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PREFACE

This user's guide is designed for engineers familiar with PDP-11
architecture. Chapters one through six offer a tutorial on
DCT11-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 should become
familiar with Chapters one, four, and six.

One of the characteristics of the DCT1l1-AA is that it can be
user-programmed to operate 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.

If the wuser does not know which mode to use for a given
application it is suggested that Chapter four (Mode Selection) be
read first.

Appendix B briefly 1lists the software differences and

compatibilities of the DCT11-AA and other members of the PDP-11
family.

XV
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3 INTRODUCTION
This chapter contains a description of the internal DCT11-AA

architecture. The chapter is divided into five sections covering
all aspects of the architecture. The sections are:

Registers

Arithmetic & logic unit (ALU)
DCT11-AA hardware stack
Interrupts

DMA mechanism.

1.2 REGISTERS
With reference to Fiqure 1-1, DCT11-AA contains a number of

internal registers which are used for various purposes. The
registers are broken up into three groups:

® General
e Status
3 Mode.

2 BF 8 | General Registers

The DCT11-AA microprocessor contains eight 16-bit general-purpose
registers that can perform a variety of functions. These registers
can serve as accumulators, index registers, autoincrement
registers, autodecrement registers, or as stack pointers for
temporary storage of data. Arithmetic operations can be from one
general register to another, from one memory location or device
register to another, or between memory 1locations or a device
register and a general register. The eight 16-bit general
registers (RO through R7) are identified in Figure 1-2.

Registers R6 and R7, in the DCT11-AA, are dedicated. R6 serves as
the Stack Pointer (SP) and contains the location (address) of the
last entry in the stack. Register R7 serves 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 Status Register

The Processor Status Word (PSW) contains information on the
current processor status. This information includes the current
processor priority, the condition codes describing the arithmetic
or logic results of the last instruction, and an indicator for
detecting the execution of an instruction to be trapped during
program debugging. This indicator (the T-bit) cannot be directly
set or cleared. The T-bit can only be set or cleared when entering
or 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.



DATA/ < INTERRUPTS
ADDRESS RO-R7, PS
SUFEER DATA/ADDRESS ALU DATA/ADDRESS )| REGISTER ADDRESS/
(IN/OUT) FILE INTERRUPT m
ADDR BUFFER
DYNAMIC
m MEMORY | MUX ADDR
SUPPORT
CONTROL SIGNALS >
DATA |+ SEL <0>, SEL <1>
L+ _RAS
ggimoa. N
CONTROL
b BUS CONTROL M sionaL [ R/-WLB
BUFFERS |— R/-WHB
OPERATING %
MODE REGISTER e
le— READY
PUP —BCLR ﬁ
CLOCK
GENERATOR
Vee —e

e = T ]

poNg XTLO XTLI COuUT

MA-5759

Figure 1-1 DCT11-AA Block Diagram
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Te2a3 Mode Register

With reference to Figure 1-4, the DCT11-AA incorporates a user
loadable mode register. The mode register is loaded at the time of

power up. The user has the option of selecting any combination of
the following modes:

16-bit or 8-bit data bus

Dynamic or static memory support

64K or 4K/16K dynamic memory support
Constant or 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 1" 10 09

| I
TART/RESTART | TEST |16-8I DYN
S ¢ PRESY USER [B-BIT 16K|STAT

<15:13> START/RESTART ADDRESS

12 TESTER/USER MODE 08 NORMAL/DELAYED R/W
" 16-B1T/8-BIT BUS <7 RESERVED
10 64K/4K OR 16K MEMORY o0 LONG/STANDARD MICROCYCLE
08 DYNAMIC/STATIC MEMORY 00 CONSTANT/PROCESSOR MODE CLOCK
ADDRESS BITS START RESTART
<15:13> ADDRESS ADDRESS

7 172000 172004

6 173000 173004

5 000000 000004

4 010000 010004

3 020000 020004

2 040000 040004

1 100000 100004

0 140000 140004

MA.aRas

Figure 1-4 Mode Register

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 instructions.

1.4 DCT11-AA HARDWARE STACK

The hardware stack is part of the basic design architecture of the
DCT11-AA. It is an area of memory set aside by the programmer or
by the operating 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
DCT11-AA the stack starts at the highest location reserved for it
(376 octal at power up) and expands linearly downward to a lower
address as items are added to the stack.

1-5



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 service 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
processor only when its priority is higher than the processor
priority indicated by PSW<7:5>.

DCT11-AA supports a vectored interrupt structure (with optional
internally generated vector addresses) with priority on four
levels encoded on four lines. In addition, on separate pins it
supports two non-maskable interrupts Power Fail (-PF) and -HALT.

? - | Interrupt Mechanism

With reference to Figure 1-5, when the DCT11-AA receives an
interrupt no action is taken until the end of the current
instruction. Interrupts are only read during a read transaction or
ASPI transaction. Before fetching the next instruction, the
DCT11-AA arbitrates the interrupt priority. If the interrupt
request has a higher priority than the processors, it initiates an
Interrupt Acknowledge (Iack) transaction (Refer to paragraph
2.12.). Following the Iack transaction, the current PC and PSW are
saved on the stack and the new PC and PSW are loaded from the
vector address.

FIRST INSTRUCTION OF
SERVICE ROUTINE

LAST
INSTRUCTION

IACK

o s i 3

——— e ——— i — i ——— —

A, INTERRUPT REQUEST
B. INTERRUPT REQUEST LATCHED INTO DCT11-AA

LT

Figure 1-5 Interrupt Request
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1.5.2 Interrupt Posting

With the assertion of the signal Priority In (PI), interrupts are
read into the DCT11-AA during any read transaction and Assert
Priority In (ASPI) transaction.

Interrupts are read in only at the occurrence of PI.

1453 Interrupt Request (IRQ)

With reference to Figures 1-5 and 1-6, during the assertion of PI
the interrupt request is read by DCT11-AA. Refer to Table 1-1 for
signal names. Interrupt requests are implemented from the
following seven different signals;

Maskable Interrupts:
@ -CP<3:0> (Coded Priority).

Non-maskable Interrupt:
® -PF (Power Fail)
@ ~HALT (Halt).

Control (Internal or External) Vector:
° ~-VEC (Vector) .

DCT11-AA detects an interrupt request if, during the assertion of
PI, at least one of the following signals is asserted low:

-CP<3> (AIK1l>)
-CP<K2> (AIKL2>)
-CP<1> (AI<3>)
-CP<0> (AI<4>)
~BF (AI<6>)
-HALT (AI<7>).

e ((({CCECTCLCC{(mremmer seouesr ) ))
n | | —

MA 4990

Figure 1-6 Interrupt Timing
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Table 1-1 Interrupt Signals

Interrupt Pin Pin
Signals Name Number
-CP<3> AT<1> 33
-CP<2> AI<L2> 34
~-CP<1> AI<3> 35
-CP<0> AI<4> 36
-VEC AIL5> 37

o AI<L6> 38
-HALT AIL7> 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 load into the
processor status register. After the Iack 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
(octal 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 Iack
transaction (refer to paragraph 2.12).
-HALT interrupt is not associated with a
vector, it pushes the PC and PSW onto
the stack and immediately 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<5>») is not asserted (high) during the assertion of PI the
DCT11-AA gets the vector address from an internal fixed table by
decoding the inputs -HALT, -PF, and -CP<3:0>.



Table 1-2 Interrupt Decode

-CP<3> | =CP<2> | =CP<1> | -CP<0> |Priority Vector
(AI<1>)| (AIL2>)| (AILK3>)| (AI<4>)|Level Address

8 -HALT =k
8 24 -PF

>
oo

X
X

==

140
144
150
154
100
104
110
114
120
124
130
134
60

A4

70

gnon@dsoDepoeEePeRe
o e o e o o+ I vl oS o il R e o ol ] )
o ote o B e B efte oI T e i o < - ol < o> B
o o3 e - ol e o ¢ 8 e o - < = -
Zbab_ UV NI

0 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 asserted), if -VEC (AILK5>) is asserted (low) DCT11-AA
obtains the vector from the external device during an Iack

transaction. Asserting READY causes the DCT11-AA to wait for the
vector.

.55 Priority

With reference to Table 1-2, each interrupt is assigned a priority
level. DCT11-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 serviced
according to their priority level.



NOTE

As in any multilevel priority structure,
the PSW of the service routine must
contain a priority 1level as high or
higher than that of the interrupt
request. Otherwise, the interrupt
request continues to cause Tack
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 the
-~HALT instruction results in an
interrupt, not in stopping the
processor.

1.6 DIRECT MEMORY ACCESS (DMA) MECHANISM
During a DMA transaction the only lines that are three-stated are
DALK15:0>. Low current pull-ups are placed on:

@ AI<7:0>
] R/-WHB
° R/-WLB

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

With reference to Figure 1-7, a device requests control of the DMA
bus (DAL<15:0>, AI<7:0>, R/-WHB, and R/-WLB) by asserting Direct
Memory Request (DMR (AI<0>)) during the assertion of PI. DMR is
read during any assertion of PI, unlike interrupts which are read

G 3

I s
Y p—
—

SEL<I>

\
DMA BUS }—7

MR.5278

Figure 1-7 DMA Timing

1-10



only during a read transaction or an ASPI transaction. The
processor waits for the end of the current transaction (read,
write, DMG, or ASPI) and then releases the DMA bus. The requesting

device 1is signaled, by the processor, by asserting the two
signals:

o SEL<0> (high)
- SEL<1> (high).

SEL<0> and SEL<1> indicate a Direct Memory Grant (DMG).

The requesting device, having received DMG, performs the DMA by
controlling the DMA bus. The processor continues to output PI in
order to allow the negation of DMR. The device holds control of
the DMA bus until DMR is negated during PI. Multiple DMA devices

can be implemented using a daisy chain structure as shown in
Figure 1-8.

Pl
Al<0> [DMR)

I I

DEVICE 1 DEVICE 2

SEL<1:0> (DMG) _\

DCT11-AA

D

MR 5276

Figure 1-8 DMA Block Diagram
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CHAPTER 2
BUS TRANSACTIONS



2.1 INTRODUCTION

A 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:

® 8-bit static
- 8-bit dynamic
= 16-bit static
o 16-bit dynamic.

Therefore, a seperate discussion for each read and write
transaction is presented. All other transactions are described as
they apply to the DCT11-AA bus.

2,2 THE BUS TRANSACTION
With reference to Figure 2-1, each PDP-11 instruction is
constructed of a number of transactions.

2.2,1 Transaction
A transaction is defined as the activity taking place on the
DCT11-AA bus in order to perform a function such as:

Read

Write

Refresh

Tack (Interrupt Acknowledge)
DMA (Direct Memory Access)
ASPI (Assert Priority 1In)
NOP (No Operation).

2.2.2 Microcycle

Each transaction is made up of either one or two microcycles. A
microcycle 1is defined as the activity required for one
micro-instruction to be executed. The microcycle performs the
functions necessary for transferring information to and from the
DCT11-AA bus, internally moving data, and calculating values.

2.2,3 Clock Phase

The basic building block of the DCT11-AA timing is the clock
phase. Each microcycle is normally constructed of three clock
phases 01, 02, and OW. During an ASPI transaction, TIack
transaction, DMA transaction, or when operating in long microcycle
mode it is necessary to add a fourth phase, phase D (0D), 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 static read transaction is found in
Figure A-2 of Appendix A.

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

2e3.1 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, or 1low 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
With reference to Figure 2-3, the input data should be valid on

DAL<15:0> during the period of time that Priority In (PI) is
asserted.

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.

2e343 Instruction Fetch J
An instruction fetch is indicated by two signals:

" SEL<0> High
° SEL<1> Low.

Refer to Figure A-2 in Appendix A.
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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 DAL<0O> indicates the addressing of a
word, high byte, or low byte. Refer to Table 2-1. DALK15:0> 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<15:0>
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

Write control is accomplished through the use of two signals:

° R/-WHB
e R/-WLB.

Table 2-1 indicates the conditions necessary to address and write
a memory.
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Table 2-1 Write Conditions

Addressed Memory Address R/-WHB R/-WLB
WORD EVEN (DAL<K0>=0) 0 0
LOW BYTE EVEN (DAL<O0>=0) 1 0
HIGH BYTE ODD (DAL<O0>=1) 0 1

Table 2-2 Data Strobe

Signal Edge

-RAS Negation (trailing)
-CAS Negation (trailing)
PI Assertion (leading)
PI Negation (trailing)




2.5 16-BIT DYNAMIC READ TRANSACTION
A read transaction consists of three distinct processes:

® Output of address
® Input of data
o 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) 1lines 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 lines 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 AIK7:0>. The concurrent address is
output on DALK15:0>.

2.5.1.3 Address Control -- Table 2-5 indicates the signals and
edge required to latch each portion of the address into the memory
system or register.

20D Input of Data

With reference to Figure 2-7, the input data should be wvalid on
DAL<15:0> during the period of time that PI is asserted.

Table 2-3 Dynamic Addressing Scheme

Mode Memory Chip Address AI Used
4/16K 4K X 1 Al--Al2 <6:1>
4/16K 16K X 1 Al--Al4 <7:1>
h4K 64K X 1 Al--AlS T2 0>

10
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2.5.2.1 Data Control -- 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 (trailing edge) of -CAS. Write
control is accomplished through the use of two signals:

ES 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 different signals depending
on 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/1l6K 16-bit dynamic mode AI<K0> is
asserted at the leading edge of -RAS to indicate a fetch
operation. AI<K0> is 3-stated before the leading edge PI.

Fetch is indicated by: AI<0> high

NOTE
During refresh, the AI 1lines have the
refresh counter address on them.

2.5.3.2 64K Mode -- 64K and static modes use SEL<0> high and
SEL<1> low to indicate a fetch condition. When SEL<K0> signifies a
fetch, it is asserted only during the read cycle.

Fetch is indicated by: SEL<0> high
SEL<1> low

Table 2-4 AI Addressing

Al ADDRESS
4K /16K 64K

-RAS | -CAS -RAS | —-CAS
<0> FET Al4 Al5 Al4
<1> Al A2 Al A2
<2> A3 Ad A3 A4
<3> A5 A6 A5 A6
<4> A7 A8 A7 A8
<5> A9 AlO A9 Al0
<h> All Al2 All Al2
<7> Al3 Al4 Al3 Ald

Table 2-5 Address Strobes

Address |Signal | Edge Device R/-WHB|R/-WLB
ROW -RAS Assertion (leading) |Dynamic 1 1
COLUMN |-CAS Assertion (leading) |Dynamic 1 1
DAL -RAS Assertion (leading) |Dynamic or Static|l 1

2-12



2.6 16-BIT DYNAMIC WRITE TRANSACTION
A write transaction consists of three distinct processes:

° Output of address
o Output of data
[ Input of DMA request (refer to paragraph 2.14).

Detailed timing of a 16-bit dynamic write transaction is found in
Figure A-5 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.

2.6.1 OQutput 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<K7:0>. The AI 1lines output the row
address first and second the column 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 on DAL<15:0>.

2.6.1.3 Address Control -- Table 2-8 indicates the signal and
edge required to latch each portion of the address into the memory
system or register.

2.6.2 Output of Data
With reference to Figure 2-9, the data is output on DAL<K15:0>.

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 control is accomplished through the use of two
signals:

® R/-WHB
o 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.

2-14
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Table 2-6 Dynamic Addressing Scheme

Mode Memory Chip Address AI Used
4/16K 4K X 1 Al--Al2 <6:1>
4/16K 16K X X Al--Al4 <7:1>
64K 64K X 1 Al--Al5 <7:0>
Table 2-7 AI Addressing
Al ADDRESS
—_4K/16K 1 64K
-RAS | -CAS -RAS | -CAS
<0> FET | Al4 AlS Al4
<1> Al A2 Al A2
<2> A3 A4 A3 A4
<3> A5 Ab AS5 AR
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
<6> All Al2 All Al2
<7> Al3 Al4 Al3 Al4

Table 2-8 Address Strobes

Address | Signal Edge Device
ROW -RAS Assertion (leading) Dynamic
COLUMN -CAS Assertion (leading) Dynamic
DAL -RAS Assertion (leading) Dynamic or Static
Table 2-9 Data Strobes
Signal Edge
-RAS Negation (trailing)
-CAS Negation (trailing)
PI Assertion (leading)
PI Negation (trailing)




Table 2-10 Write Conditions

Addressed Memory Address R/-WHB R/-WLB
WORD EVEN (DAL<KO>=0) 0] 0
LOW BYTE EVEN (DAL<0>=0) 1 0
HIGH BYTE 0DD (DAL<CO>=1) 0 1

Table 2-11 Write Control Timing

Signal Mode Parameter

R/-WHB NORMAL Write control before -CAS assertion
R/-WLB NORMAL Write control before -CAS assertion
R/-WHB DELAYED | Write control at or after -CAS assertion
R/-WLB DELAYED | Write control at or after -CAS assertion

217



r 8-BIT STATIC READ TRANSACTION
A read transaction consists of three distinct processes:

] Output of address
el 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)
instruction, the transaction occurs only once.

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

2.7:1 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:Ta 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 of -CAS. The
data is latched upon the negation (trailing edge) of =-CAS. Read
control 1is 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<0> High
© SELL1l> Low.

Refer to Figure A-6 in Appendix 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

Table 2-13 Data Strobes

Signal Edge

-RAS Negation (trailing)
-CAS Negation (trailing)
PI Assertion (leading)
PI Negation (trailing)




2.8 8-BIT STATIC WRITE TRANSACTION
A write transaction consists of three distinct processes:

° OQutput of address
° Output of data
® Input of DMA request (refer to paragraph 2.14).

Detailed timing of a 8-bit static write transaction is found in
Figure A-7 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)
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 2-13, the high byte address is
output on the Static Address Line (SAL) 15 through 8 (<15:8>).
The low byte of the address is output on DAL<K7:0>. 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 or 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 output on DAL<K7:0>
before the assertion (leading edge) of PI.

2.8.2.1 Data Control -- The signals used to latch the data into
the memory system or 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 Parameter

-WT (R/-WLB) | NORMAL Write control before -CAS assertion
-WT (R/-WLB)|DELAYED | 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 1is 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. 1In the case of the MOVB (move byte)
instruction, the transaction occurs only once.

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

291 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 AI<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 (<15:82>).
The low byte of the address is output on DALK7:0>.

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.

2e 952 Input of Data
With reference to Figure 2-15, the input data should be valid on
DAL<7:0> during the period of time that PI is asserted.

2.9.2.1 Data Control -- 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 1is 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 Instruction Fetch

An instruction fetch is indicated by different signals depending

on the mode. Refer to Figure A-8 in Appendix A.

2.9.3.1 4K/16K Mode -- In 4K/16K 8-bit dynamic mode AI<K0> is
asserted at the leading edge of -RAS to indicate a fetch
operation. AIK0> is 3-stated before the leading edge PI.
Fetch is indicated by: AI<0> high
NOTE

During refresh, the AI lines have the

refresh counter address on them.
2.9.3.2 64K Mode -- 64K and static modes use SEL<0> high and

SEL<1> low to indicate a fetch condition. When SEL<0> signifies a

fetch, it is asserted only during the low byte read cycle.

Fetch is indicated by: SEL<0> high
SEL<1> low

Table 2-15 Dynamic Addressing Scheme

Mode Memory Chip Address Al Used
4/16K 4K X 1 AQ--All <6:1>
4/16K 16K X 1 AQ0--Al3 £l
64K 64K X 1 A0--A15 <7:0>

Table 2-16 AI Addressing

AI ADDRESS
4K /16K 64K
-RAS | -CAS -RAS | -CAS
<0> FET Al4 AlS Al4
<1> Al A2 al A2
<2> A3 A4 A3 A4
<3> A5 A6 A5 A6
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
6> All A0 All A0
<7> Al3 Al2 Al3 Al2




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 i
-RD (R/-WHB)| DELAYED | Read control at or after -CAS assertion




210 8-BIT DYNAMIC WRITE TRANSACTION
A write transaction consists of three distinct processes:

™ OQutput of addresses
® Output of data
® Input of DMA request (refer to paragraph 2.14).

Detailed timing of a 8-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 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. 1In the case of the MOVB (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.

2.10.1 Output 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, the address is output on AIK7:0>. The AI 1lines 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 -- Addressing of a static ROM, RAM, or
register in a system which is supporting dynamic devices is
accomplished by outputs concurrent with AI<K7:0>, The high byte of
the address is output on SAL<K15:8>. The low byte of the address
is output on DALK7:0>.

2.10.1.3 Address Control -- 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 output on DAL<7:0>.

2.10.2.]1 Data Control -- The signals used to latch the data into a
memory system or register and the edge required is 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 AO0--All <6:1>
4/16K 18K X1 A0--Al3 <7:1>
64K 64K X 1 A0--AlS5 <7:0>
Table 2-20 AI Addressing
AI ADDRESS
4K/16K 64K
—-RAS | -CAS -RAS | -CAS
<0> FET | Al4 AlS5 Al4
<1> Al A2 Al A2
<2> A3 A4 A3 A4
<3> A5 A6 A5 A6
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
<6> All AOQ All A0
<7> Al3 Al2 Al3 Al2
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 Assertion (leading) Dynamic or Static




Table 2-22 Data Strobes

Signal Edge

-RAS Negation (trailing)
-CAS Negation (trailing)
PI Assertion (leading)
PI Negation (trailing)

Table 2-23 Write Control Timing

Signal Mode Parameter
-WT (R/-WLB) | NORMAL Write control before -CAS assertion _
-WT (R/-WLB)|DELAYED | Write control at or after -CAS assertion




2.11 REFRESH TRANSACTION
A refresh transaction consists of three distinct processes:

® OQutput of refresh address
@ Address control
@ Output of SEL<0> and SEL<1> (in 4K/16K mode only).

Detailed timing of a refresh transaction is found in Figure A-10
of Appendix A.

NOTE
All references to input or output refer

to the processor.

2.11.1 Output of Refresh Address

With reference to Figures 2-18 and 2-19, the refresh address is
output on AIK7:0>. Refresh occurs at different times;

] After an instruction fetch:
8-bit mode - every instruction
16-bit mode - after every other instruction.

° After addressing modes 5, 6, and 7:
INDEX
INDEX DEFERRED
AUTO DECREMENT DEFERRED.

® During the following instructions:
HALT
TRAP
BPT
I0T.

@ During all interrupts and traps.

2.11.2 Address Control

Address strobe, which is used to latch the address into the
memory, is accomplished by means of -RAS. The address is latched

upon the assertion (leading edge) of -RAS.

2.11.3 Output of SEL<0> and SELK1>
With reference to Figure 2-19, if mode register bit 10 is not set

(MR<10> = 1 4K/16K mode), during the refresh transaction:

£l SELK0> High
° SEL<1> Low.

If MR<10> is set (MR<10> = 0 64K mode), during the refresh
transaction:

® SEL<K0> Low

° SEL<1> Low.
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2533 BUSNOP (No Operation) TRANSACTION

A busnop transaction is a specific processor state in which no
processes occur at the outputs. The following is a 1list of the
states found at the outputs:

DALK15:0>
AI<7:0>

—RAS
-CAS
PI
R/-WHB
R/-WLB
SEL<O>
SELL1>

Previously latched data

Three-state (static mode) invalid output
(dynamic mode)

High

High

Low

High

High

Low

Low.

Detailed timing of a busnop transaction is found in Figure A-12 of

Appendix A.

Examples of when a busnop transaction occurs are:

E Instruction decode cycle
£ During internal processor computations.



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, -CAS, and PI

[ Output of DMG.

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

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

Upon receiving a DMA request on AIK0> the processor at the end of
the current transaction, initiates a DMA transaction. The DCT11-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 DCT11-AA is made by driving
AI<0> low during PI

. The request is latched into the DCT11-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 time the requesting
device must insure that AI<K0> is low at the negation (trailing
edge) of each PI.

2.14.1 Three-state of DAL<K15:0>

With reference to Figure 2-22, the processor three-states
DAL<15:0>. This is required to free the bus for the requesting
device. AIK7:0>, R/-WHB, and R/-WLB have internal pull-ups.

2.14.2 Output of -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 strobing
the input of another DMA request on AI<0>., The DMA 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

DCT11-AA takes the following actions:

® SELK0> and SEL<K1> 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 DMA transaction timing diagram (Appendix
A, Figure A-14)

@ DAL's are three-stated

® AI<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 DAL'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) the DMA

transaction is extended by one microcycle (depending on the
pulsing of READY, more microcycles may be added).
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2.15 ASPI (Assert Priority In) TRANSACTION
An ASPI transaction consists of two processes:

° Input of interrupt and DMA 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<L7:0>. 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 ASPI transaction generates a -CAS without
generating a -RAS. ASPI transactions occur only during a RESET
instruction, HALT instruction/interrupt, WAIT instruction, or
during the power up sequence.

2.15.1 1Input Control
The interrupt strobe, which the processor 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
DCT11-AA pin. The pins and thus the chapter are divided into five
groups:

° Data/Address Lines (DAL<15:0>)

° Address/Interrupt (AI<7:0>)

™ Control lines (SEL<1:0>, R/-WHB, R/-WLB, -RAS, -CAS, PI,
Ready)

™ Miscellaneous signals (-BCLR, PUP, COUT, XTL1l, XTLO)

° Power pins (BGND, GND, VCC).

With reference to Figure 3-1, and Tables 3-1 through 3-5, several
DCT11-AA pins perform different functions depending on the mode.
Therefore, signal names vary from the pin names. The mode
dependent pins are:

DALK15:0>

AIL7:0>

Select (SEL<1:0>)

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 found under 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 to 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 multiplexing there is a low byte/high
byte multiplexing.

3. 26 16-Bit Mode - DALK15:0>
DAL<15:0> are used in six cases;

During a read/write transaction:
DAL<15:0> are time 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 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 TIack (Interrupt
Acknowledge) transaction.



DATA/ADDRESS LINES
3

2" GROUND

L
DATA/ADDRESS LINES
BUS CLEAR
POWER UP

15! GROUND

+5V
~HLT ADDRESS/INTERRUPT
b
—PF DYNAMIC MOD
OUTPUT
-VEC ROW ADDRESS
COLUMN ADDRESS
o INPUT
INTERRUPT & DMR
=y DURING P TIME
=CP2 STATIC MODE
—Cr3 INPUT ONLY
]
DMR  ADDRESS/INTERRUPT

PRIORITY IN STROBE

COLUMN ADDRESS STROBE

ROW ADDRESS STROBE

READ/WRITE LOW BYTE (16)
WRITE (8)

READ/WRITE HIGH BYTE (16)
READ (8)

EXTEND TRANSACTION

SELECT OUTPUT FLAGS
SEE BELOW

CRYSTAL
CRYSTAL /EXT OSC

CLOCK QUTPUT

DALIS =—mf | 40 je—— vycC
DALIA <——a 2 39 —s A7
DAL13 =—al 3 38 |&— Alf
DAL1IZ =—f 4 37 fe—» A5
DALY a—a 5 36 jle—s A4
DALI0 =—© 35 fe—= A3
DALY <=—m 7 34— A2
BGND w— B 33 je—es Al
DALE =— g DCT11-AA 32 f=— AI0
DAL?7 =«—f 10 31— P|
DALE = 11 30 p—» -CAS
DALE =—m 12 29 ——» -RAS
DALY =— 13 28 —= R/-WLB
DAL =-—» 14 27 —» R/-WHB
DALZ =—f 15 26 }&—— READY
DALY =— 16 25 —% SELO
DALO «—f 17 24 — SEL1
~BCLRA =-— 18 23 po—— XTLO
PUP ——m 19 22 f—» XTL1
GND — 20 21 —» CcouT
SELECT OUTPUT FLAGS
SEL<I> | SELm>| FUNCTION
L L READ/WRITE
L H REFRESH/FETCH
H L IACK
H H DMG
Figure 3-1 DCT11-AA Pin Layout

MAsIT



During a DMA transaction:
DALK15:0> are three-stated. The DMA (direct memory
access) transaction is defined in paragraph 2.14.

During a Busnop 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:
The mode register bits are read in from DAL<15:8, 1:0>.
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.

2o 2e 8-Bit Mode - DAL<15:8>
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 Iack transaction:
The information present on AI<K5:1> at the time of the
interrupt request is output on DAL<K12:8>., Refer to Table
3-1. Paragraph 2.12 defines the Tack (Interrupt
Acknowledge) transaction.

During a DMA transaction:
DALK15:8> are three-stated. The DMA (direct memory
access) transaction is defined in paragraph 2.14.

During a Busnop 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:
The mode register bits are read in from DAL<K15:8>., 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.



3.2.3

8-Bit Mode - DAL<K7:0>

DALK7:0> are used in six cases;

During a read/write transaction:

DALL7:0> 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 paragraphs 2.3 -
2.10.

During an Iack transaction:

DALK7:2> are used for the input of an external vector
address (if -VEC was asserted during the interrupt
request) . DALK1:0> are irrelevant, because DCT11-AA
replaces them with a 0 after reading them in. This is due
to the fact that vectors use two words: PC and PSW.

Paragraph 2.12 defines the Iack (Interrupt Acknowledge)
transaction.

During a DMA transaction:

DALL7:0> are three-stated. The DMA (direct memory access)
transaction is defined in paragraph 2.14.

During a Busnop 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:

The Mode Register Bits are read in from DAL<1:0>. 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 AI onto DAL in Iack Transaction *

Interrupt Request Time Iack Transaction
-CP<3> AI<1> DAL<8>

-CP<2> AIL2> DAL<9>

-CP<1> AI<3> DAL<10>

-CP<0> AI<4> DAL<11>

-VEC AIL5> DALKL12>

AIK0> not mapped
AI<6> not mapped
AI<7> not mapped

DALL7:0> don't care
DAL<15:13> don't care

* — The logic level is maintained in the AI to DAL mapping. As

an example, if AI<1> is high at interrupt request time,
then DAL<8> is high at Iack time.
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Table 3-2 Signal and Pin Utilization 16-Bit Mode
Pin Pin Name |  —————————————u Signal NameS=—==——=———=——————
Static | 4K/16K Dynamic | 64K Dynamic
Data Address Lines
1-7&% | DALK15:8> DAL<15:8> DAL<15:8> DALK15:8>
10-17 | DALL7:0> DALK7:0> | DALL7:0> DALKL7:0>
Address Interrupt Lines
-RAS -CAS PI -RAS -CAS PI
32 AI<L0> -DMR FET1 Al4 -DMR Al5 Al4 -DMR
33 AIL1> -CP<3> Al A2 -CP<3> | Al A2 -CP<3>
34 AIL2> -CP<2> A3 Ad ~-CP<2> | A3 Ad -CP<2>
35 AI<L3> -CP<1> A5 A6 -CP%1> | A5 A6 -CP<1>
36 AI<L4> -CP<0> A7 A8 -CP<0> | A7 A8 -CP<0>
37 AILS5> -VEC A9 Al0 -VEC AS Al0 -=VEC
38 AIL6> -PF All Al2 -PF All Al2 -=PF
39 AILT7> -HALT Al3 Al4 -HALT Al3 Al4 -HALT
Control Signals
24 SELIS 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 PT PI PI PI
Miscellaneous Signals
18 -BCLR =BLLR -BCLR -BCLR
19 PUP PUP PUP PUP
2 couT couT couT couT
22 XTL1 XTL1 XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins
8 BGND BGND BGND BGND
20 GND GND GND GND
40 VCC VCC VCC VCC
NOTES
i During =-RAS, AI<K0> is used to indicate a fetch
operation in progress. During refresh, AIK0> is the
output of the refresh counter at -RAS time.
2 SEL<1> and SEL<K0> are encoded refer to Tables 3-4 and
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Table 3-3 Signal and Pin Utilization 8-Bit Mode
Pin Pin Name | ————w=—rwsmrea- Signhal NameS——r==scccbm——
Static | 4K/16K Dynamic | 64K Dynamic
Data Address Lines
1-7&9 | DALL15:8> SAL<15:8>| SAL<L15:8> SAL<15:8>
10-17 | DAL<L7:0> DAL<7:0> |DALL7:0> DALL7:0>
Address Interrupt Lines
-RAS -CAS PI -RAS -CAS PI
32 AI<O> -DMR FET' Al4 -DMR | A15 Al4 -DMR
33 AIL1> -CP<3> Al A2 -CP<3>| Al A2 -CP<3>
34 AI<L2> =CP<2> A3 Ad -CP<2>| A3 Ad -CP<2>
35 AIL3> -CP<1> A5 A6 =CP<1>| AS A6 -CP<1>
36 AI<K4> -CP<0> A7 A8 -CP<LO> | A7 A8 -CP<L0>
37 AIL5> -VEC A9 Al0 ~VEC A9 Al0 -VEC
38 AI<6> -PF All A0 -PF All AOQ -PF
39 AILT> -HALT Al3 Al2 -HALT ALI. “ALZ ' “HALT
Control Signals
24 SEng Tack+DMG | Iack+DMG Iack+DMG
25 SELO 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 Pl PT PI PI
Miscellaneous Signals
18 -BCLR -BCLR -BCLR -BCLR
19 PUP PUP PUP PUP
21 couT couT couT CcouT
22 XTL1 XTL1 XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins

8 BGND BGND BGND BGND
20 GND GND GND GND
40 Vcc vcc Vcc Vcc
NOTES

1 During -RAS, AIK0> 1is used to indicate a fetch

operation in progress. During refresh, AI<K0> is the
output of the refresh counter at -RAS time.
2 SEL<1> and SEL<0> are encoded refer to Tables 3-4 and
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Table 3-4 SEL<1:0> Functions in Static Mode or Dynamic 64K Mode

SEL<1> SEL<O> Function
L L read, write, ASPI, or busnop
L H fetch (PDP-11 instruction fetch)
H L Iack (interrupt acknowledge)
H H DMG (direct memory grant)

Table 3-5 BSEL<1:0> Functions in Dynamic 4K/16K Mode

SEL<L1> SEL<0> Function
L L read, write, ASPI, or busnop
L H refresh
H L Iack (interrupt acknowledge)
H H DMG (direct memory grant)

3.3 ADDRESS INTERRUPT (AI<7:0>)

During read, write, refresh, DMA, and ASPI transactions the AI
lines (AI<7:0>) perform various functions. The function of AIK7:0>
depends upon the selection of one of the following modes, static
or dynamic mode and 4K/16K or 64K mode. Three functions are time
multiplexed on AIK7:0>:

® Output of row address
o Output of column address
@ Input of interrupts and/or DMA requests.

During Busnop and Iack transactions, AI<7:0> act as inputs in
static modes and contain previously latched data in dynamic modes.

The AI lines are described in three parts:

@ At -RAS and -CAS time (static mode)
@ At -RAS and -CAS time (dynamic mode)
P At PI time (static or dynamic mode) .
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Je3.1 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.

3,332 AI<7:0> At -RAS and -CAS Time (Dynamic Mode)
During read/write transactions the address interrupt lines are

used as outputs at -RAS and -CAS time only. The Al's are time
multiplexed in two ways:

= Prior to the assertion (leading edge) of Row Address
Strobe (-RAS) the AI lines output the row address for a

dynamic RAM. At the occurrence of -RAS, the data on the
AI lines is valid.

L] 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 ASPI transactions AI<7:0> have internal low current
pull-ups and are used as inputs.

NOTE
The dynamic address on AI<K7:0> available
at -RAS and -CAS time is duplicated on
DAL<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
current pull-ups. The AI lines input interrupt and DMA requests at
the negation (trailing edge) of PI. Refer to Table 3-6.

NOTE
DCT11-AA does not react to interrupt
requests posted during write and DMA
transactions.

Interrupt and DMA requests are implemented by the following
signals:

-DMR (Direct Memory Request) AI<K0>. When the processor reads a
DMA 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) AIK1:4>. 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 DCT11-AA interrupt structure.

3-10

-VEC (Vector) AI<K5>. 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 Iack 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 DCT11-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 -PF and then pauses for
up to one instruction before recognizing 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 assertion 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
ASPI N/A * interrupt/DMR
N/A - not applicable
* — internal low current passive pullups



3.4 CONTROL LINES

The control lines are comprised of signals which the DCT11-AA uses
to control the normal operation of the system. The lines are:

-RAS
-CAS
PI
R/-WHB
R/-WLB
SELL1>
SEL<0>
READY.

Table 3-7 indicates the transactions in which each of these
signals is used. During all transactions not mentioned in the
following description, the control 1lines remain in their
unasserted state (except READY which is an input).

-RAS, -CAS, and PI are control strobes and act on a logic
transition. R/-WHB, R/-WLB, SEL<1>, SEL<0>, 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.

Table 3-7 Control Signal Usage

Transaction | =-RAS | -CAS | PI R/-WHB | R/-WLB | SEL<O0>| SEL<1>| READY
Read/Write X X X X X 1 .
Refresh X 2

Iack 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-11 instruction fetch, In 8-bit mode it is asserted only in
the low byte transaction of a fetch.

2 - asserted in dynamic 4K/1AK mode

3 - three-stated
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MR-5274

Figure 3-2 Leading and Trailing Edge

3.4zl ~-RAS (Row Address Strobe)

-RAS 1is 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 1is 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 transaction (dynamic mode only) the assertion
(leading edge) of ~-RAS is used to strobe the row address which is
present on the AI lines.

During an Iack transaction the assertion (leading edge) of -RAS
strobes the Iack information, which is present on DAL<12:8>, to
the system. The negation (trailing edge) of -RAS strobes the
vector address (user supplied) into the DCT11-AA.

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

Xl -CAS (Column Address Strobe)

—-CAS is an address and chip select strobe. Table 3-7 indicates the
transactions in which -CAS is asserted. During read/write
transactions -CAS provides various functions:

Bl The assertion (leading edge) of -CAS provides an early
warning of the impending 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
AT lines.

® In read transactions the negation (trailing edge) of —-CAS
is used to strobe the data (user supplied) from the DAL's
into the DCT11-AA.

° In write transactions the negation (trailing edge) of
-CAS may be used as the data output strobe.

w
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During a DMA transaction, the assertion (leading edge) of -CAS
provides the DMA device with the same function and timing as used
in read/write transactions.

During ASPI 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 1In)

PI is the system interrupt request strobe. PI is used in read,
write, DMA, and ASPI transactions. Refer to Tables 3-6 and 3-7.
The function and timing of PI is the same in all four
transactions.

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 1lines
(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 (R/-WHB) and pin 28 (R/-WLB) change
according to the selection of 8-bit or 16-bit data bus mode.

3.4.4.1 R/-WHB and R/-WLB 16-Bit Mode -- The write enable signals
Read/-Write 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 tbe
Motorola 6800 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 1is asserted 1low during a write
transaction.

Normal or delayed mode affects the timing of -RD and -WT. 1In
normal mode, the read/write timing is compatible with that of the
Motorola 6800 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 1low current
pull-ups.

3.4.5 SEL<1> and SELKO0>

Select 1 (SEL<K1>) and Select 0 (SEL<K0>) 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/0 devices or memory of any
speed may be synchronized to the DCT11-AA. The READY signal is not
generated by the DCT11-AA but by some peripheral device. The
signal is input to the DCT11-AA via the READY input. The signal is
used to place the DCT11-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
single 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
single microcycle slip occurs during every bus transaction if the
READY input is connected to ground.

The READY signal extends the following transactions:

® Read
e Write
m Iack
% DMA.

Detailed timing of READY is found in Figure A-15 of Appendix A.
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3.5 MISCELLANEOUS SIGNALS
This group of signals includes the following:

e -BCLR
® PUP

® court

[ XTL1

El XTLO.

3.5.1 -BCLR (Bus Clear)

The signal -BCLR on pin 18 is asserted low by the processor during
the power up sequence and during the execution of a PDP-11 RESET
instruction. -BCLR asserted (low) enables the mode register
pullups on DAL<15:8, 1:0>. The -BCLR pin must be connected to
ground through a 1lKohm, 1% resistor. Its fan out is given in

Table A-2 (DC characteristics) of Appendix A.

32552 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 DCT11-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 DCT11-AA. The events occur in two cases;

1. When V is applied:
® EEP changes state (low to high)
Assertion of -BCLR output
PUP changes state (high to low)
Mode register load
Clearing of -BCLR output
20 refresh transactions (8-bit Dynamic), 10 refresh
transactions (l6-bit Dynamic) or 20 busnop
transactions (8-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
® ASPI 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 V., = .8v). When the processor detects
a change from high back to low the mode register load begins.

-BCLR MODE
BUFFER

MEMORY
DAL<15:8, 1:0> SYSTEM
(DYNAMIC)
—RAS
DCT11-AA < e >

Jika DEVICE
PI
MA-2870
Figure 3-4 Power Up Sequence BRlock Diagram
PUP f H\\
—35— 55
AL
P
~BCLR iiiiii;i\ /
55
MODE REGISTER MODE REGISTER
LOAD LOAD
—_—— ey frp—————————— ey e — — — — — _...S -——
DAL<15:0> X
-_ - A A A AL e e —— - _55____
REFRESH1 REFRESH 20 (8 BIT MODE)
= It N\ I 10 (16 81T MODE|
(ECECCCCEEECEEE, DX ™ )
Al<T:0>
g 4 it
— - P2 E
s — —rh—
—RAS _/ \ I \ !
- Aemake el

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 -BCLR is
asserted. -BCLR 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 1 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. -BCLR
may also be used to initialize the rest of the system.

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

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 bit/dynamic 20
16 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

refresh 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 ASPI transaction, normal operation
begins. Refer to paragraph 2.15 for details on the ASPI
transaction.

353 COUT (Clock Output)

COUT outputs a TTL level clock which is a function of mode
register bit 0 (MR<0>). MR<0> determines if the output is to be
processor mode clock (MR<0> = 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 XTL1l). In processor clock mode a clock pulse is
asserted once every microcycle (every three or four oscillator
periods) .

Detailed timing of COUT is found in Figure A-17 of Appendix A.
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3.5.4 XTL1 and XTLO (Crystal Inputs)
These two pins (22 and 23) are the external crystal connections to
the internal clock generator. If an external TTL clock is used, it

must be applied to XTL1 (pin 22) and XTLO (pin 23) must be
grounded.

=

Detailed timing of XTAL is found in Figure A-17 of the Appendix

3.6 POWER PINS

The following are pins associated with the power source to the
DCT11-AA:

° BGND
e GND
. VCC.

3.6.1 GND and BGND

BGND and GND should be connected together. They provide the
reference ground for all lines of the DCT11-AA.

3-6.2 V

Pin 40 is*%he +5 volt supply for the DCT11-AA. This voltage must
be maintained to within +/-5% of 5 volts.
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4.1 INTRODUCTION

Most of the DCT11-AA features are programmable through the use of
an internal 16-bit Mode Register (MR). The DCT11-AA must be
programmed during the power up sequence and may be reprogrammed
when the PDP-11 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 MODES RELATED TO FUNCTION

With reference to Figure 4-1 and Table 4-1, the modes related to
function effect the functionality of the processor. These modes
are:

16-bit or 8-bit data bus MR<11>
Dynamic or static memory MR<9>

64K or 4K/16K memory chip size MR<10>
Tester or user MR<K12>

Start/restart address MR<15:13>.

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

10
T T
START/RESTART | TEST [16-81 DYN
s ¥y USER [8.BIT |4K/16K|STAT

HE

<15:13> START/RESTART ADDRESS

12 TESTER/USER MODE 08 NORMAL/DELAYED R/W
1" 16-BIT/8-BIT BUS <7:> RESERVED
10 B4K/4K OR 16K MEMORY 01 LONG/STANDARD MICROCYCLE
09 DYNAMIC/STATIC MEMORY 00 CONSTANT/PROCESSOR MODE CLOCK
ADDRESS BITS START RESTART
<16:13> ADDRESS ADDRESS
7 172000 172004
6 173000 173004
5 000000 000004
4 010000 010004
3 020000 020004
2 040000 040004
1 100000 100004
0 140000 140004

MA agad

Figure 4-1 Mode Register



Table 4-1 Mode Register Bit 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 read/write
9 1 Static memory
0 Dynamic memory
10 1 4K /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-Bit Mode MR<11>

Mode register bit 11 determines if the processor operates the data
bus in B8-bit mode or 16-bit mode. The selection of either 8-bit or
16-bit data bus effects the DAL<K15:0>, R/-WHB, R/WLB, and AIK7:6>
lines, during read/write transactions. It 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 is asserted low
(MR<11> = 0) 16-bit data bus mode is selected and the following

occurs in a read or write transaction (refer to Figures 2-2
through 2-9);

Data address lines:
DAL<K15:0> - output of 16-bit address before the assertion
(leading edge) of —-RAS
DAL<15:0> - input or output of 16-bit data at read/write time.

Read/write control:

Each byte of a PDP-11 16-bit word is assigned a seperate write
control signal (R/-WHB and R/-WLB).

4.2.1.2 8-Bit Mode -- If mode register bit 11 is not asserted
(MR<11> = 1) B8-bit data bus mode is selected. Two transactions are
required to perform a word read or word write. The following

occurs during a word read or word write operation (refer to
Figures 2-10 through 2-17);

Data address lines:

DAL<15:0> - output of 16-bit address before the assertion
(leading edge) of -RAS

DAL<15:8> — the signal names for these pins are Static Address
Lines (SAL<15:8>) and they hold the high byte
address throughout the two transactions

DAL<7:0> - contains the low byte of address during read/write
time of the first transaction and the data during
the read/write time of the second transaction.
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Read/write control:
A seperate read/write control signal is provided for a read
and for a write. The read/write control signals are Read (-RD,
pin name R/-WHB) and Write (-WT, pin name R/-WLB). They are
mutually exclusive.

4.2.2 Dynamic or Static Mode MR<9>

Mode register bit nine determines if the processor supports
dynamic or static memories. This mode affects the operation of the
AI lines and SEL<1:0> during read/write transactions, and the
occurence of the refresh transaction (which adds time to the
instruction execution time).

4.2.2.1 Dynamic Mode -- If mode register bit nine is asserted low
(MR<9> = 0), dynamic mode is selected and dynamic memories are
directly supported. Besides outputting the address on the
DAL<15:0> before the assertion of -RAS, DCT11-AA also outputs row
and column addresses on the AI<7:0>. The row address is output
before the assertion (leading edge) of -RAS which strobes it 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
refresh transaction (refer to paragraph 2.11).

4.2.2.2 Static Mode -- If mode register bit nine is not asserted
(MR<9> = 1) static mode is selected. The memory is addressed using
DALK15:0> at -RAS time and no refresh is provided. AI<7:0> are
used only for inputting interrupt and/or DMA information.

4.2.3 64K or 4K/16K Mode MR<K10>

Mode register bit 10 applies to dynamic mode only (in static mode
it does not have any effect) and is used for selecting the dynamic
memory chip type. In 64K mode (MR<10> = 0), memory chips such as
64K X 1-bit are supported.

In 4K/16K mode (MR<10> = 1), memory chips such as 4K X 1-bit or
16K X 1-bit are supported. Refer to Table 4-2.

Table 4-2 DCT11-AA Modes

Class Bit Mode Name Function
Modes related |[MR<9> static or dynamic dynamic RAM support
to function. |MR<10> 4K/16K or /4K RAM chip type

MR<11> 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<0O> processor clock or COUT timing
to timing. constant clock
MR<1> long or standard microcode length
microcycle
MR<8> normal or delayed read/write timing
read/write
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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 address is internally loaded
into the Program Counter (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-11 HALT instruction.
Figure 4-1 indicates the available start/restart addresses.

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

@ Constant or processor clock MR<K0>
B Long or standard microcycle MR<1>
® Normal or delayed read/write MR<8>.

- S T | Constant or Processor Clock MR<0>
If mode register bit zero is asserted low (MR<0> = 0) constant
clock mode is selected. The output of COUT (pin 21) is a

continuous clock waveform at a frequency half that of the
operating frequency (the frequency at XTLO and XTL1l).

If mode register bit zero is high (MR<0> = 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<1>

Mode register bit one allows for the selection of a long or
standard microcycle. If the bit is low (MR<1> = 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 0D).

If mode register bit one is high (MR<1> = 1) a standard microcycle
takes place. A standard 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 DCT11-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 register bit eight is not asserted (MR<8> = 1) the
DCT11-AA is in the delayed read/write mode and the read/write
control signals have the same timing as -CAS.

4.4 MODE REGISTER BIT SETTING

During the power up sequence or when the RESET instruction is
executed. At this time the DCT11-AA asserts (low) the Bus Clear
(-BCLR) signal which may be used to enable external drivers. The
external drivers assert specific bits on the DAL's to load the
desired mode in the mode register. The data on the DAL's must be
stable through the duration of the —-BCLR pulse.

NOTE
The assertion of -BCLR enables active
internal pull-ups on DALK15:8, 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 iIn this section start from the
assumption that a DCT11-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 of a system the implementation of
the following modes is suggested:

°® B-bit
B dynamic
e long microcycle.
4.5.1.1 8-Bit Mode -- This mode allows the use of B8-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 Mode -- Although dynamic RAMs require refresh
logic (provided by the DCT11-AA) they provide greater memory
capacity at less cost.

4.5.1.3 Long Microcycle Mode -- Long microcycle mode allows for
the use of slower (less expensive) chips.



4.5.2 Maximize Speed

In order to maximize the speed of a system the implementation of
the following modes is suggested:

“ 16-bit
® static
° standard microcycle.

4.5.2.1 16-Bit Mode -- Every word read or word write operation is
performed in a single transaction verses two in 8-bit mode. 16-bit
mode is typically 50% to 70% faster than 8-bit mode.

4.5.2.2 Static Mode -- In static mode no refresh transactions

occur. Without refresh transactions a 10% time savings for
computational code is possible.

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 count) of a system the
implementation of the following modes is suggested:

® 8-bit
® static
4.5.3.1 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.

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

5
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 16-Bit Mode —-- A 16-bit system is simpler to develop than
an B8-bit system because in 16-bit mode a single transaction
performs a word read and a word write. A 16-bit system is easier
to debug.

4.5.4.2 Static Mode -- A static mode system is simpler to develop
because no refresh transactions are needed. Also, in a static
system the AI lines are inputs at all times.



CHAPTER 5
INTERFACING



5.1 INTRODUCTION

This chapter contains information that is useful for interfacing
the DCT11-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:

L] Power up

] Loading the Mode register

] System clock

° Address latch and decode

] Memory subsystems

@ Interrupts

° DMA

L] 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:

.04 uf
uf) > .05 t . (ms).

c >
] e

tr is the rise time of Vcc.

NOTE
The DCT11-AA powers up in an undefined
state (regardless of the state of PUP)
until Vcc is stable at vcc minimum.

Vee
.. DCT11-AA

| PRSETY
PUP

7 e

MA 5501

Figure 5-1 Power Up Circuit



Do LOADING THE MODE REGISTER

Figure 5-2 indicates how to program the mode register. On power up
or when executing a RESET instruction the -BCLR pin is asserted
low, this enables the desired bits onto the Data Address Lines
(DAL) . While -BCLR is asserted the DAL's map one for one onto the
internal mode register. When -BCLR is negated the mode register is
write-protected and the LS244 (buffer) shows a three-state load
onto the DAL's. Unasserted bits may be left floating, since they
are pulled-up internally by the DCT11-AA when -BCLR is low. -BCLR
is buffered to provide enough drive for the system initialization.
All devices in the system (except the buffer containing data for
the mode register) should 3-state their outputs connected to
DAL<15:0> at -BCLR time. This is done to preclude the mode
register from being loaded with questionable data.

NOTE
The pull-down resistor on -BCLR must be
1K ohm @ 1% to guarantee timing
specifications. -BCLR can sink up to 3.2
ma and source 80 ua (can drive 2 TTL
loads in addition to the 1K ohm load).

Vee

L
s
s

DAL "“‘l%ﬁ}- < L5244

18

9
[®] a7

DCT11-A

ST

-PUP

Figure 5-2 Mode Register Loading
5.4 CLOCK
The DCT11-AA clock is generated by an internal clock circuit. This
circuit uses as an input one of two sources:

° A crystal
@ A TTL oscillator.

5.4.1 Crystal Based Clock

The DCT11-AA oscillator circuit is a quasi-linear wideband
amplifier. With reference to Figure 5-3, three components and
proper layout are required to use a crystal with the DCT11-AA. The
three components are:

° A crystal, with 1loss resistance (Rs) at wvarious
resonancies

L] An input capacitor (C_) connected to XTLO (pin 23)

@ An output capacitor (Eb) connected to XTL1l (pin 22).

A fourth component (caused by stray effects of crystal and layout)
is a strong input-output capacitance (C,) between XTLO and XTL1l.
Other stray components, such as high frequency inductance of the
connections, have only minor effects at frequencies (i?.SMhz) when
connection paths are less than two inches.
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The capacitors C_ and C, are needed to adjust the load to the
crystal. The inp&&s XTLO and XTL1 load the crystal to more than
30pf (which is the nominal load for most crystals) thus pulling it
off frequency.

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

Crystal:
Cut at fundamental (At)
Load 30pf
RS <200ohms + fMHz (fundamental i.e. 27ohms @ 7.5MHz)
>4000ohms =+ fMHz (spurious)
RS >400ohms + fMHz (harmonic)
C <4pf.

Capacitors:
Type mica
Nominal value (+/- 10%)
Ca (XTLO) 500pf + fMHz (example 67pf @ 7.5MHz)
Cb (XTL1) 200pf =+ fMHz (example 27pf @ 7.5MHz).

e gy
c -i- | peT11-AA

ico
'—_LI—-'XTL{]

MRA-S508

Figure 5-3 Crystal Clock

These specifications guarantee against third harmonic and spurious
startups. If such guarantees are not necessary and only a steady
oscillation is required then most crystals can be used.

Detailed timing of XTAL is found in Figure A-17 of the Appendix.

5.4.2 TTL Oscillator Based Clock

With reference to Figure 5-4 and 5-5, a TTL signal may be used to
drive XTLl (pin 22) while XTLO (pin 23) is grounded. The XTL1l TTL
signal must satisfy the following criteria:

Period T > 133ns

Rise time t_, < 80ns
Fall time t_, < 80ns
Low time t_. > 60ns
High time EH > 60ns

With reference to Figure 5-6, the XTL1 signal may be gated to stop
operation of the DCT11-AA as long as the signal at XTL1l pin meets

or exceeds the above criteria. XTL1 may be 1left high or low
indefinitely.
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TTL
0sC. XTL1

DCT11-AA

A’—' XTLO

MR-5500 MRAS503

Figure 5-4 TTL Oscillator Clock Figure 5-5 TTL Oscillator Waveform

STOP L
L
TTL XTL

Qs DCT11-AA

IJ?_- XTLO

MRA-5504

Figure 5-6 Gating XTL1

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.

v

— CC}:::

‘i
DAL <15:0> peyietd | | 5373 v 825101 TIMING
STROBES

DCT11-AA Lﬁ EN OE la=—=

—RAS O E j
Le vc‘;}___;e

—-cAs o—O

CAS

16

e 825101 l TIMING
STROBES

MA-5507

Figure 5-7 16-Bit Address Latch and Decode



With reference to Figure 5-8, in 8-bit mode only the low byte of
the address needs to be latched since the high byte remains stable
on th? Static Address Lines (SAL<15:8>) throughout the whole read
or write transaction.

|5A|.<15:s*~ N Ve
8, o{:L
8 8 RAS
DAL < 7:0 > jumt LS373 ylt 825101 i TIMING
STROBES
DCT11-AA OE EN OE D—
ik I
Lc UCEE.
—CAS o—Of t... 1 o
8
825101 l TIMING
STROBES
OF 0

MA-S506

Figure 5-8 8-Bit Address Latch and Decode

Address decoding can be done in a number of traditional ways. In
Figures 5-7 and 5-8 PLA's are used to provide direct strobing of
several registers. 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 should be ANDed with —-RAS to prevent
the enabling of strobes during an ASPI transaction.

5.6 MEMORY SUBSYSTEMS
Two examples of memory subsystems will be described, one using
16-bit mode and the other using 8-bit mode.

5:6,1 16-Bit Mode Memory System

An example of a 1l6-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 bﬁ
selecting the ROM (-CE) with the output Y6 and selecting -OE wit

-CAS (refer to Figure 5-9). The fast variation ROM (2716-1) must
be used if running at more than 6.9MHz in order to meet the
DCT11-AA specification of tRRD (405ns at 7.5MHz).



177776 6AKB
170000 G60KB
160000 56KB
140000 X4 48KB

Y3

YZ

Y1
100000 L 32KB
40000 RAM 16KEB

0 OKB

MR-6610

Figure 5-9 16-Bit System Memory Map

ADDR. LATCH ADDR. DECODE ROM RAM
'7 bl r Ll L “ - A ~
AI<T: 1> ¥
DAL<15:0 "15 16
| 8
0 16
12 DOUT
Jrua 1 3 #
=S :g: DOUT =t
. ROM Lo
rLDAL*C‘E:.D} H 27161 RAM LB L5244
LDAL f_l 11>H g X2 BiN 4116-3 (X2}
50 AD (%8)
S T _—
ADDR . - o
iy ADDR _ v7 e 18] CAS RAS WE 16__ 26
DECODE  vg
(x2) 35
DET11-AA = N2 A ¥ 1
JALE [ WLEB L
e &) Naals 1SR s RD L
E 15 C Ie LDAL<15> L DOUT'—;‘B
e yo lo—_ 15
G2A_G28 U} pout |-/
—RASIO: RAM HB
4116-3
-CAS O (X8)
P Dc 0 S 77
¢ CAS RAS WE
RI-WLB O WLB L T—?_?_
WHE L WHE L
3 =D

D ’_{D— RAMCAS H

RAMCAS L
RAMCAS H

NOTE: 15 0
mopk REGISTER = MR<15:0>= [1[1[1 1 Jo1 Jalo[x]xx[x|x[x]|1]1]
X =DON'T CARE

MA-5E13

Figure 5-10 16-Bit ROM (4K) & Dynamic RAM (32K) Subsystem



The RAM is made of high byte and low byte sections which 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 of refreshing a row at every occurrence of -RAS.

Although -CAS drives 160pf (l10pf per RAM chip), it does not
require buffering. The DCT11-AA output timings are specified for a
purely capacative load of 80pf. For loading other than 80pf the
following correction factors should be used:

° 80pf < CL < 200pf +0.3ns/pf
K 25pf < CL < 80pf -0.3ns/pf

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

}

SO DGy e COLUMN ADDRESS

PIN NOMINAL —

e tAHC =90 nsMIN —
CAS AT DCT11-AA

PIN NOMINAL L,
fe— 1o = 24—sfe—00-24 = 66 MIN—s
CAS AT RAM
PIN ACTUAL ALARRRRRRES

ICD = CAS DELAY CAUSED BY 160 pF LOAD {160-80) X.3 = 24ns
ALL TIMINGS IN ns

MA.E51

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 DCT11-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 DCT11-AA and the DOUT driven by the RAM chips.

The buffer is enabled only when the DCT11-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 signal -RD. " (RAS), (CAS),
(R/WLB), and (R/WHB)" are implemented by gates E, G, and H in
Figure 5-10.
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Table 5-1 Control Signals for Each Transaction

TRANSACTION | -RAS | -CAS| PI | R/-WHB | R/-WLB | SELO ‘SELl
Read * * * X

Fetch * * * X 1
Write * * * = .

Refresh % 2

Iack * *
DMA * * * 38 as * *
ASPI * *

Busnop

* Signal asserted during the transaction

1 Static modes and dynamic 64K

2 Dynamic modes 4K/16K

X Signal asserted during 8-bit mode only

W

S Three-state

Signal asserted during 16-bit mode only

Table 5-2 Data Bus for Each Transaction

TRANSACTION DAL LOW BYTE DAL HIGH BYTE| AI
Read X

Fetch X

Write * X

Refresh * * *

Tack * 1

DMA 3s 35 38
ASPI

Busnop * * 1

Lines driven after address portion of transaction 8-bit mode

Lines driven after address portion of transaction

Dynamic modes only
Three-state



5.6.2 8-Bit Mode 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 L and RD L are easily generated in this configuration.

177777 | Y7 64KB
i Y6 = ROM.,
Y5
4 Y4
140000 48KB
3 HB b ¥3
4 ADDR. 2 LBb Y2
ADDR. 2 HB b LB b 1 HBa Y1
ol HBo LBa o tea 100000 LA 32KB
15 87 0 7 0
16 BIT 8BIT
MA5513
16KB
Figure 5-12 16-Bit - 8-Bit
Memory Organization
] oxe

MA-5514

Figure 5-13 8-Bit System

Memory Map
ADDR. LATCH ADDR. DECODE ROM RAM
r e ] r ke ~ r A~ \ r s =
7y
Al<T:1 =
DAL<7:0> By
0 0
lsaL<is:a> ! 3, GALID:ESH D OUT B
R e LS 8 al
sf e - 4
-
ROM A6 DOUT
I—LDAL<7.0>H 27161 A p
—»  ADDR -~ A7:A0 RAM
LATCH 0 41163 L5244
3 e - DIN
Ls37 - " % 58 \T (x8)
¥7
DECODE o ? Q
g = Y6 — e
DCT11-AA
OE EN | Niz2]a ¥s O~ 162G
13| 8 Y4 [O—
2 N\ L5138 y310-
14| C
\ 14| Y2 jo- RD L
N\ 15| G1 Yijo-
— =t 0 0=
GZA _GIB
~RASr T
—CAS D
Pl )
()
R/—WLB " .- WT L —SAL<15>L
-WT)
R/I—WHB
D) [0

MAES1S

Figure 5-14 8-Bit ROM (2K) & Dynamic RAM (16K) Subsystem
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An alternative design for the RAM implements a common I/0O via an
early write. This is done by latching the column address and
delaying -CAS until the data out is available on the DCT11-AA pins

(Refer to Figure 5-15.). Figure 5-16 is the timing diagram for an
early write.

DAL<T:0>| 8 .

DIN DOUT

7
A<D gl LS373 ln RAM
CHIPS

DCT11-AA

EN

"W I

CASPIL

—CAS

o O
Pl—Do__[—d

IO

-

-RAS
R/-WLB
(—WT)

MR 8516

Figure 5-15 2-Bit Mode Common I/0 RAM

DAL<7:0> > DATA OUT D

Ai<z:1> € _ROW ADDR X COL ADDR >

RAS L _\ /—
CAS L \ ’/___
-l
PIH 7
R/ =WLB =\
WT L
L AIT: 1> { row ADDR X COL ADDR )
Wor| tpsc
soNs| 192 NS
CASPI L

MASS1TY

Figure 5-16 Early Write Timing Diagram
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5.7 INTERRUPTS

The examples of interrupts will cover the following areas:

Posting interrupts

Decoding Iack information

External vectors

Using a priority encoder chip
Direct CP (coded priority) encoding

5.7.1 Posting Interrupts

With reference to Figure 5-17, to avoid propagation
states, it is necessary to drive stable signals
requests. A latch can be used for this purpose. The
-CAS and PI (tcs = 105ns @ 7.5MHz) is long enough
metastable stated on the output of the flip flop.

B 762 Decoding Iack Information

of metastable
as interrupt
delay between
to settle any

Figure 5-18 is an example of how to decode Iack information for 15
CP devices. An LS138 can be used instead of a LS154 when fewer
interrupts are needed. The LS138 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).
INIT L

IACK LD'
ANY Al i
DCT11-AA (RAL

{or oMRLI—]P @
~cas p—d >——$ 3

Pi

MA-5519

Figure 5-17 General Interrupt & DMA Request Circuit

INCREASING
PRIORITY
(CPO) | DAL<11> IACK 1 L
(cP1) | DAL<10>
(cP2) | DAL<E>
(cP3) | DAL<B> JACK 15 L
DCT11-AA
~RAS O
SEL1 J
SELO

NOTE:

IACK 1 CORRESPONDS TO ALL CP's ASSERTED
AT IRQ TIME (i.e., INTERNAL VECTOR 140).

IACK 15 CORRESPONDS TO ONLY CPO ASSERTED
lie, INTERRUPT VECTOR 70)

MR5S18

Figure 5-18 Decoding Iack Information for 16 CP Devices
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Figure 5-19 is an example of a complete interrupt system
(interrupt request and interrupt acknowledge) for six CP devices.

INTERRUPT REQUEST CIRCUIT

[s1as
Vee 7 EN-
| - . [ Ls2aa
e 6 CODER| DMR L] gurreR F—AI<O> (~DMR)
DEV 6 IRQL—] (ATCH 5 A2 — AI<1> (—CP3)
DEV 5 IRQ L— 4 Al — Al<2> (-CP2)
DEV 4 IRQ L — 3 GS — AI<3> (—CP1)
DEV 3 |RQ L— 2 A0 — Al<4>  |~CPO
DEV 2 IRQ L— 1 L AI<B>  (—VEQ)
DEV 1 IRQ L— 0 = [: L Al<6> (—PF)
> Vec o e W (T
CAS L—Ci >—-| 22 e
T GND
INITL PLR
sz | A B C Y2 Y3 Y4 Y5 YB Y7
Ls148 | A0 GS Al a2lo 1 23458
DURING IACK |DALT1 DALI0O DALS DALS
_CPO —CP1 —CP2 —CP3
DURING IRQ{ INTERNAL
Ald Al3 Al2 All VECTORS
L L H LlHHHHHLL H H H H H|DEVE|100
L 5 H LIHHHHLHIH L H H H H|DEVSE|104
H H H HIH HHLHHKH H L H H H|oEVa|i20
H L L HIH H LHHHH B H L H H|oEV3|122
it L H HIH LHHHHH H H H L H|pevz|so
H L H HIL HHHHHHBH H H H H L|peEvi|es
IACK CIRCUIT

DEV 1 IACK L
DEV 2 IACK L
DEV 3 IACK L

{CP0  DALII>—]A
(CP2) DAL<9> —B

—
(CRaY. DALER> DEV 4 |ACK L
DEV & |ACK L
DEV 6 IACK L
RAS L—O

SEL1 H—-—-——D
SELO H—Do—-’—

*SIGNAL IS GENERATED BY THE USER AND MUST BE STABLE AT PI TIME.

MRA-6520

Figure 5-19 Interrupt System
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L TR s | External Vectors

If -VEC (AIK5>) is asserted (low), during the interrupt request,
DCT11-AA obtains the vector on DALK7:2> from the device during the
Iack transaction. Figure 5-20 gives an example of such a circuit.

LS244
RESULTING ang | PALE:
VECTOR** —— DAL<6>
(34) DEV 4 IACK L ——— DAL<5>
(54) DEV 3 |ACK L ——— DAL<4>
(64) DEV 2 IACK L —— DAL<3>
(70) DEV 1 1ACK L | — — |—— pAaL<2>
G 2G
IACK L * —O)
DAL<12> —O)

*SIGNAL IS THE SAME AS IN FIGURE 5.18
**CAN BE HARDWIRED IF A SINGLE EXTERNAL VECTOR INTERRUPT IS USED

***USED ONLY WITH BOTH EXTERNAL AND INTERNAL VECTOR
(IF EXTERNAL ONLY, USE IACK L)

MA-E521

Figure 5-20 Driving External Vector During TIack

5.7.4 Using a Priority Encoder Chip

With reference to Figure 5-21, up to 15 CP devices may be used
with this scheme if two LS148's are chained together. The chaining
of two LS148's (encoder) produces a 16 to 4 priority encoder
(instead of using LS5147).
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Vec DMA L* 1
— AI<0> (—~DMR)

8

8

7
IRO6 L — 6 D — AI<1> (—CP3)
IRQE L— 5L5|47c — Al<2> (-CP2)
IRQ 4 L] 4 B — AI<3> (-CP1}
IRQ3 L—] LSE74 3 A Ll 58 Al<4> (-CPO)
IRQ 2 L— 2
IRO.T L 4 VEC L* — — AI<6> (-VEC)
PF IRQ L | AI<E> (-PF)
HLT IRQ L AR — A< (=HLT)

CLK OC 1G__ 26

cas L—CD— g Pl H—DO—U

“SIGNALS ARE GENERATED BY THE USER AND MUST BE STABLE AT PI TIME [L.E.),

INTERNAL
-CP<3> —CP<2> -CP<1> —CP<0> PRIORITY VECTOR DEVICES

(AI<1>) (Al<2>)  (AI<B>) (Al<d>) LEVEL ADDRESS IMPLEMENTED

X X ® X B - HLT IRQ
X X ¥ X B 24 PF IRQ
| A L [8 L L ) 140

L L L H 7 144

| L H L 7 150

L L H H 7 154

. 8 H L L B 100

B H L H 6 104

L H H L ] 110

L H H H 6 114

H , 1 L 5 120

H L L H 5 124 IRO6
H L H L 5 130 IRQ5
H | H H 5 134 IRQ4
H H 4 L 4 60 IRQ3
H H L H 4 64 IRQ2
H H H k. 4 70 IRQ1
H H H H NO ACTION

MRA-5522

Figure 5-21 Interrupt Request Circuit (Priority Encoder)

In order to handle more than 15 CP interrupts, each of the 15
prioritized lines can be made up of a daisy chain of several
devices. All devices on the same daisy chain have the same CP
code, but they identify from each other by different external
vectors during the Iack transaction.

T N Direct CP Encoding

Direct CP encoding (Figure 5-22) can only be accomplished when
there are 4 or less CP devices (one device per CP 1line). The
highest priority device D3 will connect directly to CP<3> and the
lowest to CP<0>. If internal vectors are used, locations 140 thru
154 and 100 thru 114 must be 1loaded with the vector address
relative to D3. Locations 120 thru 134 must be loaded with the
vector address relative to D2. Locations 650 and 64 must be loaded
with vector address relative to D1 and 70 to DO. AIK7:5,0> do not
need to be driven high because the DCT11-AA has internal pull-ups
on those lines at PI time.



DEV3 IRQ L L8173 L _ai<1>  (cP3) DALsE> :}DEVE IACK L
DEV2 IRQ L —AI> () O
DEV1 IRQ L L —AI<3>  (CP1) o:))—nevz IACK L
DEVO IRQ L L Al<4>  (CPO) O
CAS H e ::))—DEW IACK L
N G1G2 —O
DAL11>—+—0)
DEVO IACK L
PIL IACK L* -—O::)D_-
GND

*IACK L = (SEL 0+SEL 1) + (-RAS)

—CP<3> —CP<2> -CP<1> -CP<0> PRIORITY VECTOR
(A1) (AI<2>) (AI<3>) (Al<4>) LEVEL ADDRESS

X X X X 8 - —HALT

b X X X 8 24 —PF

L L L L 7 140

L i L H 7 144

s L H L 7 150

] L H H 7 154 3
y . 4y 4 H 50 DEVICE
L H L H 6 104

L H H L 6 110

L H H H 6 114

= L L T =3g ] 120

H I L H 5 124

H L H L . 130 DEVICE 2
H L H H 5 éga

H H fi I T }

u M [ L H 4 i DEVICE 1
H 2 H—= J:.L q 70 DEVICE 0
H H H H NO ACTION

MA-B22

Figure 5-22 Direct CP Encoding Interrupt System

5.8 DMA

During DMA, the DCT1ll1-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 supplying or accepting data. The DCT11-AA can easily be
connected to single channel or multiple channel DMA circuitry.

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

° A DMA request (DMR) to the DCT11-AA is made by driving
AI<0> low during PI

o The request is latched into the DCT11-AA during PI and
shortly thereafter a DMA grant is issued.

5-16



The maximum time from the request origination until the grant is
issued, is a function of the DCT11-AA mode. This time is specified

in Table 5-3. When the grant is issued the DCT11-AA takes the
following actions:

° SELO and SEL1 go to a high thus informing the system that
the grant has been issued

® -RAS, -CAS, PI, and COUT are driven with the timings

specified in the DMA transaction timing diagram (Appendix
Figure A-13)

. DAL's are three-stated

° AIL7:0>, R/-WHB, and R/-WLB have low current pull-ups.
Table 5-3 DMR Maximum Latencies

16-Bit Mode

Static Dynamic —
ucycle + Phase + uS ucycle + Phase + uS
8 1 .19 8 2 -19
(@ 7.5Mhz = 3.523u8) (@ 7.5Mhz = 3.657uS)
8-Bit Mode

Static Dynamic
ucycle + Phase + uS ucycle + Phase + uS
10 1 .19 10 2 +19
(@ 7.5Mhz = 4.,323uS) (@ 7.5Mhz = 4.457uS)

When the grant is issued, external circuitry must drive the R/-WHB
and R/-WLB lines, and initially drive the DAL'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. The DCT11-AA
continues issuing grants for DMA transactions until DMR L is no
longer asserted low on AIK0>, during PI. When this happens the
present sequence of DMA transactions finishes and the DCT11-AA
resumes normal operation.



BaBal Single Channel DMA Controller (l16-Bit Mode)

With reference to Figure 5-23, this section describes a single
channel DMA controller for use with dynamic or static memory
systems.

5.8.1.1 Address Latches (Single Channel DMA Controller) -- Address
latches can be shared with the rest of the system. In a static
memory system, if address latches are not necessary for the rest
of the system the four chips (E3 thru EA) may be eliminated. In a
dynamic memory system, if address latches are not necessary for
the rest of the system the two chips (E3 and E4) may be replaced
by one latch that will save the appropriate AT bits for the -CAS
strobe.

5.8.1.2 Pulse Mode Clock (Single Channel DMA Controller) -- With
reference to Figure 5-23, pulse mode clock is wused in this
circuit. If this is not possible a delay line or RC combination
can be used for the generation of an edge between —-RAS assertion
(low) and =CAS assertion (low). This edge switches the AI
multiplexer from row address to column address in dynamic memory
systems. If a static memory system is being used this switching is
not needed. Pulse mode clock also produces a convenient edge in
the middle of PI that is useful when writing to peripherals.

5.8.1.3 Address Decode Structures -- A PLA or any other address
decode structure provides the following register selects:

S-A L Select address counter in DCO06's (DEC DMA chip)

S-C L Select word counter in DCMRA's

DMACR L DMACR (DMA Control Register) is an optional register
which may specify DMA direction and make DMA requests

under software control.

5.8.1.2 Operation Sequence (Single Channel DMA Controller) -- The
DCT11-AA software loads the DC00A's with the two's complement of
the word count and then with the bus address. Following the
loading, the peripheral is signaled thet the DMA set up is
complete.

The peripheral device makes &a DMA request by easserting the
upper DMA REQ H which in turn causes the assertion of DMR L. The
DCT11-AA issues a DMG and drives -RAS, -CAS, PI, and COUT. The
peripheral drives R/-WHB and R/-WLB and negates the signal upper
DMA REQ H. The signal ROWAD H is already asserted high when the
DMG cycle =starts. ROWAD H and DMG H send the output of AND gate
E8A high which asserts the read input to the NDCCCA's. The DCNDAR's
drive the address onto the DAL's where it is input by the address
latches which in turn drive the AI multiplexer inputs. During this
period the AI multiplexer is pointing to the row address inputs.
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Between -RAS assertion (low) and -CAS assertion (low) the trailing
edge of PMC COUT clocks latch E7A driving ROWAD H to a low state.
When ROWAD L goes high the AI multiplexer inputs switch to the
column address and the output of AND gate EBA goes low which
effects the DCO00A's in two ways:

. The DCO06's inputs go three-state so they stop driving
the address onto the DAL's.

- The word count and bus address registers of the low byte
DC006 are incremented. The word count increments by one
if the CNT1A input to E2 (WORD XFER) is low and by two if
it is high.

If the count in E2 reaches a maximum, the next count edge will
also increment E). When the word count overflows, WDCNT H is
asserted, which sets the DMR latch E7B and no further DMA requests
are made.

9.8.2 Software DMA Requests

A small modification to the hardware permits software DMA requests
and software specification of the transfer direction. Substitution
of the schematic in Figure 5-24 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). Writing a "1" to bit 0 of the DMACR
specifies DMA transfers 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
DCT11-AA during the same transaction that wrote the DMACR.

—CAS H —
PERIPHERAL DMA REQ H — Vee 1

Q R/ WHEB H
BUFDALIH—D a}l— BUFDALOH—D a
CONNECTED TO R/ —WHB
574 574 AND R/ —WLB DCT11-AA
DMACR L. —O) \ WRITE CR H - |
Pli L —0O) . 0 DMR L > apb— aIWER
R/WLB L—O
e ? 7
Vee
WDCNT H DMG L
Me S6ET
INIT H

Figure 5-24 Software DMR Control



5.9 WORKING WITH PERIPHERAL CHIPS

This discussion does not encompass all the peripheral chips that
will work with the DCT11-AA, but does cover a few selected ones.
Almost all peripheral chips will work with the DCT11-AA. The
following chips will be discussed:

® 8155 RAM, three ports, and timer
® 2651 PUSART (programmable serial line unit)
® DCO03 Interrupt Logic.

L B 8155 RAM and Three Ports and Timer

With reference to Figure 5-25, this example 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
I0/M control is accomplished by static addresses which remain
valid throughout the transaction.

8155
SAL<8> 10/M
SAL <15> ke 2e = (/0 PORT A
DAL<7:0> 8 lAD7:0
DCT11-AA L__olce o2t |/0 PORT B
—HASC%—————————————*%ALE

R/ —WHB : 54« 1/0 PORT C
|—RD} Ao

R/ -WLB
-wn P qwt

MA G524

Figure 5-25 8155

5:9,2 2651 PUSART

With reference to Figure 5-26, there are two facts which must be
understood when 1interfacing the 2651 PUSART to the DCT11-AA.
Compatibility depends on these two facts:

° Every DCT11-AA write is preceded by a read from the same
location (except stack operations, traps, interrupts, and
subroutines).

L] The 2651's receive data buffer and transmit data buffer
have the same address inside the chip. The buffers are
selected by the R/W input.

The involuntary read from the receive 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 transmit buffers and disable read transactions from
the transmit buffer.
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Figure 5-26 2651

MR.55356

For the same reason, the 2451 mode registers must be accessed by a
proper sequence of reads and writes. An example in 1lA-bit mode:

) To write mode register 1: disable transmit and receive

(control register <- 5), read mode register, write mode
register.

© To write mode register 2: disable transmit and receive
(control register <- 5), write mode register.

In 8-bit mode, the same operation takes place but byte
instructions must be used. If word instructions are used, then the

same 2651 register is accessed twice, thus incrementing the mode
register pointer.

The 25651's access time is 250ns, a READY slip should be used when
the DCT11-AA is running at frequencies greater than 7MHz.

If the DCT11-AA is running at a freduency greater than 6MHz, D0:D7
require buffering to the DAL's. The buffering is because the 2651

turn off time is 150ns maximum with a 100pf load. tCDE for the
DCT11-AA at AMHz is 148ns maximum.



5:9.3 DC003 Interrupt Logic

With reference to Figures 5-27 and 5-28, the interrupt chip is an
18-pin dual-in-line-package device that provides the circuits to
handle interrupts. The chip can be used in any externally vectored
interrupt scheme and the system does not have to be daisy-chained.
The device 1is wused in peripheral interfaces to provide two
interrupt channels labeled "A" and "B" with the A section at a
higher priority than the B section. DC003's may be daisy-chained
at any priority level.

RD 0A CONTROL STATUS REGISTER (CSR} H —

DAL<?>

A

DAL <B>
DC 003
DEV 0A IRQ H—— RQSTA ENA ST 4700
IAK L—C BIAKI 8IRQ o— % TO Al DRIVER
BCLR L—Qy BINIT BIAKO  [O— TONEXT DC 003 IN DAISY CHAIN
BDIN INITO D—
= DEV 08B IRQ H—{ RQSTB VECTOR |}—
ENA DAT vsz:zsr }LBEDTOGENERATEEXTEHNALVECTORS
DAL<5>{
ENB DAT ENB ST DAL<6>
ENA ENB
CLK CLK
1 T |
LOAD 0A LOAD 08 DEVOBIRQH DAL<T>
CSR H CSR H

RD OB CSR H

MRA.G60E

Figure 5-27 DCO03
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CHAPTER 6

ADDRESSING MODES AND
INSTRUCTION SET



6.1 INTRODUCTION
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 Addressing -- Part of the instruction word
specifies the registers; the rémaining parts provide
information for locating two operands.

o Direct Addressing -- The operand is the content of the
selected register.

a Deferred (Indirect) Addressing -- The contents of the
selected register is the address of the operand.

° Use of the PC as a General 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 with four
of the basic addressing modes, we produce the four
special PC modes -- immediate, absolute, relative, and
relative deferred.

° Use of the Stack Pointer as a General Purpose Register --
Can be used for stack operations.

6.2 ADDRESSING MODES
Data stored in memory must be accessed and manipulated. Data
handling is specified by a DCT1l-AA instruction (MOV, ADD, etc.),
which usually indicates:

o The function (operation code).

L] A general-purpose register is to be used when locating
the source operand and/or a general-purpose reglster to
be used when locating the destination operand.

L] An addressing mode (to specify how the selected

register(s) is/are to be used).



A large portion of the data handled by a computer is wusually
structured (in character strings, arrays, lists, etc.). DCT11-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 following ways.

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

° As pointers. The contents of the register is the address
of the operand, rather than the operand itself.

o As pointers which automatically step through memory
locations. Automatically stepping forward through
consecutive locations 1is known as autoincrement
addressing; automatically stepping backwards is known as
autodecrement addressing. These modes are particularly
useful for processing tabular or array data.

© As index registers. In this instance, the contents of
the register and the word following the instruction are
summed to produce the address of the operand. This

allows easy access to variable entries in a list.

An important DCT11-AA feature, which should be considered with the
addressing modes, 1is the register arrangement.

2 Six general-purpose registers (RO--R5)
° A hardware Stack Pointer (SP) register (R6)
® A Program Counter (PC) register (R7)



Registers RO through R5 are not dedicated to any specific
function; their use is determined by the instruction that is
decoded.

(] They can be used for operand storage. For example,

contents of two registers can be added and stored in
another register.

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

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

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

The DCT11-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,kas 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".

o The stack pointer (SP) keeps track of the latest entry on
the stack.
o 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 during trap or interrupt
handling to store information allowing the processor to
return to the main program.

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.



fs2ad Single Operand Addressing

The instruction format for all single operand instructions (such
as clear, increment, test) is:

15 08 05 04 03 02 00
T T T T T T T T T L3 ¥ T T
MODE Rn
L " 1 i i i i It 1 1 " A
LS A J
OP CODE DESTINATION ADDRESS

MR 5458

Figure 6-1 Single Operand Addressing

Bits 15 through & specify the 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 specify which of the eight

general-purpose registers is to be referenced by this
instruction word.

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

6.2.2 Double Operand Addressing

Operations which imply two operands (such as add, subtract, move,
and compare) are handled by instructions 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
operand instruction is:

15 12 i1 10 03 08 06 05 04 03 02 00
T T T T T T T T T T T
OF CODE MODE Rn MODE Rn
L i L ] " A 1 1 L I
LS J
SOURCE ADDRESS DESTINATION ADDRESS

MRA.-54589

Figure 6-2 Double Operand Addressing

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 following sample
DCT11-AA instructions. A complete listing of the DCT11l-AA
instructions is located in Paragraph 6.3.



Mnemonic
CLR

CLRB

INC

INCB

COM

COMB

ADD

2
]

DD

Description
Clear (zero the specified destination)

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)

Complement (replace the contents of the
destination by its logical complement;
each zero bit is set and each one bit is
cleared)

Complement byte (replace the contents of the
destination byte by its logical complement;
each 0 bit is set and each 1 bit is cleared).

Add (add source operand to destination
operand and store the result at destination
address)

number of a general register

destination field (six bits)

SS = source field (six bits)

( ) = contents of

6-2.3

Direct Addressing
The following table summarizes the four

direct addressing.

DIRECT MODES

Octal Code

0050DD

1050DD

0052DD

1052DD

0051DD

1051DD

06SSDD

basic modes used

Assembler
Mode Name Syntax Function
0 Register Rn Register contains operand
INSTRUCTION OPERAND

MA-5480

Figure 6-3 Mode 0 Register

with



2 Autoincrement (Rn)+ Register is used as a pointer to
sequential data then incremented

+2 FOR WORD,
+1 FOR BYTE

MA-5a61

INSTRUCTION ADDRESS OPERAND

Figure -4 Mode 2 Autoincrement

4 Autodecrement - (Rn) Register is decremented and then
used as a pointer.
INSTRUCTION ADDRESS -2 FORWORD, OPERAND
-1 FOR BYTE

MA-SA62

Figure 6-5 Mode 4 Autodecrement
6 Index X (Rn) Value X is added to (Rn) to

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

INSTRUCTION ADDRESS
‘:@_. OPERAND
X

MA GG

Figure -6 Mode 6 Index

6.2.3.1 Register Mode -- With register mode any of the gener?l
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 gnd
OPR is used to represent a general instruction mnemonic.
Assembler syntax requires that a general register be defined as
follows.

RO = %0 (% sign indicates register definition)
R1 = %1
R2 = %2, etc.

Registers are typically referred to by name as RO, Rl1, R2, R3, R4,
R5, R6, and R7. However, R6 and R7 are also referred to as SP and
PC, respectively.

6-7



OPR Rn

Register Mode Examples
(all numbers in octal)

Symbolic Octal Code Instruction Name
1. INC R3 005203 Increment
Operation: Add one to the contents of general purpose

register R3.

15 06 05 04 03 0z 00
] T L] T T L L] L L L 'I L Ll
0 0 0 0 1 0 1 0 1 0 0 0o 0 0 1 ' b 4 seLeer
- . . s : . . e - . | REGISTER
( S —— 1 S
|
OP CODE (INC(0052)) DESTINATION FIELD [
|
|
|
RO
|
R1 |
]
A2
|
R3 e
R4
RS
R6 (SP)
R7 (PC)

MASAGT

Figure 6~7 INC R3 Increment

2. ADD R2, R4 060204 Add
Operation: Add the contents of R2 to the contents of RA4.
BEFORE AFTER
R2 000002 R2 000002
R4 000004 R4 000006

MA-5468

Figure 6-8 ADD R2, R4 Add



3. COMB R4 105104 Complement Byte

Operation: 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 AFTER

R4 022222 R4 022155

MA-5459

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 of 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 autoincrement mode is especially 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. Although most useful for table handling,

this mode is completely general and may be used for a variety of
purposes.

OPR (Rn)+
Autoincrement Mode Examples
Symbolic Octal Code Instruction Name
1s QLR (R5)+ 005025 Clear
Operation: Use contents of R5 as the address of the

operand. Clear selected operand and then
increment the contents of R5 by two.

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20000 005025 RS 030000 20000 005025 RS 030002
i |
30000 1111118 30000 000000

MA Bafe

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

Operation: Use contents of R5 as the address of the
operand. Clear selected byte operand and then
increment the contents of R5 by one.

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20000 | 105025 R5 | oaoooo | 20000 | 105025 RS | 030001
T T T
30000 | 111 | 116 30000 | 111 | 000
30002 ! 30002 !

MI-S468

Figure 6-11 CLRB (R5)+ Clear Byte

3. ADD(R2)+,R4 062204 Add

Operation: The contents of R2 are used as the address of
the operand which is added to the contents of
R4. R2 is then incremented by two.

BEFORE AFTER
ADDRESS SPACE REGISTERS ADDRESS SPACES REGISTERS
10000 062204 R2 100002 10000 062204 R2 100004
R4 010000 R4 020000
100002 010000 100002 010000

CLE SR

Figure A-12 ADD (R2) + R4 Add

6.2.3.3 Autodecrement 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 one for byte instructions) and
then used as the address of the operand. The choice of
postincrement, predecrement features for the DCT11-AA were not
arbitrary decisions, but were intended to facilitate
hardware/software stack operations.

OPR- (Rn)
Autodecrement Mode Examples
Symbolic Octal Code Instruction Name
1. INC-(RO) 005240 Increment
Operation: The contents of RO are decremented by two and

used as the address of the operand. The
operand is incremented by one.

6-10
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BEFORE AFTER

ADDRESS SPACE REGISTERS ADDRESS SPACE REGISTER
1000 005240 RO 017776 1000 005240 RO 017774
i W
17774 000000 17774 000001

MRA-S468

Figure 6-13 INC -(R0O) Increment

2. INCB -(RO) 105240 Increment Byte

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

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1000 105240 RO 017776 1000 105240 RO 017775
|
L] * L
17774 | 000 | 000 17774 | ©O1 | 00O
R =
17776 | 17776 |
1 1

MA-5471

Figure 6-14 INCB =(R0O) Increment Byte

3. ADD -=(R3),R0O 064300 Add

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

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
10020 084300 RO 000020 10020 064300 RO 0000070
R3 077776 R3 077774
77774 000050 77774 000050
77776 77776

MA-5472

Figure 6-15 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 purpose 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. 1Index addressing instructions are of the form OPR
X(Rn) where X is the indexed word and is located in the memory
location following the instruction word and Rn is the selected
general purpose register.

OPR X (Rn)
Index Mode Examples
Symbolic Octal Code Instruction Name
1. CLR 200 (R4) 005064 Clear
000200
Operation: 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 ADDRESS SPACE REGISTER

1020 005064 R4 001000 1020 005064 R4 001000
1022 000200 1022 000200
1024 1000 1024

+200

1200

v

1200 177777 1200 000000
1202

MR-5473

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

Operation:

1020

1022

20176

20200

105161
000200

Complement Byte

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

3. ADD 30(R2),20(R5)

Operation:

1020
1022
1024

1130

2020

The contents
by adding 30
the contents
by adding 20
is stored at

BEFORE
ADDRESS SPACE REGISTER
105161 R1 017777
000200
017777
+200
i 320177
011 | poo
_{_
I
]
Figure 6-17

AFTER
ADDRESS SPACE REGISTER

1020 105161 R1 017777

1022 000200

20176 166 | 000
4

20200

MA-5474

COMB 200 (R1) Complement Byte

066255 Add
000030
000020

of a location which is determined
to the contents of R2 are added to
of a location which is determined
to the contents of R5. The result
the destination address, i.e.,

20 (R5) .
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
066265 R2 001100 1020 066265 R2 001100
000020 1022 000030
000020 RS 002000 1024 00D0z0 RS 002000
000001 1130 000001
000001 2020 000002
1100 2000
+30 +20
1130 2020
MRA-5475
Figure 6-18 ADD 30 (R2), 20 (RS) Add

13



6.2.4 Deferred (Indirect) Addressing

The four basic modes may also be used with deferred addressing.
Whereas in the register 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 table consists of addresses
rather than operands. Assembler syntax for indicating deferred
addressing is "@" (or "()" when this is not ambiguous). The

following table summarizes the deferred versions of the basic
modes.

Assembler
Mode Name Syntax Function
1 Register
Deferred @Rn or (Rn) Register contains the address of
the operand.
INSTRUCTION ADDRESS OPERAND
MRA-5476
Figure 6-19 Mode 1 Register Deferred
3 Autoincrement
Deferred @ (Rn) + Register is first used as a
pointer to a word containing the
address of the operand, then
incremented (always by two; even
for byte instructions).
INSTRUCTION ADDRESS ADDRESS OPERAND

MR.BAT?

Figure 6-20 Mode 3 Autoincrement Deferred

5 Autodecrement
Deferred @-(Rn) Register is decremented (always
by two; even for byte
instructions) and then used as a
peinter to a word containing the
address of the operand.
INSTRUCTION ADDRESS -2 ADDRESS OPERAND

t

MAS4TE

Figure 6-21 Mode 5 Autodecrement Deferred
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7 Index

Deferred

@X (R

n) Value X (stored in a word
following the instruction) and
(Rn) are added and the sum is
used as a pointer to a word
containing the address of the

operand.

moditied.

INSTRUCTION

A

ADDRESS

Figure 6-22

Neither X nor (Rn) is

m—v ADDRESS

QOPERAND

Mode 7 Index Deferred

MA-S8470

The following examples illustrate the deferred modes.

Register Deferred Mode Example

Symbolic
CLR @R5

Operation:

1677

1700

Code Instruction Name

The contents of location specified in R5 are

AFTER

ADDRESS SPACE

REGISTER

R5

001700

000000

Octal
005015 Clear
cleared.
BEFORE
ADDRESS SPACE REGISTER
RS 001700 1677
000100 1700
Figure 6-23

CLR @ RS Clear

Autoincrement Deferred Mode Example (Mode 3)

Symbolic
INC@ (R2)+

Operation:

Octal

005232

Code Instruction Name

Increment

MRA-5480

The contents of R2 are used as the address of
the address of the operand.

Operand is increased by one.
are incremented by two.

BEFORE
ADDRESS SPACE REGISTER
R2 010300
1010 000025 1010
1012 1012
10300 001010 10300
Figure 6-24

6-15

AFTER

ADDRESS SPACE

Contents of R2

REGISTER

R2

010302

000026

001010

INC @ (R2) + Increment

sARS481



Autodecrement Deferred Mode Example (Mode 5)

Symbolic

COM @° (RO)

Operation:

10100

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 ADDRESS SPACE REGISTER
012345 RO 010776 10100 165432 RO 010774
10102
010100 10774 010100
10776

MA-5482

Figure 6-25 COM @ (R0O) Complement

Index Deferred Mode Example (Mode 7)

Symbolic

Octal Code Instruction Name

ADD @ 1000(R2),R1 067201 ADD

Operation:

1050

001000

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 R1l; the result is stored in Rl.

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 067201 R1 001234 1020 06720 R1 001236
1022 001000 1022 001000
R2 000100 R2 000100
1024 1024
000002 1050 000002
1100 001050 1100 001050
1000
+100
1100

MAB8B3

Figure 6-26 ADD @ 1000 (R2), Rl Add
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6.2.5 Use of the PC as a General Register

Although register seven is a general purpose register, it doubles
in function as the program counter for the DCT11-AA. Whenever the
processor uses the program counter to acquire a word from memory,
the program counter is automatically incremented by two to contain
the address of the next word of the instruction being executed or
the address of the next instruction to be executed. (When the
program uses the PC to 1locate byte data, the PC is still
incremented by two.)

The PC responds to all the standard DCT11-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 utilizing the PC these modes are termed
immediate, absolute (or immediate deferred), relative and relative
deferred, and are-summarized below.

Assembler

Mode Name Syntax Function

2 Immediate #n Operand follows instruction.

3 Absolute e#A Absolute Address of operand
follows instruction.

6 Relative A Relative Address (index value)
follows the instruction.

T Relative 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 available for different users, it often
is helpful to be able to load it into different areas of memory
and run it there. DCT11-AA can accomplish the relocation of a
program very efficiently 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
relative to the PC can be used in all positions in memory. Thus,
PIC usually references locations relative to the current location.

The PC also greatly facilitates the handling of unstructured data.
This is particularly true of the immediate and relative modes.
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6.2.5.1 Immediate Mode (OPR #n,DD) -- Immediate mode (mode 2) is
equivalent to wusing the autoincrement mode with the PC. if =
provides time improvements for accessing constant operands by
including the constant in the memory location immediately
following the instruction word.

OPR #n,DD
Immediate Mode Example
Symbolic Octal Code Instruction Name
ADD #10,RD 062700 Add
000010
Operation: The value 10 is located in the second word of

the instruction and is added to the contents of
RO. 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 (autoincrement 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 AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 062700 RO 000020 1020 062700 RO 000030
1022 000010 c 1022 000010 PC
1024 1024 /

[LETT T

Figure 6-27 ADD # 10, RO Add
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6.2.5.2 Absolute Addressing (OPR @#A) -- This mode (mode 3) is the
equivalent of immediate deferred or autoincrement deferred using
the PC. The contents of the location following the instruction
are 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 instruction is
executed).

OPR @#A
Absolute Mode Examples
Symbolic Octal Code Instruction Name
1. CLR @#1100 005037 Clear
001100
Operation: Clear the contents of location 1100.
BEFORE AFTER
ADDRESS SPACE ADDRESS SPACE
20 005037 20 005037
22 001100 \PC 22 001100 PC

. '

—

1100 177777 1100 000000

1102 1102

Figure 6-28 CIR @ # 1100 Clear

2. ADD @#2000,R3 063703

002000
Operation: Add contents of location 2000 to R3.
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20 063703 \ R3 000500 20 063703 R3 001000
2 002000 PC 22 002000 PC

o 4 .__J
—

2000 000300 2000 000300

MA-S4E6

Figure 6-29 ADD @ # 2000 Add
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6.2.5.3 Relative Addressing (OPR A or OPR X(PC)) =-- This mode
(mode 6) is assembled as index mode using R7. The base of the
address calculation, which 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
operand. This mode is useful for writing position independent
code since the location referenced is always fixed 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 instructiocn

Relative Addressing Example

Symbolic Octal Code Instruction Name
INC A 005267 Increment
000054
Operation: To increment location A, contents of memory

location immediately following instruction word
are added to (PC) to produce address A.
Contents of A are increased by one.

BEFORE AFTER
ADDRESS SPACE ADDRESS SPACE
1020 005267 \ 1020 0005267
1022 000054 PC 1022 000054
1024 1024 je—PC
1026 1026
1100 000000 1024 1100 000001
$ _+54
1100

MA.Lan?

Figure 6-30 INC A Increment
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6.2.5.4 Relative Deferred Addressing (OPR @A or OPR @X(PC)) -—-
This mode (mode 7) is similar to the relative mode, except that
the second word of the instruction, when added to the PC, contains
the address of the address of the operand, rather than the address
of the operand.

OPR @A or OPR @X(PC)

where x is location containing address of A, relative to the
instruction

Relative Deferred Mode Example

Symbolic Octal Code Instruction Name
CLR @A 005077 Clear
000020
Operation: Add second word of instruction to updated PD to
produce address of address of operand. Clear
operand.
BEFORE AFTER
ADDRESS SPACE ADDRESS SPACE
(PC = 1020) 1020 005077 1020 005077
1022 DoD020 PC 1022 000020 PC
(PG =1022) 1024 1024 1024
+20
1044
'
1044 010100 1044 010100
10100 100001 10100 000000

MA-5ana

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 operations related to
program nesting. Autodecrement with Register six "pushes" data on
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
autodecrements are always done in steps of two. Byte operations
using the SP in this way leave odd addresses unmodified.



9.3 INSTRUCTION SET

The rest of Chapter 6 describes the DCT11-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

igstruction 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 one].

SYMBOLS:

() = contents of

]

SS or src source address

DD or dst destination address

loc location
€ = becomes

T = "is popped from stack"
V = "is pushed onto stack"
A = boolean AND

V = boolean OR

% = exclusive OR

= boolean not

REG or R = register

B = Byte

0 for word
B =

1 for byte
, = concatenated
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6.3.1 Instruction Formats

The following formats include all instructions used in the
DCT11-AA. Refer to individual instructions for more detailed
information.

1 Single Operand Group (CLR, CLRB, COM, COMB, INC, INCB, DEC,
DECB, NEG, NEGB, ADC, ADCB, SBC, SBCB,
TST, TSTB, ROR, RORB, ROL, ROLB, ASR,
ASRB, ASL, ASLB, JMP, SWAB, MFPS, MTPS,
SXT, XOR)

OF CODE DD(ss)

| 4 | | L L 5 1 1 L L L

MRS

Figure 6-32 Single Operand Group

2, Double Operand Group (BIT, BITB, BIC, BICB, BIS, BISB, ADD,
SuUB, MOV, MOvB, CMP, CMPB)

15 12 11 06 05 00

T T T T T T r ! T L] T T !

OF CODE 55 DD

L i

MRA-5182

Figure 6-33 Double Operand Group

3. Program Control Group
a. Branch (all branch instructions)
15 08 07 00
OF CODE OFFSET
Figure 6-34 Program Control Group Branch
b. Jump To Subroutine (JSR)
15 09 08 06 05 - : ; 00
0 0 4 R DD
] I I L | 1 1 i =1 [ L L
Figure 6-35 Program Control Group JSR
c¢. Subroutine Return (RTS)
15 03 02 - g 00
U Ll L D Ll T ] 0 2 u R

MR-5185

Figure 6-36 Program Control Group RST
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d. Traps (break point, IOT, EMT, TRAP, BPT)
15 - . v = : . : " - e 0o
. . ' l OF'CJDDE » '
Figure 6-37 Program Control Group Traps
e. Subtract I and branch (if = 0) (SOB)
15 . : : ; ; . 08 08 % : 05 . ; 00
a 0 T R NN
Figure 6-38 Program Control Group Subtract
4. Operate Group (HALT, WAIT, RTI, RESET, RTT, NOP, MFPT)
15 00

Figure 6-39

5 Condition Code Operators (all condition code instructions)

Operate Group

MA-5158

= - - : v . ; . 05 04 03 02 01 00
0 0 o 2 4 on N 4 v c
Figure 6-40 Condition Group
6.3.1.1 Byte Instructions -- The DCT11-AA includes a full
complement of instructions that manipulate byte operands. Since

all DCT11-AA addressing is byte-oriented, byte manipulation
addressing 1is straightforward. Byte instructions with
autoincrement or autodecrement direct addressing cause the
specified register to be moditied by one to point to the next byte
of data. Byte operations in register mode access the low-order
byte of the specitied register. These provisions enable the
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DCT11-AA to perform as either a word or byte processor.
numbering scheme for word and byte addresses in memory is:

HIGH BYTE
ADDRESS

002001 BYTE 1 BYTEO

002003 BYTE3 BYTE 2

Figure 6-41

WORD OR BYTE
ADDRESS

002000

002002

MA-8201

Byte Instructions

The

The most significant bit (Bit 15) of the instruction word is set
to indicate a byte instruction.

Example:
Symbolic Octal
CLR 0050DD Clear Word
CLRB 1050DD Clear Byte
6.3.2 LIST OF INSTRUCTIONS

The DCT11-AA instruction set is shown as follows:

SINGLE OPERAND
Mnemoniec

General
CLR (B)
COM(B)
INC (B)
DEC(B)
NEG (B)
TST (B)

Shift & Rotate
ASR (B)
ASL(B)
ROR (B)
ROL (B)
SWAB

Instruction

clear dst
complement dst
increment dst
decrement dst
negate dst
test dst

arithmetic shift right
arithmetic shift left
rotate right

rotate left

swap bytes

Multiple Precision

ADC (B)
SBC(B)
SXT

add carry
subtract carry
sign extend

6-25

Op Code

Wm050DD
m051DD
m052DD
mO053DD
m054DD
WmO057DD

m062DD
W063DD
W060DD
m061DD

0003DD

BWO055DD
WO056DD
0067DD



PS Word Operators

MFPS
MTPS

DOUBLE OPERAND

General
MOV (B)
CMP (B)
ADD
SUB

Logical
BIT (B)
BIC(B)
BIS (B)
XOR

PROGRAM CONTROL

Mnemonic

Branch

BR

BNE
BEQ
BPL
BMI
BVC
BVS
BCC
BCS

move byte from PS
move byte to PS

move source to destination
compare src to dst

add src to dst

subtract src from dst

bit test

bit clear
bit set
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
BLT
BGT
BLE

branch is greater than or equal (to zero)
branch if less than (zero)

branch if greater than (zero)

branch it less than or equal (to zero)

Unsigned Conditional Branch

BHI
BLOS
BHIS
BLO

branch if higher

branch if lower or same
branch if higher or same
branch if lower

1067DD
1064SS

B1SSDD
W2SSDD
06SSDD
16SSDD

W3SSDD
WA4SSDD
WM55SDD
074RDD

Op Code
or
Base Code

000400
001000
001400
100000
100400
102000
102400
103000
103400

002000
002400
003000
003400

101000
101400
103000
103400
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Jump & Subroutine

JMP

JSR
RTS

S0B

Trap & Interr
EMT

TRAP
BPT

I0T
RTI

RTT
MISCELLANEOUS

HALT

WAIT
RESET

MFPT

RESERVED INSTRUCTIONS

CONDITION CODE OPERATORS

CLC
CLV
CLZ
CLN
cce
SEC
SEV
SEZ
SEN
SCC
NOP

jump 0001DD
jump to subroutine 004RDD
return from subroutine 00020R
subtract one and branch (if # 0) 077R00
upt

emulator trap 104000--104377
trap 104400--104777
breakpoint trap 000003
input/output trap 000004
return from interrupt 000002
return from interrupt 000006
halt 000000
wait for interrupt 000001
reset external bus 000005
move processor type 000007

00021R

00022
clear C 000241
clear V 000242
clear Z 000244
clear N 000250
clear all CC bits 000257
set C 000261
set VvV 000262
set Z 000264
set N 000270
set all CC bits 000277
no operation 000240

6.3.3 Single Operand Instructions

NOTE
In all DCT11-AA instructions a write
operation (which in B8-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 an interrupt or trap
service routine.
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2. Interrupt and trap instructions:
HLT
TRAP
BPT
I0T
6.3.3.1 General bl
CLR
CLRB
CLEAR DESTINATION =0500D
16 06 05 00
0/ 0 0 [¢] 1 0 1 o 0 1] d d da d d d
L [ ) 1 l L 1 1 1 | L 4
Figure A-42 CLR
Operation: (dst) <0
Condition Codes: N: cleared
Z: set
V: cleared
C: cleared
Description: Word: Contents of specitied destination are

replaced with zeros.

Byte: Same
Example: CLR R1
Before Af ter
(R1) = 177777 (R1) = 000000
NZVC NZVC
LLLIL 0100
COM
COMB
COMPLEMENT DST =0510D
15 DG us L L L T T OD
(};'TIUIDTOTTIU'1 0 0 ] d d d d d d
Figure 6-43 COM
Operation: (dst)<€~ (dst)

Condition Codes:

set if most significant bit
cleared otherwise
set if result is 0;
cleared

set

N:

cleared

6-28
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Description:

Replaces the contents of the destination address
by their logical complement (each bit equal to 0
1s set and each bit equal to one is cleared)

Byte: Same

Example: COM RO
Before After
(RO) = 013333 (RO) = 164444
NZVC NZVC
0110 1001
INC
INCB
INCREMENT DST u0520D
15 06 05 00
01 a ] 8] 1 o 1 0 1 0 d d d d d

Operation:

Condition Codes:

Figure 6-44 INC
(dst)<(dst) + 1

N: set if result is <0;

cleared otherwise

Z: set if result is 0; cleared otherwise
V: set if (dst) held 077777; cleared otherwise

C: not affected

Description: Word: Add one to contents of destination
Byte: Same
Example: INC R2
Before After
(R2) = 000333 (R2) = 000334
NZVC NZVC
0000 0000
DEC
DECB
DECREMENT DST w5300
15 06 05 : . ; 00
on ' 0 : 0 L] 0 1 1] 1 1 d d d d d

Figure 6-45 DEC
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Operation:

Condition Codes:

Description:

(dst)<(dst) -1

N: set if result is <0, cleared otherwise

Z: set is result is 0; cleared otherwise

V: set if (dst) was 100000; cleared otherwise
C: not affected

Word: Subtract one from the contents of the
destination
Byte: Same

Example: DEC R5
Before Af ter
(R5) = 000001 (R5) = 000000
NZVC NZVC
1000 0100
NEG
NEGB
NEGATE DST =054DD
i5 06 05 — 00
01 0 0 0 1 0 1 1 0 0 d d d d d d

Operation:

Condition Codes:

Description:

Example:

Figure A-46 NEG
(dst) <€ —(dst)

N: set if the result is <0; cleared otherwise

Z: set if result is 0; cleared otherwise

V: set 1if the result is 100000; cleared
otherwise

C: cleared if the result is 0; set otherwise

Word: Replaces the contents ot the destination
address by its two's complement. Note that
100000 is replaced by itself (in two's
complement notation the most negative number has
no positive counterpart).

Byte: Same

NEG RO
Before After
(RO) = 000010 (RO) = 177770
NZVC NZVC
0000 1001
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TSTB
TEST DST =057D0
15 0605 00
1 T ' ¥ i 1 1 i L L} LI ] T 1l
01 0 0o 0 1 0 1 1 1 1 d d d d d d
A n L i | | | 4 I | | L L Il

MRA-8207

Figure 6-47 e
Operation: (dst) € (dst)

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 N and Z according
to the contents of the destination address,
contents of dst remains unmodified
Byte: Same

Example: TST R1
Before Af ter
(R1) = 012340 (R1) = 012340
NZVC NZVC
0011 0000

6.3.3.2 Shifts & Rotates -- Scaling data by factors of two is
accomplished by the shift instructions:

ASR -- Arithmetic shift right
ASL -- Arithmetic shift left

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
examples, are lost.

The rotate instructions operate on the destination word and the C
bit as though they formed a 17-bit "circular buffer.” These
instructions facilitate sequential bit testing and detailed bit
manipulation.

ASR
ASRB
ARITHMETIC SHIFT RIGHT w06200
15 06 05 00
1 L) T L T L) L) L L] ] T L] T T
on 0 0 0 1 1 0 o 1 0 d d d d d d
! Il 1 ! ! 1 | s .

Figure 6-49 ASR
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Operation: (dst) <€ (dst) shifted one place to the right

Condition Codes: N: set if the high-order bit of the result is
set (result < 0); cleared otherwise
Z: set if the result = 0; cleared otherwise
V: loaded from the Exclusive OR of the N-bit and
C-bit (as set by the completion of the shift
operation)
C: loaded from low-order bit of the destination

Description: Word: Shifts all bits of the destination right
one place. Bit 15 is reproduced. The C-bit is
loaded from bit zero of the destination. ASR
performs signed division of the destination by
two.

Byte: Same

} 15 00
T L L] T L] T T 1 L] T L L L] LE T
—_— - c |—»

BYTE:

15 ODD ADDRESS o8 [ 07 EVEN ADDRESS 00
T Ll T Li T Ll L L T Ll L] L L] L
I: — C c

1 i L 3 A s 'l 1 |

MA-5700

Figure 6-49 ASR Description

ASL
ASLB
ARITHMETIC SHIFT LEFT =063DD
15 06 05 00
o1 0 0 0 1 1 o 0 1 1 d d d d d d
Figure 6-50 ASL
Operation: (dst) €(dst) shifted one place to the left

Condition Codes: N: set if high-order bit of the result is set

(result < 0); cleared otherwise

Z: set if the result = 0; cleared otherwise

V: loaded with the exclusive OR of the N-bit and
C-bit (as set by the completion of the shift
operation)

C: loaded with the high-order bit of the
destination



Description: Word: Shifts all bits of the destination left
one place. Bit 2zero is loaded with an =zero.
The C-bit of the status word is loaded from the
most significant bit of the destination. ASL
performs a signed multiplication of the
destination by two with overflow indication.

Byte: Same
15 00
T T Ll Ll L L) 1 B i J Ll L] 1 L) L] T
C o -0
Il [ i i 4 4 i i i il L
BYTE:
15 0DD ADDRESS 08 07 EVEN ADDRESS 00
L] 1 L] L ] T L L L] L L} L] T i
C (e 0| C |ja—] -0
i | | 1 I L 1 [ A A

MAS21

Figure 6-51 ASL Description

ROR
RORB
ROTATE RIGHT =060DD
15 06 05 00
T T = T T T T T T T T T L] 1
on 0 0 0 1 1 0 0 ] 0 d d d d d d
i 4 Il ) 1 1 L I L 1 i i il I

MA-5212

Figure 6-52 ROR

Operation: (dst) € (dst) rotate right one place

Condition Codes: N: set if the high-order bit of the result is
set (result <0); cleared othewise
Z: set 1if all bits of result = 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 1low-order bit of the
destination
Description: Word: Rotates all bits of the destination right

one place. Bit 0 is loaded into the C-bit and
the previous contents of the C-bit are loaded
into bit 15 of the destination.

Byte: Same
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Example:

WORD:
|
15 0o
c e L] LE ] )
BYTE:
! i | :
15 = 08 07 00
oDD EVEN
Figure 6-53 ROR Description
ROL
ROLB
ROTATE LEFT =0610D
15 06 05 0o
0 0 0 1 1 0 0 0 1 d d d d d d
Figure A-54 ROL
Operation: (dst)<€(dst) rotate left one place

Condition Codes:

Description:

N:

set if the high-order bit of the result word
is set (result < 0); cleared otherwise

set If all bits of the result word = 0;
cleared otherwise

loaded with the Exclusive OR of the N-bit and
C-bit (as set by the completion of the rotate
operation)

loaded with the high-order bit of the
destination

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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Example:

WORD:
v
15 DST 00
Ll L T ~ L] L ] Ll L L T 1 L L L
C  je—
§ § i i i L 1 1 1 ! -
BYTES:
= C l c l
15 08 07 00
L) L) Ll L T L L] L L L L T T T
oDD EVEN
I L j i | | 4 4 1 1 | I i
MRASNE
Figure 6-55 ROL Description
SWAB
SWAP BYTES 0003DD
15 06 05 00
L L T B ] T L) L LI L L L ¥ T
0 i) a 1] 0 1] 1] a 1 1 d d d d d d
. i Il [ I | | | | |
MRAS5216
Figure A-56 SWAB
Operation: Byte 1/Byte 0 <Byte 0/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-order byte of result = 0; cleared
otherwise
V: cleared
C: cleared

Description: Exchanges high-order byte and low-order byte of
the destination word (destination must be a word
address).

Example: SWAB R1
Before After
(R1) = 077777 (R1) = 177577
NZVC NZVC
13311 0000
6.3.3.3 Multiple Precision -- It is sometimes necessary to do

arithmetic on operands considered as multiple words or bytes. The
DCT11-AA makes special provision for such operations with the
instructions ADC (Add Carry) and SBC (Subtract Carry) and their
byte equivalents.
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For example, two 16-bit words may be combined into a 32-bit double
precision word and added or subtracted as shown below.

32817 WORD
.

( 1

31 16 15 0
OPERAND Al AD

( i

31 16 15 0
OPERAND 81 80

31 16 15 0

RESULT

MAETT

Figure §-57 Multiple Precision

The addition of -1 and -1 could be performed as follows:

-1 = 37777777777
(R1) = 177777 (R2) = 177777 (R3) = 177777 (R4) = 177777

ADD R1,R2

ADC R3

ADD R4,R3

1. After (R1) and (R2) are added, 1 is loaded into the C bit
2. ADC instruction adds C bit to (R3); (R3) =0

3. (R3) and (R4) are added

4, Result is 37777777776 or =2

ADC
ADCB
ADD CARRY #0550D
15 06 05 00
o1 0 0 0 1 0 1 1 0 1 d d d gy d
| n | 1 1 L L 1 | I I
Figure 6-58 ADC
Operation: (dst)<€(dst)+(C bit)

6-36



— g

Condition Codes:

Description:

N: set if result < 0: cleared otherwise

Z: set 1if 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

Example: Double precision addition may be done with the
following instruction sequence:
ADD AQ,BO ;add low-order parts
ADC Bl ;add carry into high-order
ADD Al,Bl ;add high-order parts
SBC
SBCB
SUBTRACT CARRY ®0560D0
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
01 o 0 0 1 0 1 i 1 o d d d d d d
Figure 6-59 SBC
Operation: (dst)<(dst)=(C)

Condition Codes:

Description:

Example:

N: set if result <0; cleared otherwise

Z: set if result 0; cleared otherwise

V: set if (dst) was 100000; cleared otherwise

C: set if (dst) was 0 and C was 1l; cleared
otherwise

Word: Subtracts the contents of the C-bit from
the destination. This permits the carry from
the subtraction of two low-order words to be
subtracted from the high order part of the
result.

Byte: Same

Double precision subtraction is done by:
SUB A0,BO

SBC Bl
SUB Al,Bl
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SXT

SIGN EXTEND 00670D
15 : aa 06 05 00
0 0 0 0 1 1 0 1 1 1 d d d d d d
Figure 6-=60 SXT
Operation: (dst)<0 if N-bit is clear
(dst) <1 N-bit is set
Condition Codes: N: unaffected
Z: set if N-bit clear
V: cleared
C: unattected
Description: 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 1is particularly
useful in multiple precision arithmetic because
it permits the sign to be extended through
multiple words.
Example: SXT A
Before After
(A) = 012345 (A) = 177777
NZVC NZVC
1000 1000
6.3.3.4 PS Word Operators --
MFPS
MOVE BYTE FROM PROCESSOR STATUS WORD 10670D
15 08 0? L T L m
1 0 0 0 1 1 o 1 1 1 d d d d d d
Figure 6-61 MFPS
Operation: (dst) €PS

Condition Code
Bits:

dst lower 8 bits

set if PS bit 7 = 1; cleared otherwise
set if PS <0:7> = 0; cleared otherwise
cleared

not affected

N<N =z
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Description:

The 8 bit contents of the PS are moved to the
effective destination. If destination is mode
0, PS bit 7 is sign extended through upper byte
of the register. The destination operand
address is treated as a byte address.

Example: MFPS RO
Before After
RO [0] RO [000014]
PS [000014] PS [0000001

MTPS
MOVE BYTE TO PROCESSOR STATUS WORD 106458
15 = 08 07 00
1 0 0 0 1 1 0 1 0 0 s 5 s s 5 5
Figure f-62 MTPS
Operation: PS<€(src)

Condition Codes:

Description:

Example:

Set according to effective SRC 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 SRC operand remains
unchanged. This instruction can be used to
change the priority bits (PS bits 7--5) in the
PS.

MTPS R1
Before After
(R1) = 000777 (R1) = 000777
(PS) = XXX000 (PS) = XXX357
NZVC NZVC
0000 1111

6.3.4 Double Operand Instructions

Double operand instructions save instructions (and time) since
they eliminate the need for "load" and "save" sequences such as
those used in accumulator-oriented machines.
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6.3-4-1 Generﬂl "

MOV
MOVB
MOVE SOURCE TO DESTINATION ®1550D
15 121 06 05 00
01 0 0 1 s H § H 5 H d d d d d d
Figure 6-63 Mov
Operation: (dst) € (src)

Condition Codes:

Description:

Example:

N: set if (src) <0;

cleared otherwise

Z: set if (src) = 0;
V: cleared

C: not affected
Word: Moves the

destination location.
the destination are lost.

source

cleared otherwise

operand to the
The previous contents of
The contents of the

source address are not affected.

Byte:
(unique

Same as MOV.
among byte

instructions)

The MOVB to a
extends

register
the

most significant bit of the low order byte (sign

extension).

Otherwise MOVB operates on bytes

exactly as MOV operates on words.

MOV XXX,R1

MOV #20,R0

MOV @#20,-(R6)

MOV (R6)+,@#177566

MOV R1,R3
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;loads Register one with
the contents of memory
location; XXX represents
a programmer-defined
mnemonic used to
represent a memory
location.

; loads the number 20 into
Register 0; "#" indicates

that the value 20 is the
operand.
; pushes the operand

contained in location 20
onto the stack.

;pops the operand off a
stack and moves it into
memory location 177566
(terminal print buffer).

;performs an inter

register transfer.



MOVB @#177562,@%#177566 ;moves a character from

terminal keyboard buffer

to terminal printer
buffer.
CMP
CMPB
COMPARE SRC TO DST w255DD
15 12 11 06 05 00
L] L) L L] L L) L L) L T L L] L]
01 0 1 0 s s s s 5 5 d d d d d d
- [ i A B 1 i | L 3 3
MR 5214
Figure 6-64 CMP

Operation:

Condition Codes:

Description:

(src)=-(dst)

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.
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

Operation:

Condition Codes:

customarily followed by a conditional branch
instruction. Note: Unlike the subtract
instruction the order of operation is
(src)-(dst), not (dst)-(src).
ADD
ADD SRC TO DST 065500
15 12 1 06 05 . . : 00
0 1 1 0 5 5 H 1 5 3 d d d d d d
Figure 6-65 ADD
(dst)<€(src)+(dst)
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 1is both

operands were of the same sign and the result
was of the opposite sign; cleared otherwise.
set if there was a carry from the most
significant bit of the result; cleared
otherwise.
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Description:

Adds the source operand to the destination
operand and stores the result at the destination

address, The original 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.

Condition Codes:

Description:

Examples: Add to register: ADD 20,R0
Add to memory: ADD R1 ,XXX
Add register to register: ADD R1,R2
Add memory to memory: ADD @#17750 ,XXX
XXX is a programmer-defined mnemonic for a
memory location.
SUB
SUBTRACT SRC FROM DST 165SDD
‘5_'_ T 12 L ) L L) T T = 05 T T L3 L
1 b} 1 0 H s H 5 H 5 d d d d d d
Figure 6-66 SUB
Operation: (dst) €(dst)-(src)

N: set if result <0; cleared otherwise

Z: set if result = 0; cleared otherwise

V: set if there was arithmetic overflow as a
result of the operation, that is if operands
were of opposite signs and the sign of the
source 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.

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.



Example:

SUB R1,R2
Before After
(R1) = 011111 (R1) = 011111
(R2) = 012345 (R2) = 001234
NZVC NZVC
1111 0000

6.3.4.2 Logical -- These instructions have 'the same format as the

double operand arithmetic group.
at the bit level.

They permit operations on data

BIT
BITB
BIT TEST w3SSDD
15 12 1 06 05 1]
an ] 1 1 H ] 5 5 5 5 d d d d d d
Figure 6-67 BIT
Operation: (src) A (dst)
Condition Codes: N: set if high-order bit of result set; cleared

Description:

Example:

otherwise
Z: set if result = 0;
V: cleared
C: not affected

cleared otherwise

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 1in the
destination are also set in the source or
whether all corresponding bits set in the
destination are clear in the source.

BIT #30,R3 test bits three and four of R3
to see if both are off

R3 = 0 000 000 000 011 0O0O

Before After

NZVC NZVC

1111 0001



BICB
BIT CLEAR 245500
15 . v : 12 11 ' . - ; 06 05 0o
0/1 1 4] 0 § s s ] S 5 d d d d d d
[ 4 L 1 1 i i | i b i
Figure 6-68 BIC
Operation: (dst)<~ (src) A (dst)
Condition Codes: N: set if high order bit of result set;
otherwise
Z: set 1if result = 0; cleared otherwise
V: cleared
C: not affected
Description: Clears each bit in the destination
corresponds to a set bit in the source.
original contents of the destination are lost.
The contents of the source are unaffected.
Example: BIC R3,R4
Before After
(R3) = 001234 (R3) = 001234
(R4) = 001111 (R4) = 000101
NZVC NZVC
I 1 11 0001
Before: (R3) = 0 000 001 010 011 100
(R4) = 0 000 001 001 001 OO1
After: (R4) = 0 000 000 001 000 001
BIS
BISB
BIT SET ®5550D
15 L L L ‘2 11 1 T L L Ll w 05 L T L L uﬂ
on 1 0 1 s H s s s s d d d d d
Figure 6-69 BIS
Operation: (dst)€(src) V (dst)

Condition Codes:

otherwise

set if result

cleared

not affected

6
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0;

N: set if high-order bit of result set,

cleared otherwise

cleared

cleared



Description:

Example:

Performs

result

at the
corresponding bits set in the source are set in

"Inclusive OR"

operation between
source and destination operands and leaves

destination address;

the
the

that is,

the destination. The contents of the
destination are lost.
BIS RO,R1
Before After
(RO) = 001234 (RO) = 001234
(R1) = 001111 (R1) = 001335
NZVC NZVC
0000 0000
Before: (RO) = 0 000 001 010 011 100
(R1) = 0 000 001 001 001 0OO1
After: (R1) = 0 000 001 011 011 101
XOR
EXCLUSIVE OR 074RDD
15 . 08 08 06 05 3 . = - 00
0 1 1 1 0 0 r r r d d d d d d
Figure A-70 XOR

Operation:

Condition Codes:

Description:

Example:

(dst) €(reg) A~ (dst)

N: set if the result <0; cleared otherwise
Z: set if result = 0; cleared otherwise

V: cleared

C: unaffected

The exclusive OR of the register and destination
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operand is stored in the destination address.
Contents of register are unaffected. Assembler
format 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 OO1

After: (R2) = 0 000 000 011 010 101



6.3.5 Program Control Instructions

6.3.5.1 Branches -- These instructions cause a branch to a
location defined by the sum of the offset (multiplied by two) and
the current contents of the Program Counter if:

2 |1 the branch instruction is unconditional.

2 it is conditional and the conditions are met after
testing the condition codes (NZVC).

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.

Although 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 the backward direction by
200, words (400 bytes) from the current PC, and in the forward
dirgction by 1775 words (376 bytes) from the current PC.

The DCT11-AA assembler handles address arithmetic for the user and
computes and assembles the proper offset field for branch
instructions in the form:

Bxx loc

Where "Bxx" is the branch instruction and "loc" is the address to
which the branch is to be made. The assembler gives an error
indication in the instruction it the permissible branch range is
exceeded. Branch instructions have no effect on condition codes.
Conditional branch instructions where the branch condition is not
met, are treated as NO OPs.

BR
BRANCH (UNCONDITIONAL) 000400 PLUS OFFSET
15 08 07 00
T T ] T o, L] L] L Ll L L L L L
. o 6 @ - 0 0 1 OFFSET
I d . - ! e d 1 1 [ I Il
MRS
Figure 6-71 BR
Operation: PC<PC+ (2 X offset)

Condition Codes: Unaffected
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Description:

New PC address =
Updated PC =

Example:

Provides a way of transferring program control
within a range of -12810 to +12710 words with a
one word instruction.

updated PC + (2 X offset)
address of branch instruction +2

With the Branch instruction at location 500, the
following offsets apply.
New PC Address

Of fset Code Offset (decimal)

474 315 -3
476 376 -2
500 377 =1
502 000 0
504 001 +1
506 002 +2
BNE
BRANCH |F NOT EQUAL (TO ZEROQ) 001000 PLUS OFFSET
15 08 07 00
0 ] 4] o 0 1 0 OFFSET '
Figure A-72 BNE
Operation: PC<PC+ (2 X offset) if Z =0

Condition Codes:

Description:

Example:

Unaffected

Tests the state of the Z-bit and causes a branch
if the Z-bit is clear. BNE is the complementary
operation to BEQ. It is used to test inequality
following a CMP, to test that some bits set in
the destination were also in the source,
following a BIT operation, and generally, to
test that the result 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 # 0

ADD A,B
BNE C

;add A to B
;Branch if the result is not
equal to O
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001400 PLUS OFFSET

15 08 07 00
0 o 0 0 o] 0 1 1 OFFSET
Figure 6-73 BEQ
Operation: PC<PC+ (2 X offset) if Z =1

Condition Codes:

Description:

Example:

BPL

BRANCH IF PLUS

Unaffected

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 CMP operation, to test that
no bits set in the destination were also set in

the source
generally, to
previous operation

Branch to C if A =

CMP A,B
BEQ C

Branch to C if A +

ADD A,B
BEQ C

following a
test that the

BIT
was ZzZero.
B (A-B = 0)

jcompare A and B
;branch if they are eq

B =20

;jadd A to B
;branch if the result

operation,
result of the

ual

=0

100000 PLUS OFFSET

08 o7 00

T T i T i 1 I ¥ T T T

Operation:
Condition Codes:

Description:

MRA-5234

Figure 6§-74 BPL

PC<PC+ (2 X offset) ifFEN=0
Unaffected

Tests the state of the N-bit and causes a branch
if N is clear, (positive result). BPL is the
complementary operation of BMI.
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BRANCH |F MINUS

BMI
100400 PLUS OFFSET

08 07 00

T T T T T T T T T T T
OFFSET

1 1 e i d 1 1 L I i

Operation:
Condition Codes:

Description:

MA-5235

Figure 6-75 BMI

PC€PC+ (2 X offset) if N =1
Unaffected
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. BMI is the
complementary function of BPL.
BVC
BRANCH IF OVERFLOW IS CLEAR 102000 PLUS OFFSET
15 07 00
1 0 0 o (V] i 0 0 OFFSET
Figure 6-76 BVC
PC<€PC+ (2 X offset) if V =0

Operation:
Condition Codes:

Description:

Unaffected

Tests the state of the V-bit and causes a branch
if the V bit is clear. BVC is complementary
operation to BVS.

BVS
BRANCH IF OVERFLOW IS SET 102400 PLUS OFFSET
15 08 07 00
1 o 0 0 o0 1 1] 1 OFFSET
Figure 6-77 BVS
PC4PC+ (2 X offset) if V =1

Operation:
Condition Codes:

Description:

Unaffected

Tests the state of V-bit (overflow) and causes a
branch if the V bit is set. BVS is used to
detect arithmetic overflow in the previous
operation.
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BCC

BRANCH IF CARRY IS CLEAR 103000 PLUS OFFSET

1 0 0 0 0 1 1 0 OFFSET

I " i | i " 4 I i i == ee A

Figure 6-78 BCC
Operation: PC«PC+ (2 X offset) if C =0
Condition Codes: Unaffected

Description: Tests the state of the C-bit and causes a branch

£ © 15 tclsar., BCC 1is the complementary
operation to BCS.

BCS
BRANCH IF CARRY IS SET 103400 PLUS OFFSET
15 08 07 00
1 0 1] 1] 0 1 1 1 OFFSET
i . L | | 1 i £ i i | 1 L I
Figure 6-79 BCS
Operation: PC<4PC+ (2 X offset) if C =1

Condition Codes: Unaffected

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 -- Particular 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.



Note that the sense of signed comparisons differs from that of
unsigned comparisons in that in signed 16-bit, two's complement
arithmetic the sequence of values is as follows.

largest 077777
077776
positive ’

000001
000000
i 0 0 4
177776

-

negative i

100001
smallest 100000

whereas in unsigned 16-bit arithmetic the sequence is considered
to be

highest 177717
000002
000001
lowest 000000
BGE
BRANCH IF GREATER THAN OR EQUAL 002000 PLUS OFFSET
(TO ZERO)
15 BP0 p—t . . —
0 a 8] 0 ] 1 0 0 OFFSET
Figure 6-80 BGE
Operation: PC<PC+ (2 X offset) if N~V =0
Condition Codes: Unaffected
Description: Causes a branch if N and V are either both clear

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
cause a branch on a zero result.



BLT

BRANCH IF LESS THAN (ZERO) 002400 PLUS OFFSET
15 08 07 00
0 0 0 0 0 1 0 1 OFFSET
Figure 6-81 BLT
Operation: PC<PC+ (2 X offset) if NV =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 CMP instruction operating on a
negative source and a positive destination (even
it overflow occurred). Further, BLT will never
cause a branch when it follows a CMP 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
15 08 07 g s
0 ' 0 0 0 0 1 1 0 OFFSET

Figure 6-82 BGT

Operation: PC<PC+ (2 X offset) if ZV (NV) =0

Condition Codes: Unaffected

Description: Operation of BGT is similar to BGE, except BGT
will not cause a branch on a zero result.

BLE

BRANCH IF LESS THAN OR EQUAL (TO ZERO)

15

003400 PLUS OFFSET

08 07 00

L] L L L] L

OFFSET
d 1 A A " d i L A A

MR.EZ43

Figure 6-83 BLE
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Operation: PC€PC+ (2 X offset) if ZV (NaV) =1

Condition Codes: Unaffected
Description: Operation is similar to BLT but in addition will

cause a branch it the result of the previous
operation was zero.

6.3.5.3 Unsigned Conditional Branches -- The unsigned conditional
Branches provide a means for testing the result of comparison
operations in which the operands are considered as unsigned
values.

BHI

BRANCH IF HIGHER 101000 PLUS OFFSET

i 1 T L T T Lf L] T T T L T T

1 0 0 0 o 0 1 0 OFFSET

A i I i i L | 4 i 1 | 1 i i

MA-SXas

Figure 6-84 BHI

Operation: PC<PC+ (2 X offset) if C

0 and Z =0
Condition Codes: Unaffected

Description: Causes a branch if the previous operation caused

neither a carry nor a zero result. This will
happen in comparison (CMP) operations as long as
the source has a higher unsigned value than the
destination.

BLOS

BRANCH IF LOWER OR SAME 101400 PLUS OFFSET

15 08 07 00

L L L 1 1 T 1 1 1 ¥ L] L Ll Ll

1 0 0 o 8] 0 1 1 OFFSET

i L L [ | | | I I [ [ A b 4

MRA.52a8

Figure /-85 BLOS

Operation: PC<€PC+ (2 X offset) if CvZ =1

Condition Codes: Unaffected

Description: Causes a branch if the previous operation caused
either a carry or a zero result. BLOS is the
complementary operation to BHI. The branch will
occur in comparison operations as long as the
source is equal to, or has a lower unsigned

value than the destination.



BHIS

BRANCH IF HIGHER OR SAME 103000 PLUS OFFSET

T T T T T T T T T T T T T T
1 0 0 0 0 1 1 0 OFFSET

L i i A 1 ) 1 i I i 1 i L I

MR-&246

Figure 6-86 BHIS

Operation: PC<PC+ (2 X offset) if C =0

Condition Codes: Unaffected

Description: BHIS is the same instruction as BCC. This
mnemonic included only for convenience.
BLO
BRANCH IF LOWER 103400 PLUS OFFSET
15 08 07 00
1 0 0 o 0 1 1 1 OFFSET
Figure 6-87 BLO

Operation: PC<€PC+ (2 X offset) if C =1

Condition Codes: Unaffected

Description: BLO is same instruction as BCS. This mnemonic
is included only for convenience.

6.3.5.4 Jump & Subroutine Instructions -- The subroutine call in
the DCT11-AA provides for automatic nesting of subroutines,
reentrancy, and multiple entry points. Subroutines may call other
subroutines (or indeed themselves) to any level of nesting without
making special provision for storage of return addresses at each
level ot subroutine call. The subroutine calling mechanism does
not modify any fixed 1location in memory, thus providing for
reentrancy. This allows one copy of a subroutine to be shared
among several interrupting processes.

JMP
Jump 0001DD
i5 06 05 00
Ll T i =B L] T L] T T T L] 1 T I
@1 @ g0l m sl o LE L i 1 d d d d° 4 o
I | | L I L I} | L L

MA 5248

Figure 6-88 JMP



Operation:

Condition Codes:

Description:

Example:

First:

JUMP TO SUBROUTINE

PC< (dst)
Unaffected

JMP provides more flexible program branching
than provided with the branch instructions.
Control may be transferred to any location in
memory (no range limjtation) and can be
accomplished with the full flexibility of the
addressing modes, with the exception of register
mode 0. Execution of a jump with Mode 0 will
cause an "illegal 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 control 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
address.

Deferred index mode JMP instructions permit
transfer of control to the address contained in
a selectable element of a table of dispatch
vectors.

JMP FIRST

;Transfers to First

JMP @QLIST :Transfers to location pointed
to ‘at LIST

FIRST ;pointer to FIRST

JMP @(SP)+ ;Transfer to location pointed
to by the top of the stack, and
remove the pointer from the

stack.
JSR

Operation:

MRA-6248

Figure 6-89 JSR

(tmp)<€(dst) (tmp is an 1internal processor
register)

¥ (SP) €reg (Push reg contents onto processor
stack)

reg<PC (PC holds location following JSR; this
address now put in req)
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Operation:

Description:

PC< (dst) (PC now points to subroutine
destination)

In execution of the JSR, the old contents of the
specified register (the "LINKAGE POINTER") are
automatically pushed onto the processor stack
and new linkage information placed in the

register. Thus subroutines nested within
subroutines 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 called 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

rocessor stack execution of a subroutine may be
interrupted, the same subroutine reentered and
executed by an interrupt service routine.
Execution of the initial subroutine can then be
resumed when other requests 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 call with either autoincrement addressing,
(reg) +, (1€ arguments are accessed
sequentially) or by indexed addressing, X(reg),
(if accessed in random order). 'These addressing
modes may also be deferred, @(reg)+ and @X(reqg)
if the parameters are operand addresses rather
than the operands themselves.

JSR PC, dst is a special case of the DCT1l-AA
subroutine call suitable for subroutine calls
that transmit parameters through the general
registers. The SP and the PC are the only
registers that may be modified by this call.

Another special case of the JSR instruction 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 top element of the
processor stack into the specified register.
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Example:

R5 R6 R7
SBCALL: JSR R5,SBR #1 n SBCALL
SBCALL+4: ARG 1
ARG 2
SBCALL+2+2M: ARG M
CONT: Next Instruction $1 n CONT
SBR: MOV (R5)+,dst 1 SBCALL+4 n-2 SBR
MOV (R5)+,dst 2
MOV (R5)+,dst M SBCALL+2+2M
Other Instructions CONT
EXIT: RTS R5 CONT n-2 EXIT
BEFORE: AFTER:
JSR RS, SBR
{PC) R7 PC STACK R7 SBR
DATAD
{SP) RE6 n DATAD R6 n-2 #1
RS | #1 | RS PC+2
JSR PC, SBR
(PC)  R7 PC STACK R7
DATAD
ISP} R6 n DATAOD R6 n=2 PC+2
Figure 6-90 JSR Example
RTS
RETURN FROM SUBROUTINE 00020R
15 03 02 _Im
nl u' o' a' ot 0 ] 0 1 0 0 r r r

Figure 6-91
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Operation: PC < (reg)
(reg) < (spP) T
Description: Loads contents of register into PC and pops the
top element of the processor stack into the
specitied register.
Return from a non-reentrant subroutine 1is
typically made through the same register that
was used in its call. Thus, a subroutine called
with a JSR PC, dst exists with a RTS PC and a
subroutine called with a JSR R5, dst, may pick
up parameters with addressing modes (R5) +,
X(R5), or @X(R5) and finally exists, with an RTS
R5 -
Example: RTS RS
RTS BS STACK
BEFORE: (PC) R7 SBR
DATAO
ISP} RE n #1
RS PC
AFTER: R7 PC
RG6 n+2 > DATA O
R5 #1
Figure 6-92 RTS Example
SOB
SUBTRACT ONE AND BRANCH (IF # 0} O77RNN
15 09 08 06 056 5 00
o 1 1 i 1 1 r r T OFFSET
Figure 6-93 SOB
Operation: (R) € (R) =1; it this result # 0 then PC < PC

Condition Codes:

-(2 X offset) if (R) = 0; PC < PC

Unaffected
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Description: The register is decremented. If it is not equal
to zero, twice the offset is subtracted from the
PC (now pointing to the following word). The
offset is interpreted as a sixbit positive
number. This instruction provides a €fast,

efficient method of 1loop control. Assembler
syntax is:

SOB R,A

where A is the address to which transfer is to
be made if the decremented R is not equal to 0.
Note that the S0OB instruction cannot be used to
transfer control in the forward direction.

6.3.5.5 Traps —— Trap instructions provide for calls to emulators,
I/0 monitors, debugging packages, and user-defined interpreters.
A trap is effectively 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.

EMT
EMULATOR TRAF 104000-104377
16 08 07 - : 00
1 o0 0 0 1 o0 0 0
[ A 1 j | 4 L I 1 [ § L o I
Figure 6-94 EMT
Operation: ¥ (SP) €PS
¥ (SP)<PC
PC<(30)
PS<(32)
Condition Codes: N: loaded from trap vector
Z: loaded from trap vector
V: loaded from trap vector
C: loaded from trap vector
Description: 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 trap vector for
EMT is at address 30. The new PC is taken from
the word at address 30; the new processor status
(PS) is taken from the word at address 32.
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Caution: EMT is used frequently by DEC system
software and is therefore not recommended for
general use,

PS PS1

PC PC1 STACK
BEFORE:

SP n DATAN
AFTER: PS (32)

PC (301 DATA

PS
SP n—4 PC1

MA-5258

Figure 6-95 EMT Example

TRAP
TRAP 104400104777
i 5 T T L] m 0? L L Ll T T T L m
1 0 0 0 1 0 0 1
A " o l 1 1 A k | I 1 A A A
Figure 6-96 TRAP
Operation: ¥ (SP) €PS
Vv (SP)<PC
PC< (34)
PS<(36)

Condition Codes: N: loaded from trap vector
Z2: 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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Note: Since DEC software makes frequent use of

EMT, the TRAP instruction is recommended for
general use.

BPT

BREAKPOINT TRAP 000003

MA-5267

Figure 6-97 BPT

Operation: Vv (SP) €PS
Vv (SP)<PC

PC<(14)

PS<(16)

Condition Codes: N: loaded from trap vector
Z: loaded from trap vector
V: loaded from trap vector
C: loaded from trap vector

Description: 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.)

10T
INPUT/OUTPUT TRAP 000004
ls_l 1 T L L LS ] T L ' LE L] Ll T L] &
0 o0 o 0 [} 0 0 0 8] 0 0 0 0 1 0 0
Figure 6-98 10T
Operation: Vv (SP) €PS
v (SP)<PC
PC< (20)
P5<(22)
Condition Codes: N: loaded from trap vector
Z:; loaded from trap vector
V: loaded from trap vector
C: loaded from trap vector
Description: Performs a trap sequence with a trap vector

address of 20.

(No information is transmitted in the low byte.)
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Operation:

Condition Codes:

Figure 6-99 RTI

PC<(SP)T
PS<(SP) T

loaded
loaded
loaded
C: loaded

<NZ

from
from
from

processor
processor
processor

stack

stack
stack

MRG58

from processor stack

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 000006
15 T L 1 L L Ll L Ll 1 1 m
0 0 i} 0 o (1] o 0 0 0 ] ] 0 i 1 0
I T I 1 | L I I i 1 T " ke

Figure 6-100 RTT

Operation: pCc<(sP) T
PS< (sSP) T
Condition Codes: N: loaded from processor stack
Z: loaded from processor stack
V: loaded from processor stack
C: loaded from processor stack
Description: Operation is the same as RTI except that it

inhibits a trace trap while RTI permits trace
trap. If new PS has T bit set, trap will occur
after execution of first instruction after RTT.

6.3.5.6 Reserved Instruction Traps —-- ‘l'hese are caused by attempts
to execute 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 1Interrupt -- This is caused by the -HALT line

(AI<7>). The -HALT interrupt saves the PC and PSW and goes to the
restart address with PS = 340.

6.3.5.8 Trace Trap -- Trace Trap is enabled by bit four of the PS
and causes processor traps at the end ot instruction execution.
The instruction that is executed after the instruction 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 transparent to the general programmer.

6.3.5.9 Power Failure Interrupt -- Occurs when -PF line (AI<6>) is
asserted. Vector for power failure is location 24 and 26. Trap

will occur if an RTI instruction 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
indirectly by executing a RTI or RTT

instruction with the desired PS on the
stack.

6.3.5.11 Special Cases T-bit -- The following are special cases of
the T-bit.

NOTE
The traced instruction is the
instruction after the one that set the
T-bit.
1. An instruction that cleared the T-bit -- Upon fetching
the traced instruction, an internal flag, the trace flag,
was set, The trap will still occur at the end of

execution ot this instruction. The status word on the
stack, however, will have a clear T-bit.

2 An instruction that set the T-bit -- Since the T-bit was

already set, setting it again has no effect. The trap
will occur.

3 An instruction that caused an Instructiqn Trap -- The
instruction trap is performed and the entire routine gor
the service trap is executed. If the service routine
exists with an RTI or in any other way restores the
stacked status word, the T-bit is set again, the
instruction following the traced instruction is executed
and, unless it is one of the special cases noted
previously, a trace trap occurs.
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4. Interrupt Trap Priorities -- 1In case of multiple
processor trap and interrupt conditions, occurring
simultaneously, the following order of priorities 1is
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
HALT 000000
15 L
0 0 0 o i) 0 0 0 0 0 0 0 o 1] 0 4]
L | | | [ L I 1 | il 1 L I8
Figure 6-101 HALT
Operation: ¥ (SP) €PS
Vv (SP)<PC
PC<restart address
PS<340

Condition Codes: Unaffected

Description: The processor goes to the restart address after
placing the current PC and PS on the stack. PS
is initialized to 340.

WAIT
WAIT FOR INTERRUPT 000007
15 T L 1] T 1 T T L T T T T 1 00
o] 0 a ] 4] 0 0 0 4] o] 0 0 4] 0 0 1
i e | i | 1 | . .| | | |
Figure 6-102 WAIT

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 of the interrupted process
at the instruction following the WAIT.
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RESET EXTERNAL BUS 000005
15 00
L Ll L s, 4 L] L} L L L L) L] L] L L L)
D 0 0 0 0 0 1] 0 V] 0 0 o 0 1 0 1
4 I | L " 4 1 | A

Figure 6-103 RESET
Condition Codes: Unaffected

Description: The -BCLR line is asserted and the mode register
is 1loaded. -BCLR is negated and an ASPI

transaction takes place. PC, PS, and RO:R5 are
not affected.

MFPT
MOVE FROM PROCESSOR TYPE 000007
15 . . 00
O W B B B S O e B e B M T TRy T
Figure 6-104 MFPT
Operation: RO<4
Condition Codes: Unaffected
Description: The number four is placed in RO indicating to
the system software that the processor type is

DCT11-AA.

B:3s7 Condition Code Operators

CLN SEN
CLZ SEZ
CLV SEV
CLC SEC
CCC SCC
CONDITION CODE OPERATORS 0002XX
15 D5 04 03 02 01 00
0 SR T e e e |l e ] e

Figure 6-105 Condition Code Operators
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Description:

Set and clear conditon code bits, Selectable
combinations of these bits may be cleared or set
together. Condition code bits corresponding to
bits in the condition code operator (Bits 0--3)
are modified according to the sense of bit four,
the set/clear bit of the operator; i.e., set the
bit specified by bit zero, one, two, or three,
if bit four is a one. Clear corresponding bits
if bit 4 = 0.

Mnemonic Operation OP Code
CLC Clear C 000241
CLV Clear V 000242
CLZ Clear Z 000244
CLN Clear N 000250
SEC set C 000261
SEV Set V 000262
SEZ Set Z 000264
SEN Set N 000270
sSccC Set all CCs 000277
cee Clear all CCs 000257
Clear V and C 000243
NOP No Operation 000240

Combinations of the above set or <clear
operations may be ORed together to form combined
instructions.
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Table A-1 Interrupt Decode

-CP<3> | -CP<2> |-CP<1> | -CP<0> |(Priority Vector

(AI<1>)| (AI<2>)| (AIK3>)| (AI<4>) | Level Address
X X X X 8 - —-HALT*
X X X X 8 24 -PF
b E L L 7 140
1 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

1
* PC is loaded with the restart address. PSW = 340.
Table A-2 D.C. Characteristics
Absolute Maximum Ratings
Pin Voltages =0.5 to #7 g

Storage temperature range
Max power dissipation

Chip ambient temperature operating range

=55 to +125o C
(=67 to 257 F)
l.Oowatt (Td = 0o C)

(32" E)

0 to 70°

C

(32 to 158°

F)

NOTE

Stresses greater than those listed may

cause permanent damage to the
Exposure to absolute maximum

device.
rating

conditions for extended periods may

affect device reliability.

Static Characteristics

(TA

=0 to 70° C (32 to 158° F), vCC = 5.0 V + 5%, VSS

0 V)



Table A-2

D.C. Characteristics (Cont)

Symbol

Parameter/Pins

Min

Max

Units

Comments and
Conditions

ILIL

ITL

ITIH

ITH

ICC

IXLIH

IXLIL

VIH

VIL

VOH

VOHA

VOHB

VOHC

VOL

VILPUP

VIHPUP

VHY
CIN

couTt

(Low Input) Three-state
leakage current on
DAL<K15:0>

(High Input) Three-state
leakage current on
DAL<15:0>

(Min) Input current

for internal pullups

on AI<7:0>,
DAL<15:7,2:0>, READY
(Max) Input Current

for internal pullups

on AI<7:07>, READY,
DALL15:7,2:0>

Power Supply Current

on VCC

Input High Current on
XTL1

Input Low Current on
XTL1

Input High Voltage on
READY ,DAL<15:0> ,AI<7:0>
Input Low Voltage

on READY,DAL<15:0>
AI<7:0>

OQutput High Voltage

for DALK15:0>,COUT,

PI ,SEL1,SELO

Output High Voltage for
AI<T7:0>

Output High Voltage
BCLR

for

Output High Voltage for
-RAS, -CAS, R/-WLB and
R/-WHB

Output Low Voltage

for DAL<15:0>, AI<7:0>,
couT; PI, SEL1l, SELO,
-BCLR, -RAS, -CAS,
R/-WHB R/-WLB

Input Low Level for PUP
Input High Level for PUP
Hysteresis, PUP

Input Capacitance

for READY,DAL<15:0>,
AI<7:0>

Output Capacitance

for three-state load
calculation on DAL<15:0>
AI<7:0>, couT, PI, SEL1,
SELO, BCLR, RAS, CAS,
R/-WHB, R/-WLB

(= S ]
.

(). 5%
1.6
0-6

=50

+10

0.4

+0.8
vCccC

10

20

ua

uA

mA

mA

mA

uA

mA

T<<<

VIN =

VIN =

VIN =
VIN =
TCYC = 400 ns,
2.4<VINKLVCC,

XTLO grounded

-0.5<VIN<K+0.8V,
XTLO grounded

IOH

700 uA

I0H -700 uA

IOH = =700 uA
terminated with
1K resistor to
VSS

=700 uvA
3.2 mA

I0H
I0L

* ~0.5 V on input pins allows for ringing on unterminated lines.
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Table A-3 Sequences of Transactions
Transaction: R - Read I - Iack Note: R-W means
W - Write D - DMA read modify write
Ref - Refresh A - ASPI ( - indicates
(replaced by N in N - Busnop indivisible)
static modes)
16 8
Instruction Bit | Bit | Sequence of Transaction
CLR RO X R Ref N
X R-R Ref N
CLR (RO) or
MOV RO, (R1l) X R Ref R-W
or MOV RO, (R1)+ X R-R Ref R-R-W-W
MOV RO, =-(R1l) X R Ref N R-W
X R-R Ref N R-R-W-W
MOV RO, @X (R1) X R Ref R N R-W Ref’ :
X R-R Ref R-R n R-R-W-W Ref
MTSP RO X R Ref NN NNN
X R-R Ref N N NNN
JMP (RO) X R Ref N N
X R-R Ref N N
JSR RO, (R1) X R Ref NN NN N
X R-R Ref N N W-W N N
WAIT X R [Ref N A]2 5
X R-R [Ref N A]
HLT X R Ref NN W Ref NW NN AN
X R-R Ref N N W-W Ref N W-W N N AN
EMT X R Ref NN W Ref NWRRN
X R-R Ref N N W-W Ref N W-W R-R R N
RESET X R Ref NN NN [N N N]3 g N NAN
X R-R Ref N NN N [N N NJ] N NNAN
Interrupt X .6.R+W4| IN Ns N W Ref NWR R N|
Sequence R ees 5 o
X e+« R-R-W-W l61 N N° N W-W Ref N W-W
R-R R N| R=R",..
DMA Sequence x .. .R-WT D al - =
x - .R_R"‘W“‘w D R"’R .o a




o\ U1 W -

Table A-3 Sequence of Transactions Cont'd

Missing transaction in static mode.

Sequence repeated until interrupt request.

Sequence repeated nine times (~BCLR is low during this time.)
Last transactions of instruction in which interrupt is posted.
Transaction missing if internal vector is used.

Fetch of first instrution of interrupt service routine.

R-W (R-R-W-W) are indivisible.



Table A-4 Signal and Pin Utilization 16-Bit Mode

Pin Pin Name | ———ecccccceca- Signal Names=-———c—r——eezss

Static ]4K/16K I 64K

Data Address Lines

1-7&9| DAL<K15:8> DALL15:8>| DAL<15:8> DAL<15:8>
10-17]| DALK7:0> DALL7:0> | DALL7:0> DALL7:0>

Address Interrupt Lines

-RAS -CAS PI -RAS -CAS PI
32 AI<O0> ~DMR FET! A14 -DMR | Al5 Al4 -DMR
33 AI<]1> -CP<3> Al A2 -CP<3> | Al A2 -CP<3>
34 AI<2> -CP<L2> A3 A4 -CP<2> | A3 A4 -CP<2>
35 AI<3> -CP<1> A5 A6 -CP<1> | AS A6 -CP<1>
36 AI<4> -CP<0> A7 A8 -CP<0> | A7 AB -CP<0>
37 AIL5> -VEC A9 Al0D -=VEC A9 Al0 -VEC
38 AIL6> -PF All Al2 -PF All Al2 -PF
39 AILT7> -HALT Al3 Al4 -HALT Al3 Al2 -HALT
Control Signals
24 SEng 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 coutT couT couT
22 ATLI XTL1 XTL1 X711
23 XTLO XTLO XTLO XTLO
Power Pins

8 BGND BGND BGND BGND
20 GND GND GND GND
40 vcc Vcc vcc vcc




Table A-4 Signal and Pin Utilization 16-Bit Mode Cont'd

NOTES
1 During -RAS, AIK0> is used to indicate a fetch
operation in progress. During refresh, AI<0> is the
output of the refresh counter at -RAS time.
2 SEL<1> and SEL<O0> are encoded refer to Tables 3-4 and

3=5.



Table A-5 Signal and Pin Utilization 8-Bit Mode

Pin Pin Name | ~—=—————cemeee—- Signal NameS-—===——=—c==-—

Static ]4K/16K [64K

Data Address Lines

1-7&9 | DALL15:8> SAL<15:8>| SALL15:8> SAL<15:8>
10-17 | DALL7:0> DAL<7:0> |DALL7:0> DALK7:0>

Address Interrupt Lines

-RAS -CAS PI -RAS -CAS PI
32 AI<L0> -DMR FETl Al4 -DMR Al5 Al4 -DMR
23 AIL1> -CP<3> Al A2 -CP<3> | Al A2 -CP<3>
34 AIL2> -CP<2> A3 A4 -CP<2> | A3 A4 -CP<2>
35 AI<3> -CP<1> A5 A6 -CP<1> | A5 A6 -CP<1>
36 AI<4> -CP<0> A7 A8 -CP<0> | A7 A8 -CP<0>
37 AIL5> -VEC A9 Al0 -VEC A9 Al0 -VEC
38 AIL6> -PF All AO -PF All A0 -PF
39 AIL7> -HALT Al3 Al2 -HALT Al3 Al2 -HALT
Control Signals
24 SEL12 Tack+DMG | Iack+DMG Iack+DMG
25 SELO 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
Miscellaneous Signals
18 -BCLR =BCLR -BCLR -BCLR
19 PUP PUP PUP PUP
21 court court cour couT
22 XTL1 XTL1 XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins

8 BGND BGND BGND BGND
20 GND GND GND GND
40 Vee Vee Vee Vee
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NOTES
1

Table A-5 Signal and Pin Utilization 16-Bit Mode Cont'd

During -RAS, AIK0> is used to indicate a fetch

operation in progress. During refresh, AI<K0> is the
output of the refresh counter at -RAS time.

SEL<1> and SEL<K0> are encoded refer to Tables 3-4 and
3-5 -



Table A-6

Dynamic Addressing Scheme

Mode Memory Chip Address¥* AI Used
4/16K 4K X 1 Al--Al2 <6:1>
4/16K 16K X 1 Al--Al4 <7815
64K 64K X 1 Al--Al5 <7:0>

* Address lines necessary to address all bits in each chip

Table A-7 SEL<1:0> Functions in Static Mode or Dynamic 64K Mode

SEL<L1> SELLO0> Function

I L read, write, ASPI, or busnop

L H fetch (PDP-11 instruction fetch)

H L Iack (interrupt acknowledge)

H H DMG (direct memory grant)

Table A-8 SEL<1:0> Functions in Dynamic 4K/16K Mode

SEL<1> SEL<0> Function

L L read, write, ASPI, or busnop

L H refresh

H L Iack (interrupt acknowledge)

H H DMG (direct memory grant)
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Table A-9 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
ASPI N/A * interrupt/DMR
N/A - not applicable
* - internal low current passive pullups

A-11



Table A-10 Control Signals for Each Transaction

TRANSACTION | -RAS | —-CAS| PI | R/-WHB | R/-WLB | SELO | SEL1
Read * * * X

Fetch * * * X 1

Write * * * - *

Refresh * 2

Iack ¥ .
DMA - * g 3s 3S * »
ASPI * s

Busnop

* Signal asserted during the transaction

1 Static modes and dynamic 64K

2 Dynamic modes 4K/16K

X Signal asserted during 8-bit mode only

3s Three-state

Signal asserted during 16-bit mode only



Table A-11 Data Bus for Each Transaction

TRANSACTION DAL LOW BYTE DAL HIGH BYTE | AL

Read X

Fetch X

Write * X

Refresh * * &

Iack * 1

DMA 3S 38 38

ASPI

Busnop * * 1

X Lines driven after address portion of transaction 8-bit mode
» Lines driven after address portion of transaction
1 Dynamic modes only

3s Three-state



Table A-

SINGLE OPERAND

12 Summary of DCT11-AA Instructions

Mmemonic Op Code Instruction dst Result NZVC
General

CLR (B) 050DD clear 0 0100
COM(B) 051DD complement (1's) d ® %0 1
INC(B) 052DD increment d + 1 * ok Kk
DEC(B) 053DD decrement d -1 * * & -
NEG (B) 054DD negate (2's compl) -d e ® R
TST(B) 057DD test d ¥ * 00
Rotate & Shift

ROR (B) 060DD rotate right > Ci.d * & Kk X
ROL (B) 061DD rotate left cC, d < k ok k%
ASR (B) 062DD arith shift right da/2 * x * %
ASL(B) 063DD arith shift left 2d X k *x *
SWAB 0003DD swap bytes **00
Multiple Precision

ADC (B) 055DD add carry d + c ® * Kk &
SBC(B) 056DD subtract carry d - c * k & k
SXT 0067DD sign extend 0 or -1 - % () -
Processor Status (PS) Operators

MFPS 1067DD move byte from PS d <€ PS "L .
MTPS 1064SS move byte to PS PS € s A
DOUBLE OPERAND

General

MOV (B) 1SSDD move d € s * x 0 -
CMP (B) 2S8SDD compare s - d * & & X
ADD 06ASSDD add d € s+ d ® AR
SUB 16SSDD subtract d €< d - s * & * %
Logical

BIT (B) 3SSDD bit test (AND) s d * * ) -
BIC(B) 45SDD bit clear d € ( s) d * * ) -
BIS (B) 55SDD bit set (OR) d €« svd * x ) -
XOR 074RDD exclusive (OR) d €« rvd * * 0 -




BRANCH
Base
Mnemonic Code Instruction Branch Condition
Branches
BR 000400 | branch (unconditional) (always)
BNE 001000 | br if not equal (to 0) #F0 Z =0
BEQ 001400 | br if equal (to 0) =0 zZ =1
BPL 100000 | branch if plus + N=20
BMI 100400 | branch if minus - N =1
BVC 102000 | br if overflow is clear Vv=20
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=7}
Signed Conditional Branches
BGE 002000 | br if greater or equal >0 NvvVv=20
BLT 002400 | br if less than (0) <0 NvV=1
BGT 003000 | br if greater than (0) >0 Zv WNvvVv) =0
BLE 003400 | br if less or equal & Zv (NvVv) =1
Unsigned Conditional Branches
BHI 101000 | branch if higher > CvZ=1D0
BLOS 101400 | branch if lower or same < .z =)
BHIS 103000 | branch if higher or same| > cC=20
BLO 103400 | branch if lower < c =1
JUMP & SUBROUTINE
Mnemonic Op Code|Instruction Notes
JMP 0001DD |jump PC < dst
JSR 004RDD |jump to subroutine use same R
RTS 00020R |return from subroutine use same R
SOB 077RNN |subtract 1 & br (if # 0)| R - 1, then if R

# 0: PC < Updated PC
- (2 X NN)

TRAP AND INTERRUPT

EMT
to

TRAP |
to

BPT

10T

RTI

RTT

104000
104377
104400
104777
000003
000004
000002
000006

emulator trap
(not for general use)
trap

breakpoint trap
input/output trap
return from interrupt
return from interrupt

PC at 30, PS at 32
PC at 34, PS at 36

PC at 14, PS at 16
PC at 20, PS at 22

inhibit T bit trap




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 operation)

CONDITION CODE OPERATORS

Mnemonic Op Code|Instruction NZYC
gL 000241 |clear C - = =0
CLV 000242 [Clear V - =0 -
CLZ 000244 |clear 2 -0 - =
CLN 000250 |clear N 0 - - =
CcCcC 000257 |clear all cc bits 00O00O
SEC 000261 |set C - - =1
SEV 000262 |set V = L
SEZ 000264 |set Z -1 - -
SEN 000270 |set N l - - =
scC 000277 |set all cc bits 7 1 N B |




Table A-13 Numerical OP Code List

Op Code Mnemonic Op Code Mnemonic Op Code Mnemonic
00 00 00 |HALT 00 53 DD |DEC 10 40 00
00 00 01 (WAIT 00 54 DD |NEG thru EMT
00 00 02 |RTI 00 55 DD |ADC 10 43 77
00 00 03 |BPT 00 56 DD | SBC
00 00 04 (I1IOT 00 57 DD |TST 10 44 00
00 00 05 |RESET thru TRAP
00 00 06 |RTT 10 47 717
00 00 07 |MFPT 00 60 DD |ROR
00 00 77 | (unused) 00 61 DD |ROL 10 50 DD | CLRB
00 62 DD |ASR 10 51 DD | COMB
00 01l DD |JMp 00 63 DD 10 52 DD | INCB
00 02 OR |RST 00 67 DD |SXT 10 53 DD | DECB
10 54 DD | NEGB
00 02 10 00 70 00 10 55 DD | ADCB
thru reserved thru (unused) 10 56 DD | SBCB
00 02 27 00 77 77 10 57 DD | TSTB
00 02 40 |[wNoOP 01 Ss DD |MOV 10 60 DD | RORB
02 SS DD | CMP 10 61 DD | ROLB
00 02 41 |cond. 03 SS DD | BIT 10 62 DD| ASRB
thru codes 04 Ss DD |BIC 10 63 DD| ASLB
00 02 77 05 SS DD |BIS 10 64 SS | MTPS
06 SS DD |ADD 10 67 DD | MFPS
00 03 DD |SWAB
07 50 40 11 SS DD | MOVB
00 04 XXX|BR thru (unused) 12 SS DD | CMPB
00 10 XXX |BNE 07 67 77 13 SS DD | BITB
00 14 XXX|BEQ 14 SS DD| BICB
00 20 XXX|BGE 07 7R NN | SOB 15 SS DD | BISB
00 24 XXX|BLT 16 SS DD | SUB
00 30 XXX|BGT 10 00 XXX|BPL
00 34 XXX|BLE 10 04 XXX|BMI 17 00 0O
10 10 XXX|BHI thru reserved
00 4R DD |JSR 10 14 XXX|BLOS { o il b/ R 41
10 20 XXX|BVC
00 50 DD |CLR 10 24 XXX|BVS
00 51 DD |COM 10 30 XXX|BCC, BHIS
00 52 DD |INC 10 34 XXX|BCS, BLO




Table A-14 Reserved Trap and Interrupt Vectors

000
004

010

014
020
024
030
034

Default vector = 0 for interrupting device failing to
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 location 4
Illegal and reserved instruction

BPT instruction and T bit

IOT instruction

Power fail

EMT instruction

TRAP instruction




Table A-15 7-Bit ASCII Code

Octal Char Octal Char Octal Char Octal Char
000 NUL 040 SP 100 @ 140

001 SOH 041 ! 101 A 141 a
002 STX 042 N 102 B 142 b
003 ETX 043 # 103 C 143 (o]
004 EOT 044 $ 104 D 144 d
005 ENQ 045 % 105 E 145 e
006 ACK 046 & 106 F 146 £
007 BEL 047 ' 107 G 147 g
010 BS 050 ( 110 H 150 h
011 HT 051 ) 111 I 151 i
012 LF 052 * 1172 J 152 j
013 VT 053 + 113 K 153 k
014 FF 054 3 114 L 154 1
015 CR 055 - 115 M 155 m
0l6 SO 056 a 116 N 156 n
017 SI 057 7 117 0 157 o
020 DLE 060 0 120 P 160 P
021 DC1 061 1 121 Q 161 q
022 DC2 062 2 122 R 162 r
023 DC3 063 3 123 S 163 s
024 DC4 064 4 124 T 164 t
025 NAK 065 5 125 U 165 u
026 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 e Il o & Y
032 SUB 072 3 132 Z 172 z
033 ESC 073 : 133 [ 173 {
034 FS 074 4 134 \ 174 |
035 GS 075 = 135 ] 175 }
036 RS 076 > 136 3 176 i
037 us 077 ? 137 A i Iy A 4 DEL

A-19



Table A-16 Octal, Hex, Decimal Memory Addresses

Octal K bytes Hex Decimal Octal of High Byte
8-Bit Mode

200 000 64 10 000 65 536 N/A
177 000 F EO0O 65 024 376
176 000 63 F C00 64 512 374
175 000 F AQO 64 000 372
174 000 62 F 800 63 488 370
173 000 F 600 62 976 366
172 000 61 F 400 62 464 364
171 000 F 200 61 952 362
170 000 60 F 000 61 440 360
167 000 E EOQO 60 928 356
166 000 59 E CO0O0 60 416 354
165 000 E AQ00 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 D 000 53 248 320
140 000 48 C 000 49 152 300
130 000 44 B 000 45 055 260
120 000 40 A 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 EO0O 3 584 16
6 000 3 coo0 3 072 14
5 000 AQ0 2 560 12
4 000 2 800 2 048 10
3 000 600 1 536 6
2 000 1 400 1l 024 A
1 000 200 512 2
0 0 0 0




DCT11-AA Instruction Execution Times
at Maximum Operating Frequency

The following pages contain charts that give execution times for
all instructions executable by the DCT11-AA. The charts are
organized to help calculate 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 outlined column. The possible system configurations
are:

16-bit mode--REFRESH on
16-bit mode-—-REFRESH off
8-bit mode--REFRESH on

8-bit mode--REFRESH off.

It is possible for an instruction to have varying execution times
when REFRESH is on. 8-bit mode REFRESH is done every instruction
cycle and the REFRESH cycle adds a small increment of time to the
machine cycle. Addressing mode 5, 6, or 7, I/0 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 every 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:

Bl All times are in microseconds

® Add 0.4 us for every -READY pulse during an I/O0
transaction.

° Operating frequency is 7.5 MHz. To calculate instruction

execution times (IET) at different operating frequencies
use the following formula:

™ IET(fOP) = (7.5 MHz/f0OP) * IET(7.5)
Where:
IET(f0OP) = Instruction Execution Time for the new

frequency, fOP.

fOP = The operating frequency at which the
instruction execution times are needed.
IET(7.5) = Instruction Execution Times with an
operating frequency of 7.5 MHz. These times are
listed in the following charts.
] NA => Not Applicable
NOTE

The times calculated are those using
revision 5.18 of the microcode.



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 2:931 2.8 5.33 |3.73 | 5:2 3.6
NEG (B) ,ROR (B) , 2 2.8 2.93| 2.8 533 | 373 192 3.6
ROL (B) ,ASR(B) , 3 3.6 3.73| 3.6 65,93 | 5:33 16.8 52
ASL (B) ,SWAB, 4 3.2 3,33 ] 3.2 5.73 |4.13 | 5.6 4.0
ADC(B) ,SBC(B), B 4.13)| 4.26| 4.0 7.46 |5.86 [7.2 5.6
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 |16 2.53 |2.53 |2.4 2.4

1 2.4 2+95311 2.6 4.13 13,33 | 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 15+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 52

7 4.53| 4.66 | 4.4 7.86 17.06 | 7.6 6.8

0 3.2 3.33| 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] 5.46 | 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 0 and the TST(B) instruction where there is no
output) .



Table A-18 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 Mode
Src 0-4 5-7 REFR
Instructions Mode Min Max Min Max OFF
0 1.2 5+33 1.33 | 1.33 a2
1 2.0 2.13 2 ES 213 2.0
MOV (B) ,CMP (B) , 2 2.0 4 2:13 | 2.431 243 |20
ADD,SUB 3 2.8 2.93 2493 12:93 2.8
BIT(B) ,BIC(B), 4 2.4 2.53 2.53] 2.53 2.4
BIS(B) 5 3.33] 3.33 32331 3486 302
6 3.33] 3.33 3.33| 3.46 b
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 2.13 250 2.0
1 3.73 2.93 3.6 2.8
MOV (B) ,CMP(B) , 2 3573 2.93 3.6 2.8
ADD,SUB 3 5.33 4.53 S 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 .66 7.2 6.4

— —— ——

Source Mode times include instruction fetch, instruction
decode and source operand fetch.



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
SuUB,BIC(B) 3 2.4 2.4 2.4 4.0 L Pl 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 14.4 3.6
6 2.8 2.8 2.8 4.53 [3.73 |4.4 3.6
) 3.6 3.6 3.6 6213 [5:33 |6:0 5.2
0 0.4 0.4 0.4 0.4 0.4 0.4 0.4
1 Yo, 2 1.2 1.2 2.0 1.2 2.0 1.2
2 ) 9% 1.2 142 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 1.5 2.4 1.6 2.4 1.6
5 2.4 2.4 2.4 4.13 |3.33 (4.0 v« M.
6 2.4 2.4 2.4 4.13 |3.33 |4.0 .
' 3.2 3.2 3.2 5.73 |4.93 |5.6 4.8

* Destination Mode times include destination operand fetch,

instruction operation
Destination Mode 0 and the CMP(B)

where ther: is no output).

and

result output

and BIT(B)

(except in
instructions



Table A-19 Jump & Subroutine Instructions

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

1 2.0 2,13 |2.0 2.93 [NA 2+ 8 NA

2 2.4 2,53 12,4 3.33 [NA Xa: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 . W 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 J3. T3 | 3.73 3.6 6.13 |NA 6.0 NA

1 3.6 373" 1346 5.33 [NA L 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 9233 | B33 152 8.53 |NA 8.4 NA
RTS NA 2.8 2.93 (2.8 4.53 |NA 4.4 NA
SoB NA 2.4 253 2.4 3.33 |NA 3.2 NA
Notes

1. JMP/JSR Destination Mode 0 is an illegal instruction that
traps to vector location 10.

2a JMP execution times include instruction fetch,
instruction decode, operand fetch and loading of the PC.

3. JSR execution times include instruction fetch,
instruction decode, operand fetch, pushing the 1linkage
register onto the stack and loading the PC.

4. RTS execution times include instruction fetch,
instruction decode, loading the PC and popping the stack
and loading the linkage register.

5 SOB execution times include instruction fetch,

instruction decode, decrementing the count register,
testing for zero and branching if necessary (NOTE:
whether or not a branch is taken does not affect the
execution time).



Table A-20

Branch, Trap & Interrupt Instructions

16 BIT MODE e 8 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,BMI,BVC,
BVS,BCC,BCS, NA 1.6 Yo73 11586 2.53 [NA 2.4 NA
BGE,BLT,BGT,
BLE,BHI,BLOS,
BHIS,BLO
EMT, TRAP, NA 6.53| 6.66 | 6.4 9.73 |[NA 9.6 NA
BPT, IOT
RTI NA 3.2 3533 | 3.2 4.93 [NA 4.8 NA
RTT NA 4.4 4.53 | 4.4 7.13 |NA 7.0 NA
Notes

B ) Branch instructions execution times include instruction

2.

fetch, instruction decoding, doubling the offset, testing
the conditions and adding the offset to the PC if the
conditions are met (NOTE: Whether or not a branch is
taken does not affect the execution times).

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.

Return from interrupt instructions execution times
include instruction fetch, instruction decode and popping
the PC and PS from the stack.



Table A-21 Miscellaneous & Condition Code Instructions

_ 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
HALT NA 5:.73 | 5.86. [5.6 8.4 NA 8.0 NA
WAIT NA 1.6 1.3 1.6 2.43 |NA 2.4 NA
RESET NA 14.6 |14.73|14.6 16.53 |NA 16.4 [NA
NOP NA 2.4 2.53 12,4 3.33 |NA 3.2 NA
CLC,CLY,CLYZ,
CLN,CCC, SEC, NA 2e¢8 2.53 2.4 3.33 [NA 2.2 NA
SEV,SEZ,SEN,
sSccC
MFPT NA Za0 2.13 2.4 ¢ 2.93 |NA 2.8 NA
Notes

; ¥ HALT execution times include instruction fetch,

instruction decode, writing the PC & PS into stack then
loading the PS with 340 and loading the PC with the
RESTART address.

2 WAIT execution times 1include instruction £fetch,
instruction decode, pulsing PI to sample the interrupt
lines and doing a REFRESH cycle if REFRESH is on. (NOTE:
If no interrupt lines were asserted during the PI pulse,
the WAIT instruction will cycle in a 1.2 us loop pulsing
PI (if REFRESH is on the loop will be 1.33 us max). The
looping will continue until an interrupt line is asserted
and sensed by the DCT11-AA.)

3 RESET execution times 1include instruction fetch,
instruction decode, the assertion of -~-BCLR and the
writing of DAL<K15:0> into the MODE register.

4, NOP execution times include instruction fetch,
instruction decode and idle time.

5. Condition Code instructions execution times include
instruction fetch, instruction decode and the setting or
resetting of the appropriate status flags in the PS.



Table A-22 Maximum Latencies

16 BIT MODE 8 BIT MODE
Dest
Active Inputs 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 15.60 22.53 22.00
(External Vector)
DMR NA 3.66 3:52 4,46 4,32
WAIT Instruction
Internal Vector| NA 7.87 773 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
frequency of 7.5 MHz.
2, Interrupt latency is measured from the time the INTERRUPT

REQUEST is asserted either on the AI lines (in static
modes) , or the input of the AI line driver (in dynamic
modes) , until the time the DCT11-AA is ready to fetch the
first instruction in the interrupts' service routine. In
this time the DCT11-AA takes three actions:

a) Keeps going until a PI latches the request. This
could happen in the instruction following the request.

b) Finishes the instruction that latched the request.

c) Executes the IACK microcode, which involves priority
arbitration, issuing IACK, 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.
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j 44— CPU READ TRANSACTION {LO BYTE)

READ INFUT

READ ADDR ole

CPU READ TRANSACTION (HIBYTE
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READ INPUT

=)

HI BYTE OF ADDRESS

HI BYTE OF ADDRESS

X

ez (N M ()
) G =
ﬂ B 4 = 2 e e
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_/_\ ] i _-m "“ = = n
\ / \

A/-WLB IS ASSERTED HI THROUGHOUT THE TRANSACTION

SEL 115 ASSERTED LO THROUGHOUT THE TRANSACTION

ASSERTED ONLY IF THE READ TRANSACTION S AN INSTRUCTION FETCH
SHOWN IS A WORD AEAD (2 TRANSACTIONS)

THE PREVIOUS AND FOLLOWING TRANSACTIONS ARE ASSUMED TO BE READ TRANSACTIONS

Figure A-6

1 0
neasren X *[¥]1]

11 10 8§ 8

1= HIGH
0= LOW

VALID
X= IRRELEVANT \NPLT

8-Bit Static Read

INVALID 2 e o
OUTPUT m CONDITIONAL 3 8
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SYMBOL PARAMETER FUNCTION OF 'cYe MIN/MAX SYMBOL PARAMETER FUNCTION OF 'cyc MIN/MAX
IcAs —CAS Pulse Width (3T —90) =310ns min 1 Ipsy Pl {L.E ) Set Up Time to Normal (3T —00) = 310 ns min
cPR —CAS Precharge Time L4 {3T —5) = 395 ns min Mode R/W (T.E.)
icsp —CAS (L.E.) or Delayed Mode R/W [T —2B) = 105 ns min 1 PSR Pl {L.E.) Set Up Time to —RAS (T.E) (2T —14) =281 ms min
{L.E ) Set Up Time 1o Pl {L.E.) 1 RAS —RAS Pulse Width (4T + 35} = 568 ns min
1 tcsh —CAS [L.E.} Set Up Time to (3T —40) = 360 ns min IRHC —RAS (T,E.) Hold Time fram ~CAS 50 ns min
—RAS (TEE.) (T.E.) or Delayed Mode RJ’W[T_E_I
cwo ~CAS (L.E)) or Delayed Mode R/AW BO ns max LRHP —RAS (T.E.) Hold Time fram PI (T E.} 10 ns min
(L.E, o Write Data Valid 'RPR —RAS Precharge Time (2T —120) = 147 ns min
icye XTL1, XTLO Operating Period T=133nms min tRsC —RAS (L.E.) Set Up Time to —CAS (T+10) =143 ns min
IDFC DAL<15:0> Address Float 1o —CAS Ons min (L.E.) or Delayed Mode R/W (L.E.}
{L.E.) or Delayed Mode RMW (LE.) RSP —RAS (L.E.) Set Up Time to Pl {L.E.] (2T +10) =277 ns min
IDHN DAL<15:0> Address Hold Time (2T =201 =247 ns min tRWD —RAS [L.E) to Write Data Valid (2T +4) =270 ns max
from Normal Mode R/W (LE.) wDP Write Data Set Up Time to P1 (L.E.) (T —83) =50 ns min
IDHR DA L<15:0> Address Hold Time (T=12) =121 ns min twHe Write Data or SAL<15:8> Hold Time (T—28) =105 ns min
from —RAS (L.E.) from —CAS {T.E.) or Delayed Mode
psc DAL<15.0> Address Set Up Time to (2T —22) = 245 ns min RW (T.E.)
—CAS (L.E.] or Delayed Mode "WHP Write Data Hold Time from PI (T.E ) (T —88) = 45 ns min
R/MW (L.E.) ‘WHR Write Data or SAL<15:8> Hold Time (T—118) =15 ns min
tpsp DAL<15:0> Address Set Up Time to (3T —20) = 380 ns min from —RAS (T.E.)
Pi1 (L.E.) 2 wsc Write Data Set Up Time to —CAS (T.E) (3T —-150) = 250 ns min
DsSRA DAL<15:0> Address Set Up Time to (T —48) =85 ns min 2 twsp Write Data Set Up Time to PI (T.E.) (3T —110) = 290 ns min
—RAS (LE.) 2 'WSR Write Data Set Up Time 1o —RAS (T.E.]| (3T —55) = 345 ns min
YiHP Input on Al<7:(>> Hold Time from 0ns min
Pl (T.E.)
1 Yigp Pl (L.E.) to Input on AI<7:0> Valid 2T =167) = 100 ns max
INHC Normal Mode RAW Hald Time from (T-32)=101ns min
-CAS (T.E))
INHP Normal Mode RAV Hold Time from |T—43) =90 ns min
PI (T.E.)
INHR Normal Mode R/W Hold Time from (T —108) =25 ns min
-RAS (T.E.)
1 INMP Normal Mode R/AW Pulse Width (6T —66) =734 ns min
INMR Normal Mode R/W Recovery Time Ons min
INsC Normal Mode R/W Set Up Time to (2T —37) =230 ns min
-CAS (LE)
NsP Normal Mode RAW Set Up Time to (3T —45) = 355 ns min
PIIL.E)
INSR Normal Mode R/W Set Up Time to (T -78) =85 ns min
-RAS (L.E.)
PHC Pi Hold Time from —CAS (T.E.) or 10 ns min
Delayed Mode R/W (T.E.}
1 tpip Pl Pulse Width (2T —47) =220 ns min
tpPR PI Precharge Time (4T —33) =500 ns min
1| tesc Pl (L.E.) Set Up Time to —CAS (T.E.) | (2T —75) =192 ns min
or Delayed Mode R/W (T.E.}

1: Add T ns if in long bus eycle mode, then if RDY slips are initiated, add H*T ns, where:

T = 1/fop, H = number of RDY pulses times 3 if mode = normal, times 4 if mode = long bus cycle.

2: Add 4T for each READY pulsa.

MRA-5586




q0IEr NN

AndNI
ovA

SRS S indino
vonionos TXTTIIX
s NG 0rvANI
DAL s =k ok
03H0ONDI anva

pesy orweuid 31€-8

ANYAITIHHI =X
MO =0
HOIH = |

nnnﬂnﬂ HILSID3Y

I00m

0 I B &8 OF M

8-Y 2anbrg

SNOILOVSNYHL OY3Y 38 0L 03INNSSY IHY SNOLLOVSNYHL ONIMOTT04 ONYV SNOIATHC 3HL «
ISNOILIVSNYHL OV3H T) OVIH OHOM ¥V S| NMOHS ¢ 310N
H2L34 NOLLONBLSNI NV St NOLLOVSNYHL OV 34 41 "S300W %v8 NI ATNO O31H3SSY € 3L0N
NOILOVSNYHL IHL LNOHDNOWHL 01 03LH3ISSY SI 11358 2 340N
NOLLOVSNYHL 3HL LNOHONOMHL 1M 03LHISSY SIETM-/d (| JLON

T T

| 15,

< 4NNy

dHN
dHN;.

le— DMy

MM
TNy

e

7 Y e
O (D)) o) e (D) o, )
DO vvasw MMM s2e0ev sosisacn AA meses MMM s

K 553400V JO 3LAB IH

553400V 40 3LA8 IH

|

LiNan| av3d e

_J

==

[FLAB IH) NOILOYSNYHL OV 3H NdD

5$53400v Ov3ay

WL

ANdNI OY3IH |+|mm HOOY Ov3Y

13LA8 O7) NOILOVSNY L Ov3IH NdD

EILON
LAL0ON

0735

03AvI30
IO0Y - 1EHM~/H

TYWHON
IoH~) gHM-Iy

SV~

<D v

<0{>7v0

<BGI>S
<BSI>Tv0

-

A-42



EBsSS HW

‘pauesb ase saPA2 WG MO0 §i LE PPY B
‘#snd AQV3IH YPER J0) Ly PRY (T

'0[0A9 $NQ BUO| = BPOLI Jf  SBUIN ‘[BUIIOU = SPOW J1 € SAUN 535|Nd AQH 10 JIGUINU = H ‘dO}/L = |

$0U0UM 'SU | H PPE 'P1EIIUL 818 OIS AQH §! Uau] 'BPOW aPA Snq Buoj Ul | SU L PPY :|

PlEA BIRQ pesY
XEw SUBLS = (BPl— L1S) ) Bl | dn 185 WH PO (FWIoN agn,
U sup awi | Asaacooy H\x PO |eWwioN HiAN,
uiw SUPEL = (99— 19) WpIm 38ind WY SPOW (W IoN dWNy
('3'L) Syd-
U SUGZ = (01— L) wos s plod WH 3pon |PwioN HHNy
3'Lld
ww sUZLL = {1z- 1) wosj swty POy WH 2pop (eWioN dHNy
xEw U001 = (L91— 12) PHEA <0: £>1W Ho nduj 01 ('377) 1d dsh
1'3°4) 14
U suQ WoJj awi | ploH<D: 4> |V ue Indu) dHiy
377) SwH—
W fugg = (g8r— L) o] awi | dn 13S BAPPY <0:GL>TVa HSOy
3 ('3'1) SvH— woy (37 1d
uw sugL=(Bll—- 1) MUl PIOH <B'S1>TWS 40 mRg M HHM, Uik SUOBE = (02— LE) o1 awil | 9N 195 $AUPPY <DIGI>TVA dS0y
(31 wH {377 wWH
Spoyy paAejaq Jo (371 ) Sy woy apo pakeaq o ("377) SV
wiw w601 = (82— 1) M) PIOH <B:§L>TVS J0 meg Sl IHMy g Su Gz = (22— L2) 01 3w | dn 12s sappy <0:51>Tva 250y
o U ZOE = (8E— LE) HIPIM #5Ind <0>13S 455, E PijeA ®jRQ peay
('377) SYH—01 xeuw SUOLg = (£51— 18) 01 Buil | dn 18 SSAUPPY <0'GL>TVA auagy
s SUEPZ = [EZ-LZ) awy ) an @5 (°377) <0135 Vo YA EELY "377) SVH-—
uw Su Lz = (0l + 42) 1377) 1d o1 3wy O 3125 ('377) SYH- dSH; = SuLEZL = 21— 1) oy awi} Ploy stuppy <0:51>Tva HHO
('37) WH #pop padeiaq Jo '377) ('377) WH Bpow jruioN
i SUEPL = (0l + L) md__uim.-:._: dn s ('3") SwH- 254, Uiw 5U fpZ = (02— LZ) Wwod) i) PIOY SSIPPY <0:51TVa NHOy
amu SU G0F = [BZ1— L¥) PliEA miRQ peay 01 ('377) SYH— adH, I {'3"7) WY apoy paAeiag Jo ('377)
uhw Su bl = (0Z1L— 12) aw) ) 2B1MPRIg SYH— HdH, U suQ SYO— 01 120)4 S5aippY <0D:GL>TVA 240y
s WOl | (F30L) 1d woij swi) ploy ('3'1) SYH— dHHy ulw WEEL=L poliag Bunemdp 074X "1LX A0
{"3'L) MY 2powy pasejag 4o ['3L) ('3'L) Swu—
Ui U 05 SO~ Wwouy awny ploy ('3'L) SWH— OHY, Ui su 08¢ = (0p— LE) ol awi] an 1es ('37) SvI— Sy
o)qeu3 SSUPpPY {'37) 1d oV s | dn 128 (°377)
i sugl=(gLi—4) <0'SI>TvQ U 03 ('3°L) SYH— 0, iy sug0l = (82— 1) MH apoy paAriag 4o ('377) SYO- d5;
'3°L) AH #poN padejag Jo ('3°1) pileA meQ peay o1 ('371)
un suQ SWO— Wiy AW | Pl MEQ peay 004, xew U 0ZZ = (0BL— 1E) MY apojy paAejaq Jo ('377) SV aydy
e SUB9G = (SE + L¥) YIPIM 35INg SYH— SV, i U U G6E = (5— LE) - swi | abieypaid SYD— Hdd,
U U IBE = (b1 L2) ('371) Syd— o1 awi g dn s (371} 1d HSd)y l Aqeu] ssaIppy
('3°4) wH <0:§1>va X3 01 ('3°1)
i SUQLE = (06~ LE) | apopy 1ewion o1 auw) dn i8S '3°7) Id NSd; [4 i sUglLL = (Bl— 1) M/ Ppow paAeiaQ 4o ('3'L) SYO— 30
'3°L) W apo paAesiaq 0 i SUOLE = (06— LE) Yipim 28ingd SO~ SV,
Ui sUZgl = (5.= 12) | ('3'L) Swo— o1 bwiy dn 188 ('371) 1d 354, | ('377) Syy— 013wy dn J2g
xew Su|§=(9LL— LE) PHEA RIRQ PRAY OV ('377) Id OHdy 1 koo supg - (E8- L) <0iL>|Y Lo Ssaippy Moy Hsy,
g U DOS = (EE— L¥) o) abimpalg |d Hdd) ('3"7) Sy~ o1 awiy dp) lag
vl 022 = (Le— 12) WIPIM #INd 14 didy | up suoz <0:£>1Y L0 $3aippy uwnjoy J5v,
1"3°L) WH 2pow paeiag 1'37) SWy~ Wwoi awi] PoH
upw ol 4o Ty m¢.U|ﬂn=nEC. PIOH Id IHdy U SUEL= (08— L) <DL U0 SSBIPPY MOY HHY,
a|qeuy sieippy '3} S¥D~ Wolj awn | ploy
g UEG = (OF— L) <04V 12U 01 (L) 1d Ivd; U U06= ([EF— L) <0LL1Y U0 SSIPPY LWNieD OHY,
1'37) SvE— 13771 Id D) 01y
up s GG = (§4— 1) 01 AL dp) 155 MM IPOW |euioN HSN; viw sup <0 L2>1¥ Lo [pIppY Uwinieg CERS
AKYWNIW JAD; 40 NOILLONNA HILIWVYHVL TOEWAS Ny W/NIW JAD; 40 NOILINNAS H3IL3IWVHYd TOBNAS

A-43



231aM oTweukg 31e-8 6~V 2mbrg

BOlr
Lnani INVAZTINYI = X
ONvA Mol = 0 SNOLLOVSNYML 3LIHM 38 OL GIWNSSY IUY SNOLLIVSNYEL ONIMOTIOS ONY SNOIAIHE THL «
o poa e ~ee 1ndina HOIM = | (SNOLLOVSNVHL Z) JLINM OHOM ¥ S| NMOHS ‘¥ 310N
| ¢ IYNOILIONGD éﬁw
oV S I QITYANI HOL34 NOLLONHLSNI NY S1 NOLLOWSNYHL 3LIBM JHL 41'S300W Xv0 NI ATNO 03LHISSY € J10N
(Lol e
1NN 1N41no H 300M NOILLOVSNYEL 3HL LNOHDNOUHL 01 03LH3SSY 3UY | 135NV 0135 Z 310N
DA asuomon i SR B sk 0 L 8 6 Ol NOILOVSNYHL 3HL LNOHDNOUHL IH 031H3SSY S1AHM/Y -1 310N
Z3LON <D 1135
m HEYCRET
LU= BT/
- s
- 4V,
i YWHON
e LM BT
HIWN, —
SM, 25N,
NHO, o =4
y
dHNy \ f 4
=1 dHM— dOMy —4
NSd, Had e " e
's
——JHN, SV B4l sva-
O5dy {1l] 50, ... ahiy e dSTH
fot— T M —] [ D5 My _ - [=—JHH; f=JHV,’
My = - ' e—dhiby p—d 51— — =— DSV |
HSd, = — 240, SvH-
- 4d¥) ISy
g9, = SvHy
HHNy e 15N, =] 5t —~| [0,
'III'
po WMy =] pr—————————— M, am, l— b by HHO—] f* HSV)
ém ww AAA 153034 YW vvvvvvvvvx Hoay 553400V MOY 153ND34 YW ._vvvvvvvv xmnam SS3IHOAY MO % D L>iv
!
v LZCLETVE T @ S$3HOQV 40 31A8 01 H ¥1¥0 3148 01 SSIHOQY 30 3LA8 01 H <0'i>T¥0
1 ]
lv SS3HOAY 40 TAAE IH S53HO0Y 30 3LAE IH SERLENG
<BSi>Ivo

| v X I

Tl:..:._gc u.:x__...llT|wmu._nc< ALIMM 1NdLND ILIHM Ll |

v 3liHm
I {3LAH H) NOLLDVSENYYL 3L1IHM NeD (3LAB 07) NOILDWSNVHL 31IHM :nuL -

A-44



rRSE N

*apAS S BUG| = APOUI )} fr SO *|EULIOU = PO I £ S3UNL $38|Nd AQY §0 Jaquint = | 'doy/| = |

“eyM Su | H PP ‘PoIEniUI 318 SOijS AQH J} Uay1 "3pow 342 snq Buo) Ui 41 S L pPY

3y U 5 pEL = (99— 19) IPHM 3510 Wl PO [N 40Ny

uiw U GYE = (55— LE) Svi— 01 3w | dn) 19§ B0 SM uSM, ('3°L) SYH—woyy
ol WoSE=M—aE): | TFL) fe 0 mlie] dn g R M dSMy s w5z = (801— 1) suil| PIOH WY 9POW |8usi0N HHN,

3L T (31 1dwey
e ™0uz= (pat—2p) SY3= ) SULLL AT i85 WS WM osmy v .06 = (£9— 1) awiL PIOH W/t 9POW ISWION dHNy

('3'1) Svy— woy sy 1'3'1) svo— woly
i sugl=(gli-1) PIOH <B:51> TVS J0 0180 30 HHM, e w10k = (ze— 1) awi| PlOH M/ PPOJY [BuLioN DN,

L) id T PIIEA <O IV
s su gy = (88— 1) wouj ) PIOH EIRQ MM dHM, xew U 00l = (£91— 1Z) v induj 01 {'377) Id dsh

n.w.h-tam__conena!-__nn '3 1) 1d wosy
10 ('3°)) SYD— wody i i suQ awi| PIOH <0: (> |V vo indu| dH1ly

o su g0l = (82— L) PIOH <B:S1> VS Jo ieQ SIM OHM,; '31) Syd— 01 8wt ]
(37) 14 01 ulw sU 68 = (gb— L) dn 1es sseppy <0:81> 1va HSOy

us DG = (£8— L) o1 8wl | dn 19§ Meq M 40M, ('31) 14 03 awiy
xEw WOLE = (v + LE) PHEA TIBQ 211IM 01 ['37) SYH— OMby uiw U DBE = (0Z— LE) dp 18 sauppy <0:51> V0 dSy

37 1d ('3"1) WY #pow paseiag

U Su f/Z = (01 + LZ) 018wl ) dn WS ('371) SYH- dSt, 40 ('377) SYI— o1 awi]
3 WH *pol paAmaQ o ('377) unu SuUGKEZ = (ZZ— 12) dn 19§ sSappy <0:SI>T1va 50

un SUEYL = (0L 4 L) SYO— 012wl dn s ('377) SvH— IS4, {'377) SYH— woy
Ul Su fpl = (DELV— LE) aw) | abiryoold S H— Hdd, v SULEL= (21— 1) W) PloH SseIppY <0'SI>TY0 HHOy

[EERRT] 3" AWH #poW |eulioy Woly
Uhw suplL woyy aw) MoH ('3°L) SYH- dHY; i U LpZ = (02— 12) Puily ploy ssappY <0:51>Tva NHOy

1'3° L) WH 2pow paAiaq Jo (3°1) 3 W

U su 0§ SYO— WoJyauliy pIoH ('3°L) SVH- IHY, #pojy paAeaQ o ('377) SYD-
i U 895 = (SE + 1v) YIP'M %Ny SYH— SvH, iy sup 01 180) 4 $82UpPY<D-S1>T1V0 24y
('3°L) SYH— U SUEEL=L potiag Buneiadp 014X "1LX o 7 5

i SuLBE = (PI— LZ) o1 awiy df @S (‘37 1d HSdy PiEA TVEQ B3IM O1 (377} WH
'3'1) WH apoy Ll sug spopy paAreq 10 ('37) SYO- amdy

Ul WpLE = (06— LE) |ewrion 01 swn | 0 185 1'37) Id NS ('3'L) SwH—
('3'1) W apon padrjaq 4o ('3°L) uhw Su DOE = (OF— LE) 01 3wy dr) 185 '371) SYO— HSD,

U s Z6l = (52— 12) SYD— 01 awi) 90 185 ('37) id 254 ('377) 14 03 2w} dn) 1as ('377) Wy
Ui U 00§ = (EE— L¥) sw | abiepald \d Hddy Ui g0l = (82— 1) Spoy paAmeQ 10 ('377) SWD— dSh
Wik W 0ZZ = (Lv— 12} HIPIA RSN 1d didy i U GBE = {G— 1E) autl) wBieyoaly SYD— HdDy
(3°L) WH 2pon pakejag s ulw SU DLE = (06— LE) HIPIM #8Nd SYD— SV

Ui Ul ('3 L) SHI— wou) i) ploH Id JHdy 1’371 SYH~ 01 Wil dn) leg
fjqeus ssa.ppy Uy iU 0§ = (EB— L) <01V uo $53IppY Moy HSY,

uiw SUEB = (0F— L) <0 IV AN O ('3°L) Id 3vdy '3"1) S¥O— 0l swif dn} 125
'3 Svd—m o supz <0:L>1Y uo s5aipply uwnjo) 5%,

upr Sugg=(g.— 1) Bl dn) 185 WH PPO |BLIoN HSNy ("377) SV — woay) Mt ] pioy
T 3o ufud SUEL = (09— 1) <0:L>1Y U0 $53ppY Moy HHY,

U W GGE = (S¥— LE) i) dn) 185 W #POW 19w dSh "371) SYD— wouy 2wl ploy
T r3Misvo-o I W06 = (Ev— 1) <041 U SSaIppy UWnjog DHY,

di SUOEZ = (LE— L2} B | dn) 185 WY IR0 |BLIoN SNy {37 1d 11014
i suQ all | Asacoay MY BP0 |FuLON HINN, up suQ <0 L1 vo SSRpPY uwnio) d4v,
XYW/NIW 24D, 40 NOILDNNS HILIWVHYA T0BWAS XVYW/NIW JAD; 40 NOILLINNS HILIWVHYL TOBWAS

A-45



BOLYHN

i Y IvNOLLIONDD

- - -

B) (18D D) (ko
Q3IHONDI
LNdni
arva

DO 1wamt
aNnvAani
2 o

anva

ANYAITIHHEL = X
MO =0
HOIH = 1

___x_x_n_x_x_

0 t B 6 O 1L
H3L1SI93H 300W

yseijsy (QT-V 2inbrg

"AN3SIHd SAYMTV (00} ISVHd ONIWIL WHLIX3 9 310N

"123443 ONSYH AGV3H ‘S 310N

"SO0W %P9 NI 07 031H3SSY "JO0W M91/¥ NI IH O31H43SSV 0T3S  F 3LON
‘WAVO QIHOLY 15v] FHL SNIVINOD E ILON

"NOILDVSNYHL 3HL LNOHDNOBHL 07 031835y ‘2 3LON
'NOLLOVSNVHL 3HL LNOHONOYHL I 03LH3SSY | 3LON

lln_xwuL_

dud, Y, —=

J

2310N L3S

L3LON 8TM-/H
L 310N 8HM=/H
Z310N Id
| 310N SYD-

\ Svu—

e m— ro

Je—————————— NOILOVSNVHL HS3H 33 ——————————]

freceecceeeccommmmMMIMMM I GEES st

I \ <3 3LON>

/ 1no2

A-46



LESS MW

"3°L) SYH— wouy aw| | ploy

uiw OL=(EZ1—L) ("3°L) <0>>13S Uo 100 ysayay 4HS;
('3 SyH— o1 awy) dn 1eS

ujw 0Ll = (€2-1) 1'377) <0>73S U0 12a4eS ysayay Hdd,
Hipim esing

uw WELS = (02— L) <0>73S U0 WS ysalay dS4d;

ulw U ZOE = (SE + AZ) WIPtM 35INd SY W — ysaiel dddy

i SUEEL =1 pouag Bunesad 014X “1TLX A
("377) SYH— woij M) pjoHy

U EL=(08—L) <0 L1V U0 SSUPPY ysaljay HHYy
'3"7) SyH— 01 awyy dn 18§

uiw su0s = (Eg— 1) <D: >y Uo s1auppy ysayay HsSY,

XYW/NIN JAJ; 40 NOILLINNZ HILIWVHYY TOEWAS

A-47



uorjoesuel] doel TI-¥ aabrg

OiLrdin

LIN3ISTHd SAYMIY (Q0) 3SVHd ONINIL WHIXI L 310N

N T T qAvnoiLIONDGD (LNdLNO) ¥AVO OIHOLY 1 AISNDIAIHA SNIVLINOD 19 3LON
ZPRNES =y NOILOVSNYHL IHL LNOHONOHHL OIHONDI ONY O3LVISIHL S 3ILON
é ANdNI QILHISSY SYM <G>V 41 YAVO HOLD3IA 50¥3H <1:4>7v0 ¢ ILON
03¥OND) FO0TTMONADY DHI INIBNG <L:G>1Y WOHS OIHILYT Y.LvO OHI IHLSLNAINO <B'Zi>Tva € 310N

P (= LNdNI NOILOYSNYHL 3HL LNOHONOMHL 071 03LH3SSY ‘2 3LON
arva NOILLOVSNYHL 3HL LNOHONOBHL IH 031H3SSY L 3LON

DA o13vam
anrnvani
1AdING G 310N <0>1vo
U 9 310N <EV:S1>7Va
anva

ov1)
ANYATIIHY| = X Hds \ TS
BET6 I e s ) _ 35
HOIH = 1 - 4S5,
230N 013
LoD e fx]x]x] L3LON 81M- /1
0 | B & Ob L | 3LON BHM- /Y
¥31S193H JAOW Z 310N 1d
. _..I L31ON  SVO-
S fe-tnin
_PmoE |—————————dlih SwH-
HH, o 450, =
e SH—a e A _”53:... 9 3LON <D L1V
—= |50, i
¥1VQ LSIN03Y LINHHILNI £ 3LON <B:ZI>1Va

, \ , \ <L 10N> 1/ LNo2

T||.l NOILOYSNVYHL ¥U¢_||I|l*

A-438



BUSS HIN

‘BPAI SN Buo] = SPOW Ji P SBWIL ‘jBWLIOU = SPOW ji £ S3WIL saSind A QY JO Jequinu = | ‘doy/| = |

1239yM 'SU | H PPE “PAIBNI 218 SIS AQH # USY) ‘3pOw ajpAd snq Buol Ul i Su | PRV CL

awi| Aseacany

U U EEL = (1) <1735 U0 123125 YING 40 NIV HdS;
'3°1) <1>7135 vo Pajeg

i su Gy N0V wou sus ) proy ('3°L) SYu- SHH,
2|qeu3 ssaippy

U suGL = (BLL— 1) <0:§1>TvQ XU 01 ('3°L) SYH~ gy,

una W PEE = (99— LE) YIPM #Ind <1>T3S U0 19195 NIV ds3,
PHEA <Z:{>TVQ Uo B1EQ 101907

xew U GZ = (9G1— LE) 01 ('31) <1>713S U0 WaAeS HIV| ash

my W Z0E = (92 + 12) YIPIW #5Ind SYH— IV dH,y
PIEA <D:/>TVQ uo

xeu UGLL = (BFL— L) wIRQ J019A 01 (377} SYH— NOVI auiy
{'371) Swy— o1 euny dn

i 0L = 1£9-1) S ('377) <1>735 U0 PaRS NIV H,
(=]
<I>7735 U0 PAIES HOV| Wosy Ay

s SUER = (05— 1) PIOH <B:S1>71VQ Yo 01 HOV| SH3,
('3'1) STy~ woyj g

i wgl=(gl— 1) PIOH <B:S1>T1VQ U0 04U HaVY| HHM,
a'1)
<1>713S U0 WIAS KOV | WoL) pwi L

utw sug PIOH <Z:L>1¥Q Yo B1RQ JORAA s,

uw 5 6§ = (BF— L) swi | dn) 125 €100 MOV Hsq,

aiw sugEl =1 potsag BunesadQ 011X 114X A%

XYWNIW | DAD; 40 NOILONNS HILIWVHY 108WAS
-
— - — -

A-49



SLLvEN
e e T
J t  TVYNOILIONOD
- meies - - -
O3HONDI
LNdNi
anva

DA arvvant
QIvANI
XCC “anva

anva

ANVAITIHHEI = X
MO1 =D
HOIH = |

Pelx]x]x]x]x]
0L 8 6 01 11
¥31SID3H J00W

uotjoesuel], doy sng  ZI-V @anbig

193443 ON IAVH AOV3IH ONV 300N 310AD SNB ONOT '€ 310N
SIOONW JILVLS NI 3LVLISIIHHL T 310N
ViVO Q3IHILYT AISNOIAIYEd 1 310N

L3

073s

fe————nNO1LIVSNVHL dON SNnE——

A-50






uorjoesuel], ywd E£1-¥Y 2anbig

Clivrun
D svisaauns AT ANVATIIEM) = X LN353Hd SAVATIY (00) 35VMA ONIWIL VHIXI S310N
arivi MO1 = 0 OILIBIHNI JHY S1SIN0IH LdNHHILNI INIL SIHL
T wwowanos TYTIINT Anésne HOMH = 1 ONIMNG ‘NOILIVSNYHL SHL NEHL dNTING AISSV IVNHILNI JAVH <LLL>IY ¥ 310N
= SRRl 1M O3 LH3ISSV 51 <O>IV 41 QILYNINHILS) NDILOVSNYEL YO € 310N

QiITvANI
HILSIOIH
ég Lndni E indino =ﬂna= I00M L35 SNIVINSH L 135 XOVI NV HO VWO HIHLONY SI NOLLOVSNYEL AX3NIHL A Z310N
|

0IHONDI aiva 0 e 6 oL 1l 135 SNIYINIH 0135 YNG ONOD3S ¥ HO HSIHITH §1 NOLLIVSNYEY IXIN IHL 41 “| 310N
| =
340N Hmn! IRED
i o 1L
His,—| [+ HSWy
%)
| 240N 1 ; n7as
451y

) S ———— / B

o HuS, — G, =]
EL' — l— dhil; dsty
pe——— D0 —=] [=—DOHN;—

¥ 310N
£ 3i0Nn
153034 YiNa <O>iv
153N034 vwa \

<0:S1>7Tv0

l|mm9||_ - Vmu_u_

— HOW,
/ \ <5 3LON> _ <§ ILON E’I o
.-|Eo_|a_ aso,

NOILOWSNYHL YING JINYNAD -~

T

A-52



£6-¥

23
23

SYMBOL PARAMETER FUNCTION OF fcve MIN/MAX

TAFS AI<T:0> Float to DMA Select on Ons min
SEL<>

tcas —CAS Pulse Width (3T -90) = 310 ns min

{CDE ~CAS (T.E.] to next DAL<15:0> IT=1Bl=115ns min
Address Enable

tcsp —CAS (L.E.) Set Up Time to PI (L.E.] (T —28) = 105 ns min

icye XTL1, XTLD Operating Period T=133ns min

IDFS DAL<15:0> Float 10 DMA Select on 0ns min
SEL<O0> (L.E)

IDSE DAL<15:0> Enable from DMA (T —27) = 106 ns min
Select on SEL<1> (T.E.}

YHp Input on AI<7:0> Hold Time from 0 ns min
Pl {T.E.}

tisp Pl {L.E.} to Interrupt or DMA Input (2T —167) = 100 ns max
on AI<7:0> Valid

ISFR DMA Select on SEL<0> (2T —23} =243 ns min
IL.E.) Set Up Time to —RAS (L.E.}

ISKR DMA Select on SEL<1> (2T —63) =203 ns min
{L.E.) Set Up Time to—RAS (L.E.)

Moc Pulse Mode COUT (T.E.) Set Up Time IT+10) = 143 ns min
to —CAS (L.E.)

IMOR Pulse Mode COUT Ons min
(L.E.) Set Up Time to —RAS (L.E.}

IMRC DMA Select —RAS (2T +10) = 277 ns min
(L.E.) Set Up Time to —CAS (L.E.)

MRO DMA Pulse Mode COUT [T -51) =BZ ns min
(T.E,) Hold Time fram —RAS (L.E.)

tMRP DMA Select —RAS (6T + 36) = 702 ns min
Pulse Width

IMSF DMA Select on SEL<0> |8T —38) = 1022 ns min
Pulse Width

tMSK DMA Select on SEL<1> (7T —68) = 865 ns min
Pulse Width

ToPW Pulse Mode COUT Pulse Width IT—33) =100 ns min

tORD Pulze Mode COUT Recovery Time (3T —37) = 363 ns min
when 0D is present

IPAE PI{T.E.) ta next AI<7:0> Address IT—40l =93 ns min
Enable

tpip PI Pulse Width (2T —47) = 220 ns min

'RDE ~RAS (T.E.) to next DAL<15:0> (T =118} = 15 ns min
Address Enable

'RSD A/W Drivers disabled and Ons min
Passive Pull Up Enabled Set Up Time ta
DMA Select on SEL<0> (L.E)

tRSE /MW driver enable from (T —27) = 106 ns min
DMA Select on SEL<1> (T.E.)

SPR IACK or DMA Select on SEL<1> (T)=133ns min
Recovery Time

ssg SEL<(> (L.E.) Set Up Time to 0ns min
SEL<1>(L.E)

1: Add T ns if in long bus cycle mode, then if RDY slips are initiated, add H* T ns, where:

T = 1/fop, H = number of RDY pulses times 3 if mode = normal, times 4 it mode = long bus cycle.
2: Add AT for sach READY pulse.
3: Add BT if multiple DMA cycles are granted

MR 5880
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ASPI TRANSACTION

cout ’ \ <NOTE 6> ’ \

2

DAL<15:0> NOTE3 :\[

S CCCCCCECCCCcccqcceccccCo mmem=m ) MN)]

fe— 15— ‘coe

—-RAS NOTE

‘cas -

—-CAS b=t Hp
|
P 'PHC
tesp e

Pl

RI-WHB NOTE 1
R/I-WLBNOTE 1
SELONOTE 2
SEL | NOTE 2

NOTE 1: ASSERTED HI THROUGHOUT THE TRANSACTION

NOTE 2 : ASSERTED LO THROUGHOUT THE TRANSACTION

NOTE 3: THREESTATED

NOTE 4: ASPI OCCURS AT THE END OF A HLT, PUP TRANSACTION, AND DURING A WAIT INSTRUCTION
NOTES: READY HAS NO EFFECT

NOTE 6: EXTRA TIMING PHASE (0D} ALWAYS PRESENT

Figure A-14 ASPI Transaction

MODE REGISTER
" 10 8 8 1

0
Ll xfx]xft]
1 = HIGH
0= LOW
X = IRRELEVANT

aureur X—C
ouTPUT
oureur DECIID
QUTPUT

VALID
INPUT

weur . DCEDXT
INPUT

R

CONDITIONAL 1

B L
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SYMBOL PARAMETER FUNCTION OF fcye MIN/MAX
feve XTL1, XTLO Operating Period T=133ns max
YHC Ready (L.E.} Hold Time from Ons min

COUT (T.E.)
typw Ready Unasserted Pulse Width 60 ns min
YYRT Ready Recovery Time 60 ns min
ysc Ready (T.E.) Delay from —CAS (L.E.) (2T —135) =132 ns max
tyso Ready (L.E.) Delay from Pulsed Mode (2T —127) =140 ns max
COUT (T.E)
tysR Ready (T.E.) Delay from —AAS (L.E.} (3T —100) = 300 ns max

1: These timing parameters apply only to cases where multiple READY pulses are required;
i.e., multiple microcycle slips.

2: READY is an edge-triggered input that is usually activated by asserting a low on its pin.
However, READY is internally activated by the leading edae of —RAS if its pin has been
asserted low before these edges,

MA-5553
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POWER UP SEQUENCE

f——Wpp——— PBU
v T : ;
— tPBc T T
nvvive i "
—BCLR
[ L
e——1PUT ——y S

O R H((C0 CCTCEEIC( EDINIED)) N (ED S ST T &7/

MOTE 1 NOTE 1
NOTE? NOTEG noTE? NOTES

O CCCRCCECEZTEEENNNNIINYINIDY G D e (D S () G O

= —r

r \ U

—RAS ] \NOTE 1, \MOTE 1, \
—_———— e ——— e R

L o
~CAS ' L

S T

Vil
[ 1
k)
|
|
[
|
|
|
=]

[
|
|
i
I
|
|
I
|
i

Z
|
=
X
(==}
L

——— e i . N i ot
e T T e [ L I L
e A 4
R/ —WLB ] -
P el SR~ SO e frm e ol S s
SELD NOTE NOTE
___________S 1t Lz i \ X N
e L)
g — e —— — - d 4 [ ¢
LR rr
s B O, T B TR —= Pco ‘* t i\
0OSC. WITH MODE OSC, PER MODE ! L)
cout Sra e e e o \ REG (0) = 1 \BiT 0SC.PERMODEBITS
e b
A IGNORED
NOTE 1: ASSERTED IN DYNAMIC MODES ONLY e 1110 9 8 1 0 ;U'{L?JT ]:[ wear - DICUIINE.
NOTE 2 ASSERTION DEPENDS ON MODE RECISTER nunnun
NOTE 3: LOW CURRENT PULLUP ON DAL <15:8, 1:0> UNTIL —BCLR NEGATION 2k INVALID DI conormionar ~3 7 T
NOTE 4:  LOW CURRENT PULLUP 1 = HIGH ouTPUT i e
NOTES5: [INTERRUPTS AND DMA REQUEST ARE SERVICED BEFORE THE FIRST FETCH 0 = Low VALID i
NOTE 6:  ASSERTED IN DYNAMIC MODE ONLY, REFLECTS CONTENTS OF THE MODE REGISTER X = IRRELEVANT INPUT
NOTE7: 20 REFRESH TRANSACTIONS IN 8 BIT MODE, 10 REFRESH TRANSACTIONS IN 16 BIT MODE
NOTE 8 DAL'S ALWAYS DRIVING EXCEPT DURING DMA AND DATA PORTION OF READ TRANSACTION MR-4713

Figure A-16 Power Up
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fe— ICYC —ef

iR 1 T S SR

wadtemi L TN AR X R TR R TR

COUT NOTE 2

NOTE 1:
NOTE 2:

NOTE 3:

‘oRD

'ORT

i el

/

XTALT MAY BE USED AS AN OUTPUT

BUS MODE CLOCK (MODE REG <0 >=0 | PHASE DEPENDS ON MODE AND CODE
EXECUTED AS SHOWN WITH CONDITIONAL DUTPUT, FOR LONG MICROCYCLE
MODE AND BUS MODE CLOCK, THE VALID DUTPUT IS SHOWN (PHASE 1S UNCON
DITIONAL)

EXTRA TIMING PHASE (0D) PRESENT. OD IS PRESENT ONLY DURING ASPI, DMA,
REFAESH AND IACK IN STANDARD MICROCYCLE MODE MR<1 >=1. 0D IS PRESENT
IN ALL MICROCYCLES IN LONG MICROCYCLE MODE MR<1 >« 0.

Figure A-17

XTAL and COUT

MODE REGISTER
1170 9 8 1

0
Llxfofx]x]t]
1 = HIGH

0 = LOW
X = IRRELEVANT

ouTPUT

OUTPUT
npur X—C
INPUT

INPUT

ey s ey -

CONDITIONAL 3

[ T ——" -
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DAT?]ADDRESS LINES

2" GROUND

v
DATA/ADDRESS LINES
BUS CLEAR
POWER UP

15 GROUND

+5V

=HLT

=VEC

~cPo

-CP1

-CP2

—-CP3

ADDRESS/INTERRUPT

.
DYNAMIC MOD

QUTPUT
ROW ADDRESS
COLUMN ADDRESS

INPUT

INTERRUPT & DMR

DURING P! TIME
STATIC MODE

INPUT ONLY

DMR  ADDRESS/INTERRUPT

PRIORITY IN STROBE

COLUMN ADDRESS STROBE

ROW ADDRESS STROBE

READ/WRITE LOW BYTE (16)

WRITE (8)

READ/WRITE HIGH BYTE (18)

READ (8)

EXTEND TRANSACTION

SELECT OUTPUT FLAGS
SEE BELOW

CRYSTAL

CRYSTAL /EXT OSC

CLOCK OUTPUT

DALIS -=— 1 40 j@—— ycC
DAL14 =— 2 39 je— A7
DALI3 =— 3 38— AlG
DAL1IZ =—f 4 37 pe—e Al5
DALl «—=i5 36 je— Al4
DALIDO =-—» 6 35 —e A3
DALY =-—» 7 34 fe—a A2
BGND =— 8 33 f— All
DALE *—>» DCTI1-AA 32 f»—» AID
DALY =—» 10 31 p—» P|
DALE =—t 11 30 — -CAS
DALE *—12 29 ——» -RAS
DAL4 =—»13 28 —» R/-WLB
DAL =—f 14 27 —» R/-WHB
DALZ =— 15 26 }e—— READY
DALY =-— 15 25 ——= SELO
DALD w—af 17 24 —» SEl1
-BCLR -=-— 18 23 f+—— XTLO
PUP —» 19 22 j&—» XTLI
GND 20 21 —» couTt
SELECT OUTPUT FLAGS
SELI> | SEL<D> l FUNCTION

L L READ/WRITE

L H REFRESH/FETCH

H L IACK

H H DMG
Figure A-18 DCT11-AA Pin Layout
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

T T
START/RESTART | TEST [16:BI DYN [NORM
il USER[8BIT Jak/iek|STAT |DELAY

<16:13> START/RESTART ADDRESS

12 TESTER/USER MODE o8 NORMAL/DELAYED R/W
" 16-BIT/8-BIT BUS <> RESERVED
10 B64K/4K OR 16K MEMORY o LONG/STANDARD MICROCYCLE
09 DYNAMIC/STATIC MEMORY 00 CONSTANT/PROCESSOR MODE CLOCK
ADDRESS BITS START RESTART
<15:13> ADDRESS ADDRESS
7 172000 172004
6 173000 173004
5 000000 000004
4 010000 010004
3 020000 020004
2 040000 040004
1 100000 100004
D 140000 140004

A adad

Figure A-19 Mode Register

PROCESSOR STATUS

15 14 13 12 1 10 08 o8 07 08 06 04 03 02 o1 00

| 1
TRACE OVER
PRIORITY TRAP NEG |ZERO| ¢/ o [CARRY|

V. |

<15:8> READ AS ZEROS
03 NEGATIVE

MAB212

Figure A-20 Processor Status Word
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s1e> 2, [0
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L4 O [
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ng:'LT,L CAS L - b
NORMA 1v2 8255 SEL L
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5.0688 XTL1 AR abL el 55 8
Wz 5 CASL —-Q RO 8}-1/0 PORT
L [ {xro® /- e c|51/0 PoRT
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— INTEL
_ IOSEL L-Of CE gogea
INIT H—{ RESET
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i Lol MOSTEK
8 8 . A~ AD:7
A al® LDAL<15:8> o
,8
RD L A— AB:0 8
L : \'Cc—d = 110 - 3
out Lsazb Q| OE 4118 110 =
CTAL EN 1K % 8
2 L RAMSEL L RAMSEL L-OQ| G5 STATIC
RASL WwLe L-CIWE__RAM
WHB L WE
7405373
LO , 4
8!, ol 8, LoAL<:0> P o o il
LDAL <7:1> (1 AB:D
RAS L —
CE 8
ouTt 9 ouT ==
RL EN =
E : r ROM SEL L—O| OF out
RASL: INTEL
2716
2K X B
EPROM
REGISTER VALID ADDRESS I
RAM (R/W) 0000-3776
ROM (R) 100000-107776 &
COMMAND (R/W)| 177016 #— D70
2 | MODE (R/W) 177012 LDAL<3Z> 2 RX 2
6+ STATUS (R) 177006 : + ADAl RDY
5 | RBUF (R) 177002 impes DI R
1 XBUF (W) 177000 -RWLB H ?—O RDWT Rpy
B [ COMMAND (W) 40006 2651 SEL L—O) CE
2 | CPORT (RMW) 40004
57 BPORT (R/W) 40002 INIT H—] RESET SIGNETICS
5 L APORT (Rw) | 40000 2651
BRCLK PUSART

Figure A-21
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LS368A

v
INIT H T
G
e GND 5A BA
4 £l MODE BUFFER
1/2 LS368A
o Q32 (NORMAL,BMC)
5y &Y
8
BCLRA ¥
vee o rue Al
DCT11-AA g 7415155
HI DAL J— 78 P
ﬂ q SAL <15,14>
10pF LO DAL}—= vee e
4, (RAS,CAS,RDWT) CAS L -
ooy £ My e
MH: =3 -
26 2Y3[0-2651 SEL L
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<
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8
A
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RD L 8
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ourt ROM SEL L —Of{OE 2K X8
CTRL EN EPROM
i | RAS L
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B.1l INTRODUCTION

This appendix is designed to make the user aware of variations
between the DCT11-AA and other members of the PDP-11 family. These
variations fall into the following major categories:

Addressing Modes

PDP-11 Instruction Set

DCT11-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 DCT11-AA, are:

PDP-11/03
PDP-11/04
PDP-11/23
PDP-11/24
PDP-11/34A
PDP-11/40
PDP-11/44
PDP-11/45
PDP-11/70.

Table B-1 (which is found at the end of this appendix) indicates
those functions which operate the same among the various PDP-11l
processors.

B.2 ADDRESSING MODES

Most basic instructions operate the same from one PDP-11 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 DCT11-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
DCT11-AA, PDP-11/23, PDP-11/24 and PDP-11/40, the results vary
from other PDP-11 processors.

B.2.1 Modes 2 and 4

If the addressing mode of the destination operand is autoincrement
(mode 2) the contents of the register are incremented by 2 before
being used as the source 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.



In the other processors covered in this appendix, the initial

content of the source register is not modified and is used as the
source operand.

The following is an example of an autoincrement (mode 2). Register
0 contains 1000 (octal).

MOV RO, (RO)+ In the DCT11-AA, the quantity 1002 is
moved to location 1000,

In the other processors, the quantity
1000 is moved to location 1000.

The following is an example of an autodecrement (mode 4). Register
0 contains 1000 (octal).

MOV RO, -(RD) In the DCT11-AA, the quantity 776 is
moved to location 776.

In the other processors, the quantity
1000 is moved to location 776.

B.2.2 Modes 3 and 5

If the addressing mode of the destination operand is autoincrement
deferred (mode 3) the contents of the register are incremented by
2 before being used as the source operand. 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 other processors covered in this appendix, the initial
content of the source register is not modified and is used as the
source operand.

The following is an example of an autoincrement deferred (mode 3).

Register 0 contains 1000 (octal) and location 1000 contains 2000
(octal).

MOV RO, @(RO)+ In the DCT11-AA, the quantity 1002 is
moved to location 2000.

In the other processors, the quantity
1000 is moved to location 2000.

The following is an example of an autodecrement deferred (mode 5).

Register 0 contains 1000 (octal) and location 776 contains 2000
(octal).
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MOV RO, @-=(RO) In the DCT11-AA, the quantity 776 is
moved to location 2000.

In the other processors, the quantity
1000 is moved to location 2000.

B.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

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
DCT11-AA, PDP-11/23, PDP-11/24, and PDP-11/40. This varies from
other PDP-11 processors covered in this appendix where the source
operand is the value of the location of the op code plus 2.

In the following example the PC contains the value 1000 (octal).
Location 1002 contains the offset value 2. RO contains the wvalue

2000 (octal).

MOV PC, 2(RO) In the DCT11-AA, the value 1004 is moved
to location 2002.

In the other processors, the value 1002
is moved to location 2002.

The final source operand is the same (1004) for all of the
addressing modes explained above.

NOTE

The use of the above forms of addressing
should be avoided. The MACRO-11
assembler generates an error code (Z)
which 1is printed in the 1listing. This
occurs in each instruction when the
addressing mode is found not to be
compatible among all members of the
PDP-11 family.

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 DCT11-AA traps
through location 4 of the trap vectors (refer to exceptions and
interrupt servicing). This is true of all PDP-11 processors except
the PDP-11/45.



The PDP-11/45 when executing this instruction causes a trap
through memory location 10.

B.3 PDP-11 INSTRUCTION SET

The DCT11-AA implements the basic PDP-11 instruction set. The
PDP-11 instruction set offers a wide choice of operations, such
that a single instruction often does a task that would need many
in other computers. PDP-11 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-1ls

Basic instruction execution

Instructions not executed

Effect of the T-bit (instruction trace trap).

Ba3dal Instructions not Common to all PDP-11s

As the number of PDP-11 processor types increased, instructions
that were not included in the basic instruction set were added.
The DCT11-AA includes the following instructions:

MFPT (move from processor type)
MFPS (move byte from processor status)
MTPS (move byte to processor status).

B.3.1.1 MFPT Instruction --

MOVE FROM PROCESSOR TYPE 000007

Figure B-1 MFPT Instruction

Operation: RO< processor type

Condition Codes: Unaffected

The DCT11-AA, PDP-11/23, PDP-11/24, and PDP-11/44 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 B-2 shows the codes assigned to
identify the processor in use.



Table B-2 Processor Codes

Model Code |Processor Type

4 DCT11-AA
3 PDP-11/23 or PDP-11/24
1 PDP-11/44.

NOTE

The PDP-11/23 and PDP-11/24 are
controlled by the same processor and
have the same model code.

B.3.1.2 MFPS Instruction --

MOVE BYTE FROM PROCESSOR STATUS WORD 1067DD
15 08 07 00
L T T T ¥ L L] L T Ll 1 L | ¥
1 o 0 0 1 1 0 1 1 1 d d d d d d
4 | | [ i1 —— I I | —— g
MA522
Figure B-2 MFPS Instruction
Operation: (dst)<PS

dst lower 8 bits

1; cleared otherwise

set if PS bit 7
0; cleared otherwise

set if PS <0:7>
: cleared
: not affected

we

Condition Codes:

nn

N
Z
\'
C

The low byte of the PS is used as the source operand. The
destination operand is treated as a byte.

The DCT11-AA, PDP-11/03, PDP-11/23, PDP-11/24, and PDP-11/34
implement this instruction to save the processor status register
(PS) without directly accessing the PS on the data/address bus.

NOTE

The DCTI11-AA is not restricted from
having memory or a device at the PS
address 177776. In addition the DCT11-AA
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.



B.3.1.3 MTPS Instruction --

MOVE BYTE TO PROCESSOR STATUS WORD 1064SS
15 08 07 00
T T 1 LB i L] ] T T T T T T 1
1 0 0 Q 1 1 0 1 ] 0 5 s 5 s s 5
i d 1 y — I 1 i L 3
MHA-5222
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 according to effective source operand
C: set according to effective source operand

The source operand is treated as a byte and the destination
operand is always the low byte of the PS. The source operand is
not affected by the MTPS instruction.

NOTE
The T-bit (bit 4 of the PS) cannot be
set with the MTPS instruction.

The DCT11-AA, PDP-11/03, PDP-11/23, PDP-11/24, and PDP-11/34
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.

NOTE
When developing software for the
DCT11-AA on PDP-11 systems that have
memory management, the priority bits of
the PS (bits <7:5>) may not be affected.
Refer to the appropriate processor
handbook.

Bed.2 Basic Instruction Execution

The DCT11-AA executes all basic PDP-11 instructions except MARK.
Some instructions vary in execution from other PDP-11 processors.
These instructions are covered in this section.



B,3.2.1 HALT Instruction --

HALT 000000
15 00
T T Ll T Ll N T Ll T Ll L L L 1 L
0 o] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i A | 1 1 A A 4 1 L i | e |
MRA-5267
Figure B-4 HALT Instruction

Condition Codes: Unaffected

When other PDP-1l1 processors covered in this appendix execute the
HALT instruction, it causes processor operation to cease. Control
is given to the console if one 1is present or to a console
microprogram within the processor. The DCT11-AA has no console or
console microprogram. The DCT11-AA executes a HALT instruction
like a trap. The DCT11-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
DCT11-AA on PDP-11 systems that have
memory management, the trap sequence
when executing a HALT instruction is
different. Refer to the appropriate

processor handbook.

B.3.2.2 RESET Instruction —-

RESET EXTERNAL BUS 000005
15 L
T L} T T L] L] = L) . T L) T L s L] L
g W, VNS B ol BB sV s w0 d g o1
L [ 1 1 5 & |
MRA-5262
Figure B-5 RESET Instruction

Condition Codes: Unaffected



The DCT11-AA RESET instruction causes the assertion of the Bus
Clear (-BCLR) signal. An Assert Priority In (ASPI) transaction
takes place 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 minimum 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 during the RESET
instruction, it 1is not recognized wuntil the instruction has

completed the -BCLR sequence., This is also true of the PDP-11/03,
PDP-11/23, and PDP-11/24.

When a power fail interrupt occurs during a RESET instruction in
the PDP-11/04 and PDP-11/34 it is a fatal error and no power down
sequence occurs. The PDP-11/44, PDP-11/45, and PDP-11/70 RESET
instruction is aborted in the event of a power fail.

B.3.3 Instructions not Executed
The DCT11-AA does not execute the PDP-11 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-11 Instructions not Executed

Op Code Mnemonic Op Code Mnemonic
00 00 10 07 OR SS MUL
reserved 07 1R SS DIV
00 00 77 07 2R SS ASH
07 3R SS ASHC
00 02 10 07 50 OR FADD
reserved 07 50 1R FSUB
00 02 27 07 50 2R FMUL

07 50 3R FDIV
00 02 3N SPL
07 50 40
00 64 NN MARK unused
00 65 SS MFPI 07 &7 77
00 66 DD MTPI
10 65 SS MFPD
00 70 00 10 66 DD MTPD
reserved
00 77 77 17 00 00
FPP Instructions
D 7 207 & N 7
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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 for interrupts

the condition codes describing the result of the last
instruction

a bit that indicates a trap occurs after the execution of
the current instruction.

The DCT11-AA does not allow the T-bit to be set directly. This is
true of all processors covered by this appendix except the
PDP-11/04. Only indirect references to the PS can cause the T-bit
to 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 1location 14 BEFORE executing the next
instruction. If the RTT instruction causes the T-bit to be set,
the t-bit trap is taken AFTER executing the next instruction. The
above is true for all processors covered in this appendix.

The DCT11-AA and all processors (except the PDP-11/45 and
PDP-11/70) acknowledge the T-bit trap before acknowledging an
interrupt that occurs during instruction execution. The PDP-11/45
and PDP-11/70 give the pending interrupt priority over the T-bit
trap.

If a WAIT instruction is executed and the T-bit is set, the
DCT11-AA sequences out of the WAIT. After the T-bit is serviced
the instruction following the WAIT is executed. This is true of
all processors except the PDP-11/03, PDP-11/45 and PDP-11/70.
These processors return to the WAIT until an interrupt occurs.

B.4 DCT11-AA INSTRUCTION EXECUTION SEQUENCE ON THE DATA BUS

Each PDP-11 instruction executed by the DCT11-AA performs a number
of transactions on the data/address bus. The number and type of
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.



B.4.1 Examples Using the Move (MOV) Instruction

In all other processors covered in this appendix, the MOV
instruction consists of the following bus transactions:

The processor fetches the opcode of the instruction

The processor then obtains the source operand

The destination operand is computed

The source operand is written into the destination address.

In the DCT11-AA, the MOV instruction operates similar to the other
processors except for the last bus transaction. After the
destination address has been computed, the DCT11-AA reads from the
destination 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 DCT11-AA
directly to interface devices. For example the Intel 8251A 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 1Intel 8251A data
registers, the DCT11-AA first reads the input register then writes
to the 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
DCT11-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.

B.5 EXCEPTIONS AND INTERRUPTS

The DCT11-AA has a flexible hardware and software interrupt
structure. Hardware interrupts cause the DCT11-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 DCT11-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 DCT11-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 DCT11-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 address, 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 1is 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 (IACK) from the
DCT11-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.



The vector address 1is provided, during an interrupt acknowledge
transaction, by either a fixed table stored in the DCT11-AA
(internal vector address) or by the interrupting device (external
vector address). Table B-4 indicates the internal vectors assigned
to interrupt priority codes.

Table B-4 Interrupt Prior%ty 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
5] 110 112
6 114 116
5 120 122
5 124 126
5 130 132
5 134 136
4 60 62
4 64 66
4 70 72

B.5.1 Bus Errors

The DCT11-AA does not support bus errors. Most PDP-1l 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 1is 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.



If the DCT11-AA attempts to read or write a non-existent memory
location, the transaction 1is 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 DCT11-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.

NOTE
It is important to leave enough room for
the stack area so the vector locations

will not be destroyed.
B.5.2 Internal Register Access

None of the internal registers of the DCT11-AA are directly
accessable as memory locations to the programmer. All transactions
involving these registers are done internally by the DCT1l1-AA. The
addresses assigned to these registers by other PDP-11 processors
are within the 16-bit address space of the DCT1l1-AA. These
addresses can be used as memory locations or as peripheral device
registers.

NOTE
The PS, general purpose registers RO -
R5, SP, and PC are examples of registers
that cannot be directly accessed as
memory locations by the programmer.

B.6 POWER UP

The DCT11-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 DCT1l1-AA. During power up or when executing a RESET
instruction, the DCT11-AA loads an internal register with a three
bit code which represents one of the eight start/restart address

pairs. Table B-5 shows the start/restart addresses,

Table B-5 Start/Restart Addresses

START ADDRESS RESTART ADDRESS

(Used at Power Up) (Used for HALT)
000000 000004
010000 010004
020000 020004
040000 040004
100000 100004
140000 140004
172000 172004
173000 173004




NOTE
The start address is only used at the
time power is applied to the DCT11-AA. A
RESET instruction 1loads the mode
register. 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 DCT11-AA loads the PC with the restart address and sets
the PS to 340.



SYMBOLS AND NOTATION

The following symbols are used in the explanation of the various

modes:

%R

(R) +

- (R)

@(R)+

@-(R)

PC

X (R)

@X(R)

eA

Mode 0 addressing. The contents of the register are to
be used as the source operand.

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 wused as an address of the address of the
destination operand. The contents of R are incremented
by 2 (autoincrement 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).

Program counter mode 0 addressing. The contents of the
program counter are to be used as the source operand.

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 wvalue 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 counter relative defferred addressing.
Relative defferred addressing uses the contents of the

location following the op code as the address of the
address of the destination operand.
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Table B-1

Activity

Software Differences

PDP-11 Family Machines

T11

11
23

04

34

LSI
11

05
10

L5
20

35
40

45

OPR %R, (R)+ or OPR %R,-(R) using the same register
as both source and destination: contents of R are
incremented (decremented) by 2 before being used as
the source operand.

OPR %R, (R)+ or OPR %R,-(R) using the same register
as both register and destination: initial contents
of R are used as the source operand.

X

OPR %R,@(R)+ or OPR %R,@—(R) using the same register
as both source and destination: contents of R are
incremented (decremented) by 2 before being used as

the source operand.

OPR %R,@(R)+ or OPR %R,@-(R) using the same register
as both source and 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:
Location A will contain the PC of OPR +4.

OPR PC,X(R); OPR PC,@X(R); OPR PC,A; OPR PC,@A:
Location A will contain the PC or OPR +2.

JMP (R)+ or JSR reg, (R)+:
Contents of R are incremented by 2, then used as the
new PC address.




Table B-1 Software Differences (Cont)

PDP-11 Family Machines

11 LSI 05 15 35
Activity il 23 04 34 11 10 20 40 45
JMP (R)+ or JSR reg, (R)+: X X X X X X X
Initial contents of R are used as the new PC.
5. JMP %R OR JSR reg,%R traps to 4 (illegal X X X X X X X X
instruction).
JMP %R or JSR reg,%R traps to 10 (illegal X
instruction).
6. SWAB does not change V. X
SWAB clears V. X X X X X X X X
7. Register addresses (177700 - 177717) are valid X
program addresses when used by the CPU.
Register addressed (177700 - 177717) time out when X X X X 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-11 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,
8. BASIC INSTRUCTIONS noted in PDP-11 processor hand- X X X X X X X X X
book.
MFPT (move from processor type) X
SOB, RTT, SXT instructions. X X X X X X X
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Table B-1

Software Differences (Cont)

PDP-11 Family Machines

11 LSI | 05 15 35

Activity T11 | 23 04 34 b 1 § 10 20 40 45

MARK instruction. X X X X X X

ASH, ASHC, DIV, MUL instructions. X X X X X

XOR instruction. X X X X X X

The external option KE1l-A provides MUL, DIV and X X

SHIFT operations in the same data format.

The KE11-E (Expansion Instruction Set) provides the X

instructions MUL, DIV, ASH, and ASHC. These new

instructions are 11/45 compatible.

The KE11-F adds unique stack ordered floating point X

instructions: FADD, FSUB, FMUL, FDIV.

The KEV-11 adds EIS/FIS instructions. X

SPL instruction. X
9. Power fail during RESET instruction is not recog- X X

nized until after the instruction is finished (70

milliseconds). 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 B-1

Activity

Software Differences (Cont)

PDP-11 Family Machines

T1l

11

04

34

LSI
11

05
10

15
20

35
40

45

Power fail acts the same as 11/45 (22 milliseconds
with about 300 nanoseconds minimum). Power fail

during RESET fetch is fatal with no power down
sequence.

RESET instruction consists of 10 microseconds of INIT
followed by a 90 microsecond pause. Power fail not
recognized until the instruction is complete.

RESET instruction consists of a minimum 8.4 micro-
seconds followed by a minimum 150 nanosecond pause,.

Power fail is not recognized until the instruction
is complete.

X

X

10.

No RTT instruction.

If RTT sets the T-bit, the T-bit trap occurs after
the instruction following RTT.

11

If RTI sets the T-bit, the T-bit trap is acknowledged
after the instruction following RTI.

If RTI sets the T-bit, the T-bit trap is acknowledged
immediately following RTI.
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Table B-1

Activity

Software Differences (Cont)

PDP-11 Family Machines

T1l1

11
23

04

34

LSI
11

05
10

15
20

35
40

45

11A.When operating with the T-bit set (e.g. single

stepping) no interrupt requests will be serviced.
At the end of instruction execution, the T-bit

has higher priority than interrupt requests.

Once in the T-bit service routine, other interrupts
are 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.

If an interrupt occurs during an instruction that
has the T-bit set, the T-bit trap is acknowledged
before the interrupt.

If an interrupt occurs during an instruction and
the T-bit is set, the interrupt is acknowledged
before the T-bit trap.

13.

T-bit trap will sequence out of WAIT instruction.

T-bit trap will not sequence out of WAIT instruction.

Waits until an interrupt.

14,

Explicit reference (direct access) to PS can load
the T-bit. Console can also load the T-bit.

Only implicit references (RTI, RTT, traps and in-
terrupts) can load the T-bit. Console cannot load
the T-bit.




Table B-1 Software Differences (Cont)

Activity

PDP-11 Family Machines

T11l

11
23

04

34

LSI
11

05
10

15
20

35
40

45

15,

0dd address/nonexistent references using the SP
cause a HALT. This is a case of double bus error
with the second error occurring in the trap ser-
vicing the first error. 0dd address trap not in
LSI<11 or 11-23.

0dd address/nonexistent references using the SP
cause a fatal trap. On bus error in trap service,
new stack created at 0/2.

0dd address/nonexistent references using the SP
do not trap.

X

X

X

X

The first instruction in an interrupt routine will
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
guaranteed to be executed.

17,

8 General-purpose registers.

16 General-purpose registers.

18.

PSW address, 177776, not implemented. Must use new
instructions, MTPS (Move to PS) and MFPS( Move from
PS) .

PSW address implemented. MTPS and MFPS not imple-
mented.
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Table B-1

Software Differences (Cont)

PDP-11 Family Machines

11 LSI | 05 15 35
Activity T11-| 23 04 34 11 10 20 40 45
PSW address and MTPS and MFPS implemented. X X
19. Only one interrupt level (BR4) exists. X
Four interrupt levels exist. X X X X "X X X
Four interrupt levels exist encoded in four lines. X
20. Stack overflow not implemented. X X
Some sort of stack overflow implemented. X X X X X X X
21. 0dd address trap not implemented. X X X
0dd address trap implemented. X X X X X X
22. FMUL and FDIV instructions implicitly use R6 (one X
push and pop); hence R6 must be set up correctly.
FMUL and FDIV instructions do not implicitly use R6. X
23. Due to their execution time, EIS instructions can X
abort because of a device interrupt.
EIS instructions do not abort because of a device X X X
interrupt.
24, Due to their execution time, FIS instructions can X X
abort because of a device interrupt.
25, EIS instructions do a DATIP and DATO bus sequence X

when fetching source operand.




Table B-1

Software

Differences (Cont)

PDP-11 Family Machines

2 55 LsI | 05 15 35
Activity Tii| 23 04 34 11 10 20 40 45
EIS instructions do a DATI bus sequence when X X X
fetching source operand.
26. MOV instruction does just a DATO bus sequence for X X X X X X
the last memory cycle.
MOV instruction does a DATIP and DATO bus sequence X X X
for the last memory cycle.
MOV instruction does a READ (DATI) and a WRITE (DATO) X
bus sequence for the last memory cycle.
o
|
N 27, If PC contains nonexistent memory address and a X X X X X X X
= bus error occurs, PC will have been incremented.
If PC contains nonexistent memory address and a X
bus error occurs, PC will be unchanged.
Does not support bus errors. X
28. If register contains nonexistent memory address X X X X X X
in mode 2 and a bus error occurs, register will
be incremented.
If register contains nonexistent memory address X X
in mode 2 and a bus error occurs, register will
be unchanged.
Does not support bus errors. X
29. If register contains an odd value in mode 2 and a X X X X
bus error occurs, register will be incremented.
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Table B-1

Activity

Software Differences (Cont)

PDP-11 Family Machines

T1ll

11
23

04

34

LSI
11

05
10

15
20

35
40

45

I1f register contains an odd value in mode 2 and a
bus error occurs, register will be unchanged.

Does not support bus errors.

X

X

X

30.

Condition codes restored to original values after
FIS interrupt abort (EIS doesn't abort on 35/40).

Condition codes that are restored after EIS/FIS
interrupt abort are indeterminate.

31.

Op codes 075040 through 075377 unconditionally trap
to 10 as reserved Op codes.

If KEV-11 option is present, Op codes 075040 through
075377 perform a memory read using the register
specified by the low order 3 bits as a pointer. If
the register contents is a nonexistent address,

a trap to 4 occurs. If the register contents is

an existent address, a trap to 10 occurs if user
microcode is not present. If no KEV-11 options is
present, a trap to 10 occurs.

2.

Op codes 210 through 217 trap to 10 as reserved Op
codes.

Op codes 210 through 217 are used as a maintenance
instruction.

33.

Op codes 75040 through 75777 trap to 10 as reserved
Op codes.
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Table B-1

Activity

Software Differences (Cont)

PDP-11 Family Machines

T1l1l

11
23

04

34

LSI
11

05
10

15
20

35
40

45

Only if KEV-11 option is present, Op codes 75040
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-11l option
need not be present. If no user microcode exists,

a trap to 10 occurs.

X

34,

Op codes 170000 through 177777 trap to 10 as reserved
instructions.

Op codes 170000 through 177777 are implemented as
floating point instructions.

Op codes 170000 through 177777 can be used_as escapes
to user microcode. If no user mocrocode exists,
a trap to 10 occurs.

35.

CLR and SXT do just a DATO sequence for the last
bus cycle.

CLR and SXT do DATIP-DATO sequence for the last
bus cycle.

CLR and SXT do a READ (DATI) and a WRITE (DATO)
sequence for the last bus cycle.

36.

MEM. MGT. maintenance mode SRO bit 8 is implemented.

MEM. MGT. maintenance mode SRO bit B is not
implemented.
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Table B-1

Activity

Software Differences (Cont)

PDP-11 Family Machines

Tl

11
23

04

34

LSI
11

05
10

15
20

35
40

45

37

PS<15:12>, user mode, user stack pointer, and
MTPX and MFPX instructions exist even when MEM. MGT.
is not configured.

PS<15:12>, user mode, user stack pointer, and
MTPX and MFPX instructions exist only when
MEM. MGT. is confiqured.

38.

Current mode PS bit <15:14> set to 01 or 10
will cause a MEM. MGT. trap upon any memory
reference.

Current mode PS bits <15:14> set to 01 or 10
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
addres 177776 is not mapped. If mapped PS<7:5>
and <3:0> are affected.

MTPS in user mode will only affect PS5<3:0>
regardless of whether PS address 177776 is mapped.

40.

MFPS in user mode will cause MEM. MGT. trap if PS
address 177776 not mapped. If mapped, PS<7:0>
are addressed.

MRPS in user mode will access PS<7:0> regardless
of whether PS address 177776 is mapped.
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Table B-1

Software Differences (Cont)

PDP-11 Family Machines

11 LsI |05 15 35
Activity T11|( 23 | 04 | 34 |11 |10 | 20 | 40 | 45
41. A HALT instruction in user mode traps to 4 X
A HALT instruction in user mode traps to 10. X 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 ODT 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
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HARDWARE DIFFERENCES - TRAPS
(TRANSPARENT TO SOFTWARE)

T11

11/23

11/04

11/34

Priority of internal
processor traps, ex-—
ternal interrupts,
HALT and WAIT:

TRAP Instructions
HALT INTERRUPT
TRACE Trap
External Vector
Interrupt
Internal vector
Interrupt

Power Fail Trap
WAIT Loop

TEST Mode Request

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

Priority of internal
pProcessor 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

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
Conscle Bus Request
UNIBUS Bus Request
WAIT Loop
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HARDWARE DIFFERENCES - TRAP
(TRANSPARENT TO SOFTWARE)

LSI1ll

PDP11/05,10

PDP11/15,20

PDP11/35,40

Priority of internal
processor traps, ex-
ternal interrupts,
HALT and WAIT:

Bus Error Trap

Priority of internal
processor traps, ex-
ternal interrupts,
HALT and WAIT:

Bus Error Trap

Priority of internal
processor traps, ex-
ternal interrupts,
HALT and WAIT:

Bus Error Trap

Priority of internal
processor traps, ex-
ternal interrupts,
HALT and WAIT:

Memory Parity Errors
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CHAPTER 1
INTRODUCTION

1.1 SCOPE OF MANUAL

This service manual provides the information needed to implement the RA8O Disk Drive corrective
maintenance procedures. Chapter | provides an overview for RA80 maintenance and reference docu-
mentation related to the RABO Disk Drive. Chapter 2 describes the removal and replacement procedure
for each RABO 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 external 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 deci-
mal/hexadecimal conversion chart.

1.2 RAB0 MAINTENANCE FEATURES
The RA80 Disk Drive is designed with emphasis placed on serviceability. 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 RAS80 MAINTENANCE PHILOSOPHY

The repair philosophy for the RAS8O is, “intelligent module replacement.” This philosophy 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 available to support and verify corrective maintenance decisions.

1.4 RAS0 RELATED DOCUMENTATION
The RASO Disk Drive related documentation is listed below.



The following documentation is available from Printing and Circulation Services, 444 Whitney St.,
Northboro, Massachussetts 01532.

e RASR0O Disk Drive User Guide

EK-ORAR0-UG

® RABO Series Disk Drive lllustrated Parts Breakdown EK-ORAS0-1P

The following documentation is available from the Software Distribution Center, Order Adminis-
tration/Processing, 20 Forbes Rd., Northboro, Massachusetts 01532.

® RAB0D Field Maintenance Print Set

MP-01286

e UDAS0 Maintenance Documentation Kit

QP904-GZ
(This kit consists of a looseleaf binder, the UDASO Maintenance Guide, and the current drive
maintenance guides that operate on the UDAS0.)

® RARO Maintenance Guide

AA-MIBOA-TC
(This is a small, looseleaf, plastic-wrapped package.)

® 7-1/2 X 5 inch binder

AV-L980A-TK
(This small binder fits the maintenance guides.)
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CHAPTER 2
REMOVAL AND REPLACEMENT PROCEDURES

2.1 INTRODUCTION

This chapter describes the RA80 parts removal and replacement procedures. The chapter begins with
the power precautions that should be observed before replacing FRUs. The remainder of the chapter
supplies detailed procedures for FRU replacement.

2.2 POWER PRECAUTIONS
Since hazardous voltages are present inside this equipment, servicing should be performed only by qual-
ified service representatives. Bodily injury or equipment damage may result from improper 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 RA8O Disk Drive and power controller (H874) are shown in Figure 2-1,

24 REMOVING POWER FROM THE DISK DRIVE
Before replacing assemblies in the RABO Disk Drive, the disk should be spun down and the ac line
power removed. Use the instructions 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 CB1 at the rear of the RABO Disk
Drive.

2.4.2 Removing Power from the H766C or D Power Supply
To remove power to the H766C or D power supply, unplug the ac cord from the receptacle on the
power control unit at the bottom of the RABO cabinet.

2.5 REMOVAL AND REPLACEMENT SEQUENCE
Figure 2-2 provides an RAR0O part removal sequence.

To remove a part, locate it on the sequential flow diagram and follow the path to the top of the diagram.
Begin by removing the topmost item on the path that the flow-line passes through. Continue down the
flow-line until the desired part is reached. Paragraph numbers assist in the location of each removal
procedure, Parts that can be directly removed are not shown on the diagram,

NOTE
Unless otherwise indicated, reverse the removal pro-
cedure to replace each FRU.
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RAISE LOGIC ACCESS COVER (2.10)
SERVO MODULE (2.12)
PERSONALITY MODULE (2.12)
MICROPROCESSOR MODULE (2.13)
RAISE DRIVE LOGIC CHASSIS (2 11)

LOGIC DC HARNESS ASSEMBLY (2 14)

RAISE DRIVE LOGIC CHASSIS (2 11)

—= FRONT BEZEL FANS (2.15)

—== READ/WRITE MODULE (2.16)

—== FRONT BEZEL (2.18) BRUSH GROUND SPRING (2.17)
OPERATOR CONTROL PANEL AND CABLE (2 19)

|-> LOGIC AC HARNESS ASSEMBLY (2.20)

= DRIVE POWER SUPPLY (2.21)
REAR POWER SUPPLY FAN (2 22)

FORWARD POWER SUPPLY FAN (2 22)

— HEAD DISK ASSEMBLY (2 16)
= SPEED SENSOR (223)
= HDA TEMPERATURE SENSOR (2 23)

- BELT TENSION MICROSWITCH (2 24)

= SPINDLE BELT (2 25)
MOTOR/BRAKE ASSEMBLY (2.26)

MOTOR ACTUATOR ASSEMBLY (2.27)

WING PIVOT ASSEMBLY (2.28)
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Figure 2-2 Sequential Part Removal and Replacement
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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.

1. Unlock the rear door with a 5/32* hex wrench.
2. Disconnect the green/yellow striped ground wire using a Phillips screwdriver.
3. Unlatch the rear door and lift it off of the frame assembly.

4. The end panels are removed by [irst removing the two end panel locks. The end panel 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 cabinet and set the end panel aside.

2.7 REMOVING THE SWITCH CAPS AND LAMPS
Refer to Figure 2-5 while performing this procedure.

1. Remove the operator control panel switch caps by prying the recessed side of the cap with 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 swiltch opening and pull on the metal slide. The
lamp will pull forward with the slide.

3. Insert a lamp with the rear flat portion of the lamp in a horizontal 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 switch opening as far as it will go, using only
a small amount of pressure to snap the cap into place.

2.8 REMOVING THE AIR FILTER
Refer to Figure 2-6 while performing this procedure.

1. 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 pulling down on the top halfl 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 2-5 Switch Cap and Lamp Removal
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Figure 2-6  Air Filter Removal
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2.9 EXTENDING AND RETRACTING THE DRIVE ON SLIDES
Replace internal parts of drives on slides by following 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
1. Pull out the cabinet stabilizer foot. Refer to Figure 2-7.
CAUTION

Never slide a drive out of the cabinet without first
extending the stabilizer foot.

STABILIZER FOOT

CZ-0608

Figure 2-7 Extending the Stabilizer Foot



2. Open the rear door of the cabinet.

3. Remove the power supply screw that holds the rear of the disk drive to the electrostatic dis-
charge bracket (ESD). Refer to Figure 2-8.
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NOTE
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SLIDE DRIVE FORWARD. REPLACE SCREW
THROUGH BRACKET EACH TIME THE DRIVE
IS SLID BACK INTO CABINET,
CZ-0586

Figure 2-8 Preparing for Drive Extension
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4,  Push the detent latch to the left and push the drive forwards.

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.

Push up on slide lock arm A to extend the drive all the way out on its slides.

DRIVE
CABINET
RABO
DISK
DRIVE
/
2 @ ° o L]

\iY
ho#

SLIDE . ‘
ASSEMBLY

8y AN

LOCK LOCK
ARM ARM
A B

PHILLIPS HEAD
SEM SCREWS
8-32 X 5/16

(2 EACH SIDE)

CZ-0600

Figure 2-9 Extending the Chassis Slides

2.9.2 Sliding the Drive Back into the Cabinet

1. Push in on slide lock arm B and slide the drive into the cabinet.

2. Check that the detent latch at the rear of the cabinet has locked the drive in place.

3. Install the power supply screw through the electrostatic discharge bracket.

4. Close the rear door of the cabinet.

2.10 RAISING THE LOGIC ACCESS COVER
Refer to Figure 2-10 while performing this procedure.

NOTE

Foldout Figure 2-10 provides an overview of the
main access compartments of the RABO Disk Drive.
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Figure 2-10  Access to the Inside of the Drive
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2.11

Turn the logic access cover lock 90° counterclockwise while placing downward pressure on
the cover.

The cover will pop up slightly once the cover latching mechanism is released.

Raise the logic access cover to expose the drive logic modules.

RAISING THE DRIVE LOGIC CHASSIS

Refer to Figure 2-10 while performing this procedure.

2

Push in the logic chassis release latch.

Lift the drive logic chassis to its fully raised position.

2.12 REMOVING THE SERVO AND PERSONALITY MODULES
Refer to Figure 2-11 while performing this procedure.

1.

a:

4.

Raise the logic access cover, (Paragraph 2.10.)

Pivot the servo and personality modules up so that the microprocessor module is exposed.

,Unplug all the module cables,

NOTE
Do not cut the cable tie wraps on the Sl cables. In-
stead, remove the nylon nut and unplug the con-
nector with the strain relief attached.

Lift the module(s) out of the logic chassis.

2.13 REMOVING THE MICROPROCESSOR MODULE
Refer to Figure 2-12 while performing this procedure.

1.

2

Raise the logic access cover. (Paragraph 2.10.)
Remove the personality module. (Paragraph 2.12.)
Unplug all cables to the microprocessor module.
Pull up on the five push pins.

Lift the microprocessor module out of the logic chassis.

2-13
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Figure 2-11 Servo and Personality Module Removal
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Figure 2-12  Microprocessor Module Removal



2.14 REMOVING THE LOGIC DC HARNESS ASSEMBLY
Refer to Figures 2-13 and 2-14 while performing this procedure.

g

2

6.

p

Raise the logic access cover. (Paragraph 2.10.)

Remove the servo, personality, and microprocessor modules. (Paragraphs 2.12 and 2.13.)
Remove the feedthrough bracket screws.

Remove the two screws holding the DC power harness.

Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.10.)

Unplug the P701, P702, and P703 connectors.

Remove the dc power harness.

2.15 REMOVING THE FRONT BEZEL FANS
Refer to Figure 2-15 while performing this procedure.

L:
2.

Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)
Remove the two screws securing the fan that is to be removed.
Slide the fan out of the chassis and remove the quick-connect terminals.

Remove the four screws and retaining nuts that hold the fan on its bracket.

o
¥
(=]



TOP LOGIC CHASSIS

SCREWS
HOLDING THE
DC POWER'
HARNESS

FEEDTHROUGH BRACKET
SCREWS

FEEDTHROUGH
BRACKET

RUBBER GROMMET

DC POWER HARNESS

CZ-0163
Figure 2-13  Logic DC Harness Removal
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Figure 2-14  Drive Power Supply Connectors
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Figure 2-15 Front Bezel Fan Removal
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2.16 REMOVING THE HDA AND THE READ/WRITE MODULE
Refer to Figures 2-16 and 2-17 while performing the following removal and replacement procedures.

2.16.1

l.

Removing the HDA and the Read/Write Module
Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)
Unplug connector P502 from the read/write module.
Unplug connectors P602 and P603 from the HDA preamp module.
Place the belt tension lever into the release position.
Remove the four HDA retaining nuts.
Place the positioner lock into the LOCK position.

CAUTION
If Step 6 is not performed, the HDA may be dam-
aged.

Remove the HDA from the drive by placing your hands at diagonally opposite corners and
then lifting the unit out of the drive.

CAUTION
Never place the HDA down on its pulley.

Place the HDA on a level surface in the vertical position only. Plastic bulkhead feet are pro-
vided for this purpose on the front bulkhead of the HDA.

Unplug connectors P501 and P503 from the read /write module, if the module is to be remov-
ed.

Remove the four screws holding the read/write module to the HDA.
Replacing the HDA and the Read/Write Module

Check that the drive belt is centered on the motor pulley. The other end of the belt should be
even with the top of the nylon rollers on the wing pivot assembly,

CAUTION
If the drive belt is not aligned properly, damage to
the HDA, drive belt, or nylon roller may result.
Lift the HDA by two diagonally opposite corners and lower it over the four mounting bolts.
Tighten the HDA in position with the four nuts and washers.

Reconnect P602 and P603 to the preamp module on the front of the HDA.

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 2-16 HDA and Read/Write Module Removal
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Figure 2-17 HDA Positioner Lock Lever

6.  Reconnect P501, 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 full 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 HDA is installed.



CAUTION
The read/write heads rest on the HDA disk sur-
faces. Therefore, if the HDA is to be shipped or
moved to another location, certain precautions must
be taken to prevent damage to these heads. The
HDA spindle pulley must be taped in place to pre-
vent movement of the spindle.

2.17 REMOVING THE BRUSH GROUND SPRING
Refer to Figures 2-16 and 2-18 while performing this procedure.

1.

2.

Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)
Remove the read /write module.
Remove the brush ground spring retaining ring using a retaining ring tool.

Remove the brush ground spring from the top of spindle.
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Figure 2-18 Brush Ground Spring Removal
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2.18 REMOVING THE FRONT BEZEL
Refer to Figure 2-19 while performing this procedure,

1. Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)

2. Remove the eight screws that secure the front bezel to the drive logic chassis.

FRONT BEZEL

= CZ.0626

Figure 2-19 Front Bezel Removal
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2.19 REMOVING THE OPERATOR CONTROL PANEL AND CABLE
Refer to Figures 2-20 and 2-21 while performing this procedure.

1. Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)
2. Remove the front bezel. (Paragraph 2.18.)

3. Remove the two screws that secure the operator control panel bracket to the chassis, These
screws are located under the logic chassis.

4. Unplug connector P101 from the operator control panel.
NOTE
When 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

determine the revision level of the drive to the soft-
ware. (Refer to Figure 2-21.)

2.20 REMOVING THE LOGIC AC HARNESS ASSEMBLY
Refer to Figures 2-22 and 2-23 while performing this procedure.

I. Raise the drive logic chassis by releasing the chassis latch. (Paragraph 2.11.)
2. Remove the front bezel. (Paragraph 2.18.)
3. Remove the operator control panel. (Paragraph 2.19.)

4. Remove the front bezel fans. (Paragraph 2.15.)

5. Remove the screw and washer that hold the harness to the chassis. (Refer to Figure 2-22.)
6. Unplug connector P705 from the power supply to the harness.
7. Raise the logic access cover. (Paragraph 2.10.)

8. Locate the motor start capacitor to the right of the personality module. (Refer to Figure 2-
23.)

9.  Remove the wires from the motor start capacitor.
10.  Cut the ac harness cable clamps.

11, Remove the cable clamp screws.

12, Pull the two grommets from their retaining holes.
13.  Remove the ac harness from the chassis front,

14.  Pull the ac harness down through the hole in the rear of the chassis.
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Figure 2-21  Setting the Drive Serial Number
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2.21 REMOVING THE DRIVE POWER SUPPLY
Refer to Figures 2-22 and 2-24 while performing this procedure.

I.  Unplug the power supply ac line cord from the power controller at the base of the cabinet.
2. Raise the drive logic chassis. (Paragraph 2.11.)
3. Unplug connectors P701, P702, P703, P704, and P705 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 cable ties that hold it on the cabinet.

6. Remove the six 1/4 inch hex head screws [rom the rear of the power supply.

7. Pull the power supply out of the rear of the drive guiding the two fan wires through the
chassis cutout.

DISK DRIVE

DRIVE POWER SUPPLY

Cz-o0087

Figure 2-24 Drive Power Supply Removal
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2.22 REMOVING THE POWER SUPPLY FANS
Refer to Figures 2-24 and 2-25 while performing this procedure.

1. Remove the drive power supply. (Paragraph 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 while performing this procedure.

1. 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/write module.
4. Remove the quick-connect terminals from the temperature sensor.
5. Remove the temperature sensor by turning it clockwise.

6. Remove the two screws that hold the speed sensor on the HDA.

7. Remove the speed sensor assembly.
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2.24 REMOVING THE BELT TENSION MICROSWITCH
Refer to Figure 2-28 while performing this procedure.

1.  Remove the HDA. (Paragraph 2.16.)
2. Remove the screw that holds the belt tension switch to the chassis side wall.

3.  Remove the microswitch from its bracket.

s

Unplug the two quick connect terminals from the microswitch.

NOTE
Check that the microswitch leads are replaced
exactly as removed. Figure 2-28 shows the correct
placement.

MICROSWITCH

CZ-0185

Figure 2-28 Belt Tension Microswitch Removal



2.25 REMOVING AND REPLACING THE SPINDLE BELT
Refer to Figure 2-29 while performing the following removal and replacement procedures.

2.25.1 Removing the Spindle Belt
1.  Remove the HDA. (Paragraph 2.16.)
2. Lift the belt off the motor pulley and pull it forward.

L-SHAPED
BRACKET PIVOT POST

MOTOR TENSION
SPRING

REMOVE
GREEN/YELLOW
GROUND WIRE

CENTER BELT ON
MOTOR PULLEY

ALIGN BELT WITH
TOP OF ROLLERS

PIVOT
ASSEMBLY

CZ-0187

Figure 2-29 Belt and Motor/Brake Removal
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2.25.2

4,

Replacing the Spindle Belt

Slide the new belt under and around the motor pulley checking that the smooth side of the
belt faces in toward the motor pulley.

Center the belt on the motor pulley.

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 flush with the top of the nylon rollers.

Replace the HDA.

2.26 REMOVING THE MOTOR/BRAKE ASSEMBLY
Refer to Figures 2-29 and 2-30 while performing this procedure.

I

2

Remove the HDA. (Paragraph 2.16.)

Remove the two hex nuts on the drive motor ground wire. The ground wire is green and yel-
low and grounds the motor to the power supply chassis.

Remove the drive motor ground wire [rom the grounding bolt.
Unplug connector P704 from the power supply chassis.

Slide the spindle motor drive belt off the wing pivot assembly and the motor pulley. (Para-
graph 2.25.)

Remove the drive motor tension spring. A pair of long-nosed pliers will have to be used to
maneuver the spring out from under the L-shaped bracket.

Lift the motor/brake assembly off the pivot posts.
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2.27 REMOVING THE MOTOR ACTUATOR ASSEMBLY
Refer to Figures 2-31 and 2-32 while performing this procedure.

1.

%

i

8.

Remove the HDA. (Paragraph 2.16.)

Remove the motor/brake assembly. (Paragraph 2.26.)

Remove the four kepnuts and washers that hold the lower air baffle.

Remove the baffle.

Remove the three retaining rings and washers that hold the motor actuator assembly in place.

Remove the screw and beveled washer that secures the belt tension lever and lock spring to
the chassis side wall.

NOTE
The hollow side of the beveled washer should face
the locking spring upon reassembly,

Slide the motor actuator assembly off the chassis side wall studs.

Remove the motor actuator assembly through the ront of the drive.

2.28 REMOVING THE WING PIVOT ASSEMBLY
Refer to Figure 2-33 while performing this procedure.

1

2

Remove the HDA. (Paragraph 2.16.)
Lift the belt off the wing pivot assembly.

Remove the two screws, three retaining rings, and washers that hold the wing pivot assembly
in place.

Lift the wing pivotl assembly off the locating studs and slide it under the lower air baffle.
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Figure 2-32  Motor Actuator Assembly Removal
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CHAPTER 3
ADJUSTMENTS

3.1 INTRODUCTION
This chapter describes the adjustment procedures for the RABO Disk Drive. The only adjustments that

can be made are on the bell tension and on the servo.

3.2 BELT TENSION ADJUSTMENT

The belt tension should be checked whenever the motor, drive belt, or HDA is replaced. Since the belt
may stretch slightly with use, belt tension should also be examined any time a drive corrective action
call 1s made. To check or adjust the belt tension, use the following procedure with the HDA in place

(refer to Figures 3-1 and 3-2).

1.

2

Spin down the HDA by depressing the RUN/STOP switch on the operator control panel.

Raise the drive logic chassis and determine if the brass-colored slider is flush with the outside
edge of the metal reference marker.

NOTE
If the brass-colored slider needs adjustment, turn off
the ac power at the power controller,

Loosen the locking nut and adjust the belt tension screw until the brass-colored slider is flush
with the reference marker shown. Turn the screw clockwise to move the slider forward.

Tighten the locking nut after the adjustment is made,

Restore the ac power to the drive and spin up the HDA by depressing the RUN/STOP
switch.
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Figure 3-1 Belt Tension Adjustment Screw
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3.3 SERVO ADJUSTMENTS
The servo adjustments must be performed after replacing a servo module or HDA. Refer to Figure 3-3
for the locations of the maintenance controls. Use the following procedures to make these adjustments.

1.
2.

Switch on the circuit breaker at the rear of the H766 power supply.
Enter the diagnostic mode using the following procedure.

a.  Turn the rotary switches to FF.

b.  Push the ENTER switch. The LEDs blink FF.

c.  Push the ENTER switch again and the LEDs display a steady state FF.

a.

Turn the rotary switches to 00.

e.  Push the ENTER switch. The LEDs display a steady state 00,

[. Push the ENTER switch again and the LEDs display the blinking EC prompt.

Call up the static servo test using the following procedure.

a. Turn the rotary switches to 27.

b.  Push the ENTER switch. The LEDs momentarily display 27 and then AA when the test
completes successfully. If an error code occurs, replace the servo module and repeat the
adjustments from Step 1. If the test ends with an AA, proceed to Step c.

¢.  Push the ENTER switch again and the LEDs display the blinking EC prompt.

Spin up the disk using the following procedure.

a.  Turn the rotary switches to 1E.

b.  Push the ENTER switch. The LEDs momentarily display 1E and then a steady state
E7.

c.  Push the RUN/STOP switch on the operator control panel. The drive spins up and the
LEDs display an AA when the spin-up is complete.

NOTE
The READY indicator is not lit when the disks are
spinning in the diagnostic mode.

d.  Push the ENTER switch and the LEDs display the blinking EC prompt.

Call up the servo velocity adjustment utility using the following procedure.

a.  Turn the rotary switches to 26.

b.  Push the ENTER switch. The LEDs momentarily display 26, then momentarily E7,

then one or two LEDs remain lit. If the LEDs display an error code of 7C, 7D, or 7E,
proceed to Step c¢; otherwise, proceed to Step d.

3.4
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c.  Look up the applicable LED error code in the following procedure and do what it says,

e  Error code 7C - when this error code is indicated by the LEDs, the positioner ac-
cess time is too slow and requires that the R281 potentiometer be turned counter-
clockwise two revolutions. (Refer to Figure 3-4.) Push the ENTER switch to re-
turn to the blinking EC prompt and repeat Step 5.

e Error code 7D — this error code indicates that there are too many seek errors. The
servo module or the HDA may be defective.

e Error code 7E — when this error code is indicated by the LEDs, the positioner ac-
cess time is too fast and requires that the R281 potentiometer be turned clockwise
two revolutions. Push the ENTER switch to return to the blinking EC prompt and
repeat Step 5.

d.  Read the LED display. If any LEDs other than the center two LEDs are on or flashing
(refer to Figure 3-5), adjust the R281 potentiometer on the servo module (refer to Fig-
ure 3-4). The objective is to adjust the potentiometer until only the center two LEDs are
flashing. Rotate R281 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 servo velocity adjustment potentiometer
(R281) slowly since there is a time delay before the
LED patterns react to the adjustment.

e.  Run the servo velocity test for 20 minutes until the temperature stabilizes in the posi-
tioner motor.

f.  Read the LED display. Readjust the R281 potentiometer until only the center two
LEDs of the display are on or flashing.

g.  Turn the rotary switches to DD.

h.  Push the ENTER switch. The LEDs display AA or blink EC depending on how long the
ENTER switch is pushed.

i.  Push the ENTER switch again if the LEDs display an AA. The LEDs should then dis-
play the blinking EC prompt.

Call up the entire unit test using the following procedure.
a.  Turn the rotary switches to 25.

b.  Push the ENTER switch. The LEDs momentarily display 25 and then E7. Wait until all
the tests are run and the LEDs display AA.

¢.  Push the ENTER switch and the LEDs display the blinking EC prompt.
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7. Return on-line using the following procedure.
a.  Turn the rotary switches to 1D.
b.  Push the ENTER switch. The LEDs momentarily display 1D and then E7.
¢.  Turn the rotary switches to 00.
d. Push the ENTER switch. The LEDs display 00 and the drive is on-line. (A test for de-

termining if the drive is on-line is to push the WRITE PROTect switch. If the WRITE
PROTect indicator lights, then the drive is back in the on-line mode.)
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CHAPTER 4
DRIVE-RESIDENT DIAGNOSTICS

4.1 INTRODUCTION

This chapter describes the RABO firmware diagnostic capabilities. Tt begins with a description of the
functional firmware fault and error codes. It also shows the location of the maintenance controls and
how to use them. Finally, a description of each utility routine and diagnostic test is presented.

4.2 FUNCTIONAL AND DIAGNOSTIC FIRMWARE

The functional and diagnostic [irmware are two distinct software modules in the RABO Disk Drive. The
functional firmware controls the spin-up cycle, seek command, and recalibrate command. It also per-
forms fault monitoring and interface handshaking operations. When the drive is operating under the
control of the functional firmware, it is in the functional mode (on-line). When the drive is operating
under the control of the diagnostic firmware, it is in the diagnostic mode. The diagnostic firmware con-
trols the drive-resident tests and utilities. These tests and utilities are invoked after the drive is placed in
the diagnostic mode.

4.3 FUNCTIONAL FIRMWARE FAULT CODES

Functional firmware general fault codes are reported through the operator control 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 should remain on until the FAULT
switch is released, providing a method of checking all the indicators. Upon releasing the FAULT
switch, the indicators display the general fault code as illustrated in Figure 4-1. The LEDs on the mi-
croprocessor module further define the general faults with specific hexadecimal errar codes.

To exit the fault display mode, push the FAULT switch. This action stores the LED error code in the
area of the RAM allocated for previous faults. If the fault has been cleared, the firmware returns the
operator control panel to its previous state. If the fault still exists, the FAULT indicator lights again.

The read-/write-unsafe and invalid interface command flault 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 intervention.

44 GENERAL FAULT CODE DESCRIPTIONS
Eleven general fault codes are reported through the operator control panel indicators. These eleven 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 lirmware
monitors spindle acceleration and speed. If the spindle 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
specilic error code,
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4.4.2 Read/Write Diagnostic Fault

After the firmware has performed the initial recalibration, it executes the read /write diagnostics before
lighting the drive READY indicator. The tests listed below are performed during the read/write diag-
nostics.

e Read-only test
e  Write/read test

If the read/write diagnostics fail. the FAULT indicator lights and the spin-up cyle cannot be com-
pleted. (Refer to Figure 4-2.) Pushing the FAULT switch lights all the operator panel indicators, then
displays the fault. If the FAULT switch is pushed again, the firmware runs the read/write diagnostics
again. If the read/write diagnotics pass, the firmware lights the drive READY indicator.

4.4.3 Read-/Write-Unsafe Fault

A read-/write-unsafe fault is detected any time the microprocessor interrupt is enabled. Upon recogniz-
ing a read-/write-unsafe condition, the firmware sets drive fault in the status register on the personality
module. The internal LED display indicates the specific error code.

4.4.4 Spindle Motor Interlock Fault

Before the firmware enters the spin-up routine, the belt tension microswitch is checked. If the belt ten-
sion lever is in the released position, the firmware senses this, lights the FAULT indicator, and does not
spin up the disk. If the disks are already spinning and a failure occurs in the belt tension interlock
circuit, 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 indicator 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 remove the drive from service whenever it detects that operational
thresholds are being exceeded. The DD bit can be reset by the controller using the RIP bit and a
change mode command.

4.4.7 HDA or Servo Overtemperature

There are two lemperature sensors in the RASO Disk Drive: one on the bottom of the HDA and the
other on the servo module heatsink. If the firmware detects an overtemperature condition, the FAULT
indicator lights.

4.48 Microcode Fault

Near the end ol each ROM is an instruction to jump to a microcode fault routine. This instruction is
only executed if the firmware malfunctions. When this instruction is executed, it calls the microcode
fault routine. This routine turns off the spindle motor, displays an 06 in the LEDs, and lights the
FAULT indicator on the operator control panel.

4.4.9 Servo Diagnostic Fault
After the spindle is up to speed, the firmware performs static servo diagnostics before doing the initial
recalibration of the heads. The tests listed below are run during the static servo diagnostics.

® Track counter test

*  Servo position loop test
* Servo velocity loop test

4-3



If the servo diagnostics 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 again, 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 recalibration after running the static servo diag-
nostics (refer to Figure 4-2). If the initial recalibration is successful, the firmware runs the read/write
diagnostics. 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 indicator and retries a recalibration. The CPU
retries the recalibration until it is successful or until the number of retries for the CPU are executed.

4.4.11 Microprocessor Hardcore Test Fault

The microprocessor hardcore test is run when power is applied through CBI 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,

Microprocessor
ROMs

RAMs
Microprocessor bus
Servo bus
Personality bus
Sector/byte counter

Il the hardcore test fails, all 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 display an error code in the internal LEDs. The
drive flags the CPU with a DE bit and waits for a drive clear command. Upon recognizing the drive
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 RASBO internal maintenance controls and LEDs are located in the front left-hand corner of the
microprocessor module. Refer to Figure 4-3. These maintenance controls and LEDs are divided into
three functional areas, rotary switches, an ENTER/RESET switch, and an 8-bit LED display.

4.6.1 Rotary Switches

There are two hexadecimal rotary switches (S2 and S3) next to each other. The switch on the right is
the least signilicant hexadecimal digit, The switch on the left is the most signilicant 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 diagnostics are entered through
the rotary switches.

4.6.2 ENTER/RESET Switch

The ENTER/RESET switch (S1) is a dual-throw, center-off-position switch. When the toggle switch is
pushed to the right, it is in the RESET position, which is marked by an R on the circuit module. When
the toggle switch is pushed to the left, it is in the ENTER position, which is marked by an E on the
circuit module.

4.6.2.1 The ENTER Position - The ENTER position is periodically polled by the firmware to deter-
mine if a new action is required. The ENTER switch provides the Field Service engineer with a means
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 connected to interrupt line RST 5.5 on the
microprocessor chip. RST 5.5 is a maskable interrupt that is disabled by the firmware during seck oper-
ations. Pushing the RESET switch while the drive is in functional mode forces the firmware to reinitial-
ize the drive logic. If the drive halts on a hardcore fault during power-up, pushing the RESET switch
places the drive in the functional mode. While in the diagnostic mode, pushing the RESET switch ter-
minates the test.

4.6.3 LED Display

The LED display consists of a row of eight LEDs. The least significant LED is to the right. The codes
displayed in the LEDs are read as two hexadecimal digits (four LEDs to each digit). Several kinds of
codes appear in the LEDs. They display error codes, prompt codes, test complete codes and test-select
codes for entry verification,

4.7 TEST-SELECT CODES

Each utility routine and diagnostic test has a unique test-select code. The test-select codes are listed in
Table 4-1. To call a routine or test, enter the test-select code into the rotary switches 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 switches. The LEDs momentarily
display the test-select code to verify that the firmware has received it.

Table 4-1 Test-Select Codes

Test-

Select Tests

Codes

01 Examine diagnostic extended status area utility
02 Examine previous error utility

03 Examine drive state utility

04 Examine operational counters utility

05 Memory-examine up utility

06 Memory-examine down utility

07 Three-module bus test

08 Microprocessor module bus test

09 Microprocessor and personality module bus test
0A Microprocessor and servo module bus test

0B Personality module microsequencer test

0C Sector/byte counter test

0D Control panel, serial number, and drive number test
OF Head-select multiplexer test

OF General purpose counter test

11 Track counter test

12 Read /write fault force test

13 Servo position loop test

14 Servo velocity loop test

15 Servo functional test




Table 4-1 Test-Select Codes (Cont.)

Test-

Select Tests

Codes

16 Random seek test

17 Seek - seek test with input parameters
18 Seck - seek test with lixed parameters
19 Incremental seek test with input parameters
1A Incremental seek test with fixed parameters
1B Read-only test

1C Write /read test

1D Go on-line

lE Spindle control utility

IF Head-select and seek utility

20 Maintenance controls and indicators test
21 Read-only cylinder formatter utility

22 Logic tests

23 Servo tests

24 Read/write tests

25 Entire unit test

26 Servo velocity 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 diagnostic drive tests. Most tests
complete so quickly that they cannot be terminated in this way. However, seek-seek and incremental
seek tests are of sufficient 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, use 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 blinking prompt codes and steady state codes to notify the user when it is
waiting for information, is active, or has completed a test. These codes are listed in Table 4-2.

4.9 RAS80 UTILITY AND DIAGNOSTIC PROCEDURES

The procedures for running the drive utilities and diagnostics are described in Table 4-3. If a fault
occurs during these tests, check the error code table in Chapter 5.
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Table 4-2 Prompt and Steady State Codes*

Code Significance

Blinking EC Indicates that firmware is waiting for a
(eee0ee00) test-select code.

Blinking 01 Indicates the number of the current input
(00000008e), parameter required by the diagnostic

02 (ooooooe0),
03 (ocooo0es),
or 04 (nooooe0o)

Blinking EE

(eee0eee0)

Steady State AA
(e0e08080)

Steady State E7
(ese0ps0e)

Steady State
Error Codes

utility or test.

Indicates an invalid test-select code has
been entered. Requires entry of a valid
test-select code.

Indicates test completion. Return to the
EC prompt before running another test.

Indicates that the firmware is actively
executing a test.

Indicates why a test or utility has failed.
Refer to LED error code list in Chapter 5.
Push the ENTER switch to recover from an
error code,

* e =LEDon,o= LEDoff
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Table 4-3 RAB80 Utility and Diagnostic Test Procedures*
Test-
Select
Code Operating Procedures
01 Examine diagnostic extended status area utility
Purpose: to examine the 16 bytes of status information of the diagnostic test just run.
a, Set rotary switch to 01 and push ENTER switch. LEDs momentarily display 01
(oooooooe). LEDs then display the first status byte.
b. Push the ENTER switch 15 times to display each remaining status byte in the LEDs.
e Byte | = test-select code
s Bytes 2 through 7 = input parameters
o Byte 8 = test result (AA or error code)
e  Bytes 9 through 16 = diagnostic-dependent test data
c. Push ENTER switch. LEDs display steady AA (e0e0e0e0).
d. Push ENTER switch again. LEDs display blinking EC (esepee00),
02 Examine previous error utility
Purpose: to examine the 16 latest LED error L:odes stored in the drive.
a. Set rotary switch to 02 and push ENTER switch. LEDs momentarily display 02
(oooocoe0). LEDs display the most recent error code.
b. Push the ENTER switch until all 16 error codes are examined.
c.  Push the ENTER switch again after examining all 16 error codes. LEDs display
steady AA (e0e0e0e0).
d. Push the ENTER switch again. LEDs display blinking EC (eeeose00).
03 Examine drive state utility
Purpose: to examine the twenty software state words maintained by the functional
firmware.

¥ e = LEDon,o = LED off
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Table 4-3 RAS80 Ultility and Diagnostic Test Procedures (Cont)*
Test-
Select
Code Operating Procedures
a. Set rotary switch to 03 and push ENTER switch. LEDs momentarily display 03
(ooooooes). LEDs display contents of first state word.
b. Push ENTER switch 19 times until all state words are examined.
c. Push ENTER switch. LEDs display steady AA (s0e0e0e0).
d. Push ENTER switch. LED display blinks EC (ses0ee00).
04 Examine operational counters utility

Purpose: to examine the contents of the seck/read error counter, the seek counter, and the
read and no enable counter.

a. Set rotary switch to 04 and push ENTER switch. LEDs momentarily display 04
(oooooeo0). LEDs display the first byte of the following list.

e  Seck/recal error counter contents
Byte | - overflow indicator
Byte 2 — low byte
Byte 3 - high byte

e  Scck counter contents
Byte 4 — overflow indicator
Byte 5 — low byte
Byte 6 — middle byte
Byte 7 - high byte

e Read and no enable counter contents
Byte 8 — overflow indicator
Byte 9 — low byte
Byte 10 — high byte
b. Push the ENTER switch 9 or more times to examine the remaining 9 bytes.
c. Push the ENTER switch again. LEDs display steady AA (s0e0e0e0).

d. Push the ENTER switch again. LEDs display blinking EC (ses0ee00).

* e=LEDon,o= LEDoff
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Table 4-3

RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code

Operating Procedures

05

06

07

NOTE
These counters 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 overflows, its indicator byte contains an FF.

Memory-examine up utility

Purpose: to examine the contents of any memory location by incrementing through the
address locations.

a.

e

Set rotary switch to 05 and push ENTER switch, LEDs momentarily display 05
(0ooooeoe). LEDs blink 01 (oooooooe).

Set rotary switch to low byte of memory address and push ENTER switch. LEDs
momentarily display contents of rotary switch. LEDs blink 02 (000000e0).

Set rotary switch to high byte of memory address push ENTER switch. LEDs
momentarily display contents of rotary switch. LEDs display the eight bits of data
stored at that address.

Push the ENTER switch each time you wish to increment the address.

Exit this utility by setting the rotary switch to DD. Push the ENTER switch. LEDs
display either a steady AA (e0e0e0e0) or a blinking EC (eeeceeqo).

Push the ENTER switch again to return to the EC prompt if a steady AA is displayed.

Memory-examine down utility

Purpose: to examine the contents of any memory location by decrementing through the
address locations.

This utility operates similarly to the memory-examine up utility described above. The only
difference is that the address pointer is decremented each time the ENTER switch is
pushed, instead of being incremented. Use a test-select code of 06 to call this utility.

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 sarve this test.

* eo=LEDon,o= LEDoff
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Table 4-3 RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code Operating Procedures

a. Set rotary switch to 07 and push ENTER switch. LEDs momentarily display 07
(0oooooese). LEDs display steady AA (soe0e0e0).

b. Push ENTER switch. LEDs blink EC (eee0ee00).

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 test 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 switch. LEDs momentarily display 08
(0oooeo00). LEDs display steady AA (soe0eneo).

b. Push ENTER switch. LEDs blink EC (ees0se00).

09 Microprocessor and personality module bus test

Purpose: this test checks the data bus between the personality and microprocessor modules.
The test is run with the servo module disconnected. The microprocessor module bus test

should be successfully completed before running this test.

a. Set rotary switch to 09 and push ENTER switch. LEDs momentarily display 09
(0ooooeooe). LEDs display steady AA (e0e0e0e0).

b. Push ENTER switch. LEDs blink EC (eee0ee00).

0A Microprocessor and servo module bus test

Purpose: this test checks the data bus between the servo and the microprocessor modules.
This test is run with the personality module disconnected. The microprocessor module bus

test should be successfully completed before running this test.

a. Set rotary switch to 0A and push ENTER switch. LEDs momentarily display 0A
(0ooooeoen). LEDs display steady AA (e0®0e080).

b. Push ENTER switch. LEDs blink EC (ses0es00).

0B Personality module microsequencer test

* e = [EDon,o= LED off
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Table 4-3 RAS8( Utility 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. LEDs momentarily display OB
(oooosoee). LEDs display steady AA (soeoe0e0).
b.  Push ENTER switch. LEDs blink EC (eee0een0).
0C 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 switch. LEDs momentarily display 0C
(ooooee00). LEDs display steady AA (e0e0e0e0).
b. Push ENTER switch. LEDs blink EC (eee0ee00).
0D Control panel, serial number and drive number test

Purpose: this test checks out the operator control panel indicators, the drive serial number
and the drive unit plug number.

a. Set the rotary switch to 0D and push ENTER switch. LEDs momentarily display 0D
(ooooeeos). LEDs display control panel switch setting.

b. Push front panel RUN switch. LEDs display 01 (oocooooos).
¢. Push front panel WRITE PROTect switch. LEDs display steady 02 (0oooo0e0).
d. Push front panel port A switch. LEDs display steady 04 (00oo0e00).
e. Push front panel Port B switch. LEDs display steady 08 (0ooooe000).
NOTE

The front panel indicators should light as each

switch is pushed.
f. FAULT indicator should 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 should be lit.

* e=LEDon,o=LEDoff
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Table 4-3 RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code Operating Procedures
i.  Push ENTER switch. LEDs display LSB of drive serial numbers.
j- Push ENTER switch. LEDs display second byte of drive serial number.
k. Push ENTER switch. LEDs display third byte of drive serial number.
. Push ENTER switch. LEDs display drive unit plug number.
m. Push ENTER switch, LEDs display steady AA (e0e0s0e0).
n. Push ENTER switch. LEDs blink EC (ses0ee00).
0E Head-select multiplexer test
Purpose: this test checks the head-select multiplexer on the microprocessor module.
a. Setrotary switch to OE and push ENTER switch. LEDs momentarily display OE
(oooowes0). LEDs display steady AA (soeoece0).
b. Push ENTER switch. LEDs blink EC (eesgee00),
OF General purpose counter test
Purpose: this test checks the operation of the two RAM chip general purpose counters.
a. Setrotary switch to OF and push ENTER switch, LEDs momentarily display OF
(ooooeses). LEDs display steady AA (ege0epe0),
b. Push ENTER switch. LEDs blink EC (eeecee0o),
11 Track counter test
Purpose: this test checks the operation of the track difference counter.
a. Set rotary switch to 11 and push ENTER switch. LEDs momentarily display 11
(oooesoooe). LEDs display steady AA (e0e0e0e0),
b. Push ENTER switch. LEDs blink EC (see0ee00),
12 Read /write fault force test

* e = LEDon, o= LEDOIf



Table 4-3

RABO Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code

Operating Procedures

15

Purpose: this test checks the read/write safety sense circuits. The spindle must be spinning
for this test,

a. Set rotary switch to 12 and push ENTER switch. LEDs momentarily display 12
(oooeooeo). LEDs display steady AA (eoece0e0).

b. Push ENTER switch. LEDs blink EC (eee0ee00).
Servo position loop test
Purpose: this test checks the servo position loop circuitry in a static mode.

a. Setrotary switch to 13 and push ENTER switch. LEDs momentarily display 13
(ooosooee), LEDs display steady AA (e0eoeoen).

b. Push ENTER switch. LEDs blink EC (essqes00),
Servo velocity loop test

Purpose: this test checks the servo velocity loop with a sawtooth waveform that forces the
acceleration thresholds.

a. Set rotary switch to 14 and push ENTER switch. LEDs momentarily display 14
(oooeoe00). LEDs display steady AA (eoe0e0e0).

b. Push ENTER switch. LEDs blink EC (eesoes0).
Servo functional test

Purpose: this test checks the operation of the servo system by performing seeks and
recalibrations.

a. Setrotary switch to 15 and push ENTER switch. LEDs momentarily display 15
(0ooeoeoe). LEDs display steady AA (sosoe0en),

b. Push ENTER switch. LEDs blink EC (ese0ee00),
Random seek test
Purpose: this test does 32 repetitions of a random sequence of 32 seeks.

a. Set rotary switch to 16 and push ENTER switch. LEDs momentarily display 16
(0oooeoee0). LEDs display steady E7 (eseooses). LEDs display steady AA (eceosoe0).

* e =LEDon o= LEDoff
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Table 4-3

RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
! Code

Operating Procedures

18

19

b. Push ENTER switch. LEDs blink EC (see0es00).
Seek-seek test with input parameters

Purpose: this test does 32 repetitive seeks between cylinders that are entered at the
beginning of the test.

a. Set rotary switch to 17 and push ENTER switch. LEDs momentarily display 17
(0ooepees), LEDs blink 01 (oooooooe).

b. Set rotary switch to low byte of starting cylinder and push ENTER switch. LEDs blink
02 (000000e0).

c. Set rotary switch to high byte of starting eylinder and push ENTER switch. LEDs
blink 03 (ooooooee).

d. Set rotary switch to low byte of ending cylinder and push ENTER switch. LEDs blink
04 (0o000®00).

e. Set rotary switch to high byte of ending cylinder and push ENTER switch. LEDs
display steady E7 (eesoceee). LEDs display steady AA (eosoe0e0).

f.  Push ENTER switch. LEDs blink EC (eee0ee00).
Seek-seek test with lixed parameters
Purpose: this test does 32 repetitive seeks between cylinders 0 and 560.

a. Set rotary switch to 18 and push ENTER switch, LEDs momentarily display 18
(oooee000). LEDs display steady E7 (sesoosee). [ EDs display steady AA (soeoe0s0),

b. PUSH ENTER SWITCH. LEDS BLINK EC (see0Qes00).
Incremental seek test with input parameters

Purpose: this test does an incremental seek between cylinders entered at the beginning of
the test.

a. Set rotary switch to 19 and push ENTER switch, LEDs momentarily display 19
(0o0ee008e),

b.  Set rotary switch to low byte of starting cylinder and push ENTER switch. LEDs blink
02 (0oooo0e0).

* e = LEDon, o = LED off
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Table 4-3 RABS80 Utility and Diagnostic Test Procedures (Cont)*
Test-
Select
Code Operating Procedures
c.  Set rotary switch to high byte of starting cylinder and push ENTER switch. LEDs
blink 03 (ooooooee).
d. Set rotary switch to low byte of ending cylinder and push ENTER switch. LEDs blink
04 (0ooooe00).
e.  Set rotary switch to high byte of ending cylinder and push ENTER switch. LEDs
display steady E7 (eeepoees), LEDs display steady AA (es0e0e0e0).
. Push ENTER switch. LEDs blink EC (esec®en0).
1A Incremental seck with fixed parameters
Purpose: this test does an incrementing seek between cylinder 0 and 560.
a. Set rotary switch to 1A and push ENTER switch. LEDs momentarily display 1A
{oo0ee0e0). LEDs display steady E7 (esecoeee). | EDs display steady AA (soe0e0e0).
b. Push ENTER switch. LEDs blink EC (eeeneen0).
1B Read-only test
Purpose: this test reads with each read /write head using the prerecorded read-only cylinder.
a. Set rotary switch to IB and push ENTER switch. LEDs momentarily display 1B
(0ooesoee). LEDs display steady AA (e0e0e0e0).
b. Push ENTER switch. LEDs blink EC (ess0eeno),
1C Write /read test
Purpose: this test does a write followed by a read with each write/read head on the two
write/read cylinders in the guard band.
a. Setrotary switch to 1C and push ENTER switch. LEDs momentarily display 1C
(oooeee00). LEDs display steady AA (e0e0e0e0),
b. Push ENTER switch. LEDs blink EC (esecee00).
1D Go on-line

Purpose: to return the drive to functional on-line mode.

* e=LEDon, o= LEDoff
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Table 4-3

RAB80 Utility and Diagnostic Test Procedures (Cont)*

Test-

| Select
Code

Operating Procedures

20

a. Set rotary switch to 1D and push ENTER switch. LEDs momentarily display 1D
(0opesepe),

b.  Set rotary switch to 00 (oooooooo). I.EDs display steady 00 (ooooooo00). Drive is back
on-line when READY light comes on.

Spindle control utility

Purpose: this utility allows the spindle to be spun up or down from the drive diagnostic
mode.

a. Sectrotary switch to 1E and push ENTER switch. LEDs momentarily display 1E
(oooeeseo). [LEDs display steady E7 (esesccess).

b.  Push the front panel RUN switch. The spindle will spin up. LEDs display steady AA
(®0®0®020).

To spin down from the diagnostic mode, call the spindle control utility again with the |E
test-select code and release the RUN switch.

¢. Push ENTER switch. LEDs blink EC (ese0ee00).

Head-select and seek utility

Purpose: this utility enables the field engineer to seek to a specilic head and cylinder
address.

a. Set rotary switch to 1F and push ENTER switch. LEDs momentarily display 1F
(0ooeesse). L EDs blink 01 (ooooooos).

b.  Set rotary switch to head number and push ENTER switch. LEDs blink 02
(000000®0).

¢.  Set rotary switch to cylinder low byte and push ENTER switch. LEDs blink 03
(000000e8e).

d. Set rotary switch to cylinder high byte and push ENTER switch. LEDs display E7
(esenneee).

e. Set rotary switch to DD and push ENTER switch to terminate this test. LEDs blink
EC (ess08e00).

Maintenance controls and indicators test

" o = LEDon, o= LED off
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Table 4-3

RA80 Utility and Diagnostic Test Procedures (Cont)*

Test-

Select

Code Operating Procedures
Purpose: this test checks the ability of the firmware to read the rotary switches and control
LEDs.
a. Set rotary switch to 20 and push ENTER switch. LEDs momentarily display 20

(00000000). LEDs blinks FIF (eseessss),

b. Set rotary switch to FF and push ENTER switch. LEDs display steady FF (eeeesses).
c.  Set rotary switch to 00 and push ENTER switch. LEDs display steady 00 (00000000).
d. Push ENTER switch. LEDs display steady AA (e0e0e0e0).
e. Push ENTER switch. LEDs blink EC (ese0ees00).

21 Read-only cylinder formatter utility
Purpose: this utility enables the field service engineer to reformat the prerecorded readonly
cylinder in the guard band. As a safety precaution, pin 13 of EI1 on the microprocessor or
module must first be grounded to the center pin of the E/R switch. Figure 4-4 shows the
location of E11.
a. Set rotary switch to 21 and push ENTER switch. LEDs momentarily display 21

(0oeooo0e). LEDs display steady AA (epe0e0e0).

b. Push ENTER switch. LEDs blink EC (ees0ee00).

22 Logic test

Purpose: this test runs the logic tests called by the following test-select codes:
07 = Personality module microsequencer test

0C = Sector/byte counter test

OE = Head-select multiplexer test

OF = General purpose counter test

a. Set rotary switch to 22 and push ENTER switch. LEDs momentarily display 22
(ooeo000e0). LEDs display steady AA (e0e0e0e0).

b. Push ENTER switch. LEDs blink EC (ses0e#00),

* e = LEDon,o = LED off
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Table 4-3

RA80 Utility and Diagnostic Test Procedures (Cont)*

Test-

Select

Code Operating Procedures
23 Servo test

Purpose: this test runs the servo tests called by the following test-select codes; 11 and 13-16.

a. Set rotary switch to 23 and push ENTER switch. LEDs momentarily display 23
(ooesoooee). LEDs display steady E7 (eseocceee). LEDs display steady AA (eos0e0e0).

b. Push ENTER switch. LEDs blink EC (sss0ee00).

24 Read/write test

Purpose: this test runs the read-only and the write/head test.

a. Set rotary switch to 24 and push ENTER switch. LEDs momentarily display 24
(ooeo0e00). LEDs display steady AA (e0e0e0e0).

b. Push ENTER switch. LEDs blink EC (eeegeec0).

25 Entire unit test

Purpose: this test runs the diagnostic programs called by the following test-select codes; 07.

0C, OE, OF, 11, 12, 13, 14, 15, 16, 1B, 1C.

a.  Set rotary switch to 25 and push ENTER switch. LEDs momentarily display 25. LEDs
display steady E7 (eeeooses). LEDs display steady AA (e0s0e0e0).

b. Push ENTER switch, LEDs blink EC (ees0es00).

26 Servo velocity adjustment utility

Purpose: this utility enables the Field Service engineer to adjust the servo velocity

potentiometer. Before doing this adjustment, the random seek test should be run for 20

minutes to stabilize the temperature of the servo system. Adjust the servo for a 1% or better

servo speed as shown in Figure 4-5.

a. Set rotary switch to 26 and push ENTER switch. LEDs momentarily display 26
(ooeooee0). LEDs display servo speed pattern. Adjust the servo speed (see chapter on
adjustments).

b.  Setrotary switch to DD and push ENTER switch. I LEDs display AA (ece0e0e0),
push ENTER switch. LEDs blink EC (eeecee00).

27 Static servo test

* e = LEDon, o= LEDoff
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Table 4-3

RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code

Operating Procedures

28

CF

FF

Purpose: this test runs the static servo tests called up by test-select codes 11, 13, and 14.

a.  Set rotary switch to 27 and push ENTER switch. LEDs momentarily display 27
(ooeopeee). LEDs display steady AA (e0e0e0e0).

b. Push ENTER switch. LEDs blink EC (eseosen0).

Personality board test

Purpose: this test checks the operation of status registers and the communication path on
the personality module. This test cannot be run while the disk is spinning, and the loop-back

plugs must be inserted as shown in Figure 4-6 before the test is run.

a. Setrotary switch to 28 and push ENTER switch. LEDs momentarily display 28
(0oeoe000). LEDs display steady AA (eososoen),

b. Push ENTER switch. LEDs blink EC (see0eeno).
Loop mode set utility

Purpose: this utility enables the Field Service engineer to set up the diagnostic firmware to
do one of the following.

e  Loop forever on the test — OF
e  Loop forever but halt on error — 4F
#  Halt on error or at end of test - FF

Once a loop mode is selected, the lirmware remains in this state until the utility is recalled
and an alternate mode is selected.

a. Set rotary switch to CF and push ENTER switch. LEDs momentarily display CF
(eso0eeee). LEDs blink 01 (oooooooe).

b. Set rotary switch to loop mode desired and push ENTER switch. LEDs display steady
AA (s0808000),

¢. Push ENTER switch. LEDs blink EC.
Go off-line
Purpose: to place drive into diagnostic mode.

a. Set rotary switch to FF and push ENTER switch. LEDs blink FF (sseesses).

? e = [LEDon, o= LEDoff



Table 4-3 RAS80 Utility and Diagnostic Test Procedures (Cont)*

Test-
Select
Code Operating Procedures
b. Push ENTER switch. LEDs blink steady FF (esesesse).
c. Set rotary switch to 00 and push ENTER switch. LEDs display steady 00 (0o000000).
d. Push ENTER switch. LEDs blink EC (eee0ee00).
NOTE
Drive is now in diagnostic mode.
¥ e LED on,o = LED off
i
—
JUMPER
j
oooooooan
MICROPROCESSOR CENTER PIN OF ENTER/RESET
MODULE SWITCH IS GROUND ET1

GZ-0358

Figure 4-4 Ground Jumper for Read-Only Cylinder Formatter

4-23



10%
8%
6%
4%
2%
L 1%
BLINKING —= 0%
(1%
2%
4%
6%
8%
10%

FAST ﬁ

SLOW <

e
-
-~

LED DISPLAY

0000000 @

O
O
O
O
O
O
L J
]

®@O0O0000O00O00
L 1 1 JeleleJelelele
ojo] I Jelejelelele)
oJojel I | Jolelele
olojojelel I I lole,
0000000 eeo
O0000000Cee
. O0000000000

[
O
O
O
O
O
O

'

MOST LEAST

SIGNIFICANT SIGNIFICANT

DIGIT DIGIT

Figure 4-5 Velocity Adjustment LED Pattern

4-24

}

VELOCITY IS GOOD
IN THIS RANGE

CZ-0508



INSERT LOOP-BACK
PLUGS HERE

{  P201

P202

START CAPACITOR
COMPARTMENT

L

I I 0 0 ) O 5 1 9 o 50 31 0 T 0 3 D

NOTE

) LOOP-BACK PLUGS MUST BE INSERTED
IN P201 AND P202 BEFORE RUNNING
THE PERSONALITY BOARD TEST 28. THE
LOOP-BACK PLUGS SHOULD BE IN THE
MOTOR START CAPACITOR COMPART-
MENT LOCATED TO THE RIGHT OF THE
LOGIC CHASSIS.
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Figure 4-6  Personality Board Loop Back Plugs
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CHAPTER 5
FAULT ISOLATION

5.1 INTRODUCTION

This chapter describes the RA8O fault isolation procedure. It begins with a description of the subsystem
error messages, Next, the LED error code troubleshooting charts are presented. Additional trouble-
shooting tips are given at the end of the chapter.

52 HDA FORMATTING PROCEDURE

Replacement HDAs have RM80 formatting and must be reformatted for the RARO Disk Drive. To
reformat the maintenance cylinders, run the RABO formatter utility (test-select code 21). Refer to
Table 4-3. To reformat customer data areas, run the host-resident formatter program.

5.3 SUBSYSTEM ERROR MESSAGE INFORMATION

Subsystem error messages printed out in the error log or the subsystem diagnostics contain specific
drive error information. The RABO 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 DM PC:5110 UDA AT 172150 DRIVE 032 RUNTIME 0:00:23
ENTIRE RCT AREA SEARCHED, COULD NOT FIND RBN TO REPLACE

LBN WITH HEADER COMPARE ERROR

SEARCHING FOR LBN: %00

UDAHRD SFT ERR 00006 ON UNIT 00 TST 004 SUB 000 PC: 021044

DISK EXERCISER DM P(C:5324 UDA AT 172150 DRIVE 032 RUNTIME 0:00:37
TIMEOUT OF DRIVE DURING WRITE ATTEMPT

WRITE ATTEMPT RETRIES: 0

L/DBN NUMBER 5252

ACTUAL L/R/DBN 0

TRK 1 CRP 0 CYL 6

ORIGIN OF LAST SEEK WAS CYL 5 GROUP 1

REAL TIME DRIVE STATE 8001

STATUS: 0001 1100 0000 0A00 0000 0613 1020

Refer to Figure 5-1 to locate bytes 9-15 of the status message. Refer 1o Figure 5-2 10 see contents of
cach status byte.

o Byte 9 of the status message contains the following examples.

o Seek CMD = hex code 0A
® Recal CMD = hex code 8E
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XXXX XXXX XXXX XXXX XXXX XXXX XXXX
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

CZ-0622

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 8
BYTE 9
BYTE 10

BYTE 11
BYTE 12

BYTE 13
BYTE 14
BYTE 15

MSB

LsSB

RESPONSE CODE

UNIT NO.

SUBUNIT MASK

HI UNIT NO.

OA| RR [ DR | SR

EL

ps | ru|RequesT BYTE |
GENERIC

Wé w3 [ w2 | w1l

DD

MODE BYTE STATUS
FO |pB | S7 BrTé

DE |'RE | PE | DF

WE

ERROR BYTE |

S4|S3|S2 | 81

c1

C2 | C3| C4 [ cONTROLLER BYTE

RETRY COUNT
PREVIOUS COMMAND CODE SEEK OR RECAL
INTERFACE ERROR STATUS REG D4

BITS 3-5, 7

LOW CYLINDER ADDRESS

HIGH CYLINDER ADDRESS oo ialel

STATUS BYTES

CURRENT GROUP

LED DISPLAY CODE

FRONT PANEL FAULT CODE

CZ-0613

Figure 5-2 Response to Get Status Command
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e Byte 10 contains bits 3-5 and 7 of the drive register D4.

¢ Bit 3 (OVERRUN ERROR) - this bit is set when either a read or a write extends past
the sector or index pulse following the sector on which the operation is taking place.

e 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 command.

e Bit 5 (CONTROL PULSE ERROR) - this bit is set during a real time command if two
or more pulses of the same polarity are detected on the real time controller status line of

the SI.

« Bit 7 (DATA PULSE ERROR) — this bit is set during a real time command if two or
more pulses of the same polarity are detected on the write command data line of the SI.

e Bytes 11 and 12 contain head location information (the last group cylinder secked).

® Byte 13 contains present head location information. (A group is a logical point that is acces-
sible from the present head location in less time than one disk rotation.)

® Byte 14 contains the hexadecimal LED error codes displayed in the RA80 Disk Drive. Refer
to Paragraph 5.4.

e Byte 15 contains the hexadecimal code for the front panel fault indicators. (Refer to Figure
5-3.) The 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 lor the drive and the errors they represent. The num-
bers in the right-hand column correspond to reference numbers in Table 5-3 and denote the most likely

causes of the error.

NOTE
The part numbers for the FRUs in Table 5-3 are ac-
curate up to the time of this manual edition. When
ordering FRUSs, always refer to the latest RABO II-
lustrated Parts Breakdown Manual for the most up-
to-date part numbers.
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FAULT INDICATOR
AND RESET SWITCH
(RED)

RUN/STOP SWITCH

AND INDICATOR (WHITE)

WRITE PROTECT SWITCH PORT B SWITCH

READY INDICATOR

AND INDICATOR
(YELLOW)

AND INDICATOR
(WHITE)

PORT A SWITCH
AND INDICATOR

(YELLOW) \ (WHITE)
FAULT \ RUN READY WRITE A B
CONDITION stop | [FAULT PROT

1 | ! |

I | I | | |

| | | I
SPIN-UP ON ON
R/W DIAGNOSTIC . ON ON
READ/WRITE UNSAFE . ON ON ON
SPINDLE MOTOR
INTERLOCK ON =N o
gE:E”E%LE MOTOR ! ON ON ON ON
DRIVE DISABLED
BY “DD" BIT - ON ON ON
HDA OR SERVO BOARD
OVERTEMPERATURE ) ON ON ON
MICROCODE . ON ON ON ON
SERVO DIAGNOSTIC . ON ON ON ON
INITIAL RECAL : ON ON ON ON
MIC RO PROCESSOR
HARDCORE TEST ON ON ON an Y ON

“THE INDICATOR STATE WILL BE THE SAME AS IT WAS
BEFORE THE FAULT SWITCH WAS PUSHED

Figure 5-3 Fault Identification Codes
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Table 5-1 Hex Representation of Front Panel Fault Codes

Front Hex
Panel Faults Codes
Spin-up 11
R/W diagnostic 12
Read-/write-unsafe 13
Spindle motor interlock 16
Spindle motor speed 17
Drive disabled by DD bit 19
HDA or servo board overtemp 1A
Microcode IB
Servo diagnostic ID
Initial recal 1E
Microprocessor hardcore test 3F

Table 5-2 LED Error Codes and Possible Cause(s)

Error
Code | Error Possible Cause(s)*
01 Spindle motor timeout T &B, 2120, 35, 3.1
25,28
02 Spin-up too slow 5.25. 716, 21,23
03 Spindle not accelerating 8,23, 7,16,21,23
04 Spin-up too long 5:25,7,16,21,23
05 Cannot spin up because sip set T
grant not set
07 Level 2 message frame sequence T
08 Level 2 message checksum i
09 SI message framing T
0A Wrong level 2 op code parity T
0B Invalid level 2 op code i
0C Invalid level 2 command length t
0D Attempt to execute command with status 1
byte non-zero
0OE Incorrect group b
select code

*See Table 5-3
¥This error may not indicate a hardware problem. Try the test again. If failure persists, further

troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

FPerform the servo adjustments before replacing the modules.
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Table 5-2 LED Error Codes and Possible Cause(s) (Cont)

Error
Code | Error Codes Possible Cause(s) (Cont)
OF Attempt to write enable drive with t
switch in the PROT position
113 Wrong peak entering detent 38,21, 32,23
12 Servo active PLO 3¢, 21; 32, 30; 231
13 No fine track 38,21, 32 33,1
14} Servo speed or direction 38,21,32,23,1
15% Seek /recal timeout 56, 38, 21, 32, 39, 23, |
16% Guard band 38, 21, 32, 23, 1
17% Track counter underflow 3R, 21, 32, 23, 1
1A Invalid cylinder address 21, 31, 46, 47
1F Sector overrun t
20 Controller real time state parity T
21 Control pulse t
22 Data pulse t
23 Spindle motor interlock 57,21,15,39
24 Servo inactive PLO 38, 21, 32, 30, 23, |
25% Servo error set 38, 21, 32, 23, 1
26 Spindle speed 5,58
27 HDA overtemperature 5¢ 39, 60, 1’1, 20, 38, 21
28 Servo module overtemperature 6,59, 38, 32, 21
29 Invalid error recovery level specilied T
2A Invalid subunit specified T
2B Invalid region (test number) in +
diagnose command
2C Seek /recal command given when spindle i
not spinning
2D Invalid command timeout value given f
2E Controller flags prohibit spin-up 7
2F Run command issued with RUN/STOP t
switch in RUN
30 Write current and no write-gate 20, 21, 35,23
31 Read and write 21,33, 46, 47
32 Read/write while faulted 21, 43, 20, 32, 35, 34, 23
33 Data separator/encoder 21,20, 43; 35,33
34 Write precompensation 21,43, 31
35 Write and write-unsafe 20, 35, 34, 21,23
36 Read /write head shorted 20, 35, 34, 21, 23

*See Table 5-3

tThis error may not indicate a hardware problem, Try the test again. If failure persists, lurther
troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

FPerlorm the servo adjustments before replacing the modules.

5.7



Table 5-2 LED 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 and multichip-select 20, 35, 34,21, 23
39% Write and off-track 37,2131, 29,23
3A Write and write-protected 21,41,735
40 Invalid read/write region t
41 Response timed out T
42 Seek command issued when drive (i
not on-line
43 Real time command when read /write T
ready not set
44 Format command when format enable T
not set
45 Invalid head (track) address in +
real time command
46 Read /write safety interrupt with no T
cause bits set
47 TT bit incorrect in disconnect command T
48 Invalid write memory offset or T
byte count
49 Invalid command during topology mode 1
4A Drive disabled by DD bit F
51 Sector/byte counter 21,37, 31
53 Personality module microsequencer 43, 21, 30
54 Multiplexer head-select 21,43, 20, 32, 34
57 RAM | general purpose counter 21
58 RAM 0 general purpose counter 21
60 Read /write head-select 21, 20, 32, 34,33, 22
61 Data port presel 43, 21, 30
62 Read-only test overall read 20, 21, 32,34, 33, 22
63 Read-only test partial read 20, 33,22, 34, 21, 32
64 Read/write test guard band 37, 21, 31, 22
65 Sector timeoul 37,21,31,43,32
66 Read-only test read and no enable 3353022
67 Write test not executable 61
6A Write/read test overall read 20, 21, 43, 32, 34, 33,22
6B Write /read test partial read 33, 20, 34, 42,32
70 Read/write control-select 21,43, 30

*See Table 5-3

TThis error may not indicate a hardware problem, Try the test again. If failure persists, further
troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

tPerform the servo adjustments before replacing the modules.
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Table 5-2 LED Error Codes and Possible Cause(s) (Cont)
Error
Code | Error Codes Possible Cause(s) (Cont)
71 Utility head-select 21
72 Microprocessor and personality board

communication errar | 77,43, 21, 3]
73 Microprocessor and personality board

communication error 2 77,43, 21. 31
74 Initial board status TT. 43 21,31
75 Control clock error detect circuit 77,43, 21; ¥
76 Data clock error detect circuit 77,43, 21, 31
77 Port A select flop 77,43, 21, 31
78 Port A data xmit/revrs 77,43, 21, 31
79 Port A control xmit/rcvrs 7,43, 21..31
7A Port B select flop 17, 43, 21, 3}
7B PCB test cannot be done while motor is 78

spinning
7C Too slow seek 62
7D Bad seek count overllow 37,42, 31,22, 1
7E Too fast seek 63
¥ i Spindle not spinning 64
80 ROM set 2]
81 Command available reset 77:43, 21.3]
82 Frame code reset and response 77,43, 21, 31
83 Init receivability from port B 77,43, 21, 31
84 CLRINI not clearing pending init 77,43, 21, 31
85 RAM 0 21
86 RAM | 21
87 ROM 0 checksum 21
8A Module interlock 65
&B Discrete port-enable 21
8F ROM 1 checksum 21
90 Port B data xmit/rcvr 717,43, 21, 31
91 Port B control xmit/revr 77,43, 21, 31
92 Port A wraparound reselect 77,43, 21, 31
93 Response serializer 77,43, 21, 31

*See Table 5-3

+This error may not indicate a hardware problem. Try the test again. If failure persists, further
troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

$Perform the servo adjustments before replacing the modules.



Table 5 ED Error Codes and Possible Cause(s) (Cont)

Error

Codes r Codes Possible Cause(s) (Cont)

94 Frame around receive 77,43, 21, 31

95 Loop around decode 77,43, 21, 31

96 Data byte receive 77,43, 21, 31

97 ROM 2 checksum 21

9F ROM 3 checksum 21

A0 Read and write safety 21, 43, 20, 31, 33, 35, 23

A3 Forced read and write 21, 43, 34, 31

Ad Forced write current and no write 21, 43, 31
gate

AS Forced write gate and no write current 21, 43, 31

A6 Forced separator/encoder 21

A7 ROM 4 checksum 21

A9t Servo caused read/write forced fault 38,43.20. 21,32

AB} | Outer guard band seek 38,21, 32,23, 1

AF ROM 5 checksum 21

BO Three-module microprocessor bus 21

Bl Three-module personality bus 43,21, 31

B2 Three-module servo bus 38, 21, 32

B3 Microprocessor module bus 21

B4 Personality module bus 43, 21, 31

B5 Servo module bus 38, 21, 31

2 Fine-track status 38, 21, 31

C3 Fine-track overrange 38, 21, 31

C4 Fine-track underrange 38, 21, 31

C5 Off-track status 38, 21, 31

C6 Off-track overrange 38, 21, 31

C7 Off-track underrange 38, 21, 31

CB Acceleration status 38, 21, 32

CDh Track counter 38, 31

CE% Funct. check PLO-OK not false after 38,21, 32,23, 1
disable

CF% Funct. check PLO-OK not true after 38, 21, 32, 23,1
enable

*See Table 5-3

tThis error may not indicate a hardware problem. Try the test again. If failure persists, further
troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

$Perform the servo adjustments before replacing the modules.
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Table 5-2 LED Error Codes and Possible Cause(s) (Cont)
Error
Codes | Error Codes Possible Cause(s) (Cont)

DO%
D1%
D2}
D3}
D4}

D5%
Dé6%
D7%
D8}
D9%

EO}
El
EA
ER
EF
FE

Recalibration

Outer guard band status

Inner guard band status

Seek into outer guard band
Outer guard band status not true

Recal from outer guard band
Two-track seck to track 560
Seek into inner guard band
Inner guard band status not true
Recal from inner guard band

Random seek

Seek check

Cannot run test, drive-faulted

Entry

F.E. entered invalid cylinder address
Rotary switch

38,21,32,23; ]
38, 21,332,231
38, 21,84, 23, 1
38, 21, 32,23, 1
38, 21,32,23,1

38, 21,32, 23,1
38, 21, 32, 23, 1
38,21, 32,23, 1
38,21, 32,23,1
a8, 21532723,

38,21,31,3% 1
66, 67

68

69, 70

71

21

*See Table 5-3

TThis error may not indicate a hardware problem. Try the test again. If failure persists, further
troubleshooting may indicate a controller or drive personality module problem. This error should not
occur while the drive is off-line.

FPerform the servo adjustments before replacing the modules.

Table 5-3 FRU/Service Reference Table

Ref. Part No./
No. Description Reference No.
1 Power supply, 115V, 60 Hz 11766-C
2 Power supply, 220 V, 50 Hz H766-D
3 Motor start cap., 115V, 60 Hz 10-16924-00
Bl Motor start cap., 220 V, 50 Hz [0-17217-00
5 Fan and bracket assembly, 117

CFM, ball bearing 70-16745-00
6 Fan, 117 CFM, ball bearing

(front bezel) 12-10719-03
*Sv RAS80 Disk Drive Service Manual

tUG = RAB0 Disk Drive User Guide



Table 5-3 FRU /Service Reference Table (Cont)

Ref. Part No./
No. Description Reference No.
7 Belt, 60 Hz 12-12635-03
8 Belt, 50 Hz 12-12635-04
9 Switch cap (RUN/STOP) 12-12714-00
10 Switch cap (WRITE PROTect) 12-12714-01
11 Switch cap (FAULT) 12-12714-02
12 Switch cap (A port) 12-12714-03
13 Switch cap (B port) 12-12714-04
14 Wedge lamp, 6.3 V 12-12716-00
15 Microswitch (IPSA) (belt tension) 12-14011-00
16 Optical switch (HDA speed sensor) 12-16817-00
17 HDA thermal switch 12-16870-00
18 Gas spring assembly 12-17072-00
19 Encoder switch cap 12-18199-00
20 Read/write module 54-13596-00
21 Microprocessor and ROM assembly 54-15284-01
22 Brush ground assembly 70-16215-00
23 Head disk assembly 70-16225-00
24 Wing pivot assembly 70-16230-00
23 Motor/brake assembly, 115V, 60 Hz 70-16723-00
26 Motor/brake assembly, 220V, 50 Hz 70-16723-01
27 Motor actuator assembly 70-16724-00
28 Logic dc power cable assembly 70-16732-00
29 Logic ac power harness assembly 70-16733-00
30 Servo preamp cable assembly 70-16735-00
31 Data cable, 40 cond. (personality) 70-16737-00
32 Data cable, 40 cond. (servo) 70-16737-01
33 Data cable, 20 cond. (personality) 70-16738-00
34 Data cable, 20 cond. (read/write) 70-16738-01
35 Read/write cable, 50 cond. 70-16739-00
36 Operator control panel cable assembly 70-16740-00
37 Shock mount assembly 70-16742-00
38 Servo module/stiffener 70-16976-00
39 Belt tension switch harness assembly 70-16980-00
40 Line cord assembly, 115V, 60 Hz 70-18345-00
41 Line cord assembly, 220 V, 50 Hz 70-18345-01
*Qy A0 Disk Drive Service Manual

uG

AB0 Disk Drive User Guide
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Table 5-3 FRU /Service Reference Table (Cont)

Ref. Part No./
No. Description Reference No.
42 Control panel assembly 70-18324-00
43 Personality module/stiffener 70-18327-00
44 Cabinet I/0 bulkhead assembly 70-18340-01
45 Sequence terminator 70-09490-00
46 External SI 1/0O cable, BC26V-XX

(variable lengths)
47 Internal SI [/O cable 70-18487-6B
48 Motor tension spring 74-22440-00
49 Foam air filter (front bezel) 74-22816-00
50 Microprocessor board (UDASO) M-7161
51 Sl interface (UDASQ) M-7162
52 Belt tension adjustment *SV Chap 3
53 Servo adjustments *SV Chap 3
54 Drive 1 /O cables not connected

properly TUG Chap 2
55 Drive sequence cable not connected

properly or defective TUG Chap 2
56 HDA positioner lock in wrong position *SV Chap 2
57 Belt tension lever in wrong position *SV Chap 2
58 Spindle motor overheated *SV Chap 5
59 Ambient room temperature too high Decrease temp.
60 Speed transducer cable not connected *SV Chap 2
61 Read-only test failed *SV Chap §
62 Positioner motor going to slow *SV Chap 4
63 Positioner motor going too fast *SV Chap 4
64 Spindle not spinning *SV Chap 5
65 Cables not connected properly TUG Chap 2
66 Drive-unsafe condition *SV Chap 4
67 Recalibration failure *SV Chap 5
68 Test inhibited by drive error *SV Chap 4
69 Starting and ending address same Enter correct

as for seek test address
70 Jumper for read-only cylinder

formatter utility missing *SV Chap 4
*SV = RAB0 Disk Drive Service Manual
UG = RAS0 Disk Drive User Guide
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Table 5-3

FRU /Service Reference Table (Cont)

Ref. Part No.,/
No. Description Reference No.
71 Cylinder address greater than 560 Enter correct
has been entered address
72 Wrong procedure used or wrong value
entered *SV Chap 4
73 Soltware problem Check prog.
74 Cable problems tUG Chap 2
75 Operator error *SV Chap 4
76 Low ac power input TUG Chap 1
77 Loop-back plugs need to be in *SV Chap 4
78 Spin motor down *SV Chap 4
Drive sequence cable assembly
(20 in) 70-18328-00
Internal drive sequence cable (6 t) 70-18457-06
Drive sequence cable (8 I1) 70-18458-08
External drive sequence cable 70-18458-XX
(variable lengths)

*SV = RASB0 Disk Drive Service Manual
TUG = RAR0O Disk Drive User Guide

5.5 POWER SUPPLY FAULT ISOLATION

P_owcr supply failure symptoms are listed in Table 5-4. Power supply voltages can be measured on the
circuit modules at the connector pins indicated in Figure 5-4. and the tolerances for these measure-
ments are given in Table 5-5.

5.6 TROUBLESHOOTING TIPS

The following text describes some general troubleshooting tips that may be useful when performing
RABO drive fault isolation.



Table 5-4 Power Supply Failure Indications

Voltage Checks

Action

+ 5 volt indicators

WRITE PROTect switch

+12 volt LEDs

FAULT indicator off,
All other operator control
panel indicators on

Check that the operator control panel indicators and the internal
LED display flash on momentarily when power is applied to the
drive. The flash indicates that -+ 5 volts is present.

Check that + 5 volts is present at the operator control panel
WRITE PROTect switch. The WRITE PROTect switch should
light when pushed if + 5 volts is present and the drive is on-line.

Check that the two 12 volt LEDs on the servo module (next to the
heat-sink) are on. When lit, they indicate that both + |2 and -12
volts are present.

Check to see if only the FAULT indicator
on the operator control panel is off.
This condition occurs only when the DC LOW signal is asserted.

Possible causes could be the power supply, microprocessor module,
or servo module.




PERSONALITY MODULE

J205
j

8

MICRO PROCESSOR

J306 | MODULE
3

6,78
13
16, 16

SERVO MODULE

Figure 5-4 Voltage Test Points
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p -5.2V
J702 | P702
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11 +24\V
13, 14 a4
J703 | P703 P403
J % +BV

; -24V

9 +24V

i -5.2V

P404

J603 | P603

111 L

HDA
212 2

J403
€7 8

11
13
16
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Table 5-5 DC Voltage Tolerances

DC Acceptable Test Points

Voltages Tolerances (See Figure 5-4)

+5 +0.2 volts Pins 1, 2, or 3 of J205
-5.2 +0.2 volts Pins 15 or 16 of 1306
+ 24 -+ 3, -1 volts Pin 13 of J403

-24 +1,-3 volts Pin 11 of J403

DC Low Pin 1 of J306

5.6.1 Check Firmware Revision and ROM Set Numbers

The firmware revision and ROM set numbers are in the last few bytes of each ROM. The casiest way
to examine these numbers is by using the memory-examine down utility, test-select code “06”. Enter
the address of the last byte of the ROM to be examined, then push the ENTER switch to examine 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
0 07FF
] OFFF
7 17FF
3 1FFF
4 27FF
5 2FFF
ROM ROM
REV REV OMNES ZEROS
TE CHECK
H B BYTE BYTE CHECK
XXX8 XXX9 XXXA XXXB XXXC XXXD XXXE XXXF

Figure 5-5 Last Eight Bytes of a ROM

5-17
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5.6.2 Testing the Write Protect Function
The write protect function in the RA80 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 switch.

3. Spin up the disk by pushing in the RUN/STOP switch. If the write protect function is work-
ing, the FAULT indicator lights. The internal LEDs on the microprocessor module will dis-

play an error code of 6A.

4. Push the FAULT switch to enter the lault 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 again to clear this lault condition.

6. Release the WRITE PROTect switch.
5.6.3 Spindle Motor Thermal Timeouts
The RABO Engineering Specification calls for a three-minute waiting period between successive start-
up cycles of the spindle motor. This waiting period is required to prevent the spindle motor from over-
heating and setting an internal thermal switch in the motor. A spindle motor thermal timeout may be

caused by one of the following.

*  Frequent spindle motor start-up
e Loss of cooling due to a fan failure

If the spindle motor thermal switch is set, it results in the following symptoms.

e« LED error codes of 01, 02, 03, 04, or 26
e  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 display on the microprocessor module consists of eight LEDs in a row which are read as two
hexadecimal digits. Use Table A-1 to convert the binary LED code into hexadecimal.

Table A-1 Hexadecimal/Binary Conversion Chart

Hexadecimal Binary

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

TMOODAT>OON U BWLRN—O







APPENDIX B
DECIMAL TO HEXADECIMAL CONVERSION

Some of the seek diagnostic tests in the RA80 Disk Drive call for the user to enter the cylinder address-
es in hexadecimal format. Since there are 560 (decimal) cylinders available, the hexadecimal code
must be entered into the two rotary switches in two bytes consisting of two hexadecimal digits each.
The first byte entered is always the low byte of the cylinder address. The second byte is the high byte of
the cylinder address. Use Table B-1 to convert the cylinder addresses between hexadecimal and deci-
mal.

Table B-1 Hexadecimal/Decimal Cylinder Table B-1 Hexadecimal/Decimal Cylinder
Conversion Chart Conversion Chart (Cont)
Decimal Hexadecimal Decimal Hexadecimal
Value Value Value Value
High Low High Low
Byte Byte Byte Byte
10 00 0A 210 00 Dé
20 00 14 220 e
30 00 IE 230 Ug'- ) “ER
60 00 3C 260 0l 04
70 00 46 270 01 OE
80 00 50 280 01 18
90 00 5A 290 0l 22
100 00 64 300 01 2C
110 00 6F 310 0l 36
320 01 40
120 00 78 330 01 4A
130 s fg 340 0l 54
140 350 0l SE
150 00 96 " 2
160 00 AO ;‘;g cx i
170 00 AA 380 01 FLe.
200 00 C8 i

B-1



Table B-1 Hexadecimal/Decimal Cylinder
Conversion Chart (Cont)

Decimal Hexadecimal
Value Value
High Low
Byte Byte
410 01 9A
420 0l Ad
430 01 AE
440 01 B8
450 01 G2
460 0l cc
470 0l D6
480 01 EO
490 01 EA
500 01 F4
510 01 FE
520 02 08
530 02 12
540 02 1C
550 02 26
560 02 30
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