
EK·DCT11·UG-002 

T-11 

USER'S GUIDE 



SECOND EDITION JANUARV 1982 

Copyright C> 1982 by Digital Equipment Corporation 

All Rights Reserved 

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

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

Pnnted in U.S.A. 

The following are trademarks of Digital Equipment 
Corporation. 

DIGITAL DECsystem- ' 0 MASS BUS 

DEC DECSYSTEM·20 OMNIBUS 

PDP OIBOL OS/ B 

OECUS EduSystem ASTS 
UNIBUS VAX RSX 
OECLAB VMS lAS 

MINC·'1 



CONTENTS 

PREFACE 

CHAPTER 1 ARCHITECTURE 

1.1 INTRODUCTION . ... ... . • . 1 - 2 
1.2 REGISTERS •••• . . . . . . . • .1-2 
1. 2.1 General Registers. • • .1-2 
1. 2 . 2 Status Register .•. .. .1-2 
1. 2. 3 Mode Register . .... .1-5 
1.3 ARITHMETIC LOGIC UNIT (ALU) .1-5 
1.4 DCT ll-l\l\ HARDWARE STACK. • • • • • . 1 - 5 
1.5 INTERRUPTS •.•.......•. • • .. • .1-6 
1. 5.1 Interrupt Meehan i sm ••• • .1 - 6 
1.5.2 Interrupt Posting. · .... • • . 1-7 
1. 5. 3 Interrupt Request ( IRQ) • .1-7 
1. 5.4 Vectors ••.•••...•• · .... • .1-8 
1.5.4.1 Internal Vector Address. .. • .1-8 
1.5.4.2 External Vector Address. . 1 - 9 
1. 5. 5 Priority ...... . ....... . ... • . 1- 9 
1.5.5.1 Maskable Interrupts . .... .. .1-9 
1.5 . 5 .2 Non-maskable Interrupts ••. .1-1 0 
1.6 DIRECT MEMORY ACCESS (DMA) MECHANISM •• • . ... . 1-10 

CHAPTER 2 BUS TRANSACTIONS 

2.1 INTRODUCTION ... •. ..... .. • .. .2- 2 
2 . 2 THE BUS TRANSACTION ••• .. .. .. . 2- 2 
2 . 2.1 Transaction . • • . 2- 2 
2 . 2 . 2 Microcycle ...•...... • .2 - 2 
2 . 2 . 3 Clock pha se •• • •••••• • . 2- 2 
2.3 16-BIT STATIC READ TRANSACTI ON •• .2-4 
2. 3 • 1 Output of Address . • .2- 4 
2 . 3 . 1.1 Address Contro l. • .2-4 
2 . 3 . 2 Input of Data . .•.• • . 2-4 
2 . 3.2 .1 Data Control • . •• • • .. .2-4 
2.3 . 3 Instruction Fetch. • • .2-4 
2.4 16-BIT STATIC WRITE TRANSACTION . ... . 2- 6 
2.4 . 1 Output of Address . .. . 2- 6 
2.4 . 1.1 Address Control. .. .. .2-6 
2.4 . 2 Output of Data .... • . 2- 6 
2 .4. 2 .1 Data Control ..........•.•.. . • . 2-6 
2.5 16-BIT DYNAMIC READ TRANSACTION. . 2-1 0 
2.5.1 Output of Address . .. . 2-10 
2.5.1. 1 Dynamic Address. . 2-1 0 
2 .5.1.2 Static Address . . .2-10 
2.5.1.3 Address Control. • • • .2-10 
2 . 5 . 2 Input of Data . •.•• .. • .2-10 
2.5.2.1 Data Control •.•• • .2-1 2 
2 .5.3 Instruction Fetch. .. ... . • • • . 2-1 2 
2 .5. 3 .1 4K/16K Mode. . . . . . ..... . . . . .. .2-12 
2 . 5 . 3.2 64K Mode .••• . . . . . . . . . . . . . . . . . . .. • . 2-12 

iii 



2.6 
2.6.1 
2.6.1.1 
2 . 6 .1. 2 
2.6.1.3 
2.6.2 
2.6.2.1 
2.7 
2.7.1 
2 . 7.1.1 
2.7.2 
2.7.2.1 
2 . 7.3 
2 . 8 
2 . 8 . 1 
2.8.1. 1 
2 .8. 2 
2 . 8 . 2 .1 
2.9 
2.9.1 
2.9 . 1.1 
2.9 .1. 2 
2.9 .1.3 
2 .9. 2 
2 .9.2.1 
2.9 .3 
2 .9.3.1 
2 . 9.3 . 2 
2 .10 
2 . 10 .1 
2.10.1.1 
2. 10.1.2 
2 .10. 1. 3 
2.10.2 
2.10.2.1 
2.11 
2.11.1 
2 . 11.2 
2.11.3 
2 .12 
2 .12.1 
2.12 . 2 
2.13 
2 .14 
2 .1 4.1 
2 . 14.2 
2 .1 4.3 
2 . 14.4 
2. 15 
2 .15.1 

16-BIT DYNAMIC WRITE TRANSACTION. 
Output of Address. 

Dynamic Address. 
Static Address .. 
Address Control .• 

Output of Data ..••. 
Data Co ntrol .. •.. 

• • 

STATIC READ TRANSACTION. 8-BIT 
Output 

Address 
of Address. 

Control . 
• 

Input of Data . • . ..•• 
Data Control . . . . 

Instruction Fetch . .... .. . . 

• 

• 

• 

• 

8 - BIT STATIC WRITE TRANSACTION. 
of Address ••• Output 

Address 
Output of 

Control. • 
Oa ta .. .... " .......... 

Data Control •........ 

• • 

8-BIT DYNAMIC READ TRANSACTION ••• 
Output of Address. 

Dynamic Address. 
Static Address. " 
Address Control. 

Input of Data . . . •. 
Data Control •••• 

Instruction Fetch" " 
4K/16K Mode ••••• 
64K Mode .•.•• •.. 

" " " " 

· . 
8 -BIT DYNAMIC WRITE TRANSACTION. 

Output of Address. 
Dynamic Address. 
Static Address •• 
Address Control . 

Output of Data . ••. 
Data Control ••.••• 

REFRESH TRANSACTION • •• 
Output of Refresh Address . 

Control •.. . ...••.• Address 
Output of SEL<O> •.•.•••.•• 

• 

• 

• 

.. 
• 

lACK (Interrupt Acknowledge) TRANSACTION . 
Output of Request Data .•.. . • ..•.. 
Input of Vector •••......••.••••••.... 

BUS NOP (No Operation) TRANSACTION •.•. . 
DMA (Direct Memory Access) TRANSACTION. 

Three-state . ••. ••••..•..... • ••..••• 
Ou tput of -RAS, -CAS, and PI . • 
Output of Direct Memory Grant (DMG) 
READY Input . . . . . . . . . . . . . . . . . . ..... 

ASPI (Assert Priority In) TRANSACTION. 
Input Control ••.•••.•.• . . . . . . . . . . . . . 

iv 

• 
.2-14 
.2-14 
.2-14 
. 2-14 
. 2-1 4 
. 2-14 
. 2-14 
. 2-18 
.2-18 
.2-18 
.2-18 
.2-18 
.2-18 
.2-22 
.2-22 
.2-22 
.2-22 
.2-22 
.2-24 
. 2-2 4 
.2-24 
. 2-24 
.2-24 
.2-24 
. 2-24 
. 2- 26 
. 2- 26 
. 2-26 
.2-28 
.2-28 
.2-28 
. 2 - 28 
. 2-28 
.2-30 

..2-30 

.. 2-32 
.2-32 
.2-32 
.2-32 
.2-34 
.2- 34 
.2-34 
. 2-36 
.2-38 
.2-38 
.2-38 
. 2-40 
.2-40 
. 2-42 
.2-42 



CHAPTER 

3.1 
3.2 
3.2.1 
3.2.2 
3.2.3 
3.3 
3.3.1 
3.3 . 2 
3.3 .3 
3.4 
3.4.1 
3.4.2 
3.4.3 
3 . 4 • 4 
3.4 .4.1 
3.4.4.2 
3.4.5 
3.4.6 
3.5 
3.5.1 
3.5.2 
3 . 5 . 2 .1 
3.5.2.2 
3.5.2 .3 
3.5.2.4 
3.5.2.5 
3 .5.2.6 
3.5 . 3 
3.5.4 
3.6 
3.6.1 
3.6 . 2 

CHAPTER 

4.1 
4 . 2 
4.2.1 
4.2.1.1 
4 . 2 .1.2 
4.2.2 
4.2.2.1 
4.2.2.2 
4.2.3 
4 . 2.4 
4.2.5 
4.3 
4.3.1 
4 . 3.2 
4.3.3 
4.4 

3 

4 

PIN DESCRIPTION 

INTRODUCTION .............. . ................... . ..... ............ 3-2 
DAL(15:0> (DATA ADDRESS LINES) •••• •• .•••••••.••••• • 3-2 

16 - Bit Mode - DAL<15 : 0> ... . . .•....... ....... ... .. 3-2 
a-Bit Mode - DAL<15:8> ..... .............................................. 3-4 
a-Bit Mode - DAL(7:0) .................. .•.•. . .. . • 3- 5 

AI<7:0> (ADDRESS INTERRUPT) ••• • ••••••••••• ••••• •••• 3-8 
Al<7:0> At -RAS and - CAS Time (Static Mode) •..••• 3-9 
AI<7:0> At - RAS and -CAS Time (Dynamic Mode) ... •• 3-9 
Al<7:0) At PI (Priority In) Time ....•.. .. ........ 3-9 

CONTROL LINES ..•.•...•••••••.••••..••.• .. •• ...• ..• 3 -1 1 
-RAS (Row Address Strobe) .. ........ .. .... ...................... ...... .. 3- 12 
- CAS (Column Address Strobe) . • ..••. • •.••• •• .. •.• 3- 12 
PI (Priority In) ......... ... .. . .. ... ..... . ... ... 3-13 
R/-WHS and R/-WLB ....... ............ . ....... ...... . . 3- 13 

R/-WHB and R/-WLB 16-Bit Mode •. .•••••••••••••• 3- 13 
R/-WH8 (-RD) and R/- WLB (- WT) 8 - Bit Mode •••••• 3- 14 

SEL<l> and SEL<O> .••••.•..•• . ••.•• . . . • . • ..•. •• .. 3-1 4 
READY ...... .. .. ....... .. . .... ................. . .. 3- 14 

MISCELLANEOUS SIGNALS •••••.••••.•...•.•••.•.•••.•• 3- 16 
-BCLR (Bus Clear) ..••......••..•••..•.•.....••.• 3- 16 
PUP (Power Up) ••...•.....•.....•.......•........ 3- 16 

Power Up (PUP) Input •••...•. ........... •.....• 3-l7 
Bus Clear (- BCLR) .• ••• •.. ••.•... ...•.......... 3-1B 
Mode Register Load ••••.• • •.•••••.....•.•.•.••• 3- 18 
Refresh or Busnop Transactions •.•.•........••. 3- 1B 
Load the SP, PC , and PSW • • • • • . • . • • • . • .•.• •..• . 3-1B 
ASPI Transaction •.• .•......• ••.• .•.. .•.•••• • •• 3-18 

COUT (Clock Output) •• . •.•••.• •.••••.•.•..... •... 3-18 
XTLl and XTLO (Crystal Inputs) •••••••••••••••••• 3-1 9 

POWER PINS .. .•...•••• •. •• ..•...••..•...•.. . •.•.•. • 3- 19 
GND and BGND ....... .... . . . ............ . .. . . . .... . 3-19 
vcc •• . •.• .•...•.•.•...........•... ••• ..•.•• . • .• . 3-19 

MODE SELECTION 

INTRODUCTION • ..•. • .••. • . •.....••......•.. .•...•... • 4- 2 
MODES RELATED TO FUNCTI ON •••••••••••••.•••••• ••• ••• 4-2 

16 - Bit or 8-Bit Mode MR<11> •.•.••• .•••.. •• •....•• 4-3 
16-Bit Mode ......... ...... ... .. .... ........ ...... 4- 3 
B-Bit Mode •...•..••••............••...•••.. .. .. 4-3 

Dynamic or Static Mode MR(9) ••••.•...••.•.......• 4-4 
Dynamic Mode ... . .......... ....... . ................ 4-4 
Static Mode ..................................... 4- 4 

64K or 4K/16K Mode MR(10) • •••••••••••••• • ••••• • .• 4-4 
Tester or User Mode MR<l2 > •• ...•••.•.......• • .• •• 4-5 
Start and Restart Address MR<15:13> •.•.•...•.•... 4-5 

MODES RELATED TO TIMING ...•...... •• ...••. .•. . ••. .•• 4-5 
Constant or Processor Clock MR<O> •.. . •..•••. ... •. 4-5 
Long or Standard Microcyc1e MR<1> ••• . ••••••• • •• .. 4-S 
Normal or Delayed Read/Write MR<8> • .... . ....•..•. 4-S 

MODE REGISTER BIT SETTING • ••••••••••••.••••• • • . •••• 4-6 

v 



4.5 
4 . 5.1 
4 . 5.1.1 
4.5 . 1.2 
4.5.1.3 
4 . 5 . 2 
4.5 . 2.1 
4.5 . 2.2 
4 . 5.2 . 3 
4 . 5 . 3 
4.5.3 . 1 
4.5.3.2 
4.5 . 4 
4.5.4.1 
4.5.4 . 2 

CHAPTER 5 

5. 1 
5.2 
5.3 
5 . 4 
5.4. 1 
5.4 . 2 
5 . 5 
5 . 6 
5.6.1 
5 . 6.2 
5 . 7 
5 . 7. 1 
5.7.2 
5.7 . 3 
5 . 7.4 
5 . 7.5 
5.8 
5 . 8 . 1 
5.8.1.1 

5.8 . 1.2 

5.8.1.3 
5 . 8.1.4 

5.8 . 2 
5 . 9 
5.9 .1 
5.9.2 
5 . 9 . 3 

MODE REGISTER SELECTION GUIDELINES. 
Cost . . • • Minimize 

8 -Bi t Mode ••••• • ••••• 
Dynamic Mode .. ••••••• 
Long Microcycle Mode. 

Maximize Speed. 
16-Bit Mode . ••• • •••• 

Mode ••••.• • •• Static 
Standard 

.... 
Microcycle .... 

Minimize 
8 - Bit 
Static 

Minimize 
16-Bit 
Static 

S i ze (Chip Count) 
Mode •• • ••••••••••• 

Mode • • ••••• •••••• 
Development 
Mode . 

Time. 

Mode. 

INTERFACI NG 

. . . . . . . . . . . . . INTROD UCTION • 
POWER UP ••••• 
LOADING THE MODE 

. . . . . . . . . . . . . . 
REGISTER . 

CLOCK ••• • ••••••• •••••• •••• 

• 

• 
Crystal Based Clock • . • .. 
TTL Oscillator Based CloCk . 

ADDRESS LA TCH AND DECODE. 
MEMORY SUBSySTEMS • .•• •••••• 

16 - Bit Mode Memo r y ••..•.. 
8- Bi t Mode Memory System. 

INTERRU PTS • • • ••••• • ••• ••••• 
Posti ng Inte rr upts •.• • •• . 
Decoding lack Informa t ion. 
External Vectors • • ..•.•.• . 

• 
• 

• 

• 

Using a Priority Encoder Chip. 
Direct CP Encoding •...••• •••.• 

DMA .• . •.•.••• .. .•..•...••.•••..• 
Controller. Single Channel DMA 

Address Latches 
(Single Channel DMA 
Pul se Mode Clock 

Controller) 

(Single Channel DMA Controller) 
Address Decode Structures . ••• . • 
Operatio n Sequence 
(Single Channel DMA Controller) 

Software DMA Requests . • . •.••••• .. 
WORKING WITH PERIPHERAL CHIPS •••• •• 

• • 

• 

• 

• • 

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

8155 RAM, Three Por ts, and Timer. 
2651 
DC003 

PUSART •.. • .. ..•• . 
Inter rupt Log i c 

vi 

. 4- 6 

. 4- 6 

.4-6 

.4-6 
..4-6 

. 4-7 

.4 - 7 

.4-7 

.4 - 7 

.4-7 

. 4- 7 

. 4-7 

.4-7 

. 4- 7 

. 4-7 

.5-2 

. 5-2 

. 5- 3 

.5-3 

. 5- 3 

. 5-4 

. 5- 5 

. 5-6 

.5-6 
.5 - 10 
.5-1 2 
. 5-12 
.5-12 
.5-14 
. 5-14 
. 5-15 
. 5-16 
.5-18 

. 5-18 

. 5-18 

.5 - 18 

.5-18 

.5-20 

. 5-21 

. 5-21 

.5- 2 1 

.5-23 



CHAPTER 6 

6.1 
6.2 
6.2 .1 
6 . 2 . 2 
6.2.3 
6.2 . 3.1 
6.2.3 . 2 
6 . 2 .3. 3 
6 . 2.3.4 
6.2.4 
6.2.5 
6.2.5.1 
6.2.5.2 
6 . 2.5.3 
6.2 .5.4 
6 . 2 . 6 
6 . 3 
6.3 . 1 
6.3.1.1 
6 . 3 . 2 
6 . 3 . 3 
6 . 3.3 .1 
6 . 3 . 3 . 2 
6.3.3.3 
6 .3. 3.4 
6.3 . 4 
6.3.4.1 
6.3 . 4.2 
6 .3.5 
6 . 3.5.1 
6 . 3.5 . 2 
6 . 3.5 . 3 
6.3.5.4 
6.3 .5.5 
6.3.5.6 
6.3.5.7 
6 . 3.5.8 
6.3.5.9 
6.3.5.10 
6.3.5.11 
6.3.6 
6 . 3.7 

APPENDIX A 

APPENDIX B 

ADDRESSING MODES AND INSTRUCTION SET 

INTRODUCTION • • ••• ••••••••••• 
ADDRESSING 

Single 
Double 

MODES ••• •• • ••• ••••• 
Operand Addressing . 
Operand Addressing. 

Direct Addressing ••••••••• 
Register Mode . • ...•..... 
Autoincrement Mode 
Autodecrement Mode 

(Mode 
(Mode 

• 

2) • 
4 ) • 

• 

.. . • 

• 
• • 

• · . 
• •• 

.6 - 2 
· .... .6- 3 

• 

• 

. 6- 5 

.6 - 5 

. 6-6 

.6-7 

.6 - 9 
.6-10 

Index Mode (Mode 6) .•.......••••• • • . • • .6-1 2 
.6-14 
. 6-17 
. 6-18 
.6-19 

Deferred (Indirect) Addressing . .... . 
Use of the PC as a General Register . 

Immediate Mode •.•.• • 
Absolute 
Relative 
Relative 

Use of the 
INSTRUCTION 

Addressing .•...•...• 
Addressing . •..•• . . . • . 
Deferred Addressing ••. 
Stack Pointer as a General 

SET ••••••• 
Instruction Format .• . 

Byte Instructions • • 
List of Instructions . 

• ••• 

Single Operand Instructions . 
General • •••.•••..•. 
Shifts & Rotates .. • 
Multiple Precision. 
PS Word Operators •• 

• • 

Double Ope rand Instruction s ..•. 
General ..•••••••• •.•.•. ••• • 
Logical .•.•.•• • • • ••.• ••.••• 

program Control Instructions . 

• 

• 

.. . 

Branches . . .. . . •.•••••••.••••••• 
Signed Cond iti o nal Branches .•. • 
Unassigned Conditional Branches. 
Jump & Subroutine Instr uctions . 
T raps • .••••• . •••..••..• •• •• 
Reserved Instruction Traps . 
Halt Interrupt ••.•••.•.. 
Trace Trap . •.• . • •••.•..... 
Power Failure Interrupt. 
CP<3:0> Interrupts •••.•. 
Specia l Case T- Bit .. •.•. 

Miscellaneous Instructions. 
Condition Code Operators . 

TABLES AND TIMING DIAGRAMS 

SOFTWARE DIFFERENCES 

vii 

• 

• • 

• • 

• • 

• 

.6-20 

.6-21 
Reg ister . • 6- 21 

.6-22 

.6-23 

.6-24 

. 6 -25 

. 6-27 

.6-28 

.6-31 

.6- 35 

• • . . 

• 

• • • 

• • .6-38 
. .... 6-39 

· .. 

• 

.6 - 40 

. 6-43 

.6-46 

. 6-4 6 

.6-50 

.6-53 

. 6-54 

. 6-59 

.6-62 

. 6-63 

.6-63 
•• 6-63 

. 6-63 

.6-63 

.6-64 

.6-65 



CHAPTER 1 

1- 1 
1 - 2 
1 - 3 
1 - 4 
1-5 
1-6 
1-7 
1-8 

CHAPTER 2 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2- 7 
2-8 
2-9 
2- 10 
2-11 
2-1 2 
2-13 
2-14 
2-1 5 
2-16 
2- 17 
2-18 
2-1 9 
2-20 
2- 2 1 
2- 22 
2 - 23 
2-24 

FIGURES 

ARCHITECTURE 

DCTII-AA Block Diagram ... . . ••. .... . . . . . ............ ! - 3 
Reg is t ers .. ............ ... ....... . . ... ...... .... .. . 1-4 
Processo r Status Word ... ....• ...... .... ...... ...... 1-4 
Mode Register ••••••••..•....• •••••••.• ... •.•.••• .. . l-S 
Interrupt Request • ... . . ....•.•........•••. •.• • ... .. 1-6 
I nterrupt Tim ing .• ......... . ................ . ...... 1- 7 
DMA Timing • ........ .. ...• •••• • • .... .••• . ..• . . ...•• 1-10 
OMA Bloc k Diagram •.•..•.•. •.. . • ...•••... ••••.•••.• 1 - 11 

BUS TRANSACTIONS 

Transact i on Breakdown . . . . ................ . . . ....... 2- 3 
16-Bit Stat ic Re ad Block Di agram .•• •• • ••.. . . ... •. .. 2-S 
16-Bi t Stati c Read Timing ....•....•. • ••• ... .. . . • .. • 2-5 
16-Bit Stat ic Wr i te Block Diag ram . .......•• • ••. • • •• 2-7 
16-Bit Stat ic Write Timing .•.••••.••.... ••••••••• .. 2- 7 
16-Bit Dynamic Read Block Diagram • •• •••.... • .•.•.. 2- 11 
16-Bit Dynamic Read Timing •••••..•.•.•......•• • . • . 2 - 11 
16-Bit Dynamic Write Block Diag ram ...• ••••• ... •••. 2-1 5 
16 -B it Dynamic Write Timing .••••.•••••.••.....•.•• 2-15 
8- Bit Stat i c Read Block Diagram ... •••••••.• ... •.. . 2 -1 9 
8-Bit Static Read Timing ..•.....•.• • ...........••. 2- 19 
8-Bit Static Write Bl ock Diagram ••• ••..•...• • .•. •. 2 - 23 
8- Bit Stat i c Write Timing ••• •••••••...•..•. •.•••.• 2- 23 
8- Bit Dynamic Read Block Diagram ••• • ••• •.••....... 2- 25 
8- Bit Dynamic Read Timing .. . •...•••••.. .. ....... . • 2-2 5 
a-Bit Dynamic Wr ite Block Diagram ......• • . • ...••.• 2 - 29 
a-Sit Dynamic Write Timing . •• •.•..... ••••.•.•. .. • • 2- 29 
Refresh Transaction Block Diagram • . . ...•...• ••• • •• 2-33 
Refres h Transaction Timing • •. •••••... .. • ... ....••. 2- 33 
lACK Transaction Block Diagram •••. ..... • ..•••.• ••. 2- 35 
lACK Tr ansact i on Tim ing . •.••• ...•..• • •••...•.. . .• • 2-35 
DMA Timing .•.•••• ••• ••....•. • • • • • •.•... • .• . . .•••• . 2- 39 
ASPI Transaction Block Diagram •• .•. ••.• . ..••••••.• 2-4 3 
ASP! Transaction Timing .. . • . •• • ••• • . • ..•..... ••• . • 2-43 

viii 



CHAPTER 

3-1 
3- 2 
3-3 
3- 4 
3- 5 
3-6 

CHAPTER 

4-1 

CHAPTER 

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

3 

4 

5 

PIN DESCRIPTION 

DCT!l-AA Pin Layout .... .. ........ ............. ........ . ...... 3-3 
Leading and Trailing Edge .•.•.•.•.....•.•.....•... 3-12 
READY Timing ••............ . • •.•. •• • •••. . .•• . • .•. •. 3-15 
Power Up Sequence Block Diagram ••.••...•.•... • .... 3-17 
Power Up Sequence Timing •••.•••.•••.•.•.• • • . • . •.. . 3-17 
COUTo • •• •••• ••••••• •••••••• •• •••••••••.. ..... .. ... • 3-19 

MODE SELECTION 

Mode Reg ister .... ........••..•.•..•... ........ ... . . 4-2 

INTERFACING 

Power Up Ci rcui to ...•.......•.. ..•....•.•.•••...•. . 5-2 
Mode Register Loading •••••••.•••••••.•.•.•.•.•••.•. 5-3 
Crystal Clock . .. .. ..... .... ........................ 5-4 
TTL Oscillator Clock . ..• • •... . ........•....•.•.... . 5-5 
TTL Oscillator Waveform . •••••.•••.••.• . • . . . • ..• •••• 5- 5 
Gating XTL1 •...•..•.• .•• • . • . • .•• •.• . •••.•.•.•.•... ,5-5 
16 - Bit Address Latch and Decode .•.•...•.........•.• 5-5 
a-Bit Address Latch and Decode ••••••• . •• .. ••• ••.... 5-6 
l6-Bit System Memory Map •.•••.•••.•• .. • ...•..... •.. 5-7 
l6-Bit ROM (4K) & Dynamic RAM (32K) Subsystem . .•.• . 5-7 
Column Address Setup and Hold Time Calculations •... 5-8 
16-Bit - 8-Bit Memory Organization ......... ....•.. 5-10 
8-Bit System Memory Map .. •...•••.••• .• •••••••••... 5-10 
8-Bit ROM (2K) & Dynamic RAM (16K) Subsystem •••.•• 5- 10 
8-Bit Mode Common I/O RAM ••••••.•.•.•.•..••.••.... 5-1l 
Early Write Timing Diagram .•••••••••••••••.•.•.•.• 5- l1 
General Interrupt & DMA Request Circuit • .. • .•... .. 5-12 
Decoding lack Information for 16 CP Devices ..•••.• 5-12 
Interrupt System •••... ...•.. .. .... •... . • • •••••••.. 5-l3 
Driving External Vector During Iack • .•.•..•.... •.. 5-14 
Interrupt Request Circuit (Priority Encoder) .•.•.. 5-15 
Direct CP Encoding Interrupt System ••..•.•..•.••.. 5-l6 
Single Channel DMA ..•.•••••••••.•.•...•.•.•....... 5-19 
Software DMR Control ••.•...•...•.•• •• • . •.• .• ••••.• 5-20 
8155 •••.•••••.• . •..•••••• .•.•.•.. .••• .• .•.• ..•. •.• 5-21 
2651 ... .... .... •...•.. .•.•.•.••••.•.... •.•.•.•.••• 5-22 
DC003 ..•.•••..•••..••••.•.•••..•...•.......•...... 5-23 
DC003 at Different Priority Levels .. . ............. 5-24 

ix 



CHAPTER 6 

6 - 1 
6-2 
6-3 
6-4 
6-5 
6- 6 
6 - 7 
6-8 
6-9 
6-10 
6-11 
6-1 2 
6-13 
6-1 4 
6-15 
6-16 
6-17 
6 - 18 
6-19 
6-20 
6- 21 
6-22 
6-23 
6-24 
6-25 
6-26 
6 - 27 
6-28 
6-29 
6-30 
6-31 
6- 32 
6-33 
6-34 
6- 35 
6 - 36 
6-37 
6 - 38 
6-39 
6- 40 
6-41 
6- 42 
6 - 43 
6-44 
6- 45 
6-46 
6-47 
6-48 
6-49 
6-50 
6-51 
6 - 52 

ADDRESSING MODES AND INSTRUCTION SET 

Single 
Double 
Mode 0 
Mode 2 
Mode 4 

Operand Addressing ••• 
Operand Addressing. 
Reg ister ..... . 
Autoincrement. 
Autodecrement. 

Mode 6 Index . . ... 
INC R3 Increment • .•. ...• • 
ADD R2, R4 
COMB R4 

Add ••••••• ••• 
Complement Byte . 

CLR (R5)+ Clear •••• •.• 
Clear Byte. 
R4 Add ••••• 

Increment •.. 
Increment Byte . 

• • 

CLRB (R5)+ 
ADD (R2) + 
INC -( RO) 
INCB -(RO) 
ADD - (R3), RO Add •••••••••• 
CLR 200 (R4) Clear • •••••••• 
COMB 200 (R1) 
ADD 30 (R2), 

Complement Byte . 
20 (R5) Add •••••• 

Mode 1 Register Deferred •.•.•• 
Mode 3 Autoincrernent Deferred. 
Mode 5 Autodecrement Deferred. 
Mode 7 Index Deferred .• 
CLR 
INC 
COM 
ADD 
ADD 
CLR 
ADD 
INC 

@ R5 Clear .....•••. 
@ (R2) + Increment. 
@ (RO) Complement •• 
@ 1000 (R2), R1 Add . 
t 10, RO Add ••• 
@ i 1100 Clear. 
@ • 2000 Add . 
A Increment .••• 

CLR @ A Clear ••.•.. 

• 

Single Operand Group • . •.•..• 
Do uble Operand Group .. •••••• 
Program Control Group Branch. 
Program Control Group JSR •.•• 
Program Control Group RST .• .••• 
Program Control Group 
program Control Group 
Operate Group •.•.• 
Condition Group .•. 
Byte Instructions. 
CLR . 
COM. 
INC. 
DEC. 
NEG. 
TST. 
ASR. 
ASR 

• 

Description. 
AS L .••••••.•... . 
ASL Description. 
ROR •••• • • •• •• • •• • • 

Traps .... 
Subtract . 

•• 

x 

• 

• 

. . 

• 

• 

• 

• 

. 6 - 5 

. 6-5 

.6 - 6 

. 6- 7 

.6-7 

.6-7 

.6-8 

.6-8 

.6-9 

.6-9 
. 6 - 10 
. 6-10 
.6 - 11 
.6-11 
. 6- 11 
. 6-12 
.6-13 
. 6- 13 
.6-14 
.6-14 
. 6-14 
. 6-15 
.6-15 
.6-15 
. 6-16 
. 6-16 
.6-18 
.6-19 
.6-19 
. 6-20 
.6-21 
. 6-23 
. 6-23 
.6-23 
.6-23 
.6-23 
. 6-24 
.6- 24 
.6-24 
.6-24 
.6-25 
. 6-28 
.6-28 
.6-29 
.6-29 

•• 6-30 
• .6-31 
.6-31 
. 6-32 
.6- 32 
.6-33 

. .... . 6- 33 



6-53 ROR Description. • • . 6-34 
6-54 ROL ••• •••••••• .• .6-34 
6- 55 ROL Description . • • • • • .6-35 
6- 56 SWAB •• . •• ... .... .6-35 
6- 57 Multiple Precision. • • • .6-36 
6- 58 ADC. • • . 6- 36 
6- 59 SBC . • • • • • • • • • • • • • .6-37 
6-60 SXT . • .6-38 
6-61 MFPS. • • • • • .6-38 
6-62 MTPS. • • • . 6 - 39 
6-63 MOY. • • .6 - 40 
6-64 eMP. . 6-41 
6- 65 ADD . • . 6-41 
6-66 SUB. . 6- 42 
6- 67 BIT . • • . 6- 43 
6-68 BIC . . 6-44 
6- 69 BIS . • .6-44 
6- 70 XOR . • . 6-45 
6- 71 BR •• .6-46 
6-72 BNE . .6-47 
6-7 3 BEQ • • • . 6-48 
6- 74 BPL . . 6-48 
6-75 BMI. • . 6- 49 
6 - 76 BYC . .6-49 
6- 77 BYS . • • • • .6-49 
6-78 BCC . . 6-50 
6- 79 BCS . • .6-50 
6- 80 BGE. . 6-51 
6-81 BLT . .6-52 
6-82 BGT . .6-52 
6-8 3 BLE . • • • . 6-52 
6-84 BHI. • • .6-53 
6-85 BLOS . • .6-53 
6-86 BHIS . .6-54 
6-87 BLO. . 6-54 
6-88 JMP. • • .6-54 
6-89 JSR. • • • .6-55 
6- 90 JSR Example. . 6-57 
6-91 RTS • • ••• • ••• • • . 6-57 
6-92 RTS Example . .6 - 58 
6-93 SOB •••••••• • • • .6-58 
6-94 EMT ••••••••• • . 6- 59 
6-95 EMT Example. • • • • • .6 - 60 
6-96 TRAP. • .6-60 
6-97 BPT. • .6-61 
6-98 lOT . • .6 - 61 
6- 99 RTI. • • • • • .6-62 
6-100 RTT . • .6-62 
6- 101 HALT . • .6 - 64 
6-102 WAIT . .6-64 
6-1 03 RESET . • . 6-65 
6-104 MFPT •• • • • • .6 - 65 
6-105 Condition Code Opera t ors. • .6-65 

xi 



APPENDIX A 

A- I 
A-2 
A- 3 
A-4 
A- 5 
A- 6 
A-7 
A- 8 
A- 9 
A-I0 
A-11 
A- 12 
A- 13 
A-14 
A-I S 
A-16 
A-17 
A-18 
A-19 
A-20 
A- 21 
A-22 

APPENDIX B 

B- 1 
B-2 
B- 3 
B- 4 
B-5 

CHAPTER 1 

1-1 
1-2 

CHAPTER 2 

2-1 
2-2 
2-3 
2-4 
2- 5 
2- 6 
2- 7 
2- 8 
2- 9 
2-1 0 
2-11 

DCTII - AA Block Diagram. 
16-Bit Static Read ••• 
16-Bit Static Write •• 
16-Bit Dynamic Read .• 
16-Bit Dynamic Write. 
S- Bit Static Read .. 
a- Bit Static Write •• 
a- Bit Dynamic Read •• 
a - 8it Dynamic Write. 
Refresh . • .... .•..• . . 
lACK Transaction •••. 
Bus Nap Transaction. 
DMA Transaction •. 
ASPI Transaction •• 
Ready ••.• . •.•• 
Power Up ........ . 
XTAL and COUT .• .• 
DCTII - AA Pin Layout .•• 
Mode Register •.•.... .. 
Processor Status Word. 
16-Bit Static Application. 
S- Bit Static Application •. 

MFPT Instruction . 
MFPS Instruction. 
MTPS Instruction. 
HALT Instruction. 
RESET Instruction. 

• 

TABLES 

ARCHITECTURE 

Interrupt 
Interrupt 

Signals . 
Decode ..... 

BUS TRANSACTIONS 

Write Conditions. 

. . 

Data Strobe .... ...... .... . 
Dynamic Addressing Scheme. 
AI Addressing •.•......•••• 
Address Strobes . .•..•••••• 
Dynamic Addressing 
AI Addressing • •. 
Address Strobes •• 
Data Strobes . .•.. 

Scheme •. 
• 

Wr i te 
Write 

Conditions. 
Control Timing. 

xii 

• 
• 

• 
• 

• •• 

. . 

• 

• 

.A-29 

.A-30 

.A-32 

.A-34 

. A-36 

.A-38 

.A- 40 

.A-42 

. A-44 

. A-46 

.A-48 

.A-50 

. A-52 

. A-54 

.A- 56 

.A-58 

.A-6 0 

.A-62 
• .A-63 
• . A-63 

. A-64 
• . A-65 

. B-5 

. B-6 

.B-7 

.B-8 

.B-8 

.1-8 

. 1-9 

. . 2-8 
, .2-8 
. 2-1 0 
.2-12 
.2-12 
. 2-16 
.2-16 
.2-16 
.2-16 
.2-17 
. 2-17 



2-12 
2- 13 
2- 14 
2- 15 
2- 16 
2- 17 
2- 18 
2- 19 
2- 20 
2-21 
2- 22 
2- 23 
2-24 

CHAPTER 3 

3-1 
3-2 
3- 3 
3- 4 
3 - 5 
3- 6 
3-7 
3- 8 

CHAPTER 4 

4- 1 
4- 2 

CHAPTER 5 

5- 1 
5-2 
5-3 

APPENDIX 

A- I 
A- 2 
A- 3 
A-4 
A-5 
A- 6 
A- 7 
A- 8 
A-9 
A- I0 
A- II 
A- 12 
A-13 
A- 14 
A- IS 

A 

Read Control Timing .•...... . •... .. . . . . ..•.•... .. . . 2-20 
Data Strobes . . ... . . . ..• •..•••.•••• . ..•.... . .•...• . 2- 20 
Write Control Timing .•• • ••.• . ..• •• •• • ••• • • ••• ....• 2- 22 
Dynamic Addressing Scheme • ... . .. ..•• ....... .. .. .. . 2-26 
AI Addressing . .. .•... ... . . ..•••.•.••.•. . ......... . 2- 26 
Address Stro bes ....... . . . ... . ... . ...... . .. ..... . . . 2-27 
Read Control Timing • . • • •.•. • . • •• .. • • •••••••••• .. . . 2 - 27 
Dynamic Addressing Scheme •. . . . . . • ..... . ....... .. .. 2- 30 
AI Address i ng .•.. . .• . . .. . .. . . ... .. . .. •...••• .. . .. . 2-30 
Address Strobes ...... ... . . . . . . ... . ... ... ... . . . . ... 2- 30 
Data Strobes .•.... • • •••• . • . • . •...• .•. • .•.• .• ...... 2- 3l 
Wr ite Cont rol Ti mi ng •. . •...•.....•...•... •.. .....• 2-31 
Interrupt Acknowledge Data • ••• • •.. .• ...• . • .• .•• •. • 2-34 

PI N DESCRIPTION 

Mapping of AI onto DAL in lack Transact i on •••• .• ••• 3- 5 
Signal and Pin Utilization l6-Bit Mode ..... . .. •• •• • 3- 6 
Signal and Pin Utilization 8-Bit Mode •. . •.•.•••...• 3- 7 
SEL<I:O> Functions i n Static or Dynamic 64K Mode . • • 3-8 
SEL <I:O> Functions in Dynamic 4K/16K Mode ••• .. . . ... 3- 8 
AI Functions ..... • ...• . . . .. .• •. •• •. •.• • . . .•• . • • • • • 3-10 
Control Signal Usage •••• .•. .•.•••• • • . • .• .• • ••. • ..• 3-11 
Refresh and Busnop •.• .• •••• .... • . ••• . • ... . . • . •.• . • 3-18 

MODE SELECT I ON 

Mode Register Bit Setting . . . ..• . •...••• . •••.•.•.•. • 4-3 
DCTII-AA Modes • • . . • . • • ••• • ••••• . • . •.•••.•.•••.• . • • . 4-4 

INTERFAC I NG 

Control Sig nals for Each Transaction •. .. . . ..•.•.••• 5-9 
Data Bus for Each Transaction •• . ••• . ••• . ••• . .•.•• • . 5-9 
DMR Max i mum Latencies .. . • • . .•. .. •••••• • ••• • .•• . .•. 5-l7 

Interrupt Decode . • .. • .. . . • .•.. . .. • .......•••.•..... A- 2 
D. C. Characteristics • .•.•.•.• .•••• • ••• • .• . • ••. •. • .• A- 3 
Sequences of Transactions ••. • ••.• . •.•••••.•.•• .. ••• A-4 
Signal and Pin Utilization 16 - Bit Mode ••• • • •. . ••. • . A- 6 
Signal and Pin Utilization 8-Bit Mode • . . . . . .•..•. .. A-8 
Dynamic Addressing Scheme • • •• • . . •• .. • • •• . •••.•••• • A- 10 
SEL<I : O> Functions in Static or Dynamic 64K Mode .• A- IO 
SEL<I:O> Functions in Dynamic 4K/16K Mode • .•.•. •. • A- IO 
AI Functions •• ••• . .• . . . . . . . ••• ••. .•••••••• . •.•.••• A-Il 
Control Signa ls f or Each Transaction .. . • • . •• •....• A-12 
Data Bus for Each Transaction ... .• . • . • . • .•.••• .. . . A-I3 
Summary of DCTl1 - AA Instructions •. • ••••• .. • . • •• •.• A- 14 
Numerical Op Code Li st . • •.•.. •. . • . • . •. • •• .• .• . •• •. A- 17 
Reserved Trap and Interrupt Vectors . . .••• • •..•• .. . A-18 
7- Bit ASCII Code •.•••• • ••••• • • . .•.• . ..••• ••• •• • ... A-19 

xiii 



A-16 
A-17 
A-iS 
A-19 
A-20 
A-21 
A-22 

APPENDIX 8 

8-1 
8-2 
8-3 
8-4 
8-5 

Octal, He x, Decimal Memory Addresses ..•. • . • •••.... A-20 
XOR & Si ngle Ope rand Instructions ..• . ..••...•..... A-2 2 
Double Oper and Instrllctions •.....•..•.••..•••••.•. A- 23 
Jump & Subroutine I ns tructions . . ..........•• •.•••• A- 25 
Branch , Trap, Interrupt Instructions .............. A-26 
MiscellaneoUs & Conditi o n Code Ins t ruct ions • .... .. A-27 
Maximum Latencies •...•..•.•• ••••• ••.......•... ... • 1\ - 28 

Sof tware Differences . . • . •...•.•.•••••••.••. ....•.. B-1 7 
Pr ocessor Codes .•..•.... ... ............ ....... ..... B-6 
PDP-II Instructions not Executed ..........• .•.•.• . . B-9 
Interrupt Priority Codes ....••....••••• •••• .•.•.•. B-1 3 
Start /Res tart Add resses • .• •••. . • .•... •.• . • . .•••••• B-1 4 

xiv 



PREFACE 

This user ' s guide is designed for engineers familiar with PDP-II 
architecture. Chapters one through six offer a tutorial on 
DCTII-AA architecture and operation (Chapter five includes some 
design examples). The appendix is exclusively reference material 
such as timing diagrams and instruction set tables. 

The guide can be used by both hardware and software specialists . 
The hardware specialist should become familiar with Chapters one 
through five , whereas the software specialist shou l d bec o me 
familiar with Chapters one , four, and six. 

One of the characteristics of the DCTII-AA is that it can be 
user-programmed to ope rate in a variety of modes, which affect 
both its functionality and timing . Chapter two (Bus Transactions) 
and Chapter three (Pin Description) are broken down by mode. This 
is done to allow the user to find, in one place, all the 
information relevant to the selected mode. 

I f the user 
application it 
read first . 

does not know which mode to 
is suggested that Chapter four 

use 
(Mode 

for a given 
Selection) be 

Appendix B briefly 
compatibilities of the 
family. 

lists the 
DCTII-AA and 

xv 

software differences and 
other members of the PDP-ll 



CHAPTER 1 

ARCHITECTURE 



1.1 I NTROD UCTION 
This chapter co n tains a description of the internal DCTII-AA 
arch i tecture. The chapte r is d i v ided into five sect ions cove ring 
all aspects of the architecture. The sections are: 

• Registers 
• Arithmetic & logic unit (ALU) 
• DCTII-AA hardware stack 
• Interrupts 
• DMA mechanism. 

1 . 2 REG I STERS 
Wi th reference to 
interna l registers 
registers are broken 

• General 
• Status 
• Mode. 

Figure 1-1 , DCTII - AA 
which are used for 
up into three groups: 

1.2.1 Gene r al Regis t ers 

contains a number 
various purposes . 

of 
The 

The DCTII - AA microprocessor contains eight 16-bit general-purpose 
registers that can per f orm a variety of functions . These registe r s 
can serve as accumulators, index registers , auto increment 
registers , autodecrement registers, or as stack pointers for 
temporary storage of data . Arithmetic operations can be fro m one 
general register t o another , from one memory location or device 
register to another, or between memory locations o r a device 
register and a general regi ste r. The eight 16-bit general 
registers (RO through R7) are identified in Figure 1-2 . 

Registers R6 and R7 , in the DCTlI-AA, are dedicated. R6 serves as 
the Stack Pointer (SP) and contains the location (address) of the 
last en tr y in the stack . Register R7 se r ves as the processor 
Program Counter (PC) and contains the address of the next 
instruction to be executed . It is normally used for addressing 
purposes only and not as an accumulator . 

1.2.2 Sta t us Register 
The Processor Status Word (PSW) contains information on the 
current processor status . This information i ncludes the cu r rent 
processor priority, t he cond i t i on codes describing the arithmetic 
or logic res u lts of t he last instructi on , and an i ndicator for 
detecting the execution of an instruction to be trapped du ring 
program debugging. This indicator (the T- bit) cannot be directly 
set or cleared. The T- bit can only be set or cleared when entering 
o r exiting an interrupt routine. The PSW format is shown in Figure 
1-3 certain instructions allow programmed manipulation of 
condition code bits and loading and storing (moving) the processor 
status. 
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Figure 1-1 DCTll- AA Block Diagram 



PROCESSOR STATUS 

" .. " " 
< 15:8> REAO AS ZEROS 

OJ NEGATIVE 

GENERAL REGISTERS 

STACK POINTER 

PROGRAM COUNTER 

Figure 1-2 

" " 00 '" : 

" 
" 
" 
RJ 

" 
AS 

" ... ...,,, 
Registers 

Figure 1-3 Pr oces so r Status Word 

1-4 



1.2.3 Mode Register 
With reference to Figure 1-4, the DCTII-A.A incorporates a user 
loadable mode register. The mode register is loaded at the time of 
power up. The user has the optio n of selecting any combination of 
the following modes : 

• lfi -bit or a - bit data bus 
• Dynamic or static memory support 
• 64K or 4K/16K dynamic memory support 
• Constant o r processor clock 
• Long or standard microcycle 
• Normal or delayed read/write timing 
• Tester or user operation 
• 1 of 8 start/restart address pairs. 

A complete discussion of the mode register is contained in Chapter 
4. 

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

START/ RESTART 

< 15:13> 

" " ,. .. 
START/RESTART ADDRESS 
TESTER/USER MODE 
l S·BITI8·BIT BUS 
64K141( OR lSK MEMORY 
DYNAMIClSTAltC MEMORY 

ADDRESS BITS START 
< 15:13> ADDRESS 

, "''''''' , "3000 , 00000o 

• .,"""" 
3 .,"""" , ...... 

'00000 
• , ..... 

.. 
<1:'1:> ., 
00 

RESTART 
ADOAESS 

",... 
"""" ()()()(J()O 

010004 ., .... 
"""'" , ..... , ..... 

NORMAL/DELAYED RIW 
RESERVED 
LONGISTANOARO MICROCYCLE 
CONSTANT/PRoceSSOR MODE CLOCK 

Figure 1-4 r-bde JEgister 

1.3 ARITHMETIC. LOGIC UNIT (ALU) 

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

Arithmetic and logical instructions of the 16-bit CPU are executed 
in the ALU. The ALU internally communicates with registers and 
buffers in order to execute i nstr uctions. 

1.4 DCT11-AA HARDWARE STACK 
The hardware stack is part of the basic design architecture of the 
DCTII-AA. It is an area of memory set aside by the programmer or 
by the operat ing system for temporary storage and linkage. It is 
handled on a LIFO (last in/first out) basis , where items are 
retrieved in the reverse of the order they were stored . On the 
DCTII-AA the stack starts at the highest location reserved f or it 
(376 octal at power up) and expands 1 inearly downward to a lower 
address as items are added to the stack . 
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It is not necessary to keep track of the actual locations into 
which data is being stacked. This is done automatically through 
the use of the Stack Pointer (SP). Register six (R6) always 
contains the memory address where the last item is stored in the 
stack. Instructions associated with subroutine linkage and 
interrupt se rv ice automatically use register six as the hardware 
stack pointer. For this reason, R6 is frequently referred to as 
the system SP. The hardware stack is organized in full word units 
only. 

1.5 INTERRUPTS 
Interrupts are requests, made by peripheral devices, which cause 
the processor to temporarily suspend its present program execution 
to service the requesting device. A device can interrupt the 
processo r onl y when its pr io r i ty ish ighe r than the processo r 
priority indicated by PSW<7:5> . 

DCTlI-AA supports a vectored interrupt structure (with 
internally generated vector addresses) with priority 
levels encoded on four lines. In add iti on, on separate 
supports two non - maskable interrupts Power Fail (-PF) and 

1.5 . 1 Interrupt Mechanism 

optional 
on four 
pi ns it 

-HALT. 

With reference to Figure 1-5, when the DCTII-AA receives an 
interrupt no action is taken until the end of the current 
instruction. Interrupts are only read during a read transaction o r 
ASPI transaction. Before fetchi ng the next instruction, the 
DCTII-AA arbitrates the interrupt priority. If the interrupt 
request has a higher priority than the processors, it initiates an 
Interrupt Acknowledge (lack) transaction (Refer to paragraph 
2 .1 2.). Following the lack transaction, the current PC and PSW are 
saved on the stack and the new PC and PSW are loaded from the 
vector address. 

LAST 
INSTRUCTION 

A 
I 
I 
I 

, , , 

''---'--, , 

~: 
I 
I 

l ACK FIRST INSTRUCTION OF 
SERVICE ROUTINE 

___ --'n'------'_ 
A. INTERRUPT REOUEST 
B. INTERRUPT REOUEST LATCHED INTO OCT11 .AA 

Figure 1-5 Interrupt Request 
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1.5.2 Interrupt Posting 
With the asse rtion of the signal 
read i nto the DCT11 -AA during 
Prior i ty In (ASPI) transaction. 

Priority 
any read 

In (PI), interrupts are 
transaction and Assert 

I nterrupts are read in on l y at the occ urr e nce o f PI . 

1.5 . 3 Interrupt Request (IRQ) 
With reference to Figures 1-5 and 1- 6, during the assertion of PI 
the interrupt request is read by DCTI1-AA . Refer to Tab l e 1 - 1 for 
signal names . Interrupt requests are implemented from the 
following seven differen t signals; 

Maskable Interrupts : 
• - CP<3 : 0> (Coded Pri ority ) . 

No n-maskable Interrupt: 
• -PF (Power Fail) 
• -HALT (Halt) • 

Control 
• 

(Internal 
-VEC 

or External) 
(Vecto r) . 

Vector: 

DCT11-AA detects an interrupt request if , during the assertion of 
PI, at least o ne of the f ollowi ng signa l s is asserted low: 

• - CP<3> (1'.1(1» 

• - CP<2> (1'.1 (2» 

• -CP<1> (1'.1<3» 

• -CP<D> (1'.1 (4» 

• -PF (1'.1(6» 

• -HALT (1'.1(7» • 

A><M > (((( (( ((((((( (( ((( 'N"",U,,"'OU'" ))) )) 

\'--.. -
Figure 1-6 Interrupt Timing 
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Table 1-1 Interrupt Signals 

Interrupt Pin Pin 
Signals Name Number 

-CPO> A1<1> 3 3 
-CP<2> )\1<2> 34 
-CP<l > AIO> 35 
-CP<O > AI<4> 3~ 
-VEC AI<5> 37 
-PF A1<6> 38 
-HALT )\I<7> 39 

1.5 . 4 Vectors 
Every interrupt except -HALT is associated with an interrupt 
vector. The interrupt vector consists of two words: the next PC 
and next PSW. The PC is the address of the routine to service an 
interrupt device. The PSW has new information to l oad into the 
processor status register. After the lack transaction, the current 
PC and PSW are saved on the stack and the new PC and PSW are 
loaded from the vector address. 

Up to 64 vectors may reside in the first 256 memory locations 
(octa l 374 is the highest vector location). The vector address is 
provided by the interrupting device (external vector address) or 
by a fixed table stored in the DCT11-AA (internal vector address). 

NOTE 
The Power Fail (-PF) interrupt uses 
interrupt vector address 24 and is 
not acknowledged with an lack 
transaction (refer t o paragraph 2. 1 2) . 
-HALT interrupt is not associated with a 
vector, it pushes the PC and PSW onto 
the stack and immed iately goes to the 
restart address with PSW 340. -HALT is 
not acknowledged. 

1.5.4.1 Internal Vector Address -- With reference to Table 1-2, if 
-VEC (AI<S» is not asserted (high) during the assertion of PI the 
DCTII - AA gets the vector address from an internal fixed table by 
decoding the inputs -HALT, -PF, and -CP <3:0>. 
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Table 1-2 Interrupt Decode 

-CPO > -CP(2) -CP(1) - CP(O> Priority vector 
(AI(1» (AI(2» (AIO» (AI ( 4» Level Address 

X X X X 8 - HALT * X X X X 8 24 -PF 

L L L L 7 140 
L L L H 7 144 
L L H L 7 150 
L L H H 7 154 
L H L L 6 100 
L H L H 6 104 
L H H L 6 110 
L H H H 6 114 
H L L L 5 120 
H L L H 5 124 
H L H L 5 130 
H L H H 5 134 
H H L L 4 60 
H H L H 4 64 
H H H L 4 70 
H H H H NO ACTION 

*PC is loaded with the restart address. PSW = 340. 

1.5.4.2 External Vector Address -- During the assertion of PI (-PF 
or - HALT not asse rted) , if - VEC (A1(5» is asserted ( low) DCTII-AA 
obtains the vector from the external device during an lack 
transaction. Asserting READY causes the DCTll-AA t o wait for the 
vector. 

1..5.5 Priority 
With reference to Table 1-2 , each interrupt is assigned a priority 
level. DCTII-AA divides interrupts into two groups: 

• Maskable 
• Non-maskable. 

1 .5.5.1 Maskable Interrupts Interrupts on -CP(3:0 > are 
maskable. With reference to Table 1-2 , the interrupts are se rviced 
acco rding to their priority level. 
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NOTE 
As in any multilevel priority structure, 
the PSW of the service routine must 
contain a priority level as high or 
higher than that of the interrupt 
request. Otherwise, the interrupt 
request continues to cause lack 
transactions (Refer to paragraph 2.12.) 
until the stack is full. 

1.5.5.2 Non-maskable Interrupts -- -HALT is the highest priority 
and interrupts the processor whatever the processor's status. 

NOTE 
The -HALT interrupt or execution of 
- HALT ins truction results in 
interrupt, n ot in stoppi ng 
processor. 

1.6 DIRECT MEMORY ACCESS COMA) MECHANISM 
During a OMA transaction the only lines that are 
DAL<15:0> . Low current pull-ups are placed on : 

• AI<7:0> 
• R/-WHB 
• R/-WLB 

the 
an 

the 

three-stated are 

The processor maintains control of -RAS , -CAS , and PT. 

With reference to Figure 1-7, a device requests control of the DMA 
bus (DA L(15:0>, A1(7:0>, R/-WHS, and R/-WL8) by asserting Direct 
M.emory Request (DMR (A1(O») during the assertion of PI. DMR is 
read during any assertion of PI, unlike interrupts which are read 

/ 

" / \ 

SE L< O> 

SEl< I> / 

DMAijUS -----------------------------------------,~---------

....... ". 
Figure 1-7 rMA Timirg 
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only during a read transactio n or an ASP! transaction. The 
processor waits for the end of the current t r ansaction (read, 
write, DMG , or ASPI) and then releases t he OMA bus. The req uesting 
device is s i gnaled, by the processor, by asserti ng the two 
signals : 

• SEL<O> (high) 
• SEL<l> (high) 

SEL<O> a nd SEL<l> indicate a Direct Memory Grant (DMG). 

The requesting device, having received DMG, performs the DMA by 
controlling the DMA bus. The processor cont in ues to output PI in 
order to allow the negation of DMR. The device holds contro l of 
the OMA bus until DMR is negated during PI. Multiple DMA devices 
can be implemented using a daisy chain structure as shown in 
Figure 1-8. 

" AI<O> IDM R) I I 
DEVICE' DEVtCE 2 

SEL<I !O>~ DMGl 
OCTI1-AA 

< ~ 
, 

~ 

21' -" 
v 

" 
Figure 1-8 D'\A Block Diag r am 
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CHAPTER 2 

BUS TRANSACTIONS 



2. 1 INTROD UCTION 
1\ basic discussion of each bus transaction is contained within 
this chapter. Paragraphs 2.3 through 2.10 pertain to the read and 
write transactions. The details of the read and write transactions 
change considerably in each of the following modes: 

• a-bit static 
• 8- b it dynamic 
• 16-bit static 
• 16-bit dynamic . 

Therefore, a seperate discussion for each 
transaction is presented. All other transactions 
they apply to the DCTII-AA. bus. 

2.2 THE BUS TRANSACTION 

read and write 
are described as 

With reference to Figure 2-1, each PDP-li instr uction is 
constructed of a number of transactions. 

2.2 .1 Transacti o n 
A transaction is defined as the 
DCTII - AA bus in order to perform a 

• Read 
• Wri te 
• Refresh 

activity taking place 
function such as: 

• lack (Inte r rupt Acknowledge) 
• OMA (Direct Memory Access) 
• ASPI (Assert Priority In) 
• NOP (No Operation). 

2.2.2 Mic r ocyc ! e 

on the 

Each transaction is made up of either one or two microcycles. A 
mi eroeyele is defined as the activity r equired fo r one 
micro - instruction to be executed. The mleroeyele performs the 
functions necessary for transferring information to and from the 
DCTII - AA bus , internally moving data , and calculating values. 

2.2.3 Cl ock Phase 
The basic building block of the DCTII-AA timing is the clock 
phase . Each microcycle is normally co nstructed of three clock 
phases 01, 02, a nd OW . During an ASPl transaction, lack 
transaction, OMA transaction, or when operating in long microcycle 
mode it is necessary to add a fourth phase, phase 0 (00), between 
02 and ow. All clock phases have the same duration between 
assertions. 
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2.3 16-BIT STATIC READ TRANSACTION 
A Read Transaction consists of three distinct processes: 

• Output of address 
• Input of data 
• Input of interrupt and DMA request (refer to paragraphs 

1. 5 and 2.14) . 

Detailed timing of a 16 -bit stat ic read transaction is found in 
Figure 1\-2 of Appendix A. 

NOTE 
All references to input or output refer 
to the processor. 

2.3.1 Output of Address 
With reference to Figure 2-3, the address is output on the Data 
Address Lines (DAL) 15 through 0 «15:0». The condition of DAL<O> 
indicates the address of a word, high byte, o r low byte. Data 
address lines are time multiplexed and used for both address and 
data. 

2.3.1.1 Address Control -- Refer to Figures 2-2 and 2-3. Address 
Strobe , which is used to latch the address into the memory system 
or register, is accomplished by means of Row Address Strobe 
(-RAS) . The address is latched upon the assertion (leading edge) 
of - RAS. 

2.3.2 Input of Data 
Wi th reference to Figure 2-3, 
DAL<lS:O> during the period 
asserted. 

the input data should 
of time that Priority 

be 
In 

valid 
(PI) 

on 
is 

2.3.2.1 Data Control -- The data strobe, which the processor uses 
to latch the input data, is accomplished by means of Column 
Address Strobe ( -CAS ). The data is latched upon the negation 
(trailing edge) of -CAS. Read/write control is accomplished 
through the use of two signals: 

• Read/- Write High Byte (R/-WHB) 
• Read/-Write Low Byte (R/-WLB) . 

Both of these signals remain high during a read transaction. 

2.3.3 Instruction Fetch 
An instruction fetch is indicated by two signals: 

• • 
SEL<O} 
SEL<l> 

High 
Low. 

Refer to Figure A-2 in Appendix A. 
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A " DAL< 15:0> OATA 
ADDRESS 

" V 
- RAS 

OCT ll·AA CAS ADDRESS 

" 
STROBE 

WRITE 
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.'-
Figure 2-2 l6-Bit Static Read Block Diagram 

OAL< 15;O> 

AI <7:O> 

- RAS 

- CAS 

" 

R/-WH8 

R/-WLB 

ADD RESS ST ROBE 

DATA IN 

INT &. DMA 
REQUEST 

Figure 2-3 l6-Bit Static Read Timing 
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2.4 16-BIT STATIC WRITE TRANSACTION 
A write transaction is comprised of three distinct processes: 

• Output of address 
• Output of data 
• Input of DMA request (refer to paragraph 2.14). 

Detailed timing of a 16 - bit static write transaction is found in 
Figure A-3 of Appendix A. 

NOTE 
All references to input or output refer 
to the processor. 

NOTE 
Other than writing the stack during an 
interrupt or trap, a write transaction 
is always preceded by a read transaction 
and the two are indivisible. 

2.4.1 Output of Address 
With reference to Figures 2- 4 and 2-5 , the address is output on 
DAL<15:0>. The condition of OAL<O> indicates the addressing of a 
word, high byte, or low byte. Refer to Table 2-1. DAL<15:0> are 
time multiplexed and used for both address and data. 

2.4.1.1 Address Control -- Address strobe, which is used to latch 
the address into the memory system or register, is accomplished by 
means of -RAS. The address is latched upon the assertion (leading 
edge) of -RAS. 

2.4 . 2 Output of Data 
With reference to Figure 2-5, the data is output on DAL<l5:0> 
before the assertion (leading edge) of PI. 

2.4.2.1 Data Control - - The signal used to latch the data into the 
memory system or register and the edge required is found in Table 
2-2. 

Write control is accomp lished through the use of two signals: 

• R/-WHB 
• R/-WLB. 

Table 2-1 indicates the conditions necessary to address and write 
a memory. 
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WRITE 
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R/_WHB t 1 A/-WLB 

.. -
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DAL<lS:O> 
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" 
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\ 

\ 

ADDRESS STROBE 
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ONAREaum 1)))1 

, • 
, 

DATA STROBES .. ~ ..... , 
Figure 2- 5 16- Bit Stat ic Write Timi~ 
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Addressed 

WORD 
LOW BYTE 
HIGH BYTE 

Memory 

EVEN 
EVEN 
ODD 

Sig nal 

-RAS 
-CAS 
PI 
PI 

Table 2-1 Write Conditions 

Address 

(DAL(O>=O) 0 
(DA L (O >=0) 1 
(DAL (O>=l) 0 

Table 2-2 Data Strobe 

Edge 

Negation (trailing) 
Negation (trailing) 
~ssertion (leading) 
Negation (trail ing) 
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2.5 1 G- BIT DYNAMIC READ TRANSACTION 
A read transaction consists of three distinct processes: 

• Output of address 
• Input of data 
• Input of interrupt and DMA request (refer to paragraphs 

1.5 and 2.14). 

Detailed timing of a 16-bit dynamic read transaction is found in 
Figure A-4 of Appendix A. 

NOTE 
All references to input or output refer 
to the processor. 

2.5.1 Output of Address 
Both static and dynamic addresses are output concurrently while in 
dynamic mode. 

2.5.1.1 Dynamic Address - - With reference to Figures 2-6 and 2-7, 
the address is output on the Address Interrupt (AI) lines 7 
through 0 «7:0». The AI lines output the row address first and 
second the column address. Table 2-3 indicates the address bits 
required in 4/16K mode and 64K mode. 

NOTE 
The AI 1 ines are not in order. Refer to 
Table 2-4 . 

2.5.1.2 Static Address -- The addressing of a static ROM, RAM, or 
register in a system supporting dynamic devices is accomplished by 
outputs concurrent with the AI<7:0>. The concurrent address is 
output on DAL<15:0>. 

2.5.1.3 Address Control Table 2-5 
edge required to latch each portion of 
system or register. 

indicates the signals and 
the address into the memory 

2.5.2 Inpu t of Data 
With reference to Figure 2- 7, 
DAL<15:0> during the period of 

the input data 
time that PI is 

should be val id on 
asserted. 

Table 2-3 Dynamic Add r essing Scheme 

Mode Memory Chip Address AI Used 

4/lfiK 4K X 1 A1--A12 <G:1> 
4/1GK 1GK X 1 A1 - -A14 <7:1> 
64K G4K X 1 A1 --A1S <7:0> 
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2 .5. 2 .1 Data Control -- The data strobe, wh i ch the processor uses 
to latch the input data , is accompl ished by means of - CAS . The 
data is latched upon the negation (trailing edge) of - CAS . Write 
control is accomplished through the use of two s ignals: 

• R/-WHB 
• R/-WLB. 

Both of these signals remain high during a read transaction. 

2 . 5 . 3 Instruction Fetch 
An instruction fetch is indicated by diffe rent signals depending 
o n the mode . Refer to Tables A-4, A-7, and Figure A-4 in 
Appendix A. 

2.5 . 3 . 1 4K/16K Mode -- In 4K/16K l6-bit dynamic mode Al<O> is 
asse r ted at the leading edge of - RAS t o ind i cate a fetch 
ope rati on. AI<O> is 3- stated befo re the lead ing edge PI. 

Fetch is indicated by: AI<O> high 

NOTE 
During refresh, the AI lines have t he 
refresh counter address on them . 

2.5 .3. 2 64K Mode 64K and static modes use SEL<O> high and 
SEL<l> low to indicate a fetch condition . When SEL<O> signifies a 
fetch, it is asserted only during the read cycle. 

Address 

ROW 
COLUMN 
DilL 

AI 

<0> 
<1> 
<2> 
0> 
<4> 
<5> 
<6> 
<7> 

Fetch is indicated by: SEL<O> high 
SEL<l> l ow 

Table 2-4 AI Addressing 

ADDRESS 
4K 16K 64K 

RAS -CAS RAS 

FET 1.14 illS 
III 112 III 
113 114 113 
liS 116 liS 
117 118 117 
1.9 1110 119 
1111 1112 1111 
1113 1114 1113 

Table 2-5 Address Strobes 

Signal Edge Device 

-RAS Assert i o n (lead i ng) Dynamic 
-CIIS Assertion (leading) Dynam ic 

CAS 

1114 
112 
!\4 
116 
118 
111 0 
1112 
1114 

R/-WHB 

1 
1 

- RAS Asse rt ion (l ead i ng) Dynamic o r Static 1 
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2.6 16-BIT DYNAMIC WRITE TRANSACTION 
A write transaction consists of three distinct processes: 

• Output of address 
• Output of data 
• Input of DMA request (refer to parag raph 2 . 14). 

Detailed timing of a 16 -bit dynamic write transaction is found in 
Figure A-S of Appendix A. 

NOTE 
All references to input or output refer 
to the processor. 

NOTE 
Other than wri ting the stack during an 
interrupt or trap, a write transaction 
is always preceded by a read transaction 
and the two are indivisible. 

2.6.1 Output of Address 
Both static and dynamic addresses are output concurrently while in 
dynamic mode. 

2 .6.1.1 Dynamic Address -- With reference to Figures 2-8 and 2- 9, 
the address is output on AI<7:0>. The AI lines output the row 
address first and second the co lumn address. Table 2-6 indicates 
the address bits required by memories in 4/16K mode and 64K mode. 

NOTE 
The AI lines are not in order. Refer to 
Table 2-7 . 

2.6.1.2 Static Address -- The addressing of a static ROM, RAM, or 
register in a system supporting dynamic devices is accomplished by 
outputs concurrent with the AI<7:0>. The concurrent address is 
output o n DAL<15:0>. 

2.6.1.3 Address Control Table 2 - 8 indicates 
edge required to latch each portio n of the address 
system or register. 

2.6.2 Output of Data 

the signal a nd 
into the memory 

With reference to Figure 2-9, the data is ou tput on DAL<15:0>. 

2.6.2.1 Data Control -- The signals used to latch the data into 
the memory system or register and the edge required is found in 
Table 2-9. Write contro l is accomplished through the use of two 
signals! 

• R/-WHB 
• R/-WLB. 

Table 2-10 indicates the conditions necessary to address and write 
a memory system or register. The assertion of R/-WHB and R/-WLB 
is found in Table 2-11. 
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Address 

ROW 
COLUMN 
DAL 

Table 2-6 Dynamic Addressing Scheme 

Mode 

4/16K 
4/16K 
64K 

AI 

<0> 
<1> 
<2> 
0> 
<4> 
<S> 
<6> 
<7> 

Signal 

-RAS 
-CAS 
-RAS 

Signal 

-RAS 
- CAS 
PI 
PI 

Memory Chip Address AI Used 

4K X 1 A1 --A1 2 <6 :1 > 
16K X 1 A1--A14 <7 : 1 > 
64K X 1 A1 --A1S <7:0> 

Table 2-7 AI Addressing 

ADDRESS 
4K/l6K 64K 

-RAS CAS -RAS - CAS 

FET A14 AIS A14 
Al A2 Al A2 
A3 A4 A3 A4 
AS A6 AS M 
A7 AS A7 !\8 
A9 AIO A9 AIO 
All A12 All Al2 
Al3 A14 Al3 Al4 

Table 2-8 Address Strobes 

Edge Device 

Assertion (leading) Dynamic 
Assertion (leading) Dynamic 
Assertion (leading) Dynamic 

Table 2-9 Data Strobes 

Edg e 

Negation ( trailing) 
Negation (trailing) 
Assertion (leading) 
Negation (trai l ing) 
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Table 2-10 Write Conditions 

Addressed Memory Address R/-WHB R/-WLB 

WORD EVE:N (OH(O>=O) 0 0 
LOW BYTE EVEN (OI'.L(O>=O) 1 0 
HIGH BYTE 000 (OI'.L(O >=1) 0 1 

Table 2-11 Write Control Timing 

Signal Mode Parameter 

R/-WHB NORMI'.L Wr i te control before -CM assertion 
R/- WLB NORMI'.L Wr i te control before - CM assertion 
R/-WHB OELI'.YED Write control at or after -CAS assertion 
R/-WLB DELAYED Wr i te control at or after -CI'.S assertion 
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2.7 8-BIT STATIC READ TRANSACTION 
A read transaction consists of three distinct processes: 

• Output of address 
• Input of data 
• Input of interrupt and DMA request (refer to paragraphs 

1.5 and 2.14). 

Detailed timing of a 8-bit static read transaction is found in 
Figure A-6 of Appendix A. 

When a word-read or a word-write is being executed, the 
transaction is repeated twice and the two transactions are 
indivisible. For example, the MOV (move word) instruction first 
does a read transaction and addresses the low byte data. The 
address is then incremented by one and the second read transaction 
addresses the high byte data. In the case of the MOVB (move byte) 
instr uction, the transaction occurs o nly once. 

NOTE 
All references to input or output refer 
to the processor. 

2. 1.1 Output of Address 
With reference to Figures 2-10 and 2-11, the high byte address is 
output on the Static Address Lines (SAL) 15 through 8 «15:8». 
The low byte of the address is output on DAL<7:0). Data address 
lines are time multiplexed and used for both address and data. 

2.7.1.1 Address Control -- Address strobe which is used to latch 
the address into the memory system or register, is accomplished by 
means of -RAS. The address is latched upon the assertion (leading 
edge) of -RAS. 

2.7 . 2 Input of Data 
With reference to Figure 2-11, the input data should be valid on 
DAL<7:0) during the period of time that PI is asserted. 

2.7.2.1 Data Control -- The data strobe, which the processor uses 
to latch the input data, is accomplished by means o f - CAS. The 
data is latched upon the negation (trailing edge) of -CAS. Read 
cont r ol is accomplished through the use of the signal -Read 
(R/-WHB). The assertion of -Read is found in Table 2-12. 

2.7.3 Instruction Fetch 
An instruction fetch is indicated by two signals: 

• SEL<O) High 
• SEL<l) Low. 

Refe r to Figure A-6 in Append ix A. 
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Table 2-12 Read Control Timing 

Signal Mode Parameter 

-RD (R/ -WHB ) NORMAL Read control before -CAS assertion 
-RD (R/-WHB) DELAYED Read control at or after -CAS assertion 

Signal 

-RAS 
-CAS 
PI 
PI 

Table 2-13 Data Strobes 

Edge 

Negation (trailing) 
Negation (trailing) 
Assertion (leading) 
Negation (trailing) 
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2.8 
A write 

8-BIT STATIC WRITE TRANSACTION 
transaction consists of three distinct processes: 

• Output of address 
• Output of data 
• Input of OMA request (refer to paragraph 2.14). 

Detailed timing of a a-bit static write transaction is found in 
Figure A-7 of Appendix A. 

When a word -re ad or a word-write is being executed, the 
transaction is repeated twice and the two transactions are 
indivisible. For example, the MOV (move word) instruction first 
does a read transaction and addresses the low byte data. The 
address is then incremented by one and the second read transaction 
addresses the high byte data. In the case of the MOVe (move byte) 
instruction, the transaction occurs only once . 

NOTE 
All references to input or output refer 
to the processor. 

NOTE 
Other than writing the stack during an 
interrupt or trap, a write transaction 
is always preceded by a read transaction 
and the two are indivisible. 

2.8.1 Output of Address 
With reference to Figures 2-12 and 2-1 3, the high byte address is 
output on the Static Address Lin e (SAL) 15 through 8 «15:8». 
The low byte of the address is output on DAL<7:0>. Data address 
lines are time multiplexed and used for both address and data. 

2.8 .1.1 Address Control -- Address strobe, which is used to latch 
the address into the memory system o r register, is accomplished by 
means of -RAS. The address is latched upon the assertion (leading 
edge) of -RAS. 

2.8.2 Output of Data 
With reference to Figure 2-13, the data is o utput o n DAL<7:0> 
before the assertion (leading edge) of PI. 

2.8.2.1 Data Control -- The signals used to latch the data into 
the memory system o r register and the edge required is found in 
Table 2-13. 

Write Control is accomplished through the use of the signal -Write 
(R/-WLB) . The assertion of -Write is found in Table 2-14. 

Table 2-14 Write Control Timing 

Signal Mode 

-WT (R/-WLB) NORMAL 
-WT (R/-WLB) DELAYED 

Parameter 

Write control before -CAS assertion 
Write control at or after -CAS assertion 
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2.9 8-BIT DYNAMIC READ TRANSACTION 
A read transaction consists of three distinct processes: 

• Output of address 
• Input of data 
• Input of interrupt and DMA request (refer to paragraphs 

1.5 and 2.14). 

Detailed timing of a 8-bit dynamic read transaction is found in 
Figure A-8 of Appendix A. 

When a word-read or a word - write is being executed, the 
transaction is repea t ed twice and the two transactions are 
indivisib l e. For example, the MOV (move word) instruction first 
does a read transaction and addresses the low byte data. The 
address is then incremented by one and the second read transaction 
addresses the high byte data. In the case of the Mova (move byte) 
instruction, the transaction occurs only once. 

NOTE 
All references to input or output refer 
to the processor. 

2.9.1 Output of Address 
Both static and dynamic addresses are output concurrently while in 
dynamic mode. 

2.9.1.1 Dynamic Address With reference to Figures 2-14 and 
2-15, the address is output on 10.1<7:0>. The AI lines output the 
row address first and second the column address . Table 2-15 
indicates the address bits required in 4/16K mode and 64K mode. 

NOTE 
The AI lines are not in order. Refer to 
Table 2- 16. 

2.9.1.2 Static Address Addressing of a static ROM, RAM, or 
register in a system supporting dynamic devices is accomplished by 
outputs concurrent with the AI<7:0>. The high byte of the address 
is output on the Static Address Lines (SAL) 15 through 8 «15:8». 
The low byte of the address is output on DAL<7:0>. 

2.9.1.3 Address Control Table 2-17 indicates the signal and 
edge required to latch each portion of the address into the memory 
system or register. 

2.9.2 Input of Data 
With reference to Figure 2-1 5, the input data should be valid on 
DAL<7:0> during the period of time that PI is asserted. 

2.9.2. 1 Data Contro l -- The data strobe, which the processor uses 
to latch the input data , is accomplished by means of -CAS. The 
data is latched upon the negation of (trailing edge) of - CAS. Read 
control is accomplished through the use of one signal -Read 
(R/-WHB). The timing of - Read is found in Table 2 - 18. 
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2.9.3 Instructi on Fetch 
An instruction fetch i s indicated by dif f erent signals depending 
on the mode. Refer to Figure A-8 in Appendix A. 

2.9.3 .1 4K/16K Mode In 4K/16K a-bit dynamic mode 
asserted at the leading edge of -RAS to indicate 
operation . Al<O> is 3-stated before the lead ing edge PI. 

AI<O> is 
a fetch 

Fetch is indicated by: AI<O> high 

NOTE 
During refresh, th e AI lines have the 
refresh counter address on them . 

2.9.3.2 64K Mode -- 64K and static modes use SE L <O> high and 
SEL(l) l ow t o indicate a fetch cond ition. When SEL(O> signifies a 
fetch, it is asserted only dur ing the low byte rea d cycle. 

Mode 

4/16K 
4/16K 
64K 

AI 

<0> 
<1> 
<2> 
<3> 
<4> 
<5> 
<6> 
<7> 

Fetch is indicated by: SEL<O> high 
SEL(l) low 

Table 2-15 Dynamic Addressing Scheme 

Memory Chip Address AI Used 

4K X 1 AO--All <6: 1> 
16K X 1 AO--A13 <7:1> 
64K X 1 AO--A15 <7:0> 

Tab le 2-16 AI Addressing 

ADDRESS 
K 16K 64K 

-RAS -CAS RAS -CAS 

FET A1 4 A15 A14 
Al A2 Al A2 
A3 A4 A3 A4 
A5 A6 A5 A6 
A7 AS A7 AS 
A9 Al0 A9 Al0 
All AO All AD 
A13 A12 Al3 A12 
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Table 2-17 Address Strobes 

Address Signal Edge Device 

ROW - RAS Assertion (leading) Dynamic 
COLUMN - CAS Assertion (leading) Dynamic 
SAL -RAS Assertion ( leading) Dynamic or Static 
DAL -RAS Assertion (leading) Dynamic or Static 

Table 2-18 Read Control Timing 

Signal Mode Parameter 

-RD (R/-WHB ) NORMAL Read control before -CAS assertion 
-RD (R/-WHB) DELAYED Read control at or after -CAS assertion 
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2.10 8-BIT DYNAMIC WRITE TRANSACTION 
A write transaction consists of three distinct processes: 

• Output of addresses 
• Output of data 
• Input of DMA request (refer to paragraph 2.14) . 

Detailed timing of a a -bit dynamic read transaction is found in 
Figure A- 9 of Appendix A. 

When a word-read or a word-write is being executed, the 
transaction is repeated twi ce a n d th e t wo transact i ons are 
indivisible. For example, the MOV (move word) instruction first 
does a read transaction and addresses the low byte data.. The 
address is t hen incremented by one and the second read transaction 
addresses the high byte data . In the case o f the MOVS (move byte) 
instruct i on , t he transaction occ u rs only once. 

NOTE 
All references to input or output refer 
to the processor. 

NOTE 
Other than writing the stack during an 
interrupt or trap, a write transaction 
is always preceded by a read transaction 
and the two are indivisible. 

2.10.1 Ou tput of Address 
Both static and dynamic addresses are output concurrently while in 
dynamic mode. 

2.10. 1 .1 Dynamic Address -- With reference to Figures 2 - 16 and 
2-17, th e address is output on AI<7 : 0>. The AI lines output the 
row address first and second the column address . Table 2- 19 
indicates the address bits required in 4/16K mode and 64K mode. 

NOTE 
The AI lines are not in order. Refer to 
Table 2- 20. 

2.10.1.2 Static Address -- Addressi ng of a static ROM, RAM, or 
register in a system which is supporting dynamic devices is 
accomplished by outputs concurrent with AI<7:0> . The high byte of 
the add r ess is output on SAL<15:8>. The low byte of the address 
is output on DAL<7:0>. 

2.10.1.3 Address Contro l -- Table 2-21 indicates the signal and 
edge required to latch each portion of the address into the memory 
system or register. 
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2.10.2 Output of Data 
With reference to Figure 2- 17, the data is o utput on DAL<7:Q>. 

2 .10. 2.1 Data Cont rol -- The signals used to latch the data into a 
memory system or register and the edge required i s found in Table 
2-22. 

Write control is accomplished through the use of one signal - Write 
(R/-WLB) . The timing of - Write is found in Table 2- 23. 

Table 2-19 Dynamic Addressing Scheme 

Mode Memory Chip Address AI Used 

4/16K 4K X 1 A.O--A.11 <6:1') 
4/16K 16K X 1 AD--A13 <7 :1> 
64K 64K X 1 AD--A15 <7,0> 

Table 2- 20 AI Addressing 

AI ADDRESS 
4K 16K 64K 

- RAS -CAS - RAS -CAS 

<0> FET A 14 A15 A14 
<1> Al A2 Al A2 
<2> A3 M A3 M 
<3> AS A6 AS A6 
<4 > A7 A8 A7 A8 
<5> A9 A10 A9 AIO 
<6> All AD All AO 
<7> A13 A12 A13 A12 

Table 2-21 Address Strobes 

Address Signal Edge Device 

ROW -RAS Assertion (leading) Dynamic 
COLUMN - CAS Assertion (leading) Dynamic 
SAL -RAS Assertion (leading) Dynamic or Static 
DAL -RAS Assert i on (leading) Dynamic or Static 
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Table 2-22 Data Strobes 

Signal 

-RAS 
-CAS 
PI 
PI 

Edge 

Negation (trailing) 
Negation (trailing) 
Asser tion (leading) 
Negation ( trailing) 

Table 2-23 Write Control Timing 

Signal Mode 

-WT (R/-WLB) NORMAL 
-WT (R/-WLB) DELAYED 

Parameter 

Write control before - CAS assertion 
Write control at or after -CAS assert ion 
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2.11 REFRESH TRANSACTION 
A refresh transaction consists of three disti nct processes: 

• Output of refresh address 
• Add r ess control 
• Output of SEL(O> and SEL(l> (in 4K/16K mode on l y) . 

Detailed timing of a ref r esh transaction is found in Figure A-IO 
of Appendix A. 

NOTE 
All r efe rences to input o r output refer 
to the processo r. 

2 .11.1 Output of Refresh Address 
With reference to Figures 2-18 and 2-19 , the refresh add ress i s 
output on AI<7:0 > . Refresh occurs at dif ferent times; 

• After an instruction fetch: 
a - b i t mode - every inst r uction 
16-bit mode - a fter every other instruction. 

• Afte r addressing modes 5, 6, and 7: 
INDEX 
INDE X DEFERRED 
AUTO DECREMENT DEFERRED. 

• Dur i ng the following instructions: 
HALT 
TRAP 
8PT 
lOT. 

• During a l l interrupts and traps. 

2.11. 2 Add ress Control 
Address strobe , which is 
memory , i s accomplished by 
upon the assertion (lead ing 

used to 
means of 
edge) of 

2.11.3 Ou t put o f SE L<O> and SEL(l> 

latch 
-RAS . 
- RAS. 

the 
Th e 

add r ess in t o the 
a ddress i s l atched 

With reference to Figure 2- 19, if mode register bit 10 is not set 
(MR<lO> = 14K/ 16K mode), during the refresh transaction: 

• SEL<O > High 
• SEL<l> Low. 

If MR<lO> is set (MR< lO > = 0 n4K mode), d urin g the r efresh 
transaction : 

• SE L<O> Low 
• SEL<l> Low. 
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2.13 BUSNOP (No Operation) TRANSACTION 
A busnop transaction Is a specific processor state in which no 
processes occur at the outputs. Th e following is a list of the 
states found at the outputs: 

. DAL<15:0> 
• AI(7:0> 

• -RAS 
• - CAS 
• PI 
• R/- WHB 
• R/-WLB 
• SEL<O> 
• SEL<l> 

Previously latched data 
Three-state (static mode) invalid o ut put 
(dynamic mode) 
High 
High 
Low 
High 
High 
Low 
Low. 

Detailed timing of a busnop transaction is found in Figure 1\-12 of 
Appendix A. 

Examples of when a busnop transaction occurs are: 

• Instruction decode cycle 
• During internal processor computations. 
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2.14 DMA (Direct Memory Access) TRANSACTION 
A DMA transaction consists of three processes: 

• Three-state of DAL<15:0>, and internal pullups on 
AI(7:0>. R/-WHB. R/ - WLB 

• Output of -RAS, -CA S , and PI 
• Output of DMG. 

Detailed timing of a OMA transaction is found in Figure A- 13 of 
Appendix A. 

NOTE 
All ref e r ences to input or o utput refer 
to the processor. 

Upon receiving a DMA request on AI<O> the processor at the end of 
the current transaction, initiates a DMA transaction . The DCTII-AA 
provides -RAS, - CAS, PI, and COUT signals. The external circuitry 
has the responsiblity for controlling the R/-WHB and R/- WLB lines, 
providing the address, and providing or accepting data . 

During DMA transfers , system circuity goes through the following 
sequence: 

• A DMA request (DMR) to the DCTII -AA is made by driving 
AI<O> low during PI 

• The request is latched into the DCTII-AA during PI and 
shortly thereafter a DMA grant is issued. 

• The processor relinquishes control of the bus to the 
device requesting the DMA. 

If the bus is required for a longer period of t ime the requesting 
device must insure that AI<O> is low at the negation (trailing 
edge) of each PI. 

2.14.1 Three-state of DAL<15:0> 
With reference to Figure 2-22, the processor three-states 
DAL<15:0>. This is required to free the bus for the requesting 
device. AI<7:0>, R/-WHB, and R/-WLB have internal pull-ups . 

2 .14 .2 Output o f -RAS, -CAS, and PI 
-RAS and - CAS are generated , during the DMA transaction, for use 
by the dynamic memory system as timing strobes . Refer to Figure 
2-22. The output of PI is continued for the purpose of st r obi ng 
the input of another DMA request on AI<O>. The DHA request is 
latched into the processor upon the negation (trailing edge) of 
PI. 
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2.14.3 Output of Direct Memory Grant (DMG) 
With reference to Figure 2-22, when the grant is issued the 
DCTII-AA takes the following actions: 

• SEL(O> and SEL<l> are asserted (high) informing the 
system that the grant has been issued and both Signals 
are valid at the assertion (leading edge) of -RAS. 

• -RAS, - CAS, PI, and COUT are driven with the timings 
specified in the OMA transact ion timing diagram (Appendix 
A, Figure 1\ - 14) 

• OAL l s are three-stated 

• Al(7:0), R/-WHB, and R/-WLB have internal pUll-ups. 

When the grant is issued external circuitry must drive the R/-WHB 
and R/- WLB lines, and initially drive the DAt i s with the address . 
In dynamic memory systems the address must be multiplexed on 
AI<7:0> so that the memory chips are provided with row and column 
addresses at the appropriate times. Later in the transaction the 
data transfer on the DAL's takes place in a direction controlled 
by the state of the R/-WHB and R/-WLB lines . 

2.14.4 READY Input 
If the READY input is activated (refer to paragraph 3.4.6) 
transaction is extended by one microcycle (depending 
pulsing of READY, more microcycles may be added). 
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2.15 
An ASP! 

ASPI (Assert Priority In) TRANSACTION 
transaction cons i sts of two processes: 

• Input of interrupt and OMA request 
• -CAS without -RAS. 

Detailed timing of an ASPI transaction is found in Figure A-14 of 
Appendix A. 

NOTE 
All reference to input or output refer 
to the processor. 

With reference to Figures 2- 23 and 2- 24 , the processor reads 
AI<7:0). If any line is asserted the processor acts on the 
interrupt (depending on the priority); if not , no action takes 
place. For information concerning the interrupt structure, refer 
to paragraph 1.5 . The ASP! transaction generates a - CAS without 
generating a -RAS. ASPI transactions occur only during a RESET 
instruction, HALT instruct i on/interrupt , WAIT instruction, or 
during the power up sequence. 

2 .15.1 Input Control 
The interrupt strobe, which the processo r uses to latch the 
interrupt and DMA request data, is accomplished by means of PI. 
The interrupt is latched by the processor upon the negation 
(trailing edge) of PI. 
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CHAPTER 3 

PIN DESCRIPTION 



3.1 INTRODUCTION 
Chapter 3 describes the functions performed by each individual 
DCTII - AA pin. The pins and thus the chapter are divided into five 
groups: 

• Data/Address Lines (DAL <1 5:0» 
• Address/Interr upt (AI<7:0» 
• Control lines (SEL(l:O>, R/- WHB, R/-WLB, - RA5, - CAS , PI, 

Ready) 
• Miscellaneous signals (- BCLR , PUP , CQUT, XTLl, XTLO) 
• Power pins (BGND , GND, Vee). 

With reference to Figure 3- 1, and Tables 3- 1 thro ugh 3- 5, several 
DCTII-AA pins perform different functions depending on the mode . 
Therefore, signal names vary from the pin names. The mode 
dependent pins are: 

• DAL<15:0> 
• AI<7:0> 
• Selec t (SEL(l: 0» 
• Read/- Write High Byte (R/-WHB) 
• Read/- Write Low Byte (R/- WLB) 
• Clock Output (COUT). 

Each pin function is described under the pin name. If the pin is 
mode dependent a description of each mode is f ound unde r the pin 
name. 

3.2 DATA ADDRESS LINES (DAL(15:0» 
DAL<15:0> functions are dependent upon the selection of 8- bit or 
16- bit mode . During read/write transactions (refer t o paragraph 
2 . 2.1) the DAL's are time multiplexed in two ways. In 16-bit mode , 
they multiplex the address then the data . In 8- bit mode, in 
addition to the address/data mu l tiplexing there is a low byte/high 
byte multiplexing . 

3 . 2 .1 16-Bit Mode - OAL(15:0> 
DAL<15:0> are used in six cases ; 

During a r ead/write transaction: 
DAL<15:0> are ti me multiplexed and used for the address 
and the data. Read/write transactions are defined in 
paragraphs 2 .3 - 2 . 10 . 

During an Iack transaction: 
The informat i on present on AI<5: 1> a t the time of the 
interr upt request is o u tp ut on DAL<12 :8 >. Refer to Table 
3-1. Paragraph 2.12 defines the lack ( In terrupt 
Acknowledge) transaction . 
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During a DMA transaction : 
DAL<15:0> are three-stated . 
access) transaction is defined 

The DMA (direct 
in paragraph 2.14. 

During a Susnop and Refresh Transaction: 
DAL<15:0> contain previously latched data. 

During an ASPI Transaction: 
DAL<15:0> are three-stated. 

During the power up sequence or a RESET instruction: 

memory 

The mode register bits are read in from DAL<15:8, 1:0>. 
Low current internal pullups are enabled on these lines 
when -SCLR is asserted, this avoids the need to drive the 
bits which are to be high. 

3.2.2 B-Bit Mode - DAL<15:B> 
The signal name for DAL<15:8> in 8-bit mode is Static Address 
Lines (SAL<15:8». They are used in six cases; 

During a read/write transaction: 
SAL<15:8> contains the high byte of the address 
throughout the transaction. In 8-bit mode two 
transactions (one data byte per transaction) are required 
for a word read or write. Read/write transactions are 
defined in paragraphs 2 . 3 2 .10. 

During an lack transaction: 
The information present on AI<5 : 1> at the time of the 
interrupt request is output on DAL<12:8>. Refer to Table 
3-1. Paragraph 2.12 defines the lack (tnterrupt 
Acknowledge) transaction. 

During a DMA transaction: 
DAL<15:8> are three-stated. 
access) transaction is defined 

The OM'" (direct 
in paragraph 2.14. 

During a Susnop and Refresh Transaction: 
DAL<15:0> contain previously latched data. 

During an ASPI Transaction: 
DAL<15:0> are three- stated. 

During the power up sequence or a RESET instruction: 

memory 

The mode register bits are read in from DAL<l5:8>. Low 
current internal pullups are enabled on these lines when 
-BCLH is asserted, this avoids the need to drive the bits 
which are to be high. 
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3 . 2 . 3 8-Bit Mode - DAL<7:0> 
DAL<7:0> are used in six cases; 

During a read/write transaction: 
DAL<7:O> are time multiplexed and used for the low byte 
of address and data. In 8 - bit mode the data is either the 
low byte or the high byte. Refer to Figure 3-1 . 
Read/write transactions are defined in parag r aphs 2.3 -
2.10 . 

During an lack transaction: 
DAL<7: 2> a re used for the input of an external vector 
address (if - VEe was asserted during the interrupt 
request) DAL<l : O> are irrelevant, because DCTII-AA 
replaces them with a 0 after reading them in. This is due 
to th e fact that vectors use two words: PC and PSW. 
Paragraph 2. 12 defines the lack (Interrupt Acknowledge) 
transaction. 

During a DMA transaction: 
DAL<7:0> are three-stated. The DM~ (direct memory access) 
transac tion is defined in paragraph 2.14. 

During a Busnop and Refresh Transaction: 
DAL<l5:0 > contain previously latched data. 

During an ASPI Transaction: 
D~L<15:0> are three-stated. 

During the power up sequence or a RESET instruction: 
The Mode Register Bits are read in from DAL<l:O > . Low 
current internal pullups are enabled on these lines when 
-BCLR is asserted, this avoids the need to drive the bits 
which are to be high. 

Table 3-1 Mapping of ~I onto OAL in Iack Transaction * 

Interrupt Request Time lack Transaction 

-CPO> 1\1<1> DAL<8> 
- CP<2> Al<2> DAL<9> 
- CP<l> AI <3> DAL<lO> 
-CP <O> .0.1<4> DAL<ll> 
-VE C .0.1 <5> DIIL<12> 

AI <0> not mapped 
111<6> not mapped 
AI<7> not mapped 

DAL<7: 0 > don ' t care 
DAL<15 : 13> don't care 

• - The logic level is maintained in the ~l to OAL mapping. As 
an example, if AI<1> is high at interrupt r~quest time, 
then DAL<8> is high at lack time . 
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Pin 

1-7&9 
10-17 

32 
33 
34 
35 
36 
37 
38 
39 

24 
25 
26 
27 
28 
29 
30 
31 

18 
19 
21 
22 
23 

8 
20 
40 

NOTES 
1 

2 

Table 3- 2 Signa l and Pin Ut iliza ti on 16-Bit Mode 

Pin Name --------------Si nal Names---------------
Stat ic 4K/16K D namlC 64K D namlC 

Data Address Lines 

DAL<15:8> DAL< 15 : 8> DAL<1 5 :8> DAL<15: 8 > 
DAL<7: 0> DAL<7:0> DAL<7:0> DAL<7 : 0> 

Address I nterrupt Lines 

-RAS - CAS PI - RAS - CAS 

Al ( O> - DMR FETI A14 -DMR A15 A14 
AI <I > - CP<3> Al A2 -CP<3> Al A2 
AI<2 > - CP<2> A3 A4 -CP<2> A3 A4 
AI<3> -CP<D A5 A6 -CP<l> A5 A6 
AI<4> - CP<O> A7 A8 - CP<O> A7 A8 
1>.1<5> - VEe A9 AID -VEe A9 AID 
A1<6> -PF All A12 -PF All A12 
AI<7> -HALT AD A14 -HALT A13 A14 

Control Signals 

SELl~ Iack+DMG Iack+DMG Iack+DMG 
SELO FET+DMG REF+DMG FET+DMG 
READY READY READY READY 
R/- WHB R/-WH B R/- WHB R/- WHB 
R/- WLB R/-WLB R/- WLB R/- WLB 
-RAS - RAS -RAS - RAS 
- CAS - CAS - CAS -CAS 
PI PI PI PI 

Mi sce ll aneous Signals 

-BCLR -BCLR - BC LR - BCLR 
PUP PUP PUP PUP 
COUT COUT CO UT COUT 
XTLI XTLI XTLI XTLI 
XTLO XT LO XTLO XTLO 

Powe r Pins 

BGND BGND BGND BGND 
GND GND GND GND 
Vee Vee Vee V ee 

During - RAS , 
operation in 
output of the 

A1<0> is used to indicate a 
prog ress. During refresh, A1<0> 
refresh counter a t -RAS time. 

PI 

- DMR 
-CP<3> 
-CP<2> 
- CP<D 
- CP<O> 
-VEe 
- PF 
-HALT 

fetch 
is the 

SEL<l> and SE L<O> are encoded refer to Tables 3- 4 and 
3-5. 
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Pin 

1-7&9 
10-17 

32 
33 
34 
35 
36 
37 
38 
39 

24 
25 
26 
27 
28 
29 
30 
31 

18 
19 
21 
22 
23 

8 
20 
40 

NOT ES 
1 

2 

Tab l e 3-3 Signa l and Pin Uti li zation a- Bit Mode 

Pin Name ---------- -----5i nal Names--- - - ---------
S t atic 4K/ 16K Dynami c 64K Dynami c 

Data Add ress Lines 

DAL<l5:8 > SAL<15 : 8> SAL<15:8> SAL<15:8> 
DAL<7 : 0> DAL<7 : 0> DAL<7 : 0> DAL<7 : 0> 

Address Interrupt Li nes 

-RAS - CAS PI - RAS - CAS 

AI<O> - DMR FETl A14 - DMR A15 A14 
AI<1> - CPO> Al A2 - CPO> Al A2 
AI <2> -CP <2> A3 A4 -CP <2> A3 A4 
AIO> - CP<l> A5 A6 - CP<1> A5 A6 
AI<4> -CP<O> A7 A8 - CP <O> A7 1\8 
AI<5> - VEe A9 AIO - VEC A9 AIO 
AI<6> -PF All AD - PF All AD 
Al<7> - HALT A13 A12 - HALT A13 A12 

Cont rol Signa l s 

SELl~ Iack+DMG lack+DMG Iack+DMG 
SELD FET+DMG REF+DMG FET+DMG 
READY READY RE ADY READY 
R/-WHB - RD - RD - RD 
R/- WLB - WT -WT -WT 
-RAS - RAS - RAS - RAS 
- CAS - CAS -CAS - CAS 
PI PI PI PI 

Misce ll aneous Signa l s 

- BC LR - BeLR - BeLH -BCLR 
PUP PUP PU P PUP 
COUT COUT COUT COUT 
XTLl XTLI XTLl XTLl 
XTLO XTLO XTLD XTLO 

Powe r Pins 

BGND BGND BGNO BGND 
GND GND GND GND 

V~~ Vee Vee V ee 

During - RAS , 
operat ion in 
outpu t of the 

AI<O> is used to indicate a 
progress. During refresh, Al<O> 
refresh counter at - RAS time . 

PI 

- DMH 
- CPO> 
- CP<2> 
- CP<l> 
- CP<O> 
- VEC 
- PF 
-HALT 

fetch 
is the 

SEL<l> and SEL<O> are encoded refer to Ta bles 3-4 and 
3-5 . 
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Table 3-4 SEL<l:O> Functions in Static Mode or Dynamic 64K Mode 

SEL<l> SEL<O> Function 

L 
L 
H 
H 

L 
H 
L 
H 

read, write, ASP1, or busnop 
fetch (PDP-II instruction fetch) 
lack (interrupt acknowledge) 
DMG (direct memory grant) 

Table 3-5 SEL<l:O> Functions in Dynamic 4K/16K Mode 

SEL<l> 

L 
L 
H 
H 

SEL<O> 

L 
H 
L 
H 

Function 

read, write, ASPI , or busnop 
refresh 
lack (interrupt acknowledge) 
DMG (direct memory grant) 

3.3 ADDRESS INTERRUPT (AI<7:0» 
During read, write, ref resh, Dh1A, and ASPl transactions the AI 
lines (Al<7:0» perform various functions . The function of Al<7:0 > 
depends upon the selection of one of the following modes, static 
o r dynamic mode and 4I</16K or 64K mode. Three functions are time 
multiplexed on AI<7:0}: 

• Output of row address 
• Output of col umn address 
• Input of inter rupts and/or DMA requests. 

During 
static 
The AI 

Busnop and lack transactions, Al<7:0> act 
modes and contain previously latched data in 
lines are described in three parts: 

• At -RAS and - CAS time (static mode) 
• At -RAS and - CAS time (dynamic mode) 
• At PI time (static or dynamic mode) . 
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3.3.1 AI <7:0> At -RAS and -CAS Time (Static Mode) 
The address interrupt lines are used as inputs for interrupts 
and/or DMA requests during all transactions while in static mode. 
AI<7:0> are implemented by internal active low current pull ups. 

3.3.2 AI <7:0> At -RAS and -CAS Time (Dynamic Mode) 
During re ad/write transactions the address interrupt lines are 
used as 0 utputs at -RAS and -CAS time onl y. The AI I S are time 
multiplexed in two ways: 

• Prior to the assertion (leading 
Strobe (-RAS) the AI lines output 
dynamic RAM . At the occur r ence of 
AI lines is valid. 

edge) of Row Address 
the row address for a 
-RAS , the data on the 

• Prior to the assertion (leading edge) of Column Address 
Strobe (-CAS) the AI lines output the column address for 
a dynamic RAM . At the occurrence of -CAS, the data on the 
AI lines is valid . 

During refresh transactions AI<7: 0> are used to output the row 
address at -RAS time. 

During DMA and ASP I t ransactions AI<7:0> have internal low current 
pull-ups and are used as inputs. 

NOTE 
The dynamic address o n AI <7:0> available 
at -RAS and -CAS time is duplicated on 
OAL(15:0> at -RAS time . 

3.3.3 AI<7:0> At Priority In (PI) Time (Dynamic and Static Mode) 
During read/write, DMA, and ASPI transactions, at PI time, AI<7:0> 
are used as inputs. These lines are implemented by internal low 
c urrent pUll-ups. The AI lines input interrupt and DMA requests at 
the negation (trailing edge) of PI. Refer to Table 3-6. 

NOTE 
DCTll-AA does not react to interrupt 
requests posted during write and DMA 
tra nsactions. 

Interrupt and DMA requests are implemented by the following 
signa ls: 

-OMR (Direct Memory Request) AI<O>. When the processor reads a 
OM" request asserted, it (upon termination of almost any 
current bus transaction) frees the bus for the DMA 
device. Refer to paragraph 2.14 for a definition of a DMA 
transaction . 
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-CP(3:0> (Coded Priority) AI(l:4>. Logic internal to the processor 
decodes these inputs as an interrupt request on one of 
four maskable levels. Refer to paragraph 1.5 for the 
definition of the DCTll-AA inter rupt structure. 

-VEC (Vector) AI (S> . The signal has meaning only if one or 
more of -CP (3:0> is asserted. -VEC signals the processor 
to ignore the internal vector address indicated by 
-CP<3:0> and use instead the vector address to be 
provided by the user. The priority of the -CP lines is 
not ignored. The user provided vector address is read 
during the lack Transaction. 

-PF (Power Fail) AI<6>. -PF has the highest priority on level 
seven. If -PF and a level seven request from CP<3:0> are 
both present at PI time, the DCTll-AA services the -PF 
first by stacking the PC and PS and jumping to vector 
address (24). The input circuit requires no data set up 
time. Internal logic samples the -~F and then pauses for 
up to one instruction before r ecog nizing a request. The 
-PF input is pseudo edge sensitive. It must be read as a 
negation before another assertion is recognized. 

-HALT (Halt) AI(7). -HALT is an unmaskable interrupt. It always 
causes a jump, after stacking the PS and PC, to the 
restart address with PS = 340. The -HALT input is pseudo 
edge sensitive. It must be read as a negation before 
another asse rtion is recognized. 

Table 3-6 AI Functions 

@ -RAS (L.E.) @ -CAS (L.E.) @ PI (T. E.) 
Output Output Input 

Transaction 

Read (static) * * interrupt/DMR 

Write (static) * * DMR 

Read (dynamic) row address column address interrupt/DMR 

Write (dynamic) row address column address DMR 

Refresh row address N/A N/A 

DMA * * DMR 

ASP! N/A • interrupt/D.MR 

N/A - not applicable 
• - internal low current passive pullups 
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3.4 CONTROL LINES 
The control lines are comprised of signals which the OCTII - AA uses 
to normal operation of the system . The lines are: control the 

0 - RAS 
0 -CAS 
0 PI 
0 R/-WH8 
0 R/ - WL8 
0 SEL<l> 
0 SEL<O> 
0 READY. 

Tahle 3-7 indicates the transactions in which each of 
signals is used . During all transactions not mentioned 
follow in g description, the control lines remain in 
unasserted state (except READY which is an input). 

these 
in the 
their 

-RAS, - CAS, and PI are control strobes and act on a logic 
transition . R/-WHB , R/ - WLB , SEL(l>, SEL(O>, and READY are static 
control lines and act on a logic level. Figure 3-2 provides an 
illustration of leading and trailing edges. The leading edge is 
the edge that changes the signal from the unasserted state to the 
asserted state. 

Ta ble 3- 7 Control Signal us age 

Transaction -RAS -CAS PI R/-WHB R/-WLB SEL<O> SEL<l> READY 

Read/wr ite X X X X X 1 • 
Re fr esh X 2 

lack X X • 
DMG X X X 3 3 X X • 
ASPI X X 

x - asserted . - causes one or more microcycle slips 
1 Asserted in static mode and dynamic 64K mode when read is a 

PDP-II instruction fetCh . In 8 - bit mode it is asserted only in 
the low byte tra nsaction of a fetch . 

2 -
3 -

asserted in dynamic 4K/IFiK mode 
three-stated 

3-11 



- RAS 
-CAS 

" 

LEADING EDGE :::t\\. __ -:-;;-;-:~c:-_..J": TRAILING EDGE 

ASSERTED 

ASSERTED 

LEADING EDGE:.f 't: TRAILING EDGE 

Figure 3-2 Leading and Trailing Edge 

3.4.1 -RAS (Row Address Strobe) 
-RAS is the system address strobe. Table 3-7 indicates the 
transactions in which -RAS is asserted. During read/write 
transactions the assertion (leading edge) of -RAS is used to 
strobe the address which is present on the DAL'S (for memories not 
using the -RAS/-CAS multiplexing) and the row address which is 
present on the AI's (for the dynamic memories which use it). 
During a write transaction the negation (trailing edge) of -RAS 
may be used as the data output strobe. 

During a refresh 
(leading edge) of 
present on the AI 

transact ion 
-RAS is used 
lines. 

(dynamic mode 
to strobe the 

only) the assertion 
row address which is 

During an lack transaction the assertion (leading edge) of -RAS 
strobes the lack information, which is present on DAL(12:8>, to 
the system. The negation (trailing edge) of -RAS strobes the 
vector address (user suppl ied) into the DCTII-AA. 

During a DMA transaction, - RAS provides the D.MA device with the 
same function and timing as used in read/write transactions. 

3.4.2 -CAS (Column Address Strobe) 
-CAS is an address and chip select 
transactions in which - CAS is 
transactions -CAS provides various 

strobe. Table 3-7 indicates the 
asserted. Dur ing read/wr i te 
functions: 

• The assertion (leading edge) of -CAS provides an early 
warning of the impend Ing occurence of PI and therefore 
may be used to latch interrupt and DMA requests before 
strobing them onto the AI lines . 

• In dynamic read/write transactions the assertion (leading 
edge) of -CAS strobes the column address present on the 
AI lines. 

• In read transactions the negation (t railing edge) of -CAS 
is used to strobe the data (user supplied) from the DAL'S 
into the DCTlI-AA. 

• In write transactions 
-CAS may be used as the 

the negation (trailing 
data output strobe. 
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During a DMA transaction, the assertion (leading 
provides the DMA device with the same function and 
in read/write transactions. 

edge) of -CAS 
timing as used 

During ASP! transactions, the assertion (leading edge) of -CAS may 
be used to latch interrupt and DMA requests before strobing them 
onto the AI lines. 

3.4.3 PI (Priority In) 
PI is the system interrupt request 
write, DMA, and ASP! transactions. 
The fUnction and timing of PI 
transactions. 

strobe. PI is used in read, 
Refer to Tables 3-6 a n d 3-7. 
is the same in all four 

Whenever PI is asserted the AI lines are used as inputs. These 
lines are implemented by internal low current pUll-ups. Therefore 
the assertion (leading edge) of PI can be used to strobe the 
signals -HALT, PF, -VEC, -CP(3:0>, and DMR onto the AI lines 
(Refer to paragraph 3.3.). 

During write transactions both the assertion (leading edge) and 
the negation (trailing edge) of PI can be used as a data output 
strobe. 

During write transactions PI can be used to gate the write enable 
signals (R/ -WHB and R/-WLB) for memories and peripherals requiring 
write enable after the assertion of -CAS. 

3.4.4 R/- WHB and R/-WLB 
The signal names for pin 27 
according to the selection of 

(R/ -WHB) 
8-bit or 

and pin 28 
l6 - bit data 

(R/-WLB) change 
bus mode. 

3.4.4.1 R/- WHB and R/-WLB 16-Bit Mode -- The write enable signals 
Read/-Wr i te High Byte (R/-WHB) and Read/-Write Low Byte (R/- WLB) 
are used exclusively in read/write transactions. R/-WHB and R/-WLB 
are asserted (low) when the transaction is a write to a high byte 
or a low byte. 

Normal or delayed mode affects the timing of R/-WHB and R/-WLB. In 
normal mode, the read/write timing is compatible with that of the 
Motorola 15800 bus peripherals. In delayed mode, the timing is 
compatible with that of the Intel 8080 bus peripherals. 

During a DMA transaction both pins are internal low current 
pUll-Ups. 
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3.4.4.2 R/-WHB (-RD) and R/-WLB (-WT) 8-Bit Mode -- The mutually 
exclusive signals -RD (read enable) and -WT (write enable) are 
used only in read/write transactions. -RD is asserted low during a 
read transaction and -WT is asserted low during a write 
transaction. 

Normal or delayed mode affects the timing of -RD and -WT. In 
normal mode, the read/write timing is compatible with that of the 
Motorola '5 800 bus peripherals. Tn delayed mode, the timing is 
compatible with that of the Intel 8080 bus peripherals. 

During a DMA trans~ction both pins are internal low current 
pull -ups . 

3.4.5 SEL<l> and SEL<O> 
Select 1 (SEL(l» and Select 0 (SEL(O» are encoded lines and 
indicate which transaction is being performed . Refer to Tables 3-4 
and 3-5. 

3.4.6 READY 
Through the use of the READY signal, I /O devices or memory of any 
speed may be synchron ized to the DCTII - AA. The READY signal is not 
generated by the DCTll-AA but by some peripheral device . The 
signal is input to the DCTll-AA via the READY input. The signal is 
used to place the DCTII-AA into an idle state while the peripheral 
device finishes its operation. 

With reference to Figure 3-3, a single assertion of READY causes a 
s ingle microcycle slip. Any additional cycle slips require the 
READY signal to be pulsed again. The assertion of READY does not 
have any effect unless -RAS is also asserted. The microcycle slip 
starts after the assertion of -RAS, -CAS, and PI leading edges. A 
s ingle microcycle slip occurs dur i ng every bus transaction if the 
READY input is connected to ground. 

The READY signal extends the following transactions: 

• Read 
• Write 
• lack 
• DMA. 

Detailed timing of READY is found in Figure A-IS of Appendix A. 
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3.5 MISCELLANEOUS SIGNALS 
This group of signals includes the following: 

• -BCLR 

• PUP 

• COUT 

• XTLl 

• XTLO . 

3.5.1 -BCLR (Bus Clear) 
The signal -BeLR on pin 18 is asserted low by the processor during 
the power up sequence and during the execution of a PDP-II RESET 
instruction. -BCLR asserted (low) enables the mode register 
pullups on DAL<15 : 8 , 1:0>. The - BetH pin must be connected to 
ground through a lKohm, 1% resistor. Its fan out is given in 
Ta ble A- 2 (DC characteristics) of Appendix A. 

3.5.2 PUP (Power Up) 
PUP is a schmitt-triggered input and has a low current internal 
pull down that is always enabled. When PUP is forced high, the 
schmitt-trigger senses the transition. When the processor detects 
a change from high back to low the power up sequence begins. 

If PUP is asserted high during a DCTll-AA operation, the current 
transaction is terminated and all internal registers go to an 
undefined state. The DAL's and AI lines output undefined data and 
the control and miscellaneous signals are in an unasserted state. 
As soon as PUP is asserted low the power up sequence begins. 

The power up sequence is a succession of events which initializes 
the DCTlI-AA. The events occur in two cases; 

1- When 

• 
• • • 
• • 

v is applied: 
pfip changes state (low to high) 
Assertion of - BCLR output 
PUP changes state (high to low) 
Mode register load 
Clearing of -BClR output 
20 r'€fresh transactions (a-bi t Dynamic), 10 refresh 
transactions (lG - bit Dynamic) or 20 busnop 
transactions (a-bit Static), 10 busnop transactions 
(16-bit Dynamic) 

• Load the stack pointer to 376, the program counter to 
start address, and the processor status word to 340 

• ASPI transaction. 

2. When a RESET instruction is executed: 
• Assertion of -BCLR output 
• Mode register load 
• Clearing of -BCLR output 
• ASP! transaction. 

Detailed timing of power up is found in Figure A-16 of Appendix A. 
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3.5.2.1 Power Up (PUP) Input -- With reference to Figures 3-4 and 
3-5, the processor detects a transition from low to high on the 
PUP input. The transition is sensed by an internal Schmitt 
trigger which provides a clean, fast, edge when the input reaches 
a predetermined level (TTL VOl = .8v). When the processor detects 
a change from high back to IJw the mode register load begins. 

-BelR 'MODE I 
-, BUFFER 

DAl< l S:B,I;O> 1 
MEMORY 
SYSTEM 

, 
-RAS 

(DYNAMIC) 

DCTll .AA 
A 

Al<1:O> 

POe I 

-CAS 
• DEVICE 

" 

Figure 3-4 Power Up Sequence 810ck Diagram 

\~ffi~~IS~------llrs---
- OeeR \\\\\\\\\ IS I 

MODE REGISTER 

IS 

MODE REGISTER 

COAO ( rr-A~AO 

OMSO> =~]((((((((((((' ))~~=====::~~~X 

:: 
"";?" , ~;+;~: ::"::TM~g~~ 1 

"<7D>~ = ~(((((((((((((((((( )))))))))))1:' ))M----J 

_ RAS ~~] 
I H \ 1 

....... " 
Figure 3-5 Power Up Sequence Timing 
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3.5.2.2 Bus Clear (-BCLR) As a result of PUP being high, the 
processor is forced to an initial condition with undefined 
register states. It is at this time (PUP high) that -BeLH is 
asserted. -BeLH is also asserted as a result of a program RESET 
instruction. -BCLR is a strobe which is used by the user to enable 
pulldowns on Data Address Lines (DAL) 15 through 8 and I through 0 
«15:8), (1:0» at mode register read time. The mode register is 
loaded through DAL<15:0>. However, DAL<7:2> are reserved. -BCLH 
may also be used to initialize the rest of the system. 

3.5.2.3 Mode Register Load -- The mode register 
-BCLR is asserted and PUP is low. The load 
until the microcode returns -BCLR to a high. 

input begins after 
process continues 

3.5.2.4 Refresh or Busnop Transactions Depending on the 
condition of the mode register the processor generates either 
refresh or busnop transactions. Refer to Table 3-8 for the 
conditons and the number transactions generated. 

Table 3-8 Refresh and Busnop 

MODE BUSNOP REFRESH 

8 bi t/dynamic 20 
1~ bit/dynamic 10 
8 bit/static 20 
16 bit/static 10 

3.5.2.5 Load the SP, PC, and PSW -- After the completion of the 
r efresh or busnop transactions the processor loads the Stack 
Pointer (SP) with 376 (octal). The Program Counter (PC) is loaded 
with the start address and, finally, the processor Status Word 
(PSW) is loaded with 340 (octal). 

3.5.2.6 ASPI Transaction The last process in the power up 
sequence is an ASPI transaction to check for interrupts and DMA. 
At the completion of the ASP! tra nsaction , normal operation 
begins. Refer to paragraph 2.15 for details on the ASPI 
transaction. 

3 . 5.3 COUT (Clock Output) 
COUT outputs a TTL level clock which is a function of mode 
register bit a (MR<O». MR<O> determines if the output is to be 
processor mode clock (MR<O> = 1) or constant clock (MR<O) = 0). 
With reference to Figure 3-6, in constant clock mode the output is 
at a frequency half that of the operating frequency (the frequency 
of XTLO and XTLl). In processor clock mode a clock pulse is 
asserted once every microcycle (every three or four oscillator 
per iods) • 

Detailed timing of COUT is found in Figure A-17 of Appendix A. 
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XTLO I 

COUT 
CONSTANT 
(MRO " 0)' 

COUT I 
'"e 
IMRO - Il 

· MAV BE EITHER POLARITV OEPENOING ON T HE OCCURRENCE OF PHASE O. 

Figure 3- 6 COUT 

3.5.4 XTLI and XTLO (Crystal Inputs) 

"'"41'" 

Thes e two pins (22 and 23) are the external crystal connections to 
the internal clock generator. If an exte rnal TTL clock i s used, it 
must be appli ed to XTLl (pin 22) and XTLO (p in 23) must be 
grounded . 

Detailed timing o f XTAL is foun d i n Fi g ure A-I? of the Appendix A. 

3.6 POWER PINS 
The following are pins associated with the power source to the 
DCTll-AA: 

• BGNO 
• GND 

• Vce 

3 .6.1 GND and BGND 
BGNO and GND sho uld be connected together. They provide the 
reference ground for all lines of the DCTll-AA. 
3.6.2 V 
Pin 40 isc<t.he +5 volt supply for the DCTII - AA . This voltage must 
be mainta ined t o within +/-5% of 5 volts. 
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CHAPTER 4 

MODE SELECTION 



4 .1 INTRODUCTI ON 
Most of the DCTll -~A features are programmable through the use of 
an internal 16-blt Mode Register (MR) . The DCT!l-AA must be 
programmed during the power up sequence and may be r eprogrammed 
when the PDP-II RESET instruction is executed . 

This chapter is divided into four sections: 

• Description of modes related to function 
• Description of modes related to timing 
• Mode register bit setting 
• Mode register selection guidelines . 

4 .2 MOD ES RELATED TO FUNCTION 
With reference to Figure 4-1 and Table 4-1, the modes rela t ed to 
functio n effect the funct i onality of the p r ocessor. Thes e modes 
are: 

• 16 - bit or a-bit da t a bus MR<ll> 
• Dynamic or stat i c memory MR<9> 
• 64K or 4K/16K memory chip size MR <lO> 
• Tester or user MR(12) 
• Start/restart address MR<1 5:13>. 

15 14 13 12 05 04 03 02 01 00 

START/ RESTART 

< 15:13> STARTI RESTART ADDRESS 

" TESTER/ USER MODE '" NORMA LIOELAYED RIW 

" 16.B1T/8·BIT BUS <:] :1> RESERVED 

" 641(141( OR 16K MEMORY " LONGISTANDARO MICROCYCLE 
09 DYNAMICIST A TIC MEMORY 00 CONSTANT/PROCESSOR MODE CLOCI( 

ADDRESS BITS START RESTART 
< 15: 13> ADDRESS AOORESS 

1 172000 112004 
6 ,,- 17JOO4 
5 00000o 000<l0< 

• "0000 010004 
J 020000 02""'" , 

0"""" 0"100' 
) )00000 "'000' 
0 "0000 

) """" .. ~ .. .., 
Figure 4- 1 1'ode Reg ister 
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Table 4-1 Mode Register Bi t Settings 

Mode Register Bit State Mode 

0 1 Processor clock 
0 Constant clock 

1 1 Standard microcycle 
0 Long microcycle 

8 1 Delayed read/write 
0 Normal r ead/write 

9 1 Static memory 
0 Dynamic memory 

10 1 4}(/16K memory 
0 64K memory 

11 1 8 bit bus 
0 16 bit bus 

12 1 User 
0 Tester 

4.2.1 16-Bit or 8-B it Mode MR<II> 
Mode register bit 11 determines if the processor operates the data 
bus in 8-bit mode o r 16 -bi t mode. The selection of eithe r a - bit o r 
16-bit data bus effects the DAL<15:0> , R/ -W HS , R/WLB, and AI<7:6> 
1 ines, dur ing read/wri te transact ions. I t also determines the 
number of transactions needed to read or write a word . 

4.2.1.1 16-Bit Mode -- If mode register bit 11 i s asserted low 
(MR<II> = 0) 16-bi t data bus mode is selected and the followin g 
occurs in a read o r write transaction (refer to Figures 2-2 
through 2 - 9) ; 

Data address lines: 
OAL<lS:O> o utput 

(leading 
DAL<lS:O> - input or 

Read/write control: 

of 16-bit address before the assertion 
edge) of -RAS 
o utput of l6-bit data at read/write time. 

Each byte of a PDP-II 16-bit word is assigned a seperate write 
control signal (R/- WHS and R/-WLB). 

4.2.1.28- Bit Mode If mode register bit 11 is not asserted 
(MR <11> = 1) 8-bit data bus mode is selected . Two transact i ons are 
required to perform a word read or word write. The fo llowing 
occurs d ur ing a word re ad or wo r d write operation (refer t o 
Figures 2- 10 through 2-17); 

Data address lines: 
DAL<15:0> - output o f 16-bit address befo r e the assertion 

(leading edge) of - RAS 
DAL<15:8> - the signal name s f o r these pins are Stat ic Address 

Lines (SAL<15:8» a nd they hold the high byte 
address throughout the two transactions 

DAL<7:0> - contains the l ow byte of address during read /wr i te 
time of the first transaction and the data during 
the read/write time of the second transac t ion. 

4- 3 



Re ad/write control: 
A seperate read/write control signal is p r ovided fo r a read 
and fo r a wr i te . The read/write control signals are Read (- RO, 
pi n na me R/ - WHB) a nd Wri te (-WT , pin name R/- WLB). They are 
mutual l y excl us i ve. 

4 . 2 . 2 Dy na mic o r Stat i c Mode MR(9) 
Mode registe r bit nine determines if the processor supports 
dynamic or stat i c memories. This mode affects the operation of the 
AI l ines and SEL( I :O> during read/write transactions , and the 
occ urence o f the refresh transac ti on (which adds time to the 
i nstr uction execution time). 

4.2 . 2 .1 Dy n am i c Mode -- If mode register bit nine is asserted low 
(MR(9) = 0), dynamic mode is selected and dynamic memories are 
d ir ect l y s u pported. Besides outputting the address on the 
DAL(15:0> befo r e the asse r tion of - RAS , DCTII - AA also outputs row 
a nd col umn ad d r esses on the AI<7: 0>. The row address is output 
befo r e t he asse r tion (leading edge) of -RAS which strobes i t into 
the memory chips . The column address is output before the 
assertion (leading edge) of - CAS which strobes it into the memory 
chips . In addition, automatic refresh is provided by means of the 
ref r esh transaction ( r efer to paragraph 2.11). 

4. 2.2 . 2 Sta t i c Mo d e -- I f mode register 
(MR <9> = 1) static mode is selected . The 
OAL<15:0> at - RAS time and no refresh 
used o nl y fo r inputting interrupt and/or 

4. 2 . 3 6 4K or 4K/1 6K Mod e MR< 1 0> 

bi t ni ne is not asserted 
memory is addressed using 
is p r ovided. AI<7:0> are 
DMA information. 

Mode reg i ster b i t 10 a pplies to dynamic mode o nly (i n stat i c mode 
it does not have any effect) and is used for se l ecting t h e dynamic 
memo r y c h ip type . In 64K mode (MR<IO> = 0) , memory chips such as 
64K X I-bit are supported. 

I n 4K/l~K mode (MR<lO> = 1) , memory chips such as 4K X I - bit or 
16K X I-bit a r e suppor t ed . Refer to Table 4-2 . 

Tabl e 4 - 2 DCTl l-AA Modes 

Class Bi t Mode Name Function 

Mo des r e l ated MR<9> static or dynamic dynamic RAM support 
t o function . MR<lO> 4K/16K or 64K RAM chip type 

MR<ll> 8- bit or 16- bit bus data bus width 
MR<12> tester or user tester or user 
MR<15:13> start/restart start/restart address 

Modes related MR<O> processor clock or COUT t i ming 
t o tim ing. constant clock 

MR<l> l ong or standard mi crocode l ength 
microcycle 

MR<8> normal or delayed read/wr i te timing 
read/wr ite 

4-4 



4.2.4 Tester or User Mode MR<12> 
Tester mode is for Digital Equipment Corporation use only . 

If mode register bit 12 is high (MR<12> = 1) then user mode is 
selected. 

4.2.5 Start and Restart Address MR<15:13> 
Mode register bits 15 through 13 are used to specify one of eight 
start/restart addresses. The start addres's is internally loaded 
into the Program Coun ter (PC) during the power-up sequence . For 
details on the power-up sequence refer to paragraph 3.5.2. The 
restart address is loaded into the PC when a HALT interrupt is 
received or during the execution of a PDP-II HALT instruction. 
Figure 4-1 indicates the available star t/restart addresses. 

4.3 MODES RELATED TO TIMING 
The modes related to tim ing affect the timing of the processor but 
not its funtionality. These modes are: 

• Constant or processor clock MR<O> 
• Long or standa rd microcycle MR<l> 
• Normal or delayed read/write MR<8>. 

4.3.1 Constant or Processor Clock MR<O> 
If mode register bit zero is asserted low (MR(O> = 0) constant 
clock mode is selected. The ou tput of COUT (pin 21) is a 
continuous clock waveform at a frequency half that of the 
operating frequency (the frequency at XTlO and XTLl). 

If mode register bit zero is high (MR<O> = 1) processor clock mode 
is selected. In processor clock mode, COUT outputs a clock pulse 
once every microcycle at phase W. This will occur every three or 
four clock phases depending on the presence of phase D. 

4.3.2 Long or Standard Microcycle MR(I> 
Mode register bit one allows for the selection of a long or 
standard microcycle . If the bit is low (MR<l> = 0) long microcycle 
mode is selected. Long microcycle mode is used in conjunction with 
memory or peripherial chips which require a long access time. When 
long microcycle mode is selected, all microcycles are made up of 
four operating frequency periods (they all contain 00). 

If mode register bit one is high (MR(l> = 1) a standard microcycle 
takes p.1ace. A standa rd microcycle is three or four operating 
frequency periods long depending on the type of transaction. 

4.3.3 Normal or Delayed Read/Write MR<8> 
If mode register bit eight is low (MR<8> == 0) the DCTII-AA is in 
the normal read/write mode. In normal read/write mode, the 
read/write control lines (R/-WHB and R/- WLB) become valid before 
the assertion (leading edge) of -RAS and remain valid after its 
negation (trailing edge) . 
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If mode 
DCTll-AA 
control 

register bit eight 
is in the delayed 

signals have the same 

is not asserted (MR <8> 
read/write mode and the 
timing as -CAS. 

4.4 MODE REGISTER BIT SETTING 

= 1) the 
read/wr i te 

During the power up sequence or when the RESET instruction is 
executed. At this time the DCTll-AA asserts (low) the Bus Clear 
(-BeLR) signal which may be used to enable external drivers. The 
external drivers assert specific bits on the DAL's to load the 
des ired mode in the mode register. The data on the OAt's must be 
stable through the duration of the - BeLH pulse . 

NOTE 
The assertion of -BCLR enables active 
internal pull-ups on DAL <lS:8, 1:0 > . 
Only those mode register bits that must 
be driven low need be asserted. 

4.5 MODE REGISTER SELECTION GUIDELINES 
The general guidelines given in this section start from the 
assumption that a DCTll - AA user tries to achieve one or more of 
the following goals: 

• minimize cost 
• maximize speed 
• minimize size (chip count) 
• minimize development time. 

The suggested user modes are listed in order of their influence 
upon the desired goal. 

4.5.1 Minimize Cost 
In order to minimize the cost o f a system the implementation o f 
the following modes is suggested : 

• 8-bit 
• dynamic 
• long microcyc1e. 

4 . 5.1 .1 8-Bit Mode This mode allows the use of 8-bit wide 
device registers , data bus, and memories. In this mode the minimum 
memory (typically n X 1 organization) uses eight chips. 

4.5.1.2 Dynamic 
logic (provided 
capacity at less 

Mode 
by the 
cost. 

Al thoug h 
DCTll-AA) 

dynamic RAMs 
they prov ide 

require 
greater 

refresh 
memory 

4.5.1.3 Long Mic r ocycle Mode -- Long microcycle mode allows for 
the use of slower (less expensive) chips. 
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4 . 5.2 Maximize Speed 
In order to maximize the speed of a system the implementation of 
the following modes is suggested: 

• l6 - bit 
• static 
• standard microcycle. 

4.5.2.1 16-Bit Mode -- Every word read or word writ.e operation is 
performed in a single transaction verses two in a-bit mode. l 6-bit 
mode is typically 50% to 70% faster than a - bit mode. 

4.5.2.2 Static Mode In static mode 
occur. Without refresh transactions 
computational code is possible. 

no refresh 
a 10% time 

transactions 
savings for 

4.5.2.3 Standard Microcycle -- A minor savings in time is possible 
through the use of this mode because of the use of faster chips. 

4.5.3 Minimize Size (Chip Count) 
In order to minImIze the size (chip 
implementation of the following modes is 

count) of 
suggested: 

a system the 

• a - bit 
• static 

4.5.3.1 a -B it Mode -- This mode allows the use of 8-bit wide 
device registers, data bus, and memories. In this mode the minimum 
memory (typically n X 1 organization) uses eight chips. 

4.5.3.2 Static Mode -- Static mode can take advantage of n X 4 and 
n X 8 static RAMs inorder to minimize chip count. 

4.5.4 Minimize Development Time 
In order to minimize the development time of a system the 
implementation of the following modes is suggested: 

• 16-bit 
• static 

4.5.4.1 l6-Bit Mode -- A l6 - bit system is simpler to develop than 
an 8-bit system because in 16- bit mode a single transaction 
performs a word read and a word write. A lfi - bit system is easier 
to debug. 

4.5.4.2 Static Mode 
because no ref r esh 
system the AI lines 

-- A static mode system is 
transactions a r e needed. 

are inputs at all times. 
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CHAPTER 5 

INTERFACING 



5 . 1 INTRODUCTION 
Thi s chapter contains information that is useful for interfacing 
the DCTII-AA to most systems. The chapter does not provide answers 
to all the possible questions, but offers a few examples and 
solutions that will enable the reader to get started. Interfacing 
information is presented for the following areas: 

• Power up 
• Loading the Mode regist e r 
• System clock 
• Address latch and decode 
• Memory subsystems 
• Interrupts 
• DMA 
• Working with peripheral chips 

NOTE 
This chapter assumes that the reader is 
familiar with the material presented in 
the previous chapters. 

5 .2 POWER UP 
With reference to Figure 5 - 1 , a simple circuit can be constructed 
from a single ceramic capacitor C. The capacitor must satisfy the 
following conditions: 

• C > .04 uf 
• C Tuf) ~ .05 t. (ms). 

tr is the rise time of Vee 

NOTE 
The DCTII - AA powers up in an undefined 
state (rega r dless of the state of PUP) 
un t il V is stable at V min i mum. ec ec 

'cc 
ct '------ --1 M 

OCT11 AA 

,"" 0----

,"" 

Figure 5-1 Power Up Ci rcui t 
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5.3 LOADING THE MODE REGISTER 
Figure 5-2 indicates how to program the mode register. On power up 
or when executing a RESET instruction the -BetR pin is asserted 
low, this enables the desired bits onto the Data Address Lines 
(OAL). While -BetR is asserted the DAtis map one for one onto the 
internal mode register. When -BCLR is negated the mode register is 
wr i te-protected and the L5244 (buffer) shows a three - state load 
onto the OAL ' s. Unasserted bits may be left floating, since they 
are pulled -up internally by the DCTII - AA when -BetR is l ow. -BetR 
i s buffered to provide enough drive for the system in it ia l ization. 
All dev ices in the system (except the buffer containing da t a for 
the mode register) should 3-state their outputs connected to 
DAL<15:0) at - BCLR time . This is done to prec lude the mode 
register from being loaded with questionable data. 

NOTE 
The pull-down resistor on -BCLR must b e 
lK ohm @ 1% to guarantee timing 
specificat i ons. -BCLR can si nk up to 3.2 
rn a and source 80 ua (can drive 2 TTL 
loads in addition to the lK o hm load). 

Vee 

r-
OAL < \ s:s, 

LS244 r-
1:0> 

R " 9 
OCTI I ·A Y 

-se LR '\ ,. n .. / 

~PUP 

.. ,,-.oo, 
Figure 5-2 

5.4 CLOCK 
Mode Register Loading 

The DCTll - AA clock 
circuit uses as an 

is generated by an internal 
input one of two sources: 

clock circuit. This 

• A crystal 
• A TTL oscillator. 

5.4 . 1 Crystal Based Cl ock 
The DCTll-l\A oscillator ci r cuit is a quasi -l inear wideband 
amplifier. With reference to Figure 5-3, three components and 
proper layout are required to use a crystal with the DCTII - AA. The 
three components are: 

• 
• 
• 

crystal, with loss resistance at var ious 
resonancies 
An input capacitor (C ) connected to XTLO (pin 23) 
An o utput capacitor (eb ) connected to XTLl (pi n 22) 

A fourth component (caused by stray eff e cts of crystal and layout) 
is a strong input- output capacitance (Cd) between XTLO a nd XT LI. 
Other stray components, such as high frequency inductance of the 
connections, have only minor effects at frequencies (~7.5Mhz) when 
connection paths are less than two inches. 
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The capaci tors C and Cb are needed to adjust the load to the 
crystal . The inp8ts XTLO and XTLl load the crystal to more than 
30p f (wh i c h is the nom i nal load for most crystals) thus p ulling it 
o f f freq uency . 

The recommended circuit values for the crystal oscillator in 
Figure 5 - 3 are; 

Crystal: 
Cut 
Load 
R 
RS 

RS 

CS 
o 

at fundamental (At) 
30pf 
<200ohms ~ fMHz (fundamental 
>4000ohms ~ fMHz (spu r ious) 
>400ohms ~ fMHz (harmonic) 
<4pf. 

Capacito r s : 
Type mica 
Nominal value (+/- IO%) 

i . e • 270hms @ 7 . 5MHz) 

Ca (XTLO) 500pf ~ fMHz (example 67pf @ 7.5MHz) 
Cb (XTLl) 200pf ~ fMHz (example 27pf @ 7.5MHz) . 

c. 

D 1-.,---.-lXTLl 
C E:J::!: DCTll·AA 

8 ... ;C 
>ITUl 

'------' 

Figure 5- 3 Cr yst al Cl ock 

These specifications gua r antee against third harmonic and spurious 
s t a r tups . If such guarantees are not necessary a nd only a steady 
oscillation is required then most crystals can be used . 

Detailed timing of XTAL is found in Fig ure A-1 7 of the Appe ndix . 

5. 4 . 2 TTL Os ci ll ato r Ba sed Clock 
With reference to Figure 5-4 and 5 - 5, a TTL signal may be used to 
drive XTLI (pin 22) while XTLO (pin 23) is grounded. The XTLI TTL 
signal mus t satisfy the fol l owing criteria: 

• Period T > 133ns 
• Rise time tR < 80ns 
• Fall time tF < 80ns 
• Low time t > 60ns 
• High time ~H > 60ns 

Wi th referenc e to Fig ur e 5- 6, the 
ope r atio n of the DCTII - AA as long 
o r exceeds the above c r iteria. 
i ndefin! te l y . 
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, 

Figure 5-4 

t----j XTLl 
OCTll·AA 

XTLO 

.. ....... 
TTL Oscillator Clock 

STOP L 

'H 

" 
'c 

" 1----,----1 

Figure 5-5 TTL OSCillator Wavefonn 

XTl\ 

DCT11 ·AA 

XTLO 

Figure 5-6 Gating XTLI 

5.5 ADDRESS LATCH AND DECODE 
With reference to Figure 5-7, in 16-bit mode the 16 bits of 
address can be conveniently latched by a transparent latch (such 
as an LS373) enabled by Row Address Strobe (-RAS) leading edge. 

'x .l.!,.... CAL <15:0> LS373 

OCTl1·AA OE EN 

-'AS 
'j,1 

I »-- CAS :l 

VC~T 
P-'--

16 
82S101 1 

"" 
p-

'( 

~~ 
~ 82S101 + 

"" y 

RAS 
TIMING 
STROBES 

CAS 
TIMING 
STROBES 

......... ' 

Figure 5-7 16-Bit Address Latch and Decode 
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With re fer ence to Figu r e 5 - 8, in 8-bit mode only the low byte of 
the address needs to be latched since the high byte remains stable 
on the Static Address Lines (SAL(15:8» throughout the whole read 
or write transaction. 

SAL < 15:8 > 8 

OAl < 7:0 > 
8 

LS373 

DCTI1 ·AA iiE EN 

- RAS 
., 1 

1:'1 >-- CAS 

8 
VC:r-

8 ! 825101 

T 
,--::c~ 

8 

~ 82SI01 I 
liE P-
'? 

'AS 
TIMING 
STR08ES 

CAS 
TIMING 
STROBES 

Figure 5-8 8-Bit Mdress tatch and. Lecode 

Address decoding can be done in a number of traditional ways . In 
Figures 5-7 and 5-8 PLA's are used t o provide direct strobing of 
seve r al r eg i sters . Because the circuit uses a transparent latch, 
the PLA inputs are stable before -RAS therefore some of the 
strobes have - RAS timing, whereas others have Column Address 
Strobe (- CAS) timing. - CAS shou l d be ANDed wi th -RAS to prevent 
the enabling of strobes during an ASPI transaction. 

5.6 MEMORY SUBSYSTEMS 
Two examples of memory s ubsystems will be described, one using 
l6-bit mode and the other using a-bit mode. 

5.6 .1 16-Bit Mode Memory System 
An example of a ll5-bit mode dynamic memory system is given in 
Figure 5-10 . The memory map is shown in Figure 5-9. The address is 
latched in the LS373 ' s (latch) by RAS. The address is then decoded 
in the LS138 into 8 sectors in the upper half of the memory. The 
sector 160000 to 167776 maps into the ROM . This is implemented by 
selecti ng the ROM ( - CE) with the output Y6 and selecting - OE with 
-CAS (refer to Figure 5 - 9) . The fast variation ROM (2716 - 1) must 
be used i f running at more than 6.9MHz in order to meet the 
DCTII -AA specification of tRRD (405ns at 7. 5MHz) . 
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AI<1;I > 

DAl< 15:D 

" 

DeT1 I ·A'" 

- AAS 

-CAS 

" 
AI-WLB 

R/-WHO 

NOTE: 
MOO~ REGISTER 

I 

,,,. 
6OK. 
56KB 

<8K. 

32KS 

16KB 

OK' 
",- -&.,. 

Figure 5-9 In-Bit System Memory Map 

ADOR. LATCH 
.---., , 

ADOR 
LATCH 

"''' IX2) 

Oi' '" ';/, 

ADDR. DECODE . , . 

" 

rt:gAl<;~ :O> H 
LDAl < 11 :1> H iA !O: 

" 102... 

t?-AOOR " DECODE " l'.l? A " ~ [\!.! " , LSIJ8 

~ I~ " C Y> 
,,",-,- " ~ G' - -" G" G" 

. • . 

" 
~ , 1\ DOUT 

0 

j -A6: 
, , 

DOUT 
AO 

'OM 
2116-1 RAM LB 

(Xl) - 4116-3 
CO" (XS) 

-
- - CO" 

" 0' - -
" CAS RAS WE 

" f wL 
1 '- DOUtT LDAL< I 5> t-

A' 

" ~ :::l )r AO DOUT 

:t RAM HB Ii- DIN 
4116_3 

" 
0(8) ,, '--

V -<j7 CO" 
WLB l CAS HAS WE 

~ O WHO l Y WrBl 
-" , 

~ROl 
-v AAMCAS H 

RAMCAS L 

RAMCAS H 

, . 0 

• MR<15:0>~ 111' 11111011 JoJo lxlx lxlx]xIX]l]l ] 
X ~ DON'T CA RE 

I 
LS144 
(Xl) 

-
- -
" '" 

" LJ, 

Figure 5-10 16-Bit ReM (4K) & Dynamic RAM (32K) Subsystem 
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The RAM is mad e of hig h byte and low byte sec t ions wh ieh have 
every thing in common except the - WE strobe. The whole RAM is chip 
selected by controlling - CAS and sending - RAS to all chips at all 
times. This approach saves power because it leaves the chips in a 
standby state when not selected. Using -CAS as chip select has the 
advantage o f refreshing a row at every occurrence of -RAS. 

Although -CAS drives 160pf (lOpf per RAM chip) , it does not 
require buffering. The DCTlI-AA output timings are specified for a 
purely capacative load of BOpf. For loading other than BOpf the 
following correction factors should be used: 

• • 
80pf < CL < 200pf 
25pf < CL < 80pf 

+O.3ns/pf 
-O.3ns/pf 

This results in a delay of -CA S of 80 X .3 = 24ns with respect to 
the nominal timing specifications. Such a delay still meets the 
RAM ch ip specifications for -RAS and - CAS hold time (55n5 min for 
4116-3). Refer to Figure 5-11. 

AI AT DCTlI .AA 
PIN NOMINAL 

COLUMN ADDRESS 

lAHC - 90 .... MlN 

CAS AT DCTl1 · .... A 
PIN NOMINAL 

CAS AT RAM 
PIN ACTUAL 

r--tCD - 14 ......... 

tCD " CAS DELAY CAUSED BY 160 pF LOAD (160-SO) X,3" 24 .... 

ALL TIMINGS IN flS 

1--90- 24 .. 66 MIN __ 

......... , 
Figure 5-11 Column Address Setup and Hold Time Calculations 

The DAL's drive the DIN inputs of the RAM's directly. The DOUT 
lines cannot be connected directly to the DAL bus, but they must 
be buffered. This is required because the DCT1I-AA does not drive 
the Data Out on the DAL's soon enough (before -CAS leading edge) 
to perform an early write on the RAM'S. Thus the system only 
performs a read modify write which would result in contention on 
the DAL's. The contention would occur between the Data Out driven 
by the DCTII-AA and the DOUT driven by the RAM chips. 

The buffer is enabled only when the DCTlI-AA is performing a read 
from RAM (signal -RD L) . With reference to Tables 5 - 1 and 5-2, 
read transactions are identified by the s ignal -RD. "(RAS), (CAS ), 
(R/WLB), and (R/WHB)" are implemented by gates E , G, and H in 
Figure 5-10. 
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X 
• 
1 
3S 

Table 5-1 Control Signals for Each Transaction 

TRANSACTION -RAS -CAS PI R/-WHB R/-WLB SELO 

Read * * * X 

Fetch * * * X 

Write * * * - * 
Refresh * 
Iack * 
DMA * * * 3S 3S 

ASP I * • 
Busnop 

* 
1 
2 
X 

3S 

Signal asserted during the transaction 
Static modes and dynamic 64K 
Dynamic modes 4K/16K 
Signal asserted during B-bit mode only 
Signal asserted during 16-bit mode only 
Three-state 

Table 5-2 Data Bus for Each Transaction 

TRANSACTION DAL LOW BYTE DAL HIGH BYTE 

Read X 

Fetch X 

Wr i te * X 

Refresh * * 
rack * 
DMA 3S 3S 

ASPI 

Busnop * * 

1 

2 

* 

AI 

* 
1 

3S 

1 

SELl 

* 
* 

Lines driven after address portion of transaction a-bit mode 
Lines driven after address portion of transaction 
Dynamic modes only 
Th ree-sta te 
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5.6.2 8-Bi t Mod e Memory System 
With reference to Figure 5 - 12, since the data bus is 8 bits wide 
and the memory organization is different , an 8-bit minimum system 
can be implemented using only half as many memory chips as a 
16-bit minimum system. The memory map implemented is shown in 
Figure 5-13 and the circuit schematic in Figure 5 - 14. The signals 
WT Land RD L are eas i ly generated i n this configuration. 

, 
ADDR, 2 

o 

" 
"'" "', 

87 
16BIT 

, 
3 

ADDR. 2 

''" ", 0 

o 

177777 64KB 

,,10000 

"0000 .... 
"'" 
''" 
"" ", "'0000 32KB , 0 
SSIT 

"~_ .. " 
16KB 

Figure 5- 12 l6-Bit - 8-Bit 

Memory Organizat ion 

AI<7:I> 

DAL<7:O> 

SAL<15:S> 

DCT11·AA 

- RAS 
-CAS 

" R/_WLS 
I-wn 

R/-W HS 
I- RDI 

ADDR LATCH ADDR DECODE , --------. • - . 
, 

, 
3 SAL<IO:S>H , 
r LDAL<7:0>H 

ADDR , 
LATCH 
LS313 

ADDR 

" P-
- DECODE Y6 

0' '" I""' A V, 

~ -X [\!l , " LSI3B Y3 

~ I'" , V2 

~ GO v, B: vo 
G2A me 
l'-X 

F5 ~ C'b-WTl 

Figure 5-13 

'OM 
~ • 

'" 
8- Bit System 
Memory Map 

- , 

1\ DDUT~O , 
Al0:AS , • , 

'OM 
, 

f- " DOUT 
271&1 " , 

A7:AO RAM 
0 4111>-3 LS244 

ii 01 r1 DIN '~81 

, '--
"" -m RAS WE >G " 1 Ll 

I 
_SAL < Hi> L ~ 8 

'-17 '" 
" .... " 

Figure 5- 14 8-Bit RCM (2K) & Dynamic AAM (16K) Subsystem 
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An alternative design for the RAM implements a commo n I / O via a n 
early write. This is done by latching the column address and 
delaying - CAS until the data out is available on the DCTII - AA pin s 
(Refer to Figure 5-15.). Figure 5-1 6 is the timing diagram for an 
early write. 

OAL<1:O> 8 

L OON DOUT -.J 
At<1: I> 

, 
LSJ13 

, 
'AM 
CHIPS 

DCT11·AA 
- CAS m We DE EN 

:t, 
- CAS 

~ASPtL 

.-<l 
" 

-'AS 
AI WLS 
f- wn 

... .. ,. 
Fig ure 5- 15 e - Bit Mode Common I/O RAM 

OAL<1:0> 

AI<1: I> 

AAS L 

CAS , 

"" R/_WLB 
WH 

L A1<7:1> 

CASI'I L 

ADDAfL.B.1 DATA OUT 

ROW AOOA COL AOOA 

"-

( ROWAOOA"')( COL ADO 

'wop 0>'SC 

50NS 192NS 

.... .a." 

Figure 5- 16 Early Write Tim i ng Diagram 
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5 . 7 INTERRUPTS 
The examples of interrupts will cover the following areas: 

• posting interrupts 
• Decoding lack i n forma tion 
• External vectors 
• Usi ng a priority encoder chip 
• Direct CP (coded priority) encoding 

5.7 . 1 Po sting I n ter rupts 
With refere nce to Figure 5-17, to avoid propagation 
states , it is necessary to drive stable signals 
requests . ~ latch can be used for this purpose. The 
- CAS and PI (t :::: 105n5 @ 7.SMHz) is long enough 
metastable staeeSJ' on the output of the flip flop. 

5.7.2 De c o d i ng tack In f o rma tion 

of metastable 
as interrupt 

delay between 
to settle any 

Figure 5- 18 is an example of how to decode lack information for 15 
CP dev i ces . An LS1 38 can be used instead of a LS154 when fewer 
interrupts are needed . The LSl38 can also be used if care is taken 
to pick CP codes such that one of the CP lines is always low for 
all CP codes (3 line encoding). 

Figure 5-17 

(CPO) 

ICPll 

Icn) 
(CPJ) 

Figure 5-18 

IN IT l 

::1 >-lACK l 

ANV AI 

DCTtl-AA IRQ l I>-lOi'DMRl)- DO 

- CAS .rI'--v 0 

" 
Vc:<: 

.. ~ .. ,. 
General Interrupt & DMA Request Circuit 

OAl<11> 

DAL < IO> 

OAl <9> 

OAl<B> 

OCT II .AA 

_ RAS 

SEL 1 

SElO 

A " 
~--------------------1B,~ 
~ ________________ ~c 
~ ________________ ~D 

NOTE: 

INCREASING 
PRIORITY 

IACKll1 

lACK 15l 

lACK 1 CORRESPONDS TO ALL CP 's ASSERTED 
AT IRO TIME (I .• .• INTERNAL VECTOR 140). 
lACK 15 CORRESPONDS TO ONLY CPO ASSERTED 
Ii .•. , INTEARUPT VECTOR 70) 

,,~ .... 
Decoding lack Information for 16 CP Devices 
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Figur e 5-1 9 is a n ex am p l e of a co mpl e t e i nte r ru p t system 
(interrupt r e que st and int e rrup t acknowledg e) f o r six CP devices . 

DEVGI RQL 

DEV 51RO L 

DEV4 1ROL 

DEV31RQL 

DEV21ROL 

DEV11ROL 

CAS L 

LS118 
LSl4B 

DURING lACK 

DURING IRO { 

A 

AD G5 

DALl I DALIO 

-CI'O _ CPl 

AI< All 

, , , , 
H H 
H L , , 
H L 

INTERRUPT REQUEST CIRCUIT 

Vcc LSI< 
7 EN-
6 CODER . ... ,,' 

DMI'! L BUFFER AI<O> ~-DMRI 
LS273 
LATCH 5 A2 AI< l > i-CP3) 

• .. AI<2> I-CP21 

J G5 AI<3> I-CPI) 

2 AO AI<4> i-CPO 

AI<5> i - VEQ) 

0 AI<6> I-PF I 

" Vcc I-HLTI AI<7> 
CCR iG ro 

GNO 
"H 

B C Y2 Y3 Y4 Y5 YB V7 

A' A2 0 , 2 J • 5 

DAL9 DAL8 

C" CP3 INTERNAL 
A12 All VECTORS 

H , H H H H H , , H H H H H OEV6 '00 
H , H H H H , H H , H H H H OEV5 '04 
H H H H H , H H H H L H H H DEV4 120 , H H H , H H H H H H , H H DEV3 '" H H H L H H H H H H H H L H DEV2 60 
H H L H H H H H H H H H H L DEVI " 

lACK CIRCUI r 

LS l 3B 
V7 DEV 1 lACK L 

'C1'O DAL< ll> A 
VB DEV 2 lACK L 

Icn) DAL<9> B 
V5 OEV 3 lACK L 

(CP3) DAL<B> c 
DEV 4 lACK L V4 

Vcc G' Y3 DEV SlACK L 

Y2 DEV 6lACK L 
G2A G28 

RAS L lACK L 

'SIGNA L IS GENERATED BY THE USER AND MUST BE STABLE AT PI TIME... 

Figur e 5- 19 I nt e rrupt System 
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5.7.3 External Vectors 
I f -VEC (AI (S» is asser ted (low), d uring the interrupt r equest , 
DCTII-AA ob t ai ns the vector on DAL<7:2> from th e device during the 
lack transaction. Figure 5-20 gives an example of such a c i rcuit. 

RESULTING 
VECTOR" 

GNO 

(34) DEV 41 ACK L 
(54( 

,,« 
(70) 

OEV 31ACK l 

OEV 2 lACK l 

OEV llACK L 

LS244 

IG iG 

lACK l' -::~=):>-_.J~J 
OAL< 12> -

'SIGNAL IS THE SAME AS IN FIGURE 5.18 

OAL<7> 

OAl< &> 

OAl<5> 

OAL<4> 

OAL<J> 

OAL< 2> 

" CAN 8E HAROWIRED IF A SINGLE EXTERNAL VECTOR INTERRUPT IS USED 

" 'USEO ONLY WITH 80TH EXTERNAL ANO INTERNAL VECTOR 
(IF EXTERNAL ONLY, USE lACK Ll 

Figure 5-20 Driving Exte rnal Vec t o r During lack 

5.7.4 USing a Priority Encoder Chip 
With reference to Figure 5-21, up to 1 5 CP d evices may be used 
with this scheme if two LS148's are cha i ned together. The c haining 
of two LS148's (encode r ) produces a 1 6 t o 4 pr iority encoder 
(instead of using LS I 47). 
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I 

I 
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'" '" 
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04 L_ 
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02 L-

IR 01 L_ 
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" L TIRO L 
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-v 

v c 

9 

a 
7 

C- ' 
C- 5 

LSI47 
C- 4 

LSJ74 r- 3 

c- 2 
r- ' 

-elK ac 

1';1, 

OMA L· -

'--

D 

C 

a 
A 

vee l"-

PI" 

es2" 

iG 2. 

i' i' 

f-

r-
f-
f-
r-
r-
r-
I-

AI<D> {-DMRI 

1.1< 1> I-CPJ) 

1.1<2> i - CP2) 

AI<3> I-CPlI 

,11,1<4> I-cPO) 

AI<.5> I-veel 

AI<6> I-PF) 

AI<7> {_ klT) 

'SiGNAlS ARE GENERATED BY THE USER AND MUST Be STABLE AT PI TIMf I t _E .!. 

INTERNAL 
- CP<3> -CP<2> - CP<I> - cp<o> PRIORITY veCTOR DEVICES 
(AI< I>1 (,11,1<2» IAI<3:» IAI< 4> 1 LEVEL ADDRESS IMPLEMENTED 

X X X X a HlT lAO 
X X X X a " PF IRO 
L L L L 7 '40 
L L C " 7 , .. 
L L " L 7 ,SO 
L L " " 7 ". L " L L a ''''' L " L " a ". 
L H " L a '" L " " " 

, 'I' 

" L L L 5 ,,. 
" L L " 5 ,,. IROS 

" L H L 5 '30 ' RDS 

" L " " 5 ". IAQ" 

" " L L • 60 IROJ 

" H L " • .. IRQ2 

" " " L • 70 IRQ' 

" " " " NQ ACTION 

Figure 5- 21 Interrupt Request Circuit (Priority Encoder) 

In orde r to handle more than IS CP inter r upts, each of 
p ri oritized lines ca n be made up of a daisy chain of 
devices. All devices on the same daisy chain have the 
code, b ut they identify from each other by diffe r ent 
vectors during the lack transaction. 

5.7.5 Direct CP Encoding 

the 15 
several 
same CP 
external 

Direct CP encoding (Figure 5 - 22) can only be accomplished when 
there are 4 or less CP devices (one device per CP line). The 
highest priority device D3 will connect directly to CP<3> and the 
lowest to CP<O> . If internal vectors are used , locations 140 thru 
154 and 100 thru 114 must be loaded with the vector address 
relati ve to 03 . Locations 120 thru 134 must be loaded with the 
vector address rel~tive to D2. Locations 60 and 64 must be loaded 
with vector add ress relative to Dl and 70 to 00. AI<7:5 , 0> do not 
need to be driven high because the DCTII-AA has internal pull-ups 
on those lines at PI time. 
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5 

• 

24 

"0 , .. 
"0 
' 501 
' 00 
10' 
110 
II. 

; ~ 

'''' '" ;'; 

H NO ACTION 

- HALT 
.'f 

DEVJ lACK L 

DEV2 lACK L 

DEVI lACK l 

DEW lACK l 

1 
DEVICE J 

DEVICE 2 

DEVICE I 

DEVICE 0 

.. ~ ... , 
Figure 5-22 Dire c t CP Encoding Interrupt System 

5.8 DMA 
During OMA, the DCTII-AA provides - RAS, -CAS, PI, and COUT 
signals. The external circuitry has the responsiblity for 
controlli ng the R/-WHB and R/-WLB lines, providing the address, 
and supplying or accepting data . The DCTII-AA can easily be 
connected to single channel or multiple channel OMA circuitry. 

During OMA transfers, system circuitry goes through the following 
sequence: 

• A DMA request (O~R) to the DCTII-AA is made by driving 
10.1<0> low during PI 

• The request is latched into the DCTII-AA dur i ng PI and 
shortly thereafter a OMA grant is issued. 
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The maximum time from the request originati on until the grant is 
issued, is a function of the DCTlI - AA mode . This time is specified 
in Table 5-3. When the grant is issued the DCTll-A.A. takes the 
following actions: 

• SELO and SE Ll go to a high thus informing the system t hat 
the grant has been issued 

• 

• 
• 

- RAS, -CAS, 
speci fied in 
Figure 10.-13) 

PI, 
the 

and 
DMA 

COUT are d riven 
tra nsaction t iming 

wi th the timings 
diag ram (Appendix 

OAt ' s are three-stated 

AI(7:0> , R/- WHB, and R/-WLB have low current pull -ups . 

Table 5-3 DMR Max imum Latencie s 

l6-Bit Mode 
Static 

ucycle + Phase + uS 

B 1 
(@ 7 .5Mh z = 

Static 

. 19 
3.523u5) 

a-Bi t Mode 

ucycle + Phase + uS 

10 1 
(@ 7. 5Mh z = 

. 19 
4 . 323u5) 

Dvnamic 
ucyc l e + Phase + uS 

B 2 
(@ 7.5Mhz = 

Dvnamic 

.19 
3 . 657u5) 

ucycle + Phase + uS 

10 2 
(@ 7 . 5Mh z = 

.19 
4.457u5) 

When the grant is issued , external circuitry must drive the R/-WHB 
and R/- WLB lines , and initially drive the OAL'S with the address . 
In dynamic memo ry systems the address must be multiplexed on 
10.1(7:0> so that the memory chips are provided with row and col umn 
addresses at the appropriate times . Later in the transaction the 
data transfer on the OAt 's takes place in a direction controllerl 
by the state of the R/-WAS and R/- WLB lines. The OCTll-AA 
continues issuing grants for DMA transactions until OMR L is no 
longer asserted low on AI(O>, during PI. When this happen s the 
present sequence of OMA transactions f.inishes (l.nd t.he OCTll-AA 
resumes normal operat ion. 
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5 . 8 .1 Single Ch annel DMA Co ntrolle r (1 6 - Bi t Mode ) 
\-lith reference to Fig u re 5-23 , this section describes a single 
channel DMA controller for use wi th dynamic or static memory 
systems. 

5.8 .1.1 Address La t ches (Sing le Ch a nnel DMA Contro ller) -- Address 
latches can be shared with the rest of the system. In a stC'ltic 
memory system , if address latches are not necessary for the rest 
of the system the four chips (E3 thru Et:I) may be eliminated. In a 
dynamic memory system , if ~ddress latches are not necessary for 
the rest of the system the two chips (E3 and E4) may be replace~ 
by one latch that will save the appropriat'e AI bits for the -CAS 
strobe . 

5.8. 1. 2 Pu lse Mode Cl o ck (Si ng le Channel OMA Controller ) -- With 
reference to Figure 5- 23, pulse mode clock is used in this 
circuit . If this is not poss i ble a delay line or RC combination 
can be used fo r the generation of an edge between -RAS assertion 
(low) C'ln~ - CAS assertion (low). This edge swi tches the AI 
multiplexer from row address to column address in dynamic memory 
systems. If a s t atic memory sys t em is being used this switching is 
not needed . Pulse mode clock also produces a convenient edge in 
the mi ddle of PI that is useful when writing to peripherals . 

5.8 .1. 3 Address Decode Structu r es -- A PLA or any other address 
decode st r uctu r e provides the following register selects: 

S-A L 
S-C L 
DMACR L 

Select 
Select 
DMACR 
which 
under 

address counter in DCn06 ' s (DEC 
word counter in OC0r.~ ' s 

(OMA Co n t r ol Reg ister) is an 
may specify ONIA direction and 
software control . 

OMA chip) 

optional 
mi'lke OMA 

register 
requests 

5 . B .1. ~ Op e r a tion Seque nce (Single Cha nne l DMA Co ntro l ler) -- Th~ 
nCT 11 - AA so ftwa re loads the OCOOI; I s wi th the two I s compl ement 0 f 
the \010 rd co un t and then wi th the bus and ress. Fo llowi ng the 
loading , the peripheral is signaled th~t the OMA set up is 
com pI e tf:! . 

The pe ri phernl nevice makes a DM~ request by ?sserting the 
upper DMA REO H which in turn causes the assertion of DMR L. The 
OCTII-AA issues a DMG nnti crives - RAS , - CAS, PI , anti COUTo The 
periphe r al tirives R/- WHB and R/- WLB and negates the signal upper 
OMA REO H. The signal Ro\orAO H is alreac'ly ?sserted high when the 
DMG cycle starts . POWAO Hand DMG H send the output of AND gClte 
E$A high which asserts the read input to the ncro~ ' s. The nCPOh ' S 
drive the address onto the DAL ' S where it is input by the address 
l Cltches which in turn c. r ive the AI multip l exer inputs . During this 
period the AI multiplexer is pointing to the row address inputs. 
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Figure 5-23 Single Channel DMA 



Between - RAS assertion (low) ~nd -CAS assertion (low) the trailing 
edge of PMC CO UT clocks latch E7A dri'ving ROWAD H to a low state. 
When ROWAD L goes high the AI mul tiplexer inputs swi tch to the 
column address and the output of AND gate EBA goes low which 
effects the DC006 ' s in two ways: 

• The 
the 

DC006 ' s 
address 

inputs go three-state so 
onto the DAL l s. 

they s top rlriving 

• The word count and bus address registers of the low byte 
DCD06 are incremented . The word count increments by one 
if the CNTlA input to E2 (~'ORD XF'ER) is low and by two if 
it is high. 

If the count in E2 
also increment El . 
asserted , which sets 
are made. 

reaches a maximum, the next count edge will 
When the word count overflows, WDCNT H is 
the DMR latch E78 and no further DMA requests 

5.8.2 Software OMA Requests 
A small modification to the hardware permits software DMA requests 
and software specification of the transfer direction. Substitution 
of the schematic in Figure 5- 7.4 for the enclosed section of Figure 
5-23 results in the necessary hardware modification . 

The transfer direction is specified by writing to bit 0 of the 
DMACR (DMA control register). Writi ng a "1" to bit D of the DMACR 
specifies DMA tr a nsfers from memory to the peripheral. Writing a 
"0" to bit 0 of the DMACR specifies DMA transfers from the 
peripheral to memory. Writing a "1" to bit 1 of the DMACR makes an 
immediate DMA request. The request will be latched into the 
DCTll - AA during the same transaction that wrote the DMACR. 

- CASH -,-, 

PERIPHERAL OMA REO H -L_/ 

BUF OAL I H 0 a 

'" DMACR L WAITE CA H '" f'!'''''fL!!..t,..,.-~oj--l 
R/ WLB L --<"L_/' 

WOCNT H 

INITH,,-~, 

Figure 5- 24 

8UFDALOH 0 0 

'" 
DMR L 

'" 
DMG L 

Software OMR Control 

5- 2 0 

R/ WHB H 

CONNECTED TO R/ -WHB 
AND R/ -WLB DCTII ·AA 

R/ WlB H 

.. , ..... 



5.9 WORKING WITH PERIPHERAL CHIPS 
This discussion does not encompass all the peripheral chips that 
will work with the DCTII-AA , but does cover a few selected ones. 
Almost all peripheral chips will work with the DCTII-AA . The 
following chips will be discussed: 

• 8155 RAM, three ports, and t imer 
• 2651 PUSART (programmable serial line unit) 
• Dea03 Interrupt Logic. 

5.9.1 8155 RAM a nd Three Ports and Timer 
With reference to Figure 5-25, this examp l e uses 8-bit mode, 
delayed read/write mode. If normal read/write is desired, it is 
necessary to gate the read/write lines with -CAS . Chip enable and 
101M control is accomplished by static addresses which remain 
valid thro ughout the transaction. 

SAL < 8 > 
8155 

101M 

SAL < lS> --'r- I/O PORT A 

D,6,L <7:0 > 
8 AD 7:0 

DCTll _ AA " --'r- ItO POR T 8 

- AAS ALE 

RI-WHB 
RD 

--'r-
(-RD) 

I/O PORT C 

Rt -WLB 
WT (-WTI 

"~ ,.,,, 

Fig ure 5-25 8155 

5 . 9.2 2651 PUSART 
With reference to Figure 5- 26, there a re two facts 
understood when interfacing the 2 n 51 PUS ART to 
Compatibility depends on these two facts: 

which must b e 
the DCTJI-AA . 

• Every DCTl1-AA write is precede(l by a read from the same 
location (except st~ck operations, traps, interrupts, and 
subroutines) . 

• The 2651 ' s receive datCl buffer and transmj t ~atCl buffer 
have the same address inside the chip. The buffers are 
selected by the R/W input. 

The involuntary read from the r eceive buffer clears the receive 
ready pin, and may result in resetting the receiver interrupt. To 
avoid this it is necessary to assign separate addresses to the 
receive and tra nsmit buffers and disable read transact i ons from 
the transmit buffer . 

5-21 



2651CfL 
(-CAS TIMING) 

OAL<2> 

OAL<3> 

2651 AD L 

READV L 

RESET 

e' 
07;00 8 

OAL < 7:0 > 

AO 

" 2651 Vee 
RO/WT 

RXRDY 

RXIACK L 

TXROV p.--'--+-O 

INIT l. -=~~:::: 
TX lACK l-

Figure 5- 26 2651 

Vee 

AXIRO L 

Vee 

TXIRO L 

... ~ ... ,. 

For the same re ason , the 2fi51 mode registers must be accessed by 0 

proper sequence of reads and writes. An example in In-bit mode : 

• To write mode reg ister 1 ; dis<'lble tr<'lnsmit and receive 
(control reg ister <- 5) rea~ mode register, write mode 
r egister. 

• To write mode reg ister 2 ; ~isClble transmit and rece i ve 
(control reg ister <- 5) , wri te mode register. 

In 8-bit mode, the same operat ion takes place but byte 
instructions must be used. If word instructions are used, then the 
same 21151 register is accessed twice, thus incrementing the morle 
register pointer= 

The /651's access time is 250ns , C'I READY slip should be used when 
the DCTII - AA is running at frequencies greater than 7MHz. 

If the nCTII - AA is running at ? frequency greater thCln (,MHz, 00:07 
require buffering to the DAL 's . The buffering is because the 2hSl 
turn off time is ]!iOns maximum with a lOepf load. tCDE for the 
DCTII-AA at nMHz is l~Bns maximum. 
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5.9 . 3 DeC03 I nt e rrupt Logic 
Wi t h reference to Figures 5- 27 and 5- 2P , the interrupt chip is an 
IS-pin dual - in-line- package device that provides the c ircui ts to 
handle inte rrupts. The chip can be used in any externally vectored 
interrupt scheme and the system does not have to be daisy- chained . 
The device is used in peripheral interfaces to provide two 
interrupt channels labeled "A" and " B" with the A section at a 
higher priority than the B section. OC003 ' s meoy he daisy - chC'ined 
at ~ny prior i ty level . 

RD OA CONTROL STATUS REGISTER (CSR~ H -,,--, 

,-----------------t----1·:>---OAL < l > 

OAL < 6 > 

OCOOJ 

DEV OA IRO H ROSTA ENAST 

IAI( l BIAK! BIRO 

BCLR L BINIT BIAKO TO NEXT DC OOJ IN OAISY CHAIN 

BOIN INITO 

= DEV OB lItO H ROSTB VECTOR 
}USEO TO GENERATE EXTERNAL VECTORS 

OAL < 6 > 
ENA OAT VEC ROST 

ENS OAT ENB ST OAL < S > 

EN' EN' 

'" '" 
LOAOOA LOAD os OEV081ROH OA L< 7 > 

CSA " cs'" 
RO OB CSR Ii 

..... .. '" 
Figure 5-27 Den03 
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DE\! ~~ OCClO3 470 n 

JROH RQST A ENAST r OEV 114 

BIRO p---- IROH 
BIAKI 

BCLR L < BIN IT BIAKO 
P-D .CLA L-<: CAS L < BOFN INIT 0 
r-~E\! 0 CAS ~ -C OEV OS _ ROST8 VECTOR IAK 104 OEV 18 

IRO H t-~EV08 IROH--
8~{ 

ENA OAT VEC ROS 

EN8 OAT EN8 ST IAKH >-L r " B OAL<6> 
ENA ENS 
CLK CLK 

.10n 

DCOOl -
81AKI BIRO 

BIAK 0-

o-OEV 
-ilAI( H 
_~EV 18 
_IAKH 

·,v 

.,v 
.70n 

LS173 

+3V-

GNO-

CAS 104-

M N Gl G2 

" L D _p 
GND 

--
-
-

AI < 2 > ICP21 

AI <3> (CPI I 

AI<4 >ICPO) 

AI < 5 > (.vEel 

LOAD OA CSR 1104 LolD OB CSR H 
LOAD 114 LOAD 18 

C," " cs'" 
REAO DRIVERS FOR 
INTERRUPT ENABLE DEV 214 OCClO3 
AND DONE BITS ARE FROH- -
NOT SHOWN IN THIS 
DIAGRAM. 

IAK L-< BIAKI BIRO 

8CLR L-< BIAKO 

CAS L-< 0-
DEV2B IRO 104_ _ OEV 21AK H 

B OAL < S>L 
- OEV28IAKH 

-

INTERRUPT 
DEVICE CHANNEL 

PRIORIT'o' EXTERNAL 
VECTOR OEV 08 IAK H 

• A • ,. 
• • • ,. 

OEV 18 IAK H 
, A , . • 20 OEVIC IAK 104 • ,. 
, A , .. , . , .. 

THIS SECTION CAN BE REPLACED 
WITH A ROM FOR BETTER SELECTION 
OF EXTER NAL VECTORS. 

.ro n 

GNO-

GNO-

DEV21AK H-

OEV I IAK H-

OEV2B IAt< H-

,---

LS 2 •• 

- -IG 2G 

IAK L 

-
-
-
-
-
-

OAL < 1 > 

DAL < 6 > 

DAL < S> 

OAL <4 > 

OAL < 3 > 

OAL<2 > 

DCTII·AA 
tAK L---_ Rf.ADY 

"N 

F ig ure 5-28 Dcaa3 at Different Prio r ity Levels 
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CHAPTER 6 

ADDRESSING MODES AND 
INSTRUCTION SET 



6.1 I NTRODUCTION 
This chapter is divided into six major categories: 

• Single Operand Addressing -- One part of the instruction 
word specifies the registers; the remaining part provides 
information for locating the operand . 

• Double Operand Address ing -- Part of the 
specifies the registers ; the remaining 
information for locating two operands. 

instruction word 
parts provide 

• Direct Address ing -- The operand is the content of the 
selected register . 

• Deferred 
selected 

(Indirect) 
register is 

Addressing 
the address of 

The 
the 

contents 
operand. 

of the 

• Use of the PC as a Gene r a l purpose Register -- The PC is 
unique from other general - purpose registers in one 
important respect. Whenever the processor retrieves an 
instruction, it automatically advances the PC by 2 . By 
combining this automatic advancement of the PC wi th four 
of the basic addressing modes, we produce the f o ur 
special PC modes i mmediate , absolute , relative, and 
relative deferred. 

• Use of the S t ack Pointer as a Genera l Purpose Register -­
Can be used for stack operations. 

6.2 ADDRESSING MODES 
Data stored in memory must be accessed and manipulated. 
handling i s specified by a DCTll-AA instruction (MOV, ADD , 
which usually indicates: 

• The function (operation code) . 

Data 
etc . ), 

• A general-purpose reg ister is to be used when locating 
the source operand and/or a general-purpose register to 
be used when locating the destination operand. 

• An addressing mode 
register(s) is/are to 

(to specify 
be used). 
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A large portion of the data handled by a computer is usually 
structured (in character strings , arrays , lists , etc.). DCTll - AA 
addressing modes provide for efficient and flexible handling of 
structured data. 

The general registers may be used with an instruction in any of 
the follow i ng ways . 

• 

• 

As accumulators. The data to be manipulated resides 
within the register . 

As pointers . The contents of the register i s the address 
of the operand, rather than the operand itself . 

• As poi nt ers which automatically step through memory 
locations. Automatically stepping forward through 
consecutive locations is known as autoincrement 
add r essing ; automatically stepping backwards is known as 
autodecrement addressing. These modes are particularly 
useful for process ing tabula r or array data . 

• As index r egisters . In this instance, 
the register and the word fo l lowing the 
summed to produce the address of the 
allows easy access to variable entries in 

the contents of 
instruction are 
opera nd. This 
a 1 ist. 

An important DCTll - AA feature , which should be considered with the 
addressing modes, is the registe r ar r angement. 

• Six general-purpose registers (RO--RS) 
• A hardware Stack Pointer (SP) register (R6) 
• A Program Counter (PC) register (R7) 
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Registers 
function; 
decoded. 

RO through RS are not 
their use is determined 

dedicated to any 
by the instruction 

specific 
tha tis 

• They can be used for operand 
contents of two registers can 
another register. 

storage. 
be added 

For example, 
and stored in 

• They can contain the address of an operand or serve as 
pointers to the address of an operand. 

• They can be used for the autoincrement or autodecrement 
features. 

• They can be used as index registers for convenient data 
and program access. 

The DCTII-AA also has instruction addressing mode combinations 
that facilitate temporary data storage structures. This can be 
used for convenient handling of data that must be accessed 
frequently. This is known, as stack manipulation. The register 
that keeps track of stack manipulation is known as the stack 
pointer (SP). Any register can be used as a "stack pointer" under 
program control; however, certain instructions associated with 
subroutine linkage and interrupt service automatically use 
register R6 as a "hardware stack pointer". For this reason , R6 is 
frequently referred to as the "SP". 

• The stack pointer (SP) keeps track of the latest entry on 
the stack. 

• The stack pointer moves down as items are added to the 
stack and moves up as items are removed. Therefore, it 
always points to the top of the stack. 

• The hardware stack is used 
handling to store information 
return to the main program. 

during trap 
allowing the 

or interrupt 
processor to 

Register R7 is used by the processor as its program counter (PC). 
It is recommended that R7 not be used as a stack pointer or 
accumulator. Whenever an instruction is fetched from memory, the 
program counter is automatically incremented by two to point to 
the next instruction word . 
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6.2.1 Single Operand Addressing 
The instruction format for all single operand instructions (such 
as clear, increment, test) is: 

08 ~ l)l OJ 02 00 

! 
OP CODE 

! 
DESTINATION ADDRESS 

Figure 6-1 Single Operand Addressing 
... A ..... 

Bits 15 thro ugh 6 specify th e operation code that defines the type 
of instruction to be executed. 

Bits five through zero form a six-bit field called the destination 
address field. This consists of two subfields. 

• 

• 

Bits zero through two 
~eneral-purpose registers 
Instruction word. 

specify which of the eight 
is to be referenced by this 

Bits three through five specify how the selected 
will be used (address mode). Bit three is 
indicate deferred (indirect) addressing. 

reg ister 
set to 

6.2 . 2 Double Operand Addressing 
Operations which imply two operands (such as add, subtract , move, 
and compa r e) are handled by inst ructions that specify two 
addresses. The first operand is called the source operand; the 
second is called the destination operand. Bit assignments in the 
source and destination address fields may specify different modes 
and different registers. The instruction format for the double 
ope ran~ instruction is: 

" " W 09 os 06 '" '" OJ " 00 

OP CODE :.ODE: " :.ODE: " , 
! ! 

SOURCE ADDRESS DEST INATION ADDRESS 

.. A .. .... 

Figure 6-2 Double cperaoo Mdressing 

The source address field is used to select the source operand, the 
first operand. The destination is used similarly, and locates the 
second operand and the result. For example, the instruction ADD 
A, B adds the contents (source operand) of location A to the 
contents (destination operand) of location B. After execution B 
will contain the result of the addition and the contents of A will 
be unchanged. 

Examples in this paragraph and chapter use the 
DCTll-AA instructions. A complete listing 
instructions is located i n Paragraph 6.3. 
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Mnemonic Description 

CLR Clear (zero the specified destination) 

CLRB 

INC 

INCB 

Clear byte (zero the byte in the specified 
destination) 

Increment (add one to contents of 
destination) 

Increment byte (add one to the contents of 
destination byte) 

Octal Code 

005000 

105000 

005200 

105200 

COM Complement (replace the contents of the 005100 

COMB 

ADD 

destination by its logical complement; 
each zero bit is set and each one bit is 
cleared) 

Complement byte (replace the contents of the 105100 
destination byte by its logical complement; 
each 0 bit is set and each I bit is cleared). 

Add (add sou rce operand to destination 06SS0D 
ope rand and store the result at destination 
address) 

N = number of a general register 

DO = destination field (six bits) 

SS = source field (six bits) 

) = contents of 

6.2.3 Direct Addressi ng 
The followi ng table sUmmarizes the four basic modes used with 
direct addressing_ 

Mode Name 

o Register 

DIRECT MODES 

Assembler 
Syntax 

Rn 

Function 

Register contains operand 

I INST RUCTION H OPERANO I 
.'-

Figure 6-3 Mode 0 Register 
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I 

I 

2 

4 

6 

~utoincrement (Rn)+ Register is used as a pointer to 
sequential data then incremented 

I INSTRUCTION L-_AO_O~"r'_~ ___ J ll_·_I __ O_"_"_A_N_O_.,.I~~~~~ 
-1 +2 FOR WORD, t­
I t l FOAEl YTE 1 

Figure fi - 4 M::>de 2 Auto increment 

Autoaecrement -(Rn) Register is decremented 
used as a pointer . 

and then 

Index 

INSTRUCTION - 2 FOR WOAD, OPE RAND 
- 1 FORSVTE 

""-... 7 

Figure 6- 5 Mode 4 Autodecrement 

INSTRUCTION 

x 

X (Rn) 

ADDRESS 

Value X is added to (Rn) to 
produce address of operand. 
Neither X nor (Rn) is modified . 

OPERAND 

........ 
Figure (:i -I) Mode I) Index 

6.2.3.1 Register Mode -- With register mode any of the general 
registers may be used as simple accumulators and the operand is 
contained in the selected register. Since they are hardware 
registers, within the processor, the general registers operate at 
high speeds and provide speed advantages when used for operating 
on frequently-accessed variables . The assembler interprets and 
assembles instructions of the form OPR Rn as register mode 
operations. Rn represents a general register name or number and 
OPR is used to represent a general instruction mnemonic . 
Assembler syntax requires tha t a general register be defined as 
follows. 

RO = %0 (% sign indicates register definition) 
Rl = %l 
R2 = %2, etc. 

Registers are typically refe rred to by name as RO, RI, R2, R3 , R4, 
RS, R6, and R7. However, R6 and R7 are also referred to as SP and 
PC , respectively. 
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aPR Rn 

Register Mode Examples 
(all numbe rs in octal) 

Symbolic 

1. INC R3 

Operation: 

" 
0 : 0 0 : 

2. ADD R2, R4 

Operation: 

0 : , 

Octal Code Instruction Name 

005203 Increment 

Add one t o the c ontents of g eneral pur pose 
register R3. 

06 05 DO OJ 02 00 

: 0 : 
, 

: 0 : , 0 I 0 o ! 0 I 0 : 
, : , ~ .., SELECT 

t REG ISTER , 

I I I 

OP CODE IINCf0052i) DESTINATION FIELD I 

Figure 6-7 IN: R3 Increment 

060204 Add 

.0 .. 

., 
R3 .. 
os 

R61SPI 

R7 (PCI 

-
I 
I 
I 
J 

Add the contents of R2 to the contents of R4. 

BEFORE AFTER 

., 1 000002 ., 1 00000' 

.. I 00000. "I 000006 

.,-
Figure 6-8 AJl) R2, R4 Add 
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I 
I , 

I 

I 
I 

3. COMB R4 

Operation: 

105104 Complement Byte 

One's complement bits 0--7 (byte) in R4. (When 
general registers are used , byte instructions 
only operate on bits 0--7; i . e., byte 0 of the 
register.) 

BEFORE 

R4 I 022222 

AFTER 

R.- I 022155 

Figure 6-9 COMB R4 Complement Byte 

6.2.3.2 Autoincrement Mode (OPR (Rn)+) This mode (mode 2) 
provides for automatic stepping of a pointer through sequential 
elements o f a table of operands. It assumes the contents of the 
selected general purpose register to be the address of the 
operand. Contents of registers are stepped (by one for bytes, by 
two for words , always by two for R6 and R7) to address the next 
sequential location. The auto increment mode is especial l y useful 
for array processing and stack processing. It will access an 
element of a table and then step the pointer to address the next 
operand in the table . Altho ugh most useful for table handling, 
this mode is completely general and may be used for a variety of 
purposes. 

aPR (Rn)+ 

Autoincrement Mode Examples 

Symbolic 

1. CLR (R5)+ 

Operation : 

Octal Code Instruction Name 

005025 Clear 

Use contents of RS as the address of the 
operand. Clear selected operand and then 
increment the contents of R5 by two . 

BEfORE AfTER 

AOORESSSPACE REGISTER AOORESSSPACE REGISTER 

20000 1 """" " I """'" 20000 I 005025 R5 I 030002 

1- I : ->uvuu . 111~116 

Figure 6-10 CLR (R5)+ Clear 
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2 . CLRB (R5)+ 105025 Clear Byte 

Operation: Use contents of R5 as the ad dres s of the 
operand. Clear selected byte operand and then 
increment the co nte nt s of R5 by one. 

BEFORE AFTER 

ADDRESS SPACE REGISTER ADORESS SPACE AEGISTER 

20000 I 105025 RS I 030000 I 20000 I lO!mS I RS I 03000 1 

30000 111 I 116 

30002 

~~ 
JOOO1 c:::J 

Figure 6-11 CLRB (RS)+ Clear Byte 
".-

3. ADD(R2)+,R4 062204 Add 

Operation : The 
the 
R4. 

contents of R2 are used as the address 
operand which is added to the contents 

R2 is then inc r emented by two. 

BEFORE 

ADDRESS SPACE REGISTERS 

A FTEA 

of 
of 

>0000 I 06220< I 
ADDRESS SPAces 

10000 I 0622i>'1 I 
REGISTERS 

R2 I 100004 

R4 I 0 10000 R4 ] 020000 

100002 1 010000 100002 [ 010000 

....... ,. 
Figure 0-1 2 ADD (R2) + R4 Add 

6.2.3.3 Autodecr ement Mode (OPR-(Rn)} -- This mode (mode 4) is 
useful for processing data in a list in reverse direction. The 
contents of the selected general purpose register are decremented 
(by two for word instructions, by o n e for byte instructions) and 
then used as the address of the operand. The choice of 
postincrement, predecrement features for the DCTll-AA were not 
arbitrary decisions, but were intended to facilitate 
hardware/software stack operations. 

OPR-(Rn) 

Autod ec r ement Mode Examples 

Symbolic 

1. INC-(RO) 

Operation: 

Octal Code Instruction Name 

005240 Increment 

The content s of RO are decremented by two and 
used as the address of the ope r and . The 
operand is incremented by one. 
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BEFORE 

ADDRESS SPACE 

1000 I 005240 

17714 00000o 

REGISTERS 

RD I 011776 

AFTER 

ADDRESS SPACE 

~~ : ~,<O I 
17774 I 000001 

REGISTER 

RO 017774 

Figure 6-13 INC -(RO) Increment 

2 • INCB - (RO) 105240 Increment Byte 

Operation: The contents of RO are decremented by one 
used as the address of the operand. The 
operand byte is increased by one. 

BEFORE 
ADDRESS SPACE REGISTER 

1000 I Hl!i240 I RO I 017776 

"'l< I ~! ~ I 
11776 I 

F igu re 6- 14 I NCB 

AfTER 

ADDRESS SPACE 

1000 I 105240 

11174 "" ,~ 
17776 

REGISTER 

RO I 017775 I 

"A .... " 

-(RO) Increment Byte 

then 

3. ADD - (R3) ,RO 064300 Add 

Operation: The co n tents of R3 are decremented by two then 
used as a pointer to an ope rand (source) which 
is added to the contents of RO (destination 
operand) 

BEFORE 

ADDRESS SPACE 

10020 I 064300 I 

11114~ 
17776 c=J 

REGISTER 

RO I 000020 

Rl i 071776 

Fi gu re 6-15 

AFTER 

ADDRESS sPACE 

10020 I 064300 I 

I'B 71714 000050 

77776 

REGISTER 

RO I 0CI00070 

RJ ! 077174 

........ " 

ADD -(R3), RO Add 
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6.2 . 3.4 Index Mode (OPR X(Rn)) In this mode (mode 6) the 
contents of the selected general p ur pose register, and an index 
word following the instruction word, are summed to form the 
address of the operand. The contents of the selected register may 
be used as a base for calculating a series of addresses, thus 
allowing random access to elements of data structures. The 
selected register can then be modified by program to access data 
in the table. Index addressing instructions are of the form QPR 
X(Rn) where X is the indexed word and is located in the memory 
location following the instruct i on word and Rn is the selected 
general purpose register. 

OPR X(Rn ) 

Index Mode Examples 

Symbolic Octal Code Ins truction Name 

1. CLR 200 (R4) 005064 
000200 

Clear 

Operation: 

'020 

1022 

1024 

I 
,,,>0 

1202 

The address of the operand is determined by 
adding 200 to the contents of R4 . The operand 
location is then cleared. 

BEfORE AfTER 

ADDRESS SPACE REGISTER ADD RESS SPACE REGISTER 

~ 
" 00"'00 1020 

~ " 
I 00"'>0 

000200 1022 

'000 1024 
'200 
"00 

~ 
"00 

~ 
.. A_"" 

Figure 5- 16 CLR 200 (R4) Clear 
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2. COMB 200 (R1) 105161 
000200 

Complement Byte 

Operation: 

"20 

1022 

20116 

20200 

The contents of a l ocat i on which is determined 
by adding 200 to the contents of Rl are one's 
complemented (i.e. , logically complemented) . 

BEFORE AFTER 
ADDRESS SPACE REGISTER ADD RESS SPACE REGISTER 

~ " 
I 017777 1020 

~ " 
I 017771 

000200 1022 000200 

017777 
'200 

I ,;, ! 000 I 
320177 

20176 ffi 20200 

... ~ ..• ,. 
Figure 6- 17 C(M3 200 (R1) Ccrnp1 ement Byte 

3 . ~DD 30 (R2) ,20 (R5) 066205 
000030 
000020 

Add 

Operation: 

H'2<l 

H"2 

1024 

1130 

2020 

The contents of a location which is determined 
by adding 30 to the contents of R2 are added to 
the contents of a location which is determined 
by adding 20 to the contents of RS. The result 
is stored at the destination address, i.e., 
20 (R5) • 

BEFORE AFTER 

ADDRESS SPACE REGISTER 

R2 I 001100 

ADDRESS SPACE REGISTER 

~ 000030 

000020 

1020 066265 R2 I 001100 

Ion 000030 

000020 R5 002000 1024 R5 002000 

00000' 1130 000001 

00000' 2020 000002 

))00 2000 
_30 _20 

mo 202ii 

Figure 6- 18 ADD 30 (R2) , 20 (R5) ~d 
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6.2.4 Deferred (Indirect) Addressing 
The four basic modes may also be used with deferred addressing. 
Whereas in the reg ister mode the operand is the contents of the 
selected register, in the register deferred mode the contents of 
the selected register is the address of the operand. 

In the three other deferred modes, the contents of the register 
select the address of the operand rather than the operand itself. 
These modes are therefore used when a tabl e consists of addresses 
rather than operands. A.ssembler syntax for indicating deferred 
addreSSing is "@" (or "()" when this is not ambiguous). The 
foll owing table summarizes the deferred versions of the basic 
modes. 

Mode Name 
Assembler 
Syntax Function 

1 Register 
Deferred @Rn or (Rn) Register contains the address of 

the operand . 

I INSTRUCTION H ADDRESS H OPERAND 

Figure 6-19 Mode 1 RaJ ister Deferred 

3 Autoincrement 

5 

Deferred @(Rn) + 

INSTRUCTION ADDRESS 

Register is first used as a 
pointer to a word containing the 
address of the operand, then 
incremented (always by two ; eve n 
for byte instructions). 

ADDRESS OPERAND 

" 

Figure 6- 20 Mode 3 Autoincrement Defer red 

Autodecrement 
Deferred @-(Rn) Register is decremented (a lways 

by two; even for byte 
instructions) and then used as a 
pointer to a word containing the 
address of the operand. 

I ! NSTRUCTlDN HL_A_O_O,R,-ES_S--,HL __ -' __ h4_A_O_O_R_'SS_-,H 
! T 

OPERAND I 

Figure 6- 21 Mode 5 Autodecrement Deferred 
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I 
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I , 
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7 Index 
Deferred @X (Rn) Value X (stored in a word 

fo llowing the instruction) and 
(Rn) are ad ded and the sum is 
used as a pointe r to a wo rd 
containing the ad d r ess of the 
operand. Neither X nor (Rn) is 
moditied. 

INSTRUCTION ADDRESS 

ADDRESS OPERAND , 

Figure 6- 22 Mode 7 Index ~ferred 

The follow i ng examples illustrate the deferred modes. 

Register Deferred Mode Example 

Symbolic 

CLR @R5 

Ope rati on: 

1677 

"00 

Octal Code Instruc ti on Name 

005015 Clea r 

The contents of l ocati on specified in RS are 
cleared . 

BEFORE 

ADDRESS SPACE 

~ 
REGISTER 

001700 

Figure 6- 23 

1677 

"00 

AFTER 

ADDRESS SPACE 

~ 
REGISTER 

RS I 001700 

CLR @ RS Clear 

Autoincrement Deferred Mode Exampl e (Mode 3) 

Symbolic 

INC@(R2)+ 

Operation: 

1010 

1012 

'0300 

Octa l Code Instruction Name 

0052 32 Increment 

The contents of R2 are used as the address of 
the address of the operand . 
Operand is increased by o ne. Co ntents o f R2 
are inc remented by two. 

BEFORE AFTER 

ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER 

~ " ~ " 
I 010302 

1010 

1012 

.. ~ .... \ 
Figure Fl- 24 INC @ (R2) + Increment 
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Autodecrement Deferred Mode Example (Mode 5) 

Symbolic 

COM @. (RO) 

Operation: 

10HIO 

10102 

10774 

10776 

Octal Code Complement 

005150 

The contents of RO are decremented by two and 
then used as the address of the address of the 
operand. Operand is one's complemented (i.e., 
logically complemented) • 

BEFORE AFTER 

ADDRESS SPACE REGISTER ADORESSSPACE REGISTER 

B RO I 010776 10100 t=j RO 

10102 

B '07" B 
10776 

.. A· .... 

Figure 6- 25 COM @ (RO) Canplenent 

Index Deferred Mode Example (Mode 7) 

Symbolic Octal Code Instruction Name 

ADD @ 1000(R2) ,Rl 067201 
001000 

ADD 

Operation: 

'''{) 
1012 

1024 

"50 

"'" 

1000 and contents of R2 are summed to produce 
the address of the address of the source 
operand the contents of which are added to 
contents of RI; the result is stored in Rl. 

BEFORE AFTER 

ADDRESS SPACE REGISTER AODRESS SPACE REGISTER 

~ " 
001234 1020 

~ " 
I 001236 

00''''''' 1022 "''''''' I " 00'" 00 " """'00 
1024 

t=j "50 t=j 

I """ L-====-___ ::::: 
"'~ ""J 

Figure 6- 26 ADD @ 1000 (R2) , Rl Add 
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6.2.5 Use of the PC as a Ge neral Register 
Although register seven i s a general purpose register , it doubles 
in function as the program counter for the DCTII-AA . Whenever the 
processor uses the p r ogram counter to acqu ire a word from memory , 
the program co unt e r is automatically incremented by two to contain 
the address of the next word of the inst ruction being executed or 
the address of the next instruction to be exec ut ed . (When the 
program uses the PC to locate byte data, the PC is still 
incremented by two.) 

The PC r esponds to all the standard DCTII - AA addressing modes . 
However, there are four of these modes with which the PC can 
provide advantages for handling position independent code and 
unstructured data . When uti lizi ng the PC these modes are termed 
immediate , absolute (o r immediate deferred) , relative and relative 
deferred, and are - s ummarized below . 

Assembler 
Mode Name Syn tax Function 

2 Immediate in Operand follows instruction . 

3 Absolute @#A Absolute Address of operand 
fo l lows instruction. 

6 Rela ti ve A Relat iv e Address (index value) 
follows the instruction. 

7 Relat i ve Deferred @A Index value (stored in the 
word following the instruction) 
is the relative address for the 
address of the operand . 

When a standard program is ava ilable for d i fferent users , it often 
is helpful t o be able t o load it into different a r eas o f memory 
and run it there . DCTll-AA can accomplish the relocation of a 
program ve ry efficient ly through the use of position independent 
code (PIC) which is written by using the PC addressing modes . If 
an instruction and its operands are moved in such a way that the 
relative distance between them is not altered, the same offset 
r elat i ve to the PC can be used in all positions in memory_ Thus, 
PIC usually r eferences loca ti ons relative to the current location. 

The PC also greatly facilitates the handling of unstructured data . 
This i s particularly true of the immediate and relat i ve modes. 
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6.2.5.1 Immediate Mode (CPR In,DD) -- Immediate mode (mode 2) is 
eq uivalent to using the autoincrement mode with the pc. It 
provides time improvements fo r accessing constant operands by 
including the constant in the memory location immediately 
following th e instruction word . 

CPR 'n,DD 

Immediate Mode Example 

Symbol ic 

ADD t l O,RD 

Operation: 

""" 
1022 

",. 

Octa l Code 

062700 
000010 

Instruction Name 

Add 

The value 10 is located in the second word of 
the instruction and is added to the contents of 
RD. Just before this instruction is fetched 
and executed , the pc points to the first word 
of the instruction. The processor fetches the 
first word and increments the PC by two. The 
source operand mode is 27 (auto increment the 
PC). Thus , the PC is used as a pointer to 
fetch the operand (the second word of the 
instruction) before being incremented by two to 
point to the next instruction . 

BEFORE 

AOORESS SPACE REGISTER 

062100 "ROC I 000020 

000010 1> 

'020 

1022 

1024 

Figure 6-27 AID t 10, RO Add 
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6.2.5.2 Absolute Addressi ng (CPR @I A) -- This mode (mode 3) is the 
equivalent of i mmediate defer re d o r autoincrement de ferred using 
the PC . The contents of the location f o ll owi ng the instruction 
a re taken as the address of the operand. Immediate data is 
interpreted as an absolute address (i . e ., an address that remains 
constant no matter where in memory the assembled instructi on is 
executed) • 

OPR @tA 

Absolute Mode Examples 

S ymbo lic Octa l Code Instruction Name 

l. CLR @#1100 005037 Clear 
00 1100 

Opera t ion: Clear the contents of location 1100. 

BEFORE AFTER 

AODRESSSPACE ADDRESS Sf'ACE 

20 0050J1 20 

~ " 001100 " " 0011 00 PC 

I ,. 
j 
t=j , "" 

"00 ~ 
1'02 1102 

Figure 6- 28 CUR @ # 1100 Clear 

2. ADD @t2 000,R3 063703 
002000 

Operation: Add content s of l ocat i on 2000 t o R3. 

BEFORE AFTER 

ADDRESS SPACE REGISTE R ADDRESS SPACE REGISTER 

RJ I """"" : I :: ~:~ I oo,~ 
,. 

20 063103 

~ 
" 002000 

,. 

2OOO~ 
I 

2000 

Figur e 6- 29 ADD @ I 2000 Add 
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6.2.5 .3 Relative Addressing (OPR A o r aPR X(PC}) This mode 
(mode 6) is assembled as index mode using R7. The base of the 
address calculation, wh i ch Is stored in the second or third word 
of the instruction, is not the address of the operand , but the 
number which, when added to the (PC), becomes the address of the 
opera nd . Th is mode i s useful for writing position independent 
code since th e location referenced is always f i xed relative to the 
PC. When instructions are to be relocated, the operand is moved 
by the same amount. 

OPR A or OPR X(PC) 

where X is the location of A relative to the instruction 

Rel ative Addressing Exampl e 

Symbolic 

INC A 

Ope ration: 

,,2<> 

"22 

102" 

1026 

"00 

Octal Code 

005267 
000054 

Instructi on Na me 

Increment 

To increment location A, contents of memory 
location immediately following instruction word 
are added to (PC) to produce address A. 
Contents of A a r e increased by one. 

SEFORE 
AOORESSSPACE 

005267 

'" """"" 

00000o 

eo 

1024 

." 

1020 

1022 

1024 

1026 

"00 

AFTER 
ADORESS SPACE 

0005267 

""""" -
000001 

., 

! '---------'iiOO 
".-1 .. ' 

Figure 6 - 30 INC A Increment 
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6.2.5.4 Relative Deferred Add r essing (OPR @A or OPR @X(PC» 
Th is mode (mod e 7) is si mil ar to the relative mode, except that 
th e second word of the instruction, when added to the PC, contains 
the address of the address of the o perand, rather than the address 
of the ope rand . 

OPR @A or OPR @X(PC) 

where x is location containing address o f A, r e lative t o the 
instruction 

Relative Deferred Mode Example 

Symbol ie Octal Code Instruction Name 

CLR M 

Operation: 

005077 
000020 

Clear 

Add second word of instruction t o updated PO to 
produce address of address of operand. Clear 
operand. 

BEfORE AFTER 
ADDRESS SPACE ADDRESS SPACE 

(PC - 10201 1020 

~ "'" ~ 1022 000020 PC 1022 000020 PC 

(PC a 1022) 1024 "" "" ,'" 
I H'" 

'~ H'« DIOHlO 

10100 I 100001 I 10100 00000o 

"~ .'-

Figure 6-31 CLR @ A Clear 

6 .2 .6 Use of Stack Pointer as General Register 
The processor stack pointer (SP, Register six) is in most cases 
the general register used for the stack ope rations related to 
program nesting. Autodecrement with Register six "pushes" data o n 
to the stack and autoincrement with Register six "pops" data off 
the stack. Since the SP is used by the processor for interrupt 
handling, it has a special attribute: autoincrements and 
autodec rements are always done in steps of two. Byte operati o n s 
using the SP in this way leave odd addresses unmodified. 
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6.3 INSTRUCTION SET 
The rest of Chapter 6 describes the DCTII-AA instructions. Each 
instruction includes the mnemonic, octal code , binary code, a 
diagram showing the format of the instruction, a symbolic notation 
describing its execution and the effect on the condition codes, a 
description, special comments, and examples. 

MNEMONIC: This is indicated before each description. When the word 
instruction has a byte equivalent, the byte mnemonic is also 
shown. 

INSTRUCTION FORMAT: A diagram accompanying each instruction shows 
the octal op code, the binary op code, and bit assignments . [Note 
that in byte instructions the most significant bit (bit 15) is 
always a oneJ. 

SYMBOLS: 

() :: contents of 

55 or src = source address 

DO or dst = destination address 

loc = location 

~ = becomes 

T = "is popped from stack" 

V = "Is pushed onto stack" 

A = boolean liND 

V = boolean OR 

,.. = exclusive OR 

= boolean not 

REG or R = register 

B = Byte 

0 for word 

• = 
1 for byte 

= concatenated 
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6.3.1 Instruct ion Formats 
The following formats include 
DCTII-AA. Refer to individual 
i nformation. 

all instructions 
instructions for 

used in the 
more detailed 

1. 

2. 

Single Operand Group (CLR, CLRB, COM, 
DECB, NEG, NEGB , 
TST, TSTB , ROR, 
ASRB , ASL, ASLB , 
SXT, XOR) 

06 05 

COMB, INC, INCB, DEC, 
~DC, ADCB , SBC, SBCB, 

RORB, ROL, ROLS, ASR, 
JMP, SWAB, MFPS, MTPS, 

00 

... ~ .. ,., 
Figure 6-32 Single Operand Group 

Do uble Operand Gr oup (BIT, BITS , BIC, BICB, SIS , BISB, ~DD, 
SUB, MOV, MOVB, CMP , CMPB) 

12 11 06 05 00 

ss 

...... , .. 
Figure 6-33 Double Operand Group 

3. Program Contro l Group 
a. Branch (all branch instructions ) 

os " 00 

"~ ,,,,, 

Figure 6- 34 Program Control Gr oup Branch 

b. Jump To Subroutine (JSR) 

09 08 06 05 00 

o o • , 
: o~ 

.. .... ,.. 

Figure 6-35 Program Control Group JSR 

c. Subrout ine Return (RTS) 

" OJ 02 00 

0 : : 0 : 0 2 0 , 
.... _01n 

Figure 6- 36 Program Control Group RST 
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d. Traps (break point, IO~, EMT, TRAP, 8PT) 

" OP~OE 
...... 11 ... 

Figure 6-37 Program Control Group Traps 

e. Subtract I and branch (if = 0) (SOB) 

09 08 06 05 00 

: N~ 
........ , 

Figure 6-38 Program Oontrol Group SUbtract 

4. Operate Group (HALT, WAIT, RTI, RESET, RTT, NOP, MFPT) 

" 00 

.... -.... 
Figure 6-39 Operate Group 

5 . Condition Code Operators (all condition code instructions) 

" 06 05 '" 03 02 " 00 

0 0 0 : , I • I 011 I N I z I v I C 

.... _5' .. 

Figure 6-40 Condition Group 

6 .. 3 .. 1 .. 1 Byte Instructions The DCTII-AA includes a full 
complement of instructions that manipulate byte operands .. Since 
all DCTII-AA addressing is byte-oriented, byte manipulation 
addressing is straightforward. Byte instructions with 
autoincrement or autodecrement direct addressing cause the 
specified register to be moditled by one to point to the next byte 
of data. Byte operations in register mode access the low-order 
byte of the specltied register. These provisions enable the 

6- 24 



, 

t 

l 
I 

I 
I 

I 

I , 
I 
I 
I 

I 
, 

DCTII-M to perform as either a word or byte processor. 
numbering scheme for word and byte addresses in memory is: 

HIGH BYTE 
ADDRESS 

002001 

002003 

BYTE 1 

BYTE 3 

8YTEO 

BYTE 2 

WORD OR BYTE 
ADDRESS 

Figure 6- 41 Byte Instructions 

The 

The most s ignificant bit ( Bit 15) of the instructi o n word is s e t 
t o indicate a byte instruction. 

Example: 

Symbolic 

CLR 
CLRB 

Octal 

005000 
105000 

6.3.2 LIST OF INSTRUCTIONS 

Clear Word 
Clear Byte 

The DCTII-AA instruction set is shown as follows: 

SINGLE OPERANO 

Mnemonic 

General 
CLR (B) 
COM (B) 
INC ( B) 
OEC (B ) 
NEG (B) 
TST (B) 

Shift & Rotate 
ASR (B) 
ASL (B) 
ROR ( B) 
ROL ( B) 
SWAB 

Instruction 

clear dst 
c omplement dst 
increment dst 
decrement dst 
negate dst 
test dst 

arithmetic shift 
arithmetic shift 
rotate right 
ro tate left 
swap bytes 

Multiple Precision 
ADC(B) add carry 
seC(S) subtract carry 
SXT s 19 n ex tend 

right 
left 
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op Code 

.05000 

.05100 

.05200 

.05 300 

. 0 5400 

.05700 

.06200 

.06300 

.060DO 

.06100 
00 0 300 

.0551)0 

.05600 
006700 



PS word Operators 
MFPS move byte from PS 
MTPS move byte to PS 

DOUBLE OPERAND 

General 
MOV (B) 
CMP(B) 
ADD 
SUB 

Logical 
BIT(B) 
B Ie (B) 
BIS (B) 
XOR 

PROGRAM CONTROL 

Mnemonic 

Branch 
BR 
BNE 
BEQ 
BPL 
BMI 
BVe 
BVS 
BeC 
BCS 

move source to destination 
compare src to dst 
add src to dst 
subtract src from dst 

bi t test 
bit clear 
bi t se t 
exclusive or 

Instruction 

branch (unconditional) 
branch it not equal (to zero) 
branch if equal (to zero) 
branch it plus 
branch if minus 
branch if overflow is clear 
branch if overtlow is set 
branch if carry is clear 
branch if carry is set 

Signed Conditional Branch 
BGE branch is greater than or equal (to zero) 

less than (zero) BLT branch if 
BGT branch if greater than (zero) 
BLE 

Unsigned 
BHI 
BLOS 
BHIS 
BLO 

branch it less than or equal (to zero) 

Conditional Branch 
branch if higher 
branch if lower or same 
branch if higher or same 
branch if lower 

6-26 

1067DD 
1064SS 

.1SSDD 

.2SSDD 
06SSDD 
lbSSOD 

.3SS00 

.4SSDO 

.SSSDD 
o 74ROO 

Op Code 
or 
Base Code 

000400 
001000 
001400 
100000 
100400 
102000 
102400 
103000 
103400 

002000 
002400 
003000 
003400 

101000 
101400 
103000 
103400 



• 

Jump & Subroutine 
JM.P jump 
JSR jump to subroutine 
RTS return from subroutine 

SOB subtract one and branch (if i 0) 

Trap & Interrupt 

OOOlOD 
004RDD 
00020R 

077ROO 

EMT emulator trap 
TRAP trap 
BPT breakpoint trap 
lOT input/ou tput trap 
RTI return from interrupt 
RTT return from interrupt 

104000-- 104377 
104400--10477 7 

000003 
000004 
000002 
000006 

MISCELLANEOUS 

HALT 
WAIT 
RESET 
MFPT 

halt 
wait for interrupt 
reset external bus 
move processor type 

RESERVED INSTRUCTIONS 

CONDITION CODE OPERATORS 

CLC 
CLV 
CLZ 
CLN 
CCC 
SEC 
SEV 
SEZ 
SEN 
SCC 
NOP 

6.3.3 

clear C 
clear V 
clear Z 
clear N 
clear all CC bi ts 
set C 
set V 
set Z 
set N 
set all CC bi ts 
no operation 

Single Operand Instructions 

NOTE 
In all DCTII-AA instructions a write 
operation (which in 8-bit mode consists 
of two adjacent and indivisible write 
transactions) to a memory location or 
register is always preceded by a read 
operation from the same location. The 
exception is when writing PC and PSW to 
the stack in two cases! 

1. The execution of the microcode 
preceding a n interrupt or trap 
service routine. 
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000000 
000001 
000005 
000007 

OOOZlR 
00022 

000241 
000242 
000244 
000250 
000257 
000 26 1 
000262 
000264 
000270 
00027 7 
000240 



2. Interrupt and trap, instructions: 

6.3.3 . 1 General 

CLR 
CLRB 

CLEAR DESTINATION 

" 

Operation: 

Condition Codes: 

Description: 

Example: 

COM 
COMB 

COMPLEMENT OST 

Operation: 

HLT 
TRAP 
BPT 
lOT 

06 05 

Figure h-42 CLR 

(dst) ~O 

N: cleared 
Z : set 
V: c leared 
C: cleared 

_OSODD 

00 

Word: Contents of specltled destination are 
replaced with zeros. 
Byte: Same 

Be fo re 
(R1) = 177777 

NZVC 
1111 

CLR R1 

Figure fi -4 3 COM 

(dst) ~- (dst) 

After 
(R1) = 000000 

NZVC 
0100 

-as100 

00 

.. A_UO> 

Condition Codes: N: set if most significant bit of result is set; 
cleared otherwise 

Z: set if result is 0; cleared otherwise 
V: cleared 
C: set 
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Description: 

Example: 

INC 
INCB 

INCREMENT CST 

" 0/1: 0 o 

Operation: 

Condition Codes: 

Description: 

Example: 

OECREMENT CST 

" I 011 0 0 0 

Replaces the contents of the destinati o n address 
by their logical complement (each bit equal to 0 
is set and each bit equal t o one is cleared) 
Byte: Same 

o 

COM RO 

Before 
(RO) = 013333 

o 

NZVC 
OllO 

o 

Figure 6 - 44 

(dst) ~ (dst) + 1 

06 05 

0 , 

INC 

, 

After 
(RO) = 164444 

, , 

NZVC 
1001 

_05200 

00 

, : , I 
..... -..... 

N: 
Z : 

set 
set 

if result is (0; clea red otherwise 
if result is 0; cleared otherwise 

V: 
C: 

set 
not 

if (dst) held 077777; cleared othe rwi se 
affected 

Word: Add one to contents o f dest i nation 
Byte: Same 

INC R2 

Before After 
(R2) = 000333 (R2 ) = 000334 

NZVC NZVC 
0000 0000 

DEC 
DECB 

_05300 

06 05 00 

0 0 I ' > : , , > > I 
.. ~ .. ' oo 

Fig ure 6-45 DEC 
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Operation: (dst) < (ds t ) -1 

Condition Codes: N: set if result is <0, cleared otherwise 
Z: set is result is 0; cleared otherwise 

Description: 

Example: 

NEG 
NEGB 

NEG ATE OST 

" 
0/1 : < < 

V: set if (dst) was 100000; cleared otherwise 
C: not affected 

Word: Subtract one from the contents of the 
destination 
Byte: Same 

DEC RS 

Be fa re After 
(RS) = 000001 (RS) = 000000 

NZVC NZVC 
1000 0100 

_05400 

06 05 00 

< , : < , : , > > I d d d d > : d I 
"'~ ·" 06 

Figure n-46 NEG 

Operation: (dst)~ - (dst) 

Condition Codes: N: set if the res u lt i s (0; cleared otherw i se 
Z: set if result is 0; cleared otherwise 
V: set if the result is 100000 ; cleared 

otherwise 
C: cleared if the result is 0; set otherwise 

Desc r iption: Word: Replaces the contents at the desti nation 
add ress by its two's compl ement . No te tha t 
100000 is rep l aced by itself (in two l s 
complement notation the most negative number has 
no positive counterpart). 
Byte: Same 

Examp l e: NEG RO 

Before 
(RO) = 000010 

NZVC 
0000 
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After 
(RO) = 177770 

NZVC 
1001 



, TST 
TSTB 

TEST OST 

" 
0/1 0 o 

Operation: 

o o 

Figure 6 - 47 

(dst) ~ (dst) 

00 05 

0 

TST 

_05700 

00 , 
I 0 0 0 0 0 , 

"~"'Q' 

Condition Codes: N: set if the result is (0: cleared otherwise 
Z: set if result is 0; cleared otherwise 
V: cleared 
c: cleared 

Description: Word: Sets the condition codes Nand Z 
to the contents of the destination 
contents of dst remains unmodified 
Byte: Same 

according 
address, 

Example: 

Before 
(Rl) = 012340 

NZVC 
0011 

TST Rl 

6.3.3.2 Shifts & Rotates 
accomplished by the shift 

Seallng data 
instructions: 

ASR Arithmetic shitt right 

ASL Arithmetic shift left 

After 
(Rl) = 012340 

by 

NZVC 
0000 

factors of two is 

The sign bit (bit 15) of the operand is reproduced in shifts to 
the right. The low order bit is filled with zero in shifts to the 
left. Bits shifted out of the C bit, as shown in the following 
exampl es, are lost. 

The rotate inst ructions operate on the destination word and the C 
bit as though they formed a l7-bit "circular buffer." These 
instructions facilitate sequential bit testing and detailed bit 
manipulation. 

ASR 
ASRB 

ARITHMETIC SHIFT RIGHT 

o o o 

Figure 5 - 48 
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Operation: (dst)~(dst) sh ifted one place to the right 

Condition Codes: N: set if the high-order b i t of the result is 
set (result < 0) ; cleared otherwise 

Z: set if th e result: 0 ; cleared otherwise 
V: loaded f r om the Exclusive OR of the N- bi t and 

C-bit (as set by the completion of the shift 
operation) 

C: loaded from low-order b it of the destinat i on 

Description: Wo r d: Shifts all bits of the destination right 
one place. Bi t 1 5 is r eprod uc ed . The C- bit is 
loaded fr om b i t zero of th e destination . ASR 
perfo rms Signed division of the destination by 
two. 

ASL 
ASLB 

Byte: Same 

00 

1---8-
8YTE: 

000 ADDRESS ~ r-=~o~'-r __ -r __ ~'~V~'N~AO~D~R~'r~"--r __ ~oo~ 

: r--G] L{ : ::: I---G 
......... 

Figure 6- 49 ASR Description 

ARITHMETIC SHI FT LEFT 006300 

" '" 05 00 

I w.: 0 : 0 : 0 : , : , : 0 : 0 : 
, : , I d :- : d : d :- : d I 

"~·I"O 

Fig ure 6 - 50 ASL 

Operation: (dst)~(ds t) shifted one p l ace to t he left 

Condition Codes: N: set if high-o r de r bit of the result is set 
( result < 0); clea r ed o th e rw ise 

Z: set if the result: 0; cleared otherw i se 
V: loaded with the exclusive OR of the N-bit and 

C- b i t (as set by the complet i on of the shift 
operati on) 

c: loaded with the high-order bit of the 
destination 
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Descr i p tion: 

BYTE 

ROTAn: RIGHT 

Word: Sh ifts all bits of the destination left 
one place. Bit zero is loaded with an zero. 
The C-bit of the status word is l oaded from the 
most significant bit of the destination . ASL 
performs a signed multiplication of the 
destination by two with overflow indication . 
Byte : Same 

Figure 6-51 ASL Description 
"~·I'" 

ROR 
RORB 

15 06 05 00 

Figur e ~-52 ROR 

Ope r a tion: (dst)~(dst) r ota te right one place 

Cond ition Codes: N: set if the high-order bit of the result 1s 
set (result <0); cleared othewise 

Desc ript ion: 

Z: set if all bits of result = 0 ; cleared 
o t he r wi se 

V: loaded with the Exclusive OR of the N-bit an~ 
C- bit (as set by the completion of the rotate 
operation) 

c: loaded with the low - order bit of th e 
destination 

Wo r d: Rotates all bits of the destination right 
one place . Bit 0 is l oaded into the C- bit and 
the previous co ntents of the C- b i t are loaded 
into bit 15 of the des t i nation . 
Byte : Same 
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Example: 

ROL 
ROLB 

WOAD: 

BYTE: 

j r-----l0f--- 1r----l0~-~ 
r-~" ~---r--~--._--r__.--_,-2~~ r~O~'-r __ -r __ ~--r---r__. __ -'_OO~ 

~~~o~o~~~1 ~I ~~E~~N~~~ 
.. ~ .. ,,' 

Figure 6-53 ROR Description 

AOTATE LEFT 

15 06 05 00 

0<0 : 0 :0 : ' :' : 0 : 0 :0 :' I. :. :. :. 
..~ ... ,. 

Figure ~ -54 ROL 

Operation: (dst)~(dst) rotate left one place 

Condition Codes: N: set if the high - order bit of the result word 
is set (result < 0); cleared otherwise 

Z: se t if all bits of the result word = 0; 
cleared otherwise 

V: loaded with the Exclusive OR of the N-bit and 
C-bit (as set by the completion of the rotate 
operation) 

C: loaded with the high-order bit of the 
desti nation 

Description: Word: Rotate all bits of the destination left 
one place. Bit 15 is loaded into the C-bit of 
the status word and the previous contents of the 
C-bit are loaded into Bit 0 of the destination. 
Byte : Same 
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Exampl e : 

WOAO: 

I " OST 00 
I 

~~I ~~~~~~~~~ 
BYTES~ 

r-----~.[J~----~ I 8 I 
os " 00 

000 I I EVEN 

,.R.,,,' 

Figure 6-55 ROL Description 

SWAB 

SWAP BYTES 000300 

" 06 05 00 

o 0 o o o o o o , , , , , 
: 
, I ..... ". 

Figure IS -5 6 SWAB 

Operation: Byte l/Byte 0 ~Byte O/Byte 1 

Condition Codes: N: set if high-order bit of low-order byte (bit 
7) of result is set; cleared otherwise 

Z: set if low- orde r by t e of result = 0; cleared 
o therwise 

V: cleared 
c: cleared 

Desc r iption: Exchanges high-order byte and low- order byte of 
the destination word (destination must be a word 
add ress) • 

Example: 

Befo r e 
(Rl) = 077777 

NZVC 
1111 

SWAB Rl 

After 
(Rl) = 177577 

NZVC 
000 0 

6.3.3.3 Multiple Precision It is sometimes necessary t o do 
arithmetic on operands considered as multiple words or bytes. The 
DCTII-AA makes specia l provis i on for such operat i ons with the 
instructions ADC (Add Carry) and SBC (S ubt r act Carry) and their 
byte equivalents. 
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For example, two 16-blt words may b,e combined into a 32-bit double 
precision word and added o r s ub tracted as shown below. 

32·81T WOAD 

,--------------------~ 

oPERAND rL _______ A_, ______ ---'''1 LI' _______ A_o ______ -'°1 

rc -------------------------------------------,) 

oPERANDrL _______ ,, ______ ---'''1 Li' ___ ____ ,_o ______ ...J°1 

31 16 15 0 

,ESULTIi"----------'11 1 r--------"11 

Figure 5 -57 Multiple Precision 

The addition of -1 and - 1 could be perfo rmed as follows: 

-1 = 37777777777 

(R1) = 177777 (R2) = 1777 77 (R3) = 177777 (R4) = 177777 

ADD 
ADC 
ADD 
l. 
2. 
3 . 
4. 

ADC 
AlX:B 

Rl,R2 
R3 
R4,R3 

After (Rl) and (R2) are added, 1 is 
ADC instruction adds C bit to (R3)~ 
(R3) and (R4) are added 
Result is 37777777776 or - 2 

ADO CARAY 

'" 
01<0: 0: 0:':0 ° 

Fig ure f)-58 ADC 

Operation: (dst)~(dst)+(C bit) 
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loaded 
(R3) = 

05 

d d 

into the C bit 
o 

1105500 

00 

d d d : d I 
.. ~ ... ," 



, 

I 

• 

I 

I 

t 
, 

Condition Codes: 

Description: 

Example: 

SUBTRACT CARRY 

" " >3 

0{1 : 0 0 

Operation: 

Condition Codes: 

Description: 

Example: 

N, set if result < 0, cleared otherwise 
Z , set if result = 0; cleared otherwise v, set if (dst) was 077777 and ( C) was 1 . • 

cleared otherwise 
C, set if (dst) was 177777 and (c) was 1 ; 

cleared otherwise 

Adds the contents of the C-bit into the 
destination. This permits the carry from the 
addition of the low-order words to be carried 
into the high-order result. 
Byte: Same 

Double precIsion addition may be done with the 
following instruction sequence: 

liDO AO,BO ;add low-order parts 
IIDC B1 ;add carry into high-order 
liDO AI, Bl iadd high-order parts 

SBC 
SBCB 

e056DD 

" " " 09 '" " '" " '" OJ 02 " 00 

0 0 0 , , , , , : , I 
MA,-OI . 

Figure 6-59 SBC 

(dst)~(dst)-(C) 

N, set if result <0; cleared othe rwise 
Z , set if result 0; cleared otherwise 
v, set if ( dst) was 100000; cleared otherwise 
C, set if (dst) 

otherwise 

Word: Subtracts 
the destination. 
the subtraction 
subtracted from 
result. 
Byte: Same 

was 0 and C was 1 ; cleared 

the contents of the C-bit from 
This permits the carry from 

of two low-order words to be 
the high order part of the 

Double precision subtraction is done by : 

SUB AO,BO 
SBC B1 
SUB Al,Bl 
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SXT 

SIGN EXTEND 006700 

" 06 '" 00 

< < < < .: .: < .: , : , I • :- -: -: • : • I 
..~ ... ,o 

Fig ur e 6 - 60 SXT 

Operation: ( dst)~O if N-bit is clear 
(dst)~l N-bit is set 

Condition Codes: N: unaffected 

Description: 

Example: 

Z: set if N-bit clear 
V: cleared 
c: unattected 

If the condItion code bit N is set then a - 1 is 
placed in the destination operand; if N bit is 
clear, then a zero is placed in the destination 
operand. This instruction is particularly 
usetul in multIple precIsi o n arithmetic because 
it permits the sign to be extended through 
multiple words. 

Before 
(A ) = 012345 

NZVC 
1000 

SXT A 

After 
(A) = 177777 

NZVC 
1000 

6 . 3.3.4 PS Word Operators --

MFPS 

MOVE BYTE FROM PROCESSO R STATUS WO RO 106700 

operation: 

Condition Code 
Bits: 

Figure 6-61 MFPS 

(dst) ~PS 
dst lower 8 bits 

N = 
Z = 
V = 
C = 

set if PS bit 7 = 1; cleared otherwise 
set if PS <0:7 > = 0; cleared otherwise 
cleared 
not affected 
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Description: 

Example: 

The 8 bit contents of the PS are moved to the 
effective destination.. If destination is mode 
0, P5 hit 7 is sign extended through upper byte 
of the register. The destination operand 
address is treated as a byte address . 

Be fa re 
RO [0] 
PS [000014] 

MFPS RO 

RO 
PS 

After 
[0000141 
[000000] 

MTPS 

MOVE 8YTE TO PROCESSOR STATUSWORO ,,..,, 

o o o 

Operation: 

Condition Codes: 

Description: 

Example: 

oa " 00 

o o o :. I 
.. ~"UJ 

Figure n-62 MTPS 

PS~(src] 

Se t according to effective SRe operand bits 0--3 

The eight bits of the effective operand replaces 
the current contents of the PS. The source 
operand address is treated as a byte address . 
Note: the T bit (PS bit four) cannot be set with 
this instruction. The SRe ope rand remains 
unchanged. This instruction can be used to 
change the priority bits (PS bits 7--5) in the 
PS • 

Before 
(R1] = 000777 
(PS) = XXXOOO 

NZVC 
0000 

MTPS R1 

After 
(R1) = 000777 
(PS) = XXX357 

NZVC 
1111 

6.3.4 Double Operand Instructions 
(and time) since 

sequences such as 
Double operand instructions save instructions 
they eliminate the need for Rl oad " and "save" 
those used in accumulator-oriented machines. 
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6.3.4.1 General --

MOV 
MOVB 

MOVE SOURCE TO DESTINATION . 15500 

15 12 11 06 05 00 

Operation: 

Figure fi-63 

(dst)«src) 

:. I d 

MO V 

:- : d :- :- :- I 
"~ ,"n 

Condition Codes: N: set if (src) (0; cleared otherwise 
Z: set if (src) = 0; cleared otherwise 
v; cleared 

Description: 

Example: 

C: not affected 

word: Moves the source operand to the 
destination location. The previous contents of 
the destination are lost. The contents of the 
source addres s are not affected. 
Syte: Same as MOV. The MOVS to a register 
(unique among byte instructions) extends the 
most significant bit of the l ow order byte (sign 
extens i on) . Otherwise MOVS operates on bytes 
exactly as MOV operates on words. 

MOV XXX,RI 

MOV tZO,RO 

MOV @tZO, -(R6) 

MOV (R6)+,@t177566 

MOV Rl,R3 

6-40 

;l oads Register one with 
the contents of memo ry 
location; XXX represents 
a programmer-defined 
mnemonic used t o 
represent 
location. 

a memory 

;loads the number 20 into 
Register 0; "I" indicates 
that the value 20 is the 
ope rand. 

iPushe s the o perand 
contained in location 20 
onto the stack. 

iPOpS the o perand off a 
stack and moves it into 
memory location 177566 
(terminal print buffer). 

iperfo rms an inter 
register transfer. 



I 
I 

I 

I 

COMPARE SAC TO OST 

MOVS @1177562,@tI77566 ;moves a character from 
terminal keyboard buffer 
to terminal printer 
buffer. 

-25500 

CMP 
CMPB 

IS " 11 '" 05 00 

I d :- : d :. :- :- I 
.... _u •• 

Fig ure n- 6 4 CMP 

Operation: (src)-(dst) 

Condition Codes: N: set if result <0; cleared otherwise 
Z; set if result = 0; cleared otherwise 
V: set if there was arithmetic overflow; that 

is, operands were of opposite signs and the 
sign of the destination was the same as the 
sign of the result; cleared otherwise. 

C: cleared if there was a carry from the most 
significant bit of the result; set otherwise. 

Description: Compares the source and destination operands and 
sets the condition codes, which may then be used 
for arithmetic and logical conditional branches. 
Both operands are unaffected. The only action 
is to set the condition codes. The compare is 
customarily followed by a conditional branch 
instruction. Note: Unlike the subtract 
instruction the order of operation is 
(src)-(dst), not (dst)-(src). 

ADD 

ADO SRC TO OST oossoo 

" 12 11 '" 05 00 

o o • 
, 

I • d d d d d d , 
.......... 

Figure 6-65 ADD 

Operation: (dst)~(src)+(dst) 

Condition Codes: N: set if result <0; cleared otherwise . 
Z: set if result = 0; cleared othrwise . 
V: set if there was arithmetic overflow as a 

result of the operation; that is both 
operands were of the same sIgn and the result 
was of the opposite sign; cleared otherwise . 

c: set if there was a carry from the most 
significant bit of the result: cleared 
otherwise. 
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Description: 

Examples: 

SUB 

Adds the source operand to the destination 
operand and stores the result at the destination 
address. The o riginal contents of the 
destination are lost. The contents of the 
source are not affected. Two's complement 
addition is performed . Note: There is no 
equivalent byte mode. 

Add to register: ADD 20,RO 

Add to memory: ADD Rl,XXX 

Add register to register: ADD Rl,R2 

Add memory to memory: ADD @t17750,XXX 

xxx is a programmer-defined mnemonic for a 
memory location. 

SUBTRACT SRC FROM OST 16550 0 

12 11 06 05 00 

, 
: < , : , : , : , I 

,.R",,, 

Figure &;-66 SUB 

Operation: (dst)~(dst)-(src) 

Condition Codes: N: set if result (0 ; cleared otherwise 
Z: set if result = 0; clea red otherwise 

Description: 

V: set if there was ari thmetic overflow as a 
result of the operation, that is if operands 
were of opposite signs and the sign of the 
so urce was the same as the sign of the 
result; cleared o therwise. 

c: cleared if there was a carry from the most 
significant bit of the result; set otherwise . 

Subtracts the source operand from the 
destination operand and leaves the result at the 
destination address. The original contents of 
the destination are lost. The contents of the 
source are not affected. In double-precision 
arithmetic the C-bit, when set , indicates a 
"borrow". Note: There is no equivalent byte 
mode . 
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Example: 

Before 
(R1) = 011111 
(R2) = 012345 

NZVC 
1111 

SUB Rl, R2 

After 
(Rl) = 011111 
(R2) = 001234 

NZVC 
0000 

6636462 Logical -- These instructions have'the same format as the 
double operand arithmetic group. They permit operations on data 
at the bit level. 

BITTEST 

" 12 11 06 os 

0/1: 0 • I d 

Figure 6-67 BIT 

Operation: (src) " (dst) 

, : , , :-
_3SS00 

00 :- I 
..~ .. ,., 

BIT 
BITB 

Condition Codes: N: set if high-order bit. of result set; cleared 

Description: 

Example: 

o therwise 
Z: set if result = 0; cleared otherwise 
V: c leared 
c: not affected 

Performs logical "and" comparison of the source 
and destination operands and modifies condition 
codes accordingly. Neither the source nor 
destination is affected. The BIT instruction 
may be used to test whether any of the 
corresponding bits that are set in the 
destination are also set in the source or 
whether all corresponding bits set in the 
destination are clear in the source. 

BIT IJO,R3 test bits three and four of R3 
to see if both are off 

R3 = 0 000 000 000 011 000 

Before 
NZVC 
1111 
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After 
NZVC 
0001 



BIC 
BICB 

BIT CLEAR 

" 
011 : 

, 
12 11 '" , • 

Figure 6-68 

o4SS0D 

05 00 

I ' > : , > > > I 
..~ .... 

BIC 

Operation: (dst)~-(src) II (dst) 

Condition Codes: N: set if high order bit of result set; cleared 
otherwise 

Z: set if result = 0; cleared otherwise 
V: cleared 
c: not affected 

Description: Clears each bit in the destination that 
corresponds to a set bit in the source. The 
original contents of the destination are lost. 
The contents of the source are unaffected . 

Example: 

BIS 
BISB 

BIT SET 

(R3 ) = 
(R4) = 

Before: 

After: 

Before 
001234 
001111 

NZVC 
1111 

(R3 ) 
(R4) 

(R4 ) 

SIC R3,R4 

After 
(R3 ) = 001234 
(R4) = 000101 

NZVC 
0001 

= 0 000 001 010 011 100 
= 0 000 001 001 001 001 

= 0 000 000 001 000 001 

I S 12 11 '" 05 00 

Operation: 

• 

Figure 6-69 SIS 
(dst)~(src) V (dst) 

Condition Codes: N: set if high-ord er bit of result set, cleared 
otherwise 

Z: set if result = 0; cleared otherwise 
V: cleared 
C; not affected 
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Description : 

Example: 

eXCLUSIVE OR 

" I 0 :. :. :. 

Operation: 

Condition Codes: 

Description: 

Example: 

Performs "Inclusive OR" operation between the 
source and desti nati on ope rands and leaves the 
result at the destination address; that is, 
corresponding bits set in the source are set in 
the dest1nat1on. The co nten ts of the 
destination are lost. 

BIS RO,Rl 

Before After 
(RO ) = 001234 (RO) = 001234 
(R1 ) = 001111 (R1 ) = 001335 

NZVC NZVC 
0000 0000 

Before: (RO) = 0 000 001 010 all 100 
(R1 ) = a 000 001 001 001 001 

After: (R1 ) = 0 000 001 011 011 101 

07~ROO 

09 '" 06 05 00 

:. > > , > I d > > > > > I ...... "'" 

Figure ~-7 0 XOR 

(dst)~(reg)~(dst) 

N: set if the result (0; cleared otherwise 
Z: set if result = 0; cleared otherwise 
V: clea red 
C: unaffected 

XOR 

The exclusive OR of the register and destination 
operand i s stored in the destination address. 
Contents of register are unaf fected. Assembler 
f ormat is : XOR R,D. 

XOR RO,R2 

Before After 
(RO) = 001234 (RO) = 001234 
(R2) = 001111 (R2 ) = 000325 

NZVC NZVC 
1111 0001 

Before: (RO) = 0 000 001 010 011 100 
(R2 ) = 0 000 001 001 001 001 

After: (R2) = 0 000 000 011 010 101 
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6 . 3.5 Program Control Instructions 

6.3.5.1 Branches These 
location defined by the sum 
the current contents of the 

lnstr uet ions cause a branch to a 
of the offset (multiplied by two) and 
program Counter if: 

1. the branch instruction is unconditional. 

2. it is 
testing 

c onditi ona l and the conditions 
the condition codes (NZVC). 

are met a fter 

The offset is the number of words from the current contents of the 
PC forward or backward. Note that the current contents of the PC 
point to the word following the branch instruction. 

Al though the offset expresses a byte address the PC is expressed 
in words, The offset is automatically multiplied by two and sign 
extended to express words before it is added to the PC . Bit seven 
is the sign ot the offset . If it is set, the offset is negative 
and the branch is done in the backward direction. Similarly if it 
is not set, the offset is positive and the branch is done in the 
forward direction. 

The 8-bit offset allows branching in th e backward direction by 
200 R words (400 bytes) from the current PC, and in the forward 
dirl!ctlon by 1778 words (376 bytes) from the current PC. 

The DCT11-AA assembler handles 
computes and assembles the 
instructions in the form: 

address arithmetic for 
proper offset field 

Bxx lac 

the user and 
for branch 

Where "Bxx" is the branch instruction and "loc" is the address to 
which the branch is to be made . The assembler gives a n error 
indication in the instruction it the permissible branch range is 
exceeded. Branch instructions have no effect o n condition codes . 
Co nditional bra nch instructions where the branch condition i s not 
met, are treated as NO OPs. 

SR 

BRANCH IUNCONDITIONAl) 000400 PLUS OFFSET 

" '" 01 00 

I 0 0 : 0 : 0 : 0 : 0 : 0 : 
, 

Figure 6-71 BR 

Operation : PC~PC+ (2 X offset) 

Condition Codes: Unaffected 
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Description : Provid e s 
wi thin a 
one word 

a way of transferring program control 
.r ange of -1 28 10 to +127 10 words with a 
Instruction. 

New PC address = updated PC + {2 X offset} 

Updated PC = address of branch instruction +2 

Exampl e: With the Branch instruction at location 500, the 
followi ng offse t s apply. 

New PC Addr ess Offset Code Offset (decimal) 

474 375 -3 
476 376 -2 
500 377 - 1 
50 2 000 0 
504 001 t1 
506 00 2 +2 

BNE 

BRANCH IF NOT EQUAL no ZEROI 001000 PLUS OFFSET 

08 07 00 

Fig ur e ~ - 7 2 BNE 

Operation: PC4PC+ (2 X offset) if Z = 0 

Condition Codes: Unaffected 

Description: Te s ts the state of the Z-bit and causes a branch 
if the Z-bit is clear . BNE is the complementary 
operation t o BEQ . It is used to test inequality 
following a CMP , to t e st that some bits set in 

Example: 

the destination were also in the sour c e, 
followi ng a BIT operation, and gene ral ly, to 
test that the resul t of the previous operation 
was not zero. 

Branch to C if A ~ B 

CMP A,B 
BNE C 

;compare A and B 
; branch if they are not equal 

Branch to C if A + B 1 a 

ADD A, B 
BNE C 
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; add A to B 
;Branch if the result i s not 
equal to a 



BEQ 

BRANCH IF EOUA L (TO ZE RO) 001400 PLUS OFFSET 

" '" 07 00 

0 : 0 : 0 : 0 : 0 : 0 : 1 : 
, 

Figure 6-7 3 SE Q 

Operation: PC~PC+ 12 X offset) if Z = I 

Condition Codes: Unaffected 

Description: Tests the state of the Z-bit and causes a branch 
if Z is set. As an example, it is used to test 
equality following a eMP operation, to test that 
no bits set in the destination were also set in 
the source following a BIT operation, and 
generally, to test that the result of the 
previous operation was zero. 

Example: 

BPL 

BRANCH IF PLUS 

Branch to c if A = B IA - B = 0) 

eMP A,B 
BEQ C 

;compare A and B 
;branch if they ar e equal 

Branch to C if A + B = 0 

ADD 
BEQ 

; add A to B A,S 
C ;branch if the result = 0 

100000 PLUS OFFSET 

08 07 00 

Figur e 5-74 BPL 

Operation : PC~PC+ (2 X offset) if N = 0 

Condition Codes: Unaffected 

Description: Tests the state of the N-bit and causes a branch 
if N is clear, (positive result). BPL is the 
complementary operation of 8MI. 
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BMI 

BRANCH I F MINUS tOO400 PLUS OFFSET 

" 00 

o o o o 

.... -62. 

Figure 6-75 8MI 

Operation: pe~pe+ (2 X offset) if N = 1 

Condition Codes: Unaffected 

Description: Tests the state of the N-bit and causes a branch 
If N is set. It is used to test the sign (most 
signiticant bit) of the result of the previous 
operation), branching if negative.. 8MI is the 
complementary fUnction of BPL. 

Bve 

BRANCH IF OVERFLOW IS CLEAR 102000 PLUS OFFSET 

08 " 
00 

o o o o o o 

Figur e fi -7fi BVe 

Operation: PC~PC+ (2 X offset) if V = 0 

Condition Codes: Unaffected 

Description: Tests the state of the V-bit and causes a branch 
if the V bit is clear. Bve is complementary 
operation to BVS. 

BVS 

BRANCH If OVERFLOW 15 SET 102400 PLUS OFFSET 

15 '" " 00 

o o o o o 

Figure 6-77 8VS 

Operation: pe~pe+ (2 X offset) if V = 1 

Condition Codes: Unaffected 

Description: Tests the state of V-bit (overflow) and causes a 
branch if the V bit is set. BVS is used to 
detect arithmetic ove rflow in the previous 
operation. 
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Bee 

BRANCH IF CARAY is CLEAR 

" 07 

Figure ~-78 Bee 

Operation: pe~pe+ (2 X offset) if C = 0 

Condition Codes: Unaffected 

Description: 

Bes 

Tests the 
if Cis 
o peration 

BRA NC H IF CARRY IS SET 

state of 
clear. 

t o BCS. 

the e-bit 
Bee Is 

Figure 6- 79 BCS 

Operation: PC~PC+ (2 X offset) if C = 1 

Co ndition Codes: Unaffected 

100000 PLUS OFFSET 

and 
the 

00 

causes a branch 
complementary 

103400 PLUS OF Fsn 

00 

........ 

Description: Tests the state of the C-bit and causes a branch 
if C is set . It is used to test for a carry in 
the result of a previous operation . 

6.3.5.2 Signed Conditional Branches -- Partic u lar combinations of 
the condition code bits are tested with the signed conditional 
branches . These instructions are used to test the results of 
instructions in which the operands were considered as signed 
(two's complement) values. 
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Note that the sense of signed compa risons differs from that of 
un signed comparisons in that in signed l6-bit, two's complement 
arithmetic the sequence of values is as follows. 

largest 

positive 

negative 

smallest 

077777 
077776 

000001 
000000 
1 77777 
177776 

100001 
100000 

whereas in uns ig ned 16-bi t ar i thmetic the sequence is cons idered 
to be 

highest 

lowest 

177777 

000002 
000001 
000000 

BGE 

BRANCH IF GREATER THAN OR EQUAL 
(TO ZEROI 

002000 PLUS OFFSET 

" 
o o o 

Operation: 

Conditio n Codes: 

Description: 

'" 07 00 

o o o o 

Figure 6-80 BGE 

PC<PC+ (2 X offset) if N~V = 0 

Unaffected 

Causes a branch if N and V are either both c lear 
or both set. BGE is the complementary operation 
to BLT. Thus BGE will always cause a branch 
when it follows an operation that caused 
addition of two positive numbers. BGE will also 
ca use a branch on a zero result . 
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BLT 

BRA.NCH I F LESS THA.N (ZERO) 002400 PLUS OFFSET 

08 07 00 

o o o o o 

",~ ."., 

Figure 6-81 BLT 

Operation: PC~PC+ (2 X offset) if N~V ; 1 

Condition Codes: Unaffected 

Description: Causes a branch if the "Exclusive Or" of the N 
and V bits are one. Thus BLT will always branch 
following an operation that added two negative 
numbers, even if overflow occurred . In 
particular, BLT will always cause a branch if it 
follows a eMP instruction o perating on a 
negative source and a positive destination (even 
it overflow occurred). Further, BLT will never 
cause a branch when it follows a e MP instruction 
operating on a positive source and negative 
destination. BLT will not cause a branch if the 
result of the previous operation was zero 
(without overtlow) • 

BGT 

BRANCH IF GREATER THAN (ZERO! 003000 PLUS OFFSET 

00 

OFF~E"T 
"'~ .. >. > 

Fig ure fi-82 BGT 

Operation: PC~PC+ (2 X offset) if Z V (N-¥-V) ; 0 

Condition Codes: Unaffected 

Description: 

BLE 

Operation of BGT is similar to BGE , except BGT 
will not cause a branch o n a zero result . 

BRANCH IF LESS THAN OR EOUAL (TO ZERO) 003400 PLUS OFFSET 

" " " 00 

0 : 0 : 0 : 0 : < , : , : , I OFF:SET 

........ 3 

Figure 6- 83 BLE 
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Operation: PC~PC + (2 X offset) if Z V (N¥V) = 1 

Condition Codes: Unaf f ected 

Description: Ope rati on is similar to 
c ause a branch it the 
operati o n was zero. 

BLT but in 
resul t of 

addition will 
the previous 

6.3.5. 3 Unsigned Conditional Branches -- The unsigned conditional 
Br a nc he s provid e a means f o r testing the result of comparison 
operations in which the operands are considered as unsigned 
val ues . 

BBI 

81lANCH I F H IGHER TO l ooo PLUS OFFSET 

" 08 " 00 

, 
: < < < < < , : 0 I OF F~ET 

.. ~ ...... 
Fi gur e n- B4 BHI 

Operation : PC~PC + ( 2 X o ffset) if C = 0 and Z = 0 

Condition Codes: Un a f f ected 

Description: Ca uses a branch if the previous operation caused 
neither a carry no r a zero result. This will 
ha ppen in comparison ( CMP) operations as long as 
the source has a higher unsigned v alue than the 
destinati o n. 

BLOS 

BRANCH I F LOWER OR SAME 101400 PLUS OFFSET 

00 " 08 07 I , 0 o o o o 

... ~-.... 
Fig u r e 6- 8 5 BLOS 

Operation: PC':PC+ (2 X offset) if C V Z = 1 

Condition Codes: Unaffe c ted 

Description: Cause s a br a nch if the prev ious operation caused 
either a carry or a zero result. BLOS is the 
complementary o pe ration t o BHI. The branch will 
occur in comparison operations as long as the 
source is equal to, or has a lower unsigned 
v alue than the destination. 
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BBIS 

BRANCH IF HIGHER OR SAME 103!XX) PLUS OF FSET 

00 

Figure fj-fHi BRrs 

Operation: PC~PC+ (2 X offset) if C = 0 

Condition Codes: Unaffected 

Description: BHIS is the same instruct i on as BCC. 
mnemonic included only for convenience. 

BLO 

BRANCH IF LOWER 103400 PLUS OFFSET 

00 

Figure 6-87 BLO 

Operat ion: PC<EPC+ (2 X offset) if C = 1 

Condi t ion Codes: Unaffected 

Th is 

Description: BLO is same instruction as BeS. This mnemonic 
is included only for convenience. 

6.3.5.4 Jump & Subroutine Instructions -- The subroutine call in 
the DCTII - AA provides for automatic nesting of sub routines, 
reentrancy, and multiple entry points. Subroutines ma y call othe r 
subroutines (or indeed themselves ) to any level of nesting without 
making special provision f or storage o f return addresses at each 
l evel ot sub r outine call. The subrou t i ne calling mechanism does 
not modify any fix ed location in memory, thus providing for 
reentrancy. This allows one copy o f a subroutine to be shared 
amo ng several interrupting processes. 

JMP 

JUMP 000100 

" 06 " 00 

0 : 0 : 0 : 0 : < 0 : 0 : 
0 : 0 , , , , , 

: 
, I 

... ~ . ., .. 
Figure 6-88 JMP 
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Operation: PC~(dst) 

Condition Codes: Unaffected 

Description: JMP provides more flexible program branching 
than provided with the branch instructions. 
Control may be transferred to any location in 
memory (no range limitation) and can be 
accomplished with the full flexibility of the 
addressing modes , with the exception of register 
mode O. Execution of a jump with Mode 0 will 
cause an nillegal instruction" condition, and 
will cause the CPU to trap to vector address 
four. (Program control cannot be transferred to 
a register., Register deferred mode is legal 
and will cause program contro l to be transferred 
to the address held in the specified register. 
Note that instructions are word data and must 
therefore be fetched from an even-numbered 
addre s s. 

Example: 
First: 

List: 

JUMP TO SUBROUTINE 

o o o 

Operation: 

Deferred index mode JMP 
transfer of control t o the 
a selectable element of 
vector s . 

instructions permit 
address contained in 

a table of dispatch 

JMP FIRST 

JMP @LIST 

FIRST 

JMP @(SP)+ 

09 '" 
0 0 , 

iTransfers to First 

iTransfers to locat i on pointed 
to at LIST 

ipointer to FIRST 

;Transfer to location pointed 
t o by the top of the stack, and 
remove the pointer from the 
stack. 

JSR 

004RDD 

'" 05 00 

, , d d d : d I 
..... , .. 

Figure 6-89 JSR 

(tmp)~(dst) (tmp is an 
reg istet) 

internal processor 

t(SP)~reg 
stack) 

reg~PC (PC 
address now 

(Push reg c o ntents onto proces s or 

ho lds location 
put i n reg) 
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Opera t ion: 

Description: 

PC~(dst) (PC now points to subroutine 
destina ti on) 

In execution of the JSR, the old con t ents of the 
specified register (the "LINKA.GE POINTER") are 
automatically push ed onto the processor stack 
and new linkage information placed in the 
register. Thus subroutines nested within 
subro utines to any depth may all be called with 
the same linkage register. There is no need 
either to plan the maximum depth at which any 
particular subroutine will be ca lled or to 
include instructions in each routine to save and 
restore the linkage pointer. Further, since all 
linkages are saved in a reentrant manner on the 
processor stack execution of a subroutine may be 
l nterrupted, the same subroutine reente red and 
executed by an interrupt service routine. 
Execution of the initial subroutine ca n then be 
resumed when other re q uests are satisfied. This 
process (called nesting ) can proceed to any 
level. 

A subroutine called with a JSR reg,dst 
instruction can access the arguments following 
the ca l l wi th e i the r auto increment add ressi ng , 
(reg) +, (if arguments are accessed 
sequentially) or by indexed addressing, X(reg), 
(if accessed in random order). These add ressing 
modes may also be deferred, @( reg)+ and @X(reg) 
if the parameters are o perand addresses rather 
than the operands themselves. 

JSR PC , dst is a special case of the DCTII - AA 
subroutine call suitable for subroutine calls 
that transmit parameters through the gene ral 
registers. The SP and the PC are the only 
registers that may be modified by t his call. 

Another special case of the JSR instructi on is 
JSR PC , @(SP) + which exchanges the top element 
of the processor stack and the contents of the 
program counter. Use ot this instruction allows 
two routines to swap program control and resume 
operation when recalled where they left off. 
Such routines are called "co-routines." 

Return from a subroutine is done by the RTS 
instruction. RTS reg loads the contents of reg 
into the PC and pops the t o p element of the 
processor stack into the specified register. 
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Example: 
RS R6 R7 

SBClILL: JSR R5,SBR 11 n SBClILL SBClILL+4 : lIRG 1 
lIRG 2 

SBCALL+2+2M : lIRG M 
CONT: Next Instruction tl n CONT 

SBR: MOV (R5)+,dst 1 SBClILL+4 n-2 SBR 
MOV (R5)+,dst 2 

MOV (R5)+,dst M SBClILL+2+2M 
Other Instructions CONT 

EXIT: RTS R5 CONT n-2 EXIT 

BEFORE: AFTER : 

JSR RS. SBR 

(PC) R7 I PC I STACK " I s"' I 
DATA 0 

(SP) R6 I " DATA 0 

" I ' 2 " 

" 1 .. 1 eN 

JSR PC. SBR 

(PC) " I '" STACK " I S"' 

I 
i 

·1 1 
·1 

OATAO 

" I I lsel " " DATA 0 , _2 PC+2 

... ~ .. ,.., 

Fig ure h- 90 JSR Exa mple 

• RTS 

, , , 
IX'"'' 

ro '" IlO 

, , , , : , I 
, RETURN FROM SUBROUTINE. 

I ...... ~. 

Fig ure 6-91 RTS 
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Operation: 

Description: 

Example: 

SOB 

PC ~ (reg) 
(reg) ~ (SP) T 

Loads contents of register into PC and pops the 
t op element o t the processor stack into the 
specitled register. 
Return fr om a non-reentrant sub r outine i s 
typically mad e through t he same register that 
was used in i ts call. Thus, a subroutine call ed 
with a JSR PC, ds t ex i s t s with a RTS PC and a 
subrout ine called with a JSR RS, dst, may pick 
up parameters with add res s ing modes (RS) +, 
X(RS), or @X(R5) and finally exists, with an RTS 
R5. 

RTS RS 

RTS R5 STACK 

BEFORE: (PC) R7 
1 '" 1 

DATAO 

ISP) R6 1 0 #1 

1 " 1 

AFTER: " I 'c 

" I 0·' DATA 0 

" I .' .. ~ ..... 
Fig ure 1i - 92 RTS Exampl e 

SUBTRACT ONE ANa BRANCH (IF >FO) 077RNN 

Operation: (R) ~ 

- (2 X 

00 05 

Figure 6-93 SOB 

(R) -1 ; it this result 
o ffset) if (R) = 0; PC ..; 

Condition Codes: Unaffected 
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t 

, 

I , 

Description: The register is decremented. If it is not equal 
to zero, twice the offset is s ubtr acted from the 
PC (now pointing to the fo llowi ng word). The 
offset is interpreted as a sixbit positive 
number. This instruction provides a fast, 
efficient method of loop control. Assemble r 
syntax is: 

SOB R,A 

where A is the address to which transfer is to 
be made it the decremented R is not equal to O. 
Note that the SOB instruction cannot be used to 
transfer control in the forward direction. 

6.3.5.5 Traps -- Trap instructions provide for calls to emulators , 
I/O monitors, debugging packages, and user-defined interpreters. 
A trap is effectivel y an interrupt generated by software. When a 
trap occurs the contents of the current program Counter (PC) and 
processor Status Word (PS) are pushed onto the processor stack and 
replaced by the contents of a two-word trap vector containing a 
new PC and new PS. The return sequence from a trap involves 
executing an RTI or RTT instruction which restores the old PC and 
old PS by popping them from the stack . Trap instruction vectors 
are located at permanently assigned fixed addresses . 

EMULATOR TRAP 

" 

Operation: 

Condition Codes: 

Description: 

08 01 

o o o o 

Figure "-94 

v(SP)~PS 
V (SP) ~PC 
PC~(30) 
PS~ (32) 

N, loaded from trap 
Z , loaded from trap 
v, loaded from trap 
C , loaded from trap 

EMT 

vecto r 
vector 
vector 
vector 

104000- 104377 

00 

... ~ . .,~ 

EMT 

All operation codes from 104000 to 104377 are 
EMT instructions and may be used to transmit 
information to the emulating routine (e.g. , 
function to be performed). The tra p vector for 
EMT is at address 30. The new PC is ta ken from 
the word at address 30; the new processor status 
(PS) is taken from the wo rd at address 32 . 
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TRAP 

TRAP 

15 

1 : < < 
Operation: 

Caution: EMT is used frequently by DEC system 
software and is therefore not recommended for 
general use. 

" I PSI 

" I PC 1 

BEFORE: 

" I " 

AFTER : PS I (321 

I 13111 I 
I " . 

Figure 6-95 EMT 

OB 07 

0 : 1 : < 0 : 1 I 
Figure 6-96 

t(SP)~PS 

V (SP) ~PC 
PC~ (34) 
PS~ (36) 

STACK 

-I 
DATAl 

DATA I 

PSI 

P'" 

.. ~ ..... 
Example 

104400-104771 

00 

TRAP 

Condition Codes! N: loaded from trap vector 
Z: loaded from trap vector 
V: loaded from trap vector 
c: loaded from trap vector 

Description: Operation codes from 104400 to 104777 are TRAP 
instructions. TRAPs and EMTs are identical in 
operation, except that the trap vector for TRAP 
is at address 34. 
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BREAKPOINT TRAP 

" 
0 0 0 

Operation: 

Condition Codes: 

Description: 

Note: Since DEC software makes 
EMT , the TRAP instruct i on is 
general use. 

0 0 0 0 0 0 0 0 : < 
Figure 6-97 8PT 

t(SP)~PS 

V(SP)~PC 
PC~(14) 
PS~ (H) 

N: loaded from trap vector 
Z : loaded from trap vector 
V: loaded from trap vector 
C: loaded from trap vector 

0 

frequent use of 
recommended fo r 

8PT 

000003 

00 

: 0 : 
, 

: 
, I 

"~."" 

Performs a trap sequence with a trap vector 
address of 14. Used to call debugging aids . 
The user is cautioned against employing code 
000003 in programs run under these debugging 
aids. 

(No information is transmitted in the low byte.) 

rOT 

INPUT/OUTPUT TAAP 

" 
o 0 o 

Operation: 

o o o o o 

Fig ure fi-98 

t(SP)~PS 
t(SP)~PC 

PC«20) 
PS< (22) 

o o o 

rOT 

Condition Codes: N: loaded from trap vector 
Z: loaded from trap vector 
V: loaded from trap vector 
C: loaded from trap vector 

o o 

.......... 

Description: Performs a trap sequence with a trap vector 
address of 20. 

(No information is transmitted in the low byte.) 
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RTI 

RETURN fROM INTERRUPT 

Operation: 

Figure 6 - 99 RTI 

Pc~(SP)r 
PS~ (SP) T 

Condition Codes: N: loaded from processor stack 
Z: loaded from processor stack 
V: loaded from processor stack 
C: loaded from processor stack 

000002 

Description: Used to exit from an interrupt or TRAP service 
routine. The PC and PS are restored (popped) 
from the processor stack. If a trace trap is 
pendIng, the first instruction after RTI will 
not be executed prior to the next T traps. 

RTT 

RETURN FROM INTERRUPT 

o o o o o 

Figure 6- 100 RTT 

Operation: pc~ (SP) r 
PS~(SP)T 

o o 

Condition Codes: N: loaded from processor stack 
Z: loaded from processor stack 
V: loaded from processor stack 
C: loaded from processor stack 

000006 

00 

.......... 

Description: Opera tion is the same as RTI except that it 
inhibits a trace t rap while RTI permits trace 
trap . If new PS has T bit set, trap will occur 
after execution of first instruct ion after RTT. 

6.3.5.6 Reserved Instruction Traps -- These are caused by attempts 
to exec ute instruction codes reserved for future processor 
expansion (reserved instructions) or instructions with illegal 
addressing modes (illegal instructions). Order codes not 
corresponding to any ot the instructions described are considered 
to be reserved instructions. JMP and JSR with register mode 
destinations are illegal instructions, and trap to vector address 
four. Reserved instructions trap to vector address. 
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6.3.5 . 7 Halt Inter rupt This is caused by the -HALT line 
(AI(7». The -HALT in t errupt saves the PC and PSW and goes to the 
restar t address with PS = 340. 

6.3.5.8 Trace Trap -- Trace Trap is e nabled by bit four of the PS 
and causes processor traps at the end ot instruction execution. 
The instruction that is ex ecuted after the inst ructi o n that set 
the T-bit will proceed to completion and then trap through the 
trap vector at address 14 . Note that the trace trap is a system 
debugging aid and is transpa r ent to t he general programmer. 

6 .3.5.9 Power Failure Interrupt -- Occ urs when -PF line (AI <6» is 
asserted. Vector for power failure is locati on 24 and 26 . Trap 
will occur if an RTI instr uction is executed in power fail service 
routine. 

6.3.5.10 CP<3:0) Interrupts Refer to paragraph 1.5. 3. 

NOTE 
Bit four of the PS can only be set 
indi rectly by executing a RTI or RTT 
instruc tion wi th the des! red PS on the 
stack . 

6.3.5.11 Special Cases T-bit -- The followi ng are special cases of 
the T-bit. 

1. 

2 . 

3 . 

NOTE 
The traced instruction is the 
instruction after the one that set the 
T-bit. 

An i nstruction that cleared the T-bi t -- Upon fetchi ng 
the traced instruction, an internal flag, the trace flag, 
was set. The trap will still occur at the e nd of 
execution ot th i s inst ruction. The status word on the 
stack , however, will have a clear T-bit. 

An instruction that set the T-bit -- Bince the 
already set, settlng it again has no e ffect . 
will occur. 

T- bit was 
The trap 

An instruction that caus ed an Inst ruct ion Trap -- The 
instruction trap is performed and the entire r ou t i ne for 
the service trap is executed. If the service routine 
exists with an RTI or in any othe r way r e stores the 
stacked status word , th e T-bit is set again, the 
instruction fo l lowing the traced instruc t ion is executed 
and, unless it is o ne of the special cases noted 
previously, a trace trap occurs. 
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4. Interrupt Trap Priorities In case of multiple 
processor trap and interrupt conditions, o ccurring 
simultaneously, the following order o f priorities is 
observed (from high to low): 

Halt Line 
Trace Trap 

Power Fail Trap 
CP<3:0) Interrupt Request 

Instruction Traps 

6.3.6 Miscellaneous Instructions 

HALT 

HA LT 

Operation: 

Figure 6-101 

t(SP)'ps 
t(SP).PC 
PC~restart address 
PS.340 

Condition Codes: Unaffected 

H~LT 

00000o 

Description: The processor goes to the restart address after 
placing the current PC and PS on the stack. PS 
is initialized to 3 40 . 

WAIT 

WAIT FOR INTE RRUPT 00000 ' 

.... -.. .,. 
Figure 6-102 W~IT 

Condition Codes: Unaffected 

Description: In WAIT, as in all instructions, the PC points 
to the next instruction following the WAIT 
instruction. Thus when an interrupt causes the 
PC and PS to be pushed onto the processor stack, 
the address of the next instruction following 
the WAIT is saved. The exit from the interrupt 
routine (i.e., execution of an RTI instruction) 
will cause resumption at the interrupted process 
at the instruction following the WAIT. 
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RESET EXTERNAL BUS 

Figure 6-103 RESET 

Condition Codes : Unaffected 

Description: Th e -BCLR l i ne is asserted and the 
is loaded. -BCLR is negated 
transaction takes place. PC, PS, 
not affected. 

MOVE FROM PROCESSOR TYPE 

" I 0 
: 

0 0 : < < 0 : 0 : 0 0 : 0 : 0 < 0 : 1 

Figure 6-104 MFPT 

Operation: RO~4 

Condition Codes: Unaffected 

RESET 

mode regi s ter 
and an ASP! 
a nd RO:RS are 

MFPT 

OO<XX" 

00 

: 1 : 1 I 
.. ~ ,,-

Description: The number four is placed in RO ind icating to 
the system software that the processor type i s 
DCTll-AA. 

6.3.7 Condition Code Operators 

CONDITION coDe OPERATORS 0002)()( 

" 04 03 " 01 00 

z 

........ 
Fi gur e 6-105 Co nd ition Co d e Operator s 
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Description: Set and clear conditon code bits. selectable 
combinations of these bits may be cleared or set 
together. Condi tion code bi ts cor res pond ing to 
bits in the condition code operator (Bits 0--3) 
are modified according to the sense of bit four, 
the set/c lear bit of the o perator; i.e., set the 
bit specified by bit zero, one, two, or three, 
if bi t four is a one. Clear correspond ing bits 
if bi t 4 = O. 

Mnemoni c Operation 

CLC Clear C 
CLV Cl ear V 
C L Z Clear Z 
CLN CI ear N 
SEC Set C 
SEV Set V 
SEZ Set Z 
SEN Set N 
SCC Set all CCs 
CCC Clear all CCs 

Clear V and C 
NOP No Ope ra ti on 

Combinations 
operat 10ns may 
instructions. 

of the above 
be ORed together 

6-66 

OP Code 

000241 
000242 
000244 
000250 
000261 
000262 
000264 
000270 
000277 
000257 
000243 
000240 

set or clear 
to form combined 



I 
~ 

I 
t 

t 

, 
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Table A-I Interrupt Decode 

-CP<3> -CP<2> -CP <l > -CP <O> priority Vector 
(AI<l> ) (AI<2» (AI<3» (AI<4) ) Level Address 

X X X X 8 - -HALT· 
X X X X 8 24 -PF 

L L L L 7 140 
L L L H 7 144 
L L H L 7 150 
L L H H 7 154 
L H L L 6 100 
L H L H 6 104 
L H H L 6 110 
L H H H 6 114 
H L L L 5 120 
H L L H 5 124 
H L H L 5 130 
H L H H 5 134 
H H L L 4 60 
H H L H 4 64 
H H H L 4 70 
H H H H NO ACTION 

* PC i s loaded with the restart address. PSW = 340. 

Table A-2 D.C. Characteristics 

Absolute Maximum Ratings 

Pin Voltages 
Storage temperature range 

Max power diss ipa tion 

Chip ambient temperature operating range 

NOTE 

- 0 . 5 to +7 ~ 
- 55 to +125 C 
( -6 7 to 257 0 F) 
1.0 watt (TJ = 00 C) 
(32 0 F) 
o t o 70 0 C 
(32 to 158 0 F) 

Stresses greater than those listed may 
cause permanent damage to the device. 
Exposure to absolute maximum rating 
conditions for extended periods may 
affect device re liability . 

Static Characteristics 

(TA = 0 to 70 0 e (32 to 158 0 F), vee = 5.0 V + 5% , VSS = 0 V) 
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Table 1>.- 2 D. C. Charac te ri s tic s (Co nt ) 

Comments ana 
Symbo l Pa ramete r/ Pins Min Max Unit s Co nditi ons 

Il L (Low Input) Th ree- sta t e - 50 uA VIN = 0.4 V 
leakage current on 
DAL<15:D> 

Il L (High Input) Three- state +10 uA VIN = vee max 
leakage current on 
DAL<lS:O> 

I I H (M i n) Input current - 0.1 rnA VIN = 2 . 4 V 
for i nte r nal pu 11 ups 
on AI <7:0> , 
DAL<lS :7 ,2 : 0> , READY 

IIH (Max) Input Current - 0.1 rnA VIN = 0 . 4 V 
for internal pullups 
on AI<7 : 07>, READY , 
DAL<ls:7 , 2:0> 

ICC Power Supply Current 190 rnA TCYC = 400 ns , 
on vee 

I XLI H Input High Curre nt on +700 uA 2 . 4<VIN<VCC , 
XTLI XTLO grounded 

IXLIL Input Low Current on - 6.4 rnA - 0.S<VIN<+0 . 8V , 
XTLl XTLO grounded 

VIH Input Hig h Voltage on 2 VCC V 
READY,DAL<15:0> , AI<7 : 0> 

VIL Input Low Vol tage - 0 . 5* +0.8 V 
on READY,DAL<l5:0> 
AI<7:0> 

VO H Output High Voltage 2.4 V IOH = 700 uA 
for DAL< l 5:0>,COUT , 
PI,SELl,SELO 

VO HA Output High Vo ltage for 
Al<7 : 0> 2.6 V IOH = -700 uA 

VO HB Output High Voltage for 
BCLR 2.2 V IDA = - 700 uA 

terminate d with 
1K resistor to 
VSS 

VO He Output High Voltage for 
- RAS , -CAS , R/- WLB and 
R/- WHB 2.8 V IOH = - 700 uA 

VOL Output Low Voltage 0 . 0 0.4 V IOL = 3 . 2 rnA 
for DAL<ls:O> , AI <7 : 0> , 
COUT , PI , SELl , SELO, 
- BCLR , - RAS , - CAS , 
R/- WHB R/-WLS 

VILPUP Input Low Level for PUP - 0 . 5* +0.8 V 
VIHPUP Input High Level for PUP 1.6 vee V 
VHY Hysteresis , PUP 0 . 6 V 
eiN Input Capacitance 10 pF 

fa r READY , DA L<l5 : 0> , 
AI<7:0> 

COUT Output Capacitance 20 pF 
fo r three- state load 
calcula t io n on DAL<15:0> 
AI< 7 :0> , COUT , PI , SELl , 
SELO , BCLR , RAS , CAS , 
R/-WHS , R/ - WLS 

* - 0.5 V on i nput pins allows for ringing on unte rminated lines. 
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Transaction: 

Instruction 

CLR RO 

CLR (RO) or 
MOV RO, (R1) 

Table A-3 Sequences of Transactions 

R - Read 
W - Write 
Ref - Refresh 
(replaced by N in 
static modes) 

16 B 

I - rack 
D - DMA 
A - ASPI 
N - Busnop 

Note: R-W means 
read modify write 
( - indicates 
indivisible) 

Bit Bit Sequence of Transaction 

X R Ref N 
X R-R Ref N 

X R Ref R-W 
or MOV RO, (RI) + X R-R Ref R-R-W- W 

MOV RO, -(R1) 

MOV RO, @X(R1) 

MTSP RO 

JMP (RO) 

JSR RO, (R1) 

WAIT 

HLT 

EMT 

RESET 

Interrupt 
Sequence 

DMA Sequence 

x 
x 

X 
X 

x 
X 

x 
X 

X 
X 

x 
X 

X 
X 

X 
X 

X 
X 

x 

X 

x 
X 

R Ref N R-W 
R-R Ref N R-R-W-W 

R Ref R N R-W Ref l 

R-R Ref R-R n R-R-W-W 

R Ref N N N N N 
R-R Ref N N N N N 

R Ref N N 
R-R Ref N N 

R Ref N N N N N 
R-R Ref N N W-W N N 

R [Ref N A12 
R-R [Ref N A)2 

1 
Ref 

R Ref NNW Ref N W N NAN 
R-R Ref N N W-W Ref N W-W N NAN 

R Ref N 
R-R Ref 

R Ref N 
R-R Ref 

N W 
N N 

N N 
N N 

Ref N W R R N 
W-W Ref N W-W R-R R N 

N [N N N]3 ~ N NAN 
N N [N N N] N N NAN 

'6.R-W41 I N N5 N W Ref N W R R NI 
R ... 5 5 
••• R- R-W-W 16 INN N W-W Ref N W-W 
R-R R NI R-R ••• 

7 
... R-W D~ ... 
•• • R-R-W-W D R-R •.. 
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Table A-3 Sequence of Transactions Cont'd 

1 Missing transaction in static mode . 
2 Sequence repeated until interrupt request. 
3 Sequence repeated nine times (-BCLR is low during this time.) 
4 Last transactions of instruction in which interrupt is posted. 
5 Transaction missing if internal vector is used. 
6 Fetch of first instrution of interrupt service routine. 
7 R-W (R-R-W-W) are indivisible. 
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Table A-4 Signal and Pin Utilization 16-Bit Mode 

Pin Pin Name --------------Signal Names---------------
Static 4K 16K 4K 

Data Address Lines 

1-7&9 DAL<lS,R> DAL<lS,8> DAL<lS,8> DAL<lS,8> 
10-17 DAL<7,0> DAL<7,0> DAL(7,O> DAL<7,0> 

Address Interrupt Lines 

-RAS -CAS PI -RAS -CAS PI 

32 AI<O> -DMR FETl A14 -DMR A1S A14 -DMR 
33 AI<l> -CPO> Al A2 -CP<3> Al A2 -CP<3> 
34 AI<2> -CP <2> A3 A4 -CP<2> A3 A4 - CP<2> 
35 AI<3> -CP<l> AS A6 -CP<l> AS A6 - CP<l> 
36 AI<4> -CP<O> A7 AS -CP<O> A7 A8 - CP<O> 
37 AI<5> -VEC A9 Al0 -VEC A9 Al0 -VEC 
38 AI<6> -PF All A12 -PF All A12 -PF 
39 AI<7> -HALT AD A14 -HALT AD A12 -HALT 

Control Signals 

24 SEL1~ Iack+DMG Iack+DMG Iack+DMG 
25 SELO FET+DMG REF+DMG FET+DMG 
26 READY READY READY READY 
27 R/-WHB R/-WHB R/-WHB R/-WHB 
28 R/-WLB R/-WLB R/ -WLB R/-WLB 
29 -RAS -RAS -RAS -RAS 
30 -CAS - CAS -CAS -CAS 
31 PI PI PI PI 

Miscellaneous Signals 

18 -BCLR -BCLR -BCLR -BCLR 
19 PUP PUP PUP PUP 
21 COUT COUT COUT COUT 
22 XTLl XTLl XTLl XTLl 
23 XTLO XTLO XTLO XTLO 

Power Pins 

8 BGND BGND BGND BGND 
20 GND GND GND GND 
40 V Vee Vee Vee ee 
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NOTES 
1 

2 

Table A-4 Signal and Pin Utilization 16-Sit Mode Cont'd 

During -RAS, 
o peration in 
o utput o f the 

AI<O> is used t o indicate a 
progress. During refresh, AI<O> 
refresh counter at - RAS time. 

fetch 
is the 

SEL<I> and SEL<O> are encoded refer to Tables 3-4 and 
3-5. 
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Table 1\-5 Signal and Pin Utilization 8-Bit Mode 

Pin Pin Name ----- ----------Signal Names--------------
Static 4K 16K 4K 

Data Address Lines 

1-7&9 DAL<15:8> SAL<15:8> SAL<15: 8> SAL<15: 8 > 
10- 17 DAL<7 : 0> DAL<7:0> DAL<7:0> DAL<7:0> 

Address Interrupt Lines 

-RAS -CAS PI -RAS -CAS PI 

32 AI<O> -DMR FET1 A14 -DMR A15 A14 -DMR 
33 AI<1> - CPO> A1 A2 -CPO> A1 A2 - CPO> 
34 "'I<2> - CP<2> A3 A4 - CP<2> A3 A4 - CP<2> 
35 "'1<3> - CP<l> A5 A6 -CP<1> A5 A6 - CP< 1> 
36 AI<4> -CP<O> A7 A8 - CP<O> A7 AS - CP<O> 
37 AI<5> - VEC A9 A10 -VEC A9 A10 - VEC 
38 AI<6> -PF All AD -PF All AD -PF 
39 AI<7> -HALT A13 A1 2 -HALT A13 A12 -HALT 

Control Signals 

24 SEL1~ Iack+DMG Iack+DMG Iack+OMG 
25 SE LO FET+DMG REF+DMG FET+DMG 
26 READY READY READY READY 
27 R/-WHB -RD -RD - RD 
28 R/-WLB -WT - WT -WT 
29 -RAS -RAS -RAS - RAS 
30 - CAS - CAS -CAS - CAS 
31 PI PI PI PI 

Miscell a neous Signal s 

18 -BCLR -BCLR - BCLR -BCLR 
19 PUP PUP PUP PUP 
21 COUT COUT COUT COUT 
22 XTLl XTL1 XTL1 XTLl 
23 XTLO XTLO XTLO XTLO 

Power Pins 

8 BGND BGND BGND BGND 
20 GND GND GND GND 
40 Vee Vee V Vee ee 
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NOTES 
1 

2 

Table A-5 Signal and Pin Utilization 16-Bit Mode Cont'd 

During -RAS, 
operation in 
output of the 

"1<0> is used to indicate a 
progress . During refresh, AI<O> 
refresh counter at -RAS time. 

fetch 
is the 

SEL<l> and SEL<O> are encoded refer to Tables 3-4 and 
3-5. 
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Table A-6 Dynamic Addressing Scheme 

Mode Memory Chip Address· AI Used 

4/16K 4K X 1 A1--A12 (6: 1> 
4/16K 16K X 1 A1--A14 <7: 1> 
64K 64K X 1 A1--A15 (7:0> 

• Address lines necessary to address all bits in each chip 

Table A-7 SEL<I:O> Functions in Static Mode or Dynamic 64K Mode 

SEL(l> 

L 
L 
H 
H 

SEL(1) 

L 
L 
H 
H 

SEL(O> 

L 
H 
L 
H 

Function 

read, write, ASPI, or busnop 
fetch (PDP-II instruction fetch) 
lack (interrupt acknowledge) 
DMG (direct memory grant) 

Table A-8 SEL<l:O> Functions in Dynamic 4K/16K Mode 

SEL(O> 

L 
H 
L 
H 

Function 

read, write, ASPI, or busnop 
refresh 
lack (interrupt acknowledge) 
DMG (direct memory grant) 
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Table A-9 AI Functions 

@ -RIIS (L.E.) @ -CIIS (L.E.) 
Output Output 

Transaction 

Read (static) • • 
Write (stat ic ) • • 
Read (dynamic) row address column add res s 

Write (dynamic) row address column address 

Refresh row address N/ll 

OMII • • 
IISPI N/ll • 

N/A - not applicable 
* - internal low current passive pullups 

11-11 

@ PI (T. E. ) 
Input 

interrupt/DMR 

OMR 

interrupt/DMR 

OMR 

N/ll 

OMR 

i nterrupt/DM.R 



Table A-lO Control Signals for Each Transaction 

TRANSACTION -RAS -CAS PI R/-WHB R/-WLB 

Read • • • X 

Fetch • • • X 

Write • • • - • 

Refresh • 
lack • 
DMA • • • 3S 3S 

ASP! • • 
Busnop 

• 
1 
2 
X 

3S 

Signal asserted during the transaction 
Static modes and dynamic 64K 
Dynamic modes 4K/16K 
Signal asserted during 8-bit mode only 
Signal asserted during 16-bit mode only 
Three-state 
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Table A-II Data Bus for Each Transaction 

TRANSACTION OAL LOW BYTE OAL HIGH BYTE AI 

Read X 

Fetch X 

Write • X 

Refresh • • • 
lack • 1 

OM.o. 3S 3S 3S 

ASP I 

Busnop • • 1 

X 
• 

Lines dri ven after address portion of transaction 8-bit mode 
Lines driven after address portion of transaction 

1 
3S 

Dynamic modes only 
Three-state 

.0.-13 



Table A-l2 Summary of DCTll-AA Instructions 

SINGLE OPERANO 

Mmemonic Op Code Instruction dst Re sult N Z V C 

General 

CLR (B) 0501)0 clear 0 0 1 0 0 
COM(B) 05100 compl eme nt (1 ' 5) d • • 0 

1 
INC (B) 05200 increment d + 1 • • · -OEC(B) 05300 decrement d - 1 • • · -NEG (B) 054DO negate (2 I S compl) -d • • • • 
TST (B) 05700 test d • • 0 0 

Rotate & Shift 

ROR (B) 06000 rotate right ~ C, d • • • • 
ROL(B) 06100 rotate left C , d ~ • • • • 
ASR (B) 06200 arith shift right d/2 • • • • 
ASL(B) 06300 arith shift left 2d • • • • 
SWAB 000300 swap bytes • • 0 0 

Multipl e Precision 

ADC (B) 05500 add carry d + C • • • • 
SBC (B) 05600 subtract car ry d - c • • • • 
SXT 006700 sign extend 0 or -1 - • 0 -

Processor Stat us (PS) Operators 

MFPS 106700 move byte from PS d ~ PS • • 0 -
MTPS 1064SS move byte to PS PS ~ s • • • • 
DOUBLE OPERAND 

General 

MOV (B) lSSDD move d ~ 5 • • 0 -
CMP(B) 2SSDD compare 5 - d • • • • 
ADD 06SSDD add d ~ 5 + d • • • • 
SUB 16SSDD subt ract d ~ d - 5 • • • • 
Logical 

BIT (B) 3SSDD b i t t est (AND) 5 d • • 0 -
BIC(B) 4SSDD bit clear d ~ ( 5) d • • 0 -
BIS (B) 5SSDD bit set (OR) d ~ 5 V d • • 0 -
XOR 074RDD exclusive (OR) d ~ r v d • • 0 -
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BRANCH 

Base 
Mnemonic Code Instruction Branch Condition 

Branches 
I 

BR 000400 branch (unconditional) (always) 
BNE 001000 br if not equal (to 0) 'I 0 z = 0 
BEQ 001400 br if equal (to 0) = 0 Z = 1 

) BPL 100000 branch if plus + N = 0 
BMI 100400 branch if minus - N = 1 
BVC 102000 br if overflow is clear V = 0 
BVS 102400 br if overflow is set V = 1 
BCC 103000 br if carry is clear C = 0 
BCS 103400 br if carry is set C = 1 

Signed Conditional Branches 

BGE 002000 br if greater or equal > 0 N v V = 0 
BLT 002400 br if less than (0 ) (" 0 N v V = 1 
BGT 003000 br if greater than (0) > 0 Z v (N v V) = 0 
BLE 003400 br if less or equal < Z v (N v V) = 1 -
Unsigned Conditional Branches 

BHI 101000 branch if higher > C v Z = 0 
BLOS 101400 branch if lower or same < C v Z = 1 -BHIS 103000 branch if higher or same > C = 0 
BLO 103400 branch if lower (" C = 1 

JUMP & SUBROUTINE 

Mnemonic Op Code Instruction Notes 

JMP 00010D jump PC -E dst 
JSR 004RDD jump to subroutine use same R 
RTS 00020R return from subroutine use same R 
SOB o 77RNN subtract 1 & br (if 'I 0) R - 1, then ifR 

'I 0: PC ~ Updated PC 
- (2 X NN) 

TRAP AND INTERRUPT 

EMT I 104000 emulator trap PC at 30, PS at 32 
to 104377 (not for general use) 

TRAP I 104400 trap PC at 34, PS at 36 
to 104777 

BPT 000003 breakpo lnt trap PC at 14 , PS at 16 
lOT 000004 input/output trap PC at 20, PS at 22 
RTI 000002 return from interrupt 
RTT 000006 return from interrupt inhibit T bit trap 
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MISCELLANEOUS 

Mnemonic Op Code Instruction 

HALT 000000 halt 
WAIT 000001 wait for interrupt 
RESET 000005 reset external bus 
MFPT 000007 move from processor type 
NOP 000240 (no ope ration) 

COND ITION CODE OPERATORS 

Mnemonic Op Code Inst ruction N Z V C 

CLC 000241 c lear C - - - 0 
CLV 000242 Cl ear V - - 0 -
CLZ 000244 clear Z - 0 - -
CLN 000250 clear N 0 - - -
eee 000257 clear all cc bits 0 0 0 0 
SEC 000261 set C - - - 1 
SEV 000262 set V - - 1 -
SEZ 000264 set Z - 1 - -
SEN 000270 set N 1 - - -
sec 000277 set all cc bits 1 1 1 1 
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Table A-13 Numerical OP Code List 

Op Code Mnemonic Op Code Mnemonic Op Code Mnemonic 

00 00 00 Hl\LT 00 53 DO DEC 10 40 00 
00 00 01 Wl\IT 00 54 DO NEG thru EMT 

I 
I 

00 00 02 RTI 00 55 DO l\DC 10 43 77 
00 00 03 BPT 00 56 DO SBC 
00 00 04 rOT 00 57 DO TST 10 44 00 

I 00 00 05 RESET thru TRl\P 
00 00 06 RTT 10 47 77 
00 00 07 MFPT 00 60 DO ROR 
00 00 77 (unused) 00 61 DO ROL 10 50 DO CLRB 

00 62 DO l\SR 10 51 DO COMB 
00 01 DO JMP 00 63 DO 10 52 DO INCB 
00 02 OR RST 00 67 DO SXT 10 53 DO DECB 

10 54 DO NEGB 
00 02 10 00 70 00 10 55 DO /\DCB 
thru reserved thru (unused) 10 56 DD SBCB 
00 02 27 00 77 71 10 57 DD TSTB 

00 02 40 NOP 01 SS DO MOV 10 60 DO RORB 
02 SS DO CMP 10 61 DO ROLB 

00 02 41 cond. 03 SS DO BIT 10 62 DD l\SRB 
thru codes 04 SS DD src 10 63 DO ASLB 
00 02 77 05 SS DO BIS 10 64 SS MTPS 

t 
06 SS DD l\DD 10 67 DD MFPS 

00 03 DD SWl\B 
07 50 40 11 S5 DO "love 

00 04 XXX BR thru (unused) 12 SS DD CMPB 
00 10 XXX BNE 07 67 77 13 SS DD BITS 
00 14 xxx BEQ 14 SS DD BICB 
00 20 XXX BGE 07 7R NN SOB 15 SS DO BI5B 
00 24 XXX SLT 16 55 DD SUB 
00 30 xxx SGT 10 00 XXl( BPL 
00 34 xxx BLE 10 04 xxx BMI 17 00 00 

10 10 XXX BHI thru reserved 
00 4R DO JSR 10 14 XXX BLOS 17 77 77 

10 20 XXX SVC 
00 50 DO CLR 10 24 xxx BVS 
00 51 DD COM 10 30 xxx BCC, BHIS 
00 52 DO INC 10 34 xxx BCS, BLO 

I 
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000 

004 

010 
014 
020 
024 
030 
034 

Table A-14 Reserved Trap and Interrupt Vectors 

Default vector = 0 for interrupting device failing t o 
put vector out on DAL 's 
If mode 0 is the destination address in a JMP or JSR 
instruction a trap will occur to vector locati on 4 
Illega l and reserved instruction 
8PT instruction and T bit 
lOT instruction 
Power fail 
EMT instruction 
TRAP instruction 
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Table A-IS 7-Blt ASCII Code 

Octal Char Octal Char Octal Char Octal Char 

000 NUL 040 SP 100 @ 140 
001 SOH 041 I 101 A 141 a 
002 STX 042 " 102 B 14 2 b 
003 ETX 043 t 103 C 143 c 
004 EOT 044 S 104 0 144 d 
005 ENQ 045 % 105 E 145 e 
006 ACK 046 & 106 F 146 f 
007 BEL 047 , 107 G 147 g 
010 BS 050 ( 110 H 150 h 
011 HT 051 ) III I 151 1 
012 LF 052 • 112 J 152 j 
013 VT 053 + 113 K 153 k 
014 FF 054 , 114 L 154 1 
015 CR 055 - 115 M 155 m 
016 SO 056 . 116 N 156 n 
017 SI 057 I 117 0 157 0 
020 OLE 060 a 120 P 160 P 021 DC1 061 1 121 Q 161 q 
022 OC2 062 2 122 R 162 r 
023 DC3 063 3 123 S 163 s 
0 24 OC4 064 4 124 T 164 t 
025 NA K 065 5 125 U 165 u 
02~ SYN 066 6 126 V 166 v 
027 ETB 067 7 127 W 167 w 
030 CAN 070 8 130 X 170 x 
031 EM 071 9 131 Y 171 Y 032 SUB 072 : 132 Z 172 z 
033 ESC 073 , 133 [ 173 { 
034 FS 074 < 134 \ 174 I 
035 GS 075 = 135 1 1~~ ) 
036 RS 07~ > 136 . 

176 -
037 us 077 ? 137 177 DEL -

I 
I 

I 

I 
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Table A-l6 Octal, Hex, Decimal Memory Addresses 

Octal K bytes Hex Decimal Octal of High Byte 
a-Bit Mode 

200 000 64 10 000 65 536 N//\ 
177 000 F EOO 65 024 376 
176 000 63 F COO 64 512 374 
175 000 F 1\00 64 000 372 
174 000 62 F 800 I 63 488 370 
173 000 F 600 62 976 366 
172 000 61 F 400 

I 
62 464 364 

171 000 F 200 ,1 952 362 
170 000 60 F 000 61 440 360 
167 000 E EOO 60 928 356 
166 000 59 E COO 60 416 354 
165 000 E AOO 59 904 352 
164 000 58 E 800 59 392 350 
163 000 E 600 58 880 346 
162 000 57 E 400 58 368 344 
161 000 E 200 57 856 342 
160 000 56 E 000 57 344 340 

150 000 52 0 000 53 248 320 
140 000 48 C 000 49 152 300 
130 000 44 B 000 45 056 260 
1 20 000 40 /\ 000 40 960 240 
110 000 36 9 000 36 864 220 
100 000 32 8 000 32 768 200 

70 000 28 7 000 28 672 160 
60 000 24 6 000 24 576 140 
50 000 20 5 000 20 480 120 
40 000 16 4 000 16 384 100 
30 000 12 3 000 12 288 60 
20 000 8 2 000 8 192 40 
10 000 4 1 000 4 096 20 

7 000 EOO 3 584 16 
6 000 3 COO 3 072 14 
5 000 1\00 2 560 12 
4 000 2 800 2 048 10 
3 000 600 1 536 6 
2 000 1 400 1 024 4 
1 000 200 512 2 

0 0 0 0 
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DCTII-AA Instruction Execution Times 
at Maximum Operating Frequency 

The following pages contain charts that give execution times for 
al l instructions executable by the DCTII-AA. The charts are 
organized to help calcula te program execution times. To do such a 
calculation, first choose the system configuration and then 
outline that column in the charts. Use only those execution times 
listed in the o utlined column. The possible system configurations 
are: 

• 16-bit mode--REFRESH on 
• l6-bit mode--REFRESH off 
• a-bit mode--REFRESH on 
• a-bit mode--REFRESH off. 

It is possible for an instruction to have varying execution times 
when REFRESH is on . S-bit mode REFRESH is done every instruction 
cycle and the REFRESH cycle adds a small increment of time to the 
machine cycle. Addressi ng mode 5, 6, or 7, I /O and trap 
(2 occurances) also add time. This is why MIN and MAX execution 
times are given in "REFRESH on" configurations (in 16 bit mode 
REFRESH is done eve ry other) . Program execution times can be 
calculated for "REFRESH on" configurations by summing the average 
of the MIN and Max execution times. 

The following notes apply to all instruction execution charts : 

• • 
• 

All times are in microseconds 
Add 0.4 us fo r every -READY pul se 
transaction . 

d ur i ng an I/O 

Operating frequency is 7.5 MHz. To 
execution times (lET) at different 
use the following formula: 

calculate 
operating 

instruction 
frequencies 

• IET(fOP) = (7 .5 MHz/fOP) • IET(7.5 ) 

• 

Where: 

NA 

lET (fOP) =- Instructio n Execution Time for the new 
frequency, fOP. 

fOP = The operating frequency at which the 
instruction execution times are needed. 

lET (7.5) = Instruction Execution 
operating frequency of 7.5 MHz. 
listed in the following charts. 

=) Not Applicable 

NOTE 

Times wi th 
These times 

The times calculated are those using 
revision S.lS of the microcode. 
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Table A-17 XOR & Single Operand Instructions 

16 BIT MODE 8 BIT MODE 
REFRESH ON REFRESH ON REFRESH OFF 

Dest REFR Word Byte Word Byte 
Instructions Mode Min Max OFF Instr Instr Instr Instr 

CLR(B) ,COM(B), 0 1.6 1. 73 1.6 2.53 2.53 2.4 2.4 
INC(B) ,DEC(B), 1 2 .8 2.93 2.8 5.33 3.73 5.2 3 . 6 
NEG(B) ,ROR(B) , 2 2.8 2.93 2.8 5.33 3.73 5.2 3.6 
ROL(B) ,ASR(B), 3 3.6 3.73 3 . 6 6.93 5.33 6.8 5.2 
ASL{B) ,SWAB, 4 3.2 3.33 3.2 5.73 4 .1 3 5.6 4.0 
ADC(B) , SBC(B) , 5 4.13 4.26 4.0 7.46 5.86 7 . 2 5.1i 
SXT, MFPS, 6 4. 13 4.26 4.0 7.46 5.86 7 . 2 5 . 6 
XOR 7 4.93 5.06 4.8 9.06 7.46 8.8 7.2 

0 1.6 1. 73 I." 2.53 2 . 53 2.4 2.4 
1 2 . 4 2.53 2.4 4.13 3.33 4 . 0 3.2 
2 2 . 4 2 . 53 2.4 4 .13 3.33 4.0 3.2 

TST (B) 3 3.2 3.33 3.2 5.73 4.93 5.6 4.8 
4 2.8 2.93 2.8 5.33 3 . 73 5.2 3.6 
5 3.73 3.86 3.6 6.26 5.46 6.0 5.2 
6 3.73 3.86 3 . 6 6 .26 5.46 6.0 5 . 2 
7 4.53 4.66 4.4 7.86 7.06 7.6 6.8 

0 3.2 3 .3 3 3 .2 4.13 4.13 4.0 4.0 
1 4.0 4.13 4.0 4.93 4.93 4 . 8 4.8 
2 4 . 0 4.13 4.0 4.93 4.93 4.8 4.8 

MTPS 3 4.8 4.93 4.8 6.53 6.53 6.4 6.4 
4 4.4 4.53 4.4 5.33 5.33 5.2 5.2 
5 5.33 5.46 5.2 7 . 06 7.06 6.8 6.8 
6 5.33 5 .4" 5.2 7.06 7.06 6.8 6.8 
7 6.13 6 .26 6.0 8.66 8 .66 8.4 8.4 

• XOR and Single Operand Instruction execution times 
include instruction fetch, instruction decode, operand 
fetch, instruction operation and result output (except in 
Mode a and the TST(B) instruction where there is no 
output) . 
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Table A-IS Double Operand Instructions 

NOTE 
Double Operand Execution Time = Source 
Mode Time + Destination Mode Time 

Source Mode Time * 
16 BIT MODE 

REFRESH ON 
Dst Mode Dst Moae 

Src 0-4 5-7 REFR 
Instructions Mode Min Max Min Max OFF 

0 1.2 1. 33 1. 33 1. 33 1.2 
1 2.0 2.13 2.13 2.13 2.0 

MOV(B) ,CMP(B) , 2 2.0 2 .13 2.13 2 . 13 2.0 
ADD, SUB 3 2 . 8 2.93 2.93 2 . 93 2.8 
BIT(B) ,BIC(B) , 4 2.4 2 .53 2 . 53 2 . 53 2.4 
BIS(B) 5 3.33 3 . 33 3.33 3.46 3.2 

6 3 . 33 3.33 3.33 3.46 3 . 2 
7 4.13 4.13 4.13 4.26 4.0 

8 BIT MODE 

REFRESH ON REFRESH OFF 
Src Word Byte Word Byte 

Instructions Mode Instr Instr Instr Instr 

0 2.13 2 . 13 2 .0 2.0 
1 3.73 2.93 3.6 2.8 

MOV(B) ,CMP(B), 2 3 .7 3 2.93 3 .6 2.8 
ADD, SUB 3 5.33 4 .53 5.2 4.4 
BIT(B) ,BIC(B), 4 4.13 3 .33 4.0 3.2 
BIS (B) 5 5 . 86 5.06 5.6 4.8 

6 5.86 5.06 5.6 4.8 
7 7 . 46 6.66 7.2 6.4 

* Source Mode times include instruction fetch, instruction 
decode and source operand fetch. 
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Table A-18 Double Operand Instructions cont'd 

Destination Mode Time * 

16 BIT MODE 8 BIT MODE 
REFRESH ON REFRESH ON REFRESH OFF 

Dest REFR Word Byte Word Byte 
Instruction Mode Min Max OFF Instr Instr Instr Instr 

0 0.4 0 .4 0.4 0.4 0 . 4 0 . 4 0.4 
1 1.6 1.6 1.6 2.4 1.6 2 . 4 1.6 

MOV{B) ,ADD, 2 1.6 1.6 1.6 2.4 1.6 2.4 1.6 
SUB,BIC(B) 3 2.4 2.4 2.4 4.0 3 . 2 4.0 3.2 
BIS (B) 4 2.0 2 .0 2.0 2.8 2.0 2 . 8 2.0 

5 2.8 2 .8 2.8 4.53 3.73 4.4 3.6 
6 2.8 2.8 2.8 4.53 3 .7 3 4.4 3.6 
7 3.6 3.6 3.6 6.13 5.33 6 . 0 5 . 2 

0 0.4 0.4 0 .4 0 . 4 0.4 0 .4 0.4 
1 1.2 1.2 1.2 2.0 1.2 2.0 1.2 
2 1.2 1.2 1.2 2 .0 1.2 2.0 1.2 

CMP(B) ,BIT(B) 3 2.0 2.0 2.0 3.6 2.8 3.6 2 . 8 
4 1.6 1.6 1.6 2.4 1.6 2.4 1.6 
5 2.4 2.4 2.4 4.13 3.33 4.0 3 . 2 
6 2.4 2.4 2 .4 4.13 3 .3 3 4.0 3.2 
7 3.2 3.2 3.2 5.73 4.93 5.6 4.8 

• Destination Mode times include destination operand fetch, 
instruction operation and result output (except in 
Destination Mode 0 and the CMP{B) and BIT (B) instructions 
where ther ~ is no output). 

A-24 



Table A-19 Jump & Subroutine Instructions 

16 BIT MODE 8 BIT MODE 
REFRESH ON REFRESH ON REFRESH OFF 

Dest REFR Word wore IByee I~yee 
Instruction Mode Min Max OFF Instr Ins tr Instr Ins tr 

1 2.0 2.13 2.0 2.93 NA 2 . 8 NA 
2 2.4 2.53 2.4 .3. 33 NA 3 . 2 NA 
3 2 .4 2 . 53 2 . 4 4.13 NA 4.0 NA 

JMP 4 2 .4 2.53 2.4 3 . 33 NA 3.2 NA 
5 2 . 93 2.93 2 . 8 4.53 NA 4.4 NA 
6 2 .93 2.93 2.8 4 . 53 NA 4.4 NA 
7 3.73 3.73 3.6 6.13 NA 6 .0 NA 

1 3.6 3.73 3.~ 5.33 NA 5.2 NA 
2 4.0 4.13 4.0 5 . 73 NA 5.6 NA 
3 4.0 4.13 4.0 6 .53 NA 6.4 NA 

JSR 4 4.0 4.13 4.0 5.73 NA 5.6 NA 
5 4.53 4.53 4.4 6.93 NA 6.8 NA 
6 4.53 4 . 53 4 . 4 6.93 NA 6.8 NA 
7 5 . 33 5 . 33 5.2 8.53 NA 8.4 NA 

RTS NA 2.8 2 .93 2 . 8 4.53 NA 4.4 NA 

SOB NA 2.4 2.53 2 . 4 3.33 NA 3.2 NA 

Notes 

1 . JMP/JSR Desti nation Mode 0 is an illegal instruction that 
traps to vector location 10 . 

2. JMP execution times include instruction fetch, 
instruction decode, ope r and f etch and loading of the PC. 

3. 

4. 

5. 

JSR execution times include 
instruction decode, opera nd fetch, 
register onto the stack and loading 

RTS executio n times include 
instruction decode, loading the PC 
and loading the linkage register. 

SOB execution times include 
instruction decode, decrementing 
t est ing for zero and branch ing 
whether or not a branch is taken 
execut ion time) . 
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Table A-20 Branch, Trap' Interrupt Instructions 

16 BIT MODE B BIT MODE 
REFRESH ON REFRESH ON REFRESH OFF 

Dest REFR Word Byte Word Byte 
Instruction Mode Min Max OFF Instr Instr Instr Instr 

BR,BNE,BEQ, 
BPL ,BM I,BVC, 
BVS,BCC,BCS, Nil 1.6 1. 73 1.~ 2 .53 Nil 2 . 4 Nil 
BGE ,BLT,BGT, 
BLE,BHI,BLOS, 
BHIS,BLO 

EMT, TRAP, NA 6.53 6.66 6.4 9 .7 3 NA 9.6 Nil 
BPT,IOT 

RTI Nil 3.2 3.33 3 . 2 4 . 93 Nil 4.B Nil 

RTT NA 4.4 4.53 4.4 7.13 Nil 7 . 0 Nil 

Notes 

1. Branch instructions execution times include instruction 
fetch, instructi on decoding , doubling the offset, testing 
the conditions and adding the offset to the PC if the 
conditions are met (NOTE: Whether o r not a branch is 
taken does not affect the execution times). 

2. Trap instructions execution times include instruction 
fetch, instruction decode, pushing the PS and pC onto the 
stack , loading the PC with the contents of the vector 
location and loading the PS with the contents of the 
vector location plus two. 

3 . Return from interrupt instructions execut ion times 
include instruction fetch, instruction decode and popping 
the PC and PS from the stack . 
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Table A-21 Miscellaneous, Condition Code Instructions 

16 BIT MODE 

Dest 
Instruction Mode Min Max 

HALT NA 5.73 5 . 86 8 . 4 NA 8.0 NA 

WAIT NA 1. 6 1. 73 2.43 2 .4 NA 

RESET NA 14 . 6 14.73 16.53 16.4 NA 

NOP NA 2.4 2.53 3 . 33 NA 3.2 NA 

CLC , CLV , CLZ , 
CLN , CCC , SEC , NA 2 . 4 2 .53 2 . 4 3 . 33 NA 3 .2 NA 
SEV,SEZ,SEN, 
see 

MFPT NA 2.0 2 . 13 2 .0 2.93 NA 2.8 NA 

Notes 

1. HALT execution times include instruction fetch, 
ins truction decode, writing the PC & PS into stack then 
load i n9 the PS wi th 340 and load i n9 the PC wi th the 
RESTART address. 

2 . WAIT execution times include instruction fetch , 
instruc ti on decode, pulsing PI to sampl e t he interrupt 
lines and doing a REFRESH cycle if REFRESH is on . (NOTE: 
If no interrupt lines were asserted duri ng the PI pulse , 
the WAIT instruction will cycle in a 1 . 2 us loop pulsing 
PI (1£ REFRESH is on the l oop will be 1. 33 us max). The 
loopi ng will continue until an i nte rrupt line is asserted 
and sensed by the DCT1I-AA.) 

3. RESET execu t io n times include instruction fetch, 
in st ruction decode, the assertion o f -BCLR and th e 
writing of DAL<l5:0 > into the MODE register. 

4. NOP executio n times include 
i nstruction decode and idle time. 

inst r uction fetch, 

5. Condition Code instructions execution times include 
i nstruction fetch, instruction decode and the setting or 
resetting of the appropriate status flags in t he PS. 
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Tab l e A-22 Maximum Latencies 

16 BIT MODE 8 BIT MODE 
Dest 

Act i ve Input s Mode Dynamic Static Dynamic Static 

-CP(3:0> , -PF NA 15.47 15.20 22.13 21. 60 
(Internal Vector) 

-VEC , -CP<3:0> NA 15.87 15. ~O 22.53 22.00 
(External Vector) 

DMR NA 3.66 3 . 52 4 . 46 4.32 

WAIT Instr uction 
Inte rnal Vector NA 7.87 7.73 10 . 53 10.13 

External Vector NA 8 . 27 8.13 10 . 93 10 . 53 

DMR NA 1. 66 1. 66 1. 79 1.66 

Notes 

1. These timings are given in microseconds and assume clock 
f requency of 7.5 MHz . 

2 . Interrupt latency is measured from the time the INTERRUPT 
REQUEST is asse r ted either on the AI lines (in static 
modes), or the input of the AI I ine driver (in dynamic 
modes), until the time the DCTII-AA is ready to fetch the 
first instruction in the interrupts' service routine . In 
this time the DCTII-AA takes three actions: 

a) Keeps going until a PI latches the 
co uld happen in the instruction fo l lowing 

request. This 
the request . 

b) Finishes the instruction that latched the request. 

c) Executes the lACK microcode, which involves priority 
arbitration, issuing lACK, generating the interrupt 
vector (or in the case of -VEC being asserted , reading in 
the external vector) , pushing PSW and PC onto the stack 
and loading PC and PSW from vector and vector +2. 

A- 28 



". 
I 

IV 

'" 

40_ Vee 

20_ GND 

B_ BGND 

19_ PUP 
IS _ _ 9CLR 

---: 

n 
" 
" " "'"" " CONTROL 

" " RB(~J 

R7 (PC) 

I 

I ADDRESS REGISTER I==:>t 

I CLOCK BUFfERS I I I I 
cou, xn. xno 

I I I 
" " " 

16-BIT INTERNAL BUS 

'=\ INSTRUCTION REGISTER I 

) ALU I=-
-- ------- f-t ' TATUSREGISTER I 

11 INTERNAL 
CONTROL 

REFRESH COUNTER I I MODE REGISTER I 
H ~ lJ 

ADDRESS MULTIPLEXER 

H 
CONTROL I ~ATA/ADORESS II ~ATA/ADORESS I 

BUFFER BUFFER 

ADDRESS/INTERRUPT ~ 1 SE~<O> jfs RJ QHB n"'~".1D ".,~ ~ BUFfERS 

.n READY ,,~. ......... "'A" ,II ..... , 0 

U I 
AIO,([> 

~ ~ ~ II U 
32-39 ,. 14--25 29-31 17-18 1-1, 9 10--11 

".·M" 

Figure A,- l OCTll-M Block Diagram 



>-
1 

w 
0 

-I: Cl'U READ TRANSACTIO"l 4 
RE AD ADDR ESS '1_ READ 1"If'UT 

co"' \ / \ / \'--__ 

DAL<15:0> 

AI< 7.(1) 

~.~ 

-CAS 

" 

R/-WlS 
RI_WH8 
NORMAL 

R/-WL8 
RI_WH8 
DElAYED 

SELOIFE"l ) 
"IOTE 1 
"IOTE2 

)))))))))XiJ '00"", ((((\\\\((((((\\\\\ """ VHV}, 
'ORO r--'CO,E--4 

I - IROE I-
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SYMBOL PARAMETER FUN,CTtON OF 'eve MINIMA X 

ICAS -CAS P"I", W.hh 13T - 90) K 310 no min 
tCPR _CAS P'"cNr911 Tome III -Sf · 395". m," 

"" -CAS (L.E.) Of O .... yfd Mod' AM IT _281 _ 105 n. m'" 
(L.E.! Sel Up Ti .... l0 PI (L.EJ 

leSA -CAS ILU Set Up Trmelo III - 401 · 360,,, m," 
_AAS (T.E .) 

',,"0 -'CAS (l.E .1 Or O.IIVod Mode RM ,,- ~. 

(L,e, to 'Nrile O~II VII" 
'eve XT Ll. XTLO Ope'"tl~ PerKld T - 133n. min 
iOFC DAL<1!i:O> Addrn. floilia _CAS 0", min 

(L .E.) 01 O.lIve<! MI)(I. RiW IU:' .I 
10~N DAl<15:0> Add .... Hold Ti .... (2T -201 • 247 n. min 

Ifom Nor"...1 Mod. RM (LE.) 
10 tHI DAL<15:0> Add,"1' Hold Time (T - 121 - 121 n. min 

Irom _RAS IL.E.J 

'''c DA L<l5:D> Add, ... Set Up TI"", to (2T -22J • 245 '" min 
_CAS IL.E.J Of 0,11 '1'"" Modi 
A/W Il.E.J 

"'" OAl< l S:O> Add.es. Sel Up Timo 10 crr -20J • 380 n. min 
Plll.E.) 

tOSR DAl<15 :([> Add, ... SIt Up l imit \<> IT -48) - 85 n. m'" 
_ RAS IL.E.) 

'I Ho InpVl on AI<7;o> Iiold Time f.om 0", m'" 
PI n.u 

"" PI IL.E.) 10 Input on 11.1<7;0> Vllid 12T-'67, - , OO", ~. 

INHC Nor"",' Modt p, fN Ho ld TI .... ftom IT -32, .. 101 .... m. 
- CAS (T.E.I 

INHP Not .... ! MOO, RNi Ho ld Ti ..... ftom (T - '3I-90 ... min 
PI CT .EJ 

' NH R Nor .... 1 Mod, RiW Hold n ..... ftom CT - win - 25 .... min 
_RAS (T,E., 

tN"'1' Not .... 1 "'00. RfN I'ul .. Wldtt> 1ST -66, .. 734 n, min 
tN"'R Nor .... 1 Mod. RfN P,.co ... y TI ..... Om m," 
'N'" Nor .... 1 Mod. ANi Sel Up Ti .... to 12T - 311 " 230 n. m'" 

_CAS (LE.I 

'N" Nor .... ' "'lido ANi Set UI> TI .... to (JT --45)" JS5 nl min 

PIIL. E.I 
'NSA Nor .... 1 Mod, RNi Set Up Time 10 CT -78) .. 55 nl min 

-RPS IL.EJ 
tpHC PI Hold Ti .... !rom _CAS IT .E.! or IOn. min 

Doloyod Mod. A;:;; (T.E.) 
11'11' PI 1',,1 .. Wid'" In _ 411_:220 .... min 

"" PI P~Ti .... 14T -33) .. SOO nl min 

"~SO PI (L.E.I Se, Up T i .... to - CAS !T.E.I (2T - 75) " 192 n. m" 
ot ~Ioyod Mod. RNi !T.E.! 

I : Add 1 n. II in Ioflll bu. cYcle modo. lIMn if AOY .Ii", If. initilltd. odd H'T n •. whet.! 
T" l /fop. H _ numOO 01 ROY pul", ' imn 3 if mod ... no.mol, lime<. il mod ... 10"11 bu.CVcl •. 

2: Add 4T for tid> READY pul ... 
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SYMBOL 

'I'SN 

'''' 'RAS 
IRHC 

'RHP 
'RPR 
'RSC 

"" 'RWO 
.. oe 
'WHC 

'W"' 
IWHA 

'w", 

"" 'WSR 

PARAMETER 

PI (LE.! s", UI> Ti"", \0 N",,,,,I 
Mod. RM (T.E.) 
PI IL.E.I S", Up Ti ..... lo -RAS IT.E.I 
_RAS Pul .. Width 
-RAS !T.E.I Hold Timo Irom - CAS 
(T.E.lor Oellvod Mod. RM (T .E.) 
-RAS (T.E.I Hold n"", / ' ''m PI (T.E.I 
-RAS Pted>lflll' Time 
-AAS (L.E .I s"t UI> Time ~ -CAS 
IL.E.l 0. O.,.Vod Mod. RNI (L.E.I 
-RAS IL.E.I Set Up Tlme 10 PIIl.E.1 
-RAS (LEo! ,0W.i11 OIU V.lid 

Wtite 011. Se, UI> Ti"", 10 PI It.EJ 
Wtite Oil. 0< SAL<IS;8> Hold Tim. 
1'0'" -CAS (T.E.) Of O.II~td "'od. 
R,w (T.E .) 
Wti!~ 0.11 Hold Time Itom PI n ,E.J 
Writ. 0011 Ot SAL<15:9> Hold r,mo 
Itom _ RAS IT.E.! 
Whl O 0111 Se, UI> Ti",. '0 _CAS IT.E.J 
Wt ite O,ta Sel Up Timo 1o PI IT.E .) 
Wdtt Dot. Sel Up TI .... 'o ~RAS IT.E .I 

-

---

FUNCTION OF 'CYC MIN IMAX 

(31 - 901 - 310n. mOl' 

12T _ 14) ' 281 n. m'" 
141 • 35) .. 568 n. min 

'" ", m'" 
10 n< min 
(2T _ '201 " 147 no min 
(Ttl0) - I43n. m," 

12T+IOI - 217 n. min 
(2T • 4) .. 270 n. ~. 

!T _ 83) .. 50 n, min 
IT - 291 * 105 AS moo 

(T ~88) • 45 III m,n 
IT - 1181 - IS ... mm 

13T- I 50I ~ 250nl mil! 
13T~1101 · 2!IO". min 
13T -55l - 3015 n. m," 
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SYMBOL PARAMETEIl FUNCTION OF 'eve MIN!MAX 

'AFS AI<7 :o> FICMI '" OM" Srl,ct on '"' ""n 
SEl<a> 

'CAS ---CAS Pul .. WOdlh IJT - 901 · 310 no min 
Icoe - CAS IT.E.! ,,, ~~t OAL<15:0> IT - 18) - 115 n. min 

Add, ... Enlbl, 

'C;' _CAS IL.EJ Sri Up Til"" to pi fl .E.J n - 281 · 105 n, min 
'eye XTl I , XTLO Dpor. ling P. iod 1 · 133", min 

'OFS DAl<lS,O> Flo., 10 DMII Solea on '"' min 
sn<a> (L.E.! 

lOSE OAl<I5:0> Enoble hom OM" IT - 271 " 106 ' .. min 
SoJtcI on SE l <l> IT.£.1 

!IHP InpUt on AI<7:0> Hold n ..... hom ,- min 

PIIT.E.I 

, '''' PI IL.EJ to I"'''''UIII 01 OMA InllUl 121 - '671 - 100". mu 
on AI<7:0> V.lid 

'SFR DMA$oI •• t onSEl <O> 121 -23) • 243 n. min 
(l.E.) Set Up Ti ..... 10 - RAS ILE.I 

ISKR OMA SoleCl On SEL<l> 121 - 631 • 11)3 n' m;" 
(L.r .) So, upn ..... t<>-RAS ( L.E .) 

'MOC Pul ... Mod. COUl 11.£.1 Se< Up Tim. IT+ 101 t 143 n. m,n 
10 - CAS (L.E.) 

lMOR Pul .. Mod. caUl ,,, m,n 
(l.E.1 Sri Up Ti"", to - RAS (L.E.! 

tMRC OMA s:.,IIet - RAS (2T ~lo1.2n n. m," 
(L.E,) SI:I Up Time 10 --CAS fL.E.) 

tMRO OMA P"loe Mod_ caUT IT - 511.82 n. min 
(T.E,) Hold n_ ftom - RAS (l.E.) 

'MRP OMA SeliC! - RAS (5T+35)·702 .... moo 
p"'''Widl~ 

tMSf OMASeledonSEL<ll> 18T _ 38I ~ I029n. min 
PuloeWi<ll~ 

tMSK OMA SeleC! on SEL< I> In -681 .. 865 n. m'" 
p"l oe Wid,~ 

"'"" Pul .. Mod. caUT PUI .. Widlh IT - 331 '" lOOn, min 

""0 1',,1 .. Mode COUT RIOCO_V Time 13T _ 371 _ 363 n. min 
when 00 i. potHn, 

IPAE PI (T.E .l.o nul AI<7 ,O> Addt ..... (T-401 - 93 .... min 
E",bl. 

11'11' PI Pul .. W;dth In _ 471 _ 220n, m'" 
'ROE - RAS (T.E.llo",'" OAL<15:0> (T _118) - 1!i n. m'" 

Add .. " E ... bll 
'RSO Rfii Orr_, di .. bled .nd '"' min 

P ... i"" Pull l.!p E".bl...:t Sti Up Time '0 
OMA SelIC! on SEL<O> Il.E.! 

'RSE HfW dt i~", l1/li,,10 hom IT - 271 · lOll n. min 
OMA Seloct on SEL< l> (T.E.I 

''''' lACK Or OMA s",IoCl on SEL< I> (TI "' 133", min 
R.eo_v';"" 

'= SEL<O> (L.EJ Sol Up Ti""l11 ,,, min 
SEL<l > IL.E J I 

I : Add T n. il in "'''II bu. cvole mlldl . 1""" ~ ROV .Iil>< I fe o"rlilled. odd H"T n •. w~.t. : 

T '" l/fllP. H .. ""_ 01 ROY wl ... ,iml!> 3il mod. -""'tTIIl, ,i ...... iI tnIId ... k"'l1 bin cvc!e. 

2: Add n hl, Act> READY pull'l. 

3 : Add 8T if mullipl. OMA "I'd ... ,f. !/flntod 
"A 501tO 
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jo---------IISPI TRAHs.t.C'YION ~ 

00"' / \ <NO,.., / \ / \ 

OAL<15:Q> NOTE 3 

AI<7 .a> 

- AM I'KIT[ 1 

-'-" 

R/_WH8 NOTE 1 

It/_WL' NOTE I 
Sil OHOTE 2 
SEL I NOTE 2 

.. W 

NOTE 1. ASSERTED HI THIlOUGIiOVT THE TRMSACTION 
NOTE 2 #,SSERTED LO THROUGHOUT THE TRANSACTION 
NOTEl: THREE-STATEO 

IIH.OMA 
REQUEST 

'''' "" 
"'" 'IMP 

." 11'11' 

NOTE. : ASP. OCCUAS,.T THE END OF A HL T. PUf'TRANSACTIDN. AND DURING A WAil INSTRUCTION 
NOTE!O: RUDY H.0..5 NO EFFECT 
NOTE 8. UTRA liMING PHASE 1001 ALWAYS PRESENT 

Figure A-14 ASP! Transaction 

MODE REGISTER 
11 10 , 8 1 0 

1)( I xl x [ x 1)( [. I 
1 • HIGH 
a . LOW 

)( ~ IRRELEVANT 

VALID -v------'r 
OUTPU'~ 
INVAlID~ 

OUTPUT~ 

VALID -v---v­
INPUT~ 

IGNOREO TVTT"Ir'rWT 
INI'UT ~ 

CONDITIONAL -.,...-.--- ~ .. -........ __ .. -
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SYMBOL PARAMETER fUNCTION OF 'eye MINIMAX 

'eye XTLI. XTlO Dpofating Period T * III '" ~. 

'YHe Ready (LE.) Hold Ti .... from O~ m," 

COUT n.EJ 
,,"w Reidy Ull .. .."ed Pul .. Widlh "". min 

'VRT Rudy Rlco,"'Y Time "'- min 

'Y5O Rudy n.EJ Del&y fram - CAS (L.EJ (2T-I35)·'32 ... ~ . . '"" RNdy IL.E ,) Delay from Pulled Mod. (2T _ 127) • 14(11). m .. 
CQUT (T.E.) 

'YSR RNdv (T.E,) OIIIV Irom _RAS (t.EJ (31-100) - 30011' ~. 

1: TheM liming p,t .. met .... . pply only to ca ... _ .... multiple READY pUt>e> Of' f~ui'od. 
i.1" multiple micmcvclt "illS. 

2: READY i' " n od9t'lIiWtred inpo.rt tll.lt .. "'Ulliv Ieli .. led by 1lSe<li"lll low on in pin. 
Ho ........ READY i. internally Icti~lod by the leoding edge 01 - RAS il it> pin 1>.1 , been 
I.wrted low before ttot .. tctge •. .Uu.n 
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I. POWeRUPSEOUENCE . ( 
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_,psc 

~BCLR \ \ \ 

OAL<15 :0> 

r'PUT--- -, ( 
- - --

-- -
AI<7:O> : ( ( ( - -

-
~RAS ----------

------------CAS ----------
----------

" ----------
----------

R/_WHB 
----------~ 

----------
RI_WLB ---------
~" 

---- -----, 
---------

SEl I 
-- - -----~ 

---------
---------

COUl 
--------

NOTE 1: 

Non 2: 
A$SEIHED IN DYNAMIC MODES ONLY 
ASSERTION DEPENDS ON MODe 

11'MU------"'" 

"0 l';N~Tt . -,-, 
I ( ( ( ~ ~,.'(, ( ( 

- "'" T osc. WI Til !'!ODE 
ReG!OI ~l 

NOTE 3: LOW CURRENT PULLUP O","OAL < 15:8,1 :0> UNTIL-BelA NEGATION 
LOW CUIlRH-IT PULlUP 

'PBU 

))( { :. 

I ) ) ) 

osc. ~ER MOOE 
BI T I 

NOTE . , 

NOTE S' 

NOHB: 
HHERRUPTS MID OM ... REOUEST ARE SERVICED BEFORE THE FIRST FETCH 
ASSERTED IN DYNAMIC MODE ONL V, REFLECTS CONTENTS OF THE MDOE REGISTER 

NOTE 7: 
NOTE B: 

10 REFRESH TRANSACTIONS IN 8 BIT MODE, 10 REFRESH TRANSAcnONS IN 16 BIT MODE 
DAL'S ALWAYS DRIVING eXCEPT DURING Ot,lA AND DATA PORTION OF READ TRANSACTION 

Figure 10.-16 
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REGISTER 
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OSC. PER MODE 81T II 

II 10 9 B 1 0 

I x I xl x I x! xIx I 
1 HlyH 

o LOW 

X IRRELEVANT 

Power Up 
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n . :gn; NO ... 

".n, 

\ .. on,,' '---
"- __ J 

U \ 
~___ -" Non 0 J 
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OUTPUT~ 
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XT"'L I NOTE I 

lORD 

00", I <NOlE :I'> 

lMOR-o 

~" 

COlIT NOTE 2 
-- r- X-X X - _ ...J 

-'" I 

""'-" I 
NOlEI " Xl ... L1M ... V8EUSEDASANOtrTPUT 
NOTE 1: 8US MODE CLOCK (MODE REG <0>0) PH ... S( DEPENDS ON MODE AND CODE 

EXECUTED ASSHOWNWIlM a)HDITION"'l OUTPUT. FOR LONG MICROCYCLE 
MOOE ... NO BUS MODE CLOCK. THE ...... lIOOUTPUT IS SHOWN (PHASE IS UNCON 
DIlI(lNAL) 

NOTE], EXTR ... liMING PHASE '00) PRESENT OD IS PFiESENT ONL V DURING ASPI. OM .... 
REFRESH AND lACK IN STANDARD MICROCVCLE MODE MR < I >-1. 00 IS PRESENT 
IN ALL MICROCVCLES IN LONG MICROCVCLE MODE MR< 1 >- O. 

""" ~" 

-
--

_IMRO .... 

- ,r- ,r-=x 
~_~L __ "- __ 

'MOO- r-

Figure A-l7 XTI\L and CWJ' 

MOOE REGISTER 

1110111 ' 0 

I ' I xl 0 I x I xii I 
1 • HIGH 
o • LOW 

X & IRRELEV ... NT 

V"'lID -y---y­
OUTPIJT ...A....--....A 
INVAlID~ 

DUTPUT~ 

V"'lID~ 
INPUT~ 

IGNORtD 
INPUT 

CONDITIONAL 

DmIlXI 
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OATA/ADDRESS LINES OAll5 " VCC .5V 

OAll. , J9 A" -HLT AOORESS/INTERRUPT 

DA1l3 , 
" AI6 -'f DYNAMIC MOD 

OUTPUT 
DALI2 • " A" -vEC ROW ADDRESS 

COLUMN ADDRESS 

DAlll 5 36 A" -CPO 
INPUT 
INTERRUPT & DMR 

DAllO 6 35 A" -CPI DURING PI TIME 

DAli 7 ,. A" -CP2 
STATIC MOOE 

2nd GROUND BC;ND 8 " '" -C'" INPUT ONLY 

DAl8 9 
DCll I -AA " '" 'M' ADDRESS/INTERRUPT 

DALl " " " PRIORITY IN STR08E 

DAL6 " 30 -CAS COLUMN ADDRESS STROBE 

DAL5 " " -RAS ROW ADDRESS ST R08E 

DAL. " " fl/-WL8 READ/WR ITE LOW 8YTE (16) 
WRITE (81 

OALl " 27 R/-WHB READ/WRITE HIGH BYTE tiS) 
READ lSI 

OAC2 " " READY EXTENO TRANSACTION 

DALI " 25 SELO 
} SELECT OUTPUT FLAGS 

DATA/ADDRESS LINES DALO " " SEll SEE 8ELOW 

8US CLEAR -selR " " XTLO CRYSTAL 

POWER UP '"' " " XTLI CRYSTAL /EXT OSC 

1$1 GROUND G'O 20 " COUT CLOCK OUTPUT 

SELECT OUTPUT FLAGS 

SEL< I > SEL<O> FUNCTION , , REAO/WRITE , 
" REFRESH/FETCH 

" 
, lACK 

" " OMG 
"'~ ~21\ 

Figure A- 18 rcrll-M Pin layout 
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r " " " 
START/ RESTART 

< 15:13> START/RESTART AODRESS 
12 TESTER/USER MODE 
11 16-8IT{8·8IT SUS 
10 64K/4K OR 16K MEMORY 
09 DYNAMICISTATIC MEMORY 

ADDRESS BITS START 
< 15' 13>- ADDRESS 

, 172000 
6 "'000 
5 00000o 

• 0>0000 
J 020000 , 0.0000 , '00000 
0 "0000 

08 
<7: '1> 
0> 
00 

01 

RESTART 
ADDRESS 

112004 
173004 

""""'" """" """"" "000' '0000' ,,""" 

06 05 '" 

NORMAUOE LAYEO RIW 
RESERVED 

03 02 

LQNGISTANOARO MICROCYCLE 
CONSTANT/f'ROCESSO R MODE CLOCK 

Figure A-19 Mode Reg i s ter 

PROCESSOR STATUS 

15 " " " 
< 15:8> READ AS ZEAOS 

0.3 NEGATIVE 

" " 00 

Figure A-20 

'" 01 06 05 

PRIORITY 

Processor Status WOrd 
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~-"UI==S>-LSl2 WlB l 
CASC 

:'S7 ___ &-WH81. ~::~-AD H 

~, 

AD L Vcc - Ie IYO ~ 41185£1. L 

i,'QD~A:';'~<I"4~=~~~ 2C 2YJ p- 2651 SEL l 
MO" ,-C '-0 h... 

r-,j\;--1'i'i'--i"r-'-~'1'" aUF FER 1 Y \ I"" 2716 SElL o 8 11 11661T, CAS L 
NORMAL 2G lY2h- B256SElL 

BClR BMC) 74LS155 r 
pvp Alf-1-">-I--1--=::--1-----~~~~~~---l 

Delli ·"", 8 

H.OAlf-1-"~D~AC'"~~".o>----,-1~~~cc~ 

Vcc-i E--
L OAL <1;1> 

AI :O , 
01:0 ~ LO OAll-'-":.-----,t-I---"'-, 

""'1- CTRli 5.0688 XlI. 1 

MHZ ~ 
AD L -C 

A ~ I IOPORT' 

" B~lfOPOAT 
XTAL I-- XTL 0 COUT 

WLB l-< '" 
err-,iD PORT 

- INTEL 'OOo'j 
.~=----W 

IDSEL L-C " 8255A 

INITH- RESET 

MOSTEK 

74lSJ73 

"' ~O o 6 lO"I. < 15:8> < 10:8>" ,1 ..... -;;~'-"'~O!!~~~tt~'~O:A~'~~' "'-., 
B M :O B 

~~~»~-+1---~V'~'~~ ,~~~~ 
'DC 

0"' 
eTRl " 

::;l LSJ2 OE "118 I /O ~ 
IX X 8 

A"MSELL-<,: Cs STATIC 'j, L RAMSEL L 
HAS L 'lfLB L \VE" RAM 

WHBL~wr 

741.5373 

" , t-
ll< 0 0 

, lO"I.<7:O> ~DAl < ' 1:8> 
Al07 

DO' 
CTRL " 
J, LRASL 

REGISTER VALID ADDRESS 

RAM IR/WJ 0000-3776 
AD,", till 100000-107176 

{ ""'MAN""," 
111016 

2 MODE III!WI 11101" 
6 STATUS t R) 111006 
5 RaUf IRI 117001 
1 XBUF IWl 177000 

H 
COMMAND IWl .... 
CPOR T IRIW) ''''''' B PORT IRIW ) "''''' A PORT tRIW) "'''''' 

Figure A- 21 

lOA~ <7.1> 
, 

46:0 

RAS l -( cr 
OU, 

, 
ROM SEL l --( or OU' r--

INTEL 
2716 
2K J( 8 
EPROM 

'----...;' '-i " 0 

Le AL <3.2> , 
r-!:,SJ6BA M ,Al ~y I I 

. RWlB H --Vj :>c,.-",~w""",-",.q Ro!NT ~ciy p----' 
m<'651 SEL l-<: CE 

, 

lNlT H- Rf5ET 51GNE TIC5 
2651 

L----------l'~'~'~,~,'_~ PUSART 

In-Bit Application 
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LSJ68A ylNITH 

"' ,"0 

" ,/, 

"'" 'CO -I ~ '"' 
., , 

OCT11·,." , 

':I-
HIDAl , 
LODAL 

• IAAS,CAS,RD,WT) 
5,(1688 XTl) CTAl 

MHz :,J-XTAI. X1\.0 caUT 'DC 
33pF J, 

LOAl <1> 
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B.1 INTRODUCTION 

This appendix Is designed to make the user aware of va riations 
between the DCTII-AA and other members of the PDP-li family. These 
variations fall Into the following major categories : 

Addressing Modes 
PDP- li Instruction Set 
DCTII-AA Instruction Execution Sequence on the Data Bus 
Exceptions and Interrupts 
Power Up. 

The processors that are used in this appendix, for comparison to 
the DCTII-AA, are: 

PDP-ll/03 
PDP-ll/04 
PDP-11/23 
PDP-ll/24 
PDP - ll /34A 
PDP - ll /40 
PDP-ll /44 
PDP - ll /45 
PDP - ll/70. 

Table 8-1 (which i s found at the e nd of this appendix) indicates 
those functions which operate the same among the various PDP-li 
processors. 

B.2 ADDRESSING MODES 

Most basic instructions operate the same from one PDP-ll processor 
to another. However , there are variations in the way the address 
is computed depending on the addressing mode being used. This 
section covers the variations in the addressing modes that are 
implemented by the DCTl I-AA .. An explanation of the symbols that 
are used in this section is found at the end of Chapter 6. 

When executing a double operand instruction the same general 
purpose register may be used in both the source and destination 
fields of the instruction .. When the same registers are used in the 
DCTll-AA, PDP-II/23, PDP - ll/24 and PDP-Il/40, the results vary 
from other PDP-II processo rs .. 

B. 2.1 Modes 2 and 4 

If the addressing mode of the destination operand is auto increment 
(mode 2) the contents of the register are incremented by 2 before 
being used as the so urce operand. If the addressing mode of the 
destination operand is autodecrement (mode 4) the contents of the 
register are decremented by 2 before being used as the source 
operand .. 
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, In the other processors covered 
content of the source register is 
source operand. 

in 
not 

this appendix, 
modified and is 

the initial 
used as the 

The following is an example of an auto increment (mode 2). Register 
o contains 1000 (octal). 

MOV RO, (RO)+ In the DCTII-AA, 
moved to location 

the quanti ty 
1000 . 

In the 
1000 is 

other processors, the 
moved to location 1000 . 

1002 is 

quantity 

The following is an example of an autodecrement (mode 4). Register 
o conta ins 1000 (octal). 

MOV RO, -(RO) 

8.2.2 Modes 3 and 5 

In the 
moved to 

In the 
1000 is 

DCTII - AA, the 
location 776 . 

quantity 

other processors, the 
moved to location 776 . 

776 is 

quantity 

If the addressing mode of the destination operand is auto increment 
deferred (mode 3) the contents of the register are increm-ented by 
2 before being used as the source ope rand. If the addressing mode 
of the destination operand is autodecrement deferred (mode 5) the 
contents of the register are decremented by 2 before being used as 
the source operand. 

In the 
content 

other processors covered 
of the source register is 

in 
not 

this appendix , 
modified and is 

the initial 
used as the 

source operand . 

The fo ll owing is an example of an auto increment deferred (mode 3). 
Register a contains 1000 (octal) and location 1000 contains 2000 
(octal) . 

MOV RO, @(RO)+ In the OCTII-AA, 
moved to location 

the quanti ty 
2000. 

In the 
1000 is 

o ther processors, the 
moved to location 2000. 

1002 is 

quantity 

The following is an example of an 
Register a co ntains 1000 (octal) 
(octal) • 

autodecrement 
and Ioea t ion 

deferred (mode 5). 
776 contains 2000 
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MOV RO, @-(RO) In the DCTII-AA, the quantity 776 is 
moved to location 2000. 

In the 
1000 is 

other processors, the 
moved to location 2000. 

8.2.3 Using the PC Contents as the Source Operand 

Op Code PC, X(R} 
Op Code PC, @X(R) 
Op Code PC, @A 
Op Code PC, A 

quanti ty 

In the above operations, the resultant source operand is the value 
of the location of the op code plus 4. This is true for the 
DCTII-AA, PDP- ll/23, PDP- l1 /24, and PDP-ll/40. This varies from 
other PDP-Il processors covered in this appendix where the source 
operand is the value of the locati o n of the op code plus 2. 

In the foll owing example the PC contains the value 1000 (octal). 
Location 1002 c on tains the offset va lue 2. RO contains the value 
2000 (octal). 

MOV PC, 2 (RO) In the DCTII-AA, the value 1004 is moved 
to location 2002. 

The f i nal 
addressing 

In the other processors, the value 1002 
is moved to location 2002. 

source operand 
modes explained 

is the 
above. 

NOTE 

same (1004) for 

The use of the above forms of addressing 
should be avoided. The MACRO-II 
assembler generates an error code (Z) 
which is printed in the listing. This 
occurs in each instr uction when the 
addressing mode is found not to be 
compatible among all members of the 
PDP-ll family. 

all of the 

B.2. 4 Jump (JMP) and Jump to Subroutine (JSR) Instructions 

JMP %R 
JSR reg, %R 

When programming JMP and JSR instructions care must be taken in 
selecting the destination mode of the instruction. When mode 0 is 
selected an error condition is created and the DCTII - AA traps 
through location 4 of the trap vectors (refer to exceptions and 
interrupt servicing). This is true o f all PDP-II processors except 
the PDP-ll/45. 
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The PDP-ll/45 
through memory 

when executing 
locati o n 10. 

B.3 PDP- 11 INSTRUCTION SET 

this instruction causes a trap 

The DCTII-AA implements the basic PDP-Il instruction set. The 
PDP-Il instruction set offers a wide choice of o perations, such 
that a single instruction often does a task that would need many 
in other computers. PDP-II instructions, allow byte and word 
addressing in both single and double operand formats. This saves 
memory space and simplifies the implementation of control and 
communications applications. 

Instruction set variations fall into these catagories: 

Instructions not common to all PDP-lIs 
Basic instruction execution 
Instructions no t executed 
Effect of the T-bit (instruction trace trap) . 

B. 3.1 Instructions not Common to all PDP-lIs 

As the number o f PDP-II processor types increased, instructions 
that were not included in the basic instruction set were added. 
The DCTII-AA includes the following instructions: 

MFPT (move from processor type) 
MFPS (move byte from processor status) 
MTPS (move byte to processor status). 

8.3.1.1 MFPT Instruction --

MOVE FROM PROCESSOR TVPE 

Figure 8-1 MFPT Instruction 

Operation: RO~ processor type 

Condition Codes: Unaffected 

"'00"" 

The DCTll-AA. , PDP-ll/23, PDP-ll/24 , and PDP-ll /44 are the only 
processors that execute the MFPT instruction. The model code is 
placed in the low byte of register RO indicating to the system 
software the processor type. Table 8-2 shows the codes assigned to 
identify the processor in use. 
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Table B-2 Processor Codes 

Model Code Processor T e 

4 DCTll-J\J\ 
3 PDP-11/23 or PDP-11 /24 
1 PDP-11 /44. 

NOTE 
The PDP-ll/23 .nd PDP-11 / 24 .re 
controlled by the same processor and 
have the same mod e l code. 

B.3.1.2 MFPS Instruction --

MOVE BYTE fROM PROCESSOR STATUS WORD 

Figure 8 - 2 MFPS I nstruction 

Operation: (dst)<PS 
dst lower 8 b i ts 

106700 

Condition Codes: N: set if PS bit 7 = Ii c leared otherw i se 
Z: set if PS <0 :7> = 0; cleared otherwise 
V : c l eared 
c: not affected 

The low byte of the 
destinati on o perand is 

PS is 
treated 

used as the 
as a byte. 

source operand. The 

The DCTll-J\J\, PDP-ll /03 , PDP-ll /23 , PDP-ll / 24, and PDP-ll/34 
implement this instruction to sav e the processor status register 
(PS) without direct ly access ing the PS on the da t a/address bus. 

NOTE 
The DCTll-AA is not restricted from 
having memory or a device at the PS 
address 177776. In addition the DCT11-J\J\ 
does not recognize that an error has 
occurred when addressing bus locations 
that do not contain memory (refer to the 
exceptions and interrupts section). To 
attempt to read or write data at address 
177776 expecting the PS will cause 
unpredictable results. 
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B.3.1.3 MTPS Instruction - -

Move BYTE TO PAOCESSOR 5TATU5WORO 106455 

15 os 07 

:' , 

"'H222 

Figure B-3 MTPS Instruction 

Operation: PS~(src) 

Condition Codes: N: set according to effective source operand 
Z : set according to effective source operand 
V: set accord ing to effective source operand 
C: set according to effective source operand 

The source o perand is treated as a 
operand is always the low byte of the 
not affected by the MTPS instruction. 

byte and the destination 
PS. The source operand is 

NOTE 
The T-bit (bit 4 of the PS) cannot be 
set with the MTPS instruction. 

The DCTll- .... , PDP-ll /03 , PDP-1l/23, PDP-1l/24, and PDP-1l/34 
implement this instruction in order to load the low byte of the 
processor status register without directly addressing the PS on 
the data/address bus. 

8.3.2 

NOTE 
When developing software for the 
DCTll - AA on PDP-II systems that have 
memo r y management, the priority bits of 
the PS (bits <7:5» may not be affected. 
Refer to the appropriate processor 
handbook. 

Basic Instruction Execution 

The DCTII-AA executes all basic PDP-II instructions except MARK. 
Some instructions vary in execution from other PDP-II processors. 
These instructions are covered in this section. 
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8.3 . 2.1 HALT Instruction --

HALT 00000o 

Figure 8 - 4 HALT Instruction 

Condition Codes: Unaffected 

When o ther PDP-II processors covered in this appendix execute the 
HALT instruction, it causes processor operation to cease. Control 
is given to the console if one is p resent or to a console 
microprogram within the processo r. The DCTII-AA has no console or 
console microprogram. The DCTII-AA executes a HALT instructi o n 
like a trap. The DCTII - AA pushes the current PS and PC onto the 
stack . The PC is loaded with the value of the restart address 
(power up address + 4), and the PS is loaded with a value of 340 
to inhibit interrupts. The power up and restart addresses are 
explained in the power up section of this appendix. 

NOTE 
When developing software for the 
DCTII-AA on PDP-I! systems that have 
memory management, the trap sequence 
when executing a HALT instruction is 
different. Refer to the appropriate 
processor handbook. 

8.3.2.2 RESET Instruction 

RESET EXTEANAl8US 

" 0: < < < < < < < < < < < < .: 
Figure 8-5 RESET Instruction 

Condit ion Codes: Unaffected 
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, The DCTII-AA RESET instruction causes the asse rt ion of the Bus 
Clear (-BC LR) signal. An Assert Priority In (ASP!) transaction 
takes p l ace to input interrupt and DMA information. The condition 
codes and general purpose registers RO - R5, SP , and PC are not 
affected. The - BCLR signal is asserted low for a minimum of 8.4 
microseconds followed by a mInlmum 150 nanosecond pause. No 
processor operations are performed during this pause. The next 
programmed instruction is executed after the pause . Timing for the 
-BCLR signal is a function of the processor clock or crystal 
frequency . 

If the power fail interrupt is asserted d urin g the RESET 
instruction, it is not recognized until the instruction has 
completed the - BCLR sequence . This is also true of the PDP-II/03, 
PDP-ll/23, and PDP-ll/24 . 

When a power fail in terrupt occurs duri ng a RESET instruction in 
the PDP-Il/04 and PDP-ll/34 it is a fatal error and no power down 
sequence occurs . The PDP-Il/44, PDP-Il/45, and POP-ll/70 RESET 
instruction is aborted in the event of a power fail. 

6. 3 .3 Ins tructions not Executed 

The DCTII - AA. does not execute the PDP-II instructions and op 
codes listed in Table B-3. If an attempt is made to execute these 
instructions the processor traps through location 10. 

Table B-3 PDP-II Instructions not Executed 
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B.3.4 Effect of the T-Bit (Instruction Trace Trap) 

The processor status register contains information on the current 
status of the CPU. This information includes: 

the current processor priority f or interrupts 

the condition codes describing the result of the last 
instruction 

a bit that indicates a trap occ urs after the exec uti on of 
the current instruction. 

The DCTII-AA does not allow the T-bit to be set directly. This is 
true of all processors covered by this appendix except the 
PDP-ll/04 . Only indirect references to the PS can cause the T-bit 
t o be set. Such references occur when executing: 

RTI (return from interrupt) instruction 
RTT (return from trap) instruction 
trap instructions 
exceptions or interrupts. 

If the RTI instruction causes the T-bit to be set, the T- bit trap 
is taken through location 14 BEFORE executing the next 
instructi o n. If the RTT instruction causes the T-bit to be set, 
the t-bit trap is taken AFTER exec uting the next instruction . The 
above is true for all processors covered in this appendix. 

The DCTII-AA and al l processors (except the PDP-II/45 and 
PDP-II/70) acknowledge the T-bit trap before acknowledging an 
interrupt that occurs during instruction execution. The PDP-II /45 
and PDP- II/70 give the pending interrupt priority over the T-bit 
trap. 

If a WAIT instruction is executed and the T-bi t is set, the 
DCTII-AA sequences o ut of the WAIT. After the T-bit is serviced 
the instructi on following the WAIT is executed. This is true of 
all processors except the PDP-II/03, PDP-II / 45 and PDP- II/70. 
These processors return to the WAIT until an interrupt occurs. 

B.4 DCT11-AA INSTRUCTION EXECUTION SEQUENCE ON THE DATA BUS 

Each PDP-II instruction executed by the DCTII-AA performs a number 
of transactions on the data/address bus. The number and type o f 
transaction is determined by the instruction being executed. Every 
instruction that ends in a write transaction to a memory location 
is always preceded by a read transaction from the same location . 
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8.4.1 Examples Using the Move (MOV) Instruction 

In all o ther processors 
instruction consists of the 

covered in this appendix, 
following bus transactions: 

The processor fetches the opcode of the instruction 
The processor then obtains the source operand 
The destination operand is computed 

the 

The source operand is written into the destination address. 

MOV 

In the DCTII-AA, the MOV instruction operates similar to the other 
processors except for the last bus transaction. After the 
destination address has been computed, the DCTII-AA reads from the 
destinati on address before writing to that address. Clear (CLR) 
and sign extend (SXT) follow a similar bus sequence. 

This bus sequence is important when connecting the DCTII-AA 
directly to interface devices. For example the Intel 825lA serial 
interface contains data input and output registers at ·the same bus 
address. When the data has been assembled in the input register, 
the signal (RxRDY) is generated to indicate the receiver is ready. 
The RxRDY signal is cleared when the processor reads the input 
register. During a write operation to the Intel 825lA data 
registers, the DCTlI-AA first reads the input register then writes 
to th e output register. This may result in the RxRDY signal being 
cleared. When RxRDY is cleared in this manner, data may be lost. 

NOTE 
When connecting interface devices to the 
DCTll-AA that do not have DEC standard 
bus addresses and status registers, it 
is important to know the device 
addresses and bit patterns in the status 
register. 

8.5 EXCEPTIONS ANO INTERRUPTS 

The DCTII-AA has a flexible hardware and software interrupt 
structure. Hardware interrupts cause the DCTII-AA to temporarily 
suspend program operation to execute a service routine. Software 
interrupts call service routines required by the program. Software 
interrupts occur when executing trap instructions or when the 
trace bit is set in the processor status register. When the 
service routine is completed, program execution is resumed. 

The DCTll-AA services calls and interrupts in the following order 
of priority: 

HALT (non-maskable interrupt or instruction) 
Power Fail (non-maskable interrupt) 
Trace Trap (T-bit) 
CP<3:0> priority 7 (interrupt) 
CP<3:0> priority 6 (interrupt) 
CP<3:0> priority 5 (interrupt) 
CP <3:0> priority 4 (interrupt) 
Trap instruction call. 
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The DCTII-AA supports a vectored interrupt structure with four 
priority levels. Interrupts are input on four CODED priority lines 
(CP(3:0». The value encoded on these lines indicates an interrupt 
request is pending from one of fifteen devices on one of four 
priority levels. Interrupts are maskable in that the priority code 
of the interrupting device must exceed the value in the PS (bits 
<7:5» or the interrupt is not acknowledged. 

The DCTII-AA also has two non-maskable interrupt lines, HALT and 
Power Fail (PF). Assertion of either of these lines interrupts the 
processor regardless of the priority level in the PS. HALT and PF 
have individual input lines. The non-maskable interrupt HALT is 
not associated with an interrupt vector. When a HALT interrupt 
occurs, the current PS and PC are pushed on the stack, the PC is 
loaded with the restart a.ddress, and the PS is loaded with 340. 
A device requests service by asserting one or more of theh CP 
lines (CP(3:0». If the priority of the requesting device is 
higher than that of the processor, the interrupt is acknowledged 
and the device is serviced at the completion of the current 
instruction. 

NOTE 
If the T-bit is set in the PS the trace 
trap is taken before servicing the 
interrupt. The T-bit must not be set in 
the PS word of the T-bit trap vector. If 
this occurs continuous T-bit trapping 
will result. 

The current state of the machine is saved so that program 
execution may continue after completion of the service routine. 
The contents of the program counter (address of the next 
instruction) and the PS are pushed onto the system stack. The new 
contents of the PS and PC are loaded from two consecutive memory 
locations called "vector locations". The first location contains 
the address of the service routine and the second contains the new 
PS value. All information in the vector locations must be loaded 
under program control. 

NOTE 
The device requesting an interrupt must 
remove the request when it receives an 
interrupt acknowledge (lACK) from the 
DCTII-AA. If the request is not removed 
and the PS word of the service vector 
does not contain a prority level as high 
or higher than that of the interrupt 
request, the request continues to be 
serviced until the stack is fulL This 
causes a loss of program and data. 
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The vector address is provided, during an interrupt acknowledge 
transaction, by either a fixed table stored in the DCTll-AA 
(internal vector address) or by the interrupting device (external 
vector address). Table 8-4 indicates the internal vectors assigned 
to interrupt priority codes. 

Table 8- 4 Interrupt Priority Codes 
• 

PRIORITY LEVEL VECTOR ADDRESS 

New PC at New PS at 

non-maskable HALT restart address 340 
non-maskable PF 24 26 

7 140 142 
7 144 146 
7 150 152 
7 154 156 
6 100 102 
6 104 106 
6 110 112 
6 114 ll6 
5 120 122 
5 124 126 
5 130 132 
5 134 136 
4 60 62 
4 64 66 
4 70 72 

8.5.1 Bus Errors 

The DCTlI-AA does not support bus errors. Most PDP-II processors 
indicate that an error has occurred and interrupt program 
execution when: 

a word instruction executes with an odd address (odd address 
error) 

a non-existent memory location is accessed (non existent 
memory (NXM) error) 

the stack value approaches the vector location area (stack 
overflow error). 

If a word instruction is executed and the source or destination 
address is odd , the least significant address bit is ignored and a 
word operation is performed at the even address. 
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If the DCTII-AA attempts to read or write a non-existent memory 
location, the transaction is completed and program execution 
continues. If the transaction is a read, undifined data is 
received. A write to a non-exsistent memory location outputs data 
onto the data address lines as if memory is present and the data 
is lost. 

No warning is given by the DCTII-AA if the hardware stack pointer 
(SP) decrements below 377 (octal). This can cause unpredictable 
results when the contents of the vector addresses are changed. 

8.5.2 

NOTE 
It Is important to leave enough room for 
the stack area so the vector locations 
will not be destroyed. 

Internal Register Access 

None of the internal registers of the DCTII-AA are directly 
accessable as memo ry locations to the programmer. All transactions 
involving these registers are done internally by the DCTII-AA. The 
addresses assigned to these registers by other POP-II processors 
are within the 16-bit address space of the OCTII-AA. These 
addresses can be used as memory locations or as peripheral device 
registers. 

NOTE 
The PS, general purpose registers RO -
RS, SP, and PC are examples of registers 
that cannot be directly accessed as 
memory locations by the programmer . 

8.6 POWER UP 

The DCTII-AA is a flexible microprocessor which can be adapted to 
many different applications. The power up process is used to set 
one of eight different start/restart addresses. The instruction in 
the start address is always the first executed after power is 
applied to the OCTII-AA. During power up or when executing a RESET 
instruction, the DCTII-AA loads an internal register with a three 
bit code which represents one of the eight start/ restart address 
pairs. Table 8-5 shows the start/restart addresses. 

Table 

START ADDRESS 
(Used at Power 

000000 
010000 
020000 
040000 
100000 
140000 
172000 
173000 

8 - 5 

Up) 

Start/Restart Addresses 

8-14 

RESTART ADDRESS 
(Used for HALT) 

000004 
010004 
020004 
040004 
100004 
140004 
172004 
173004 



NOTE 
Th e sta rt address is only used at the 
time power is applied to the DCTII-AA. A 
RESET instruction loads the mode 
regi ster. It does not cause the start 
address to be loaded into the PC. 

When a HALT instruction is executed or a hardware halt interrupt 
is asserted , the value of the PS and PC is placed on the hardware 
stack. The DCTII-AA loads the PC with the restart address and sets 
the PS to 340. 
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SYMBOLS AND NOTATION 

The following symbols are used in the explanation of the various 
modes: 

%R Mode 0 addressing. The contents of the register are to 
be used as the source operand. 

(R)+ 

- (R) 

@(R)+ 

@-(R) 

Mode 2 addressing. The register contents are to be 
used as the address of the destination operand and 
then the register contents are to be incremented by 2 
(autoincrement) • 

Mode 4 addressing. The register contents are to be 
decremented by 2 and then used as the address of the 
destination operand (autodecrement). 

Mode 3 addressing. The contents of the register are to 
be used as an address of the address of the 
destination operand. The contents of R are incremented 
by 2 (auto increment deferred). 

Mode 5 addressing. The contents of the register are to 
be decremented by 2 and then used as an address of the 
address of the destination operand (autodecrement 
deferred) • 

PC Program counter mode 0 addressing. The contents of the 
program counter are to be used as the source operand . 

X(R) 

@X(R) 

11 

@A 

Indexed addressing (register mode 6). The value of X 
is added to the contents of register R to form the 
address of the destination operand. 

Indexed deferred addressing (register mode 7). In this 
mode the value of X is added to the contents of 
register R to form the address of the address of the 
destination operand. 

Program counter relative addressing. Relative 
addressing uses the contents of the location following 
the op code as the address of the destination operand. 

Program 
Relative 
location 
address 

counter 
defferred 
following 

of 

relatiVe defferred addressing. 
addressing uses the contents of the 
the op code as the address of the 
the destination operand. 
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Table B-1 Software Differences 

11 
Activity Tll 23 

aPR %R, (R)+ or aPR %R ,-( R) using the same register X X 
as both sou r ce and dest ination: contents of Rare 
incremented (decremented) by 2 befo r e being used as 
the sou r ce operand. 

OPR %R , (R) + or aPR %R ,- (R) using the same register 
as both register and destination: initial con t ents 
of R are used as t he source operand. 

OPR %R , @(R)+ or OPR %R,@ - (R) using the same register X X 
as both source and destination: contents of Rare 
incremented (dec remen ted) by 2 befo r e being used as 
the sou rce ope rand. 

OPR %R , @(R)+ o r OPR %R , @-(R) using the same register 
as both sou r ce a nd destination: initial contents of 
R are used as the source operand . 

OPR PC , X(R); OPR PC, @X (R) ; OPR PC , @A; OPR PC,A: X X 
Location A wi l l contain the PC of OPR +4. 

aPR PC , X(R); OPR PC,@X(R); OPR PC,A ; OPR PC, @A : 
Location A will contain the PC or OPR +2. 

JM P (R)+ or JSR reg,(R) +: 
Contents of Rare incremented by 2, then used as the 
new PC address . 

--- -

PDP-11 Family Machines 

LSI 05 15 35 
04 34 11 1 0 20 40 45 

X X 

X X X X X 

X X 

X X X X X 

X X 

X X X X X 

X X 
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Table 8-1 Software Differences (Cont) 

PDP-ll 

11 
Activity T11 23 04 34 

JMP (R)+ or JSR reg,(R)+: X X X X 
Initial contents of R are used as the new PC. 

JMP %R OR JSR reg,%R traps to 4 ( illegal X X X X 
instruction) • 

JMP %R or JSR reg,%R traps to 10 
instruction) . 

( illegal 

SWAB does not change V. 

SWAB clears V. X X X X 

Register addresses (177700 - 177717) are valid 
program addresses when used by the CPU . 

Register addressed (177700 - 177717) time o ut when X 
used as a program address by the CPU. Can be ad-
dressed under console operation. Note: Addresses 
cannot be addressed under console for LSI-II or 11-23. 

Register addresses (177700 - 177717) are handled as X 
regular memory addresses (in the BSIO page). No 
internal regsiters are addressable from either the 
bus or the console. 

BASIC INSTRUCTIONS noted in PDP-II processor hand- X X X X 
book. 

MFPT (move from processor type) X 

SOB, RTT, SXT instructions. X X X X 

Family Machines 

LSI 05 15 35 
11 10 20 40 45 

X X X 

X X X X 

X 

X 

X X X X 

X 

X X X X 

X X X X X 

X X X 
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Table B-1 Software Differences (Cont) 

PDP-Il Family Machines 

11 LSI 05 15 35 
Activity T11 23 04 34 11 10 20 40 45 

MARK instruction. X X X X X X 

ASH, ASHe, DIV , MUL instructions. X X X X X 

XOR i nstruction. X X X X X X 

The external option KEIl-A provides MUL, DIV and X X 

SHIFT operations in the same data format. 

The KEll-E (Expansion Instruction Set) provides the X 

instructions MUL, DIV, ASH , and ASHC . These new 
inst ruc tions are 11/45 compatible . 

The KEII-F adds unique stack ordered floating point X 

instructions: FADD, FSUB, FMUL, FDIV. 

The REV-li adds EIS/FIS instructions . X 

SPL instruction. X 

Power fail during RESET instruction is not recog - X X 

nized until after the instruction is finished (70 

mill iseconds) . RESET instruction consists of 70 
milliseconds pause with INIT occurring during first 
20 milliseconds. 

Power fail immediately ends the RESET instruction X 

and traps if an INIT is in progress. A minimum 
INIT of 1 microsecond occurs if instructions aborted. 
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Table 8-1 Software Differences (Cont) 

POP-II Family Machines 

11 LSI 05 15 35 
Activity TIl 23 04 34 11 10 20 40 45 

Power fail acts the same as 11/45 (22 milliseconds X X X 
with about 300 nanoseconds minimum). Power fail 
during RESET fetch is fatal with no power down 
sequence. 

RESET instruction consists of 10 microseconds of IN IT X X 
followed by a 90 microsecond pause. Power fail not 
recognized until the instruction is complete. 

RESET instruction consists of a minimum 8.4 mi cro- X 
seconds followed by a minimum 150 nanosecond pause. 
Power fail is not recognized until the instruction 
is complete. 

10. No RTT instruction. X X 

If RTT sets the T-bit, the T-bit trap occurs after X X X X X X X 
the instruction following RTT. 

11. If RTI sets the T-bit, the T-bit trap is acknowledged X X 
after the instruction following RTI. 

If RT! sets the T-bit, the T-bit trap is acknowledged X X X X X X X 
immediately followinq RTI. 
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Table 8-1 Sof twar e Differences (Cont) 

PDP-II 

11 
A.ctivity T11 23 04 34 

llA.When operating with the T-bit set (e. 9 • single X 
stepping) no interrupt requests will be serv iced. 
At the end of instruction execution, the T-bit 
has higher priority than interrupt requests. 
Once in the T-bit service routine, other interrupts 
a,e blocked to ensure no unexpected occurrences. 
When the RTT instruction is executed to leave 
the service routine, interrupts will not be 
serviced if the T-bit is set in the new PS 
popped off the stack. The user will, therefore, 
not see any interrupt requests he is expecting. 

12. If an interrupt occurs during an instruction that X X X X 
has the T-bit set, the T-bit trap is acknowledged 
before the interrupt. 

If an interrupt occurs duc ing an instruction and 
the T-bi t is set , the inteerupt is acknowledged 
before the T-bi t trap. 

13 . T-bit trap will sequence out of WAIT instruction. X X X X 

T-bit trap will not sequence out of WAIT instruction. 
Waits until an interrupt. 

14. Explicit reference (direct access) to PS can load X 
the T-bi t. Console can also l o ad the T-bi t. 

Only impl ic it references (RTI, RTT. traps and in- X X X 
terrupts) can load the T-bit. Console canno t load 
the T-bi t. 

-

Family Machines 

LSI 05 15 35 
11 10 20 40 45 

X X X X 

X 

X X X 

X X 

X X 

X X X 
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Table 8-1 Software Differences (Cont) 

PDP-II Family Machines 

11 LSI 05 15 
Activity T11 23 04 34 11 10 20 

Odd address/nonexistent references using the SP X X X X X X 
ca use a HALT. This is a case of double bus error 
with the second error occurring in the trap ser-
vicing the first error. Odd address trap not in 
LSI-II or 11-23. 

Odd address/nonexistent references using the SP 
cause a fatal trap. On bus error in trap serv i ce, 
new stack created at 0/2. 

Odd address/nonexistent references using the SP X 
do not trap. 

The first instruction in an interrupt routine will X X X X X X 
not be executed if another interrupt occurs at a 
higher priority level than assumed by the first 
interrupt. 

The first instruction in an interrupt service is X 
guaranteed to be executed. 

8 General-purpose registers. X X X X X X X 

16 General - purpose registers. 

PSW address, 177776, not implemented . Must use new X X 
instructions, MTPS (Move to PS) and MFPS ( Move from 
PS) . 

PSW add ress implemented. MTPS and MFPS not imple- X X X 
men ted. 

35 
40 45 

, 
I 

X X 

X X 

X 

X 

X X 
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19. 

20. 

21. 

22. 

23. 

24. 

25 . 

Table 8-1 Softwa re Differences (Cont) 

PDP-Il 

11 
Activity T11 23 04 34 

PSW add ress and MTPS and MFPS implemented. X X 

Only one interrupt level (9R4) exists. 

Four interrupt levels exist. X X X 

Four interrupt levels exist encoded in four lines. X 

Stack overflow not implemented . X 

Some sor t 0 f stack overflow implemented. X X X 

Odd address trap not implemented . X X 

Odd address trap implemented. X X 

FMUL and FDIV instructions implicitly use R6 (one 
push and pop) ; hence R6 must be set up correctly. 

FMUL and FDIV instructions do not implicitly use R6 . 

Due to their execution time, Ers instructions can 
abort because of a device interrupt. 

EIS instructions do not abort because of a dey ice X 
interrupt. 

Due to the ir execution time, FIS instructions can 
abort because of a device interrupt. 

EIS instructions do a DATIP and DATO bus sequence 
when fetching source operand. 

- - -- - - - ----

-

Family Machines 

LS I 05 15 35 
11 10 20 40 45 

X 

X 'X X X 

X 

X X X X 

X 

X X X X 

X 

X 

X 

X X 

X X 

X 

, , 
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Table 8-1 Software Differences (Cont) 

PDP-II 

11 
Activity Tll 23 04 34 

EIS instructions do a DATI bus sequence when X 
fetching source opera nd . 

MOV inst ruction does just a DATO bus sequence for X X X 
the last memory cycle . 

MOV in struction does a DATIP and DATO bus sequence X 
for the last memory cycle . 

MOV instruction does a READ (DATI I and a WRITE (DATO) X 
bus sequence for the last memory cycle . 

If PC conta i ns nonexistent memory address and a X X X 
bus error occurs , PC will have been incremented. 

If PC conta i ns nonexistent memory address and a 
bus error occurs , PC will be unchanged. 

Does not support bus errors. X 

If register contains nonexistent memory address X 
in mode 2 and a bus error occurs , reg ister will 
be incremented. 

If reg ister contains nonexistent memory address X X 
in mode 2 and a bus error occurs, register wi 11 
be unchanged. 

Does not support bus errors . X 

If register contains an odd value in mode 2 and a X 
bus error occurs, register will be incremented. 

Family Machines 

LSI 05 15 35 
11 10 20 40 45 

X X 

X X X 

X X 

X X X X 

X 

X X X X X 

X X X 
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Table 8-1 Software Differences (Cant) 

PDP- II Family Machines 

11 LSI 05 15 
Activity T11 23 04 34 11 10 20 

If register contains an odd value in mode 2 and a X X X X 
bus e rro r occu rs, register will be unchanged. 

Does not support bus errors . X 

Condition codes restored to origina l values after 
FI S interrupt abort (EIS doesn't abort on 35/40) . 

Condition codes that are restored after EIS/FIS X 
interrupt abo rt are indeterminate. 

Op codes 075040 through 075377 unconditionally trap X X X X X X 
to 10 as reserved Op codes . 

If REV-II option is present, Op codes 075040 through X 
075377 perform a memo ry read using the register 
specified by the low order 3 bits as a pointer. If 
the register contents i s a nonexistent address, 
a trap t o 4 occurs . If the register contents is 
an existent address, a trap to 10 occurs if user 
microcode is no t present. If no REV-II options Is 
present, a trap to 10 occurs. 

Op codes 210 through 217 trap t o 10 as reserved Op X X X X X X 
codes. 

Op codes 210 through 217 are used as a maintenance X 
instruction. 

Op codes 75040 through 75777 trap to 10 as reserved X X X X X X 
Op codes. 

35 
40 45 

X 

X X 

X X 

X X 
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Table 8-1 Software Differences (Cont) 

PDP-II Family Machines 

11 LSI 05 15 
Activity T11 23 04 34 11 10 20 

Only if KEV-li option is present , op codes 75040 X 
through 75377 can be used as escapes to user 
microcode . Op codes 75400 through 75777 can also be 
used as escapes to user microcode and KEV - ll opt i on 
need not be present. If no user microcode exists , 
a t r ap to 10 occu r s. 

34 . Op codes 170000 through 177777 trap to 1 0 as r eserved X X X X 
instructions. 

Op codes 170000 through 177777 are implemented as X X 
floating point instructions. 

Op codes 170000 through 177777 can be used as escapes X 
to user microcode. If no user mocrocode exists , 
a trap to 10 occurs . 

35. CLR and SXT do just a DATa sequence for the last 
bus cyc l e. 

X 

CLR and SXT do DATIP-DATQ sequence for the last 
bus cycle. 

X X X X X 

CLR and SXT do a READ (DATI) and a WRITE (DATO) X 
sequence for the last bus cycle. 

36. MEM . MGT. maintenance mode SRO bit 8 is i rnpl ernen ted. X 

MEM . MG T. maintenance mode SRO bit 8 i s not X 
i mpl emen ted. 

35 
40 45 

X 

X 

X X 

X X 
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Table 8-1 Software Differences (Cont) 

PDP-II Family Machines 

11 LSI 05 15 
Activity T11 23 04 34 11 10 20 

37. PS<15:l 2> , user mode, user stack pointer, and X 
MTPX and MFPX instructions exist even when MEM. MGT. 
is not conf igured. 

PS <15,12 > . user mode, user stack pointer, and 
MTPX and MFPX instructions exist o nly when 
MEM. MGT. is configured . 

38. Current mode PS bit <15 :14 > set to 01 or 10 X 
will cause a MEM. MGT. trap upon any memory 
reference. 

Current mode PS bits <15:14> set t o 01 or 10 X 
will be treated as kernel mode (00) and not cause 
a MEM. MGT. trap. 

39. MTPS in user mode will cause a MEM. MGT. trap if PS X 

add res 177776 is not mapped. If mapped PS<7:5> 
and <3 :0> are affected. 

MTPS in user mode will only affect PS<3:0> X 

regardless of whether PS address 177776 is mapped. 

40. MFPS in user mode will cause MEM. MGT. trap if PS X 
address 177776 not mapped. If mapped, PS<7:0> 
are addressed. 

MRPS in user mode will access PS<7:0> regardless X 
of whether PS address 177776 is mapped. 

-

35 
40 45 

X 

X 

X X 
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Table 8-1 Software Differences (Cont) 

PDP-II Family Machines 

11 LSI 05 15 
Activity T11 23 04 34 11 10 20 

4l. A HALT in struction in use r mode traps to 4 

A HALT instruction in user mode traps to 10. X X 

42. A HALT instruction pushes PS & PSW to stack , X 
load the PS with 340, and load the PC with 
power up address + 4 (restart address). 

43. Resident DDT microcode. X X 

44 . All data outs (DATO) are preceeded by a data in (DATI) • X 

45. Instruction execution runs to completion regardless X 
of bus errors . 

46. Vector address range limited to 4 to 374 . X 

35 
40 45 

X 

X 
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Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

TRAP Instructions 
HALT INTERRUPT 
TRACE Trap 
Externa l Vector 
Interrupt 
Internal vector 
Interrupt 
Power Fail Trap 
WAIT Loop 
TEST Mode Request 

HARDWARE DIFFERENCES - TRAPS 
(TRANSPARENT TO SOFTWARE) 

11/23 

Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Memory Parity Errors 
Memory Management 
Fault 
Bus Error Traps 
TRAP Instructions 
TRACE Trap 
OVFL Trap 
Power Fail Trap 
Console Bus Request 
Q-BUS Bus Request 
WAIT Loop 

11/04 

Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Bus Error Trap 
TRAP Intructions 
TRACE Trap 
OVFL Trap 
Power Fail Trap 
UNIBUS Bus Request 
Console HALT 
WAIT Loop 

-

11/34 

Priority of internal 
processor traps , ex­
ternal interrupts, 
HALT and WAIT: 

Memory parity Errors 
Memory Management 
Faul t 
Bus Error Traps 
TRAP Instructions 
TRACE Trap 
OVFL Trap 
Power Fail Trap 
Console Bus Request 
UNIBUS Bus Request 
WAIT Loop 
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LSIll 

Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Bus Error Trap 

HARDWARE DIFFERENCES - TRAP 
(TRANSPARENT TO SOFTWARE) 

PDPll /05 ,lO 

priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Bus Error Trap 

PDPll/15,20 

Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Bus Error Trap 

PDPll/35,40 

Priority of internal 
processor traps, ex­
ternal interrupts, 
HALT and WAIT: 

Memory parity Errors 
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1.1 SCOPE OF MANUAL 

CHAPTER I 
INTRODUCTION 

This service manual provides the information needed to implement the RASO Disk Drive corrective 
maintenance procedures. Chapter I provides an overview for RA80 maintenance and reference docu­
mentation related to the RASO Disk Drive. Chapter 2 describes the removal and replacement procedure 
for each RASO field replaceable unit (FRU). Chapter 3 describes how to perform the field adjustments. 
Chapter 4 explains how to use the operator control panel and the internal maintenance controls. Chap­
ter 4 also provides a list of the fault codes displayed on internal and externa l indicators. Chapter 5 
contains the fault isolation procedures that Field Service engineers use to troubleshoot the disk drive. 
Appendix A provides a binary/ hexadecimal conversion chart . Appendix B provides a dec i­
mal / hexadecimal conversion chart. 

1.2 RA80 MAINTENANCE FEATURES 
The RASO Disk Drive is designed with emphas is placed on se rviceability. The drive incorporates the 
following maintenance features. 

• Quick access to all field replaceable parts 
• Fault reporting by the operator control panel 
• Built-in maintenance controls and indicators 
• Drive-resident diagnostic and utility routines 
• Read /write diagnostic tracks inside the disk guard band 
• No head alignments 
• No preventive maintenance procedures 
• No special tools 

1.3 RA80 MAINTENANCE PHILOSOPHY 
The repair philosophy for the RA80 is, " intelligent module replacement." This phi losophy is accom­
plished by use of the drive-resident diagnostics. The Field Service engineer uses these diagnostics to 
isolate fault conditions to the FRU level. In addition to the drive-resident diagnostics, host-level diag­
nostics are avai lab le to support and verify corrective maintenance decisions . 

1.4 RA80 RELATED DOCUMENTATION 
The RASO Disk Drive related documentation is listed below. 
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The following documentation is available from Printing and Circulation Services, 444 Whitney St., 
Northboro, Massac hussetts 01 532. 

• RA80 Disk Drive User Guide EK-O RASO-UG 

• RA 80 Series Disk Drive Illustrated Parts Breakdown EK-ORA80-1 P 

The following documentation is available from the Software Distribution Center, Order Adminis­
tra tion/ Processi ng, 20 Forbes Rd., Northboro, Massachusetts 01532. 

• RA80 Field Maintenance Print Set MP-01 286 

• UDA50 Maintenance Documentati on Kit QP904-GZ 

(This kit consists of a loose leaf binder, the UDA50 Maintenance Guide, and th e current drive 
maintenance guid es that ope rate on the UD A50.) 

• RA80 Maintena nce Gu ide AA-M 186A-TC 

(Thi s is a sma ll . looseleaf, plas tic-wra pped package .) 

• 7-1/ 2 X 5 inch binde r A V-L980A-TK 
(This small binder fit s the maintenance guid es.) 
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2.1 INTRODUCnON 

CHAPTER 2 
REMOV AL AND REPLACEMENT PROCEDURES 

This cha pt~ r describes the RA80 parts remova l and replacement procedures. The chapter begins with 
the power precautions that should be observed before replacing FR Us. The remainder of the chapter 
supplies detailed procedures for FR U replacement. 

2.2 POWER PRECAUTIONS 
Since haza rdous voltages are present inside this equi pment, servi cing should be performed only by qual­
ified se rvice representatives. Bodily injury or equipment damage may result from im prope r servicing. 

NOTE 
Always remove power from the unit before replacing 
any internal part or cables. 

2.3 POWER SUPPLY LOCATION AND CONTROLS 
The power controls for the RA80 Disk Drive and power cont rOller (H874) arc shown in Figure 2-1. 

2.4 REMOVING POWER FROM THE DISK DRIVE 
Before replacing assembli es in the RA80 Disk. Drive, the disk should be spun dow n and the ac line 
power removed. Usc the in tructions in the fOllowing twO paragraphs. 

2.4.1 Removing Power from the Drive Internal Assemblies 
To remOve power to everything but the power supply, switch off CB I at the rear of the RA80 Disk 
Drive. 

2.4.2 Removing Power from the H766C or D Power Supply 
To remove power to the H766C or D power suppl y, unplug the ac cord from the receptacle on the 
power control unit at the bottom of the RA80 cabinet. 

2.5 REMOVAL AND REPLACEMENT SEQUENCE 
Figure 2-2 provides an RASO pa rt removal sequence. 

To remove a part, loca te it on the sequential fl ow diagram and follow the path to the top of the diagram. 
Beg in by removing the topmos t item on the path that the fl ow-line passes through. Continue down the 
flow-line until the desired part is reached. Paragraph numbers ass ist in the loca tion of each remova l 
procedure. Par(s that can be directl y removed are not show n on the diagram. 

NOTE 
Unless otherwise indicated reverse the removal pro­
cedure to replace each FRU. 
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Figure 2- 1 Location of Power Controls 
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RAISE LOGIC ACCESS COVER 12. 10) 

L SERVO MODULE 12.12) 

L PERSONALITY MODULE 12.12) 

l MICROPROC ESSOR MODULE 12. 13) 

t RAISE DR IVE LOGIC CHASSIS 12 II ) 

LOGI C DC HARNES S ASSEMBLY 12 I'l l 

RAISE DRIVE LOGIC CHASSIS (2 111 

FRON T BEZEL FANS (2 IS) 

READ/ WRITE MODULE 12 16) 

-- FRONT BEZEL 12. 18) L BRUSH GROUND SPRING 12 17) 

L OPERATOR CONTROL PANEL AND CABLE 12 191 

L LOG IC AC HARNESS ASSEMBLY 12.201 

f-----. DRIVE POWER SUPPLY (2 .21) 

L REAR POWER SUPPLY FAN 12 22) 

L FORWARD POWER SUPPLY FAN 12 22 ) 

HEAD DISK ASSEMBLY (2 16) 

SPEED SENSOR 12 231 

HDA TEMPERATURE SENSOR 12 231 

BELT TENSION M ICROSWITCH 1224) 

SPINDLE BELT (2 25) 

MOTOR / BRAKE ASSEMBLY (2 .261 

L MOTOR ACTUATOR ASSEMBLY 12.271 

WING PIVOT ASSEMBLY (2 .28) 

Figure 2-2 Sequential Part Removal and Replacemenl 
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2.6 REMOVING THE REAR CABINET DOOR AND END PANELS 
Refer to Figures 2-3 and 2-4 while performing this procedure. 

I. Unlock the rear door with a 5/32" hex wrench. 

2. Disconnect the green/yellow st riped ground wire using a Phillips screwdriver. 

3. Un latch the rear door and lift it off of the frame assembly. 

4. The end panels are removed by first removing the two end panel locks. The end pa nel locks 
are removed by loosening the screws and then lifting the locks off the panels. 

5. Lift the end panels up and away from the cabinet. 

6. Unscrew the green/yellow ground wire from the cabi net and set the end panel as ide. 

2.7 REMOVING THE SWITCH CAPS AND LAMPS 
Refer to Figu re 2-5 whi le performing this procedure. 

I. Remove ihe operator control panel switch caps by prying the recessed side of the Cap wit h a 
screwdriver. 

NOTE 
A piece of paper or some other material should be 
placed between the screwdriver and the switch cap to 
avoid chipping the paint on the front bezel. 

2. To remove one of the lamps, reach into the sWitch opening alid pull On the metal slide. The 
lamp wi ll pu ll forward with the slide. 

3. Insert a lamp with the rear nat portion of the lamp in a hori zontal position. Push the lamp 
into the lamp holder as far as it will go. 

4. To replace the switch cap, push the cap into the swi tch opening as far as it will go, using on ly 
a small amount of pressure to snap the cap into place. 

2.8 REMOVING THE AIR FILTER 
Refer to Figure 2-6 whi le performing this procedure. 

I. Locate the filter door latch on the front bezel. 

2. Press up on the door latch and lower the door to a horizontal position . 

3. Remove the foam air filter by puiling down on the top half of the filter first and then lifting 
the filter out of the drive. 
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Figure 2·3 Rear Door Removal 
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Figure 2-4 End Pane l Removal 
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Figure 2-5 Switch Cap and Lamp Removal 
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Figure 2-6 Air Fil ler Remova l 
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2.9 EXTENDING AND RETRACTING THE DRIVE ON SLIDES 
Replace internal parts of drives on slides by follow ing the procedures in the next two paragraphs. Refer 
to Figures 2·7, 2·8. and 2-9 while performing these procedures. 

2.9.1 Extending the Drive on Slides 

I. Pull out the cabinet stabili zer fOol. Refer to Figu re 2-7. 

CAUTION 
:-.lever slide a drive out of the cabinet without first 
extending the stabilizer foot _ 

STABILIZER FOOT 

Figure 2-7 Extending the Stabili zer Foot 
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2. Open the rear door of the cabinet. 

3. Removc the powcr supply screw that holds the rear of the disk drive to the electrostatic dis­
charge brackct (ESD). Refcr to Figure 2-8. 

" Q 

Q 

Q 

Q 

<9 
Q 

" 
'" 
'" Q 

'" " 
" ELECTROSTATIC " DISCHARGE 
" BRACKET 

NOTE 

~ 

DETENT 
LATCH 

LEFT REAR OF 
DISK DRIVE 

1. REMOVE POWER SUPPLY SCREW TO 
SLIDE DRIVE FORWARD. REPLACE SCREW 
THROUGH BRACKET EACH TIME THE DRIVE 
IS SLID BACK INTO CABINET. 

Figure 2-8 Preparing for Drive Extens ion 
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4. Push the detent latch to the left and push the drive forwa rds. 

5. Go to the front of the drive and pull the drive out on its slides until it locks in place. Refer to 
Figure 2-9. 

6. Push up on slide lock arm A to extend the dri ve all the way out on its slides. 

DRIVE 
CABINET 

• 
------------- - ~--

SLIDE 
ASSEMBLY 

Figure 2-9 Ex tendi ng the Chassis Slides 

2.9.2 Sliding the Drive Back into the Cabinet 

= 

PHILLIPS HEAD 
SEM SCREWS 
8-32 X 5 / 16 
12 EACH SIDE) 
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\ 
\ , 
\ 

• 

RASO 
DISK 
DRIVE 

.. 

LOCK 
ARM 
A 

I. Push in on slide lock arm B and slide the dri ve into the cabinet. 

LOCK 
ARM 
B 

• 

\ , , 
\ 
\ 
\ 

~ 
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2. Check that the detent latc h at the rear of the cab inet has locked the drive in pl ace. 

3. Insta ll the power suppl y screw through the electrostat ic discharge bracket. 

4. Close the rea r door of the cabinet. 

2.10 RAISI NG THE LOGIC ACCESS COVER 
Refer to Figure 2- 10 whi le perform ing this procedure. 

NOTE 
Foldout Figure 2-10 provides an overview of the 
main access compartments of the RA80 Disk Drive. 
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Figure 2·10 Access to the Inside of th e Drive 
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I . Turn the logic access cover lock 90° counterc lockwise wh ile placing downward pressure on 
the cover. 

2. The cover wi ll pop up slightly once the cover latching mechanism is released. 

3. Raise the logic access cover to expose the dr ive logic modules. 

2.11 RAISING THE DRIVE LOG IC CHASSIS 
Refer to Figure 2- 10 while perfo rming th is procedure. 

I . Push in the log ic chassis re lease latch. 

2. Lift the drive log ic chassis to its fully raised posi ti on. 

2.12 REMOVING TilE SERVO AND PERSONALITY MODULES 
Refer to Figure 2- 11 whi le perform ing th is procedure. 

I . Raise the logic access cover. ( Paragraph 2. 10.) 

2 Pivot the se rvo and personali ty modules up so that the microprocessor module is exposed 

3. ,Unplug all the modu le cab les. 

NOTE 
00 not cut the cable tie wraps on the S I cables. In­
stead, remove the nylon nut and unplug the COn­
nector with the st rain relief atlached. 

4. Lift the modulc(s) ou t of the logic chassis. 

2.13 REMOVING THE MICROPROCESSOR MODULE 
Refer to Figurc 2- 12 whi le performing th is procedu re. 

I . Rai se the logic access cover. (Paragraph 2. 10.) 

2. Remove the personali ty module. ( Paragraph 2. 12.) 

3. Unplug all cab les to the microprocessor module. 

4. Pul l up on the five push pins. 

5. L i ft the microprocessor module ou t of the logic chassis . 
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Figure 2- 11 Servo and Personality Module Remova l 
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MICROPROCESSOR 
MODULE 

Figure 2- 12 Microprocessor Module Removal 
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2.14 REMOVING THE LOGIC DC HARNESS ASSEMBLY 
Refe r to Figures 2· 13 and 2· 14 while perfo rming th is proced ure. 

I. Raise the log ic access cover. (Parag raph 2.10. ) 

2. Remove the se rvo, personality, and microprocessor modu les. (Paragraphs 2.12 and 2. 13.) 

3. Remove the feed through bracket screws. 

4. Remove the two screws holding the DC power harness. 

5. Raise the drive log ic chassis by releasi ng the chassis latch. (Paragraph 2.10.) 

6. Unplug the P701 , P702, and P703 connectors. 

7. Remove the dc power harness. 

2.15 REMOVING THE FRONT BEZEL FANS 
Refer to Figure 2· 15 while perfor ming thi s procedure. 

I. Raise the dri ve log ic chassis by releasing the chassis latch. (Paragra ph 2. 11. ) 

2. Remove the two screws securing the fan that is to be removed. 

3. S lide the fan out of the chassis and remove the qu ick·connect terminals. 

4. Remove the four screws and retain ing nuts that hold the fan on its brac ket. 
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Figure 2-13 Logic DC Harness Removal 
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Figure 2-14 Drive Power Supply Connectors 
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QUICK 
CONNECTORS 

FRONT OF LOGIC CHASSIS 

AIRFLOW '~ < ~~_ ' F~~ __ ~ 
TWO PHILLIPS HEA~ ~ I BRACKET 

SCREWS ~ /-<JL,.FOUR KEP NUTS AND FOUR SCREWS 
'" ..- HOLD THE FAN ON ITS BRACKET 

Figure 2- 15 Front Bezel Fan Removal 
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2.16 REMOVING THE HDA AND TilE READ/ WRITE MODULE 
Refer to Figures 2· 16 and 2· 17 while performing the following removal and replacement proced ures. 

2.16.1 Removing the HDA and the Read / Write Module 

I. Raise the drive logic chass is by releasing the chassis latch. (Paragraph 2. 11 .) 

2. Unplug connector P502 from the read /wri te module . 

3. Unpl ug connectors P602 and P603 from the HDA preamp module. 

4. Place the belt tension lever into the re lease position . 

5. Remove the four H DA retain ing nuts. 

6. Place the posi tioner lock into the LOCK posi tion. 

CAUTION 
If Step 6 is not performed. the H DA may be dam­
aged. 

7. Remove the HDA from the drive by placing your hands at diagonall y opposite corners and 
then lift ing the unit out of the drive. 

CAUTION 
Never place the HDA down on its pulley. 

8. Place the HDA on a level surface in the vertical position only. Pl as ti c bulkhead feet arc pro­
vided for this purpose on the front bulkhead of the H DA. 

9. Unp lug connectorS P50 I and P503 from the read/write modu le. if the module is to be remov­
ed. 

10. Remove the four screws holding the read / write module to the HDA. 

2.16.2 Replacing the HDA and the Read/ Write Module 

I. Check that the drive belt is cen tered on the motor pulley. The other end of the belt should be 
even with the top of the nylon rollers on the wing pivot assem bly. 

CAUTION 
If the drive belt Is not aligned properly, damage to 
the HDA, drive belt, or nylon roller may result. 

2. Lift the HDA by two di agonall y opposite corners and lower it over the four mounting bolts. 

3. Tighten the H DA in position wi th the fou r nuts and washers. 

4. Reconnect P602 and P603 to the preamp module on the front of the H DA. 

5. Install the read/ write module on top of the HDA if it is removed or if this is a new HDA . 
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Figure 2·17 HDA Positioner Lock Lever 
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6. Reconnect P50l, P502, and P503 to the read/write module. 

7. Reconnect P601 to the HDA preamp module if it was removed. 

8. Place the belt tension lever in the ful l forward (locked) position. 

9. Turn the HDA positioner lock counterclockwise into the locked position. 

10. Perform the servo adjustment described in Chapter 3 if a new H DA is install ed. 
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CAUTION 
The read / write heads rest on the BDA disk sur­
faces. Therefore, if the H DA is to be shipped or 
moved to another location, certain precautions must 
be taken to prevent damage to these heads. The 
H DA spindle pulley must be taped in place to pre­
vent movement of the spindle. 

2.17 REMOVING THE BRUSH GROUND SPRI NG 
Refer to Figures 2- 16 and 2-1 8 while performing this procedure. 

I. Raise the dri ve logic chass is by re leasing the chassis latch. (Paragrap h 2. 11.) 

2. Remove the read/write module. 

3. Remove the brush ground spring retaining ring using a reta ining ring tool. 

4. Remove the brush ground spring from the top or spindle. 

Figure 2-1 8 Brush Ground Spring Removal 
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2.18 REMOVING THE FRONT BEZEL 
Refer to Figure 2-19 while performing this procedure. 

I. Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2. 11.) 

2. Remove the eigh t screws that secure the front bezel to the drive logic chassis. 

I 
d. 

Figure 2-19 Front Bezel Removal 

FRONT BEZEL 
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2_19 REMOVING THE OPERATOR CONTROL PANEL AND CABLE 
Refer to Figu res 2-20 a nd 2-21 while perfor ming thi s procedure. 

l. Rai se the drive logic chassis by rel eas ing the chassis la tc h. (Paragraph 2. 11 .) 

2. Remove the front bezel. (Pa ragraph 2. 18.) 

3. Remove the two screws th at secure the opera tor cOntrol panel bracket to the chass is. These 
sc rews a re located under the logic chassis. 

4. Unp lug connector 1' 10 1 from the operator control panel. 

NOTE 
Whcn installing a new operator control panel, cut 
the shunts on the module that determine the drive se­
rial number. Also, a DIP switch must be set up to 
determinc the revision levcl of the drive to the soft ­
warc. (Refer to Figure 2-21.) 

2.20 REMOVING THE LOGIC AC HARNESS ASSEMBLY 
Refer to Figures 2-22 a nd 2-23 whil e performing this procedure. 

I. Raise th e drive logic c hassis by releasing the chass is latch . (Paragraph 2. 11 .) 

2. Remove the front bezel. (Parag raph 2. 18.) 

3. Remove the operator control panel. (Pa rag rap h 2. 19.) 

4. Remove the front bezel fan s. (Paragrap h 2. 15.) 

5. Remove the sc rew and washer that hold the harness to the chassis. (Refer to Figure 2-22.) 

6. Unplu g connector P705 from the power supply to the ha rness. 

7. Raise the logic access cover. (Paragrap h 2. 10.) 

8. Locate the motor star t ca paci tor to the right of the personality modul e. (Refer to Figure 2-
23.) 

9. Remove the wi res from the motor start capac itor. 

10. C ut the ac ha rness cable clamps. 

I I. Remove the cable clamp screws. 

12. Pull the two grommets from their retaining holes. 

13. Remove the ac harness from the chassis fro nt. 

14. Pull the ac harness down through the hole in the rear of the c hassis. 
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Figure 2-22 Drive POlVer Supply Connectors 
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Figure 2-23 Logic AC Harness Assem bly Remova l 
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2.21 REMOVING THE DRIVE POWER SUPPLY 
Refer to Figures 2-22 and 2-24 while performing this procedure. 

I. Unp lug the power supply ac line cord from the power controller at the base of the cabinel. 

2. Rai se the drive logic chassis. (Paragraph 2. 11.) 

3. Unplug connectors P701, P702, P703, P704. and 1'705 from the drive power supply. 

4. Remove the ground wire from the top ground terminal located on the front of the power sup­
ply. 

5. Free the ac power cord from any cable clamps or cab le tics that hold it on the cabinet. 

6. Remove the six 1/4 inch hex head screws from the rear of the power supply. 

7. Pull the power supply out of the rea r of the drive guiding the two fan wires through the 
chassis cutout. 

DRIVE POWER SUPPLY 

Figure 2-24 Drive Power Supply Removal 
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2.22 REMOVING TilE POWER SUPPLY FANS 
Refer to Figures 2-24 and 2-25 while performing this procedure. 

I. Remove the drive power supply. (Pa ragraph 2.21.) 

2. Unplug the black connector from the fan . 

3. Remove the four screws that hold the fan in place. 

4. Remove the fan guard if the rear fan is to be removed. 

5. Remove the four Tinnerman nuts from the old fan and mount them on the new fan. 

2.23 REMOVING THE HDA SPEED AND TEMPERATURE SENSORS 
Refer to Figures 2-26 and 2-27 wh il e perform ing this procedure. 

J. Raise the drive logic chassis. (Paragraph 2.11 .) 

CAUTION 
Place the HDA positioner lock in the locked posi­
tion before removing the HDA. 

2. Remove the HDA with the read / write module in place. (Paragraph 2.16.) 

3. Unplug connector P501 from the read / writ e module. 

4. Remove the qu ick-connect terminals from the temperature sensor. 

5. Remove the temperature sensor by turning it clockwise. 

6. Remove the two screws thaI hold the speed sensor on the HDA . 

7. Remove the speed senSOr assembly. 
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Figure 2·26 H DA and Read/Write Module (Top View) 
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2.24 REMOVING THE BELT TENSION MICROSWITCH 
Refer to Figure 2·28 whi le performing this procedure. 

I. Remove the HDA. (Paragraph 2.16.) 

2. Remove the screw that holds the belt tens ion switch to the chassis side wall. 

3. Remove the microswitch from its bracket. 

4. Unplug the two quick connect terminals from the microswilch. 

NOTE 
Check that the microswitch leads are replaced 
exactly as removed. Figure 2-28 shows the correct 
placement. 

MICROSWITCH 

Figure 2-28 Belt Tension Microswitch Removal 
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2.25 REMOVING AND REPLACING THE SPINDLE BELT 
Refer to Figure 2·29 while performing the following remova l and rep lacement procedures. 

2.25.1 Removing the Spindle Belt 

J. Remove the HDA . (Paragraph 2. 16.) 

2. Lift the belt off the motor pulley and pu ll it forward. 

REMOVE 
GREEN/YELLOW 
GROUND I 

Figure 2-29 Belt and Motor/Brake Removal 
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2.25.2 Replacing the Spindle Belt 

I . Slide the new belt under and around the motor pulley checking that the smooth side of the 
belt faces in toward the motor pulley, 

2. Center the belt on the motor pulley. 

J. Slide the other end of the belt over the two nylon roller bearings located on the wing pivot 
assembly . 

NOTE 
The belt should be positioned so that the top of the 
belt is nush with the top of the nylon rollers. 

4. Replace the HDA. 

2.26 REMOVING THE MOTOR/BRAKE ASSEMBLY 
Refer to Figures 2-29 and 2-30 wh ile performing this procedure. 

L Remove the H DA. (Parag raph 2. 16.) 

2. Remove the two hex nuts on the drive motor ground wire. The grou nd wire is green and yel­
low and grounds the motor to the power supply chassis. 

J. Remove the drive motor ground wire from the grounding bolt. 

4. Unplug con nector P7Q4 from the power supply Chassis. 

5. Slide the spindle motor drive belt off the wing piVOI assembly and the motor pulley. (Para­
graph 2.25.) 

6_ Remove the drive motor tension spring. A pair of long-nosed pliers wi ll have to be used to 
maneuver the spring out from under the L-shaped bracket. 

7. Lift lhe motor/b rake assembly off the pivot posts. 
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2.27 REMOVING THE MOTOR ACfUATOR ASSEMBLY 
Refer to Figures 2-3 1 and 2-32 while performing this procedure. 

I. Remove the HDA. (Paragraph 2.16.) 

2. Remove the motor/ brake assembl y. (Paragraph 2.26.) 

3. Remove the four kep nut s and washers that hold the lowe r air balTic. 

4. Remove the barne. 

5. Remove the threc retaining rings and was hers that hold the motor actuator assembly in place. 

6. Remove the screw and beveled washer that secures the belt tens ion lever and lock spring to 
the chassis side wall . 

NOTE 
The hollow side of the beveled washer should face 
the locking spring upon reassembly. 

7. Slide the motor actuator assembly off the chassis side wa ll studs. 

8. Remove the motor actuator assembly through the front of the drive. 

2.28 REMOVING THE WING PIVOT ASSEMBLY 
Refer to Figure 2-33 while performing this proced ure. 

I. Remove the H DA. (Paragraph 2.16.) 

2. Lift the belt off the wing pivot assembly. 

3. Removc the two sc rews. three retaining rings, and washers lhat hold the wing pivot assembly 
in place. 

4. Lift the wing pivot assembly off the loca ting st uds and slide it under the IOIVer air barne. 
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3.1 INTRODUCTION 

CHAPTER 3 
ADJUSTMENTS 

T his chapte r desc ribes the adj ustm ent procedures fo r the RA80 Disk Drive . T he only adj ustm ents lhat 
ca n be mad e a rc on th e belt tension a nd on the se rvo. 

3.2 BELT TENSION ADJ USTMENT 
T he be lt tension shoul d be c hecked whenever the motor, d ri ve be lt, or H DA is replaced . S ince the belt 
may s tre tch slig htl y with use. be lt tension should a lso be exam ined a ny time a d rive correct ive action 
ca ll IS made. To check or adj ust th e belt tension, use the fo ll ow ing procedure wi th the HDA in place 
( refe r to Figures 3- 1 a nd 3-2) . 

I , S pin dow n th e I-IDA by depress ing the R UN / STOP sw itch on l he opera tOr control pa ne l. 

2, Raise the dr ive log ic c hassis a nd de te rm ine if the brass-colored slider is flu sh with the Qu tside 
edge of the meta l reference ma rke r, 

NOTE 
If the brass-colored slider needs adjustment', lurn off 
the ac power at the power controller. 

3, Lousen th e locking nut a nd adju st the be lt tension sc rew until th e brass-colored slid er i.~ flu sh 
with the re fe rence ma rker show n, Turn th e screw c lockwise to move the slide r fo rwa rd , 

4, Ti ghten the lock ing nu t after th e adjustm ent is made , 

5, Restore the ac power to the dri ve a nd spi n up the HDA by depressi ng the R UN / ST O P 
switc h, 
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3.3 SERVO ADJUSTMENTS 
The servo adj ustme nts must be perform ed after replacing a servo module or H OA. Refer to Figure 3-3 
for the locations of the maintenance controls. Usc the following procedures to make these adjustments. 

I . Switch on the circu it breaker at the rea r of the H766 power supply. 

2. Enter the diagnostic mode using the following proced ure. 

a. Turn the rotary switches to FF. 

b. Push the ENTER switch. The LEOs blink FF. 

c. Push the ENTER switch agai n a nd the LEOs display a steady sta te FF. 

d . Turn the rotary switches to 00. 

e. Push the ENTER swi tch . The LEOs display a steady sla te 00. 

r. Push the ENTER switch again a nd the LEOs d ispl ay the blinking EC prompt . 

3. Call up the stat ic servo test using the following procedure. 

a . Turn the rotary switches to 27. 

b. Push the ENTER switch. The LEOs momentaril y display 27 a nd then AA when the test 
completes successfu lly. If an errOr code occurs. repl ace the servo modul e a nd repea t the 
adjustments from Step 1. If the test ends with an AA, proceed to S tep c. 

e. Push the ENT ER switc h aga in a nd the LEOs d isplay the blinking EC prompt. 

4. Spi n up the disk usi ng the fo llowi ng procedu~. 

a . Turn the rotary switches to IE. 

b. Push the ENTER switch. The LEOs momentarily display I E and then a steady state 
E7. 

c. Push the RUN / STOP swi tch on the operator con trol panel. The drive spins up and the 
LEOs display a n AA when the spin-up is comple te. 

NOTE 
The REA DY indicator is not tit when the disks arc 
spinning in the diagnostic mode. 

d. Push the ENTER switch and the LEOs display the blinking EC prompt. 

5. Call up the servo velocity adjustment utility using the fOllowing proced ure. 

a. T urn the rotary switches to 26. 

b, Push the ENTER switc h. The LEOs momentarily display 26, then momentarily E7 , 
th en one or two LEOs remain lit. If the LEOs display an error code of 7C, 70. or 7E, 
proceed to Step c; otherwise, proceed to Step d. 
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c. Look up the applicable LED error code in the following procedure and do what it says. 

• Error code 7C - whcn this error code is indicated by the LEDs, the positioner ac­
cess time is too slow and requires that the R28 1 potentiometer be turned counter­
clockwise two revolutions. (Refer to Figure 3-4.) Push the ENTER switch (0 re­
(urn to the blinking EC prompt and repeat Step 5. 

• Error code 7D - this error code indicates that there are too many seck errors. The 
servo module Or the HDA may be defective. 

• Error code 7E - when this error code is ind icated by the LEDs, the positioner ac­
cess time is too fast and requires that the R28 1 potentiometer be turned clockwise 
two revolutions . Push the ENTER swi tch to return to the blinking EC prompt and 
repeat Step 5. 

d. Read the LED display. If any LEOs other than the center two LEOs are on or nashing 
(refer to Figure 3-5), adjust the R281 potentiometcr on the servo modu le (refer to Fig­
ure 3-4). The objective is to adjust the potentiometer until only the center two LEOs are 
nashing. Rotate R28J clockwise to move the LED pattern towards the ENTER switch, 
and counterclockwise to move the LED pattern away from the ENTER switch. 

NOTE 
Rotate the seno velocity adjustment potentiometer 
(R281) slowly since there is a time delay before the 
LE.D patterns react to the adjustment. 

e. Run the servo veloc ity test for 20 minutes unti l the temperature stabili zes in the posi­
tioner motor. 

f. Read the LED display. Readjust the R28 1 potentiometer until on ly the center two 
LEOs of the display are on or nashing. 

g. Turn the rotary swit.ches to DO. 

h. Push the ENTER switch. The LEOs display AA or blink EC depend ing on how long the 
ENTER switch is pushed. 

1. Push the ENTER switch aga in if the LEOs display an AA. The LEDs should then dis­
play the blinking EC prompt. 

6. Ca ll up the entire unit test using the fo llowing procedure. 

a. Turn the rotary switches to 25. 

b. Push the ENTER switch. The LEOs momentarily display 25 and then E7. Wait until all 
the tests are run and the LEOs display AA. 

c. Push the ENTER sw itch and the LEDs display the blinking EC prompt. 
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LED DISPLAY 
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Figure 3-5 Servo Velocity LED Pattern 

Return on-line using the following procedure. 

a. Turn the rotary sw itches to I D. 

b. Push the ENTER switch. The LED, momentarily display I D and then E7. 

c. Turn the ratary switches ta 00. 

d. Push the ENTER switch. The LEDs di sp lay 00 and the dri vc is on-line. (A test for de­
te rmining if the drive is an-line is ta push the WRITE PROTect switch. Jr the WRITE 
PROTect indica tar lights. then the drive is back in the an-line mode.) 
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4.1 INTROOUCnON 

CHAPTER 4 
DRIVE-RESIDENT DIAGNOSTICS 

This chapter describes the RA8a firmware diagnostic capabilit ies. 11 begins wi th a descriptiOn of the 
functiona l firmware fault and error codes. I r also shows the location of the maintenance contro ls and 
how to usc them. Fi nally, a description of each utilit y routine and diagnOStic test is presented . 

4.2 FUNCTIONAL AND DIAGNOSTIC FIRMWARE 
The functional and diagnostic firmware are two distinct software modu les in the RA80 Disk Drive. The 
func tional fi rmware cont rols the spin-up cycle, seck command, and recalibrate command. It also pcr­
forms fault monitoring and interface handshaking operat ions. When the drive is operating under the 
control of the functional firmware, it is in the functional mode (on-l ine). When the drive is operating 
under the control of the diagnost ic firmware, it is in the diagnostic mode. The diagnostic firmware COn­
trols the drive-resident tests and utilities. These tests and utilities are in voked after the drive is placcd in 
the diagnost ic mode. 

4.3 FUNCTIONAL FIRMWARE FAULT CODES 
Functi ona l firmware general fault codes arc reported through the operator cont rol panel. A general 
fault code is obtained by entering the fault display mode when the FAULT indicator is on. To enter the 
fault display mode, push the FAULT switch. All of the indicatorS shou ld remain on until the FAULT 
switch is released, providing a method of checking all the indicators. Upon releasing the FAULT 
switch. the ind icators display the general fault code as illustrated in Figure 4-\. The LEDs on the mi­
croprocessor modu le further define the gene ral faulls with specific hexadecimal error codes 

To exit the fault display modc, push the FAULT switch. This action stores the LED error code in the 
area of the RAM allocated for previous faults. 1 f the fault has been cleared, the firmware returns thc 
operator control panel to its previous sta te . If the fault st ill exist s, the FAULT indicator li ghts again. 

The rcad-/w rite-unsafe and invalid interface command fault conditions can be corrected by the CPU. 
In this case, the FAULT indicator goes off without operator intervention. If the fault cannOt be cor­
rected by the CPU , the FAULT indicator remains on and the fault must then be cleared through man­
ual interven ti on. 

4.4 G£NERAL FAULT COD£ D£SCRIPTIONS 
Eleven gene ral fault codes arc reported through the operator con trol panel indicators. These clevcn gen­
eral fault codes are described in the following paragraphs. 

4.4.1 Spin-Up Fault 
The spindle begins rotating when the RUN switch is pushed. During the spin-up cycle , the firmware 
monitors spindle acceleration and speed. If the sp indle takes too long to attain its final speed, is rotating 
too slowly, or is nOt accelerating, the firmware stops the spindle and turns on the FAULT indicator. If 
the fault display mode is entered, a spin-up fault is indicated. The internal LED display indicates the 
specific error code. 
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4.4.2 Read / Write Diagnostic Fault 
After the firmware has performed the initial reca libr<llion. it exeC Ules lhe read/w rile diagnostics before 
lighting the drive READY indicator. The tests listed below arc performed during the read/w rite diag­
nostics. 

• Read-only test 
• Write/ read test 

If the read /w rite diagnosti cs fail . the FA ULT indicator lights and the spin-up cy lc ca nnot be CO m­
pleted. (Refer to Figu re 4-2.) Pushing the FAULT switch lights all the operator panel indicators, then 
displays the fault. lr the FAULT switch is pushed again. the firmware runs the read /write diagnos ti cs 
agai n. I r the read /write diagnotics pass, the firm ware lights the drive READY indicator. 

4.4.3 Read- / Write-Unsafe Faull 
A read-/w rite-unsa fe fault is detected any time the microp rocessor interrupt is enabled. Upon recogni z­
ing a read-/write-unsafe condit ion, the fi rm ware sets dri ve fau lt in the status regis ter on the personality 
module. The internal LED display indicates the specific error code. 

4.4.4 Spindle Motor Interlock Faull 
Before the firmware enters the spin-up routine, the bell tension mic roswitch is checked. If the belt ten­
sion lever is in the released pos ition , the firmware senses this, lights the FAULT indicator, and docs not 
spi n up the disk. If the disks a rc already spinning and a fa ilure occurs in the bel t tcnsion interlock 
circu it, the disks spin down and the FAULT indicator lights. The internal lED error code is 23. 

4.4.5 Spindle Motor Speed Fault 
If the spindle slows to below 3420 r/ min, the firmware turns on the FAULT indica t r and stops the 
spindle motor. The internal lED error code is 26. 

4.4.6 Drive Disabled by DD Bit 
The controller asserts the DD bit to rem ove the dri ve from service whenever it detects that ope rational 
thresholds are being exceeded. The DD bit can be reset by the control ler using the RI P bit and a 
change mode command. 

4.4.7 IIDA or Servo Overtemperature 
There arc two temperature sensors in the RA 80 Disk Drive; one on the bOllom of the HDA and the 
other on the servo module heatsink. If the firmware detects an ovenemperature condition. the FAU LT 
indicator lights. 

4.4.8 Microcode Faull 
Ncar the end of each ROM is an instruction to jump to a microcode fault routine. This instruction is 
only executed if the firmware malfunctions. When this instruclion is exec ut ed. it ca lls the mi crocode 
fau lt routine. This routine turns off the spindle motor, di splays an 06 in the l EDs. and lights the 
FAULT indicator on the operator control panel. 

4.4.9 Servo Diagnostic Faull 
After the spindle is up to speed, the firmware performs stati c se rvo diagnostics before doing the initial 
recalibration of the heads. The tests listed below arc run during the stat ic servo diagnost ics. 

• Track counter test 
• Servo position loop teSt 
• Servo velocity loop tes t 
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If the servo diagnosti cs fail, the FAULT indicator lights and the spin-up cycle cannot be completed. 
(Refer to Figure 4-2.) Pushing the FAULT switch lights all the operator control panel indicators, then 
displays the fault. If the FAULT switch is pushed aga in , the firmware runs the servo diagnostics again. 
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Figure 4-2 Spin-Up Diagnostic Flowchart 
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4.4.10 Initial Recalibration Fault 
During the spin-up cycle, the firmware does the initial reca libration aftcr running the stat ic se rvO dia g­
nostics (refer to Figure 4-2). If the initia l recalibration is success ful. the firm wa re runs lhe read /w rite 
diagnos tics . If the initial recalibration is unsuccessful, the firmware lights the FAULT indicator. sets 
the SEEK INCOMPLETE signals and lights the drive READY indicator. The CPU then comes back 
with a recalibration command which clears the FAULT ind icator and retries a recalibration. The CPU 
retries the reca li bration until it is successful or until the number of retries for the CPU arc executcd. 

4.4.11 Microprocessor Hardcore Test Fault 
The microprocessor hardcore test is run when power is appl ied through CB I on the back of the drive. 
POWER UP RESET starts the firmware at memory location 0000. The firmware then performs tests 
on the hardware listed below. 

• M ieroproccssor 
• ROMs 
• RAMs 
• Microprocessor bus 
• Servo bus 
• Personality bus 
• Seelor / byte counter 

If the hardcore test fail s, a ll the indicators on the operator control panel are on. More detailed informa­
tion on the hardcore failure can be obtained by examining the internal LED display. 

4.5 SERVO ERRORS 
Servo errors do not light the fAULT indicator, but disp lay an error code in the interna l LEOs. The 
drive nags the CPU with a DE bit and waits for a drive clear command. Upon recognizing the dri ve 
clear command, the firmware stores the LED code in memory, clears the internal LED display. and 
then calls the recalibrate routine. 

4.6 DIAGNOSTIC FIRMWARE CONTROLS AND INDICATORS 
The RA80 intcrnal maintenance controls and LEDs are located in the front left-hand corner of the 
microprocessor module . Refer to Figu re 4-3. These maintenance con trols and LEDs are divided into 
three functiona l areas. rotary switches, an ENTER/RESET switch . and an ~-bit LED display. 

4.6.1 Rotary Switches 
There are two hcxadecimal rotary switches (S2 and S3) next to each other. The switch on the right is 
the least significant hexadecimal digit. The switch on the left is the mOSt signifi ca nt hexadecimal digit. 
The rotary position of each switch is shown by a hexadecimal digit on the top surface of the switch . The 
test-select codes and input parameters to run the utility routines and diagnosti cs arc entered through 
the rotary switches. 

4.6.2 ENTER/RESET Switch 
The ENTER/ RESET switch (SI) is a dual-throw. center-orr-posi tion switch. When the toggle swi tch is 
pushed to the right, it is in the RESET position, which is marked by an R on the circu it module . When 
the toggle switch is pushed to the left. it is in the ENTER position. which is marked by an E on thc 
circuit module. 

4.6.2.1 The ENTER Position - The ENTER position is periodically polled by thc firmw(lre to deter­
mine if a ne w action is required . The ENTER s,,,itch p"ovides t he Field Service engineer with a mea ns 
of communicating with the firmware . For example, to initiate a diagnostic test , a test-select code is 
placed in the rotary switches and then the ENTER switch is pushed to start the test. 
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4.6.2.2 The RESET Position· The RESET position is conn ected to interrupt linc RST 5.5 on the 
microprocessor chip. RST 5.5 is a maskable interrupt that is disabled by the fi rm ware during scek oper­
ations. Pushing the RESET switch while the drive is in fun cti onal mode forces the firmware to rein itial· 
ize the dri ve logic. If the drive halts on a hardeore faul t during power·up, pushing the RESET switch 
places the drive in the functional mode. Whi le in the di agnostic mode. pushing the RESET switch ter· 
minates the test. 

4.6.3 LEO Display 
The LED disp lay consists of a row of eight LEOs. The least significant LED is to the right. The codcs 
displayed in the LEOs are read as two hexadec imal digits (four LEOs to each di gi t). Several kinds of 
codes appear in the LEOs They display error codes. prompt codes. test complete codes and test·select 
codes for entry vc rification. 

4.7 TEST·SELECT CODES 
Each utility routine and diagnostic test has a unique test-select code. The test·se lect codes are listed in 
Table 4· 1. To call a routine Or test, enter the test-scleet code into the rotary switc hes and push the 
ENTER/RESET switch to the ENTER position. When the firmware detects that the switch has been 
pushed to the ENTER position, it reads the contents of the rotary swi tches. The LEOs momentari ly 
display the tes t-select code to verify that the firm ware has received it. 

Table 4-1 Test-Select Codes 

Test-
Select Tests 
Codes 

01 Examine diagnostic extended status arca utility 
02 Exa mine prev ious error utility 
03 Examine drive sta te utili ty 
04 Examine operational counters utility 
05 Memory-examine up utility 

06 Memory-examine down util ity 
07 Three-module bus tcst 
08 Microprocessor modu le bus test 
09 Microprocessor and persona lity module bus test 
OA Microprocessor and servo mod ule bus test 

OB Personality module microscquencer test 
OC Sector / byte counter test 
00 Control panel , ser ial number. and drive number test 
OE Head·select multiplexer test 
OF General purpose counte r test 

II Track cou nter test 
12 Read/write fault force test 
13 Servo position loop test 
14 Servo velocity loop test 
15 Servo functional test 
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Table 4-1 Test-Select Codes (COllI.) 

Test-
Select Tests 
Codes 

16 Random seck test 
17 Seek - seek test with input pa rameters 
18 Seek - seek test with fixed parameters 
19 Incremental seek test with input parameters 
I A Incremental seek test with fi xed parameters 

I B Read-only test 
I C Write/read test 
I D Go on-line 
I E Spindle control utility 
I F Head-select and seek utility 

20 Maintenance controls and indicators lest 
21 Read-on ly cy linder formatter utility 
22 Logic tests 
23 Servo tests 
24 Read/ write tests 

25 Entire unit tes t 
26 Servo ve locity adjustment utility 
27 Static servo test 
28 Personality board test 
CF Loop mode set utility 
FF (Go off-line) 

A test termination code of DD provides the user with a way of halting diagnost ic drive tests. Most tests 
complete so quick ly that they cannot be terminated in this way. However, seek-seek and incremental 
seek tests are of suffi cie nt duration that they may be terminated prematurely in this manner. Also. tests 
with the loop mode set can be run for long periods of time. To stop all tests safely, usc the DD test 
termination code. 

If the drive is in the loop mode, it is still in the loop mode when the tests are halted with a DD code. 

4.8 PROMPT AND STEADY STATE CODES 
The firmware uses several blink ing prompt codes a nd steady state codes to notify the user when it is 
wa iting for information. is active, or has completed a test. These codes are li sted in Table 4-2 . 

4.9 RA80 UTILITY AND DIAGNOSTIC PROCEDURES 
The procedures fo r running the dri ve utilit ies and di agnostics arc described in Table 4·3. If a fault 
occurs during these tests, check the error code table in Chapte r 5. 
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Table 4-2 Prompt and Steady State Codes' 

Code 

Blinking EC 
(eeeoeeoo) 

Blinking 0 I 
(oooooooe), 
02 (ooooooeo), 
03 (000000"), 
or 04 (oooooeoo) 

Blinking EE 
( .. eo .. eo) 

Sleady Slale AA 
(eoeoeoeo) 

Steady State E7 
( .. eoo .. e) 

Steady State 
Error Codes 

Significance 

Indicales that firmware is wait ing for a 
lesl-select code. 

Indicates the number of the current input 
parameter required by the diagnostic 
utility or lest. 

Indicates an invalid tcst-seleet code has 
been entered. Requ ires ent ry of a val id 
lest-select code. 

Indicates lest completion. Relurn to th e 
EC prompt before running another lest. 

Indicales Ihal the firmware is ac ti vely 
executing a test. 

Indicates why a lesl Or uti lily has failed . 
Refer to LED error code list in Chapter 5. 
Push Ihe ENTER switch to recover from an 
error code. 

• e = LED on, 0 = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures' 

Test­
Select 
Code 

0 1 

Operating Procedures 

Exam ine diagnostic extended status area utility 

Purpose: to exa mine the 16 by tes of sta tus information of the diagnostic test just run. 

a. Set rota ry swi tch to 01 and push ENTER switch. LEOs momentarily display 01 
(00000000) . LEOs then display the first status byte. 

b. Push the ENTER switch 15 times to display each remaining status byte in the LED •. 

• Byte I = test-select code 

• Bytes 2 through 7 = input parameters 

• Byte 8 = test result (AA or error code) 

• Bytes 9 through 16 = diagnostic-dependent test data 

c. Push ENTER swi tch. LEDs display steady AA ( 0 0 0 0 0 0 0 0). 

d. Push ENTER switch again. LEDs display blinking EC (000000 00). 

02 Examine previous error utility 

Purpose: to examine the 16 latest LED error codes stored in the drive. 

a. Set rotary switch to 02 and push ENTER switch. LEDs momentari ly display 02 
(oooooooo). LEDs display the most recent errOr code. 

b. Push the ENTER switch until all J 6 error codes are examined. 

c. Push the ENTER switch again after examining all 16 error codes. LEDs display 
steady AA ( 0 0 0 0 0 0 0 0) . 

d. Push the ENTER switch again. LEDs display blinking EC (o .. ooooo). 

03 Examine drive state utility 

• 

Purpose: to exa mine the twenty software state words mai ntained by the funct ional 
firm ware . 

o = LED on, 0 = LED off 
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Table 4·3 RA80 Utility and Diagnostic Test Procedures (Cont)' 

Test· 
Select 
Code Operating Procedures 

a. Set rotary switch to 03 and push ENTER swi tch. LEOs momentarily display 03 
(00000000). LEOs display contents of first state word . 

b. Push ENTER switch 19 times unt il all state words are examined. 

c. Push ENTER switch. LEDs display stcady AA (00000000). 

d. Push ENTER switch. LEO display bli nks EC (00000000). 

04 Exam ine ope rational counters util ity 

Purpose: to exa mine the con tents of the seek/ read error counter, the seek counter, and the 
read and no enable cou nter. 

a. Set rotary switc h to 04 and push ENTER switch. LEOs momentarily display 04 
(00000000). LEOs display the first byte of the following li st. 

o Seek/recal error counter co ntents 
Bytc 1- overflow ind icator 
Byte 2 - low byte 
Byte 3 - high byte 

• Seek counter contents 
Bytc 4 - overfl ow indicator 
Byte 5 - low byte 
Byte 6 - middle byte 
Byte 7 - high byte 

• Read and no enable counter conlents 
Byte 8 - ove rflow ind ica tor 
Byte 9 - low byte 
Byte 10 - high byte 

b. Push the ENTER swi tch 9 or morc timcs to exami nc the remaining 9 bytes. 

c. Push the ENTER switch aga in . LEOs disp la y steady AA loooooooo). 

d. Push the ENTER switch aga in . LEDs di splay blinking EC (0000 0000). 

o = LED on, 0 = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Cont)-

Test­
Select 
Code Operating Procedures 

NOTE 
These counlers are reset during drive power-up Or 
whenever the RESET switch is pushed while the 
drive is on-line in the functional mode. When a 
counter ol'ernows, its indicator byte contains an FF. 

05 Memory·examine up utility 

Purpose: to examine the contents of any memory location by incrementing through the 
address locations. 

a. Set rot ary switch to 05 and push ENTER swi tch. LEOs momentari ly display 05 
(0000000 0) . LEOs blink 01 (00000000) . 

b. Set rotary switch to low byte of memory address and push ENTER sw itch. LEOs 
momentarily display contents of rotary switch. LEOs blink 02 (00000000). 

c. Set rotary sw itch to high byte of memory address push ENTER sw itch. LEOs 
momentarily displ ay contents of rotary switch. LEOs display the eight bits of data 
stored at that address. 

d. Push the ENTER swi tch each time you wish to increment the add ress. 

e. Exit this utility by setting the rotary switch to DO. Push the ENTER switch. LEOs 
display either a steady AA (00 0 0 00 00) or a blinki ng EC ( 00000000). 

r. Push the ENTER swi tch aga in to return to the EC prompt if a steady AA is disp layed. 

06 Memory·examine down utility 

Purpose: to exam ine the contents 01" any memory location by decrementing through the 
address loca tions. 

This utility operates si mil arl y to the memory·exam ine up utility described above. The on ly 
difference is that the address pointer is decremented each time the ENTER swi tch is 
pushed, instead of being incremented. Use a tcst·select code of 06 to ca ll this utility. 

07 Three·module bus test 

• 

Purpose: this test checks the microprocessor data bus, the servo bus and the personality bus, 
All cables must be connected to .erve this test. 

o = LED on, 0 = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Cont)" 

Test­
Select 
Code Operating Procedures 

a. Set rotary switch to 07 and push ENTER switch. LEOs momentarily display 07 
(00000000). LEOs display steady AA (00000000). 

b. Push ENTER switch. LEOs blink EC ( 0000 0000). 

08 Microprocessor module bus test 

Purpose: this test checks the microprocessor data bus with the servo and personality 
modules disconnected . This test assumes that the three-module bus tes t was run first and 
indicated a microprocessor bus error. If the error is no longer present, then the servo or 
personality module is the cause of the error. 

a. Set rotary switch to 08 and push ENTER sw itch. LEOs momentarily display 08 
(00000000). LEOs display steady AA (00000000). 

b. Push ENTER switch. LEOs blink EC (0000 0000). 

09 Microprocessor and personality module bus test 

Purpose: this test checks the data bus be tween the personality and microprocessor modules. 
The test is run with the servo module disconnected. The microprocessor module bus test 
shou ld be successfully completed before running this test. 

a. Set rotary switch to 09 and push ENTER switch. LEOs momentarily display 09 
(000000000). LEOs disp lay steady AA (00000000). 

b. Push ENTER switch . LEOs blink EC ( 0000 0000). 

OA Microprocessor and servo module bus test 

OB 

• 

Purpose: this test checks the data bus between the servo and the microproces;or modules. 
This test is run with the persona li ty module disconnected. The microprocessor modu le bus 
test should be successfully completed before running this test. 

a. Set rotary switch to OA and push ENTER switch . LEOs momentarily disp lay OA 
(oooooooo). LEOs display steady AA ( 000000 00). 

b. Push ENTER switch. LEDs blink EC (0.000000) . 

Personality module microscquencer test 

• = LED on, 0 = LED off 
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Table 4-3 RA80 Ut ility and Diagnostic Test Procedures (Cont)" 

Test­
Select 
Code Operating Procedures 

Purpose: this test checks out the ECHO bit path on the personality module and then calls 
the microprocessor and personality bus test. 

a. Set rotary switch to OB and push ENTER switch. LEOs momentarily display DB 
(000000 00 ). LEOs display steady AA ( 00 00 00 00). 

b. Push ENTER switch. LEOs blink EC ( 00000000). 

OC Sector/ byte counter test 

Purpose: to test the sector / byte counter by meanS of diagnostic controls. 

a. Set rotary switch to OC and push ENTER swi tch. LEOs momentarily display OC 
(00000000). LEOs display steady AA (0000 00 00). 

b. Push ENTER switch. LEOs blink EC ( 0000 0000) . 

00 Control panel, serial number and drive number lest 

Purpose: this test checks out the operator control panel indicators. tbc drive serial numbcr 
a nd the drive unit plug number. 

a. Set the rotary switch to 00 and push ENTER switch. LEOs momentarily display 00 
(0000000 0 ). LEOs display control panel switch setting. 

b. Pu,h front panel RUN switch. LEOs display 01 (00000000 ) . 

c. Push front panel WRITE PROTect switch. LEOs display steady 02 (00000000). 

d. Push front panel port A switch. LEOs display steady 04 (00000000). 

e. Push front panel Port B switch. LEOs display steady 08 (00000000). 

NOTE 
The rront panel indicators should light as each 
switch is pushed. 

r. FAULT indicator shou ld light when FAULT switch is pushed . 

g. Remove the unit address plug. READY indicator should go out. 

h. Replace the unit address plug. READY indicator shou ld be lit. 

• • = LED on, a = LED off 
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Table 4-3 RA80 Utili ty and Diagnostic Test J'rocedures (Cont)' 

Test­
Select 
Code Operating Procedures 

I. Push ENTER switch. LEOs display LSB of drive seria l numbers. 

J. Push ENTER switch. LEOs disp lay second byte of drive serial number. 

k. Push ENTER switch. LEOs display third byte of drivc serial number. 

I. Push ENTER switch. LEOs disp lay drive un it plug number. 

m. Push ENTER switch. LEOs di sp lay steady 1\/\ (00'0'0' 0). 

n. Push ENTER switch. LEOs blink EC ("'0" 00). 

OE Head-select mu ltiplexer test 

Purpose; this test checks the head-select multi plexer on the microprocessor modu le. 

a. Set rotary switch to OE and push ENTER switch. LEOs momentari ly di splay OE 
(0000'''0). LEOs display steady AA ('0'0'0'0). 

b. Push ENTER switch. LEOs bli nk Ee ("'0" 00). 

OF Genera l purpose counter test 

Purpose; this test checks the opera tion of the two RAM chip genera l purpose counters. 

a. Set rota ry swi tch to OF and push ENTER switch. LEOs momentarily display OF 
(0000 •••• ). LEOs disp lay steady AA ('0'0'0'0). 

b. Push ENTER switch. LEDs blink Be ("'00000) . 

I I Track counter test 

Purpose: this test checks the operation of the track difference counter. 

a. Set rotary switch to II and push ENTER switch. LEOs momentarily disp lay I I 
(000' 000' )' LEOs display steady I\A (' 0' 0' 0' 0). 

b. Push ENTER switch. LEDs bli nk Ee ("'0"00). 

12 Read /write fault force test 

• • = LED on. a = LED urf 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Coni)" 

Test­
Select 
Code Opera ling Procedures 

Purpose: this tcst checks the read/write sa rety sense circuits. The spind le must be spinning 
ror this test. 

a. Set rotary switch to 12 and push ENTER switch. LEOs momentarily display 12 
(oooeooeo). LEOs disp lay steady AA (eoeoeoeo) . 

b. Push ENTER switch. LEOs blink EC ( .. eo .. oo). 

13 Servo pos ition loop test 

Purpose: this test checks the servo position loop circuitry in a sta ti c mode. 

a. Sct rotary switch to 13 and push ENT ER switch. LEOs momentari ly display 13 
(oooeoo .. ). LEOs di splay steady AA (eoeoeoeo). 

b. Push ENTER switch. LEOs blink EC (e .. o .. oo). 

14 Servo velocity loop test 

Purpose: this test checks the se rvo velocity loop With a sawtooth wave rorm that rorees the 
acceleration thresholds. 

a. Set rotary switch to 14 and push ENTE~ sw itch. LEOs momentari ly dis play 14 
(oooeoeoo). LEOs display steady AA (eoeoeoeo). 

b. Push ENTER switch. LEOs blink EC ("00 " 00). 

15 Servo runctional test 

Purpose: this test checks the operation or the servo system by pe rrorming secks and 
reca l ibra t ions. 

a. Set rotary switch to 15 and push ENT ER switch. LEOs momentarily displ ay 15 
(oooeoeoe) . LEOs di splay steady AA ( 00 0000 00) . 

b. Push ENTER switch. LEOs blink EC (0"0 " 00) . 

16 Random seek test 

Pu rpose: this test does 32 repetit ions or a random sequence or 32 seeks. 

a. Set rotary switch to 16 and push E TER swi tch. LEOs momentari ly display 16 
(00000" 0). LEOs di splay steady E7 (0"00 .. 0) . LEOs display steady AA ( 00 00 00 00 ) . 

• • = LED on. 0 = LED orf 
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Table 4-3 RA80 tJ tility and Diagnostic Test Procedures (Cont)' 

Test­
Select 
Code Operating Procedures 

b. Push ENTER switch. LEOs blink EC (0000 " 00). 

17 Seck-seek test with input parameters 

Purpose: thi s test docs 32 repetitive seeks between cy linders that are entered at the 
beginning of th e test. 

a. Set rotary switch to 17 and push ENTER switch. LEOs momentaril y disp lay 17 
(00000 000). LE Os blink 01 (00000000 ). 

b. Set rotary switch to low byte of starting cy linder and push ENTER switch. LEOs blink 
02 (00000000). 

e. Set rotary swit ch to high byte of sta rting cylinder and push ENTER switCh. LEOs 
bl ink 03 (00000000). 

d. Set rotary sw itch to low byte of ending cyli nder and push ENTER switch. LEOs blink 
04 (00000000). 

e. Set rota ry switch to high byte of ending cy linder and push ENTER switch. LEOs 
disp lay teady E7 (0"00000). LEOs display steady AA (00 00 00 00). 

f. Push ENTER switch. LEOs blink EC (0"0 " 00) . 

18 Seek-seek test with fixed parameters 

Purpose: this test does 32 repetiti ve seeks between cy linders 0 and 560. 

a. Set rotary switch to 18 and push ENTER swi tch. LEOs momen tarily disp lay 18 
(000" 000). LEOs display steady E7 ( 00000000 ). LEOs display steady AA ( 00 00 00 00) . 

b. PUSH ENTER SWITCH. LEOS BLINK EC ( 0000 0000). 

19 Incremental seek test with input parameters 

• 

Purpose: this test does an incremental seek between cylinders entered at the beginn ing of 
the test. 

a. Set rotary swi tch to 19 and push ENTER switch. LEOs momentari ly display 19 
(000" 000). 

b. Set rotary sw it ch to low byte of starting cylinder and push ENTER switch . LEOs blin k 
02 (00000000) . 

• = LEOon.o = LEO off 
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Table 4-3 RASO Utility and Diagnostic Tcst Procedures (Cont) " 

Test­
Select 
Code Operating Procedures 

c. Set rotary switch to high byte of starting cylinder and push ENTER switch. LEOs 
blink 03 (000000" )' 

d. Set rotary swi tch to low byte of end ing cy linder and push ENTER switch. LEOs blink 
04 (00000000). 

e. Set rotary switch to high byte of ending cylinder and push ENTER switch. LEOs 
display steady E7 ( 00000000) . LEOs display steady AA (00000000). 

f. Push ENTER switch. LEOs blink Ee (00 00 0000). 

IA Incremental seek with fixed parameters 

Purpose: this test does an incrementing seek between cyl inder 0 and 560. 

a. Set rota ry swi tch to I A and push ENTER switch. LEOs momcntari ly di splay I A 
(000000 00). LEOs display steady E7 ( 00000 000) . LEOs di splay steady AA ( 000000 00). 

b. Push ENTER switch. LEOs blink Ee ( 0000 " 00). 

I B Read-on ly test 

Purpose: this test reads with each read/wrile hcad using the prerecorded read-oniy cy linder. 

a. Set rotary switch to I B and push ENTER switch . LEOs moment aril y display I B 
(000000"), LEOs display steady AA ( 00 0 0 0000) . 

b. Push ENTER switch. LEOs blink fiC (0000 0000). 

I C Write/ read test 

Purpose: th is test does a write followed by a rcad with each write / read head on the two 
write/ read cy linders in the guard ba nd. 

a. Set rotary switch to I C and push ENTER switch. LEOs momentari ly di splay Ie 
(00000000) . LEOs display steady AA ( 0000 00 00). 

b. Push ENTER switch. LEOs blink EC (0000"00). 

I D Go on-line 

Purpose: to return the drive to functional on-line mode . 

• • = LEDon.o = LEDorr 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Cont)' 

Test­
Select 
Code Operating Procedures 

a. Set rotary swi tch to 10 and push ENTER switch . LEOs momentaril y disp lay 10 
(ooo ••• v. ). 

b. Sct rota ry switch to 00 (00000000) . LEOs display steady 00 (00000000). Dri ve is back 
on-line when READY li ght comes on. 

I E Spindle control utility 

Purpose: this utility all ows the spindle to be spun up or down from the drive diagnostic 
mode. 

a. Set rotary swi tch to I E and push ENTER switch. LEOs momentari ly display IE 
(000 •••• 0). LeOs display steady E7 ('''00''' )' 

b. Push the front panel RUN switch. The spindle wi ll spin up. LEOs display stcady AA 
('0'0' 0 ' 0 ). 

To spin down from the diagnost ic mode, ca ll the spind le control utility again wit h the IE 
test-se lect code and release the RUN swi tch. 

c. Push ENTER sw itch. LEOs blink EC (" ' 0 " 00). 

IF Head-selcct and seek utility 

20 

• 

Purpose: this utility enables the field engineer to seck to a specific head and cylinder 
address. 

a. Set rota ry switch to I F and push ENTER switch. LEOs momentarily display IF 
(000 ••••• ). LEOs blink 01 (0000000' )' 

b. Set rotary switch to head number and push ENTER switch. LEOs blink 02 
(000000'0). 

c. Set rotary switch to cy lindcr low bytc and rush ENTER sw itch. LEOs bli nk 03 
(000000"), 

d. Set rotary switch to cyl inder high byte and push ENTER switch. LEOs disp lay E7 
("'00"')' 

e. Set rotary switch to DO and push ENTER switch to terminate this lest. LEOs blink 
EC ("'0" 00) . 

Maintenance con trols and indicators test 

• = LED on, a = LED orf 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Con!)O 

Test­
Select 
Code Operating Procedures 

Purpose: this test checks the abi lity of the firmware to read the rota ry switches and control 
LEDs. 

a. Set rotary switch to 20 and push ENTER sw itch. LEDs momenta ril y display 20 
(00. 00000). LEDs blinks FF ( •••••••• ). 

b. Set rotary switch to FF and push ENTER switch. LEDs display steady FF ( ........ ). 

c. Set rotary sw itch to 00 and push ENTER switch . LEDs display steady 00 (00000000). 

d. Push ENTER switch. LEOs di splay steady AA (. 0. 0. 0. 0) . 

e. Push ENTER switch. LEDs blink EC (."0" 00) . 

21 Read-only cy linder formatter util ity 

Purpose: thi s utilit y enables the fi eld service engineer to reform at the prerecorded readonl y 
cy linder in the guard band . As a sa fety precaution, pin 13 of Ell on the microprocessor or 
module must first be grounded to the center pin of the Ej R switch . Figure 4-4 shows the 
location of Ell. 

a. Set rotary switch to 21 and push ENTER switch. LEDs momentarily disp lay 21 
(00. 0000. ). LEOs display steady AA (. 0. 0. 0. 0) . 

b. Push ENTER switch . LEDs bl in k Ee (."0" 00). 

22 Logic test 

• 

Purpose: thi s test runs the logic tests ca ll ed by the following test-select code: 

07 = Personality modu le microsequencer test 

oe = Sector j byte counter test 

OE = Head-select multiplexer test 

OF = General purpose counter test 

a. Set rotary switch to 22 and push ENTER switch . LEOs momentaril y display 22 
(00. 000. 0) . LEOs display steady AA (. 0. 0. 0. 0) . 

b. Push ENTER switch. LEDs blink Ee l ••• o •• oo) . 

• = LEDon, o = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (Cont) ' 

Test­
Select 
Code 

23 

Operating Procedures 

Servo test 

Purpose: this test runs the se rvo tests ca ll ed by the followi ng test-select codes; II and 13- 16. 

a. Set rotary switch to 23 and pu sh ENT ER switch. LEDs momentarily display 23 
(000 00000) . LEDs di splay steady E7 ( 00000000) . LEDs display steady AA ( 0 0 00 0 0 0 0) . 

b. Push ENTER switch. LEOs bl ink EC (0000 0000). 

24 Read/ write test 

Purpose: this test runs the read-o nl y and the write/ head test. 

a. Sct rotary swi tc h to 24 and push ENTER switch. LEDs momentarily display 24 
(000 000 00) . LE Ds display steady AA ( 0 0 0 0 0 0 0 0) . 

b. Push ENTER switch. LEDs blink EC ( 0000 0000). 

25 Entire unit test 

Purposc: this test runs the diagnos tic programs ca ll ed by the fo llowing test-select codes; 07 . 
De. DE, OF, II , 12, 13, 14, 15, 16, IB, Ie. 

a. Sc t rotary switch to 25 and push ENT ER switch. LEDs momentaril y display 25. LE Ds 
display steady E7 ( 00000000). LEDs di sp lay steady AA ( 00 0 0 0 0 0 0) . 

b. Push ENTER switch. LEDs bl ink EC ( 0000 0000). 

26 Servo velocity adjustment utility 

Purpose: this uti lity enables the Field Service engineer to adjust the servo ve loc ity 
potent iometer. Before doi ng th is adjustment, the random seck test should be run for 20 
minutes to stabilize the temperature of the servo system. Adjust the servO for a I % or better 
scr vo speed as shown in Figure 4-5 . 

a. Se t rotary switch to 26 and push ENTER switch. LEDs momentarily di play 26 
(000 00000). LEDs di splay servo speed pa ttern . Adj ust the se rvo speed (sec chapter on 
adjustmen ts). 

b. Set rotary switch to DD and push ENTE R switch , If LEDs display AA ( 0 0 0 0 0 0 0 0), 

push ENTER switch. LEDs blink EC ( 0000 0000) . 

27 Static servO test 

• 0 = LED on,o = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (COnl) * 

Test­
Selecl 
Code Operating Procedures 

Purpose: this test runs the static servo teSts cal led up by test-select codes II, 13, and 14. 

a. Set rotary switch to 27 and push ENTER switch. LE Os momentaril y display 27 
(00.00."). LEOs display steady AA (. 0. 0. 0. 0). 

b. Push ENTER switch. LEOs blink EC ( ••• 0"00). 

28 Personality board test 

Purpose: this test chccks the opcration of sta tus registers and the communicat ion path on 
thc pcrsonality modulc . This test cannot be run whilc the disk is spinning, and the loop-back 
plu gs must be inserted as shown in Figurc 4-6 before the test is run . 

a. Set rotary switch to 28 and push ENTER switch. LEOs momentarily display 28 
(00. 0. 000). LEOs display steady AA (. 0. 0. 0. 0). 

b. Push ENTER sw itch. LEOs blink EC ( ••• o .. oo) . 

CF Loop mode set uti li ty 

Purpose: thi s uti li ty enables the Field Service engineer to set up the diag nostic fi rmware to 
do one of the fo ll owing. 

• Loop forever on the test - 0 F 
• Loop forever but halt on error - 4F 
• Halt on errOf or at end of test - FF 

Once a loop mode is se lected, the firmware remains in this state unti l the utility is reca lled 
and an alternate mode is selected. 

a. Set rotary switch to CF and push ENTER switch . LEOs momentaril y di splay CF 
( .. 00 .... ). LEOs blink 01 (0000000. ). 

b. Set rota ry swi tch to loop mode desi red and push ENTER switch. LEOs display steady 
AA (' 0. 0. 0. 0). 

c. Push ENTER switch. LEOs bl ink EC. 

FF Go off·l ine 

Purpose: to place drive into diagnost ic mode. 

a. Set rotary swi tch to FF and push ENTER sw it ch. LEOs blink FF ( •••••••• ) . 

• • = LED on, 0 = LED off 
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Table 4-3 RA80 Utility and Diagnostic Test Procedures (COni)' 

Test­
Select 
Code Operating Procedures 

b. Push ENTER switch. LEOs blink steady FF ( ........ ). 

c. Set rotary switch to 00 and push ENTER switch. LEOs display steady 00 (00000000). 

• 

d. Push ENTER switch. LEDs blink EC (".0 " 00). 

• = LED on. 0 = LED orr 

D 

00000000 

MICROPROCESSOR 
MODULE 

NOTE 

Drive is now in diagnostic mode . 

JUMPER 

CE NTER PIN OF ENTER / RESET 
SWITCH IS GROUND 

Figure 4-4 Ground Jumper ror Read-Only Cylinder Formatter 
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LED DISPLAY 

10% 0000000. 
8% 000000 •• 

FAST 
6% 000000.0 
4% 00000 •• 0 
2% 0000 •• 00 
1% 0000.000 } 8L1NKING - 0% 000 •• 000 VELOCITY IS GOOD 

IN THIS RANG E 
1% 000.0 0 00 
2% 00 •• 0000 
4% 0 •• 00000 

SLOW 
6% 0.000000 
8% •• 000000 
10% .0000000 

'--v----' '---v--' 

MOST LEAST 
SIGNIFICANT SIGNIFICANT 
DIGIT DIGIT CZ·0598 

Figure 4-5 Ve loci ty Adjustment LED Pa ttern 
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301 

303 

NOTE 
1. LOOP·BACK PLUGS MUST BE INSERTED 

IN P201 AND P202 BEFORE RUNNING 
THE PERSONALITY BOARD TEST 2B. THE 
LOOP·BACK PLUGS SHOULD BE IN THE 
MOTOR START CAPACITOR COMPART. 
MENT LOCATED TO THE RIGHT OF THE 
LOGIC CHASSIS. 

Figure 4-6 Personality Board Loop Back Plugs 
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5.1 INTRODUCTION 

CHAPTER 5 
FAULT ISOLATION 

This chapter descri bes the RA80 fau lt iso hltion procedure. It begins with a description of the subsystem 
error messages. Next, the LED error code troubleshooting charts are presented . Addi tional troub le· 
shooting tips are give n at the end of the chapter. 

5.2 HDA FORMATTING PROCEDURE 
Replacement HDAs have RM 80 formatting and muSt be reformatted for the RASO Disk Drive. To 
refo rmat the maintena nce cy linders. run the RASO formatter utility (test-select code 2 1). Refer to 
Tab le 4-3. To reformat customer data areas, run the host-resident formatter program. 

5.3 SUBSYSTEM ERROR MESSAGE INFORMATION 
Subsystem error messages pri nted out in the error log or the subsystem diagnos tics contain specifi c 
drive error informa tion . The RASO error messages show up in bytes 9- 15 of the status error message. A 
sample printout of the status message is shown below. 

Error Message Sample Printout: 

UDAHRD HRD ERR 00044 ON UNIT 00 TST 004 SUB 000 PC: 021044 
DISK EXERCISER !)M PC:5110 UDA AT 172150 !)RIVE 032 RUNTIME 0:00:23 
ENTIRE RCT AREA SEARCHED, COULD NOT FIN!) RBN TO REPLACE 
LBN WITH HEADER COMPARE ERROR 
SEARCHING FOR LBN: 900 

UDAHRD SFT ERR 00006 ON UNIT 00 TST 004 SUB 000 PC: 021044 
DISK EXERCISER OM PC:5324 UDA AT 172150 DRIVE 032 RUNTIME 0:00:37 
TIMEOUT OF DRIVE DURING WRITIl: ATTEMPT 
WRITE ATTEMPT RETRIES: 0 
L/ DBN NUMBER 5252 
ACTUAL L/ R/ DBN 0 
TRK I CRP 0 CYL 6 
ORIGIN OF LAST SEEK WAS CYL 5 GROUP I 
REAL TIME DRIV~: STATE 8001 
STATUS: 0001 11000000 OAOO 0000 0613 1020 

Refer to Figure 5- 1 to loca te bytes 9-15 of the statuS message. Re fer to Figure 5-2 to see contents of 
each sta tus byte. 

• Byte 9 of the status message contains the foll owing examples. 

• Seek CM D ~ hex code OA 
• Rccal eMD = hex code 8E 
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BYTE 15 

BYTE 14 

BYTE 13 

BYTE 12 

BYTE 11 

BYTE 10 

BYTE 9 

BYTE 8 

BYTE 7 

BYTE 6 

BYTE 5 

BYTE 4 

BYTE 3 

BYTE 2 

xxxx xxxx xxxx xxxx xxxx xxxx 

~ 

~ 

Note: The content of these status bytes is shown in Figure 5-2. 

Figure 5-1 Status Message Interpretation 
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BYTE 1 

BYTE 2 

BYTE 3 

BYTE 4 

BYTE 5 

BYTE 6 

BYTE 7 

BYTE B 

BYTE 9 

BYTE 10 

BYTE 11 

BYTE 12 

BYTE 13 

BYTE 14 

BYTE 15 

MSB LSB 

RESPONSE CODE 

UNIT NO. 

SUBUNIT MASK HI UN IT NO. 

OA RR DR SR EL PS RU 

W 4 W3 W2 W1 DO FO DB S7 

DE RE PE OF WE 

S4 S3 S2 S1 C1 C2 C3 C4 

RETRY COUNT 

PREVIOUS COMMAND CODE 

INTERFACE ERROR STATUS 

LOW CYLINDER ADDRESS 

HIGH CYLI NDER ADDRESS 

CURRENT GROUP 

LED DISPLAY CODE 

FRONT PANEL FAULT CODE 

figure 5-2 Response to Get Status Command 
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REOUEST BYTE G~ NERIC 
ATUS 
S 

MODE BYTE ST 
BIT 

ERROR BYTE I 
CONTROLLER BYTE 

SEEK OR RECAL 

REG 04 
BITS 3 -5. 7 

DRIVE S 
STATUS 

PECIFIC 
BYTES 

CZ-0613 



• Byte 10 contains bits 3-5 and 7 of the drive register D4. 

• Bit 3 (OVERRUN ERRO R) - this bit is set when either a read or a write extends past 
the sector or index pulsc fo llowing the sector on whi ch the operation is taking place. 

• Bit 4 (PARITY ERROR FOUND) - this bit is set when a parity errOr is discovered on 
the real time controller status line during a real time com mand . 

• Bit 5 (CONTROL PULSE ERROR) - this bit is set during a realtime command if two 
or more pulses of the sa me polarity are detected on the rea l time controll er sta tus line of 
the SI. 

• Bit 7 (DATA PULSE ERROR) - this bit is set during a rea l time comma nd if two Or 
more pulses of the same polari ty a rc detected on th e write comma nd data line of the SI. 

• Bytes II a nd 12 contain head location information (the last group cylinder see ked). 

• Byte 13 contains present head locat ion information. (A group is a logical point that is acces­
sible from the present head location in less time than onC disk rotation.) 

• Byte 14 conta ins the hexadec imal LED error codes displayed in the RA80 Disk Drive. Refcr 
to Paragraph 5.4. 

• Byte 15 contains the hexadecima l code for the fronl panel fa ult indica tors. ( Refe r to Figure 
5-3.) T he hexadecimal codes are listed in Table 5-1. 

5.4 LED ERROR CODES TROUBLESHOOTING CHARTS 
Table 5-2 provides a list of the LED error codes for the drive a nd the errors they represe nt. T he num­
bers in the right-hand column correspond to reference numbers in Table 5-3 and denotc the most likely 
causes of the error. 

NOTE 
The part numbers for the FR Us in Table 5-3 are ac­
curate up to the time of this manual edition. When 
ordering FRUs, always refer to the latest RA80 II· 
lustrated Parts Breakdown Manual (or the most up­
to-date part numbers. 
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FAUL T INDICATOR 
AND RESET SWITCH 

(RED) 

WR ITE PROTECT SWITCH PDRT B SWITC H 
AND INDICATOR AND INDICATOR 

RUN/STOP SWITCH \EADY INDICATOR 
AN D INDICATOR (WHITE) 

IYELLOW) \ 

""CO "-~ 1,,",,1 [I 1"'''[ CONDITION ~ 
I I I I 
I I I I 
I I 

SP IN -UP ON 

R/ W DIAGNOSTIC · ON 

READiWR ITE UNSAFE ON 

SPINDLE MOTOR · ON INTER LOCK 

SPINDLE MOTOR 
ON 

SPE ED • 

DRIVE DISABLED 
BY "DD" BIT • ON 

HDA OR SERVO BOARD 
ON OVERTEMPERATURE • 

M ICROCODE · ON 

SERVO DIAGNOSTIC · ON 

INITIAL RECAL • ON 

MIC RO PROCESSOR 
ON HARDCORE TEST ON 

' THE INDICATOR STATE W ILL BE THE SAME AS IT WAS 
BEFORE THE FAULT SWITCH WAS PUSHED 

Figure 5-3 Fault Identification Codes 

5-5 

I 

ON 

ON 

ON 

ON 

ON 

ON 

(YE LLOW) (WH ITE) 

\ :~:":O;~;g: I 
~~~~ ['Ti I.l I IY 

I 
I I I 

ON 

ON 

ON ON 

ON ON 

ON ON ON 

ON 

ON 

ON ON 

ON ON 

ON ON 

ON ON ON 

CZ·0428 



Table 5-1 Hex Representation of Front Panel Fault Codes 

Front 
Panel Faults 

Spin-up 
R/W diagnostic 
Read-/ wr i te-ll nsa fe 
Spindl e motor interlock 
Spindle mOlor speed 
Drive disabled by DO bit 
HDA Or servo board ovcrtcmp 
Microcode 
Servo di agnosti c 
Initi al reca l 
Microprocessor hard COre test 

Hex 
Codes 

II 
12 
13 
16 
17 
19 
IA 
IB 
10 
IE 
3F 

Table 5-2 LED Error Codes and Possible Callse(s) 

Error 
Code Error 

01 Spindle motor timeout 

02 Spin-up too slow 
OJ Spindle not acce ler.ti ng 
04 Sp in-up too long 
05 Cannot spin up because sip set 

grant not set 

07 Leve l 2 message frame sequence 
08 Level 2 message checksum 
09 SI message framing 
OA Wrong level 2 op code parity 

OB I nvalid level 2 op code 
OC In va lid leve l 2 command length 
00 Allempt to execute com mand with status 

byte non-zero 
OE Incorrect grou p 

se lect code 

'Sec Table 5-3 

Possible Causc(s)' 

7, 16, 21 , 20, 35,3, I, 
25 ,28 
5, 25, 7, 16, 2 1, 23 
5.25,7, 16.2 1. 23 
5, 25, 7, 16, 21, 23 
t 

t 
t 
t 
t 
t 
t 
t 

t 

tThis error may not indicate a hardware problem , Try the test aga in . If fai lure persists. furth er 
troubleshooting may indicate a controller or dri ve persona lity module problem. This errOr should not 
occur wh il e the drive is off-line. 
:j:Perform the se rvo adjustments before replaci ng the modul es. 
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Table 5-2 LED Error Codes and Possible Cause(s) (Cont) 

Error 
Code Error Codes 

OF Attempt to write enable dri ve with 
sw itch in the PROT position 

11+ Wrong pea k ente ring detent 
12 Servo acti ve PLO 
13 No fine track 

14+ Servo speed or direction 
15+ Seek/ recal tim eout 
16+ G uard band 
m T rack counter und erflow 
IA Inva lid cy linder ad dress 

IF Sector overru n 
20 Controlle r real time sta te pa rit y 
2 1 Cont rol pul se 
22 Data pulse 
23 S pind le motor int erl oc k 

24 Servo inac ti ve PLO 
25+ Servo e rror set 
26 S pindl e speed 
27 H DA ove rtc mperature 
28 Servo mod ul e overtemperature 

29 Inva lid e rror recovery leve l specified 
2A Inva lid subunit specified 
2B In va lid region (test num ber) in 

di agnose comm and 
2C Seek/ reea l comm and given when sp ind le 

not spinning 

2 D In va lid comma nd timeout va lue given 
2E Controll er fl ags prohibit spin-up 
2F Run comma nd iss ued with R UN / STOP 

switc h in R UN 
30 Write current a nd no write-ga te 
3 1 Read a nd write 

32 Read/write whil e fa ult ed 
33 Data sepa ra tor/ en coder 
34 Write preco mpensa ti on 
35 Write a nd write-unsa fe 
36 Read /w rite hea d shorted 

' See Ta ble 5-3 

Possible CaUSe(S) (Cont) 

t 
38, 2 1. 32, 23 
38, 21. 32, 30, 23, I 
38 , 2 1, 32,23 , I 

38,2 1, 32, 23 , I 
56,38, 2 1, 32 , 39, 23 , I 
38 , 2 1,32,23, I 
38, 2 1, 32,23, I 
2 1, 3 1, 46, 47 

t 
t 
t 
t 
57 , 2 1. 15.39 

38, 2 1, 32, 30 ,23, I 
38.2 1, 32, 23 , I 
5, 58 
5,59,60, 17,20,35,2 1 
6,59, 38,32, 2 1 

t 
t 
t 

t 

f 
t 
t 

20,2 1,35,23 
2 1. 33. 46 , 47 

2 1.43,20,32, 35, 34,23 
2 1, 20, 43 , 35, 33 
2 1, 43 , 3 1 
20, 35, 34, 2 1, 23 
20, 35, 34, 2 1, 23 

tThis e rror may not ind ica te a ha rdwa re problem. Try th e tes t again . If fa ilure pe rsists. furt he r 
troubl eshooti ng may indi ca te a controller or d r ive pe rso na lit y modu le probl em. This errOr should not 
occur while the dri ve is off-line. 
:j: Perform the servo adjustments be fore rep laci ng the modules. 
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Table 5-2 LEO Error Codes and Possible Cause(s) (Cont) 

Error 
Codes Error Codes Possible Cause(s) (Cont) 

37 Write gate and no write current 20,35,34,21, 43 , 33 , 
46,47,23 

38 Read a nd multichip-select 20, 35, 34, 2 1, 23 
39:1: Write and off-t rack 37, 2 1,3 1,29, 23 
3A Write a nd write-protected 21 , 41 , 35 
40 Inva lid read /w rite region t 
41 Response timed out t 
42 Seek comma nd issued when drive t 

not on-line 
43 Real t ime command when read /wri te t 

ready not set 
44 Forma t command when format enab le t 

not set 
45 Inva lid head (track) add ress in t 

real time command 

46 Read/write safety interrupt with no t 
cause bilS set 

47 IT bit incorrect in disconnect command t 
48 I nvalid write memo ry offset or t 

byte cou nt 
49 In va lid comma nd d uring topology mode t 
4A Drive disab led by DD bit t 
5 1 Sector/byte coun ter 2 1,37, J I 

53 Persona lity module microsequencer 43,21, 30 
54 Multiplexer head-select 2 1,43,20,32,34 
57 RAM I general purpose counter 2 1 
58 RAM ° genera l purpose counter 2 1 
60 Read /w rite head-selec t 2 1,20,32,34,33,22 

6 1 Data port preset 43,2 1,30 
62 Read-only test overall read 20,21, 32,34, 33, 22 
63 Read-only test partial read 20,33,22,34, 2 1, 32 
64 Read/write test guard band 37,2 1,31,22 
65 Sector timeout 31,21 , 3 1,43,32 

66 Read-only test read and no enable 53,37,22 
67 Write test not executable 61 
6A Write/ read tes t overa ll read 20,21,43,32,34, 33,22 
66 Write/ read test part ial read 33,20,34, 42,32 
70 Read/write con trol-select 2 1, 43 , 30 

'See Table 5-3 
trhis error may not indicate a hardware prob lem. Try the test aga in . If failure persisls, furt her 
troubleshoo ting may ind icate a controller or drive persona lity mod ule prOblem. This errOr should not 
occur whi le the drive is off-I inc. 
tPerform the servo adjustm ents beforc rep lac ing the modules. 
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Table 5-2 LED Error Codes and Possible Cause(s ) (COni) 

Error 
Code 

71 
72 

73 

74 
75 

76 
77 
78 
79 
7A 

7B 

7C 
7D 
7E 
7F 

80 
8 1 
82 
83 
84 

85 
86 
87 
8A 
8B 

8F 
90 
91 
92 
93 

Error Codes 

Uti lity head-se lect 
Microprocessor a nd personality board 
communication error I 
Microprocessor and personality board 
communica tion error 2 
Initial board status 
Control clock error detect circuit 

Data clock error detect circuit 
Port A select fl op 
Port A data xmit/ rcvrs 
Port A cont rol xmit / revrs 
Port a select flop 

pca test ca nnot be done whi le motor is 
spinning 
Too slow seek 
Bad seek count overfl ow 
Too fas t seek 
Spindle not spinn ing 

ROM set 
Co mma nd avai la ble reset 
Frame code reset and response 
Init receivability from port B 
C LRIN I not clearing pending init 

RAMO 
RAM I 
ROM 0 checks um 
Modu le in terlock 
Discrete port-e nable 

ROM I checksum 
Port B data xmi t/revr 
Port B contro l xm it/ rcvr 
Port A wrapa round rese lect 
Response seria lizer 

'See Table 5·3 

Possib le Cause(s) (Coni) 

2 1 

77 , 43 ,2 1,31 

77, 43, 21. 3 I 
77,43,2 1, 3 1 
77,43 , 21,3 1 

77.43,2 1, 3 1 
77 , 43, 21, 3 1 
77 , 43 ,2 1. 3 1 
77,43.2 1,3 1 
77 , 43 ,2 1,3 1 

78 

62 
37, 42.31. 22. 1 
63 
64 

21 
77.43,21,3 1 
77 , 43,21,31 
77 , 43,21,31 
77 , 43,21 ,3 1 

2 1 
2 1 
2 1 
65 
2 1 

21 
77 , 43, 21, 3 1 
77 , 43.2 1,3 1 
77 ,43, 2 1,3 1 
77, 43. 2 1, 3 1 

tThis error may not ind ica te a ha rdwa re problem. Try the test aga in . If fai lure persists. further 
troub leshoOt ing may indicate a controll er Or d rive persona lity modul e prob lem. This errOr should not 
occur whi le th e drive is off· line . 
tPerform the servo adjustments before rep lacing the modul es. 
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Table 5 

Error 
Codes 

94 
95 
96 
97 
9F 

AO 
A3 
A4 

A5 
A6 

A7 
A9:j: 
A6:j: 
AF 
60 

61 
6 2 
63 
64 
65 

C2 
C3 
C4 
C5 
C6 

C7 
C 6 
CD 
CE:j: 

CF:j: 

£D Error Codes and Possible Causc(s) «ont) 

r Codes 

Frame around receive 
Loop a rou nd decode 
Data byte receive 
ROM 2 checksum 
ROM 3 checksum 

Read a nd write safety 
Forced read and write 
Forced writ e current and no writ e 
gate 
Forced write gale a nd no write cu rrent 
Forced separator/encoder 

ROM 4 checksu m 
Servo ca used read/wri te forced ra ult 
Outer guard band seek 
ROM 5 checksum 
Three-mod ule microprocessor bus 

Three-module personality bus 
Three-modu le servo bus 
Microprocessor mod u Ie bus 
Persona lity modu le bus 
Servo module bus 

Fine-track sta tus 
Fine-track ovcrra nge 
Fi ne·trac k underrangc 
Off-track status 
Off·track overrangc 

Off-track undcrrange 
Acceleration stat us 
Track count er 
Funcl. c heck PLO-OK not false after 
d isable 
Funcl. check PLO-OK not true a ft er 
enable 

'See Table 5·3 

Possible Cause(s) (Cont) 

77,43,2 1, 31 
77 , 43 , 21, 3 1 
77,43,2 1,3 1 
2 1 
2 1 

2 1, 43,20,31 , 33,35,23 
2 1, 43 , 34, 3 1 
21, 43, 3 1 

21 , 43,31 
21 

2 1 
38, 43,20,21,32 
38, 2 1. 32. 23, I 
2 1 
21 

43.2 1,3 1 
38,2 1, 32 
2 1 
43.21,3 1 
38,2 1,3 1 

38, 2 1, 3 1 
38,2 1, 31 
38,2 1, 31 
38,21, J I 
38,2 1, J I 

38, 21 , 3 1 
38, 2 1, 32 
38,3 1 
38,2 1,32, 23, I 

38,2 1,32, 23. I 

tThis errOr may not indicate a hardware problem. T ry the test aga in . rr fai lure persists, further 
trou bl es hooting may indicate a controil er or d.rive personality mod ul e prob lem. This error should not 
occ ur while the drive is off· line. 
:j: Perform the servo adj ustm ents before replacing the modules . 

5-10 



Table 5-2 LED Error Codes and Possible Cause(s) (Cont ) 

Error 
Codes Error Codes 

00:j: Rcca libration 
Ol:j: Outer guard band status 
02:j: I nncr guard band status 
D3:j: Seck into outer guard band 
D4:j: Outer gua rd band sta tus not true 

D5:j: Recal from oute r guard band 
D6:j: Two-track seck to track 560 
D7:j: Seek into inner guard band 
D8:j: Inner guard band status not true 
D9:j: Reca l fro m inner guard band 

EO:j: Random seek 
E I Seek check 
EA Cannot run test, drive-faulted 
EE En try 
EF F.E. entered invalid cy linder add ress 
FE Rotary switch 

'See Table 5-3 

Possible Cause(s) (Cont) 

38,2 1,32, 23, I 
38, 21,32,23, I 
38, 21,32,23, I 
38, 21, 32, 23 , I 
38,21,32, 23, I 

38.21 . 32.23. 1 
38, 21 , 32. 23, I 
38. 21,32. 23, I 
38, 21, 32,23, I 
38.2 1, 32.23. I 

38 , 21,3 1,22, I 
66,67 
68 
69. 70 
71 
21 

tThi s error may not ind icate a hardwa re prob lem . Try the test aga in . If fai lu re persists, furth er 
troubleshooting may indicate a controller or drive personality module problem. This error should not 
occur while the drive is off-l ine. 
:j:Pcrform the servo adj ustments before replacing the modules . 

Table 5-3 fR U/Senice Reference Table 

Ref. 
No. 

I 
2 
3 
4 
5 

6 

Description 

Power supply, 11 5 V, 60 Hz 
Power suppl y, 220 v. 50 Hz 
Motor start cap. , 11 5 V, 60 Hz 
Motor start cap., 220 V. 50 Hz 
Fan and bracket assembly, 11 7 
CFM. ball bearing 

Fa n, 11 7 CFM, ball bearing 
(front bezel) 

'SV = RASO Disk Drive Service MallUl11 
tUG = RA80 Disk Drive User Guide 
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Part No. 1 
Reference No. 

11 766-C 
H766-D 
10- 16924-00 
10-172 17-00 

70-16745-00 
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Tab le 5-3 FRU/Service Reference Table (Cont) 

Ref. Part No./ 
No. Description Reference No. 

7 Be lt , 60 Hz 12-12635-03 
8 Belt, 50 Hz 12- 12635-04 
9 Switch cap (RUN/STOP) 12- 127 14-00 
10 Switch cap (WR ITE PROTect) 12-12714-0 1 
J J Swi tch ca p (FAULT) 12- 127 14-02 

12 Switch ca p (A port) 12-127 14-03 
13 Switch ca p (B port) 12-127 14-04 
14 Wedge lamp, 6.3 Y 12-127 16-00 
15 M icroswitch (I PSA) (belt tension) 12- 1 40 1 1 -00 
16 Op tical switch (H DA speed sensor) 12-16817-00 

17 HDA th ermal switch 12-16870-00 
18 Gas spring assembly 1 2- 1 7072-00 
19 Encoder swit ch cap 12-18199-00 
20 Read/write module 54-13596-00 
21 Microprocessor and ROM assembl y 54-15284-0 1 

22 Brush grou nd assembly 70- 162 15-00 
23 Head disk assembly 70-16225-00 
24 Wing pivot assembly 70-16230-00 
25 Motor/ brake assembly, 115 Y, 60 Hz 70-16723-00 
26 Motor/brake assembly, 220 Y, 50 Hz 70-16723-0 I 

27 Motor actuator assembly 70- 16724-00 
28 Logic dc power cab le assembly 70-16732-00 
29 Logic ae power harness assem bly 70- i 6733-00 
30 Servo preamp cable assembly 70-16735-00 
31 Data cable, 40 condo (persona li ty) 70- 16737-00 

32 Data cable, 40 condo (se rvo) 70- 16737-0 I 
33 Data cable, 20 cond o (personality) 70- 16738-00 
34 Data cable, 20 condo (read/write) 70- 16738-01 
35 Read /write cable, 50 condo 70-16739-00 
36 Operator cont rol panel cable assembly 70-16740-00 

37 Shock mount assembly 70- 16742-00 
38 Servo modu le/stiffener 70- 16976-00 
39 Belt tension switch harness assembly 70-16980-00 
40 Li ne cord assembly, 11 5 Y, 60 Hz 70-18345-00 
41 Line cord assembly, 220 Y, 50 Hz 70- 18345-0 I 

·SY = RA80 Disk Drive Service Manual 
UG = RASO Disk Drive Use r Guide 
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Tabl~ 5-3 fRU /S~rvic~ R~f~rence Tab le (Cont) 

R~f. Part No'; 
No. Description Reference No. 

42 Control panel assem bl y 70- 18324-00 
43 Personalit y mod ule/s tiffener 70- 18327-00 
44 Cabinet I/ O bulkhead assembly 70- 18340-0 I 
4S Sequ ence terminator 70-09490-00 
46 Ex ternal S I I/ O cable, BC26V-XX 

(variable lengths) 

47 !nternal SI I/ O cable 70-18487-68 
48 Motor tension spring 74-22440-00 
49 Foa m a ir filler (front bezel) 74-228 16-00 
50 Microp rocessor board (U DA 50) M-7 16 1 
5 1 S I interface (UDA50) M-7 162 

52 Bel t tension adj ustm ent 'SV Chap 3 
53 Servo adjust men ts 'SV C hap 3 
54 Drive I/ O cables not connected 

properl y tUG C hap 2 
55 Drive seq uence cable not conncctcd 

properl y or defecti ve tUG Cha p 2 
56 H DA posi tioner lock in wrong position 'SV Cha p 2 

57 Belt tension lever in wrong positi on *SV C hap 2 
58 Sp indle motor ove rh eated 'SV Chap 5 
59 Ambient room temperat ure lOa high Decrease temp. 
60 Speed transducer ca bl e not connected 'SV Chap 2 
6 1 Read-only test fa iled *SV Chap 5 

62 Positioner motor going to slow 'SV C hap 4 
63 Pos itioner Illotor going too fas t *SV Chap 4 
64 Sp ind le not spinning 'SV Chap 5 
65 Cables not connected properl y tUG C hap 2 
66 Drive-unsa fe condition 'SV C hap 4 

67 Reca libra lion failu re 'SV C hap 5 
68 Test inh ibi ted by dri ve error 'SV Chap 4 
69 S ta rting a nd ending add ress sa me Enter correct 

as for seek test address 
70 Jum per for read-only cyl inder 

forma tter utility missing 'SV C hap 4 

'SV = RA80 Disk D ri ve Serv ice Ma nu a l 
tUG = RA80 Disk Drive Use r G ui de 
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Table 5-3 FR U/ Service Reference Table (Cont) 

Ref. 
No. 

71 

72 

73 
74 

75 
76 
77 
78 

I)escription 

Cylinder address grea ter than 560 
has been entered 
Wrong procedure used or wrong va lue 
entered 
Software problem 
Cable problems 

Opera tor error 
Low ac power in put 
Loop-back plugs need to be in 
Spin motor down 
Drive sequence ca ble asse mbl y 
(20 in) 

Internal drive sequence ca ble (6 I't) 
Dri ve seq uence ca ble (8 ft ) 
External dri ve sequence ca ble 
(va riable lengths) 

' SV = RA80 Disk Dri ve Service Manual 
t UG = RA80 Disk Drive Use r Gu ide 

5.5 POWER SUPPLY FAULT ISOLATION 

Part No) 
Reference No. 

Enter correct 
address 

'SV Chap 4 
Check prog. 
tUG Chap 2 

'SV Chap 4 
tuG Chap I 
'SV Chap 4 
' SV Chap 4 

70- 18328·00 

70-18457-06 
70-18458-08 
70-18458-X X 

Power supply failure symptoms arc listed in Table 5-4. Power suppl y voltages ca n be measured on the 
ci rcuit modul es at the connec tor pins indica ted in Figure 5-4. and the tolerances for these measure­
ments are given in Table 5-5 . 

5.6 TROUBLESHOOTING TIPS 
The foll owing tex t describes some general trou bleshooting ti ps th at may be useful when pe rform ing 
RA SO dri ve fault isolation. 
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Table 5-4 Power Supply Failure Indications 

Voltage Checks 

+5 volt indica tors 

WRITE PROTect sw itch 

± 12 vo lt l EDs 

FA ULT indica tor orr, 
All other operator control 
panel indica tors on 

Action 

Check that the operator control panel indica tors and th e internal 
l ED display nas h on momentari ly when power is applied to th e 
dri ve. The nash indica tes th at + 5 volts is present. 

Check that + 5 volts is present a t the operator control panel 
WRlTE PROTect switch. The WRITE PROTect sw itch shoul d 
light wh en pushed ir + 5 volts is present and the dri ve is on-line. 

Check that the two 12 volt LEDs on the se rvo module (nex t to the 
heat-sink) are on. When lit, they indica te that both + 12 and -12 
volts are present. 

Check to sec ir onl y the FA ULT indica tor 
on the operator control panel is orr. 
This condition occurs only when the DC l OW signal is assert ed. 

Possible causes could be the power sup ply, mi crop rocessor module. 
or servo module. 
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POWER 
SUPPLY PERSONALITY MODULE 

J701 P701 +5V P205 J205 
1. 2. 3 1. 2. 3 

8 
- 5.2V 

8 

MICRO PR OCESSOR 

J702 P702 P306 J306 MODULE 

1 
DC LOW 1 

4. 5.6 +5V 6. 7. 8 

1 1 
+24V 

13 

13. 14 
- 5.2V 

15. 16 

SERVO MODULE 

J703 P703 +5V P403 J403 
2. 3. 4 6. 7. 8 

7 - 24V 1 1 

9 t24V 13 

1 1 - 5.2V 15 

P404 
J603 P603 

1 1 1 2 
HDA 

2 2 2 3 

CZ·06 14 

Figure 5-4 Voltage Test Poi nts 
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Table 5-5 DC Voltage Tolerancc$ 

DC 
Voltages 

+5 
-5.2 
+24 
-24 
DC Low 

Acceptable 
Tolerances 

± 0.2 volts 
::t o.2 volts 
+ 3, -I volts 
+ I , -3 volts 

Test Points 
(See Figure 5-4) 

Pins 1,2, or 3 of .1 205 
Pi ns I 5 or I 6 of J 306 
Pin 13 of J403 
Pin II of J403 
Pin I of J306 

5.6.1 Check Firmware Revision and ROM Set Numbers 
The firmware rev ision and ROM sct numbers are in the last rew bytes of each ROM . The easiest way 
to examine these numbers is by using the memory-exa mine dow n utility, tes t-se lect code "06". Enter 
the address of the last byte of the ROM to be exam ined, then push the ENTER switch to exa mine each 
byte location starting with the last byte in the ROM. Refer to Table 5-6 for the last address of each 
ROM . Figure 5-5 shows what is contained in the last eight bytes of each ROM . 

Table 5-6 Last Byte Address of Each ROM 

ROM Address of Last Byte 

o 07FF 
J OFFF 
2 17ff 
3 IFFF 
4 27FF 
5 2FfF 

REV REV ROM ROM ONES ZEROS 
HIGH LOW SET SET ZE ROS COLUMN COLUMN CHECK 

BYTE BYTE HIGH LOW (UNUSED) 
CHECK CHECK SUM 

BYTE BYTE 

XXX8 XXX9 XXXA XXXB XXXC XXXD XXXE XXXF 

CZ·0366 

Figure 5-5 Last Eight Bytes of a ROM 
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5.6.2 Testing the Write Protect Function 
The write protect function in the RASO Disk Drive may be tested while the drive is in the functional 
mode with the following procedure. 

I. Spin down the disks by releasing the RUN /STOP switch . 

2. Push in the WRITE PROTect swi tch . 

3. Spin up the disk by pushing in the RUN/STOP switch. If the write protcct function is work­
ing, the FAULT indicator lights . The in terna l LEOs on the microprocessor modu le wi ll dis­
play an error code of 6A. 

4. Push the FAL:L T switch to enter the fault display mode. The operator control panel displays 
a R/W diagnostic fault code. Both the FAULT and port A indicators should be on. 

5. Push the FAULT switch aga in to clear this fault condition. 

6. Release the WRITE PROTect switch . 

5.6.3 Spindle Motor Thermal Timeouts 
The RASO Engineering Specification calls for a three-minute waiting period between successive start­
up cycles of the spindle motor. This waiting period is rcquired to prevent the spindle motor from over­
heati ng and selling an internal therma l switch in the motor. A spind le motor thermal timeout may be 
caused by one of the following. 

• Frequent spindle motor start-up 
• Loss of cooling due to a fan fai lure 

If the spindle motor thermal switch is set, it results in the following symptoms. 

• LED error codes of 0 I, 02, 03, 04, or 26 
• Spin-up fault on the operator control panel 

To recover from a spindle motor thermal timeout. check the fans first. If the fans are operating. let the 
motor cool off for 10 to 15 minutes while power is applied to the drive. 
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APPENDIX A 
HEXADECIMAL TO BINARY CONVERSION 

The LED dis pl ay on the microprocessor module consists of eight LEDs in a row which are read as two 
hexadec imal digits. Use Table A-I to convert the binary LED code into hexadecimal. 

Table A-I Hexadecimal / Binary Conversion Chart 

~Iexadecimal Binary 

0 0000 
I 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 
/\ 1010 
B 1011 
C 1100 
D 1101 
E 1110 
F 1111 
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APPENDIX B 
DECIMAL TO HEXADECIMAL CONVERSION 

Some of the seek diagnostic lests in the RA80 Disk Drive call for the user to enter the cyli nder address­
es in hexadeci mal format. Since there are 560 (decimal) cylinders available, the hexadecimal code 
must be entered into the two rotary swi tches in two bytes consisting of two hexadecimal digits each. 
The first byte entered is a lways the low byte of the cy linder address. The second byte is the high byte of 
the cy linder address. Use Table B-1 to convert the cy linder addresses between hexadec imal and deci­
mal. 

Table B-1 Hexadecimal / Decimal Cylinder 
Conversion Chart 

Decimal Hexadecimal 
Value Value 

High Low 
Byte Byte 

10 00 OA 
20 00 14 
30 00 IE 
40 00 28 
50 00 32 

60 00 3C 
70 00 46 
80 00 50 
90 00 5A 

100 00 64 

11 0 00 6E 
120 00 78 
130 00 82 
140 00 8C 
150 00 96 

160 00 AD 
170 00 AA 
180 00 B4 
190 00 BE 
200 00 C8 

B-1 

Table B-1 Hexadecimal / Decimal Cylinder 
Conversion Chart (Cont) 

Decimal Hexadecimal 
Value Value 

High Low 
Byte Byte 

210 00 D2 
220 00 DC 
230 . 00 E6 
240 I 00 FO 
250 00 FA 

260 0 1 04 
270 01 OE 
280 01 18 
290 01 22 
300 01 2C 

3 10 01 36 
320 0 1 40 
330 0 1 4A 
340 01 54 
350 01 5E 

360 0 1 68 
370 0 1 72 
380 01 7C 
390 01 86 
400 01 90 



Table B-1 Hexadecimal/ Decimal Cylinder 
Conversion Chart (Con!) 

Decimal Hexadecimal 
Value Value 

High Low 
Byte Byte 

410 01 9A 
420 01 A4 
430 01 AE 
440 01 B8 
450 01 C2 
460 01 CC 
470 01 D6 
480 01 EO 
490 01 EA 
500 01 F4 
510 01 FE 
520 02 08 
530 02 12 
540 02 IC 
550 02 26 
560 02 30 

B-2 



RASO Disk Drive 
Service Manual 
EK-ORASO-SV-OOI 

Reader's Comments 

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

What is your general reaction to this manual? [n your judgment is it complete, accurate, well organized , well 
written, etc.? [s it easy to use? ____________________________ _ 

What features are most useful? ____________________________ _ 

What faults or errors have you found in the manual? ____________________ _ 

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

Does it satisfy your needs? _____________ _ Why? ______________________ __ 

o Please send me the current copy of the Technical Documentation Catalog, which contains information on 
the remainder of DIG [TAL's technical documentation. 

Name _______________ _ Street ________________ _ 

Title City 
Company _____________ _ State/ Country _____________ _ 
Department _____________ __ Zip 

Additional copies of this document are available from: 

Digital Equipment Corporation 
444 Whitney Street 
Northboro, Ma 01532 
Attention: Communications Services (NR2/M I 5) 

Customer Services Section 

Order No. __ E_K_-O_R_A_80_-_S_V_-O_O_I _____ ___ 
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