
12-2
12-3
12-4
12-5

—
S0

Monitor Module Block Diagram .............ccciiiiiiiriniiinrennnnnn 8-9

Monitor Module P1 Pinrout ............ . 0ottt 8-13
RX50 Controller Module System Relation ................ccoiiinn.... 9-1
RX50 Controller Module .........iiiiiiiii it it it eie e 9-2
RX50 Controller Module Block Diagram .......................ccvun.... 9-3
CTI BUS to Controller Memory Interface Circuits .............. P 9-7
Microprocessor to Controller Memory Interface Circuits .................... 9-11
Disk Control and Status Interface Circuits ............cciviiiiiiiinennnn.. 9-13
MFM Write Data Interface Circuits .......... e et et 9-15
MFM Read Data Interface Circuits ...............cciiiiiiiiieinnnn... 9-18
RX50 Controller Module Interface Signal Flow ........................... 9-20
RXS50Dual Diskette System Relation ..................cciiiiiiiiinnann.. 10-1
RXS50 Dual Diskette Drive . ... ..ottt it iiiar e 10-2
The 5.25 Inch Diskette ..................ccovvi... e e 10-3
Write Protect Tab Application ...............oiiiiiiiiiiiiiiieennnnnns 10-4
Opening AcCess DOOTS .. .uiuiiini ittt ettt 10-5
Inserting Diskette ..........ouiioiriiiiiii ittt iiiea s 10-6
Closing Access DOOTS .. ... .uiiuiie i iiiieee e teeeeiaiaaeeennnnnns 10-6
Simple Block Diagram .. ......... ..ttt 10-8
Mechanical Detail .......... ... it it 10-11
Mechanical Operation Detail .............. ... i iiiiiennnn.. 10-12
Select Circuit Detail . ... ...ttt it iit e iiineeeenns 10-15
Motor Control Circuit Detail ............. ..ottt iiiiiiiiiinennnn. 10-19
Motor Control Wave FOrms .........c.c.coiiiiiiiriiniineinnnernneenns 10-19
Connections to Head Load Solenoids and Indicators ....................... 10-20
Status Circuit Detail . . ...t i e e 10-22
Status Circuit Timing Relationships .. ........ ..ottt 10-23
Sensor Detail .. ...t e e e 10-24
Stepper Motor Circuit Detail .......... ... i iiiiieannnn, 10-26
Stepper Motor Timing Relationships .................... ..o, 10-27
Read/Write Interface Circuit Detail ................ ..., 10-28
Write Data Timing Relationships . ..........coiiiiiii i 10-29
Read Data Timing Relationships ..............cccoiiiiiiivineneieeena.... 10-29
Write Circuit Detail ...... ... i e 10-31
Write Data to Head Current Conversion ..........c..viiiiiivnvineennen.. 10-32
Read Circuit Detail ...ttt ittt eineennns 10-34
Head Signal to Read Data Conversion ..........c.ouvviiiinnenneennnnnnnn. 10-35
RXS50 Controller and Drive Interface Signal Flow ......................... 10-37
Seek and Interface Module Connector Locations .......................... 10-37
RD50 Module System Relation ............ccoviiiiiiiiniiiniiniennnennn. 11-1
RD50 Disk Controller Module ............c.cciiiiiieiiiiieiinenennnnn. 11-2
RDS50 Controller Block Diagram .............coiiiiiiiiiinreninennnnnnn. 11-3
CTIBUS Interface Circuits ..........c.uturetirieiiiiiieeneeaeeeennn. 11-7
Microprocessor Control CirCuits . ..........c.c.ierreeiiiinnnnenanennnn.. 11-9
Disk Control and Status Circuits .............cvvvtiiiireriineeeennnnnn.. 11-10
MFM Write Data CirCuits ..........coviiiiinerertiiieeenneeannnnnnns 11-11
MFM Read Data Circuits . ... ...oinentiiiiiiiieeeiiiieeinineanennnns 11-13
RD50 Controller Data Flow Diagram ............... ..o, 11-14
RDS50 Controller Interface Signal Flow .............c.ciiiiiiiiiinnn.... 11-16
RDS50 Hard Disk Drive System Relation ................ccooviiiieaa.... 12-1
RDSO Hard Disk Drive ... ..ottt it i i it ettt cineennns 12-3
Simple Block Diagram ..........oiiiiiiiiiiiiiiiiiiie ittt 12-3
Stepper Motor and Head Carriage Assembly ...................ccoiivaa... 12-5
Air Flow Top VieW ... it ettt st ettt ieeeinaenns 12-7

XX



NPBWNE=OWOWUOOIAWUMEAEWN=O

Alr FIow Side VieW . .ottt e et e e et e et 12-8

Spindle Motor Control Circuit Detail ...........c.coviiiiiiiiiinnn.. 12-10
Power-Up Circuit Detail ............c.o it i, 12-13
Power-Up Sequence Timing ...ttt iiiienenns 12-14
Fault Detection Circuit Detail .............c00 i, 12-15
Seek Circuit Detail . ... i i i e et 12-17
Seek Circuit TImMing . .....covunitri it ittt iian i 12-18
Write Circuit Detail . ... .. i i i i et 12-20
Write Data Timing . ...ttt i et ettt eiaeeens 12-21
Index Signal Timing ...........ciuriiniiri ittt e iiiiaanaeennns 12-21
Read Circuit Detail ...........coiiiiiiniiiii it ittt iieennnennns 12-22
“Read Data TIming .......oiituitiint ittt ettt iieeeiniiianeananns 12-23
RDS50 Interface Signal Connections ... iiiiiinininen.n. 12-24
I/O Connector LoCations . .....vuuiin ittt ittt eiiiiee e, 12-25
Internal Connection Locations ................ciiiiiiniineininnnnennn. 12-30
R/W Module Test Point Locations .............cccoiiiiiiieiiiiinnennnn. 12-31
Assembly and Disassembly ............ e et e 12-33
System Functional Block Diagram ...............ccciiiiiiinniinin.n. 13-1
Physical Description . ....vvitt ittt ittt it et e e 13-2
H7862 Power Supply .....coiiit i e 13-3
Control Block Diagram . .........oiiiiineitiiniiieiieeieerineenneenns 13-5
Protection . ... e e e e 13-5
Power Conversion ... ..vuutiii ittt et it e ettt i 13-7
Protection Block Diagram ..............iiiiiiniiiii it iinnnenn 13-8
POWer StatUS ...ttt i e e e e i e 13-9
Power Status Signal Timing ....... .. ... ... i, 13-9
Functional Summary of CPU Communication Buses ....................... 5-13
System Set Up for Instruction Cycle ... ..., 5-19
Microcycles .....viiiiiii i e e et e 5-20
Reset Conditions . .......oviuiiitintiiie ittt iie e iiareeanns 5-22
Service Register .. ... ..ottt e e 5-23
Indicator (LED) Error Codes ........oiiiiiiiin ittt i ieeennennens 5-33
Slot Select and Address Ranges .................c i 5-34
System Module Memory Map ..........coiiiiiiniiiiiii it 5-35
Interrupt Controller Assignment ............c.coiiiirtneriinreneennnennnns 5-43
Baud Rate Generator TX/RX Clock Selection .............ccvvvveiiieenn.. 5-53
POWET SeMSE .o i ittt i i e e e i e e 5-55
Access Control Field Keys .....oviiiiiiini ittt i i i i e 5-61
Indicator (LED) Error Codes .......... ..ottt 5-68
Interrupt Controller Use ...ttt ittt i i iieeenann 5-70
Option Slot Addresses ......coiiiiiiii i e et 5-79
Option SIot VeCtors ....iitiitiii ittt ittt et ettt ain e 5-79
ROM Address Space .....ovvitiiiitiie it iiie e it e e aneaanans 5-81
Memory Configurations .............c..ieiiieenennen.. s 5-82
Time,Date, and Alarm Modes ...ttt it iiiinennnn 5-114
L0 ) D 1 A 7 1 1 PP 5-121
System Module Connectors ...........coiiiiiiiiritineineinenrrnennnnn. 5-128
JI,J2RAM Module PincOut . ... ...ttt ittt cieiinennnns 5-129
J3, Battery Back Up ... oiii i i et e i 5-130
J4, D  POWET .ottt ittt it ittt it e e i i e 5-130
J5, Video/Keyboard .. ....coiiiiiiii i i e i e 5-130

xxi



N AR S AR A A
— O WO

SR
(]

moouaathbhbOoRrhAbm—mboadbhbbmrdbbblU=dboolLLl

1
o

] I 1 I i 1 U 1 1

fa—y
P
Ll \® B

10-2
10-3
10-4
11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
11-10
11-11

J6, Printer Port ................ ... ..., et eteree ittt e 5-131
J7, Modem Communications . ..........c.ovveereeeeennnreernineeennnnnns 5-131
J8, Remote Access Connector ............cciiiiiiieineneenernennacnnnans 5-132
JO, Network (NET 1) ..ottt ettt e nt e cne i eie e 5-132
CTI BUS Pin-Out and Signal Definitions .............c.cciiiiiiniinnennn. 5-133
Connector TYPeS . ..ttt e s e 5-138
Keyboard MatrixX .......ccuuitiineiineiiiieieaeiinrenarainneannenens 6-8
Keyboard Functional Divisions .............coiiiiiiinnennreineenneennn. 6-15
Keycode Translation Table ............o e iiriin i, 6-16
Peripheral Commands in Hex ........ ... .. ittt 6-28
Keyboard Division Default Modes ............coiiiiiiiiiiiiieiiennenn, 6-34
Default Rates in Autorepeat Buffers ............... .. i, 6-34
CTI BUS Control Signal Functions ..............c.iiiiiiieiiinneenennns 7-10
Controller Register Access Functions ...............coiiiiiiiiininnann. 7-13
Video Processor Chip Operation Mode Selection .....................c.... 7-26
Video Controller Chip Output Signal Definitions .......................... 7-27
Video Data Modification Chip Operation Selection ........................ 7-28
Nonmapped Resolution Mode Operation ................cccviiiiiinnann. 7-32
Connector J2, Pin Description ...........iiiiiiniiiin i iinrennennn. 7-46
Bit Map Video Controller Programming Registers ......................... 7-48
Bit Mode Logical Operations .............ccuuuiiiniieinneeeeinnerenenns 7-51
Word Mode Logical Operations ............c.eueuiiiiiininnneeneeeienn.. 7-51
Tl P OUt ..o e 8-5
T3 P OUt .. e e et e 8-5
Composite Video Values .........ccouiiiiiiinii ittt eieeneannnas 8-6
Composite Video Sync Component .............ccuuieniinenennennennnann 8-8
RXS50 Controller Memory Organization ...........c.ccovvuuiinneennnnnenn.. 9-4
Controller Responses to CTI BUS Addresses 20 through26 ................ 9-9
Microprocessor Accesses to Addresses 20 through26 ...................... 9-11
Drive Select Signal Conversion ...........cooeeiriiiiiiiereennenenennnnn, 9-14
MEM Encoding .....ooiiiiiitiir it iiie i eneeetnneneennaeananeenn 9-16
Precompensation MFM Data Pulse Shift ................................. 9-17
Connector J2 Pin Description . ....... ... tiiiiie et iiiieeeeennens 9-21
RX50 Controller Modules Registers .........ccuviieiriniiniinneenenenn. 9-23
Maintenance Status Mode Definitions ...............cciiiiiii i, 9-27
Read/Write Status Mode Definition ............ ...ttt 9-28
Command and Status Register Summary .............. ... ... oot 9-39
Controller Initialization and Self-Test Sequence ..............ccovviiinn.... 9-42
Select Signals Jumper J17 Removed ..., 10-16
Select Signals Jumper J17 Installed ................oo it 10-16
Write Function Head Select ..........co ittt ittt 10-33
Read Function Head Select ............. ..ottt 10-35
Connector J2 Pin Description . .........covviiiiiiiii i, L. 11417
Connector J3 Pin Description . ......cviiiiiiriiiin it iiieeineannaennns 11-19
Programming Registers .. ......ouiiiiintiiiie ittt iiieerneeennnanns 11-20
Error Bit Definitions ..........c.ciiiiiiiiiiiie it e 11-21
Sector ID Bit Definitions .. ...ttt i et e e 11-23
Backup Revision Bit Definitions .............coiiiiiiiiiiiniinnnneennn. 11-23
Cylinder ID Bit Definitions . .........covtuiiriiiit it et iiieeeeeanns 11-24
Head ID Bit Definitions ..............ccoiiiiiiiiiinnnennnn.. e 11-24
Command Byte Bit Definitions ......... f e e e e 11-25
Secondary Status Bit Definitions ............. ... .. i il 11-25
STATUS/INIT Register Definitions ..........coviiniiineiernernnnnann. 11-28

xxii



12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9
12-10
13-1
13-2
13-3
13-4

Control Status Connector J1 ... ... ... it i, 12-25
Data I/O Connector J2 ... ..ottt ittt tiiiinaeaeeeeaean, 12-27
PowerConnector J3 . ... ... i e e e, 12-28
Motor Control Module Power Connector J4 ..............c.iiiiiiinn... 12-28
HDA Connector J5 ... i it ettt et iiaeenn 12-29
Index and LED Connector J6 ..........cciiiiiiiiiiiiiiiieeeeanannn. 12-29
Stepper Motor Connector J7 .. ... ..ot i e 12-29
Track Zero Sensor Connector J8 ........ ... i, 12-29
Spindle Brake Connector J1 .. ........ ittt i iiiieaanan 12-31
Spindle Motor Connector J2 . ... ... .ot i i i e 12-31
AC Voltage Switch Settings ..........ccoviriiiiiiiiiiiiiiiiiiiieenannn 13-4
Voltage Protection Thresholds ............... ..., 13-6
System Module Connector,J2 . ... ... i i i 13-10
Disk Motor(s) Connectors, Pl and P2 ............. ... ... ... 13-10

Xxiii



XXiv



INTRODUCTION

This manual documents hardware functions for the Professional 350 computer. Any discussions about
operation and/or programming are summarized. This manual provides the following objectives.

Documents system concepts and design information for field engineers and personnel trained by
Digital Equipment Corporation.

Provides Field Service with the technical information needed to repair systems effectively and
cost-efficiently.

Provides information that is not duplicated in any other hardware manual.

MANUAL ORGANIZATION

The first four chapters provide an introduction to the Professional 350 system. They describe the system
concepts and are necessary to understand before proceeding with the rest of the manual. The following is a
brief description of Chapters 1-4.

Chapter 1 - System Introduction — provides a brief introduction to the Professional 350 system.
Chapter 2 - System Installation — provides the information needed to prepare the site and install
the Professional 350. Information on cleaning the equipment and handling diskettes is also
included.

Chapter 3 - Controls and Indicators — describes all controls and indicators and their functions.

Chapter 4 — System Overview — describes how each system component interacts.

Chapters 5-13 make up the rest of the manual. Each of these chapters describes a system component and
the following is a brief description of Chapters 5-13.

Chapter 5 - System Microprocessor and Memory — describes the system module and support
devices. This chapter contains functional and detailed descriptions of each circuit, programming
information for system module devices, and descriptions of the Octal Debugging Technique
(ODT) commands.

Chapter 6 — Keyboard - provides a functional and detailed description of the keyboard and its
circuitry.

Chapter 7 - Bit Map Video Controller/Extended Bit Map Modules — provides a functional and
detailed description of the bit map video controller module and the extended bit map module.
Programming information is provided for the bit map video controller.



e  Chapter 8 - Video Monitor - provides functional and detailed descriptions of the monochrome
monitor.

e  Chapter 9 — RX50 Controller Module - provides functional and detailed descriptions of each
circuit of the RX50 controller. Programming information is also supplied.

e  Chapter 10 — RX50 Dual Diskette Drive — discusses the operation of the RX50 dual diskette
drive. A functional and detailed description of each circuit is provided.

e  Chapter 11 - RD50 Hard Disk Controller Module — describes the RD50 hard disk controller
module. A functional and detailed description of each circuit is provided. Programming infor-
mation is also provided in this chapter.

e  Chapter 12 - RD50 Hard Disk Drive — discusses the operation of the RD50 hard disk drive. A
detailed description of each drive and read/write (R/W) module circuit is provided. Removal/
replacement procedures for the R/W module are also provided.

e Chapter 13 - System Unit Power Supply - provides functional and detailed descriptions of the
power supply.

- RELATED DOCUMENTATION
The following is a list of related documents for the Professional 350.

Professional 350 Pocket Service Guide — EK-PC350-PS

Professional 350 Illustrated Parts Breakdown — EK-PC350-IP
Professional 300 Series Owner Manual — AA-N587A-TH

Professional 350 Installation Guide — AZ-N626A-TH

Professional 350 User Guide for Hard Disk System — AA-N603A-TH
Professional 350 Field Maintenance Print Set - MP-01394-00

VR201 Field Maintenance Print Set - MP-01410-00

LK201 Field Maintenance Print Set - MP-01395-00

KEF11 Field Maintenance Print Set - MP-01473-00



CHAPTER 1
SYSTEM INTRODUCTION

1.1 SYSTEM DESCRIPTION
The following Paragraphs provide a physical description of the Professional 350 system. The Professional
350 consists of the following three hardware assemblies (Figure 1-1).

e  System Unit
e  Video Monitor
e Keyboard

SYSTEM UNIT

-——

RD50 RX50 FLOPPY

HARD DISK DRIVE DISK DRIVE
,VR201 LK201
/VIDEO MONITOR KEYBOARD

MA-0171-82

Figure 1-1 The Professional 350 Computer System
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1.1.1 System Unit

The system unit contains the following components.

e  System Module - The system module is central to the entire computer system. It is a-printed
circuit board mounted on a metal plate that slides in and out of the bottom of the Professional
350 enclosure. The system module contains all the control and interface electronics needed to
support the F-11 microprocessor chip set, which is mounted on the system module.

e  RD50 Hard Disk Drive — The system unit contains the RD50 hard disk drive. It is a winchester-

based hard disk drive that provides 5 megabytes of formatted storage.

e  RXS50 Dual Diskette Drive — The system unit also contains the RX50 dual diskette drive. This is
a dual diskette storage unit that provides 819 kilobytes of formatted storage on removable

diskettes.

1.1.2 Video Monitor

The video monitor provides the system display. It is a 12 inch diagonal monochrome monitor. The video
monitor has an adjustable tilt for operator viewing comfort and has two display controls on the monitor
rear panel to adjust brightness and contrast.

1.1.3 Keyboard

The operator uses the keyboard to enter data into the system. The keyboard contains three keypads (main,

editing, and numeric) and a series of special function keys.

1.2 SYSTEM SPECIFICATIONS
The general system specifications for the Professional 350 are listed below. Additional specifications for

each component or module are supplied in the appropriate chapters.

SYSTEM UNIT
Functional
Microprocessor

Diagnostics
Memory

Video output

Communications port

Printer port

Removable storage

Fixed storage
(optional)

System expansion

Digital F-11 chip set (CPU)
Built-in power-up self-test
Capable of addressing up to 3
megabytes

RS170-compatible, monochrome,
bit map graphics

RS423 asynchronous/byte, up to 19.2
Kilobaud with modem control

Serial, RS423

Dual diskette drive, 5.25 in

(13.3 cm) diskettes, 819 kilobytes
total '

5 megabytes, 5.25 in (13.3 cm) hard
disk drive

4 option slots, user installable
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Power
Power supply type

Vac input
115 V nominal

230 V nominal

Line current

Power consumption
Circuit protection

Physical
Height

Length

Width

Maximum Weight
KEYBOARD

Functional
Electronics

Diagnostics

Keypads
Main keypad

Numeric keypad

Special function keys

Editing keypad

Physical
Height

Length
Width
Weight

Home row key height

Transistor, switch type ac to dc
converter

Switch selectable
Single-phase, 3-wire 90 to 128 V
rms, 47 to 63 Hz line frequency

Single-phase, 3-wire, 174 to 256 V
rms, 47 to 63 Hz line frequency

6A @ 115 Vac
4A @ 230 Vac

320 watts maximum

Circuit breaker, externally
accessible

16.5 cm (6.5 in)
55.8cm (22 in)
34.3cm (14.3in)

15.9 kg (35 1b)

8-bit microprocessor, 4 kilobytes of
ROM, 256 bytes of RAM, 4 Indicators,
transducer

Power-up self-test

57 keys
18 keys
20 keys
10 keys

5 ¢m (2.0 in) at highest point
53.3cm (21 in)

17.1 cm (6.75 in)
2Kg(4.51b)

30 mm above desktop
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MONOCHROME MONITOR
Functional

Character format

Video format

Physical
Height

Width
Depth

Diagonal

Weight

Adjustable tilt

24 lines X 80/132 characters per
line software driven

Monochrome composite

24.38 cm (9.75 in)
29.33cm (11.73 in)
30.57 cm (12.23 in)

305 cm (12 in) diagonally measured
CRT

6.6 kg (14.51b)

+5 to —25 degrees

RX50 DUAL DISKETTE DRIVE SUBSYSTEM

Performance
Formatted capacity

Diskettes per drive
Transfer rate
Average access time

Functional
Density

Physical
Height

Width
Depth
Weight
RDS0 HARD DISK DRIVE SUBSYSTEM

Performance
Formatted capacity

Transfer rate

Average access time

819 kilobytes
2
250 kilobits/sec

290 msec

96 tracks per inch

8.4 cm (3.25 in)
14.7 cm (5.75 in)
21.6 cm (8.5 in)

2.17 kg (4.8 1b)

5 megabytes
5 megabits/sec

170 msec
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Functional
Density

Physical
Height

Width
Depth

Weight

255 tracks per inch

8.6 cm (3.2 in)
14.9 cm (5.75 in)
20.3 cm (8 in)
2.3kg(51b)
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION
The Professional 350 is a customer-installable system. Chapter 2 contains the following information.

e  Site preparation
e  Installation
e  System upkeep

2.2 SITE PREPARATION
Before installing the computer system check the spacing, lighting, power, and environmental requirements.

2.2.1 Space
When positioning the Professional 350 use the following guidelines.

e  Allow six inches on all sides of the computer for adequate airflow.
e  Keep all ventilation ports clear.
e  Allow room for the placement of peripheral devices.
e  Place all cables away from traffic areas.’
2.2.2 Lighting
Place the system unit and the video monitor away from direct sunlight. This minimizes heat build-up and

glare.

2.2.3 Power
The following are the power requirements for the Professional 350.

e Input voltage — 115 or 230 Vac
e Line frequency - 47 to 63 Hz
e  Power consumption — 320 watts maximum

2.2.4 Environment
The following are environmental requirements for the Professional 350.

e  Temperature — 10° to 40° C (50° to 104° F)
®  Humidity - 20% to 80% relative humidity

e  Maximum wet bulb of 25° C
Minimum dew point of 2° C



2.3 SYSTEM INSTALLATION
This section describes how to install the Professional 350 system and its options.

NOTE
The following procedures summarize the instruc-
tions in the Professional 350 Installation Guide (AZ-
N626A-TH). Refer to the Installation Guide for
complete installation procedures and illustrations.

2.3.1 Packaging
The Professional 350 system is shipped in four containers. Each container contains one of the following

elements.

System unit
Software - including the Professional 350 Installation Guide
Video monitor - including monitor cable

Keyboard - including keyoard cable

2.3.2 Installing the Professional 350
The following procedure describes how to install the Professional 350.

1.

2.

Unpack the system and place each component on the work area surface.

Connect the video monitor cable to the back of the system unit (Figure 2-1) and to the back of
the video monitor (Figure 2-2).

Connect the keyboard to the back of the monitor (Figure 2-2).

Set the voltage select switch on the back of the system unit to the correct operating voltage (115
or 230/240 Vac).

Remove the shipping card from the diskette drive. To do this open the door and slide the card
out.

Make sure that the system unit power switch is set to the OFF position (“0”’). Connect the power
cord to the system unit and plug it into the nearest wall outlet.

2.3.3 Additional Equipment
The following are the options/modules for the Professional 350.

Printed circuit board (PCB) modules
Mass storage options
Floating point adapter

2.3.3.1 Top Cover Removal - The following procedure describes how to remove the top cover.

1.
2.
3.

Set the system unit power switch to OFF (“0”).
Unplug the power cord and disconnect all cables from the rear of the system unit.

Slide the top cover release tabs forward and out and lift the cover straight up (Figure 2-3).
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Figure 2-1 System Unit Rear Panel
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Figure 2-2 Monitor Rear Panel
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2.3.3.2 Printed Circuit Board (PCB) Module Installation — The following describes how to install PCB
modules in the system unit card cage.

1.

2.

Remove the top cover (Section 2.3.3.1).
Remove the screw securing the card cage door in place and open the card cage door (Figure 2-4).

Hold the module by the zero insertion force (ZIF) connector and pull the handle out turning it
90° clockwise.

Slide the module into the slot in the card cage. Turn the handle straight up and push it in toward
the module.

If there are any cables to be connected to the PCBs, remove the cable cover screws and then
remove the cable cover.

NOTE
Install the extended bit map module into the slot
next to the bit map video controller module. Connect
the flat cable provided to the extended bit map mod-
ule and the bit map video controller module as shown
in Figure 2-5. Cable restrictions require that the
RDSO0 hard disk drive controller be in slot 1.

Close the card cage door. Replace the cable cover if it was removed. Replace the top cover and
reconnect all cables to the rear of the system unit.

Reconnect the system unit power cord to the nearest wall outlet after the last. module is installed.

CABLE COVER

SECURING
SCREW

MA-0264-82

Figure 2-4 Card Cage Door Securing Screw
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MA-0262-82

Figure 2-5 Bit Map Video Controller to Extended
Bit Map Module Connector

2.3.3.3 RDS50 Mass Storage Device Installation — The RD50 hard disk drive is the only mass storage
device available as an option. Perform the following procedure to install the RD50 device option in the
Professional 350.

1.
2.

Remove the top cover.

Remove the screw securing the card cage door in place and open the card cage door (Figure
2-4).

Install the RD50 hard drive controller into the card cage.
NOTE

‘Cable restrictions require that the RD50 hard disk

drive controller be in slot 1.
Connect the signal cables and the power cable to the RD50 hard disk drive (Figure 2-6).
Slide the RD50 into the system unit until it clicks into place (Figure 2-6).

CAUTION
Use extreme caution when installing the RD50 hard
disk drive. Sudden physical shocks to the RDS0

(such as dropping it onto a hard surface) will destroy
the drive.

Connect the drive cables to the RD50 hard drive controller and the power supply (Figure 2-6).
Replace the top cover.

Reconnect all cables to the rear of the system unit and plug the power cord into the nearest wall
outlet.
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Figure 2-6 RDS50 Hard Disk Drive Installation

2.3.3.4 Floating Point Adapter — The following describes how to install the floating point adapter.
CAUTION
The floating point adapter (FPA) is a static-sensitive
~ device. Do not remove the FPA from its container
until you are ready to install it or damage can result.
1.  Remove the top cover.

2. Disconnect all cables from the card cage, power supply, and the rear of the system unit (Figure
2-7).

3. Using a ball point pen, or other long thin tool, press down on the two drive release snaps and slide
both disk drives half way out of the system unit (Figure 2-8).

4.  Release the three captive thumb screws at the bottom of the card cage (Figure 2-9).



Figure 2-7 Removing the Cables

Figure 2-8 Slide Out Drives
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10.
1.

12.

13.

MA-0257-82

Figure 2-9 Release Thumb Screws

Disconnect the power cable from the system module and slide the system module out of the
system unit (Figure 2-10).

Remove the cap from the floating point adapter socket (Figure 2-11).

Using the plastic ends on both sides, lift the floating point adapter from its shipping container.

Place the FPA in the socket. Make sure that the two-hole tab faces-toward the power supply
(Figure 2-11).

Secure the FPA by pressing down on each tab (Figure 2-11). When secured, the black FPA
cover comes off leaving the FPA in its socket. Save the FPA cover.

Slide the system module back onto the system unit and secure it with the.three captive screws.
Slide both disk drives back into the system unit until they both click into place.

Reconnect all cables to the card cage, system module, power supply, and the rear of the system
unit.

Replace the top cover.



Figure 2-10 Removing the System Module
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Figure 2-11 Installing the Floating Point Adapter
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2.4 SYSTEM UPKEEP
The following sections describe system cleaning and floppy diskette handling.

2.4.1 System Cleaning
To clean the system unit, video monitor and keyboard covers, use a cloth dampened with a mild solution of
soap and water.

To clean the monitor screen, use a cloth dampened with a mild solution of isopropyl alcohol and water.

2.4.2 Diskette Handling and Storage
Improper handling or storage of diskettes destroys recorded data and damages the read/write (R /W) heads
in the RX50 dual diskette drive. The following are some suggestions for diskette handling.

Return the diskette to its protective envelope when it is not being used.

Store diskettes vertically and loosely to avoid warping the jackets.

CAUTION
Never store or place the diskette near any strong
magnetic fields (such as on top of a motor, on top of
the system unit, or on top of the monitor). This could
damage the data on the disk.

Use a felt tip pen to mark the diskette jacket. Do not use a pencil or ballpoint pen. These can
crease the jacket and damage the media inside.

Insert the diskette into the drive carefully. Never force the door closed; you could crush the
diskette.

Never remove or insert a diskette if either indicator on the RX50 drive is lit.

CAUTION
Do not open an access door if either drive is busy
(drive indicator is lit). This damages the data stored
on either diskette.

Never touch the recording surfacé where the jacket is cut away for the R/W heads. Fingerprints
damage recorded data and the R/W heads.

Never store diskettes in direct sunlight or near heaters where temperatures go above 52° C (125°
F). High temperatures warp the jackets.

Never bend or fold the diskette jacket.
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CHAPTER 3
CONTROLS AND INDICATORS

3.1 INTRODUCTION
The Professional 350 system consists of three major components: the system unit, video monitor, and the
keyboard. Each component has controls and indicators that direct and monitor the system’s operation.

3.2 SYSTEM UNIT CONTROLS AND INDICATORS
The following sections describe the controls and indicators for the Professional 350 system unit.

3.2.1 Controls
The system unit contains the following three controls.

e  System power switch
e Voltage select switch
e  System circuit breaker

3.2.1.1 System Power Switch — The system power switch is on the front of the system unit (Figure 3-1).
It controls the input power for the system and is labeled with the numbers 1 for ON and 0 for OFF.

3.2.1.2 Voltage Selection Switch — The voltage selection switch is on the rear of the system unit (Figure
3-2). It selects either 110 Vac or 220 Vac and must be set before the system is turned on.

3.2.2 Indicators ‘
The system unit contains two groups of indicator and one circuit breaker. The first group is located on the
front of the system unit (Figure 3-1). This group indicates whether the diskette drives are busy or inactive.

The second group is located on the rear of the system unit (Figure 3-2). This group consists of 4 red and one
green indicators and indicates the status of the system unit’s internal power and self-test.

3.2.2.1 Diskette Drive Busy Indicators - Two indicators on the front of the system unit indicate if the
diskette drive is busy. The upper indicator lights if the upper drive is busy and the lower indicator lights if
the lower drive is busy. .

3.2.2.2 Indicators 1, 2, 3, and 4 - These indicators, on the rear of the system unit, monitor the system’s
self-test. The self-test runs whenever the system power switch is turned on. At the end of the test, all four
indicators turn off and the DIGITAL logo appears on the screen.

3.2.2.3 DC Indicator - The dc indicator monitors the power supplied to the system module. If this light is
off when the power switch is on, then no dc is being applied to the system.

3.2.2.4 System Circuit Breaker — The system circuit breaker is located on the rear of the system unit
(Figure 3-2). The circuit breaker pops out when an electrical fault occurs within the system.
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SELECT SWITCH
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CIRCUIT POWER CORD
BREAKER RECEPTACLE

=
(i/;jl [‘F r_“j 5334 fJ
|

VY

NET 1 COMM 1 PR1 VIDEO 1 LEDs

T

MA-0260-82

Figure 3-1 System Unit Front Panel
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Figure 3-2 System Unit Rear Panel

3-2



3.3 VIDEO MONITOR CONTROLS
The following sections describe the controls for the Professional 350 video monitor. Since the monitor is the
indicator for the entire system, there is no indicator section in this description.

The monitor has two controls (Figure 3-3).

e  Brightness
e  Contrast

3.3.1 Brightness — The brightness control is located on the rear of the monitor. This control determines
the brightness of the display background.

3.3.2 Contrast — The contrast control is located on the rear of the monitor next to the brightness control.
This control determines how bright the characters on the screen are compared to the background of the
screen.

3.4 KEYBOARD CONTROLS AND INDICATORS
The following sections describe the keyboard controls and indicators (Figure 3-4).

3.4.1 Controls ,

The Professional 350 keyboard contains a series of special function keys and three keypads: the main key-
pad, the editing keypad, and the numeric keypad. These keys generate electrical codes which are processed
by the internal CPU and then sent to the system module.

3.4.1.1 Main Keypad - The main keypad operates like a standard typewriter keyboard.

3.4.1.2 Editing Keypad - The editing keypad is used to edit or change data that has already been entered
into the system.

3.4.1.3 Numeric Keypad - The numeric keypad is used to enter numeric data. The number, minus,
comma, and period keys generate the same characters as the corresponding keys on the main keypad.

KEYBOARD CONNECTOR

VIDEO CONNECTOR

CONTRAST

BRIGHTNESS

MA-10,500A

Figure 3-3 Monitor Rear Panel
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3.4.1.4 Special Function Keys - The top row of the keyboard contains 20 keys. Two of these keys are
marked HELP and DO. The remaining keys are blank. These blank keys are called special function keys.
The operation that each key performs can change with the software application.

3.4.2 Indicators
The keyboard has four indicator and two indicator sounds. The indicators are located just above the HELP
and DO keys. The indicator sounds generate a signal sound when an action occurs.

3.4.2.1 HOLD SCREEN Indicator - The HOLD SCREEN Indicator indicates when the system can
display new data. If the indicator is turned off, the system can display new data. If the indicator is turned
on, the data displayed on the screen is on hold and does not change.

3.4.2.2 LOCK Indicator — The LOCK indicator indicates whether the LOCK key has been pressed. If the
LOCK indicator is turned off, all the alphabetic keys send lowercase characters. If the LOCK indicator is
turned on, all the alphabetic keys send uppercase characters.

3.4.2.3 COMPOSE Indicator - The COMPOSE indicator indicates when the COMPOSE
CHARACTER key is pressed. When this indicator is turned on, the system combines the next key pressed
with the last key pressed and creates a special character.

3.4.2.4 WAIT Indicator - The WAIT indicator indicates when the system is performing a specific func-
tion or sequence of functions. When the WAIT indicator is turned on the keyboard is inactive. The opera-
tor must wait before entering any more data or commands on the keyboard.

3.4.2.5 CLICK - The click is one of two indicator sounds. A circuit in the keyboard generates this sound
when a key is pressed.

3.4.2.6 TONE - The tone is an indicator sound generated by the keyboard under software control. When

the tone sounds it indicates either something was performed wrong or a specific sequence of events is
needed.
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CHAPTER 4
SYSTEM OVERVIEW

4.1 INTRODUCTION
This chapter describes the function of each component in the Professional 350 system and how they inter-

act. Detailed descriptions for each component are provided in the following chapters.

Figure 4-1 is a physical block diagram showing how each component fits together. Refer to this figure for
the following discussion. .
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Figure 4-1 Physical Component Block Diagram



4.2 FUNCTIONAL DESCRIPTION :
The following sections provide a functional description of the Professional 350 system components.

4.2.1 System Module
The system module is a 26.7 cm (10.5 in) X 40.6 cm (16 in) printed circuit board. It mounts on a metal
plate that slides in and out of the bottom of the Professional 350 enclosure.

The system module consists of the F-11 chip set and support circuits. The F-11 is the central processing
unit (CPU) for the Professional 350. The chip set consists of two integrated circuit chips: the data/control
chip, and the memory management unit. Refer to Chapter 5 for a detailed description of the F-11 chip set.

The following is a list of the system module electronics.
e CPU - data/control chip and memory management unit.
® 16 kilobytes of boot/diagnostic ROM.

® A video/keyboard port that supports RS170-compatible color, monochromatic signals and the
keyboard interface. The keyboard interface electronics are located on the system module. The
video interface electronics are located on the video controller.

e A serial printer port that supports serial printers and acts as a terminal connector for mainten-
ance purposes.

® A modem communications port that supports asynchronous, byte-synchronous, and bit-
synchronous communications.

* A time-of-day clock with battery backup.
e  Two connectors that support two 128K RAM daughter modules.

® A six-slot card cage that supports the Computing Terminal Interconnect (CTI) BUS. These also
allow access to a general purpose I/O connector and two dedicated I/O connectors.

. A networking port.

4.2.1.1 Computing Terminal Interconnect (CTI) BUS - The CTI BUS is the interconnect path for the
CPU and other option modules. It is a six-slot backplane mounted on the system module.

Each slot in the card cage has a 90-pin “T”’ rail connector. All modules inserted into the card cage must use
a 60- or 90-pin zero insertion force (ZIF) connector.

The first 60 pins of the bus are used for all CTT BUS signals. This portion of the CTI BUS is referred toas
the general section. The last 30 pins route signals from the option modules to connectors on the rear of the
system module. These pins are referred to as the private section of the CTI BUS.

4.2.1.2 RAM Daughter Board (128K) - The system module supports two 128K RAM daughter boards.
The RAM boards mount directly onto the system module. Each RAM board contains sixteen 64K X 1
dynamic RAM chips.

4.2.1.3 Floating Point Adapter (FPA) - The floating point adapter is an option for the F-11 chip set. It is
a 40-pin IC mounted on the system module next to the memory management unit (MMU). The FPA
contains the floating point instructions that supplement the arithmetic instructions of the data/control chip
set.



4.2.2 Keyboard Subsystem
The keyboard subsystem consists of the LK201 keyboard and the keyboard interface electronics. Refer to
Chapter 6 for a detailed description of the LK201 keyboard.

The keyboard connects to the system module by a cable from the monitor. It is also detachable. The key-
board contains an 8051 microprocessor to process all data entered through the keyboard. The interface
USART for the keyboard is on the system module. Refer to Chapter 5 for a detailed description of the
keyboard interface electronics.

4.2.3 Video Monitor Subsystem

The video monitor subsystem consists of the VR201 video monitor and the bit map video controller mod-
ule. An extended bit map module is optional. Refer to Chapter 7 for a detailed description of the video
controller and the extended bit map modules. Refer to Chapter 8 for a detailed description of the VR201
video monitor.

4.2.3.1 VR201 Video Monitor - The display screen is a 30.5 cm (12 in) diagonal monochrome monitor.
The monitor housing contains the CRT, yoke assembly and the video monitor board. Two external controls
adjust brightness and contrast. A cable in the rear of the system unit connects the monitor to the rest of the
system. The monitor also contains a telephone-type connector for keyboard connection.

4.2.3.2 Bit Map Video Controller Module — The bit map video controller module is a 12.7 cm (5 in) X
30.5 cm (12 in) circuit board that plugs into one of the six slots in the CTI BUS card cage. The module
contains bit map graphics with a single display memory plane of 1024 X 256 bits. The controller uses
register-based control logic to help the system module access correct bit locations for screen display.

4.2.3.3 Extended Bit Map Module — The extended bit map module (EBM)isa 12.7 cm (5 in) X 30.5 cm
(12 in) circuit board which plugs into a slot next to the bit map video controller module in the CTI BUS
card cage. This module adds two more bit map memory planes (1024 X 256 /plane) to the monitor subsys-
tem. When used with a monochrome system, it provides enhanced graphics and additional levels of gray
scale. When used with a color system, the bit map video controller provides support for the blue scale. The
red and green scales are supported by the extended bit map module.

4.2.4 RXS50 Dual Diskette Drive Subsystem
The RX50 dual diskette drive subsystem consists of the drive controller and the drive unit. Refer to

Chapter 9 for a detailed description of the RX50 controller module and Chapter 10 for a detailed descrip-
tion of the RX50 dual diskette drive.

4.2.4.1 RXS50 Controller Module — The RX50 controller module is a 12.7 ¢cm (5 in) X 20.3 cm (8 in)
circuit board that plugs into slot 2 of the CTI BUS card cage.

NOTE ‘
The RXS0 controller can only be inserted into slots 1
or 2 of the card cage. If the system has an RD50
hard disk drive subsystem, the RX50 controller can
only be inserted into slot 2.

All subsystem activity is performed under program control. The RXS50 controller module can perform
implied seeks, reading, and writing to specified sectors and tracks on the diskette.

$



4.2.4.2 RXS50 Dual Diskette Drive — The RXSO is a diskette drive which mounts in the system box. Each
RX50 unit contains two physical drives.

NOTE
The RXS50 unit is only capable of single-sided
reading/writing per drive.

Each drive within a single drive unit provides 409,600 8-bit bytes (formatted) per diskette for a total of
819,200 bytes of storage. A signal cable connects the drive to the RX50 controller. A dc power cable
connects the drive directly to the power supply.

4.2.5 RD50 Hard Disk Drive Subsystem
The RDS0 hard disk drive subsystem consists of the controller and drive unit. Refer to Chapter 11 for a

detailed description of the RD50 hard disk controller and Chapter 12 for a detailed description of the
RD50 hard disk drive.

4.2.5.1 RDS50 Hard Disk Controller — The RD50 hard disk controller is a 12.7 cm (5 in) X 30.5 cm (12
in) circuit board which plugs into slot 1 of the CTI BUS card cage. The system module controls all drive
activity. Data transfers to the storage media are performed in two steps.

®  The system module controls a data transfer from main memory to the sector data buffer on the
RDS50 controller.

e  The RD50 controller then channels this data to the RD50 drive.

Two cables connect the controller to the drive: a disk data I/O cable and a control status cable. A power
cable supplies power directly to the drive unit.

4.2.5.2 RD50 Hard Disk Drive — The RD50 is a 13.3 c¢m (5.25 in), nonremovable, sealed media,
hard disk drive. Two nonremovable 5.25 in hard disks are used as the storage media. Each disk surface
uses one R/W head. The total storage capacity (formatted) is five megabytes.

The RDS50 hard disk drive consists of two subassemblies: the head /disk assembly (HDA) and a R/W mod-
ule. The disk drive contains the storage media and supporting mechanical assemblies and cannot operate
without the R/W module. The R/W module is assembled in the drive unit. Both slide into the system unit
(Figure 4-1). Two connectors on the R/W module connect the drive to the RD50 hard disk controller. A
third connector on the R/W module connects the drive to the power supply.

4.2.6 Power Supply

The power supply is a 210 watt, switch type, ac/dc voltage converter circuit. It operates at a constant
frequency using pulse width modulation to regulate voltage to the system. Voltage to the supply is single-
phase/three-wire and user-selectable at 115 or 230 Vac. Maximum input power required is 320 watts.

The supply mounts on the left side of the system unit. The power supply contains the system power switch,
power supply circuit breaker, and voltage selection switch. It also contains circuits to protect the system
against overvoltage, start-up undervoltage, and overcurrent conditions. Refer to Chapter 13 for a detailed
description of the power supply.

4.3 FUNCTIONAL OPERATION DESCRIPTION
The following is a functional operation description. Figure 4-2 is a functional block diagram that shows how
the components interact in the Professional 350. Refer to this figure for the following discussion.

The operating system of the Professional 350 can execute several simultaneous tasks. This is accomplished
by using dedicated interrupts from microprocessor-based components to the CPU.
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Figure 4-2 Functional System Block Diagram

4.3.1 Initialization Sequence
At power up, the CPU accesses all available components to determine the system configuration. It then
assembles an I/O map in main memory. This corrolates each device with its appropriate handling routine.

4.3.2 Hardware Interaction Example
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The following example is presented as an aid in understanding how the Professional 350 operates. It may
not follow the specific CPU execution cycles.

In the example, the Professional 350 retrieves a file from the RX50, updates the video display and prints a
file to an attached printer. Each task is concurrently executed and supervised.

e Toretrieve a file, the host processor specifies the necessary address and executes a READ com-
mand to the RX50 controller. When the data is ready, the controller responds with a command
completion interrupt to indicate the data is available.

e  To update the CRT display, the host processor calculates the data and address for the display. It
then loads this information into the video bit map memory space.

e  To print a file, the host processor first addresses memory. It then addresses the printer USART.
The USART assumes control and transfers the data, one character at a time, to the printer. As
each transfer is completed, the USART interrupts the CPU and waits for the next character to

be loaded.

Each task requires several host processor cycles. Dedicated interrupts received from each device inform the
host processor of completed commands or device readiness. Most microprocessor-based devices for the
Professional 350 do not require sequential command and data accesses. This leaves the host processor free
to select, according to its priority scheme, which device to serviced during each processor cycle.






CHAPTER 5
SYSTEM MODULE

5.1 INTRODUCTION

This chapter describes the Professional 350 system module, which is represented by the shaded part of Figure
5-1. The system module contains the central processor unit (CPU) and circuits that support its operation.
These circuits permit the CPU to communicate with devices mounted on the system module and with devices
mounted on the CTI BUS or peripheral devices that are attached through the connectors on the rear panel of
the system box. Figure 5-2 shows the system module.
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Figure 5-1  System Block Diagram
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5.1.1 Chapter Organization
This chapter is divided into five sections.

e  Section 5.2 provides a general description of the functions performed by the system module.

e  Section 5.3 provides a detailed description of the circuits and components that perform the
module’s functions. It also provides the theory of operation.

e  Section 5.4 provides information about programming the devices that make up the system mod-
ule. Programming information is given in machine language, not high level application language.

®  Section 5.5 provides the pin-out for the connectors on the system module itself and the back
panel of the system module box.

e  Section 5.6 provides the specifications for the unit.

Sections 5.2, 5.3, and 5.4 follow approximately the same format. The sub-sections follow the same
sequence so material presented in Section 5.2.6, for example, corresponds to material in Sections 5.3.6 and
5.4.6. This relationship is followed most closely for Sections 5.2.6, 5.3.6, and 5.4.6.

5.1.2 Related Documentation
Title Document No.

KEF11 Field Maintenance Print Set -MP-01473-00

5.2 GENERAL DESCRIPTION
The following paragraphs provide a general description of the basic functions performed by the devices and
circuits that are on the Professional 350 system module.

5.2.1 System Module General Description

The CPU/memory module provides the basic centrol processor unit (CPU) functions (F-11 CPU chip set
and memory management unit) for the computer and also supplies the I/O module expansion backplane
for up to six options. All input and output connectors (printer, keyboard, communications, network, and
remote access lines) reside on this module. This module supports the Computer Terminal Interconnect
CTI) BUS structure.

The system module supports random access memory (RAM) on optional plug-in printed circuit modules
(daughterboards). Each daughterboard has 128 Kb of RAM. Up to two daughterboards can be used,
although the system module’s addressing and decoding logic provides for addressing one megabyte. These
modules are not connected through the option area.

The system module has a 22-bit address space to access up to four megabytes, although this system’s memory
range has been limited to three megabytes. The top eight kilobytes are reserved as the I/O page.

All interrupt for devices on the system module and devices on option modules are handled by controllers on

the system module. The system module supports DMA to the RAM memory and arbitrates all the DMA
requests.
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5.2.1.1 Subsystem Characteristics — The CPU/memory board provides the following functions.

PDP-11/23 instruction set

16-bit word or 8-bit byte addressing

Eight internal registers

Stack processing

Programmable vectored interrupts

Direct memory access (DMA)

16-bit ODT console emulater

Support for one megabyte of RAM (on system module daughterboards)
22-bit addressing (three megabyte addressing capability)
Kernel and user modes only (no supervisor mode)
Optional floating point instruction set

Power-up self-test and bootstrap (ROM based)
Indicator (LED) display

Battery backed-up time and date clock

Battery backed-up RAM (50 bytes)
Printer/console interface

Video/keyboard interface

Communications interface

Full modem controls

ID PROM

Six slot CTI backplane

5.2.2 Physical Description

The system module is 26.0 X 40.0 cm (10.4 X 16 inches) and has the CPU and support circuits on it. The
CTI BUS is located in an aluminum card cage that has six bus slots inside. A hinged door covers the
opening. Access slots for option modules are on top. The rear panel has most of the connectors on it and
forms the rear of the system module. ‘

5.2.3 System Module Features

The system module consists of a CPU which, under software control, can perform several tasks concurrent-
ly. This is called interlacing operations. Since a single operation may require more than one processor cycle,
the CPU can perform another task while completing the first. When the first is done, an interrupt informs
the CPU. The CPU can then find the status of that operation, begin its next step, and repeat the process for
the second step.

The CPU directs, controls, and monitors operations on the system module. Interrupts, printer, keyboard,
and communications interfaces are programmable. These devices perform their own functions and through
interrupts, permit interlacing operations to take place in a foreground and background mode.

5.2.3.1 Central Processor — The central processor consists of a 2 die 40-pin hybrid integrated circuit. The
data chip contains the PDP-11 general registers, the processor status word (PSW), working registers, the
arithmetic logic unit (ALU) and conditional branching logic. It performs arithmetic and logical functions,
handles all data and address (except relocation) transfers with the external BUS, and operates most of the
signals used for interchip communication and external system control.

The control chip contains microprogram (internally programmed sequences) logic and local microprogram
storage in programmable logic array (PLA) and ROM arrays. This chip accesses the appropriate microinst-
ruction in PLA or ROM, sends it along the microinstruction bus (MIB) to other control and MMU chips,
and generates the next microinstruction (microprogram instruction) address. The control chip accesses only
its local storage but additional control chips can be added externally to provide additional microprogram
storage (for example, for floating point processing).
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5.2.3.2 Memory Management — The memory management unit provides 22-bit memory addressing
capability of four megabytes (two megabytes). It also allows memory protection in a multi-tasking operat-
ing system environment. The maximum allowable system memory is three megabytes.

The memory management function is implemented in one 40-pin package. The floating point registers are
located in the MMU chip.

5.2.3.3 Floating Point Adapter (FPA) Option — The floating point instruction set (FP11) is an option. Both
single and double precision floating point capability are available. Other features available include floating-
to-integer and integer-to-floating conversion.

The FP11 microprogram resides in two MOS/LSI chips contained in one 40-pin package the FPA. The
- FPA requires both the MMU chip and the base MOS/LSI chips because all the floating point accumula-
tors and status registers reside in the MMU.

5.2.3.4 Power-Up Self-Tests — The power-up self-tests in ROM verify system configuration and available
memory space. The self-test is executed at every system power up. Verification is the identification of
devices and their statuses.

The self-tests include the following three parts.

®  System core
e  Base options
®  Add-on options

After these three parts are finished, the system executes a bootstrap loading routine.

The system core self-test verifies the CPU, all available memory space, the self-test ROM, and the full
addressing range of the MMU chip. The power-up self-test does not continue testing if the system core
self-test is not successful.

The base option part of the self-test continues after successful completion of the system core self-test. This
part tests all options available on the system module. The options include the communications port, system
clock, FPA (if installed), the printer port, battery check, battery backed up RAM check, and video/
keyboard port.

The final part of the self-test is the add-on options self-test. This test is performed on all options connected
to the CTI BUS. The self-test is loaded from a ROM located on each option module. This does not include
the RD50 hard disk drive subsystem, the RX50 dual diskette drive subsystem, and the video subsystem.
The system’s ROMs contain the diagnostics for these components. All other option modules contain their
own self-test diagnostics. All option modules have an option identification number. This number allows the
system self-test to determine which devices are installed in the system and store this information in a con-
figuration table for use by the operating system.

The primary indicator of an error during self-test is a picture of the system displayed on the monitor with
the failing option highlighted. Also displayed are an error code and the identification number (ID) of the
error type. The secondary error indicator is the four indicators (LED) display on the rear of the system box
which can be used if the monitor display is either not attached or not working.
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5.2.3.5 Boot Sequence - If the power-up self-tests are completed without error, the system enters a boot-
strap routine and the DIGITAL logo appears on the monitor. This causes a search to first determine the
boot device and then to load the boot program.

The following is the three phase boot sequence.

e  Primary Boot Sequence — At the end of the power-up self-test, the diagnostic boot ROM deter-
mines if there are any removable media devices on the system. If there are, each device is read
and tested for a bootable volume. If there are no removable media devices on the system or there
is no bootable volume loaded, the secondary boot sequence is executed.

e  Secondary Boot Sequence — The second phase consists of reading the battery backed up RAM
for customer-selected boot devices. The first selectable device boot routine in battery backed up
RAM is loaded and executed. If this boot fails, the diagnostic boot ROM selects the next device.
Once all devices in the battery backed up RAM have been tried without success, the tertiary
boot sequence is started.

e  Tertiary Boot Sequence — The third step uses the boot priorities predetermined by the ID num-
ber of the devices. The diagnostic boot ROM starts with the highest priority, loads the appropri-
ate boot program, and starts execution. If the boot fails, the next device in the priority chain is
selected and an error is displayed on the monitor, indicating the boot process failed. The display
is a picture of a diskette with a question mark.

e  Bootstrap Failure — After the bootstrap error is displayed, the self-test ROM loops back to the
primary boot sequence and stays in this loop until a valid boot is executed or power is reduced.

5.2.4 CTI BUS Option Connectors

The CTI BUS backplane is part of the system module. The backplane accepts option modules using a zero
insertion force (ZIF) connector. There are six option module slots.

Each option slot has a 90-pin connector on the system module. The first 60 pins (referred to as the gener-
al section of the bus) are used for the CTI BUS signals. The last 30 pins, 61 through 90 (referred to as the
private section of the bus), to route signals from the option modules to connectors on the rear of the system
module. An option module that only requires the CTI BUS signals can use a 60-pin ZIF connector. An

option module that requires using the rear connectors on the system module must use a 90-pin ZIF
connector.

All signals, except six signals, are bused through all six slots. The six non-bussed signals provide slot depen-
dent signals to the system module for handling address decoding, interrupts, and DMA.

5.2.5 System Registers
The system module contains registers that store information about the overall system status. The CPU
reads these regularly and performs the appropriate service routine whenever a status change occurs.

5.2.5.1 Indicator (LED) Register and Display — This register is the only one visible to the user. It shows the
system status after the power-up self-test (Section 5.2.3.4).

There are five LEDs on the rear of the system module, one green and four red LEDs. The green one turns
on when the DCOK signal from the power supply is asserted. This indicates all dc power is within tolerance.
The four red LEDs indicate errors found during the power-up self-test. At power up, all four red LEDs turn
on then turn off if no errors are found. If the LEDs remain on, it indicates a system module error. The
decoded indicator error codes are found in Table 5-6.
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5.2.6 Interrupts
The system module uses three interrupt controller chips to handle all the system interrupts.

e  The first controller handles all the interrupts generated by devices on the system module.
¢  The second controller handles all the A interrupts from the option modules.
e  The third controller handles all the B interrupts from the option modules.
The interrupt controllers do the following.
e  Latch the interrupt requests
®  Provide the interrupt enable for each
®  Prioritize the pending interrupts
®  Generate the proper vectors
The controllers interrupt the CPU at processor status level 4.
5.2.7 ROM Memory
The system module also contains 16 kilobytes of ROM. It contains the power-up self-test code, configura-

tion and initialization code, and the boot code. Some of the ROM is in the I/O page and some is in the
memory address space.

Address Size Location
17730000-17757776 12 KB memory space
17760000-17767776 4 KB I/O page

Any attempt to write to the ROM locations results in a non-existent memory trap to location 4.

5.2.7.1 ID PROM - Each system module board contains a PROM with a unique 32-byte ID. The ID
PROM contains information to verify the system module integrity.

5.2.8 RAM Memory
“The system module contains support circuitry for two memory option modules (daughterboards). There are
two 40-pin connectors on the system module that accept the memory modules. The memory option mod-
ules provide 128 Kilobytes of RAM with 16 64K X 1 dynamic RAM chips. The system module can
address up to 512 kilobytes at each RAM daughter module slot.

With this scheme, backplane slots are not used for memory. However, additional memory can be installed
in the backplane if required. Memory added in the backplane requires its own support circuitry (address
and decode logic).

5.2.9 Video/Keyboard Port
The system module provides a serial keyboard port as part of the video/keyboard port. Video signals for
black and white and color CRT monitors use other pins in the same port.

The video controller, mounted on the CTI BUS, generates the video signals. Refer to Chapter 7 for infor-
mation about the bit map video controller module.



The keyboard uses a 2661 USART and performs asynchronous serial communications at programmable
baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels. Connection is made on the rear of
the unit via a 15-pin male D-subminiature connector, J5. Section 5.5 shows the pinning and position of J5
on the system module.

The keyboard part of the port communicates with the computer’s keyboard. However, it is a general serial
port that can be used to communicate with any serial device. The mode of operation is programmable
(Section 5.4). When using the port with the computer’s keyboard, the mode must be set to the following.

8-bit character length
No parity

One stop bit

4800 baud clock rate

5.2.10 Printer Port

The system module provides a serial printer port. It can perform asynchronous serial communications at
programmable baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels Connection is made
on the rear of the unit via a 9-pin male D-subminiature connector, J6.

5.2.10.1 Console Serial Line Port — The console DL is included as a maintenance feature. Physically it is
the same port as the printer port. The printer port can be made to simulate a standard console interface.
When a terminal is connected to the port instead of a printer, the address decoder recognizes the console
addresses 17777560-17777566. In this mode, the port programs like a DL serial device with a receiver
CSR, a receiver data buffer, a transmitter CSR, and a transmitter data buffer. Accesses to these registers
when a terminal is not connected to the port result in reads of all zeros and writes with no effect. All the
printer port registers, 17773400-17773406, are always accessible.

Interrupts are not handled like a standard console DL. There are no interrupt enable bits in the CSR regis-
ters at locations 17777560 and 17777564. Interrupts must be enabled/disabled and handled through inter-
rupt controller O like the printer port interrupts. The vectors can be changed from the printer port vectors
of 220 and 224 to the console vectors of 60 and 64 by reprogramming the response memory in interrupt
controller 0 (Refer to Sections 5.2.6, 5.3.6, and 5.4.6 for details).

Hardware break detection can be enabled when a terminal is connected to the port. This allows the proces-
sor to halt into.micro-ODT (Octal Debugging Technique) when the break key is depressed on the terminal.
The hardware break detection has no effect if a printer is connected to the port.

When pins 8 and 9 of the printer port connector J6 short, the hardware determines that a terminal is
connected to the port. When using the port for a printer, a printer port cable (PN BCCO05) should be used
(the cable does not short pins 8 and 9). When using the port as a console, a terminal port cable (PN
BCCO08) should be used (the cable shorts pins 8 and 9).

5.2.11 Communication Port

The system module has a communication port that can operate in asynchronous and bit or byte synchro-
nous protocols. In asynchronous mode, it runs at split programmable baud rates up to 19.2 kilobaud. In
synchronous mode, it runs up to 740 kilobaud. The transmitter is double buffered and the receiver is quad
buffered. A full set of modem controls is also present. All the port signals are EIA RS-423 levels.
Connection is made on the rear of the unit via a 25-pin male D-subminiature connector, J7.

There are two interrupts associated with the communications port. The first interrupts the CPU if the 7201
USART chip requires service, receiver or transmitter. The second interrupt can indicate that a state
change has occurred on one of four modem control signals. These four modem control signals are Ring
Indicator, Data Set Ready, Clear To Send, and Carrier Detect.



5.2.12 Battery Backed up System Clock and RAM

The battery backed up system clock and RAM keeps track of time and date. It stores 50 bytes of data even
when the system is turned off. The clock is an MC146818 CMOS chip. The backup is achieved using of a
rechargeable nickel cadmium (NiCD) battery. The battery power is supplied to the system module via
connector J3.

The clock accuracy is better than one minute per month.

The battery continuously charges when the system is powered on. When the power is shut off, the battery
supplies power to the clock which continues to update the time and date. A completely charged battery
maintains clock operation for a minimum of 10 days while the system is turned off. The battery is com-
pletely charged after 48 hours of continuous system power on time.

The system clock and RAM contains a bit which indicates if the clock power goes too low and that the time
and date may be invalid. The bit, called a valid RAM and time (VRT) bit, is located in the CSR3 register.
See Section 5.4.13.1 for details of the VRT bit.

The chip can also be programmed to interrupt the CPU at a specified alarm time or at a periodic rate. The
periodic rate can be programmed to one of 13 frequencies ranging from 2 Hz to 8.192 kHz. There is no line
time clock.

5.3 DETAILED DESCRIPTION

This section provides functional and detailed descriptions of the functions performed by the microprocessor
and support circuits of the KDF11-CA system module. It describes the system logic used for making deci-
sions. It only describes computer operations, electronic processes, or complicated timing sequences when
necessary.

To understand the central processor’s functions refer to the following books.

Microcomputers and Memories
Microcomputer Processor Handbook
KDF11 Field Maintenance Print Set (MP-01473-00)

All illustrations in this section functional block diagrams. Logic symbols indicate function and may not
represent actual circuitry. Figure 5-3 shows this section’s map and module block diagram. For quick refer-
ence, each block on the diagram has a number or numbers by it. These numbers refer to the subsection(s)
in this section that describe the block.
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5.3.1 Microprocessor Overview

The Professional 350 CPU chip set consists of three integrated circuit chips: the data chip, the control chip,
and the memory management unit (MMU) chip. The chip set is a 16-bit LSI microprocessor with
PDP-11/23 capabilities. It also implements a subset of PDP-11/70 memory management. The chip set can
also execute floating point arithmetic instructions when an FP11 option, the Floating Point Adapter (FPA),
is installed.

The chips are installed on 40-pin ceramic dual in-line packages (DIP). The basic configuration is a hybrid
combination of a data chip and a base control chip on a single DIP, the central processor chip. The memory
management unit (MMU) is mounted by itself on a DIP.

The data chip contains PDP-11 registers, scratchpad registers, and the arithmetic logic unit (ALU). The
control chip contains (in internal memory) instructions to supervise CPU operations. These instructions,
called microinstructions, emulate the instructions performed in full size PDP-11 processors. The CPU’s
logic telling it how to use microinstructions are called the microprogram. The PDP-11 instructions are
called here macroinstructions. Therefore the Professional’s CPU, which is not actually a PDP-11 itself,
performs microinstructions which emulate PDP-11 macroinstructions. Several microcycles (periods to per-
form microinstructions) may be required for each macrocycle (period to complete a macroinstruction).

The memory management chip contains the necessary registers and relocation logic to implement 18 and
22-bit addressing. It also contains the floating point register file.

e  Data chip
The data chip contains PDP-11 registers, scratchpad registers, the processor status word (PS),.
the arithmetic logic unit (ALU), and the conditional branching logic (i.e., microinstructions).
This chip performs all arithmetic and logical functions, handles data and address transfers with
the rest of the system (except relocated addresses), and coordinates most interchip
communication.

e Control chip :
The control chip contains the microprogram logic and the required storage areas to supervise
CPU operations. The control chip implements microinstruction sets, emulating the basic
PDP-11 instruction set. These instruction sets include the extended instruction set (EIS) and
provides console debugging capabilities.

¢  Memory management unit (MMU) chip
The memory management unit (MMU) performs two activities. It provides the memory man-
agement and contains the necessary registers for floating point execution.

As a memory management unit, the chip provides dual mode capability (user instruction space —
normal operation) and kernel (CPU instruction space — internal operation) for relocation of a
16-bit virtual address to an 18-or-22 bit physical address. The MMU chip contains the error
detection logic to provide memory protection features such as R/W access control and page
length limits. In addition, all necessary memory management data registers are in this chip.

As an aid to floating precision, the MMU chip provides the 36 16-bit registers needed for ope-
rand storage, status information storage, and scratchpad areas during floating point operations.

¢  Floating Point Adapter (FPA) Option

The floating point precision option (FP11) provides 46 additional instructions to the integer
arithmetic instructions in the basic instruction set. This option executes floating point operations
5 to 10 times faster than equivalent software routines and provides for both single precision
(32-bit) and double precision (64-bit) operands. This is equivalent to 7 and 17 decimal digit
accuracy respectively. This option also conserves memory space since the FP11’s internal logic
executes floating point routines instead of programmed routines. FP11 operation requires the
MMU for operation because the MMU contains eight 64-bit floating point registers.
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5.3.1.1 Chip System Architecture — These are three categories of signals used for communicating
between the chips and with external logic: Microinstruction Bus (MIB), Data Address Lines Bus (DAL),
and discrete signals (Figure 5-4).

The MIB is time-multiplexed. During clock-low time, a new microinstruction travels along the MIB from
the active control chip to the data chip and all other control chips. During the next clock-high time, the
data chip generates control information based on this microinstruction and transmits control information
on the MIB. :

The CDAL bus is a bi-directional connection between the logic circuits. It is time-multiplexed and has two
independent definitions during the clock cycle. During the first half of a cycle, clock-high time, the chips
use the CDALS to transfer data in or out. This data is a PDP-11 macroinstruction, a 16-bit physical or
virtual address, or some form of numerical data. During the last half of a cycle, clock-low time, a relocated
address or service information can be transferred on the CDALSs. The relocated address is the 18 or 22-bit
translation of the 16-bit virtual address driven by the data chip during the preceding clock-high time. The
MMU chip must be installed (normal operation in the Professional 350) for 22-bit addressing. Synchronous
and asynchronous status information, service, also use the CDAL bus. Service information consists of inter-
rupt requests, error conditions, power conditions and the halt line. This information is latched in the control
chip where it directs microprogram flow.

The discrete signals are dedicated lines each with specific meanings; they are not time-multiplexed. These
signals are discussed later.

Table 5-1 summarizes the buses just presented.

5.3.1.2 Data/Base Control Chip Interaction — The data chip/base control chip combination is a multi-
chip PDP-11 microprocessor with expandable internal storage for microprogram processing. The data
chip/control chip relationship is that of arithmetic logic unit (ALU) and sequencer; the data chip is an
ALU and controller, the control chip directs the microprogram sequence and storage. The following
sequence provides an overview of their operation. This sequence considers just the base control chip.
However, all control chips interact with the data chip in the same manner. They differ only in what macro-
level information they can decode.

1.  Fetch macroinstruction: both the data and control chips receive and latch a macroinstruction.
2. Execute macroinstruction: the control chip transmits a specific sequence of microinstructions to
emulate the latched macroinstruction. Simultaneously, the data chip receives the microinstruc-

tions and performs the appropriate arithmetic, logical, and control functions.

3.  Load service information: the control chip latches service information. If service is pending
(Section 5.3.2.6), the chip set goes to step 4. If no service is pending, the chip set goes to step 1.

4.  Execute service routine: the control chip transmits a specific sequence of microinstructions to

execute the required service routine. Simultaneously, the data chip receives the microinstruc-
tions and performs the appropriate arithmetic, logical, and control functions.
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Figure 5-4 CPU Chip Set Communication
Table 5-1 Functional Summary of CPU Communication Buses
Clock-high Time Clock-low Time
CDALs: a macroinstruction, a 16-bit A relocated address, or
physical or virtual address, service data

or numerical data

MIB: control information A microinstruction
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To help clarify the preceding process, the following provides a detailed emulation of the CLR RO
macroinstruction.

PART I: MACROINSTRUCTION FETCH
ClIk* Data Chip Control Chip

Low Transmit ADR2 PC
microinstruction on the
MIB, (this instruction causes
the value in the PC to address
memory and increments the PC

by 2.
1 Latch ADR2 PC
microinstruction
from the MIB
High Execute address ADR2;
put PC on the DALs,
increment PC by 2,
output discrete
control signals
| Latch control information from
the MIB
Low Transmit instruction input

microinstruction on the MIB

1 Latch instruction
input microinstruction
from the MIB

High Execute the
microinstruction just

brought in; input the
CLR RO macroinstruction
from the DALSs and
output discrete

control signals

] Latch macroinstruction Latch macroinstruction from
from the DALs the DALs and control
information from the MIB

* The terms in this column define the state of the clock line: low = clock voltage at a low, high = clock
voltage at a high, | = a rising edge, | = a falling edge.
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PART 2: MACROINSTRUCTION EMULATION
Low ‘ Transmit CLR microinstruction on the MIB

1 Latch CLR
microinstruction from
the MIB

High Execute CLR
microinstructions;
clear the register
which is specified
in the latched
macroinstruction
and transmit discrete
control signals

1 Latch the control information
from the MIB '

The chip set now goes to service. On the next rising edge, the macro-level service data is clocked into the
control chip from the CDALSs. If no service is requested, the machine falls through to the macroinstruction
fetch sequence. If service is requested, the appropriate service routine is begins.

If the CPU cycle is not an address relocation, the CDAL address bits 16-21 are pulled low.

5.3.1.3 Memory Management Interaction — When the MMU is used for memory management, it sup-
plies the resources for 18 and 22-bit addressing. When added to the data chip/control chip system, it cre-
ates an additional communication situation. This occurs when an address needs to be relocated. The follow-
ing sequence shows the address relocation.

Relocation Address Interchip Communication

Clk Data Chip MMU Chip
High (during Outputs the address Detects an address
execution of an on the CDALs and BSIO cycle by looking at
address (a discrete control the AIO codes,
microinstruction) signal), outputs the asserts a specific
the proper AIO codes MIB line to indicate
(specific combinations a relocated address
of MIB lines) on the cycle and inputs
MIB. the address from the
CDALs and BSIO.
Latches the MIB line
data for MMU chip;
this tells the data
chip that the MMU
is relocating an
address.
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Relocation Address Interchip Communication (Cont)

Clk Data Chip MMU Chip

low Generates the
relocated address
and transmits it on

the CDALSs and BSIO.
1 Latches the relocated Latches the
address from the CDALs ~ internally relocated
and BSIO to check for address to check for
reference to the PSW. reference to any of
the processor’s
registers.

If memory management is disabled, address cycles (a macrocycle) proceed as all other microcycles. If
enabled, it adds three changes to the address cycles of the basic chip interaction. First, it changes when the
address on the CDALSs is valid. Instead of being valid towards the end of clock-high time, the address must be
examined towards the end of clock-low time. Second, clock-low time must be lengthened from the minimum
specified value for nonrelocated cycles. This allows the MMU time to operate. Third, to prevent a bus conflict,
service cannot be on the DALs at the same time as a relocated address. The microprogramming prevents the
chip set from loading service data during an address relocation. In addition, the system interface will not drive
the DALSs with service data at this time.

5.3.1.4 Floating Point Interaction — Floating point instruction capability is an option in the Professional
350 computer. The FP11 requires the MMU chip’s floating point registers. These registers are indirectly
addressed by the control field of the I/O microinstructions. The timing of the data transfers to and from
these registers is the same as for any other I/O microinstruction. These transfers are transparent to the
system user. Adding the floating point chips does not change the internal interaction of the system from
earlier descriptions, for example, with and without memory management.
The microprogram handles control chip selection. A control chip deselects itself by executing an uncondi-
tional jump to another control chip. The target control chip decodes the jump microinstruction and selects
itself. This executes the microprogram in a different part of the internal instruction set.
5.3.2 Instruction Cycles and Timing
The following paragraphs describe concepts of instruction and timing cycles used in the Professional 350. It
does not explain the PDP-11 instruction set.

e  Section 5.3.2.1 explains micro- and macroinstruction cycles.

®  Section 5.3.2.2 explains the base system timing logic.

e  Section 5.3.2.3 explains how teh system creates the needed timing signals.

e  Section 5.3.2.4 explains how the MIB lines are decoded to start a cycle.

e  Section 5.3.2.5 explains the CPU reset function.

e  Section 5.3.2.6 explains the service register’s timing between cycles.

5-16



5.3.2.1 Instruction Cycles — The chip set emulates PDP-11 macroinstructions with microprograms. This
may require several microinstructions to do a single macroinstruction. Microinstructions use the system
clock for synchronization. Macroinstructions require longer periods to execute that depend on the instruc-
tion performed. Macroinstructions use another internal clock, based on the first, for timing. The chip set
tells its support circuits how much time is required and sets up the circuits to synchronize properly.

Microinstruction Cycles

The basic microinstruction cycle (Figure 5-5) shows common operations which occur every
microcycle. The conditional latching of service data during a microinstruction cycle is controlled
by the Next Address Field of the microinstruction being executed. As far as the system interface
is concerned, it should place service data on the CDALs every clock-low time, except during
address relocation cycles.

During certain microinstructions, internal data is placed on the CDALs. This happens because
the CDAL drivers are enabled every clock-high time unless an input microinstruction is being
executed. During certain microinstructions this data is meaningful; for others the data is not
used. As one microinstruction executed the next is accessed. This results in a faster execution of
instructions.

Microinstructions are not included in this manual because they are proprietary and confidential
to Digital Equipment Corporation.

Macroinstruction Cycles
If service is pending, the appropriate service sequence is initiated. If no service is pending, a
macroinstruction is fetched.

Once a macroinstruction is fetched, the appropriate emulation microprogram is selected. After
the completion of the emulation microprogram, the cycle begins again by first determining if
service is pending. ‘

BASIC MICROINSTRUCTION CYCLE

CLK [
CONDITIONALLY CONDITIONALLY
— LATCH SERVICE LATCH SERVICE
DATA DATA

"—ACCESS MICROINSTRUCTION—D"——ACCESS NEXT MICROINSTRUCTION —’l

ENABLE | |
CONTROL CHIP MICROINSTRUCTION ENABLE CONTROL
| (MIBYRECEIVERS  "|" (MIB) RECEIVERS |

tLaren LAT’CH
ACTIVE CTL EnagLe | MICROINSTRUCTION (ATCH
MIB DRIVERS INPUTS

mie  ZZZCONTROL INFORMATIONYZZY MICROINST RUCTION Y72 CONTROL INFORMATION NEXT MICROINSTRUCTION

ENABLE

| microinsTRUCTION | EnaBLECONTROL |

[ tviB) RECEIVERS (MIB) DRIVERS, |
RECEIVER

LATCH MICROINSTRUCTION

DATA CHIP }e————DECODE MICROINSTRUCTION ————#}«—DECODE NEXT MICROINSTRUCTION
ja—————EXECUTE MICROINSTRUCTION———8]

DAL D(service vaTA YN oaTA service oaTA N

ENABLE
| MICROINSTRUCTION L ENABLE CONTROL |

MMU CHIP | {MIB) RECEIVERS r (MIB) RECEIVERS I

4 LATCH
LATCH CONTROL
MICROINSTRUCTION INPUTS

MA.0020.82

Figure 5-5  Basic Microinstruction Cycle
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5.3.2.2 Basic Timing Logic - The microprocessor operates on microprogram data and instructions during
the high and low periods of its clock. This section describes the system clock. The clock uses two signals,
oscillator output (OSC H) and PHASE H, to synchronize the CPU and supporting logic. OSC is the system
clock. PHASE is the CPU chip set clock. i

The oscillator output (OSC H) is the system clock. It regularly sets certain circuits to allow data transfer.
During CPU clock high time (PHASE H asserted), the data chip generates control information based on
the current microinstruction and transmits this on the MIB. The microinstructions travel along the MIB
during CPU clock low time (PHASE H not asserted). The control information on the MIB sets other cir-
cuits and determines the duration of PHASE. Depending upon the macrocycle, PHASE H and PHASE L
remain high or low for specific multiples of OSC. These two clocks, along with other control information,
direct the path and timing for data flow.

Three MIB lines states indicate the present type of CPU cycle. See Table 5-2. The control circuitry reads
the MIB lines and sets timing circuits for PHASE. PHASE’s duration, then, varies depending upon the
status of the MIB lines.

Each microcycle may be an address cycle, a data write, or other operations shown in the table. A read-
modify-write cycle to memory requires several different PHASE periods. PHASE stays high depending
upon which devices are communicating. It may be kept high for two, three, five, or more clock cycles
depending on the kind of microcycle. PHASE may be kept high while waiting for a reply from any
addressed device and may be kept high indefinitely waiting for DMA. PHASE can be low for two, five, or
six clock cycles, again depending on the type of microcycle. If PHASE is kept low longer than six clock
cycles, the CPU chips may lose data from lack of refresh. Table 5-3 describes the three basic microcycles.

By coordinating PHASE with OSC, the latches and buffer chips are ready to load address or data informa-
tion. It is necessary to synchronize times for set up, hold, and release because of buffer chip parameters and
bus specifications.

Example — MIB control information and OSC H produce a sequence of timing signals (including PHASE).
The number of signals depends on the type of cycle to be run. Figure 5-6 shows a timing diagram for an
address relocation cycle. This operation requires three clock periods high and five low. Note the system
clock, OSC, is a periodic signal.

1.  PHASE goes high at OSC H rising edge. As PHASE H goes high, its complementary output,
PHASE L, goes low. This starts the following timing signal sequence and clears a second timing
sequence.

2. At the next OSC H rising edge, Phase Time 2 (PT 2) goes high.

3. At the next OSC H, PT 3 goes high.

4. At the next OSC H, PHASE goes low and PHASE-BAR goes high. PT 2 and PT 3 go low.
However, PT 4 was clocked in just as the input signals went low so that PT 4 H appears as a

spike impulse.

5. As PHASE L goes high, it starts a similar sequence of timing signals during PHASE-BAR.
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Table 5-2

System Set Up for Instruction Cycle

MIB 12
AIO 2

1 0 Name

Microinstruction
Invoked by

Meaning

0

0 O AWO

0 1 ARW

1 1 ARO

0 0 WRITE
BYTE

0 1 WRITE

1 0 READ

1 1 NOP

Address

Address

Unused
Address

Output

Output

Input

All except
Address, Input,
or Output

During this cycle, the

data chip transmits an
address. A data write

only operation.

During this cycle, the
data chip transmits an
address. A data read
modify write operation.

During this cycle, the
data chip transmits an
address. A data read
only operation.

The data chip performs
a byte output operation.
During this cycle, the
data chip transmits a
data byte. If the
address is even, the
data is be on the low
byte of the DALSs. If the
address is odd, the data
is on the high byte. In
both cases the non-data
byte is unpredictable.

The data chip performs
a word output operation.
During this cycle, the
data chip transmits a
word of data.

The data chip performs
an input operation.
During this cycle, the
data chip reads a word
of data.

Data chip not performing
an I/O operation

(neither data in nor

data out operation).

* These control signals are forced to NOP (AIO = 73) if an input or output microinstruction is executed
when the explicit PS address mode is active (for example, if the PS is referenced by its [/O address, the
input and output AIO codes are overridden to the NOP AIO code). This information is needed by the
control and MMU chips.
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Table 5-3 Microcycles

Cycle Description Cycle Steps

Read Only ARO, READ

Write AWO, NOP, WRITE* or WRITE BYTE*
Read-Modify-Write ARW, READ, NOP, WRITE* or WRITE BYTE* |

* The AIO code determines if this is a byte or word operation. Address AOO determines the high or low
byte if it is a byte operation.

PHASE H l l
PT 2 H I I

PT 3 H

PT 4 H

[ 1
A
PHASE L . I l

PBT 2H |

PBT4H

PBT 5 H

—
L
J -
1
1

PBT 6 H

|<— PHASE TiME —+— PHASE-BAR TIME —-DI

MA-0021-82

Figure 5-6  Address Relocator Cycle

6. At the next OSC H, PHASE-BAR TIME 2 (PBT 2 H) goes high.
7. At each of the next three OSC H signals, PBT 3 H, PBT 4 H, and PBT 5 H go high respectively.
8. At the sixth OSC H, PHASE-BAR goes low as PBT 6 H appears as a spike impulse.
9.  The signals now are PHASE H and PHASE-BAR L.
10. PT 4, PT S5, PT 6, and PBT 6 are not generated during this cycle.

The next section describes how these signals are generated.
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5.3.2.3 Detailed Timing Logic - A 26.666 MHz crystal oscillator output is divided by two and buffered
to drive the timing logic for the CPU, the CTI BUS control logic, and the DAL Bus control logic. This
signal, OSC H, has a period of 75 ns. Figure 5-7 shows the signals used for system timing.

The clock driver uses the PHASE H flip-flop output to produce the +12 V CPU chip set clock signals
(CHIP CLKA H and CHIP CLKB H). Each chip set clock cycle consists of a PHASE time (PHASE H
set) and a PHASE-BAR time (PHASE H clear). The CPU chip set is semi-static and loses information if it
remains in PHASE-BAR time longer than 500 ns. However, it can remain in PHASE time indefinitely.
PHASE and PHASE-BAR are complementary.

Two shift registers (PT 2 H through PT 5 H and PBT 2 H through PBT 6 H) operate as clock signal timers
during PHASE time (PT) and PHASE-BAR time (PBT) respectively. PT means PHASE TIME and PBT
means PHASE-BAR-TIME. If PHASE H is set, but PT 2 through PT 5 are clear, the logic is in phase time
one. If PHASE H and PT 2 are set, but PT 3 H through PT 5 H are clear, then the logic is in phase time
two. Similarly, if PHASE H is clear and PBT 2 H through PBT S H are clear, the logic is in phase-bar time
one. If PBT 2 H through PBT 4 H are set, but PHASE H and PBT 5 are clear, then the logic is in phase-bar
time four.

The PHASE H flip-flop and the two shift registers are clocked on the leading edge of OSC H. When
PHASE H is set, the logic advances from one phase time to the next in sequence. However, there is one
exception: the logic pauses in phase time one if DMA is in process.

When PHASE H is clear, the logic advances from one phase-bar time to the next. Usually it advances from
PBT 2 to PT 1. However, there are two exceptions:

¢  During address relocation cycles, the logic enters PHASE after PBT 5.

¢  During a reset of the CPU chip cycle, the logic enters PHASE after PBT 6.
A clearing signal clears the flip-flops, which gate data onto the CDAL lines during PHASE time. That data
must remain there for one-half OSC period into PHASE-BAR time. The phase time clearing signal clears

the flip-flops, which gate data onto the CDAL lines during PHASE-BAR time. That data must remain
there for one-half OSC period into PHASE time.

TURN OFF-PT & PTaH | _PrsH
RECEIVE PT3H | —PT 4 H
REPLY PToH—SHIFT L ooy

REGISTER

TOCHIPCLKAH —FT2H

AND CHIP CLK B H 0SC H—
SIGNALS

PHASE PHASE H

F-F

PBT 5 H— |—pBT 6 H
PBT 4 H— L PBT 5 H
PBT 3H—JSHIFT  |—PBT 4 H
peT 2 H—{REGISTERL _pgT 3 1
L— O L—PBT 2 H

0OSC H —

NOTES: GATES 1,2, AND 3 CONTROL PHASE H DURATION
GATE 4 CONTROLS PHASE-BAR H DURATION

MA-0022-82

Figure 5-7  Phase Signal Duration Functional Diagram
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5.3.2.4 MIB Decode Logic - During PHASE-BAR time, the MIB lines contain the current microinstruc-
tion provided by one of the CPU control chips (Table 5-2). During PHASE H time, the MIB lines contain
control information provided by the CPU data chip. The system logic monitors some MIB lines during
PHASE time and some at the end of PHASE time.

During PHASE Time, the MIB lines 12, 9, and 8 contain the address input/output signals (AIO 2, 1, and
0). The AIO codes are decoded to determine whether the current cycle is an address cycle, a bus type data
in cycle, or a bus type data out cycle. The AIO lines are signals which determine whether the logic enters
PHASE-BAR time after PT 2 (SHORT PT H), after PT 3 (MED PT H), or after PT 5 (SHORT PT H
and MED PT H both clear).

At the end of PHASE time, PHASE H clocks the following MIB lines into flip-flops.

e MIB 15 H to REL CYC H if a memory relocation cycle is indicated.

e MIB 12 H inverted to LAD CYC L for an address cycle.

e  MIB 07 H inverted (SYNCF H) to LSYNCF L to synchronize the address on the bus.

e MIB 14 H to INIT H to initialize the system whenever a reset instruction occurs or at power up.
5.3.2.5 CPU Chip Reset — The CPU can remain in PHASE H time indefinitely; PHASE L can remain
no longer than 6 clock cycles before data may be lost. Table 5-4 shows error conditions which could cause
the CPU to be reset. If one of these errors occur, the system logic generates a reset signal which extends

PHASE-BAR time to 6 clock cycles. Reset enables the CPU service register so the CPU can determine
which error condition caused the reset.

Table 5-4 Reset Conditions

Signal Meaning
DCOKC3L DC voltage is OK and present for at least 3 clock cycles. This is a normal
condition that causes reset on power up.

BUS ERROR H The processor put out an address on the bus but there is no response from the
- device.

NOCSELH : Neither control chip (CPU nor FPP) is active.

MER H Bus memory error.

ABORTL MMU chip tried to address an invalid address.
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5.3.2.6 Service Register — Service information is system status information. The CPU uses this to moni-
tor the conditions shown in Table 5-5. The service information is enabled on the CDAL lines when not
doing address relocation when PHASE H is low or during a chip reset. Logic circuits turn on the drivers
that place the service data on the CDAL bus for the CPU to read directly.

5.3.3 Buses

Both 16-bit addresses and 8-bit data bytes or 16-bit data words are multiplexed over bus data/address lines.
During a programmed data transfer, the processor asserts an address on the bus for a fixed time. After the
address time is completed, the processor initiates the programmed input or output data transfer. The actual
data transfer is asynchronous and requires a reply from the addressed device. The bus synchronization and
control signals provide this function.

The bidirectional and asynchronous communications on the buses allow the devices to send, receive, and
exchange data at their own rates. The bidirectional nature of the bus allows use of the common bus inter-
faces for different devices.

Communication between two devices on the bus is a master-slave relationship. At any point in time, there is
one device that controls the bus. This device is the bus master. The master device controls the bus when
communicating with another device on the bus, the slave. An example of this relationship is the processor,
as master, fetching an instruction from memory (which is always a slave). Another example is a DMA
device interface, as master, transferring data to memory, as slave. Bus master control is dynamic. The bus
arbitrator is the processor module.

Since the CTI BUS is used by the processor and all 1/O devices, a hardware priority structure determines
which device becomes bus master when more than one device requests control of the bus. Every device on
the CTI BUS which is capable of becoming bus master is assigned a priority according to its function or
type. If two devices of the same priority level each request the bus at the same time, the device in the lower
slot number becomes the bus master.

Table 5-5 Service Register

Signal Meaning

DCOKC3L DC voltage is OK and present for at least 3 clock cycles. This is a normal
condition that causes reset on power up.

TIME OUT H No response received after putting an address on the bus

MERL Bus memory error

ABORT L MMU chip tried to address an invalid address

CTLERRL Neither control chip (CPU nor FPP) is active

HALTH Octal debugging technique signal to start or stop single step operation

PWRFL H Power failing

IRQ4H Interrupt request
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Data transfers on the CTI BUS are asynchronous; communication is independent of the physical bus length
and the response time of the slave device. The asynchronous operation between bus master and slave devices
depends upon synchronizing the bus transactions with clock signals. This allows each device to operate at the
maximum possible speed.

Full 16-bit words or 8-bit bytes of information can be transferred on the bus between a master and a slave.
The information can be instructions, addresses, or data. For example, this type of information transfer
occurs when the processor, as master, fetches instructions and operands and transfers data to and from
memory.

Refer to Figure 5-4 for a simplified diagram of the buses and Figure 5-8 for a complete system block
diagram showing interfaces. Figure 5-9 shows the buses without other functions. The following paragraphs
describe each major bus.

Microinstruction Bus (MIB) ‘

The 16-bit MIB is common to all data and control chips. The MMU receives a subset of the MIB because it
does not need access to all MIB control signals. A different subset of the MIB controls the processor sup-
port logic.

The MIB is time multiplexed and is used for different functions during clock high and low times. During
clock high time, the MIB transfers control information from the data chip to all control chips, the MMU,
and the board logic. During clock low time, the MIB transfers microinstructions from the active control
chip to other control chips and the data chip.

Data/Address Line Bus (DAL)

The DAL interconnects all the MOS chips and buffers on the processor board. The 22-bit DAL bus is time
multiplexed. Of the 22, the CPU uses six lines for addressing only. During clock high time, the data chip
transfers information to or receives information from the other chips along the DAL. During clock low
time, the board transfers service data (such as interrupt requests) along the CDAL bus to the control chip.
The control chip receives service information and determines whether to trap or fetch the next instruction.

During clock low time or during address relocation, the relocated address from the MMU transfers to the
DAL bus.

Computer Terminal Interconnect Bus (CTT)
The CTI BUS is the control path for the CPU and all options modules. It is also the Professional 350
backplane. The six option slots mounted on the system module connect to the 90-signal bus. All signals are
bused to all six slots with the exception of six signals. These six slot dependent signals are on the system
module for address decoding, interrupts, and DMA. These signals are as follows.

e  Option present indicator

e  Slot select from the I/O page address decoder

e Two interrupt request lines (A, B) from each option

®  DMA request from the option

e DMA grant from DMA arbitration circuits
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Figure 5-9 Professioﬁal 350 System Module Bus Scheme

Each option slot has a 90-pin connector on the system module. The first 60 pins are used for the CTI BUS
signals. These are referred to as the general section of the bus. This section of the bus is control lines and
bused data/address lines (CTI/BDAL). The last 30 pins, 61 through 90, route signals from the option
modules to connectors on the rear of the system module. These are referred to as the private section of the
bus. An option module that only needs the CTI BUS signals can use a 60-pin Zero Insertion Force (ZIF)
connector. An option module that uses the rear connectors on the system module must use a 90-pin ZIF
connector. Section 5.3.5.2 describes the bus timing relationships. Refer to Section 5.5 and Table 5-30 for
the CTI BUS signal definitions.

D Bus

The D bus is the data path to and from the externally mounted RAM daughterboards. Data from the DAL
bus can be written to RAM via the D bus when the WRITE signal is asserted and then written directly to
the daughterboards. A RAM read causes data to be latched from the D Bus into three-state latches for
release to the DAL bus. The RAM modules are addressed via the A Bus.

A Bus

The CPU and DMA devices use the A Bus to address all I/O devices and memory. Addresses are latched
from the DAL bus and held until the bus cycle is completed. Logic uses the A Bus to activate device
strobes, slot selects, ROM, registers, and RAM addressing.

AD Bus

This bus accesses the battery backed up clock chip. It also permits battery backed up RAM addressing and
data transfer. This is a low byte only bus. Refer to Section 5.3.4.1 for further information.
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LDAL Bus

This bus is the low driver data/address bus. It is the system’s interface to devices with low drive outputs:
the keyboard, printer, and communications ports. It also carries interrupt vectors to the CPU from the
interrupt controller chips. It carries low drive signals to a TTL buffer which drives the DAL bus. It is a low
byte only bus.

CDAL Bus
The CDAL bus is an interface bus between the CPU chips and the DAL bus. The CPU chips have low
output drive and would be loaded down by the DAL bus and its interface logic.

MUX Bus _

The MUX bus carries address data from the A Bus to the RAM daughterboards. Quad 2:1 multiplexers
transmit first the low, then the high bytes of address data to the RAMs. Refresh address for the RAM also
uses the MUX bus. The system module can support up to 512 kilobyte per daughterboard slot using a ninth
address line.

5.3.3.1 Bus Reply - All bus cycles require the enabled device to reply, whether it is a local (system mod-
ule) or CTI BUS device. The CPU stops in PHASE time and waits for a reply. The reply ends PHASE
time. Figure 5-10 shows the reply signals and the signals that enable them. Each device needs a different
time to reply which depends on its speed. Therefore the device determines when PHASE ends via its reply
time.

If PT 4 H is asserted, the CPU is on the bus and a DMA device cannot use the bus. If PT 4 H is sent, there
are 6.5 us for a device to reply. If no reply comes, a timer times out and asserts the reply signal. The reply
ends PHASE time but indicates a timeout error to the CPU.

5.3.3.2 Other Bus Control Signals — Other signals which control data flow on the CTT BUS and internal
buses are the following.

e  ADDRESS STROBE - Occurs on OSC L. Refer to Figure 5-11.
e DATA STROBE - Occurs on OSC H. Refer to Figure 5-11.

‘¢ MDEN - Master Drive Enable indicates that the master is placing an address or data on the bus.
Refer to Figure 5-12.

e SDEN - Slave Drive Enable indicates that a slave should drive data on the bus. Refer to Figure
5-12.
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5.3.4 Bus Interfaces

Bus interfaces in the Professional 350 fall into two categories, buffers and registers. Buffers isolate electri-
cal circuits from each other. For example, a buffer permits passage of data on one bus to another to meet
device drive or timing requirements (Section 5.3.4.1).

Registers hold status information for the CPU to read. They transfer their data directly to the appropriate
bus when addressed and enabled (Section 5.3.4.2).

5.3.4.1 Buffers - There is an interfacing buffer between each pair of buses. These buffers switch a data
path to and from different circuits according to CPU instructions and the timing requirements of different
circuits.

Although buffers switch signals, they can also change drive level requirements depending on the require-
ments of the devices they serve.

Figure 5-13 shows the system block diagram with only buses and buffers. Each buffer on the figure has a
number which corresponds to the following numbered paragraphs. These paragraphs describe buffer’s
function. Figure 5-13 also shows the enabling signals and the transceivers that change the buffers’
direction.

1. CDAL - DAL Buffers — Signals from the CPU on the CDAL bus are always passed as 16 bits.
They are clocked into latch buffers at the first OSC L rising edge during PT 3 H or at the rising
edge of PBT 4. The CPU enables output to the DAL bus when it becomes bus master. This
places either an address or data on the bus.
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Figure 5-13  System Block Diagram with Bus Interfaces
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DAL - CDAL Buffers — This buffer permits data from the DAL bus to be gated onto the
CDAL bus and to the CPU chip set. The signals are clocked in on the falling edge of the
PHASE H signal.

DAL - CTI/BDAL Buffer — This buffer consists of three octal bus transceivers between the
DAL and CTI/BDAL buses. The CTI/BDAL bus connects the DAL bus to all slots on the CTI
BUS. The CPU transmits address to the DAL bus in 22-bit words. Data to or from the CTI/
BDAL bus is transferred in 16-bit words (BDAL 15:00)

DAL - A Bus Address Latches — Latch buffers transfer addresses on the DAL bus to the A Bus.
All DAL lines and BSIO in DMA devices must assert 22-bit addresses and BSIO. The master
also uses 22-bits at address strobe time. The chips in this circuit require set up time for the
addresses to stabilize on the bus before latching them.

DAL - LDAL Buffer — This buffer uses an octal transceiver to transmit eight bits of data. The
LDAL, a low drive bus, connects to devices that provide low drive. The buffer amplifies these
devices; signals and puts the signals directly on the DAL bus.

DAL - D Buffer - Data for RAM on the DAL bus is written to the D Bus during write oper-
ations. The data is then transmitted directly to the RAM chips.

D - DAL Buffer — Data in RAM is available after addressing. The data is latched in tri-state
latch buffers when a valid RAM request is made. A RAM read signal enables the output. This
places the data on the DAL bus.

A - AD Buffer - This shifted buffer passes address data (A08 - 01) to access RAM and regis-
ters in the battery backed up clock/RAM circuit. AO8 — 01 are used because the address bit
AO00 normally selects high or low byte data. Since this circuit is a low byte device, A0O is not
used by the chip. Therefore the address is shifted one bit to AO8 — AO1 instead of A07 - 00. The
address is valid at the address strobe signal.

DAL - AD Buffer — This octal bus transceiver permits data transfer to and from the battery
backed up clock/RAM circuit. It is enabled by the address decoder and data strobe signals.

5.3.4.2 Registers — Registers hold status information or other information needed for data processing.
Certain interrupt data, power level data, and system configuration data are examples of the kinds of data
stored in registers.

Figure 5-14 shows the system block diagram. Each register on the figure has a number which corresponds
to the following numbered paragraphs. These paragraphs describe each register’s function.

1.

Power Up Option Register
This register, on the CDAL lines, is an octal tri-state buffer. It is read at power up to make the
CPU go to an address in the system ROM (17760000) and begin executing the code there to
start the power-up self-test.

CPU Service Register

This register stores information about power, errors, and interrupts. Refer to Section 5.3.2.6 for
a list of service register functions.
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Maintenance Register (Address 17777750)
This register tells system software the type of CPU and hardware configuration. The software
can then configure itself to the hardware configuration.

When the computer is booted, the operating software asserts address 17777750. The address
decoder asserts the signal LREPLY H and the CPU waits for a response. Since 17777750 is an
invalid address, there is no response. This means that no device is driving the bus. The software
then reads the bus (which is all low) and interprets this to mean a Professional 350 computer.

Option Present Register (Address 17773702)
A hardwire in each option module pulls a line low when it is inserted in its slot. These assert the
signals OPRES 0 through 5 L.

When the CPU needs to determine which slots are used (to determine address ranges), it puts
this register’s address on the A lines. When decoded, it asserts RD OPRES L. RD OPRES L
enables the register and puts the data on the DAL lines. The buffer control signal SDEN L
permits the buffers to transfer the data to the CDAL lines which connect directly to the CPU
data chips.

Indicator (LED) Register (Address 17773704)

This LED register is a system status indicator. There are five LEDs on the back of the system
module (one green and four red LEDs). The green LED lights when the power supply asserts the
DCOK signal. The four red are error indicators used by the power-up self-test. Table 5-6 indi-
cates the error condition for each LED code.

The LED display register uses only the first four bits of the low byte. It controls the state of the
four red LEDs on the rear of the unit. The register is reset at power up. (At power up, all four
red LEDs are on.) The first error is latched and held and the LED display indicates the error
found. Otherwise the register is always read as all zeros. All writes to the high byte have no
effect. ‘

Figure 5-15 shows the positions of the LEDs if viewed from the back of the unit.

Maintenance Terminal Control and Status Register (Address 17777560-17777566)

A console terminal can be connected to the system through the printer port for maintenance
debugging and testing. The console terminal interface is made of four registers at addresses
17777560-177777566. The microcode Octal Debugging Technique (Micro-ODT) accepts 16-
bit addresses which permits addressing 56 kilobytes of memory plus the 8 kilobytes I/O page.

System Control and Status Register (CSR) (Address 17773700)

This register tells the CPU which memory module(s) is (are) present (0 and/or 1) and the size
(128 kilobytes). It also tells if a monitor cable is connected to the system. The register also
enables or disables the break detect from the printer interface.

The CPU puts this register’s address on the A lines, which when decoded asserts RD STATUS
L. RD STATUS L enables the register and puts the data on the DAL lines. The buffer control
signal, SDEN L, allows the buffers to transfer the data to the CDAL lines which connect direct-
ly to the CPU data chips.
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Table 5-6 Indicator (LED) Error Codes

LED3 LED 2 LED1 LED 0 Error Condition

off off off off None - self-test found no errors
off off off on Bus slot 0 error detected (physical
\ slot 1)

off off on of f Bus slot 1 error detected (physical
slot 2)

off _ off - on on Bus slot 2 error detected (physical
slot 3)

off on off off Bus slot 3 error detected (physical
slot 4)

off on off on Bus slot 4 error detected (physical
slot 5)

off on on of f Bus slot S error detected (physical
slot 6)

off on on on Invalid - reserved

on off off of f Invalid - reserved

on off off on Keyboard failed

on off on of f No boot found

on off on on Monitor cable not present

on on off off Memory in slots 0 and 1 both failed

on on off on Memory in slot 1 failed (low bank)

on on on off Memory in slot 0 failed (low bank)

on on on on System module failed*

* All the LEDs are lit at power up (lamp test). If they all remain lit, a system module error is indicated.

LED# 3 2 1 0 DCOK
® ® ® ® ©
LEDs SHOWN AS VIEWED FROM THE BACK OF THE UNIT
®) RreD
©) GReEN

MA-0294-82

Figure 5-15  Indicator (LED) Display
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5.3.5 Other Control Logic
This section describes the control logic used to select or enable devices on the system module or on the CTI
BUS.

5.3.5.1 Slot Select Decoder — The slot select decoder uses addresses and selection signals to enable differ-
ent slots on the CTI BUS. It asserts a slot select signal (SS n L).

During clock high time of a memory management address relocation cycle, the MMU chip determines if
the address the CPU control chip puts out is in the I/O page range (17760000-17777776). During clock
low time, if it is in the range, the MMU chip puts out a relocated address on the CDAL bus and enables
BSIO H. BSIO H is asserted as BIOSEL L on the CTI BUS and is latched with BSIO and the A Bus
address. Latched BSIO H is LBSIO H which, along with A bus signals A 12:10, enables the slot select
decoder. The decoder uses address lines A 9:7 to assert the slot number selection. Table 5-7 provides each
slot’s address assignments. Address assignments depend on slot number, not device type.

5.3.5.2 1/0 Page Address Decoder - The 1/O Page Address Decoder is a local device address decoder. It
is a programmable logic array (PLA) that recognizes device addresses and enables the corresponding cir-

cuit. For example, if an address for battery backed up RAM is on the bus, the decoder asserts a battery
backed up RAM enable.

When an address is on the bus, all devices read the address but only the enabled devices can react to it. The
decoder decodes addresses and enables devices for data transfer. System logic coordinates the data flow on
the buses. It opens the appropriate buffers at the right times to permit reading addresses and data and holds
buffers and latches for specified times. System logic uses the system clock and timing signals generated by
PHASE time. ,

The following are examples of data flow. Refer to Figure 5-13 for each of the examples. This figure shows
the system block diagram with bus interfaces only. In addition, each example refers to an illustration that
shows the system block diagram and the address and data flow. Table 5-8 shows the system memory map
with addresses.

Table 5-7 Slot Select and Address Ranges

Slot Address Range

0 17774000-17774177
1 17774200-17774377
2 17774400-17774577
3 17774600-17774777
4 17775000-17775177
5 17775200-17775377
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Table 5-8 System Module Memory Map

17730000-17767776
17772300-17772316
17772340-17772356

-17772516
17773000-17773032
17773034-17773176
17773200-17773212
17773300-17773314
17773400-17773406
17773500-17773506
17773600-17773676

-17773700

-17773702

-17773704
17774000-17774176
17774200-17774376
17774400-17774576
17774600-17774776
17775000-17775176
17775200-17775376
17777560-17777566
17777572-17777576
17777600-17777616
17777640-17777656

-17777750

-17777776

RAM - main memory

16Kb ROM - diagnostic/boot
MMU - kernel PDRs

MMU - kernel PARs

MMU - SR3

Clock registers

Battery Backed-up RAM - 50 bytes
Interrupt controller registers
Communication port registers
Printer port registers
Keyboard registers

ID PROM

System CSR

Option module present register
Indicator (LED) display register
Option module slot 0

Option module slot 1

Option module slot 2

Option module slot 3

Option module slot 4

Option module slot 5
Maintenance terminal registers
MMU - SRO, SR1, SR2
MMU - user PDRs

MMU - user PARs

Processor maintenance register
Processor PSW :

* Upper address limit depends upon the amount of RAM the system is configured with. All addresses are
22-bit octal format. The system module supports addressing up to 1 megabytes; the system supports up
to 3 megabytes.

Example 1 - CPU Writing to I/O Device (Refer to Figure 5-16).

The CPU indicates it is to be bus master and latches the address into the CDAL-DAL latch
buffer. This puts the address on the DAL bus. Address strobe also transfers the address to the A
bus. System control logic decodes microinstructions on the MIB bus to generate necessary con-
trol signals.

The address decoder decodes the address and, if valid, enables the device (here the printer
USART). The ROM, RAM, and slot address decoders also read the address but do not enable
because the address is invalid for their devices.

On data strobe, the DAL-LDAL buffer transfers data to the LDAL bus and to the printer
USART.

Although Example 1 shows writing to an 1/O device, the signals are also asserted on the CTI
BUS. Since no device on the bus was addressed (slot select), the bus devices do not respond. The
address decoder responded to the address, enabling the printer USART. Figure 5-17 shows a
simplified bus timing relationship for signals on the CTI BUS.
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Figure 5-16 CPU Writing to I/O Device
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Figure 5-17  Simplified CTI BUS Timing Relationships During Write Cycle

Example 2 - CPU Read from RAM (Refer to Figure 5-18.)

The CPU indicates it needs to read from RAM. It signals it is to be bus master and latches the
address into the CDAL-DAL latch buffer. This puts the address on the DAL bus. Address
Strobe also transfers the address to the A Bus.

The RAM address decoder decodes the address, recognizes that it is a valid RAM address, and
asserts a RAM enable. This decoder is a 256 X 4 PROM decoder which enables the appropriate
RAM daughterboard module. (There are two possible).

The address is now on the A Bus. A delayed address strobe signal and the system RAM enable
assert signals that transfer the address to a multiplexer driver which, in turn, puts the address on
the RAM chips. Note that the address is also on the CTI BUS but external RAM does not
respond because the address is not decoded in their ranges.

Once addressed, the data in RAM is available for reading. Additional system timing signals open
the latch buffers, putting the RAM data on the DAL bus. The CPU has finished addressing and
enables the slave drive enable signal. This allows a slave device to drive the bus. This signal
enables the DAL-CDAL latch buffer and gates the data to the CDAL bus which connects
directly to the CPU chip set.

If the CPU requires backplane RAM, the system board RAM enable is not generated and the
appropriate device on the CTI BUS decodes the address and would reply from the bus.

Although Example 2 shows reading from RAM, the signals are also asserted on the CTI BUS.
Since no device on the bus was addressed (slot select), the bus devices do not respond. The
address decoder responded to the address, enabling RAM. Figure 5-19 shows a simplified CTI
BUS timing relationship during a read cycle. .
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Figure 5-19  Simplified CTI BUS Timing Relationship During a Read Cycle
Example 3 - DMA Request and Grant (Refer to Figure 5-20. Also refer to Section 5.3.7 for a description
of DMA).

e A device on the CTI BUS signals a request for DMA. A hardwire circuit chooses which DMA
request is. first.

e  The DMA selection circuit gives a DMA.grant to the first device requesting DMA.

e  The device asserts it is bus master and puts an address on the DAL bus and then address strobe.

®  Address strobe latches the address to the A Bus and then it is decoded. The appropriate memory
(either RAM daughterboard or RAM in the backplane) is enabled. If the required operation is a
write to memory, the DMA device asserts the write signal.

e On data strobe, data transfers to or from the bus master (the device). The direction depends
upon the state of the WRITE signal. If the bus master writes to the RAM daughterboards, the
DAL-D buffer transfers the data.

Figure 5-21 shows a simplified CTI BUS timing relationship for a DMA request and grant cycle.
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Figure 5-21  Simplified CTI BUS Timing Relationship During a DMA
Request/Grant Cycle

Example 4 — CPU Writing Out to RAM (Refer to Figure 5-22).
e  The system mounted RAM modules are addressed as in Example 1.

e A clock signal enables the data transfer from CPU to DAL bus, then to the DAL-D buffer. The
CPU asserts a write signal. The WRITE signal enables the buffer, putting the data on the D Bus.
The WRITE signal also enables RAM to write.

®  Since the RAM chips were enabled once addressed, data strobe clocks the data into RAM.

e If the CPU required backplane RAM, the system RAM enable is not generated and the appro-
priate device on the CTI BUS decodes the address and would reply from the bus.

5.3.6 Interrupt Vector Circuit

The system module uses three interrupt controller chips (9519A) to handle all the system interrupts. The
first controller handles all the interrupts generated by devices on the system module. The second controller
handles all the A interrupts from the option modules and the third controller handles all the B interrupts
from the option modules. The interrupt controllers latch the interrupt requests, provide the interrupt enable
for each, prioritize the pending interrupts, and generate the proper vectors (Figure 5-23). Firmware pro-
grams the controller chips to prioritize pending interrupts and generate their vectors. The controllers inter-
rupt the CPU at processor status level 4. :

After acknowledgement, the device interrupt request line must be unasserted and then reasserted to gener-
ate a new CPU interrupt request.

Refer to Table 5-9 for the interrupt controller assignments.
Each of the interrupt controllers has a set of registers which control the specific features of operation.

These registers are accessed via the CSR and data registers. Refer to Section 5.4 for details on these
registers.
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Figure 5-23  Functional Interrupt Control Circuit

Table 5-9 Interrupt Controller Assignment

Request

Controller Level Vector* Interrupt Description

0 0 — Not used
1 200 Keyboard receiver interrupts
2 204 Keyboard transmitter interrupt
3 210 Communication port interrupt
4 214 Modem controls change interrupt
5 220 Printer receiver interrupt
6 224 Printer transmitter interrupt
7 230 Clock interrupt

1 0 300 Option module O interrupt request A
1 310 Option module 1 interrupt request A
2 320 Option module 2 interrupt request A
3 330 Option module 3 interrupt request A
4 340 Option module 4 interrupt request A
5 350 Option module 5 interrupt request A
6 — Not used ‘
7 — Not used

2 0 304 Option module 0 interrupt request B
1 314 Option module 1 interrupt request B
2 324 Option module 2 interrupt request B
3 334 Option module 3 interrupt request B
4 344 Option module 4 interrupt request B
5 354 Option module 5 interrupt request B
6 — Not used
7 — Not used

* Firmware establishes these vectors at power up.
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5.3.6.1 Interrupt Service — A device interrupt can be generated at any time. The CPU, by reading the
service register, knows when PHASE H is low. When the CPU receives an interrupt, the CPU stops pro-
cessing, stores its current location and function internally, and changes to an interrupt handling routine.
when the CPU asserts an interrupt acknowledgement signal (Figure 5-24), it is ready to read the vector of
the highest interrupting device.

This signal begins the interrupt vector operation. The system I/O controllers determine the highest priority
interrupt. Once determined, the appropriate controller places the vector on the LDAL bus.

The interrupt acknowledge signal performing the following.

e  Enables the LDAL-DAL buffer, putting the interrupt vector on the DAL bus when PHASE H is
asserted.

e Turns off the control line buffer to the CTI BUS, keeping AS H and all control signals from the
CTI BUS.

e Initiates the interrupt controllers to generate the vector for the highest pending interrupt.

A response in process signal from the interrupt controller (RIP L) asserts a reply signal. This changes
PHASE to PHASE-BAR and clocks the vector into the CPU.

5.3.7 Direct Memory Access (DMA)

When a DMA type device on the CTI BUS requires access to memory to read or write data, it requests a
direct memory access (DMA). If a DMA device requests the bus, the CPU gets off the bus and allows the
device to become bus master and access memory directly.

If two or more devices require DMA at the same time, an arbitration determines which device receives the
grant first. There are two priority schemes in the Professional 350.

Each option controller module has a circuit to transmit its own priority level and monitor the priority of
any device currently using the bus. If a low priority device is on the bus and a higher priority device
requests DMA, the lower priority one un-asserts its DMA request line.

There are three priority levels in the Professional 350. If the requesting devices are at the same priority
level, then the one in the lowest slot number wins the decision.

PT3
CPU INT ACKNOWLEDGE CYCLE ——
OSCH

INTERRUPT |, INTERRUPT
ACKNOWLEDGE ACKNOWLEDGE

MA-0299-82

Figure 5-24  Interrupt Acknowledge Signal
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5.3.7.1 DMA Detailed Description — Each slot on the CTI BUS has a DMA request line. An option
controller module pulls the line low to assert a DMA request. A clock circuit samples the DMA requests
and an 8:3 priority encoder drives a latch (Figure 5-25) which holds the winner of the arbitration. Once the
winner is latched, the priority encoder can latch for the next arbitration. A decoder then enables the DMA
grant to the slot of the winner.

When the device receives the grant, it drops its request and asserts a bus busy (BBUSY) signal. This signal
sets up timing circuits that prevent asserting a new DMA grant until the busy signal clears. The DMA
arbitor circuit stops the system clock in PHASE time and disables the CPU until DMA is finished. If a
second DMA request follows the first, the CPU remains idle.

The DMA arbitor also arbitrates between devices on the bus and CPU bus cycles. If the CPU is using the
bus, it prevents a DMA grant until it is finished with the bus.

5.3.8 (Read Only Memory) ROM

The system ROM contains power-up self-test code, configuration and initialization code, and the boot code.
Some ROM is in the I/O page and some is in the memory address space. After addressing, the data in
ROM is put out on the bus. Attempts to write to ROM result in non-existent memory traps to location 4.

The power-up self-test is described in Section 5.2.3.4.

The following is the address .and data read sequence. Refer to Figure 5-26 for ROM addressing and
reading.

DMA REQUEST 1 = DMA GRANT 1
—-=_
|—— o -
— LaTCH :EIC%RI;E: | LaTcH [+ DECODER [
— — —
—
—
—
CLOCK —
1A-0300-82
Figure 5-25 DMA Arbitor
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Figure 5-26 ROM Addressing and Reading
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Addressing ROM
If ROM is in the memory space, the following occurs.

e [If A 21:15 are high, at Address Strobe (AS H), the ROM address decoder decodes A 14:12.
This asserts ENB ROM H (valid ROM address) and LOCAL MEM L.

e ENB ROM H and Data Strobe (DS H) put addressed ROM data on the bus. High byte data is
on the DAL bus (DAL 15:08), low byte data is on the LDAL bus (LDAL 07:00).

e [LOCAL MEM L indicates the CPU is talking to either local ROM or RAM.

I/0 Page Address Decoder
If ROM is in the I/O page range, the following occurs.

e A 12 and LBSIO are decoded and assert ENB ROM L if the address is a valid ROM address in
this range.

Reading Data from ROM
High Byte

® At Data Strobe (DS H), the DAL-CDAL buffer passes the data (DAL 15:08) from the DAL to
the CDAL bus.

Low Byte

e LDAL 07:00 transfers data from the LDAL to DAL bus at DS H, and since the DAL-CDAL
buffer is on at this time, the data (DAL 07:00) passes to the CDAL bus.

Both Bytes
e  Data on the CDAL bus is read directly by the CPU chip set.

e ENB ROM H also asserted LOCAL REPLY H five clock cycles later. One cycle after that, it
asserts RREPLY 3 L. This ends PHASE time and the data transfer on the DAL bus.

5.3.8.1 ID PROM - Each Professional 300 Series computer module has a unique ID PROM containing a
unique identifying number. When the CPU places an address in this PROM’s range (17773600 -
17773676), the address is decoded, the PROM enabled, and the data asserted on the DAL bus.

5.3.9 Random Access Memory (RAM) i

This section describes RAM on the Professional 350 system module. RAM™is mounted on two daughter
modules. Battery backed up RAM, internal to the battery backed up clock chip, is discussed in Section
5.3.13.

Each RAM daughterboard consists of 16 (64K X 1) dynamic MOS memory chips which provide capacity
for 128 kilobytes of memory. The system can address up to 512 kilobytes per daughterboard slot. Inserting
either module in either slot informs the CPU of available address space. Bank 0 is the slot physically far-
ther from the CPU chip set, bank 1 is the closer.

RAM requires support timing circuits. Address and data come to RAM via the DAL bus. The DAL bus is
multiplexed for address and data, but RAM requires two separate buses so an address can be held while
data is read or loaded. The A Bus accepts address data from the DAL bus and the D bus accepts data, each
at its respective time.
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Refresh Cycles

Data in RAM requires periodic refreshes. The system generates a refresh signal every 12.7 us (refresh
clock). The memory chips used here only require a row address strobe for refresh. At the refresh signal, a
counter and driver clock each row to refresh data. The refresh signal also enables a row address strobe
signal described next. Refresh cycles occur after each instruction fetch or when the refresh clock times out
at 12.7 us. These time outs occur while executing long instructions, during DMA transfers (w1th no fetch-
ing), or when halted into ODT.

Read/Write Cycles

Reading from or writing to RAM requires loading an address into RAM. An address to the RAM chips is
16 or 18 bits wide. Since the RAM chips have only eight or nine address lines, row and column data are
entered separately. First, the low bits are loaded as row address. Then the high bits are loaded as column
address. Row address strobe and column address strobe clock in the row and column addresses.

e A RAM address multiplexer takes the 16 or 18 address lines from the A Bus and first transfers
the low half and then the high half to the MUX bus.

e  Row and column address strobes load the low and high parts of the address from the MUX bus
to the RAM chips.

If a DMA device is reading from RAM, it places the RAM address on the bus. This enables the address on
the chips and asserts the data on the D Bus. RAM outputs the full 16-bit data word. The device then reads
whichever byte(s) it wants.

For a DMA device to write to RAM, it places the RAM address on the bus. This enables the address on the
chips. A write signal is necessary. RAM writes may be low byte only, high byte only, or a full 16-bit data
word.

Refresh Read/Write Arbitration

Because refresh is a periodic event and memory cycles occur only on demand, the system must arbitrate
between refresh and read/write (R/W) signals. A refresh signal is needed to keep the refresh counter
counting to address all memory address rows. Since refresh is periodic, arbitration begins when a R/W
signal clocks its respective flip-flop. (Figure 5-27). Refresh wins the arbitration if the refresh clock gates
the refresh flip-flop before delayed address strobe. If the R/W signal and delayed address strobe win, there
is 2 memory cycle. If R/W wins, other circuits are also enabled for data transfer.

YT — " .
— EF R/W —» ROW ADDRESS STROVE THEN
DELAYED AS FFS COLUMN ADDRESS STROBE

—]—’ REFRESH WITH 16 OR 18 BIT ADDRESS

REFRESH REFRESH —# ROW ADDRESS STROBE
CLOCK ONLY WITH REFRESH
ADDRESS

REFRESH —¥

INSTRUCTION
FETCH

MA-0302-82

Figure 5-27  Refresh-R/W Arbitration
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5.3.9.1 RAM Timing and Control (Refresh Cyéles) — When power is applied to the Professional 350, a
one-shot timer asserts a refresh clock signal (Figure 5-27). This signal clocks a flip-flop which generates the
refresh signal. The following occurs when refresh is asserted.

®  Clocks a 8-bit binary counter which addresses all RAM address rows.

e  Enables an octal tri-state buffer driver to put the refresh address on the MUX bus.

e  Asserts row address strobe.

e  Disables the D-DAL latch buffer.

e  Disables column address strobe to the RAM chips.
The following occurs when refresh is not asserted.

e  Starts the one-shot timer to clock the next.refresh cycle.

e  Allows normal RAM operations.
Read/Write Cycles — If the CPU asserts a memory cycle, the MIB bus indicates the kind of cycle to take
place. Control circuits set up other logic to carry it through. The signal LBSIO plus two bits on the A bus
(A21 and A20) must all be asserted to enable the RAM address decoder. The address decoder asserts the
memory row select signal for the RAM daughter module(s). The decoder plus a read or write signal enables
circuitry that begins timing used for refresh R/W arbitration. If the CPU wants to read, a whole word is
asserted on the D Bus. If it wants a byte, it ignores the undesired byte. When writing, the CPU can signal a
write or write-byte. If it signals a write-byte, then it asserts a write-high-byte or write-low-byte. The unde-
sired RAM byte is unaffected. If writing a word, then both write-byte signals are asserted.
Read and write are the inputs to their respective flip-flops. A delayed address strobe clocks each flip-flop.
The delay assures the address decode is completed. Read is triggered at address time and there is no need to
wait for data strobe. The outputs of either flip-flop combines with timing signals as the entry to refresh
R/W arbitration.
If the R/W signal wins the arbitration, it does the following.

e  Blocks the refresh signal.

®  Asserts timing signals.

e  Allows reading from or writing to RAM.
The timing signals perform the following.

®  Control the period of the refresh versus R/W cycle.

o  Switch the RAM address multiplexer (Figure 5-26).

¢  Enable the column address strobe.

®  (lear the refresh and R/W flip-flop to be ready for the next arbitration.

e  Enable the D-DAL latch buffer.
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Reading the RAM uses the D-DAL buffer. This buffer latches if there is a valid RAM request at delayed
address strobe. As explained, RAM data is put out on the D Bus directly when addressed.

Writing to memory uses the DAL-D buffer which goes directly to the RAM chips. Writing requires the
write command to enable this buffer. The write command also goes out to the CTI BUS.

Refresh R/W Arbitration — When there is no R/W signal, refresh occurs at regular intervals (12.7 us).
When a R/W signal occurs, RAM timing logic arbitrates between the refresh and R/W signals.

The RAM Address Decoder cannot assert an enable for system RAM until the address is stable on the A
Bus. When clocked, the read and write provides an input to the refresh flip-flop. Arbitration begins when
the R/W signals compare timing with the self-generated refresh signal (Figure 5-28). If the refresh signal
arrives at an R-C timing circuit first, it provides a slower discharge time and a longer period. If R/W
arrives at the R-C circuit, then it provides a faster discharge and holds the refresh flip-flop clear until the
next arbitration begins.

Whichever signal wins begins a new timing cycle. The cycle enables a buffered delay line to provide pulses
for RAM timing loglc The signal that starts this delay line holds itself on untll the end of the cycle, ensur-
ing that the cycle is the correct period.

Timing signals for both daughter modules enable the RAM chips. If it is a refresh cycle, the RAM column
address strobe is blocked and the row address strobe only is sent to both modules (while the counter
refreshes each address row). If it is a R/W cycle, a module select signal enables the RAM row address
strobe for the module selected by the RAM address decoder. The timing signals then enable the column
address strobe and switch the RAM address multiplexer for the high byte.

The refresh flip-flops clear at the end of the refresh cycle timing chain. This permits a new arbitration.

BBIT OCTAL
REFRESH —#] BINARY —1 TRI-STATE
COUNTER DRIVER

8
> MUX BUS
A BUS HiGH BYTE MULTIPLEXER
LOW BYTE

TIME DELAY —®1 SEL
REFRESH — EN

MA-0303-82

Figure 5-28 @ RAM Address Multiplexer
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5.3.10 Keyboard I/O

The keyboard I/ O is a serial port on the system module. It performs asynchronous serial communication to and
from the keyboard. The keyboard interface uses a 2661 enhanced programmable communication interface
(EPCI). The EPCI is an enhanced USART containing its own I/O buffers and shift registers for controlling
asynchronous character protocol. This chip converts parallel data characters from the LDAL bus into serial
data for transmission to the keyboard. Simultaneously it converts serial data from the keyboard into parallel

data for CPU processing. The keyboard, discussed in Chapter 6, has its own microprocessor to coordinate
keyboard I/O at that level.

The EPCI requires standard EIA RS-423 signal levels and uses appropriate receivers and drivers for input
and output. Keyboard connection to the system board is via a 15-pin male D-subminiature connector, J5
(see Section 5.5). The I/O signals to the keyboard are sent and received through the video/keyboard con-
nector, J5. Signals are physically passed through the video monitor by the monitor’s keyboard connector.
Data to and from the keyboard is via the signals KBD XDATA and KBD RDATA. When a character is
transmitted or received, the EPCI generates an interrupt (KBD XIRQ L or KDB RIRQ L). Refer to the
sections on interrupts (Sections 5.3.6 and 5.4.6).

The EPCI uses a 5.0688 MHz clock for baud rate generation. The transmit and receive baud rates are

programmable by the CPU. The keyboard runs at 4800 baud (the firmware programs the keyboard
USART to 4800 baud). Refer to Figure 5-29.

Refer to Section 5.4 for a complete description of the registers and their interpretation.
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LDAL <07:00> BUS
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WRITE H s
AG2H————— OPERABII(-)N
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AOTH———————»
RD KBD L EN
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5MHz H AND
CLOCK CONTROL
MODEM
CONTROL
TRANSMITTER —» KBD X DATA—#] EIA DRIVER |—»

HOLDING REGISTER

SHIFT REGISTER

— KDB X IRQL

——{EIA RECEIVER —# KBD RDATA ———— RECEIVER |—» KBD RIRQL
HOLDING REGISTER
SHIFT REGISTER
MA-0304-82
Figure 5-29  Keyboard Interface
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5.3.11 Printer 1/0

The printer I/O is a port on the system module that performs asynchronous serial communication to and
from a serial printer. The printer interface uses a 2661 EPCI. This chip converts parallel data characters
from the LDAL bus into serial data for transmission to the printer. Simultaneously, it converts serial data
from the printer into parallel data for CPU processing (Figure 5-30).

The EPCI requires standard EIA RS-423 signal levels and uses appropriate receivers and drivers for input
and output. Connection to the unit is via a 9-pin male D-subminiature connector, J6 (see Section 5.5).

The EPCI uses a 5.0688 MHz clock for baud rate generation. The transmit and receive baud rates are
programmable by the CPU. The firmware programs the printer port to 4800 or 9600 baud depending upon
the cable, printer (PN BCCO5), or console (PN BCC08).

It is necessary to connect a printer before the EPCI permits data output.

The EPCI generates an interrupt to the CPU when characters are transmitted or received. Refer Sections
5.3.6 and 5.4.6.

Shorting pins 8 and 9 of the printer connector together tells the CPU a terminal DL console is connected
for maintenance. The normal printer cable connector does not short these pins. The short pulls the line low,
enabling break detection by the CPU. A received break asserts the CPU halt line (HALT H) to the CPU
via the service register. This makes the CPU enter micro-ODT (Octal Debugging Technique) for mainten-
ance and system level troubleshooting.
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. DATA BUS
< LDAL <07:00> > DORFER
WRITE H
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AOZH CONTROL
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PRINTER L
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DATA SET RDY —m78M———— MODEM CONTROL —— DATA TERMINAL RDY
TRANSMITTER L1 E1A DRIVER —— TRANSMIT DATA
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SHIFT REGISTER — pX IRQ L
RECEIVE DATA—-‘ l—-— RECEIVER —— PR IRQ L
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E1A RECEIVER SHIFT REGISTER
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Figure 5-30  Printer Interface
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This micro-ODT function allows the conventional front panel on a processor to be replaced by any terminal
generating ASCII code. If a conventional printer cable is used (pins 8 and 9 open), BREAK does not halt
the CPU. The cable for this function is the console cable (PN BCCO08).

The EPCI is enabled on DS H and received data is placed on the LDAL bus. The CPU then reads the data.
Refer to Sections 5.4.14 and 5.4.15 for a description of addressing and register interpretation.

5.3.12 Communication I/0

The system module has a communication port capable of operating with asynchronous and bit or byte
synchronous protocols. It uses a 7201 USART containing its own I/O buffers and shift registers. In asyn-
chronous mode, it can run at split programmable baud rates up to 19.2K baud. In synchronous mode, it can
run up to 740K baud. The transmitter is double buffered and the receiver is quad buffered. A full set of
modem controls is also present for asynchronous communication. All the port signals are EIA RS-423
levels. Connection is made on the rear of the unit via a 25-pin male D-subminiature connector, J7 (see
Section 5.5).

The communications port can assert two interrupts.
e  The first can interrupt the CPU if the USART chip requires receiver or transmitter service.

e  The second interrupt can indicate that a state change has occurred on one of four modem con-
trol signals.

These four modem control signals are Ring Indicator, Data Set Ready, Clear To Send, and Carrier Detect.

Communication I/O requires support circuits. A baud rate generator selects the clock speed for the
USART. Modem controls monitor modem status signals.

e  Modem Controls — EIA level buffers receive the modem signals mentioned above. These signals
connect directly to the DAL bus through a buffer which is enabled via the I/O page address
decoder. A exclusive-or circuit compares the modem signals’ states clocked in on PHASE time
with their status on the previous PHASE time. If any of the states changes, the exclusive-or
circuit generates an interrupt (see Sections 5.3.6 and 5.4.6).

e  Baud Rate Generator — A programmable baud rate generator (BRG) creates the clock signal for
the USART. The 1/O page address decoder selects the BRG. Section 5.4.13 provides a table of
selectable baud rates for programming the BRG. Refer to Figure 5-31. Transmit and receive
baud rates for the USART can be selected independently.

e  USART - The communications USART is a parallel-to-serial, serial-to-parallel converter. It is

programmable to check transmitted and received data integrity. It can generate an interrupt to
the interrupt controller chips (see Sections 5.3.6 and 5.4.6).
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Figure 5-31  Communications Interface

5.3.12.1 Communications I/O Detailed Description - The following paragraphs provide a detailed
description of the communications I/O features.

Modem Controls — The modem interface uses standard EIA 423 level signals for input and out-
put. Four modem control signals are modem status indicators: Ring Indicator (RI), Data Set
Ready (DSR), Clear to Send (CTS), and Carrier Detect (CD). At the beginning of each PHASE
period, these signals are latched into a holding buffer. Each signal then provides input to exclu-
sive NOR gates. If there is a change in state from the beginning of one PHASE time to the next,
the NOR gates assert an interrupt to the interrupt controller chips. The CPU can read modem
signals from the DAL bus by addressing the modem control registers (enabled via the 1/O page
address decoder).

Baud Rate Generator — The baud rate generator uses the same 5 MHz clock as the printer EPCI
(Figure 5-31).

The BRG generates clock signals for the USART. Table 5-10 shows the selection scheme for the
transmit and receive clocks.

~ USART - The communications USART uses another clock oscillator. The CPU selects trans-

mit and receive baud rate clocks as described above. Transmit data feeds back into the received
data line (Figure 5-31) but is ignored except when in maintenance mode. When this happens,
received data is ignored until the modem control register is cleared (at power up or by a reset
instruction) or written with new data.

Table 5-10 Baud Rate Generator TX/RX Clock Selection

Clock Source Baud Rate Generator Clock

01 Asynchronous; determined by BRG

01 Modem supplies synchronous receive and transmit signals

10 Modem supplies receiver clock, transmit clock source is transmitter stage of
BRG

11 Maintenance mode; transmit stage of BRG is the clock for transmit and

receive
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5.3.13 Battery Backed-Up Clock and RAM
The following paragraphs describe the battery backed-up clock and RAM.

®  Clock - This system clock maintains date and time even when the system is turned off. The
clock is a 146818 CMOS chip. The power off back up uses a rechargeable nickel cadmium
(NiCd) battery. The battery connector, J3, is on the system module (Section 5.5). The battery is
mounted inside on the rear of the card cage. The clock uses its own 32.768 kHz oscillator as a
time base.

e RAM - The clock ch1p has 50 bytes of RAM which are also backed up by battery The battery
power maintains data in the chip when system power is turned off.

e  Battery - When the system is turned on, the power supply trickle charges the battery and powers
an oscillator for the clock. When turned off, the battery powers the oscillator and clock. Fully
charged (power on for 48 continuous hours minimum), the battery maintains clock operation for
10 days minimum if system power is turned off.

5.3.13.1 Clock and RAM Circuit — The clock chip is programmable for date and time functions. Alarm
and interrupts also are programmable by writing to the clock’s registers. Reads and writes to the clock
require assertion of NV L (from the I/O Page Address decoder) and DS L. Reads require the signal
WRITE L to be high (not asserted). The clock can assert an interrupt request (CLK IRQ L).

The clock chip power line is filtered to minimize spurious noise from the oscillator.

Addresses and data to and from the clock chip are multiplexed on the AD bus and are low byte only.
Refer to Section 5.4.13 for programming and register descriptions for both the clock and RAM.
5.3.13.2 Battery Charger and Voltage Sensor — The battery charging circuit supplies 10 mA to the bat-
tery when the system power is turned on. The charging circuit is a voltage divider that uses +12 Vdc in
reference to +5 Vdc. When the system is turned off, the battery powers the oscillator and clock.

The clock/RAM has an internal bit which can be cleared (VRT in Status register 3) if power goes low.
When set, this bit indicates clock and RAM data may not be valid. If there is insufficient battery power,

the input pin for this circuit is pulled low when the system is first turned on (Figure 5-32). Table 5-11 shows
the power sense when power is on and off.

5-54



J3

CLOCK/RAM
BDCOK H—]EN
PSH PS
—— BT
—— TO OSCILLATOR
+5
L

+5 +5

+5
+

1.235 V¥

Figure 5-32

Table 5-11 Power Sense
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Functional Battery Charger and Voltage Sensor

Battery Installed and Charged
Power Off:

Battery holds PS H

VRT bit stays set

Power On:
No change

Battery Not Present or Discharged
Power Off:

PS is low

VRT bit clear

Power On:
RC circuit holds PS low until BDCOK H
(which sets chip enable)
then POK goes L, asserting PS H.
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5.4 PROGRAMMING INFORMATION

5.4.1 Introduction

This section describes the machine level programming for the Professional 350 system module. It contains
information about how to access internally programmed functions for the CPU and support devices on the
system module. It does not contain information about applications programming in high level languages.

Each subsection gives a short description of the device and its function. Some sections provide a brief
theory of operation for the devices. Also included are a description of the buffer or register, diagrams
showing the bit names and arrangements, and definitions of each bit or groups of bits. Tables are included
in the bit descriptions to show the effects of the bit combinations.

The de-bugging subsections provide examples that show how the maintenance commands can be used.

5.4.2 General Programming Information

The system module contains the CPU and other devices that need instructions to operate. The instructions
must be entered at the beginning of each operating session or whenever a change in operating instructions is
needed. This section contains the instructions for the CPU and all the supporting devices on the system
module.

This section contains two types of programming information: information to change the program and infor-
mation that tells what is happening. Depending on what is happening, the program might change the oper-
ating instructions.

Operating instructions are written to buffers. Information is read from registers. The CPU chip set, inter-
rupt controllers, RAM, system clock, keyboard and printer USARTS, and communications controller all
have buffers into which data can be written. They also all have registers which can be read (ROM can only
be read).

User programs (in machine language) enter instructions to make the Professional 350 perform as needed.
For example, to restructure the interrupt scheme, the priority of the preferred device can be raised. The
necessary instructions must be entered to the interrupt controllers using their instruction set. If it is neces-
sary to read the status of certain registers, these can be accessed by addressing the register and reading its
current status.

Buffer contents can be entered and registers read via the printer port. This is described in Sections 5.4.14
and 5.4.15. Simple maintenance and diagnostic routines (in machine language) can be run through this
port.

Refer to Table 5-8 for address ranges.

5.4.3 Central Processor
The following paragraphs provide information about the central processor.

Processor Chip Description )

The central processor is a 2 die 40-pin hybrid integrated circuit. The data chip contains the PDP-11 general
registers, the processor status word (PSW), working registers, the arithmetic logic unit (ALU), and condi-
tional branching logic. It performs arithmetic and logical functions, handles all data and address (except
relocation) transfers with the external bus, and operates most of the signals used for interchip communica-
tion and external system control.
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The control chip contains microprogram logic and 552 words of local microprogram storage in PLA and ROM
arrays. This chip accesses the appropriate microinstruction in PLA or ROM, sends it along the micro-
instruction bus (MIB) to other control and MMU chips, and generates the next microinstruction address. The
control chip accesses only its local storage. However, additional control chips, like the floating point adapter
(FPA), can be added externally to provide additional microstorage.

Instruction Set

The instruction set is the standard PDP-11 instruction set plus the Extended Instruction Set (EIS). This
provides hardware fixed point arithmetic in double precision mode. The HALT instruction is executed
differently in kernel mode and user mode. In user mode, a trap through location 10 occurs. In kernel mode,
the CPU halts and enters micro-ODT (Sections 5.4.14 and 5.4.15). The floating point adapter option adds
additional instructions.

Processor Registers

Addresses:
17777750 Processor maintenance register
(RO) General register 0
R1) General register 1
R2) General register 2
(R3) General register 3
(R4) General register 4
(R5) General register 5
(R6 or SP) General register 6 or stack pointer
(R7 or PC) General register 7 or program counter
17777776 processor status word

Processor Status Word

15 14 13 12111009 08 07 06 O5 04 03 02 0Ol 00
M PM RESERVED i PRIORITY T|IN]|z]|Vv]|ec
R/W R/W 0 0 0 |RW} R/W R/W | RW | R/W | RW | RW

SUSPENDED
Lnewous MEMORY  USPENDED | TRACE ZERO CARRY
MANAGEMENT MODE NEGATIVE OVERFLOW
CURRENT MEMORY

MANAGEMENT MODE

MA-10,110

The processor status word (PSW) contains the following information on the current status of the PDP-11.
®  The current processor priority
®  The current and previous operational modes
e  The condition codes describing the results of the last instruction

®  An indicator for detecting the execution of an instruction to be trapped during program
debugging

¢  And an indicator for detecting the presence of a suspended instruction.
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General Registers 0-7

The eight internal general registers (RO-R7) are used as accumulators and for operand addressing. Access
to these registers is via software reference using the appropriate addressing mode or via the $ and R com-
mands in ODT.

Stack Pointer - General register R6 is the hardware stack pointer (SP). This register saves and restores
processor status word (PSW) information during hardware traps and interrupts. There are two stack point-
er registers: one for kernel mode and one for user mode. For more information, refer to Section 5.4.3.2.

Program Counter — General register R7 is the program counter (PC). It contains the address of the next
instruction to be executed. It is used for addressing purpose and not as an accumulator for arithmetic
operations.

Processor Maintenance Register — The processor maintenance register is a 16-bit register that identifies the
system architecture. It is always read as all zeros. All zeros in bits <7:4> indicate a Professional 300 series
architecture product. Writes to the register have no effect but do not cause a non-existent memory trap.

Processor Traps

Several instructions and conditions cause the processor to trap through vectors to service routines. The
following list indicates the processor trap vectors and conditions.

Vectors Conditions

004 Bus timeout trap or stack overflow trap
010 Illegal and reserved instruction traps
014 Breakpoint and trace trap

020 10T Instruction trap

024 Power fail trap

030 Emulator trap

034 Trap instruction trap

114 Memory error (parity, ECC, etc.)
244 Floating point error

250 Memory management abort

Bus Timeout — A bus timeout prevents hanging the bus when attempting to address non-existent memory
location. A timeout occurs if the processor does not receive a REPLY signal from a slave device within
approximately 6.5 us from the start of the bus cycle. The timeout causes the bus cycle to terminate and the
processor to trap through location 4.

5.4.3.1 Power Fail Trap — A power fail trap allows the processor to power down in an orderly way whenac
power is lost. When the ac power loss is detected, the power supply clears the POK signal. The processor
then traps through location 24 to allow the execution of a power fail routine.

5.4.3.2 Memory Management — The memory management unit (MMU) provides full 22-bit memory
addressing capability of 2 megawords (4 megabytes). It also allows memory protection in a multi-tasking
operating system environment.

A single die in one 40-pin package contains the MMU. Some of the floating point registers are in the MMU
chip.
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Memory Management Registers

Addresses:
17772300-17772316 Kernel page descriptor registers
17772340-17772356 Kernel page address registers
17777600-17777616 User page descriptor registers
17777640-17777656 User page address registers
17777572 Status register 0
17777574 Status register 1
17777576 Status register 2
17772516 Status register 3

Vector:
250 MMU abort

Page Address and Page Descriptor Registers

Kernel Active Page Registers User Active Page Registers

NO. PAR PDR NO. PAR PDR

0 17772340 17772300 0 17777640 17777600
1 17772342 17772302 1 17777642 17777602
2 17772344 17772304 2 17777644 17777604
3 17772346 17772306 3 17777646 17777606
4 17772350 17772310 4 17777650 17777610
5 17772352 17772312 5 17777652 17777612
6 17772354 17772314 6 17777654 17777614
7 17772356 17772316 7 17777656 17777616

Page Address Register (PAR) — The page address register (PAR) contains the 16-bit page address field
(PAF) that specifies the base address of the page. The page address register is a relocation constant or a
base register containing a base address. Either explanation indicates the basic function of the page address
register (PAR) in the relocation scheme.

15 0

PAGE ADDRESS REGISTER (PAR)

MA-10,111
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Page Descriptor Register (PDR) — The page descriptor register (PDR) contains information relative to
page expansion, page length, and access control.

15 14 08 07 06 05 04 03 02 01 00
X PLF X w XX ED ACF X
Bit 15 Not used. Always read as zero.
Bits 14-08 PLF - Page Length Field. This 7-bit field specifies the block number which defines

the boundary of that page. The block number of the virtual address is compared
against the PLF to detect length errors. An error occurs if the block number is
higher than the PLF when expanding upwards or if the block number is less than
the PLF when expanding downwards.

R/W bits.
Bit 07 Not used. Always read as zero.
Bit 06 W - Write Access Bit. This bit indicates this page was modified (written into) after

either the PAR or PDR was loaded (W = 1 is affirmative). The W bit is useful in
applications which include disk swapping and memory overlays. It is used to deter-
mine which pages were modified and must be saved in their new form and which
pages were not modified and can be overlaid. Note that the W bit is reset to 0
when either the PAR or PDR is modified (written into).

Read-only bit.
Bits 05-04 Not used. Always read as zeros.
Bit 03 ED - Expansion Direction. This bit specifies in which direction the page expands.

If ED = 0, the page expands upwards from block number 0 to include blocks with
higher addresses. If ED = 1, the page expands downwards from block number 127
to include blocks with lower addresses. Upward expansion is usually used for pro-
gram space while downward expansion is used for stack space.

R/W bit.

Bits 02-01 ACF - Access Control Field. This 2-bit field describes the access rights of this
specific page. The access codes or keys specify the way in which a page may be
accessed and whether or not a given access results in an abort of the current opera-
tion. A memory reference that causes an abort is not completed, but terminated
immediately.

Aborts are caused by attempts to access non-resident pages by page length errors
or by access violations, such as attempting to write into a read-only page. Traps are
used as an aid in collecting memory management information.

Table 5-12 lists the ACF keys and their functions. The ACF is written into the
PDR under program control.

Bit 00 Not used. Always read as zero.

5-60



Table 5-12 Access Control Field Keys

ACF Key Description Function
00 0 Non-resident Aborts any attempt to access this
non-resident page.
01 2 Resident Aborts any attempt to write into
read-only , this page.
10 4 (not used) Aborts all accesses
11 6 Resident Read or write allowed
read/write No trap or abort.
Read/write bits.
Status Register 0 (SR0)

SRO contains abort error flags, memory management enable, plus other information needed to recover
from an abort or to service a memory management trap. The following paragraphs describe the SRO

format.

Bits 15-13 are the abort flags. Abort bits can be set simultaneously by the same access attempt. Théy are
in priority order; flags to the right are less significant and should be ignored. For example, a non-resident
abort service routine ignores page length and access control flags. A page length abort service routine

ignores an access control fault.

NOTE
When set (abort conditions), bits 15-13 cause the
logic to hold the contents of SRO bits 1 through 6
and status register SR2. This makes recovery from
the abort easier.

NON-RESIDENT

ABORT READ ONLY
ACCESS VIOLATION

ABORT PAGE| MODE

PAGE NUMBER
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Bit 15

Bit 14

Bit 13

Bits 12-07

Bits 06-05

Bit 04

Bits 03-01

Abort Non-Resident — This bit is automatically set by trying to access a page with
an access control field (ACF) key equal to O or 4, or by enabling relocation with an
illegal mode in the PS. When this occurs, the processor traps through vector 250.
This bit can also be written under program control. However, only that informa-
tion which is automatically written into this bit because of hardware action is use-
ful as a monitor of the MMU status. Setting this bit under program control does
not cause a trap to occur. The program should reset this bit to 0 after an abort or
trap has occurred to continue monitoring memory management.

R/W bit.

Abort Page Length - This bit is automatically set by accessing a location in a page
with a block number (virtual address bits 12—6) not authorized by the PLF for that
page. When this occurs, the processor traps through vector 250. This bit can also
be written under program control. However, only that information which is auto-
matically written into this bit because of hardware action is useful as a monitor of
the MMU status. Setting this bit under program control does not cause a trap to
occur. The program should reset this bit to 0 after an abort or trap has occurred to
continue monitoring memory management.

R/W bit.

Abort Read Only - This bit is automatically set by writing into a read-only page.
When this occurs, the processor traps through vector 250. This bit can also be writ-
ten under program control. However, only that information which is automatically
written into this bit because of hardware action is useful as a monitor of the MMU
status. Setting this bit under program control does not cause a trap to occur. The
program should reset this bit to O after an abort or trap has occurred to continue
monitoring memory management.

R/W bit.
Not used.

Mode of Operation — These bits indicate the CPU mode (user or kernel) associated
with the page causing the abort (kernel = 00, user = 11). They are automatically
written at the time of the abort. These bits can also be written under program
control. However, only that information which is automatically written in these
bits as a result of hardware action is useful as a monitor of the MMU status.

R/W bits.
Not used.

Page Number - These bits identify the page being accessed when an abort occurs.
They are automatically written at the time of the abort. Pages, like blocks, are
numbered from 0 upwards. These bits can also be written under program control.
However, only that information which is automatically written in these bits as a
result of hardware action is useful as a monitor of the MMU status.

R/W bits.
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Bit 00 Enable relocation and protection — This bit is the memory management enable bit.
It is set and cleared under program control. When it is set to 1, all addresses are
relocated and protected by the MMU. When cleared to 0, the MMU is disabled
and addresses are neither relocated nor protected.

R/W bit.

Status Register 1 (SR1)
SR1 is a read-only register which is always read as zero.

Status Register 2 (SR2)

16 BIT VIRTUAL ADDRESS

MA-10,106

SR2 is loaded with the 16-bit virtual address (VA) at the beginning of each instruction fetch. It is not
updated if the instruction fetch fails. SR2 is read-only; a write attempt does not modify its contents. SR2 is
the virtual address program counter. On an abort, setting SRO bit 15, 14, or 13 holds SR2 until the SRO
abort flags are cleared.

Status Register 3 (SR3)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
NOT USED (READ/WRITE)
ENABLE 22-BIT MAPPING
Bits 15-06 Not used.
Bit 05 Reserved — This bit is a R/W bit that has no effect on system module operation.
R/W bit.
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Bit 04

Bits 03-00

Enable 22-bit mapping — This bit enables or disables the memory management
22-bit mapping. If memory management is not enabled (SRO bit 0 is clear), this bit
is ignored and the 16-bit address is not relocated. If memory management is
enabled (SRO bit 0 is set) and this bit is clear, the computer uses 18-bit mapping. If
memory management is enabled and this bit is set, the computer uses 22-bit
mapping.

R/W bit.

NOTE

The 22-bit mapping should always be used. If 18-bit
mapping is used, address bits <21:18> are always
zeros and the I/O page is selected when bits
<17:13> are all ones. In 18-bit mode, 12 of the 16
kilobytes of ROM are not accessible (along with any
other memory devices above the 18-bit address
range).

Not used.

5.4.3.3 Memory Management Relocation — Figure 5-33 shows how the MMU relocates 16-bit virtual
addresses into 22-bit physical addresses.

Refer to Microcomputers and Memories for a detailed description of the memory relocation process.

5.4.3.4 Default State After Power-Up — At the completion of the power-up self-test, clearing bit 00 in
SRO disables the MMU. Bit 04 in SR3 is also cleared so 22-bit mapping is not selected.

15 13 12 06 05 00
VIRTUAL
APF BLOCK NUMBER BLOCK DISPLACEMENT ADDRESS
- ’ —J\ _—
15 00
ACTIVE
PAGE ADDRESS FIELD PAGE
REGISTER
AN -
| > + -
21 o 00
i PHYSICAL
PHYSICAL BLOCK NUMBER .Y BLOCK DISPLACEMENT ADDRESS
27
MA-10,102
Figure 5-33  Memory Management Relocation
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5.4.3.5 Floating Point Precision — The floating point instruction set (FP11) is a microcode option and is
contained in the floating point adapter (FPA). Both single and double precision floating point capability are
available together with other features including floating-to-integer and integer-to-floating conversion.

The microcode resides in two MOS/LSI chips contained in one 40-pin package (FPA). The FP11 needs the
MMU chip and the base MOS/LSI chips because all the floating point accumulators and status registers
are in the MMU. The 40-pin FP11 chip is added to the system module by inserting it into the special
user-installable IC socket. The chip is mounted on a special carrier which is keyed so that it only fits into
the socket in the correct way. This makes adding the option easier than with the usual 40-pin IC socket. It
removes the dangers of bending the IC pins during insertion and installing the chip backwards. Figure 5-34
shows the location of the floating point adapter socket on the system board.

FLOATING
POINT
ADAPTER

MA-0426-82

Figure 5-34  Floating Point Adapter Socket Location
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544 Computing Terminal Interconnect (CTI) BUS

The CTI BUS backplane is part of the system module. The backplane is designed to accept option modules
using a zero insertion force (ZIF) connector. Six option module slots are provided. Figure 5-35 shows the
position of the option slots on the system.

Each option slot has a 90-pin connector on the system module. The first60 pins are used for the general section
of the CTI BUS signals. The last 30 pins; 61 through 90, route signals from the option modules to connectors
on the rear of the system module. These are referred to as the private section of the bus. An option module that
only needs the CTI BUS signals can use a 60-pin ZIF connector. An option module that uses the rear
connectors on the system module can use a 90-pin ZIF connector.

Bus signal timing is discussed in Sections 5.3.3 through 5.3.5. The bus signal descriptions and pin-out are in
Section 5.6.

J10 CTI BUS SLOT 0
(PHYSICAL SLOT 1)

J15 CTI BUS SLOT 5
(PHYSICAL SLOT 6)

MA-0427-82

Figure 5-35 CTI BUS Option Slots
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5.4.5 System Control and Status Register (SCSR)
REGISTER OPERATION
Address:
17773700 Control and status register
This register uses only the low byte. The high byte is always read as all zeros and writes to the high byte
have no effect. The system control and status register provides certain configuration information and

allows the selection of certain modes of operation. The bits in the register function are described in the
following paragraphs.

07 06 05 04 03 02 01 00

Ié'l\?lK 0 0 glF?sN 0 ?ANK 0 gANK
Bit 07 BRK EN - Break Enable. This bit enables hardware break detect on the printer

port when that port is used with a terminal. Mode register 1 of the printer port
must be initialized before this bit is set. When BRK EN is set, hardware break
detection is enabled. When cleared, break detection is disabled. If a printer is con-
nected to the port, break detection is disabled regardless of the state of the BRK
EN bit. BRK EN is cleared at power up.

R/W bit.
Bits 06-05 Not used. Always read as zeros.
Read-only bits.

Bit 04 MON PRS - Monitor Present. This is a status bit to indicate that a video monitor
is connected to the video interface. MON PRS asserted indicates a monitor is pre-
sent and cleared indicates no monitor present.

Read-only bit.
Bit 03 Reserved; clear.

Read-only bit.

Bit 02 BANKI. This is a status bit that indicates if a memory module is present in mem-
ory option slot 1. It is set when a memory module is present and cleared when no
memory module is present.

Read-only bit.
Bit 01 Reserved; clear.
Read-only bit.

Bit 00 BANKO. This is a status bit that indicates if a memory module is present in mem-
ory option slot 0. It is set when a memory module is present and cleared when no
memory module is present.

“Read-only bit.
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5.4.5.1 Default State After Power-Up — When the power-up self-test is completed, the firmware sets the
break enable bit in the system CS, bit 07. The other bits in the system CSR are read-only and depend upon
the memory installed.

5.4.5.2 Indicator (LED) Display ~ There are five LEDs on the back of the system module. The green one
lights when the DCOK signal from the power supply is asserted. The four red ones are error indicators
controlled by the power-up self-test. At power up, all four red LEDs are lit. Table 5-13 indicates the error
condition for each LED code. \

Table 5-13 Indicator (LED) Error Codes

LED 3 LED2 LED1 LEDO Error Condition
off off off off None - self-test
: found no errors

off of f : off on Bus slot 0 error
detected (physical
slot 1)

off of f on off Bus slot 1 error
detected (physical
slot 2)

off of f on on Bus slot 2 error
detected (physical
slot 3)

off on off off Bus slot 3 error
detected (physical
slot 4)

off on off on Bus slot 4 error
detected (physical
slot 5)

off on on off Bus slot 5 error
detected (physical
slot 6)

off on on on Invalid - reserved

on of f off off Invalid — reserved

on off off on Keyboard failed

on of f on off No boot found

on of f on : on Monitor cable not

\ present

on on off off Memory in slots 0 and
1 both failed

on on off on Memory in slot 1
failed (high bank)

on on on off Memory in slot 0
failed (low bank)

on on on on System module failed*

* All the indicators (LEDs) are lit at power-up (lamp test). If they all stay lit, a system module error is
indicated.
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INDICATOR (LED) DISPLAY REGISTER
Address:
17773704 Indicator (LED) Display Register

The LED display register uses only the low byte. The register is always read as all zeros and writes to the
high byte have no effect.

The register controls the state of the four red LEDs on the rear of the unit.

_ 07 06 05 04 03 02 01 00

0 0 0 0 |LED3|LED2|LED1|LEDO

MA-10,116

Bits 07-04 Not used. Always read as zeros.

Bits 03-00 LED3-LEDO. These bits control the state of the four red LEDs on the rear of the
unit. Setting one of these bits causes the corresponding LED to be turned off.
Clearing a bit causes the corresponding LED to light. All four bits are cleared (lit)
at power up. The bits are always read as zeros.

Write-only bits.

5.4.5.3 Indicator Display Default State After Power-Up - The power-up self-test firmware uses the dis-
play to indicate any detected errors. At the completion of the self-test, the indicator display contains the
code for the first error detected. If no errors were found, the LED display is turned off.

5.4.6 Interrupt Controllers

Each interrupt controller can handle up to eight interrupt requests. Every interrupt in the system is handled
by one of the three interrupt controllers. Table 5-14 shows the interrupts that are handled by each control-
ler. Interrupt controller 0 has a higher priority than controller 1 and controller 1 has a higher priority than
controller 2.

Within a given controller, the interrupt requests are received at a request level from 0 to 7. Request level 0
is the highest if the controller is programmed for fixed priority arbitration. The eight request levels have
basically equal priority if the controller is programmed for rotating arbitration. See bit 00 of the mode
register for more detail. Note that bits within certain internal registers correspond to certain request levels.
For example, there is an 8-bit interrupt mask register which enables or disables the eight interrupts. Setting
bit 02 in the mask register, disables the interrupt at request level 2. Clearing bit 05 in the mask register,
enables the interrupt at request level 5. In the Professional 350 system, all interrupts occur at request level
4,

Addresses:
17773200 Interrupt controller O data register
17773202 Interrupt controller 0 CSR register
17773204 Interrupt coritroller 1 data register
17773206 Interrupt controller 1 CSR register
17773210 Interrupt controller 2 data register
17773212 Interrupt controller 2 CSR register
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Table 5-14 Interrupt Controller Use

Request
Controller Level Vector* Interrupt Description
0 O — Not used
; 0 1 200 Keyboard receiver interrupt
highest 0 2 204 Keyboard transmitter interrupt
priority 0 3 210 Communication port interrupt
controller 0 4 214 Modem controls change interrupt
0 5 220 Printer receiver interrupt
0 6 224 Printer transmitter interrupt
0o 7 230 Clock interrupt
1 0 300 Option module 0 interrupt request A
1 | 310 Option module 1 interrupt request A
1 2 320 Option module 2 interrupt request A
1 3 330 Option module 3 interrupt request A
1 4 340 Option module 4 interrupt request A
1 5 350 Option module 5 interrupt request A
1 6 — Not used
1 7 — Not used
2 0 304 Option module 0 interrupt request B
2 1 314 Option module 1 interrupt request B
lowest 2 2 324 Option module 2 interrupt request B
priority 2 3 334 Option module 3 interrupt request B
controller 2 4 344 Option module 4 interrupt request B
2 5 354 Option module 5 interrupt request B
2 6 — Not used
2 7 -— Not used

* These vectors are established at power up by the firmware. The firmware programs the interrupt
controllers to contain these vectors. It is highly recommended that these vectors not be changed.

All interrupt controller registers use only the low byte. The high bytes are always read as all zeros and
writes to high bytes have no effect. :

The remainder of this section describes how these interrupt controllers function. The detail is important at
the firmware level to understand the full module operation. However, at higher levels, only a part of the

‘information is necessary and the rest may be scanned. The necessary paragraphs are indicated by an aster-
isk (*).

Each of the interrupt controllers has a set of registers which controls the specific features of operation.
These registers are accessed via the CSR and data registers. The following are the set of registers.

Interrupt Request Register (IRR)* — The IRR is 8-bits long and stores the active transitions on the eight
interrupt request lines. A bit in the IRR is set when the corresponding interrupt request line makes the
appropriate transition. An IRR bit is cleared when the processor acknowledges its interrupt. The processor
can clear or set the IRR bits by writing special commands into the controller CSR. The IRR contents may
be read from the controller data register by preselecting it in the mode register (see mode register). The
IRR bits are cleared by a Reset.
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Interrupt Service Register (ISR) — The ISR is 8-bits long and stores the acknowledge status of the IRR
bits. When acknowledged, the controller selects the highest priority request pending, clears the associated
IRR bit, and sets the associated ISR bit. When the ISR bit is programmed for automatic clearing (see auto
clear register), it is cleared at the end of the acknowledge cycle. If auto clear is not selected, the processor
must clear the ISR bit by writing the appropriate command into the controller CSR. The ISR contents may
be read from the controller data register by preselecting it in the mode register (see mode register). A
RESET clears the ISR bits.

Interrupt Mask Register (IMR) - The IMR is 8-bits long and enables or disables each of the individual
interrupt requests. Setting an IMR bit disables the corresponding interrupt request, while clearing an IMR
bit enables the corresponding request. Only unmasked IRR bits cause a group interrupt. The state of an
- IMR bit has no effect on the operation of its IRR bit. The processor can clear or set the IMR bits by
writing special commands into the controller CSR. The IMR contents may be read from the controller data
register by preselecting it in the mode register (see mode register). The processor loads the IMR by writing
a PRESELECT IMR command (see command definition in next section) into the controller CSR followed
by a write to the data register. A RESET sets all the IMR bits.

Auto Clear Register (ACR) — The ACR is 8-bits long and specifies the automatic clearing option for each
ISR bit. When an ACR bit is set, the corresponding ISR bit is automatically cleared at the end of the
acknowledge cycle. When an ACR bit is cleared, the corresponding ISR bit is not cleared at the end of the
acknowledge cycle. The processor must clear it by writing a command to the controller CSR. The processor
loads the ACR by writing a PRESELECT ACR command (see command definition in next section) into
the controller CSR followed by a write to the data register. The ACR contents may be read from the
controller data register by preselecting it in the mode register (see mode register). A RESET clears all the
ACR bits.

Mode Register — The mode register is 8-bits long and controls many of the controller options. It is loaded
by writing commands into the controller CSR (see command definitions in next section). The mode register
can not be read. Bits 00, 02, and 07 are available in the controller CSR during read operations. A RESET
clears the mode register. The mode register bit functions are as follows.

07 06 05 04 03 02 01 00

MM | RP1 [ RPO |REQP| GIP IM S PM

MA-10,117

Bit 07* MM - Master Mask. When set, it enables group interrupts to the processor. When
cleared, it disables group interrupts to the processor.

Bit 06-05* RP1-RPO - Register Preselect. These bits determine which internal register will be
: read when the processor reads the controller data register. The internal register is
selected as follows.

RP1 RPO Register

0 0 Interrupt service register
0 1 Interrupt mask register

1 0 Interrupt request register
1 1 Auto clear register
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Bit 04

Bit 03

Bit 02

Bit 01

Bit 00

REQP - Interrupt Request Polarity. This bit determines the active transition for
setting IRR bits. When set, an IRR bit is set when the corresponding interrupt
request line makes a low to high transition. When cleared, a high to low transition
on the interrupt request line sets the IRR bit. This bit should always be cleared
because the system hardware provides high to low transitions for all interrupts to
all three controllers.

GIP - Group Interrupt Polarity. This bit determines the polarity of the group
interrupt output to the processor. When set, the group interrupt output is asserted
high. When cleared, the group interrupt output is asserted low. This bit should
always be cleared because the system hardware recognizes active low group inter-
rupts from all three controllers.

IM - Interrupt Mode. This bit determines whether the controller is operating in
interrupt mode or polled mode. When IM is cleared, interrupt mode is selected and
the group interrupt output functions normally. When IM is set, the polled mode is
selected and the group interrupt output is disabled so the controller goes not inter-
rupt the processor. In polled mode, the processor can read the controller CSR to
see if any interrupt requests are pending. See section on status register.

VS - Vector Selection. This bit determines whether the controller generates a com-
mon vector for all the interrupt requests or an individual vector for each request.
The response memory contains eight vectors, one for each request level (see
response memory section). When VS is cleared, each interrupt level is associated
with its own unique vector in the response memory. When VS is set, all interrupt
levels are associated with the vector in the request level 0 response memory loca-
tion. In this mode, the controller generates the same vector regardless of the inter-
rupt request being acknowledged.

PM - Priority Mode. This bit determines whether a fixed priority or rotating prior-
ity selects the highest pending interrupt request. When cleared, fixed priority is
selected. In fixed priority mode, interrupt request line O is always the highest level
and request line 7 is always the lowest level.

HIGHEST LOWEST
0—» 11— 2—» 3—» 4—» 5—p» 6—»7

MA-10,118

When PM is set, rotating priority is selected. In rotating mode, a circular chain
determines the priorities.

—» 0——p ] —» 22— 3

5 ¢— 4 «—

NEW HlGHEST_T LLAST INTERRUPT

PRIORITY SERVICED

MA-10,119
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The last interrupt level serviced becomes the lowest priority in the circular chain.

Response Memory — The response memory stores the vectors for each of the eight
interrupt requests. The response memory contains eight bytes, one for each vector.
The controller, using the response memory, determines which vector to generate in
response to a processor interrupt acknowledge. The processor loads the response
memory can not be read. The processor loads the response memory by writing a
PRESELECT RESPONSE MEMORY command (see command definition in
next section) into the controller CSR followed by a write to the data register. The
response memory is not effected by a RESET.

All three interrupt controllers program in the same way. The programming and data transfers are all done
with two addressable registers: the data register and the CSR register. These two registers are described in
the following paragraphs.

5.4.6.1 Control/Status Register (CSR) - The CSR operates as a command register on writes and as a
status register on reads. Commands are written into the CSR to select specific controller operation. The
CSR can be read to determine specific controller status.

Command Register (CSR - write operations)

Bits 07-00*

07 06 05 04 03 02 01 00

CMD7|CMD6|CMD5 | CMD4|CMD3|CMD2{CMD1|CMDO

MA-10,120

CMD7-CMDO0 - Command. These bits determine the command to the controller.
The available commands are given in the following paragraphs.

Write-only bits.
The following commands are available.

RESET-0000000

The reset command establishes a known state in the controller. The response mem-
ory and byte count registers are not effected. The interrupt mask register is set to
all ones. The interrupt request register, interrupt service register, auto clear regis-
ter, and the mode register are cleared to all zeros.

CLEARIRR ANDIMR-00010X X X
All bits in the interrupt request register and the interrupt mask register are cleared.

CLEAR SINGLE IRR AND IMR BIT-000 11 B2 Bl BO

The bit specified by B2-B0 is cleared in both the interrupt request register and the
interrupt mask register.
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CLEARIMR-00100X X X
The interrupt mask register is cleared to all zeros.

CLEAR SINGLE IMR BIT-001 01 B2 Bl BO
The bit specified by B2-B0 is cleared in the interrupt mask register.

SETIMR-00110XXX
The interrupt mask register is set to all ones.

SET SINGLE IMR BIT-001 11 B2 Bl BO
The bit specified by B2-B0 is set in the interrupt mask register.

CLEARIRR-01000X X X
The interrupt request register is cleared to all zeros.

CLEAR SINGLE IRR BIT-01001 B2 Bl BO
The bit specified by B2-B0 is cleared in the interrupt request register.

SETIRR-01010X XX
The interrupt request register is set to all ones.

SET SINGLE IRR BIT-0101 1 B2 B1 B0
The bit specified by B2-BO0 is set in the interrupt request register.

CLEAR HIGHEST PRIORITY ISR BIT-0110X X X X
The highest priority bit in the interrupt service register is cleared.

CLEARISR-01110XXX
The interrupt service register is cleared to all zeros.

CLEAR SINGLE ISR BIT-01 111 B2 Bl BO
The bit specified by B2-BO0 is cleared in the interrupt service register.

LOAD MODE BITS M0 THRU M4 - 1 0 0 M4 M3 M2 M1 MO
The five low order bits of the command are transferred to the five low order bits of
the mode register.

CONTROL MODE BITS M5 THRUM7 -101 0 M6 M5 N1 NO

The M5 and M6 bits of the command are transferred to bits 05 and 06 of the
mode register. The NO and N1 bits of the command control bit 07 of the mode
register are as follows.

N1 NO

0 0 No change to bit 07 in mode register
0 1 Set bit 07 in mode register

1 0 Clear bit 07 in mode register
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