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PREFACE

This user’s guide is designed for engineers familiar with PDP-11 architecture. Chapters 1 through 6
offer a tutorial on DCT11-AA architecture and operation. (Chapter 5 includes some design examples.)
Appendix A contains reference material (instruction set tables and timing diagrams). Appendix B
briefly describes the software differences and compatibilities among the DCT11-AA and other mem-
bers of the PDP-11 family.

This guide can be used by both hardware and software specialists. The hardware specialist should espe-
cially become familiar with Chapters 1 through 5, whereas the software specialist should become famil-
iar with Chapters 1, 4, and 6.

One of the characteristics of the DCT11-AA is that it can be user-programmed to operate in a variety
of modes, which affect both its functionality and timing. Chapter 2 (Bus Transactions) and Chapter 3
(Pin Descriptions) are arranged by mode. This allows the user to find, in one place, all the information
relevant to a selected mode. A user not knowing which mode to use for a given application should first
read Chapter 4 (Mode Selection).
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CHAPTER 1
ARCHITECTURE

1.1 INTRODUCTION
This chapter describes the internal architecture of the DCT11-AA microprocessor. The chapter is di-
vided into five sections covering all aspects of the architecture:

Registers

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

DMA mechanism

1.2 REGISTERS
The DCT11-AA contains a number of internal registers used for various purposes (refer to Figure 1-1).
The registers are divided into three groups:

e  General-Purpose
e Status
e Mode

1.2.1 General-Purpose Registers

The DCT11-AA microprocessor contains eight 16-bit general-purpose registers that can perform a vari-
ety of functions. These registers can serve as accumulators, index registers, autoincrement registers,
autodecrement registers, or stack pointers for temporary storage of data. Arithmetic operations can be
performed between one general-purpose register and another, one memory location or device register
and another, between memory locations, or between a device register and a general register. The eight
16-bit general-purpose registers (R0-R7) are identified in Figure 1-2.

1-1
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Hi RO LO

Hi R1 LO
'
HI R2 LO
GENERAL REGISTERS t
Hi R3 LO
+
HI R4 LO

Hi R5 LO

STACK POINTER Hi R6 LO

PROGRAM COUNTER HI R7 LO

MR.6272

Figure 1-2  General-Purpose Registers

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. The PC 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 informa-
tion includes the current processor priority, the condition codes describing the arithmetic or logic re-
sults 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 condi-
tion code bits and loading and storing (moving) the processor status.

PROCESSOR STATUS

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

I ]
TRACE OVER
PRIORITY TRAP NEG |ZERO FLOW

| |

CARRY|

<15:8> READ AS ZEROS
03 NEGATIVE

MR-5273

Figure 1-3 Processor Status Word
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1.2.3 Mode Register

The DCT11-AA incorporates a user-loadable mode register (refer to Figure 1-4). The mode register is
loaded at power-up or when a reset instruction is issued. Access to the mode register is not possible at
any other time. 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

One of eight start/restart address pairs

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

15 14 13 12 " 10 08

STA!ET/RESITART TEST [16BIT|64K  |DYN
USER|8-BIT |ak/1eKk|STAT

L |

<15:13> START/RESTART ADDRESS

12 TESTER/USER MODE 08 NORMAL/DELAYED RW
" 16-B1T/8-8IT BUS <1:2> RESERVED
10 64K/4K OR 16K MEMORY 01 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
0 140000 140004

MR .4843

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 in which they
were stored. On the DCT11-AA the stack starts at the highest location reserved for it (3765 at power-
up) and expands linearly downward to a lower address as items are added to the stack. There is no stack
overflow warning.

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

1-4
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address of the last item stored in the stack. Instructions associated with subroutine linkage and inter-
rupt service automatically use register six as the hardware stack pointer. For this reason, R6 is fre-
quently 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) that 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>.

The DCT11-AA supports a vectored interrupt structure (with optional internally generated vector ad-
dresses) with priority on four levels encoded on four lines. In addition, on separate pins it supports two
nonmaskable interrupts, power fail (—PF) and —HALT.

1.5.1 Interrupt Mechanism

When the DCT11-AA receives an interrupt, no action is taken until the end of the current instruction
(refer to Figure 1-5). Interrupts are only read during a read transaction or assert priority in (ASPI)
transaction. Before fetching the next instruction, the DCT11-AA arbitrates the interrupt priority. If the
interrupt request has a higher priority than the processor’s, 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.

1.5.2 Interrupt Posting
With the assertion of the priority in (PI) signal, interrupts are read into the DCT11-AA during any read
transaction and ASPI transaction. Interrupts are read in only at the occurrence of PI.

1.5.3 Interrupt Request (IRQ)

During the assertion of Pl the interrupt request is read by the DCT11-AA (refer to Figures 1-5 and 1-
6). Refer to Table 1-1 for signal names. Interrupt requests are implemented from the following seven
different signals.

| |
LAST | IACK : FIRST INSTRUCTION OF
INSTRUCTION | | SERVICE ROUTINE
|
|
A B ! |
| l ! l
| ! | 1
]
{ : } i
1 | |
IRQ L : | |
] ' !
| | |
| | I
PIH : t
X i
| (
|
| |
SEL <1>H !
|

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

MR-4897

Figure 1-5 Interrupt Request
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v [T eerreom T
. A

MR-4996

Figure 1-6 Interrupt Timing

Maskable interrupts:
e —CP<3:0> (coded priority)
Nonmaskable interrupt:

e —PF (power fail)
e —HALT (halt)

Control (internal or external) vector:

e —VEC (vector)
Table 1-1 Interrupt Signals

Interrupt Pin Pin
Signals Name Number
—CP<3> Al<1> 33
—CP<2> Al<2> 34
—CP<1> Al<3> 35
—CP<0> Al<4> 36
—VEC Al<5> 37
—PF Al<6> 38
—HALT Al<7> 39

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

—CP<3> (Al<l>)
—CP<2> (Al<2>)
—CP<l1> (Al<3>)
—CP<0> (Al<4>)
—PF (Al<6>)
—HALT (Al<7>)

\
o & o & 0 O

1.5.4 Vectors

Every interrupt except —HALT is associated with an interrupt vector. An 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 trans-
action, the current PC and PSW are saved on the stack and the new PC and PSW are loaded from the
vector address. ‘
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Up to 64 vectors may reside in the first 256 memdry locations (374g 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 vec-
tor address 24 and is not acknowledged with an
IACK transaction. (Refer to Paragraph 2.12.) The
—HALT interrupt is not associated with a vector; it
pushes the PC and PSW onto the stack and immedi-
ately goes to the restart address with PSW (340g).
—HALT is not acknowledged.

1.5.4.1 Internal Vector Address — If — VEC (AI<5>) is not asserted (high) during the assertion of

PI, the DCTI11-AA gets the vector address from an internal fixed table by decoding the inputs
—HALT, —PF, and —CP<3:0>. Refer to Table 1-2.

Table 1-2 Interrupt Decode

—CP<3> —CP<2> —CP<1> —CP<0> Priority Vector

(Al<1>) (Al<2>) (Al<3>) (Al<4>) Level Address
—HALT* X X X X 8 -
—PF X X X X 8 24

L L L L 7 140

L L L H 7 144

L L H L 7 150

L L H H 7 154

L H L L 6 100

L H L H 6 104

L H H L 6 110

L H H H 6 114

H L L L 5 120

H L L H 5 124

H L H L 5 130

H L H H 5 134

H H L L 4 60

H H L H 4 64

H H H L 4 70

H H H H No action

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

1.5.4.2 External Vector Address — If during the assertion of PI (—PF or —HALT not asserted)
—VEC (Al<5>) is asserted (low), the DCT11-AA obtains the vector from the external device during
an IACK transaction. Asserting READY causes the DCT11-AA to wait for the vector.

1.5.5 Priority
Each interrupt is assigned a priority level (refer to Table 1-2). The DCT11-AA divides interrupts into
two groups:

e Maskable
e Nonmaskable

1.5.5.1 Maskable Interrupts - Interrupts on —CP<3:0> are maskable. The interrupts are serviced
according to their priority level (refer to Table 1-2).
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NOTE
As in any multilevel priority structure, the PSW of
the service routine must contain a priority level as
high or higher than that of the interrupt request.
Otherwise, the interrupt request continues to cause
IACK transactions until the stack is full. (Refer to
Paragraph 2.12.)

1.5.5.2 Nonmaskable Interrupts — The —HALT interrupt has the highest priority; it interrupts the
processor whatever the processor’s status.

NOTE
The —HALT interrupt or execution of the — HALT
instruction results in an interrupt, not in a stopping
of the processor.

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

o Al<7.0>
e R/—WHB
e R/—WLB

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

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 (refer to Figure 1-7).
DMR is read during any assertion of PI, unlike interrupts that are read only during a read or 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 is signaled (by the processor) when it asserts the
two signals:

e SEL<0> (high)
e SEL<I1> (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.
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2.1 INTRODUCTION

PRELIMINARY

CHAPTER 2

BUS TRANSACTIONS

This chapter provides a basic discussion of each bus transaction. 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

16-bit dynamic

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

2.2 BUS TRANSACTION .
Refer to Figure 2-1. Each PDP-11 instruction is composed of a number of transactions.

PDP-11 INSTRUCTION

TRANS- TRANS-

TRANSACTION ACTION TRANSACTION ACTION
MICRO | MICRO | MICRO | MICRO MICRO
CYCLE | CYCLE | CYCLE | CYCLE CYCLE

TRANSACTION TRANSACTION
MICRO MICRO MICRO
CYCLE CYCLE CYCLE
01 102i0Ww |01 (02|0OW]} O1 ] 02| 0D | OW
FETCH REFRESH
MR-4842
Figure 2-1 Parts of a Transaction
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2.2.1 Transaction
A transaction is defined as an activity that takes place on the DCT11-AA bus in order to perform a
function such as:

Read

Write

Refresh N

IACK (interrupt acknowledge)
DMA (direct memory access)
ASPI (assert priority in)

NOP (no operation)

2.2.2 Microcycle . .
Each transaction is made up of either one or two microcycles. A microcycle is defined as the activity
required for one microinstruction to be executed. The microcycle performs the functions necessary to
transfer information to and from the DCT11-AA bus, move data internally, and calculate 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: ¢1, ¢ 2, and ¢ W. During an ASPI transaction, IACK transaction,
DMA transaction, or when operating in long microcycle mode, it is necessary to add a fourth phase,
phase D ( #D), between ¢ 2 and ¢ W. All clock phases have the same duration between assertions.

2.3 16-BIT STATIC READ TRANSACTION
A read transaction consists of three distinct processes:

e Output of address
e Input of data
e 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 in Appendix A.

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

2.3.1 Output of Address

Refer to Figures 2-2 and 2-3. The address is output on the data address lines (DALs) 15-0 (<15:0>).
The condition of DAL <0> indicates the address of a word, high byte, or low byte. Data address lines
are time multiplexed and are used for both address and data.

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

The input data should be valid on DAL <15:0> during the period that priority in (PI) is asserted (refer
to Figure 2-3).
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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:

e Read/—Write High Byteb (R/—WHB)
e Read/—Write Low Byte (R/—WLB)

Both these signals remain high during a read transaction.

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

e SEL<0> high
e SEL<I> low

Refer to Figure A-2 in Appendix A.

2.4 16-BIT STATIC WRITE TRANSACTION
A write transaction is composed of three distinct processes:

e  Output of address
e  Output of data
e 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 are to the processor.

A write transaction is always preceded by a read
transaction (the two are indivisible) except when
writing the stack during an interrupt or trap.

2.4.1 Output of Address

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

Address Control — Address strobe, which is used to latch the address into the memory system or regis-

ter, is accomplished by means of —RAS. The address is latched upon the assertion (leading edge) of
—RAS.

2.4.2 Output of Data
Refer to Figure 2-5. The data is output on DAL <<15:0> before the assertion (leading edge) of PI.

Data Control - The signal used to latch the data into the memory system or register and the edge re-
quired is found in Table 2-2. Write control is accomplished through the use of two signals:

e 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 16-Bit Static Write Conditions

Addressed Memory Address R/—-WHB R/—WLB
Word Even (DAL <0>=0) 0 0
Low byte Even (DAL <0> =0) 1 0
High byte Odd (DAL<0>=1) 0 I

Table 2-2 16-Bit Static Write Data Strobes

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:

e  Output of address
e Input of data .
e Input of interrupt and DMA request (refer to Paragraphs 1.5 and 2.14)

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

NOTE
All references to input or output are 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 - Refer to Figures 2-6 and 2-7. The address is output on the address inter-
rupt (Al) lines 7-0 (<7:0>). The Al lines output the row address first and the column address second.
Table 2-3 lists the address bits required in 4K/16K mode and 64K mode.

NOTE
The Al 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 AI<7:0>. The concurrent address is
output on DAL <15:0>.

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

2.5.2 Input of Data
Refer to Figure 2-7. The input data should be valid on DAL <15:0> during the period of time that PI
is asserted. The negation of —CAS strobes the data into the DCTI11-AA.
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Table 2-3 16-Bit Dynamic Read Addressing Scheme

Mode Memory Chip Address Al Used
4K/16K 4K X 1 Al-Al12 <6:1>
4K /16K 16K X 1 Al-Al4 <7:1>
64K 64K X 1 Al-AlS <7:.0>
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Table 2-4 16-Bit Dynamic Read AT Addressing

PRELIMINARY

Address
4K/16K 64K
Al —RAS —CAS —RAS —CAS
<0> FET Al4 AlS Al4
<l> Al A2 Al A2
<2> A3 A4 A3 A4
<3> AS A6 AS A6
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
<6> All Al2 All Al12
<7> Al3 Al4 Al3 Al2
Table 2-5 16-Bit Dynamic Read 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 1 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:

e R/—WHB
e R/—WLB

Both 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/16K 16-bit dynamic mode, AI<0> is asserted at the leading edge of
—RAS to indicate a fetch operation. AI<<0> is three-stated before the leading edge of PI. Fetch is
indicated by AI<<0> high during —RAS.

NOTE
During refresh the Al lines have the refresh counter
address on them.

2.53.2 64K Mode - Static modes and 64K 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 read cycle. Fetch is indicated
by SEL<0> high and SEL<1> low.



PRELIMINARY

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

e  Output of address
e  Output of data
e 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 are to the processor.

A write transaction is always preceded by‘ a read
transaction (the two are indivisible) except when
writing the stack during an interrupt or trap.

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

2.6.1.1 Dynamic Address — Refer to Figures 2-8 and 2-9. The address is output on AI<7:0>. The Al
lines output the row address first and the column address second. Table 2-6 indicates the address bits
required by memories in 4K/16K mode and 64K mode.

NOTE
The Al 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>.

MEMORY
SYSTEM

DATA
< DAL<15:0> >ADDRESS

AI<7:0> >ADDRESS
DCT11-AA

—RAS DATA
—CAS | ano
” ADDRESS
STROBES
WRITE
CONTROL
3
R/ —WHB
R/ —WLB

MA.4850

Figure 2-8 16-Bit Dynamic Write, Block Diagram
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Figure 2-9 16-Bit Dynamic Write Timing
Table 2-6 16-Bit Dynamic Write Addressing Scheme
Mode Memory Chip Address* Al Used
4K/16K 4K X 1 Al-A12 <6:1> -
4K /16K 16K X 1 Al-Al4 <T:1>
64K 64K X 1 Al-AlS <7:.0>

*Address lines necessary to address all bits in each chip.
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Table 2-7 16-Bit Dynamic Write AI Addressing

Address

4K/16K 64K
Al —RAS —CAS —RAS —CAS
<0> FET Al4 AlS Al4
<I> Al A2 Al A2
<2> A3 Ad A3 A4
<3> AS A6 AS A6
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
<6> All Al2 All Al2
<7> Al3 Al4 Al3 Al2

2.6.1.3 Address Control — Table 2-8 indicates the signals and edges required to latch each portion of

the address into the memory system or register.

2.6.2 Output of Data

Refer to Figure 2-9. The data is output on DAL<15:0>.

Data Control — The signals used to latch the data into the memory system or register and the edges
required are found in Table 2-9. Write control is accomplished through the use of two signals:

e R/—WHB
e R/—WLB

Table 2-10 indicates the conditions necessary to address and write a memory system or register. The

timing of R/—WHB and R/—WLB is found in Table 2-11.

Table 2-8 16-Bit Dynamic Write 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 16-Bit Dynamic Write Data Strobes

Signal Edge

—RAS Negation (trailing)
—CAS Negation (trailing)
Pl Assertion (leading)
PI Negation (trailing)
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Table 2-10 16-Bit Dynamic Write Conditions

Addressed Memory Address R/—-WHB R/—WLB
Word Even (DAL<0>=0) 0 0
Low byte Even (DAL<0>=0) 1 0
High byte 0Odd (DAL<0>=1) 0 1

Table 2-11 16-Bit Dynamic 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

2.7 8-BIT STATIC READ TRANSACTION
A read transaction consists of three distinct processes:

e  Output of address
e Input of data
e Input of interrupt and DMA request (refer to Paragraphs 1.5 and 2.14)

Detailed timing of an 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 transac-
tion and addresses the low-byte data. The address is then incremented by one and the second read trans-
action 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 are to the processor.

2.7.1 Output of Address

Refer to Figures 2-10 and 2-11. The high byte address is output on the static address lines (SALs) 15-8
(< 15:8>). The low byte of the address is output on DAL <7:0>. Data address lines are time multi-
plexed and used for both address and data.

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

2.7.2 Input of Data
Refer to Figure 2-11. The input data should be valid on DAL<7:0> during the period Pl is asserted.

Data Control - The data strobe, which ;Lhe brocessor 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 is ac-
complished through the use of the signal —Read (R/—WHB). The timing of —Read is found in Table
2-12.
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Figure 2-10 8-Bit Static Read, Block Diagram

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

e SEL<0> high
e SEL<i> low

Refer to Figure A-6 in Appendix A.

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

e Output of address
e  Output of data
e Input of DMA request (refer to Paragraph 2.14)

Detailed timing of an 8-bit static write transaction is found in Figure A-7 in 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 transac-
tion and addresses the low byte data. The address is then incremented by one and the second read trans-
action addresses the high byte data. In the case of the MOVB (move byte) instruction, the transaction

occurs only once.

NOTE
Al references to input or output are to the processor.

A write transaction is always preceded by a read
transaction (the two are indivisible) except when
writing the stack during an interrupt or trap.
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Figure 2-11 8-Bit Static Read Timing
Table 2-12 8-Bit Static Read Control Timing

Signal Mode Parameter

—RD (R/—WHB) Normal Read control before — CAS assertion
—RD (R/—WHB) Delayed Read control at or after —CAS assertion
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2.8.1 Output of Address

Refer to Figures 2-12 and 2-13. The high byte address is output on the static address lines (SALs) 15-8
(<<15:8>). The low byte of the address is output on DAL <7:0>. Data address lines are time multi-
plexed and used for both address and data.

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

2.8.2 Output of Data _
Refer to Figure 2-13. The data is output on DAL <7:0> before the assertion (leading edge) of PI.

Data Control — The signals used to latch the data into the memory system or register and the edges
required are found in Table 2-13. Write control is accomplished through the use of the signal — Write
(R/—WLB). The timing of —Write is found in Table 2-14.

2.9 8-BIT DYNAMIC READ TRANSACTION
A read transaction consists of three distinct processes:

e  Output of address
e Input of data
e Input of interrupt and DMA request (refer to Paragraphs 1.5 and 2.14)

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

When a word read or a word write is being executed, the transaction is repeated twice and the two
transactions are indivisible. For example, the MOV (move word) instruction first does a read transac-
tion and addresses the low byte data. The address is then incremented by one and the second read trans-
action 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 are to the processor.

MEMORY
SYSTEM

SAL{DAL)<15:8> > ADDRESS

- DATA
< DAL<7:0> >ADDRESS

DCT11-AA _RAS OATA
—CAS AND
Pl ADDRESS
STROBES
WRITE CONTROL
—WT (R/ —WLB)

MR-4864

Figure 2-12 8-Bit Static Write, Block Diagram
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Figure 2-13 8-Bit Static Write Timing
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Table 2-13 8-Bit Static Read Data Strobes

Signal Edge

—RAS Negation (trailing)
—CAS Negation (trailing)
Pl Assertion (leading)
Pl Negation (trailing)

Table 2-14 8-Bit Static 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

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

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

NOTE
The Al 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 dy-
namic devices is accomplished by outputs concurrent with the AI<7:0>>. The high byte of the address
is output on the static address lines (SALs) 15-8 (<15:8>). The low byte of the address is output on
DAL<T7:0>. ’

MEMORY
SYSTEM

SAL(DAL)<15:8> > ADDRESS

DAL<7:0> DATA
ADDRESS

DCT11-AA AI<T:0> > ADDRESS
—RAS

—CAS ADDRESS

o STROBES

WRITE CONTROL

—RD (R/ ~WHB)

MR-4856

Figure 2-14 8-Bit Dynamic Read, Block Diagram
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Table 2-15 8-Bit Dynamic Read Addressing Scheme 7

Mode Memory Chip Address Al Used
4K/16K 4K X 1 AO-A1l <6:1>
4K /16K 16K X 1 A0-A13 <7:1>
64K 64K X 1 AO0-A15 <7:0>
Table 2-16 8-Bit Dynamic Al Addressing
Address
4K/16K 64K
Al —RAS —CAS —RAS —CAS
<0> FET Al4 AlS Al4
<l> Al A2 Al A2
<2> A3 A4 A3 A4
<3> AS A6 AS A6
<4> A7 A8 A7 A8
<5> A9 AlQ A9 Al0
<6> All A0 All A0
<T> Al3 Al2 Al3 Al2

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

2.9.2 Input of Data
Refer to Figure 2-15. The input data should be valid on DAL <7:0> during the period PI is asserted.

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 is ac-
complished through the use of one signal —Read (R/—WHB). The timing of —Read is found in Table
2-18. .

Table 2-17 8-Bit Dynamic Read 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 8-Bit Dynamic Read Control Timing
Signal Mode Parameter
—RD (R/—~WHB) Normal Read control before —CAS assertion
—RD (R/—WHB) Delayed Read control at or after —CAS assertion
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2.9.3 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<0> is asserted at the leading edge of
—RAS to indicate a fetch operation. AI<0> is three-stated before the leading edge PI. Fetch is in-
dicated by AI<<0> high.

NOTE
During refresh the Al lines have the refresh counter
address on them.

2.9.3.2 64K Mode — Static modes and 64K 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 and SEL<1> low.

2.10 8-BIT DYNAMIC WRITE TRANSACTION
A write transaction consists of three distinct processes:

e  Output of addresses
e Output of data
e Input of DMA request (refer to Paragraph 2.14)

Detailed timing of an 8-bit dynamic write transaction is found in Figure A-9 in 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 transac-
tion and addresses the low-byte data. The address is then incremented by one and the second read trans-
action 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 are to the processor.

A write transaction is always preceded by a read
transaction (the two are indivisible) except when
writing the stack during an interrupt or trap.

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

2.10.1.1 Dynamic Address — Refer to Figures 2-16 and 2-17. The address is output on Al<7:0>. The
Al lines output the row address first and the column address second. Table 2-19 lists the address bits
required in 4K/16K mode and 64K mode.

NOTE
The Al 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 support-

ing dynamic devices is accomplished by outputs concurrent with AI<7:0>. The high byte of the ad-
dress is output on SAL<15:8>. The low byte of the address is output on DAL <7:0>.
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Figure 2-16 8-Bit Dynamic Write, Block Diagfam
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Table 2-19 8-Bit Dynamic Write Addressing Scheme

Mode Memory Chip Address Al Used
4K /16K 4K X 1 AQ-All <6:1>
4K/16K 16K X 1 AQ-A13 <T:1>
64K 64K X 1 AO0-AlLS <7:0>

Table 2-20 8-Bit Dynamic Write Al Addressing

Address

4K/16K 64K
Al —RAS —CAS —RAS —CAS
<0> FET Al4 AlS Al4
<l> Al A2 Al A2
<2> A3l A4 A3 A4
<3> AS A6 AS A6
<4> A7 A8 A7 A8
<5> A9 Al0 A9 Al0
<6> All A0 All A0
<> Al3 Al2 Al3 Al2

2.10.1.3 Address Control - Table 2-21 indicates the signals and edges required to latch each portion of
the address into the memory system or register.

2.10.2 Output of Data
Refer to Figure 2-17. The data is output on DAL <7:0>.

Data Control — The signals used to latch the data into a memory system or register and the edge re-
quired are 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 2-21 8-Bit Dynamic Write 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 8-Bit Dynamic Write Data Strobes

Signal Edge

—RAS Negation (trailing)
—CAS Negation (trailing)
PI Assertion (leading)
Pl Negation (trailing)
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Table 2-23 8-Bit Dynamic 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:

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

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

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

2.11.1 Output of Refresh Address
Refer to Figures 2-18 and 2-19. The refresh address is output on AI<7:0>. Refresh occurs at different
times:

e  After an instruction fetch:

8-bit mode — every instruction
16-bit mode — after every other instruction

e After addressing modes 5, 6, and 7:

Index v
Index-deferred
Autodecrement-deferred

e During the following instructions:

HALT
TRAP
BPT
10T

e During all interrupts and traps.
2.11.2 Address Control

Address strobe, which is used to latch the addressvinto the memory, is accomplished by means of
—RAS. The address is latched upon the assertion (leading edge) of —RAS.
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2.11.3 Output of SEL<0> and SEL<1>
Refer to Figure 2-19. If mode register bit 10 is not set (MR<<10> = 1, 4K/16K mode) during the
refresh transaction:

e SEL<0> high
SEL<1> low

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

o SEL<0> low
e SEL<I> low

SEL < 1:0> are low for other transactions (refer to Table A-10 in Appendix A).

2.12 1ACK (INTERRUPT ACKNOWLEDGE) TRANSACTION
An IACK transaction, which clears the interrupt request, consists of two distinct processes:

e  Output of interrupt acknowledge data
e Input of vector address [if — VEC (Al<<5>) was asserted]

Detailed timing of an IACK transaction is found in Figure A-11 in Appendix A.

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

2.12.1 Output of Interrupt Acknowledge Data

Refer to Figures 2-20 and 2-21. The processor first outputs the interrupt acknowledge data on
DAL <12:8> with the same polarity as the received data. The acknowledge data consists of the coded
priority of the interrupting device. This coded priority was first received on AI<<5:1> at the time of
the interrupt request. Refer to Table 2-24. The strobe, which is provided for the interrupting device to
use, is —RAS. The interrupt acknowledge is valid upon the assertion (leading edge) of —RAS.

DAL12:8> >
DALLZ:1>
DCT11-AA DEVICE

SELO
SEL 1
—RAS

MR-4860

Figure 2-20 TACK Transaction, Block Diagram
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DALK12:8> (

INTERRUPT ACKNOWLEDGE DATA )

oo (UL weronon ] )

—RAS \

—CAS

Pl

SEL <0>

SEL <1> r

Figure 2-21

MR-4861

TACK Transaction Timing

Table 2-24 Interrupt Acknowledge Data

Interrupt Request Acknowledge
—CP<3> Al<i> DAL <8>
—CP<2> Al<2> DAL <9>
—CP<l1> Al<3> DAL<10>
—CP<0> Al<d4> DAL<11>
—VEC DAL<12>

2.12.2 Input of Vector Address

If vector (—VEC) Al<5> was asserted at the time of the interrupt request, the input of an external
vector address should be driven by the user on DAL <7:2>. If —VEC was not asserted at the time of
the interrupt request, 1 of the 15 vector addresses internal to the processor is used.

Refer to Figure 2-21. Select (SEL) output flag 1 (< 1>) is used by the processor to input the vector.
The vector address is latched upon the negation (trailing edge) of SEL<<1>. If the READY input is
asserted, the latching of the vector address into the DCT11-AA is delayed by one microcycle. (Depend-

Al<5>

ing on the pulsing of READY, more microcycles may be added.)
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2.13 BUSNOP (NO OPERATION) TRANSACTION
A busnop transaction is a specific processor state in which no processes occur at the outputs. The fol-
lowing is a list of the states found at the outputs.

DAL <15:0> Previously latched data

Al<T7.0> Three-state (static mode) invalid output (dynamic mode)
—RAS High

—CAS High

PI Low

R/—WHB High
R/—WLB High
SEL<0> Low
SEL<1> = Low

A busnop transaction occurs, for example, during an instruction decode cycle and internal processor
computations. Detailed timing of a busnop transaction is found in Figure A-12 in Appendix A.

2.14 DMA (DIRECT MEMORY ACCESS) TRANSACTION
A DMA transaction consists of three processes:

o  Three-state of DAL<15:0> and internal pull-hps on AI<7:0>, R/—WHB, R/—WLB
e  Output of —RAS, —CAS, and PI
e  Output of DMG

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

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

Upon receiving a DMA request on AI<<0>, the processor (at the end of the current transaction) in-
itiates a DMA transaction. The DCT11-AA provides —RAS, —CAS, PI, and COUT signals. The ex-
ternal circuitry is responsible for controlling the R/—WHB and R/—WLB lines, providing the ad-
dress, and providing or accepting data.

During DMA transfers, system circuity goes through the following sequence.
1. A DMA request (DMR) to the DCT11-AA is made by driving AI<<0> low during PI.

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

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

If the bus is required for a longer period of time, the requesting device must insure that Al<<0> is low
at the negation (trailing edge) of each PI.

2.14.1 Three-State of DAL<15:0>

Refer to Figure 2-22. The processor three-states DAL <<15:0>. This is required to free the bus for the
requesting device. Al<7:0>, R/—WHB, and R/ —WLB have internal pull-ups.
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SINGLE DMA TRANSACTION
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Figure 2-22 DMA Timing
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2.14.2 Output of —RAS, —CAS, and PI

The —RAS and —CAS signals 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.

2.14.3 Output of Direct Memory Grant (DMG)
Refer to Figure 2-22. When the grant is issued the DCT11-AA takes the following actions.

e SEL<0> and SEL< 1> are asserted (high), informing the system that the grant has been
issued and both signals are valid at the assertion (leading edge) of —RAS.

e —RAS, —CAS, PI, and COUT are driven with the timings specified in the DMA transac-
tion timing diagram (refer to Figure A-14 in Appendix A).

e The DALs are three-stated.
e AI<7:0>, R/—WHB, and R/—WLB are implemented by internal pull-ups.

When the grant is issued, external circuitry must drive the R/ —WHB and R/ —WLB lines and initially
drive the DALs with the address. In dynamic memory systems the address must be multiplexed on
Al<<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 DALs 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.)

2.15 ASPI (ASSERT PRIORITY IN) TRANSACTION
- An ASPI transaction consists of two processes:

e Input of interrupt and DMA réquest
e —CAS without —RAS

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

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

Refer to Figures 2-23 and 2-24. The processor reads AI<<7:0>. If any line is asserted, the processor
acts on the interrupt (depending on the priority); if not, no action takes place. For information con-
cerning the interrupt structure, refer to Paragraph 1.5. The ASPI transaction generates a — CAS with-
out generating a —RAS. ASPI transactions occur only during a reset instruction, halt instruc-
tion/interrupt, wait instruction, or during the power-up sequence.

Input Control

The interrupt strobe, which the processor uses to latch the interrupt and DMA request data, is accom-
plished by means of PI. The interrupt is latched by the processor upon the negation (trailing edge) of
PIL
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Figure 2-23 ASPI Transaction, Block Diagram
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Figure 2-24 ASPI Transaction Timing
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CHAPTER 3
PIN DESCRIPTIONS

3.1 INTRODUCTION
This chapter describes the functions performed by each DCT11-AA pin. The pins, and thus, the chap-
ter, are divided into five groups:

Data/address lines (DAL <15:0>)

Address/interrupt (Al <7:0>)

Control lines (SEL<1:0>, R/—WHB, R/—WLB, —RAS, —CAS, PI, Ready)
Miscellaneous signals (—BCLR, PUP, COUT, XTL1, XTLO0)

Power pins (BGND, GND, V¢c)

Refer to Figure 3-1 and Tables 3-1 through 3-5. Several DCT] 1-AA pins perform different functions
depending on the mode. Therefore, signal names vary from pin names. The mode-dependent pins are

DAL<15:0>

Al<<7:0>

Select (SEL<<1:0>)

Read/ —Write High Byte (R/—WHB)
Read/— Write Low Byte (R/—WLB)

Clock Output (COUT) 4

Each pin function is described under the pin name. If the pin is rhode-dependent, a description of each
mode is found under the pin name.

Table 3-1 Mapping of Al onto DAL during an IACK Transaction*

Interrupt Request Time TIACK Transaction
—CP<3> Al<i> DAL<8>
—CP<2> Al<2> DAL <9>
~CP<l> Al<3> DAL<10>
—CP<0> Al<4> DAL<11>
—VEC Al<5> DAL<12>

Al<<0> (not mapped)
Al<6> (not mapped)
Al<7> (not mapped)

DAL <7:0> (“don’t care™)
DAL <15:13> (“don’t care”)

*The logic level is maintained in the Al-to-DAL mapping. For example, if
Al<1> is high at interrupt request time, DAL<8> is high at IACK time.
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Figure 3-1 DCTI11-AA Pin Layout
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Table 3-2 Signal and Pin Utilization, 16-Bit Mode

Signal Names

Pin(s) Pin Name Static 4K /16K Dynamic 64K Dynamic
Data Address Lines
1-7.9 DAL < 158>} DAL<15:8> DAL <15:8> DAL <15:8>
10-17 DAL<7:0> | DAL<7:0> DAL<7:0> DAL <7:0>
Address Interrupt Lines ‘
—RAS —CAS PI —RAS —CAS PI
32 Al<0> —DMR FET* Al4 —DMR AlS Al4 —DMR
33 Al<l> —CP<3> Al A2 —CP<3>1 Al A2 —CP<3>
34 Al<2> —CP<2> A3 A4 —CP<2>1] A3 A4 —CP<2>
35 Al<<3> —CP<1> AS Ab —CP<lI>]| AS A6 ~CP<1>
36 Al<4> —CP<0> A7 A8 —CP<0>1] A7 A8 —CP<<0>
37 Al<5> —VEC A9 Al0Q —VEC A9 A10 —VEC
38 Al<6> —PF All Al2 —PF All Al2 —PF
39 Al<T> —HALT Al3 Al4 —HALT Al3 Al4d —HALT
Control Signalsr
24 SELIt IACK + DMG] IACK + DMG IACK + DMG
25 SELOt 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 Pl PI Pl
Miscellaneous Signals
18 —BCLR —BCLR —BCLR —BCLR
19 PUP PUP PUP PUP
21 COouT CcouT CouT couTt
22 XTLI XTL1 XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins
8 BGND BGND BGND BGND
20 GND GND GND GND
40 vec Vee Ve vee

NOTES

*During —RAS, Al<<0> is used to indicate a fetch operation in progress. During refresh, Al<<0> is the output of the re-

fresh counter at —RAS time.

tSEL < 1> and SEL<0> are encoded; refer to Tables 3-4 and 3-5.
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Table 3-3 Signal and Pin Utilization, 8-Bit Mode

Signal Names

Pin(s) Pin Name Static 4K/16K Dynamic 64K Dynamic

Data Address Lines

1-7,9 DAL <15:8>] SAL<15:8> SAL<15:8> SAL<15:8>

10--17 DAL<7:0> | DAL<7:0> DAL <7:0> DAL <7:0>

Address Interrupt Lines

—RAS —CAS PI —RAS —CAS PI

32 Al<0> —DMR FET* Al4 —DMR AlS Al4

33 Al<]l> —CP<3> Al A2 —CP<3>] Al A2

34 Al<2> —CP<2> A3 A4 —CP<2>| A3 A4

35 Al<3> —CP<1> AS A6 —CP<1>| A5 A6

36 Al<<4> —CP<0> A7 A8 —CP<0>| A7 A8

37 Al<5> —VEC A9 Al0 —~VEC A9 Al0

38 Al<6> —PF All A0 —PF All A0

39 Al<T> —HALT Al3 Al12 —HALT Al3 Al2

Control Signals

24 SEL1t IACK + DMG | 1ACK + DMG IACK + DMG

25 SELOY 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 Pl Pl PI

Miscellaneous Signals

18 —BCLR —BCLR —BCLR —BCLR

19 PUP PUP PUP PUP

21 COuUT COuT couTt couT

22 XTL1 XTL1 XTL1 XTL1

23 XTLO XTLO XTLO XTLO

Power Pins

8 BGND BGND BGND BGND

20 GND GND GND GND

40 vce vee vce vVee
NOTES

*During — RAS, Al<0> is used to indicate a fetch operation in progress. During refresh, Al<<0> is the output of the re-

fresh counter at —RAS time.

+SEL<1> and SEL<0> are encoded; refer to Tables 3-4 and 3-5.

3.2 DATA ADDRESS LINES (DAL <15:0>)

DAL <15:0> functions depend upon the selection of 8-bit or 16-bit mode. During read/write transac-
tions (refer to Paragraph 2.2.1) the DALSs are time multiplexed in two ways. In 16-bit mode, they multi-
plex the address, then the data. In 8-bit mode, in addition to the address/data multiplexing, there is low

byte/high byte multiplexing.
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Table 3-4 SEL<1:0> Functions in Static Mode or Dynamic 64K Mode

SEL<1> SEL<0> 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 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)

3.2.1 16-Bit Mode - DAL<<15:0>
DAL < 15:0> are used in six cases.

1. During a read/write transaction:

DAL < 15:0> are time multiplexed and used for the address and the data. Read/write trans-
actions are defined in Paragraphs 2.3 through 2.10.

2. 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 IACK (interrupt acknowl-
edge) transaction.

3.  During a DMA transaction:

DAL<15:0> are three-stated. The DMA (direct memory access) transaction is defined in
Paragraph 2.14.

4.  During a busnop and refresh transaction:
DAL <15:0> contain previously latched data.
5. During an ASPI transaction: |
DAL <15:0> are three-stated.
6.  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 pull-ups are

enabled on these lines when —BCLR is asserted. This avoids the need to drive the bits that
are to be high.
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3.2.2 8-Bit Mode - DAL <15:8>
The signal name for DAL <15:8> in 8-bit mode is static address lines (SAL<15:8>), which are used

in six cases.

1.

During a read/write tfansa_c_tion:

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 through 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 IACK (interrupt acknowl-
edge) transaction.

During a DMA transaction:

DAL <15:8> 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 <15:8>. Low-current internal pull-ups are en-

abled on these lines when —BCLR is asserted. This avoids the need to drive the bits that are
to be high.

3.2.3 8-Bit Mode - DAL <7:0>
DAL <7:0> are used in six cases.

1.

During a read/write transaction:

DAL <7:0> 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 trans-
actions are defined in Paragraphs 2.3 through 2.10.

During an IACK transaction:
DAL <7:2> are used for the input of an external vector address (if —VEC was asserted
during the interrupt request). DAL<1:0> are irrelevant because the 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.
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3.  During a DMA transaction:

DAL <7:0> are three-stated. The DMA (direct memory access) transaction is defined in
Paragraph 2.14.

4.  During a busnop and refresh transaction:
DAL < 15:0> contain previously latched data.
5. During an ASPI transaction:

DAL<15:0> are three-stated.

-

6. During the power-up sequence or a reset instruction:

The mode register bits are read in from DAL <1:0>. Low-current internal pull-ups are en-
abled on these lines when —BCLR is asserted. This avoids the need to drive the bits that are
to be high.

3.3 ADDRESS INTERRUPT (Al <7:0>)

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

e  Output of row address
e Output of column address
e Input of interrupts and/or DMA requests

During busnop and IACK transactions, Al <<7:0>> act as inputs in static modes and contain previously
latched data in dynamic modes. The Al lines are described in three parts:

¢ At —RAS and —CAS time (static mode)
o At —RAS and —CAS time (dynamic mode)
e At PI time (static or dynamic mode)

3.3.1 AlI<7:0> at —RAS and —CAS Time (Static Mode)
While in static mode the address interrupt lines are used as inputs for interrupts and/or DMA requests
during all transactions. AI<<7:0> are implemented by internal active low-current pull-ups.

3.3.2 AI<7:0> at —RAS and —CAS Time (Dynamic Mode)
During read/write transactions the address interrupt lines are used as outputs at —RAS and —CAS
time only. The Als are time multiplexed in two ways:

e Prior to the assertion (leading edge) of row address strobe (—RAS), the Al lines output the
row address for a dynamic RAM. At the occurrence of —RAS, the data on the Al lines is
valid.

e Prior to the assertion (leading edge) of column address strobe (—CAS), the Al lines output
the column address for a dynamic RAM. At the occurrence of —CAS, the data on the Al
lines is valid.
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During refresh transactions AI<<7:0> are used to output the row address at —RAS time. During
DMA and ASPI transactions A1<<7:0> have internal low-current pull-ups and are used as inputs.

NOTE
The dynamic address on AlI<<7:0> 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 Modes)

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 Al lines input interrupt and DMA requests at
the negation (trailing edge) of PI. Refer to Table 3-6.

NOTE

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

Table 3-6 Al Functions

@ —RAS (LE) @ —CAS(L.E) @ PI(T.E.)

Transaction Output Output Input

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

* — Internal low-current passive pull-ups.
N/A - Not applicable.

Interrupt and DMA requests afe implemented by the following signals.

—DMR (Direct Memory Request) AI<<0>. When the processor reads a DMA request as-
serted, it (upon termination of almost any current bus transaction) frees the bus for the
DMA device. Refer to Paragraph 2.14 for the definition of a DMA transaction.

—CP<3:0> (Coded Priority) Al<1:4>. 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 defini-
tion of the DCT11-AA interrupt structure.

—VEC (Vector) Al <5>. The signal has meaning only if one or more of —CP<3:0> are
asserted. — VEC signals the processor to ignore the internal vector address indicated
by —CP<3:0> and instead uses 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 dur-
ing the IACK transaction.
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—PF (Power Fail) Al<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 setup 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) Al<7>. —HALT is an unmaskable interrupt. It always causes a jump, after
stacking the PS and PC, to the restart address with PS = 340g. The —HALT input is
pseudo-edge sensitive. It must be read as a negation before another assertion is recog-

nized.

3.4 CONTROL LINES -
The control lines are composed of signals the DCT11-AA uses to control the normal operation of the

system. The lines are

—RAS
—CAS

Pl
R/—WHB
R/—WLB
SEL<1>
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 lines remain in their unasserted state (except
READY, which is an input).

Table 3-7 Control Signal Usage

Transaction —RAS —CAS P1 R/—WHB R/—WLB SEL<0> SEL<1> READY
Read/write X X X X X 1 *
Refresh X 2
IACK X X *
DMG X X 3 3 X X *
ASPI

X — Asserted.

* — Causes one or more microcycle slips.

1 — Asserted in static mode and dynamic 64K mode when read as a PDP-11 instruction fetch; in 8-bit mode, asserted only in
the low-byte transaction of a fetch.

2 — Asserted in dynamic 4K/16K mode.

3 — Three-stated.

The —RAS, —CAS, and PI signals 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 shows the leading and trailing edges. The leading edge is the edge that changes the signal from the
unasserted state to the asserted state.
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-RAS | EADING EDGE J\ FTRAILING EDGE
-CAS

ASSERTED
ASSERTED
Pl LEADING EDGE TRAILING EDGE

MR-5274

Figure 3-2 Leading and Trailing Edge

3.4.1 —RAS (Row Address Strobe)

The —RAS signal is the system address strobe. Table 3-7 indicates the transactions in which —RAS is
asserted. During read/write transactions the assertion (leading edge) of —RAS is used to strobe the
address present on the DALs (for memories not using the —RAS/—CAS multiplexing) and the row
address present on the Als (for the dynamic memories that use it). During a write transaction the nega-
tion (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 present on the Al lines.

During an 1ACK 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.

3.4.2 —CAS (Column Address Strobe)
The —CAS signal 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:

e The assertion (leading edge) of —CAS provides an early warning of the impending occur-
rence of PI, and therefore, may be used to latch interrupt and DMA requests before they are
strobed onto the Al lines.

e In dynamic read/write transactions the assertion (leading edge) of —CAS strobes the col-
umn address present on the Al lines.

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

e In write transactions the negation (trailing edge) of —CAS may be used as the data output
strobe. o '

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

During ASPI transactions the assertion (leading edge) of —CAS may be used to latch interrupt and
DMA requests before they are strobed onto the Al lines.

3-10
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3.4.3 PI (Priority In)
Pl 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 are the same in all four transactions.

Whenever Pl is asserted the Al 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 Al lines. (Refer to Paragraph 3.3.)

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

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.

344 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. o

344.1 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 trans-
actions. R/ —WHB and R/ —WLB are asserted (low) when the transaction is a write to a high byte or a
low byte.

Normal or delayed mode affects the timing of R/—WHB and R/—WLB. In normal mode the
read/write timing is compatible with that of the Motorola 6800 bus peripherals. In delayed mode the
timing is compatible with that of the Inte]™ 8080 bus peripherals. During a DMA transaction both pins
are internal low-current pull-ups.

3442 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. The —RD sig-
nal is asserted low during a read transaction and —WT is asserted low during a write transaction.

Normal or delayed mode affects the timing of —RD and —WT. In normal mode the read/write timing
is compatible with that of the Motorola 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-cur-
rent pull-ups. '

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

34.6 READY

Through the use of the READY signal, 1/O devices or memory of any speed may be synchronized with
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.

Refer to Figure 3-3. A single assertion of READY causes a single microcycle slip. An additional cycle
slip requires the READY signal to be pulsed again. The assertion of READY has no 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.

™Intel is a trademark of the Intel Corporaticn.
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The READY signal extends the following transactions.

Read

Write
[ACK
DMA

Detailed timing of READY is found in Figure A-15 in Appendix A.

3.5 MISCELLANEOUS SIGNALS
This group of signals includes the following.

—BCLR
PUP
COouT
XTL1
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. The —BCLR signal asserted (low) enables the mode regis-
ter pull-ups on DAL <15:8,1:0>. The —BCLR pin must be connected to ground through a 1K , 1%
resistor. The signal’s characterisitics are given in Table A-2 in Appendix A.

3.5.2 PUP (Power-Up)

PUP is a Schmitt-triggered input having 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 DALs and Al lines output undefined data and the con-
trol and miscellaneous signals are in an unasserted state. As soon as PUP is asserted low the power-up
sequence begins.

The powér-up sequence is a series of events that initializes the DCT11-AA. The power-up sequence
occurs in two cases.

1.  When Vcc is applied:

PUP changes state (low to high).

The —BCLR output is asserted.

PUP changes state (high to low).

The mode register is loaded.

The —BCLR output is cleared.

20 refresh transactions (8-bit dynamic) and 10 refresh transactions (16-bit dynamic) or

20 busnop transactions (8- b1t static) and 10 busnop transactions (16-bit dynamic) occur.

e The stack pointer is loaded to 3763, the program counter is loaded to the start address,
and the processor status word is loaded to 340g.

e An ASPI transaction occurs.

3-13
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2. When a reset instruction is executed:

The —BCLR output is asserted.
The mode register is loaded.
The —BCLR output is cleared.
An ASPI transaction occurs.

Detailed timing of power-up is found in Figure A-16 in Appendix A.

3.5.2.1 Power-Up (PUP) Input — Refer 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 Vi = 0.8 V). 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 < S >

—CAS
Pl

DEVICE

MR-4870

Figure 3-4 Power-Up Seqﬁcnce, Block Diagram4

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. The
—BCLR signal is also asserted as a result of a program reset instruction. The —BCLR signal is a
strobe used by the user to enable pull-downs on data address lines (DALs) <15:8>,<1:0> at mode
register read time. The mode register is loaded through DAL <15:0>. However, DAL <<7:2> are re-
served. The —BCLR signal 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 Transaction — Depending on the condition of the mode register the proces-
sor generates either refresh or busnop transactions. Refer to Table 3-8 for the conditions and the num-
ber of transactions generated.

3.5.2.5 Loading the SP, PC, and PSW - After the completion of the refresh or busnop transactions

the processor loads the stack pointer (SP) with 376g. The program counter (PC) is loaded with the start
address and, finally, the processor status word (PSW) is loaded with 340g.

3-14
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Figure 3-5 Power-Up Sequence Timing

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

3.5.2.6 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.

3.5.3 COUT (Clock Output)

COUT outputs a TTL-level clock that is a function of mode register bit 0 (MR <0>). MR<0> deter-
mines if the output is to be processor mode clock (MR<<0> = 1) or constant clock (MR<0> = 0).
Refer 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 XTL1). 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 in Appendix A.

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 in Appendix A.
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XTLO

couT
CONSTANT <
(MRO=0)*

cout
PMC
(MRO = 1)

*MAY BE EITHER POLARITY DEPENDING ON THE OCCURRENCE OF PHASE D.

MR-4868

Figure 3-6 COUT Timing

3.6 POWER PINS
The following are pins associated with the power source of the DCT11-AA.

e BGND
e GND
e V¢

3.6.1 GND and BGND

BGND and GND should be connected together. They provide the reference ground for all lines of the
DCTI11-AA.

3.6.2 V¢ i :
Pin 40 is the +5 V supply for the DCT11-AA. This voltage must be maintained to within 5% of 5 V.
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~ CHAPTER 4
MODE SELECTION

4.1 INTRODUCTION

Most 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.

The four sections of this chapter describe:

Modes related to function

Modes related to timing

Mode register bit settings

Mode register selection guidelines

4.2 MODES RELATED TO FUNCTION
Refer to Figure 4-1 and Table 4-1. The modes related to function effect the functionality of the proces-
sor. 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<<12> ,

Start/restart address MR<<15:13>

4.2.1 16-Bit or 8-Bit Mode (MR<11>)

Mode register bit 11 determines if the processor operates the data bus in 8-bit mode or 16-bit mode.
The selection of either 8-bit or 16-bit data bus effects the DAL <15:0>, R/—WHB, R/WLB, and
Al<7:6> 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<15:0> - Output of the 16-bit address before the assertion (leading edge) of —RAS.
DAL<15:0> - Inputor output of 16-bit data at read/write time. -

Read/write control: | |

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

4-1
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15 14 13 12 1 10 09

STAF'%T/RES]TART TEST |16 BITIB4K |DYN
USER [8-BIT [aKk/16K|STAT

L 1

<15:13> START/RESTART ADDRESS

12 TESTER/USER MODE 08 NORMAL/DELAYED R/W
1 16-B1T/8-BIT BUS <> RESERVED
10 64K/4K OR 16K MEMORY o1 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
0 140000 140004

MR.-4843

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 i 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

4.2.1.2 8-Bit Mode - If mode register bit 11 is not asserted (MR<<11> = 1), 8-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 the 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>);
they hold the high byte of the address throughout the two transactions.

DAL<7:0> - Contains the low byte of the address during the 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 separate 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). These
signals are mutually exclusive.

4.2.2 Dynamic or Static Mode (MR <9>)

Mode register bit 9 determines if the processor supports dynamic or static memories. This mode affects
the operation of the Al lines and SEL < 1:0> during read/write transactions, and the occurrence of the
refresh transaction (which adds time to the instruction execution time).

4.2.2.1 Dynamic Mode - If mode register bit 9 is asserted low (MR<9> = 0), dynamic mode is
selected and dynamic memories are directly supported. Besides outputting the address on
DAL <15:0> before the assertion of —RAS, the DCT11-AA also outputs row and column addresses
on Al<<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 9 is not asserted (MR <9> = 1), static mode is selected.
The memory is addressed using DAL <<15:0> 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<10>)

Mode register bit 10 applies to dynamic mode only (in static mode it has no 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 subported.
Refer to Table 4-2.

4.2.4 Tester or User Mode (MR<12>)

Tester mode is for Digital Equipment Corporation’s use only. If mode register bit 12 is high
(MR < 12> = 1), user mode is selected.

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 64K 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 <0> 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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4.2.5 Start and Restart Address (MR<15:13>)

Mode register bits 15-13 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 pow-
er-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 following modes related to timing affect the timing of the processor but not its functionality.

e Constant or processor clock MR <0>
e Long or standard microcycle MR<1>
e Normal or delayed read/write MR <8>

4.3.1 Constant or Processor Clock (MR <0>)
If mode register bit 0 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 XTL1).

If mode register bit 0 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 1 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 that require a long access time. When long microcycle mode is selected, all micro-
cycles are made up of four operating frequency periods (they all contain 0D).

If mode register bit 1 is high (MR<1> = 1), a standard microcycle takes place. A standard micro-
cycle 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 8 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).

If mode register bit 8 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

The mode register is set during the power-up sequence, or when the reset instruction is executed. At
either of these times 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 DALSs to load the desired mode
in the mode register. The data on the DALs must be stable throughout the duration of the —BCLR
pulse. ' '

NOTE
The assertion of —BCLR enables active internal
pull-ups on DAL <15:8,1:0>. Only those mode reg-
ister bits that must be driven low need be asserted.

4-4
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4.5 MODE REGISTER SELECTION GUIDELINES
The general guidelines below presume the DCT11-AA user has one or more of the following goals in
mind.

Minimum cost

Maximum speed

Minimum size (chip count)
Minimum development time

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

4.5.1 Minimum Cost
In order to minimize the cost of a system, the implementation of the following modes is suggested.

e 8-bit
e Dynamic
e Long microcycle

4.5.1.1 8-Bit Mode - This mode allows the use of 8-bit-wide device registers, data bus, and memories.
In this mode the minimum memory (typically n X 1 organization) uses eight chips.

4.5.1.2 Dynamic 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 Maximum Speed
In order to maximize the speed of a system, the implementation of the following modes is suggested.

e 16-bit
e Static
e Standard microcycle

4.5.2.1 16-Bit Mode - Every word read or word write operation is performed in a single transaction
rather than in two (8-bit mode). The 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 saving for computational code is possible.

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

4.5.3 Mimimum Size (Chip Count)
In order to minimize the size (chip count) of a system, the implementation of the following modes is
suggested.

e 8-bit
e  Static
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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 X 8 static RAMs in order to
minimize chip count.

4.5.4 Minimum Development Time
In order to minimize the development time of a system, the implementation of the following modes is
suggested.

. 16-bit
e  Static

4.5.4.1 16-Bit Mode — A 16-bit system is simpler to develop than an 8-bit system because in 16-bit
mode a single transaction performs a word read and a word write. Also, 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 Al lines are inputs at all times.
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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 possible questions, but offers a few examples and solutions that
will enable the reader to get started. Interfacing information is presented on the following areas.

Power-up

Loading the mode register
System clock

Address latch and decode
Memory subsystems
Interrupts

DMA ,
Working with peripheral chips

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

5.2 POWER-UP
Refer to Figure 5-1. A simple circuit can be constructed from a single ceramic capacitor C. The capaci-
tor must satisfy the following conditions:

e C =20.04uF
e C (uF) = 0.05tg (ms)

where tg is the rise time of V.

NOTE
The DCT11-AA powers up in an undefined state (re-
gardless of the state of PUP) until V¢ is stable at
Vcc minimum.

5.3 LOADING THE MODE REGISTER

Figure 5-2 shows how to program the mode register. On power-up, or when executing a reset instruc-
tion, the —BCLR pin is asserted low; this enables the desired bits onto the data address lines (DALs).
While —BCLR is asserted the DALs 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
DALs. Unasserted bits may be left floating since they are pulled up internally by the DCTI11-AA when
—BCLR is low. The —BCLR signal is buffered to provide enough drive for system initialization. All
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Vee
1 DCT11-AA

T
PUP

Nn—

MR-5501

Figure 5-1 Power-Up Circuit

Vee
s
‘P
*
DAL <15:8, LS244
1:.0>
19 9
DCT11-A (B o} Veid
-BCLR
1K Q
1% [-C

-PUP

MR.6502

Figure 5-2 Mode Register Loading

devices in the system (except the buffer containing data for the mode register) should three-state their
outputs connected to DAL <15:0> at —BCLR time. This is done to prevent the mode register from
being loaded with questionable data.

NOTE
The pull-down resistor on—BCLR must be 1K Q @
1% to guarantee timing specifications. The ~-BCLR
signal can sink up to 3.2 mA and source 80 uA (can
drive two TTL loads in addition to the 1K Q load).

54 CLOCK
The DCT11-AA clock is generated by an internal clock circuit. This circuit uses as an input one of two
sources:

e A crystal
e A TTL oscillator

5-2
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5.4.1 Crystal-Based Clock
The DCT!1-AA oscillator circuit is a quasi-linear wide-band amplifier. Refer to Figure 5-3. Three com-
ponents and proper layout are required to use a crystal with the DCT11-AA. The three components are

e A crystal, with loss resistance (Rg) at various resonancies

e An input capacitor (Ca) connected to XTLO (pin 23)
e  An output capacitor (Cg) connected to XTLI1 (pin 22)

Ca
|—_E— XTL1

cg 3 DCT11-AA
}—_l_—— XTLO

MR-5508

Figure 5-3 Crystal Oscillator Clock

A fourth component (caused by stray effects of crystal and layout) is a strong input-output capacitance
(Cp) between XTLO and XTL1. Other stray components, such as high frequency inductance of the
connections, have only minor effects at frequencies (< 7.5 MHz) when connection paths are less than
two inches.

The capacitors Co and Cp are needed to adjust the load to the crystal. The inputs XTLO and XTLI
load the crystal to more than 30 pF (which is the nominal load for most crystals), thus puliling it off
frequency.

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

Cut at fundamental (At)

Load 30 pF

Rg < 200 @ + fMHz (fundamental; i.e., 27 Q@ @ 7.5 MHz)
Rg > 4000 @ -+ fMHz (spurious)

Rg > 400 @ -~ fMHz (harmonic)

Co < 4 pF

Capacitors:

Type mica

Nominal value (= 10%)
Ca (XTLO) 500 pF + fMHz (example: 67 pF @ 7.5 MHz)
Cp (XTL1) 200 pF = fMHz (example: 27 pF @ 7.5 MHz)

These specifications guarantee against third harmonic and spurious start-ups. If such guarantees are

not necessary and only a steady oscillation is required, most crystals can be used. Detailed timing of
XTAL is found in Figure A-17 in Appendix A.

5-3
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5.4.2 TTL Oscillator-Based Clock

Refer to Figures 5-4 and 5-5. A TTL signal may be used to drive XTL1 (pin 22) while XTLO (pin 23) is
grounded. The XTL1 TTL signal must satisfy the following criteria.

Period T > 133 ns
Rise time tg << 80 ns
Fall time tg << 80 ns
Low time t > 60 ns
High time ty > 60 ns

TTL
0sC. XTL1
DCT11-AA
-r' XTLO

MR-5509

Figure 5-4 TTL Oscillator Clock

MR-5503

Figure 5-5 TTL Oscillator Waveform

Refer to Figure 5-6. The XTL1 signal may be gated to stop operation of the DCT11-AA as long as the
signal at the XTL1 pin meets or exceeds the above criteria. XTL1 may be left high or low indefinitely.

STOP L
L
TTL XTL1
OSC. DCT11-AA
r XTLO

MR-5504

Figure 5-6 Gating XTL1

55 ADDRESS LATCH AND DECODE
Refer 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 the row address strobe (—RAS) leading edge.

Refer 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 the static address lines (SAL<15:8>) throughout the whole read or write trans-
action.

Address decoding can be done in a number of traditional ways. In Figures 5-7 and 5-8 PLAs are used to

54
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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 col-
umn address strobe (—CAS) timing. The CAS signal should be ANDed with RAS to prevent the en-
abling of strobes during an ASPI transaction.

Veex—
[— 33
16 2X 16 RAS
DAL <15:0> p—v=o{ | | 5373 so! 825101 l ?T“glglfes
DCT11-AA UoE en oe P
-ras b - T
| Vees—
$
-cAs O—O 6 CAS
4o 825101 l TIMING
STROBES
= P—

MR-5507

Figure 5-7 16-Bit Address Latch and Decode »

. SL
SAL < 15:8 s Vee—
8 8 RAS
DAL < 7:0 > [ LS373 yometd 825101 l TIMING
STROBES
DCT11-AA 5E EN OF o—
—RAS IO = T
I Veery
—CAS L15 & DZ:-CAS
@J—-
825101 TIMING
STROBES
OF O

MR-5506

Figure 5-8 8-Bit Address Latch and Decode

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

bit mode.

5.6.1 16-Bit Mode Memory System

An example of a 16-bit mode dynamic memory system is shown in Figure 5-9. The memory map is
shown in Figure 5-10. The address is latched in the LS373 chips by —RAS. The address is then de-
coded in the LS138 into eight sectors in the upper half of the memory. The sector 140000 to 147776
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maps into the ROM. This is implemented by selecting the ROM (—CE) with the output Y4 and select-
ing —OE with —CAS (refer to Figure 5-10). The fast variation ROM (2716-1) must be used, if run-
ning at more than 6.9 MHz, in order to meet the DCT11-AA specification of trrp (405 ns at 7.5
MHz). ‘ .

177776 — 64KB
170000 Yo 60K8B
160000 56KB
60 v
) A-RON 7
1a0000 [P = 222 sexs
V2
V1
100000 b 32KB
40000 16K8
0 OKB

MR-5510

Figure 5-10 16-Bit System Memory Map

The RAM is made of high-byte and low-byte sections that have everything in common except the
— WE strobe. The whole RAM is chip selected by controlling —CAS and sending —RAS to all chips
at all times. Using —CAS as chip select has the advantage of refreshing a row at every occurrence of
—RAS.

Although —CAS drives 160 pF (10 pF per RAM chip), it does not require buffering. The DCT11-AA
output timings are specified for a purely capacitive load of 80 pF. For loading other than 80 pF use the
following correction factors.

e 80pF < CL < 200 pF +0.3 ns/pF
e 25pF < CL < 80 pF —0.3 ns/pF

This results in a —CAS delay of 80 X 0.3 = 24 ns with respect to the nominal timing specifications.
Such a delay still meets the RAM chip specifications for —RAS and —CAS hold time (55 ns min-
imum for 4116-3). Refer to Figure 5-11.

The DALs drive the DIN inputs of the RAMs directly. The DOUT lines cannot be connected directly
to the DAL bus and must be buffered. This is required because the DCT11-AA does not drive the data
on the DALs soon enough (before the —CAS leading edge) to perform an early write on the RAMs.
Thus, the system only performs a read-modify-writey which would result in contention on the DALs.
The contention would occur between the data driven by the DCT11-AA and the DOUT driven by the
RAM chips.

5-7
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COLUMN ADDRESS )

L_tAHC =90 nsMIN —____ |

Al AT DCT11-AA (
PIN NOMINAL

CAS AT DCT11-AA
PIN NOMINAL N

—teop = 24 —4e-90—24 = 66 ns MIN-#

CAS AT RAM

PIN ACTUAL ARALRRRRANS

'CD = CAS DELAY CAUSED BY 160 pF LOAD {160—80) X.3 = 24ns
ALL TIMINGS IN ns

MR-5511

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

The buffer is enabled only when the DCT11-AA is performing a read from RAM (signal RD L). Tables
5-1 and 5-2 list the control signals and the states of the data bus for each transaction, respectively.

Table 5-1 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 * * * 3S 3S * *
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.
— - Signal asserted during 16-bit mode only.
3S - Three-state.

5.6.2 8-Bit Mode Memory System

Refer to Figure 5-12. Since the data bus is 8 bits wide and the memory organization is different from
that of a 16-bit system, 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 con-
figuration.

5-8



Table 5-2 Data Bus for Each Transaction
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Transaction DAL Low Byte DAL High Byte Al
Read X

Fetch X

Write * X

Refresh * * *
IACK * 1
DMA 3S 3S 38
ASPI

Busnop * * 1

X - Lines driven after address portion of transaction (8-bit mode only).
*

"1 - Dynamic modes only.
3S — Three-state.

4
3 HB b
4 ADDR. 2 LBb
ADDR. 2 HB b LBb 1 HB a
0 HB a LBa 0 LB a
15 87 0 7 0
16 BIT 8 BIT
MR-5513

Figure 5-12 16-Bit/8-Bit Memory Organization

— Lines driven after address portion of transaction (8-bit and 16-bit modes).



PRELIMINARY

177777 v 64KB
v6
160000 v

/3325907

140000 Y Y3 /1 48K8
Y2
Y1

100000 Yo 32KB

40000 16KB
RAM

0| 0KB

MR-5514

Figure 5-13  8-Bit System Memory Map

ADDR. LATCH ADDR. DECODE ROM RAM
71 '-_/% — N r - Ty
AI<T 1> i
DAL<7:0> %/
8
SAL<15:8> 4 3,  SAL<I10:8>H 0B . D ouT 3 2
sy ’ ' T
ROM DOUT
DAL<7:0>H A6
r“L 27161 A0
i .
LATCH 0 41163 LS244 -
LS373 — — DIN
GE O (x8)
SESSDE I Q 7
DCT11-AA — Y6 [O— M——dJDIN -
OE  eN | Nizfa vs lo- TAS RAS WE 16 26
13|B Y4
I O S 7 .
\14}c Y20 WT L RD L
N\ 15] g1 Y10~
. _v-
G2A GZB
—RASO— ?
—~CAS D—
Pl
R/-WLB D}—WT L SAL<15> L ° )
(-WT)
RD L
R/—WHB {,D)—
(-RD) o

Figure 5-14 8-Bit ROM (2K) and Dynamic RAM (16K) Subsystem
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5.7 INTERRUPTS
The examples of interrupts 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

Refer to Figure 5-15. To avoid propagation of metastable states, it is necessary to drive stable signals as
interrupt requests. A latch can be used for this purpose. The delay between —CAS and PI (tcsp = 105
ns @ 7.5 MHz) is long enough to settle any metastable states on the output of the flip-flop.

INIT L
IACK L*

ANY Al
DCT11-AA l
IRQL~—D Q

—CAS o_q>__ a
V(c?c

Pl

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

MR-5519

Figure 5-15 General Interrupt

5.7.2 Decoding IACK Information

Figure 5-16 shows an example of how to decode IACK information for 15 CP devices. An LS138 can
be used instead of an 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).

Figure 5-17 shows an example of a complete interrupt system (interrupt request and interrupt acknowl-
edge) for six CP devices.

5.7.3 External Vectors

If —VEC (AI<<5>) is asserted (low) during the interrupt request, the DCT11-AA obtains the vector
on DAL <7:2> from the device during the IACK transaction. Figure 5-18 shows an example of such a
circuit.

5.7.4 Using a Priority Encoder Chip

Refer to Figure 5-19. Six devices can generate an interrupt using the internal vectors of the DCT11-
AA.

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 are
distinguished from one another by different external vectors during the IACK transaction.

5-11
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(CPO)
(CP1)
(CP2)
(CP3)

INCREASING
PRIORITY
DAL<11> A 15}-1ACK 1L
DAL<10> B
154
DAL<9> c
DAL<8> D 1IACK15L
o] I

DCT11-AA Gt G3

—Ras [o- o}ﬂ Ak L

SELO _DO—-‘_

NOTE:

IACK 1 CORRESPONDS TO ALL CPs ASSERTED
AT IRQ TIME (1.E., INTERNAL VECTOR 140).
IACK 15 CORRESPONDS TO ONLY CPQO ASSERTED
(I.LE., INTERRUPT VECTOR 70).

MR-5518

Figure 5-16 Decoding IACK Information for 16 CP Devices
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INTERRUPT REQUEST CIRCUIT

y LS148
cc 7 EN—
_E CODER t L5244

5573 6 DMR L— gUFFER F—AI<0> (-DMR)

DEV6IRQL—] | ATCH 5 A2 — AI<1> (~CP3)
DEV 5 [RQ L — 4 Al — A|<2> (-CP2)

DEV 4 IRQ L — 3 GS — AI<3> (—CP1)

DEV 3 IRQ L — 2 A0 — AI<4> (—CPO)
DEV 2 IRQ L — 1 —— AI<B6> (-VEQ)

DEV 1 IRQ L— 0 = F — Al<6> (—PF)
Vee . l—aAI7> (—HLT)
2G
CAS L OD I CLR ? G
T GND
INITL PIH
Ls138 | A B C Y2 Y3 Y4 Y5 Y6 Y7
LS148 | A0 GS Al A2]0 1 2 345
DURING IACK |DAL11 DAL10 DALY DALS
-CPO  -CP1 —CP2 -CP3

DURING mo{ INTERNAL
Ald Al3 Al2 Al VECTORS

L L H L|H HHHHLL H H H H H|DEVE|100

H L H LIHHHHLHH L H H H H|DEVS|104

L L L HIHHHLHHH H L H H H|DEV4|120

H L L HIH H L HHHR H H L H HIbEV3|124

L L H H]IH L HHHHH H H H r H]DEV2i60

H L H HJ]LHHHHHH H H H H rLipeviies

IACK CIRCUIT
LS138

Y7H—-DEV 1 IACK L
Y6 p—DEV 2 IACK L
Y5—DEV 31ACK L
Y4r——DEV 4 1ACK L
Y3—DEV 51ACK L

Y2} DEV 6 IACK L
G2A G2B

RAS L—O
SELT H___________: IACK L
SELO H—DO—,—

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

(CPO  DALI1>——AA

{CP2) DAL<9> ——B

(CP3) DAL<8> -—C
Voo —1G1

MR 5520

Figure 5-17 Interrupt System
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N 15244
RESULTING | DAL<7>
VECTOR** ——— DAL<6>
(34)  DEV3IACKL ——— DAL<5>
(54) DEV 2 IACK L ——— DAL<4>
(64) DEV 1 IACK L ——— DAL<3>
{70) DEV 0 IACK L. — —F— pa<>

1G 26
IACK L* —Q

* % x

DAL<12> —O

*IACK L = (SEL 0-SEL 1) + (-RAS)
**CAN BE HARDWIRED IF A SINGLE EXTERNAL VECTOR INTERRUPT IS USED

***SED ONLY WITH BOTH EXTERNAL AND INTERNAL VECTOR
(IF EXTERNAL ONLY, USE IACK L}

MR-5521

Figure 5-18 Driving an External Vector During 1ACK
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DMR L*

Vee
9
. L AI<0> (~DMR)
7
IRQ6 L —] 6 D L AI<I> (—CP3)
IRQ5 L —] 5 c L AI<Z> (—CP2)
LS147
IRQ 4 L —] 4 B L AI<3> (~CP1)
L5244
JRQ 3 L — 3 A | Al<4> (—CPO)
LS374
IRQ 2 L — 2 .
ho 1] 1 VEC L* — L Al<B> (—VEC)
PF IRQ L—] | AI<6> (—PF)
HLT IRQ L . A< (=HLT)
CLK OC T 76

cas L—<1>— b Pl H—[>o—?—j]

*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

(AIKT>) (AI<2>)  (AI<3>) (AI<4>) LEVEL ADDRESS IMPLEMENTED

X X X X 8 - HLT 'RQ
X X X X 8 24 PF IRQ
L L L L 7 140

L L L H 7 144

L L H L 7 150

L L H H 7 164

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 IRQ6
H L H L 5 130 IRQ5
H L H H 5 134 IRQ4
H H L L 4 60 IRQ3
H H L H 4 64 IRQ2
H H H L 4 70 IRQ1
H H H H NO ACTION

MR-5522

Figure 5-19 Interrupt Request Circuit (Priority Encoder)
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5.7.5 Direct CP Encoding

Direct CP encoding (refer to Figure 5-20) can be accomplished only when there are four or less CP
devices (one device per CP line). The highest priority device D3 will connect directly to CP<3> and
the lowest to CP<<0>. If internal vectors are used, locations 140—154 and 100-114 must be loaded
with the vector address relative to D3. Locations 120134 must be loaded with the vector address rela-
tive to D2. Locations 60 and 64 must be loaded with the vector address relative to D1 and 70 to DO.
Al<T7:5,0> do not need to be driven high because the DCT11-AA has internal pull-ups on those lines
at PI time. Refer again to Figure 5-20. A higher device IACK will clear a lower device interrupt
request before the request is serviced.

DAL<8> —Q)
DEV3 IRQ L LS173 | —ai<1> (cp3) }—Devs IACK L
DEV2 IRQ L A2 (P Q
DEV1 IRQ L L AI<3>  (CP1) L':D}mmzvz IACK L
DEVO IRQ L L Al<4>  (CPO) 0
DAL<10> ——O)
CAS H DEV1 IACK L
MNG1G2 —O
DAL<L11> —4—O)
DEVO IACK L
PIL tACK L* ——O
GND

"IACK L = (SEL 0-SEL 1) + {-RAS)

~CP<3> -CP<2> -CP<1> ~CP<O> PRIORITY VECTOR

(AIK1>)  (AI<2>) (AI<3>) (AI<4>) LEVEL  ADDRESS
X X X X 8 - —HALT
X X X X 8 24 —PF
L L L L 7 140
L L L H 7 144
L L H L 7 150
L L H H 7 154 DEVICE 3
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 T 5 20
H L L H 5 124
H L H L 5 130 }DEV'CE 2
H L H H 5 134
H H L L 4 60 }
" n L " M 64 DEVICE 1
H H H [ C ) 70 DEVICE O
H H H H NO ACTION

MR-5523

Figure 5-20 Direct CP Encoding Interrupt System

58 DMA

During DMA 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
supplying or accepting data.

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

1. A DMA request (DMR) to the DCT11-AA is made by driving Al <0> low during PI.
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2. The request is latched into the DCT11-AA during PI and shortly thereafter a DMA grant is
issued.

The maximum time from the request’s origination to the grant’s issuance is a function of the DCT11-
AA mode. This time is specified in Table A-22 in Appendix A. When the grant is issued the DCT11-
AA takes the following actions.

e SELO and SEL1 become high, thus informing the system that the grant has been issued.

e —RAS, —CAS, PI, and COUT are driven with the timings specified in the DMA transac-
tion timing diagram (Appendix A, Figure A-13).

e The DALs are three-stated.
e Al<7:.0>,R/—WHB, and R/—WLB have low-current pull-ups.

When the grant is issued, external circuitry must drive the R/—WHB and R/ —WLB lines, and in-
itially drive the DALs with the address. In dynamic memory systems the address must be multiplexed
on Al<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 DALs 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 AI<0> during PI. When this happens the cur-
rent sequence of DMA transactions finishes and the DCT11-AA resumes normal operation.

5.8.1 Single-Channel DMA Controller (16-Bit Mode)
This section describes a single-channel DMA controller for use with dynamic or static memory systems.
Refer to Figure 5-21.

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—-E6 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 Al bits for the —CAS strobe.

5.8.1.2 Pulse Mode Clock (Single-Channel DMA Controller) — Refer to Figure 5-21. The pulse mode
clock is used 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 Al multiplexer from row address to column address in dynamic memory systems. In a static memo-
ry system 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 follow-
ing register selects.

S-A L Select address counter in the DC006s (DEC DMA chip)

S-CL Select word counter in the DC006s

DMACR L DMACR (DMA control register) is an optional register that may specify DMA
direction and make DMA requests under software control.

5.8.1.4 Operation Sequence (Single-Channel DMA Controller) - The DCT11-AA software loads the
DCO006s with the 2’s complement of the word count and then with the bus address. After the loading the
peripheral is signaled that the DMA setup is complete.

5-17
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The peripheral device makes a DMA request by asserting 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 DC006s. The DC006s drive
the address onto the DALSs, where it is input by the address latches. These in turn drive the Al multi-
plexer inputs. During this period the Al multiplexer is pointing to the row address inputs.

Between —RAS assertion (low) and —CAS assertion (low) the trailing edge of the PMC COUT signal
clocks latch E7A, driving ROWAD H to a low state. When ROWAD L goes high the Al multiplexer
inputs switch to the column address and the output of AND gate E8A goes low, which affects the
DCO006s in two ways:

e The DCO006s’ inputs become three-stated, so they stop driving the address onto the DALs.

e 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 increments
by two if it is high.

If the count in E2 reaches a maximum, the next count edge will also increment E1. When the word
count overflows, WDCNT H is asserted, which sets the DMR latch E7B; no further DMA requests are
made. '

5.8.2 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 5-22 for the enclosed section of Figure 5-21
results in the necessary hardware modification.

R200 SOFTWARE DMR CONTROL

CAS H —
PERIPHERAL DMA REQ H — vee
1 R/WHB H
BUFDALTH—D Q BUF DALOH—{D Q

CONNECTED TO R/ ~WHB

DMACR L —O) 574 574 AND R/ ~WLB DCT11-AA
P L—O \WRiTECRH | omA L —b n .
R/WLB L —O / l—
PIL

Vee
WDCNT H DMG L
INIT H MR.-5562

Figure 5-22 Software DMR Control

[«]}

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.

5-19
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5.9 WORKING WITH PERIPHERAL CHIPS
Though almost all peripheral chips will work with the DCT11-AA, this section discusses only these
three selected ones: :

e 8155 RAM, three ports, and timer
e 2651 PUSART
e DCO003 interrupt logic

5.9.1 8155 - RAM, Three Ports, and Timer

Refer to Figure 5-23. 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 ac-
complished by static addresses, which remain valid throughout the transaction.

8156
SAL<8> 1O/M
SAL <15> e84+ 1/0 PORT A
DAL <7:0> 8,‘ AD 7:0
DCT11—AA e ® [43 e84« 1/0PORT B
—RAS O —QJALE
6
R/ —WHB e = 1/0 PORT C
(=RD) o— Qro
R/ ~WLB
—wn P qwT

MR-5524

Figure 5-23 8155 RAM

5.9.2 2651 - PUSART
Refer to Figure 5-24. Two facts must be understood when interfacing the 2651 PUSART to the
DCT11-AA. Compatibility depends on these two facts:

e Every DCTI11-AA write is preceded by a read from the same location (except in stack oper-
ations, traps, interrupts, and subroutines).

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

An involuntary read from the receive buffer clears the receive ready pin, and may result in the resetting
of 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.

For the same reason, the 2651 mode registers must be accessed by a proper sequence of reads and
writes. For example, in 16-bit mode:

e To write mode register 1: disable transmit and receive, read the mode register, and write the
mode register.

e To write mode register 2: disable transmit and receive, and write the mode register.

In 8-bit mode the same operation takes place but byte instructions must be used. If word instructions
are used, the same 2651 register is accessed twice, thus incrementing the mode register pointer.
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—o
READY L
Vee —O
4
T RESET
Vv
j’ 2651CE L —O|CE GC
(—CAS TIMING) D7:00 p=Ske DAL <7:0 >
DAL <2> AO LS74
DAL <3> A1 2651 Vee
2651 RD L ———CQIRD/WT
RXRDY D— RXIRQ L
RXIACK iD_?
Vee
I LS74
Vee
TXRDY o-—%— 0— TXIRQ L
TX IACK L

MR-5525

Figure 5-24 2651 PUSART

The 2651°s access time is 250 ns. A READY slip should be used when the DCT11-AA is running at
frequencies greater than 7 MHz.

If the DCT11-AA is running at a frequency greater than 6 MHz, <D0:D7> require buffering to the
DALs. The buffering is necessary because the 2651’s turn-off time is 150 ns (maximum) with a 100 pF
load. The tcpg for the DCT11-AA at 6 MHz is 148 ns (maximum).

5.9.3 DC003 - Interrupt Logic

Refer to Figures 5-25 and 5-26. The interrupt chip is an 18-pin, dual in-line package device that provid-
es the circuits for handling interrupts. The chip can be used in any externally vectored interrupt scheme
and the system does not have to be daisy-chained. The device is used in peripheral interfaces to provide
two interrupt channels, labeled A and B, with the A section at a higher priority than the B section.
DC003s may be daisy-chained at any priority level.

Daisy-chaining multiple DC003s may cause an error condition. If the requesting device receives the
signal IAK L too late, it will not be able to assert its vector during the IACK transaction.
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RD OA CONTROL STATUS REGISTER (CSR) H —

3

DAL<7>

DAL <6>
DC 003
DEV OA IRQH RQSTA ENAST % 470Q
1AK L—QJ BIAK!I BIRQ TO Al DRIVER
BCLR L—Q BINIT BIAKO O— TO NEXT DC 003 IN DAISY CHAIN
—Ql BDIN INITO o—
- DEVOBIRQH RQSTB VECTOR }useo TO GENERATE EXTERNAL VECTORS
ENA DAT VEC ROST |—
DAL<6>—
ENB DAT ENBST DAL <6 >
ENA ENB
CLK CLK
T | — <7
LOAD 0A LOAD 08 DEV OB IRQ H DAL<7>
CSR H CSR H

RD 0B CSR H

Figure 5-25 DCO003 Interrupt Logic
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+5V
$
4709 3
+5V
+5 $ 4709
DEV 0A _peos o s 4EZ|(E)VQIA DC 003 3
RQ AT EIRO 1 TRaw L Al <2>(CP2)
—QIBIAKI D—
BINIT BIAK O - OIBIAKI BIRQ IO LS173 Al <3>(CP1)
BCLR L
< BCLR L -0} BIAKOJO~ +3V — LAl < 4> (CPO)
CAS L -O| BDIN INITO D_DEVO cAS L —g - CND—] | A5 (VEC)
DEVOB_{RasTB  VECTOR|—IAKH pEVIB DEV
1RO H - —11AKH [CASH—p
B DAL MENA DAT VEC ROST|—DEV 0B IRQH ot
IAK H |
<6> HENBDAT ENBST [— g pa( <6> [ 1Ak H M_N G1G2
ENA ENB ?_?
cLK CLK Pl L
T +5V GND
1 3
LOAD DA CSR H LOAD OB CSR H LOAD 1A LOAD 1B 3
CSRH CSRH ? 0.0
READ DRIVERS FOR
INTERRUPT ENABLE gy 2A TR
AND DONE BITS ARE  |RQ H — |
NOT SHOWN IN THIS
DIAGRAM. IAK L BIAKI BIRQ IO
BCLR L BIAKO|O
CAS L_Q o— LS 244
DEV 28 IRQ H—] L DEV 2 IAK H
L — DEV 2B IAK H
GND — DAL <7>
B DAL <6>-E ENA ene L
CLK CLK GND — —DAL <6>
I { DEV 2 IAK H— —DAL <5>
LOAD 2A LOAD 2B DEV 1 IAK H— — DAL <4 >
CSRH CSRH DEV 0 IAK H— DAL <3>
—  _— }—DpAL<2>
INTERRUPT PRIORITY EXTERNAL G 2G
DEVICE CHANNEL VECTOR DEV 0B 1AK H
0 A 4 10
0 8 4 14 DEVIBIAK H IAK L
} Q 2 32 DEV 2B IAK H
2 A 5 40 DCT11-AA
2 B 5 a4 {AK L—— = READY
PIN

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

MR. 5526

Figure 5-26 DCO003 at Different Priority Levels
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CHAPTER 6
ADDRESSING MODES AND
INSTRUCTION SET

6.1 INTRODUCTION
This chapter is divided into six major sections:

Single-Operand Addressing — One part of the instruction word specifies the registers; the oth-
er part provides information for locating the operand.

Double-Operand Addressing — One part of the instruction word specifies the registers; the
remaining parts provide information for locating two operands.

Direct Addressing — The operand is the content of the selected register.

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 different from other general-pur-
pose 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 — General-purpose registers 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 DCT11-AA
instruction (MOV, ADD, etc.), which usually indicates:

The function (operation code).

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

An addressing mode (for specifying how the selected register(s) is/are to be used).

A large portion of the data handled by a computer is structured (in character strings, arrays, lists, etc.).
The DCT11-AA addressing modes provide for efficient and flexible handling of structured data.
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A general-purpose register may be used with an instruction in any of the following ways.
e As an accumulator — The data to be manipulated resides in the register.

® Asa pointer ~ The contents of the register is the address of an operand, rather than the oper-
and itself.

® As a pointer that automatically steps through memory locations — Automatically stepping
forward through consecutive locations is known as autoincrement addressing; automatically
stepping backwards is known as autodecrement addressing. These modes are particularly use-
ful for processing tabular or array data.

e Asan index register — 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, is the regis-
ter arrangement.

e  Six general-purpose registers (RO-R35)
e A hardware stack pointer (SP) register (R6)
e A program counter (PC) register (R7)

Registers RO-RS5 are not dedicated to any specific function; their use is determined by the instruction
that is decoded.

e They can be used for operand storage. For example, the contents of two registers can be
added and stored in another register.

e  They can contain the address of an operand or serve as pointers to the address of an operand.
e 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 stor-
age structures. These can be used for convenient handling of data that must be accessed frequently.
This is known as stack manipulation. The register that keeps track of stack manipulation is known as
the stack pointer (SP). Any register can be used as a stack pointer under program control; however,
certain instructions associated with subroutine linkage and interrupt service automatically use register
R6 as a “hardware stack pointer.” For this reason, R6 is frequently referred to as the SP.

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

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

e 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.
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6.2.1 Single-Operand Addressing
The instruction format for all single-operand instructions (such as clear, increment, test) is shown in
Figure 6-1.

15 06 05 04 03 02 00
T T T T ¥ T L) T T T 4 T T
MODE Rn
i " I A n 1 1 I I 1 L I Il
\ A v
OP CODE DESTINATION ADDRESS

MR-5458

Figure 6-1 Single-Operand Addressing

Bits 15-6 specify the operation code that defines the type of instruction to be executed.

Bits 5-0 form a 6-bit field called the destination address field. The destination address field consists of
two subfields:

e  Bits 0-2 specify which of the 8 general-purpose registers is to be referenced by this instruc-
tion word.

e Bits 3-5 specify how the selected register will be used (in address mode). Bit 3 is s¢t to in-
dicate deferred (indirect) addressing.

6.2.2 Double-Operand Addressing

Operations that imply two operands (such as add, subtract, move, and compare) are handled by instruc-
tions 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 shown in
Figure 6-2.

12

11

10

09

08

06

05

03

02

00

OP CODE

MODE

Rn

MODE

Rn

L L L 1 1 "

SQURCE ADDRESS DESTINATION ADDRESS

MR-5459

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.

6-3
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Examples in this paragraph and the rest of the chapter use the following sample DCT11-AA instruc-
tions. (A complete listing of the DCT11-AA instructions appears in Paragraph 6.3.)

Mnemonic

Description

Octal Code

CLR

CLRB

INC

INCB

COM

COMB

ADD

Clear. (Zero the specified destination.)

Clear byte. (Zero the byte in the specified
destination.)

Increment. (Add one to contents of the
destination.)

Increment byte. (Add one to the contents of
the destination byte.)

Complement. (Replace the contents of the
destination by its logical complement;
each O 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 the source operand to the
destination operand and store the result
at the destination address.)

0050DD

1050DD

0052DD

1052DD

0051DD

1051DD

06SSDD

DD = destination field (six bits)
SS = source field (six bits)

() = contents of

6.2.3 Direct Addressing
The following summarizes the four basic modes used with direct addressing.

Direct Modes (Figures 6-3 to 6-6)

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

MR-5460

Figure 6-3 Mode 0 Register
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Assembler
Mode { Name Syntax Function
2 Autoincrement (Rn)+ Register is used as a pointer to se-
quential data and then incremented.
INSTRUCTION ADDRESS »|  OPERAND

)

+2 FOR WORD,
+1 FOR BYTE

MR-5461

Figure 6-4 Mode 2 Autoincrement

Assembler
Mode | Name Syntax Function
4 Autodecrement | —(Rn) Register is decremented and then
used as a pointer.
INSTRUCTION ADDRESS -2 FOR WORD, OPERAND
-1 FOR BYTE

MR-5462

Figure 6-5 Mode 4 Autodecrement

Assembler

Mode | Name Syntax Function

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

MR-5463

Figure 6-6 Mode 6 Index
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6.2.3.1 Register Mode - With register mode any of the general registers may be used as simple accu-
mulators, with the operand contained in the selected register. Since they are hardware registers (within
the processor), the general registers operate at high speeds and provide speed advantages when used for
operating on frequently accessed variables. The assembler interprets and assembles instructions of the
form OPR Rn as register mode operations. Rn represents a general register name or number and OPR
is used to represent a general instruction mnemonic. Assembler syntax requires that a general register
be defined as follows.

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

Registers are typically referred to by name as RO, R1, R2, R3, R4, RS, R6, and R7. However, R6 and
R7 are also referred to as SP and PC, respectively.

OPR Rn

Register Mode Examples (Figures 6-7 to 6-9)

1. Symboelic Octal Code | Instruction Name
INCR3 005203 Increment

Operation:  Add one to the contents of general-purpose register R3.

[~ 71 SELECT

o o [ REGISTER
« A J

o
(=]
o
o
-
o
—
o
—
o
o
o
o
o
-

OP CODE (INC(0052)) DESTINATION FIELD

RO

R1

R2

R3 e

R4

R5

R6 (SP}

R7 (PC)

MRA-5467

Figure 6-7 INC R3 Increment
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2. Symbolic

Octal Code

Instruction Name

ADD R2, R4

060204

Add

Operation:  Add the contents of R2 to the contents of R4.

BEFORE AFTER
R2 | 000002 R2 | 000002
R4 | 000004 R4 | 000006
» . MR-5468
Figure 6-8 ADD R2, R4 Add
3.  Symbolic Octal Code | Instruction Name
COMB R4 105104 Complement byte

Operation:  1’s complement bits 0-7 (byte) in R4. (When general registers are used, byte instructions
operate only on bits 0-7; i.e., byte O of the register.)

BEFORE

R4

022222

R4

AFTER

022155

MR-5469

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 gen-
eral-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 (Figures 6-10 to 6-12)

1. Symbolic Octal Code | Instruction'Name
CLR (RS)+ 005025 Clear

Operation:  Use contents of R5 as the address of the operand. Clear selected operand and then in-
crement the contents of RS by two.
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BEFORE 4 , AFTER
ADDRESS SPACE REGISTER " ADDRESS SPACE REGISTER
20000 | 005025 R5 | 030000 20000 | 005025 R5 | 030002
|
30000 | 1111116 30000 | 000000
MR-5464
Figure 6-10 CLR (RS)+ Clear
2.  Symbolic Octal Code | Instruction Name
CLRB (RS + 105025 Clear byte

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

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20000 | 105025 R5 | 030000 20000 | 105025 R5 | 030001
]
T f 1
30000 [ 111 | 116 30000 | 111 | 000
30002 ! 30002 !
MR-5465
Figure 6-11 CLRB (R5)+ Clear Byte
3.  Symbolic Octal Code | Instruction Name
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

MR-5470

Figure 6-12 ADD (R2)+ R4 Add
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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 in-

tended to facilitate hardware/software stack operations.

OPR—(Rn)

Autodecrement Mode Examples (Figures 6-13 to 6-15)

1. Symbelic Octal Code | Instruction Name
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.

BEFORE AFTER
ADDRESS SPACE REGISTERS ADDRESS SPACE REGISTER
1000 005240 RO 017776 1000 005240 RO 017774
17774 000000 17774 000001

MR-5466

Figure 6-13 INC —(RO) Increment

2.  Symbolic Octal Code | Instruction Name

INCB —(R0) 105240 Increment byte

Operation:  The contents of RO are decremented by one and 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
il
T r'
17774 | 000 | 000 17774 | 001 | 000
1 I
T T
17776 | 17776 |
n i

MR-5471

Figure 6-14 INCB —(RO) Increment Byte
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3. Symbelic Octal Code | Instruction Name

ADD —(R3),R0 064300 Add

Operation: ~ The contents of R3 are decremented by two and 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 064300 RO 000020 10020 064300 RO 0000070
R3 077776 R3 077774
77774 000050 77774 000050
77776 77776

MR-5472

Figure 6-15 ADD —(R3), RO Add

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 oper-
and. The contents of the selected register may be used as a base for calculating a series of addresses,
thus allowing random access to elements of data structures. The selected register can then be modified
by program to access data in the table. Index addressing instructions are of the form OPR X(Rn),
where X is the indexed word located in the memory location following the instruction word and Rn is
the selected general-purpose register.

OPR X(Rn)

Index Mode Examples (Figures 6-16 to 6-18)

1. Symbelic Octal Code | Instruction Name
CLR 200(R4) 005064 Clear
000200

Operation:  The address of the ope'rand is determined by adding 200 to the contents of R4. The oper-
and location is then cleared.
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BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE
1020 005064 _R4 001000 1020 005064 R4
1022 000200 1022 000200
1024 1000 1024
+200
1200
v
1200 177777 1200 000000
1202
Figure 6-16 CLR 200 (R4) Clear
2. Symbolic Octal Code | Instruction Name
COMB 200(R1) 105161 Complement byte
000200

PRELIMINARY

REGISTER

001000

MR-5473

Operation:  The contents of a location, which are determined by adding 200 to the contents of R1, are
1’s complemented (i.e., logically complemented).

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE
1020 105161 R1 017777 1020 105161
1022 000200 1022 000200
017777
+200
¥ 020177
T T
20176 011 | 000 20176 166 | 000
1 Ll
20200 ! 20200 |L
Figure 6-17 COMB 200 (R1) Complement Byte
3.  Symboelic Octal Code | Instruction Name
ADD 30(R2),20(R5) | 066265 Add
000030
000020

R1

REGISTER

017777

MR-5474

Operation:  The contents of a location, which are determined by adding 30 to the contents of R2, are
added to the contents of a location that is determined by adding 20 to the contents of RS.

The result is stored at the destination address, that is, 20(RS5).
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BEFORE
ADDRESS SPACE

1020 066265 R2
1022 000030
1024 000020 R5
1130 000001
2020 000001

1100 2000

+30  +20

1130 2020

6.2.4 Deferred (Indirect) Addressing

REGISTER

001100

002000

1020

1022

1024

1130

2020

AFTER

ADDRESS SPACE

066265

000030

000020

000001

000002

Figure 6-18 ADD 30 (R2), 20 (R5) Add

R2

R5

REGISTER

001100

002000

MR-5475

The four basic modes may also be used with deferred addressing. Whereas in register mode the operand
is the contents of the selected register, in 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. The assembler syntax for indicating deferred addressing is @ [or () when this is not am-
biguous]. The following summarizes the deferred versions of the basic modes.

Deferred Modes (Figures 6-19 to 6-22)

Assembler
Mode | Name Syntax Function
1 Register-
deferred @Rn or (Rn) | Register contains the address of the
operand.
INSTRUCTION ADDRESS OPERAND

MR-5476

Figure 6-19 Mode | Register-Deferred
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Assembler
Mode | Name Syntax Function
3 Autoincrement-

Deferred @(Rn) + Register is first used as a pointer to a
word containing the address of the op-
erand and then incremented (always
by two, even for byte instructions).

INSTRUCTION *|  ADDRESS ADDRESS OPERAND
3
+2 —
MR-5477
Figure 6-20 Mode 3 Autoincrement-Deferred
Assembler
Mode Name Syntax Function
5 Autodecrement-

deferred @—(Rn) Register is decremented (always by
two, even for byte instructions) and
then used as a pointer to a word con-
taining the address of the operand.

INSTRUCTION }—| ADDRESS > -2 ADDRESS OPERAND
MR-5478
Figure 6-21 Mode 5 Autodecrement-Deferred
Assembler
Mode Name Syntax Function
7 Index-deferred @X(Rn) Value X (stored in a word following

the instruction) and (Rn) are added;
the sum is used as a pointer to a word
containing the address of the operand.
Neither X nor (Rn) is modified.
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INSTRUCTION \ ADDRESS

+ | ADDRESS OPERAND

MR-5479

Figure 6-22 Mode 7 Index-Deferred

The following examples illustrate the deferred modes.

Register-Deferred Mode Example (Figure 6-23)

Symbolic Octal Code | Instruction Name

CLR @R5 005015 Clear

Operation:  The contents of location specified in RS are cleared.

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER

1677 RS 001700 1677 R5 001700

1700 000100 1700 000000

MR-5480

Figure 6-23 CLR @ R5 Clear

Autoincrement-Deferred Mode Example (Mode 3) (Figure 6-24)

Symbolic Octal Code | Instruction Name

INC @(R2)+ 005232 Increment

Operation:  The contents of R2 are used as the address of the address of the operand. The operand is
increased by one; the contents of R2 are incremented by two.

BEFORE , AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
R2 | 010300 R2 010302
1010 | 000025 1010 | 000026
1012 1012
10300 | 001010 10300 001010

MRA.5481

Figure 6-24 INC @ (R2) + Increment
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Autodecrement-Deferred Mode Example (Mode 5) (Figure 6-25)

Symbolic Octal Code
COM @—(RO) 005150
Operation:

PRELIMINARY

The contents of RO are decremented by two and then used as the address of the address
of the operand. The operand is 1’s complemented (i.e., logically complemented).

10100

10102

10774

10776

BEFORE

ADDRESS SPACE

012345

RO

010100

REGISTER

010776

AFTER

ADDRESS SPACE REGISTER
10100 165432 RO 010774
10102
10774 010100
10776

Figure 6-25 COM @ (R0) Complement

Index-Deferred Mode Example (Mode 7) (Figure 6-26)

Symbolic Octal Code | Instruction Name
ADD @1000(R2),R1 | 067201 Add
001000
Operation:

MR-5482

1000 and the contents of R2 are summed to produce the address of the address of the

source operand, the contents of which are added to the contents of R1; the result is stored

in R1.
BEFORE
ADDRESS SPACE

1020 067201 R1
1022 001000

R2
1024
1050 000002
1100 001050

REGISTER

001234

000100

1000
+100
1100

1020

1022

1024

1050

1100

AFTER

ADDRESS SPACE

067201

001000

000002

001050

Figure 6-26 ADD @ 1000 (R2), R1 Add
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R1

R2

REGISTER

001236

000100
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6.2.5 Use of the PC as a General-Purpose Register

Although register 7 is a general-purpose register, it doubles in function as the program counter for the
DCTI11-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 locate byte data, the PC is still incremented by two.)

The PC responds to all the standard DCT11-AA addressing modes. However, with four of these modes
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. The modes are summarized below.

Assembler
Mode Name Syntax Function
2 Immediate #n Operand follows instruction.
3 Absolute @G#A Absolute address of operand follows
instruction.
6
Relative A Relative address (index value) follows
7 the instruction.
Relative- @A Index value (stored in the word after
deferred the instruction) is the relative address
for the address of the operand.

When a standard program is available for different users, it is often helpful to be able to load it into
different areas of memory and run it in those areas. The 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 imme-
diate and relative modes.

6.2.5.1 Immediate Mode [OPR #n,DD] - Immediate mode (mode 2) is equivalent in use to the au-
toincrement mode with the PC. It provides time improvements for accessing constant operands by in-
cluding the constant in the memory location immediately following the instruction word.

OPR #n,DD

Immediate Mode Example (Figure 6-27)

Symbelic Octal Code | Instruction Name
ADD #10,R0 062700 Add
000010
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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 it is 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 PC 1022 000010 PC

1024 1024 ’/

MR-5484

Figure 6-27 ADD # 10, RO Add

6.2.5.2 Absolute Addressing [OPR @#A] — This mode (mode 3) is the equivalent of immediate-de-
ferred 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 (Figures 6-28 and 6-29)

1.  Symbolic Octal Code | Instruction Name
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

2 /

1100 177777 1100 000000

1102 1102

MR-5485

Figure 6-28 CLR @ # 1100 Clear
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2.  Symbolic Octal Code | Instruction Name
ADD @#2000R3 | 063703 | Add
002000

Operation:

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 instruc-
tion, 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

Add contents of location 2000 to R3.

20

22

24

2000

moved by the same amount.

BEFORE
ADDRESS SPACE REGISTER
063703 R3 000500 20
002000 PC 22
24
000300 2000

AFTER
ADDRESS SPACE

063703

002000

“

000300

Figure 6-29 ADD @ # 2000 Add

R3

PC

OPR A or OPR X(PC) (X is the location of A relative to the instruction)

Relative Addressing Example (Figure 6-30)

Symbolic Octal Code | Instruction Name
INCA 005267 Increment
000054
Operation:

6-18

REGISTER

001000

MR-5486

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
ADDRESS SPACE
1020 005267
1022 000054
1024
1026
1100 000000

AFTER
ADDRESS SPACE
1020 0005267
PC 1022 000054
1024
1026
1024 1100 000001
¥4
1100

Figure 6-30 INC A Increment

PRELIMINARY

e—PC

MR-5487

6.2.5.4 Relative-Deferred Addressing [OPR @A or OPR @X(PC)] ~ This mode (mode 7) is similar to
relative mode, except that the second word of the instruction, when added to the PC, contains the ad-
dress of the address of the operand, rather than the address of the operand.

OPR @A or OPR @X(PC) (X is the location containing the address of A, relative to the instruction)

Relative-Deferred Mode Example (Figure 6-31)

Instruction Name

Symbolic Octal Code
CLR @A 005077
000020

Clear

Operation: ~ Add second word of instruction to updated PC to produce address of address of operand.

Clear operand.

BEFORE
ADDRESS SPACE

(PC = 1020) 1020 005077 1020
1022 000020 PC 1022
(PC = 1022) 1024 1024 1024

+20

‘ 1044
1044 010100 1044
10100 100001 10100

Figure 6-31 CLR @ A Clear

6-19

AFTER

ADDRESS SPACE

005077

000020

PC

e

010100

000000

MR.5488
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6.2.6 Use of the Stack Pointer as a General-Purpose Register

The processor stack pointer (SP, register 6) is in most cases the general register used for the stack
operations related to program nesting. Autodecrement with register 6 “pushes” data onto the stack and
autoincrement with register 6 “pops” data off the stack. Since the SP is used by the processor for inter-
rupt 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.

6.3 INSTRUCTION SET

The rest of this chapter describes the DCT11-AA’s instruction set. Each instruction’s explanation in-
cludes the instruction’s mnemonic, octal code, binary code, a diagram showing the format of the in-
struction, a symbolic notation describing its execution and effect on the condition codes, a description,
special comments, and examples.

Each instruction’s explanation is headed by its mnemonic. When the word instruction has a byte equiva-
lent, the byte mnemonic also appears.

The diagram that accompanies each instruction shows the octal op code, binary op code, and bit assign-
ments. [Note that in byte instructions the most significant bit (bit 15) is always a one.]

Symbols;
() = contents of
SS or sr¢ = source address
DD or dst = destination address
loc = location
— = becomes

T = “is popped from stack”

| = “is pushed onto stack”
A = boolean AND

V = boolean OR

¥ = exclusive OR.

~ = boolean not
REG or R = register
B = Byte

B = 0 for word, | for byte

Il

, 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.

. Single-Operand Group: CLR, CLRB, COM, COMB, INC, INCB, DEC, DECB, NEG,
(Figure 6-32) NEGB, ADC, ADCB, SBC, SBCB, TST, TSTB, ROR, RORB,
ROL, ROLB, ASR, ASRB, ASL, ASLB, JMP, SWAB, MFPS,

MTPS, SXT, XOR

OP CODE DD(SS)

1 ) | ] L A i i 1 1 i Il

MR-5191

Figure 6-32 Single-Operand Group

2. Double-Operand Group: BIT, BITB, BIC, BICB, BIS, BISB, ADD, SUB, MOV, MOVB,
(Figure 6-33) CMP, CMPB

15 12 11 06 05 00

T T T T T T T T T T T T T
OP CODE SS DD

L 1 L | I I 1 1 4 " N

MR-5192

Figure 6-33 Double-Operand Group

3. Program Control Group:

a. Branch (all branch instructions) (Figure 6-34)

15 08 07 00

T T T T T T T T T T T T T T
OP CODE OFFSET

1 1 i 4 i 1 1 A A B

34 I

MR-5183

Figure 6-34 Program Control Group Branch
b. Jump to Subroutine (JSR) (Figure 6-35)

15 09 08 06 05 00

T T T T T 1 1 T L T L T T

n Il | 1 i . n L i L ok L

MR-5194

Figure 6-35 Program Control Group JSR
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c. Subroutine Return (RTS) (Figure 6-36)

15 03 02 00

MR-5195

Figure 6-36 Program Control Group RTS

d. Traps (brcakpoinf, IOT, EMT, TRAP, BPT) (Figure 6-37)

15 00

T T T T T T T T T T T T Y T T
OP CODE

4 n L n 1 1 1 " 4 § 1 1 L L L

MR-5196

Figure 6-37 Program Control Group Traps

€. Subtract 1 and Branch (if = 0) (SOB) (Figure 6-38)

15 09 08 06 05 00

MR-5197

Figure 6-38 Program Control Group Subtract
4. Operate Group: HALT, WAIT, RTI, RESET, RTT, NOP, MFPT (Figure 6-39)

15 00

L T T T 1 T 1 1 T ¥ T 1 T | T

OP CODE

v " 4 | l 1 L N n ) 1 i L L n

MR-5198

Figure 6-39 Operate Group

5. Condition Code Operators (all condition code instructions) (Figure 6-40)

15 06 05 04 03 02 01 00
T L) i T L] T 1 T T
0 0 0 2 4 o | N z v c
1 I 1 1 i i i i L

MR.5199

Figure 6-40 Condition Group
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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 is straightforward. Byte instruc-
tions with autoincrement or autodecrement direct addressing cause the specified register to be modified
by one to point to the next byte of data. Byte operations in register mode access the low-order byte of
the specified register. These provisions enable the DCT11-AA to perform as either a word or byte pro-
cessor. The numbering scheme for word and byte addresses in memory is shown in Figure 6-41.

HIGH BYTE WORD OR BYTE
ADDRESS ADDRESS
002001 BYTE 1 BYTEO 002000
002003 BYTE3 BYTE 2 002002

MR-5201

Figure 6-41 Byte Instructions

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

Example:
Symbolic Octal Code | Instruction Name
CLR 0050DD Clear word
CLRB 1050DD Clear byte
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6.3.2 List of Instructions
The following is a list of the DCT11-AA instruction set.

SINGLE-OPERAND

General

Mnemonic Instruction ’ Op Code

CLR(B) Clear destination W050DD
COM(B) Complement destination WO51DD
INC(B) Increment destination W0s2DD
DEC(B) Decrement destination W053DD
NEG(B) Negate destination B054DD
TST(B) Test destination WO57DD

Shift and Rotate

Mpnemonic Instruction Op Code

ASR(B) Arithmetic shift right W062DD
ASL(B) Arithmetic shift left W063DD
ROR(B) Rotate right W060DD
ROL(B) Rotate left WO61DD
SWAB Swap bytes 0003DD

Multiple-Precision

Mnemonic Instruction ‘ ‘ - Op Code

ADC(B) Add carry WO55DD
SBC(B) Subtract carry W0O56DD
SXT Sign extend 0067DD

PS Word Operators

Mnemonic Instruction 7 Op Code
MEPS Move byte from PS 1067DD
MTPS Move byte to PS 1064SS

DOUBLE-OPERAND

General
Mnemonic Instruction Op Code
MOV(B) Move source to destination M1SSDD
CMP(B) Compare source to destination M2SSDD
ADD Add source to destination 06SSDD
SUB Subtract source from destination 16SSDD
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Logical
Mnemonic

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

Instruction

Bit test

Bit clear

Bit set
Exclusive OR

PRELIMINARY

Op Code

W3SSDD
W4SSDD
W5SSDD
074RDD

PROGRAM CONTROL

Branch

Mnemonic

BR
BNE
BEQ
BPL
BMI
BVC
BVS
BCC
BCS

Instruction

Branch (unconditional)
Branch if not equal (to zero)
Branch if equal (to zero)
Branch if plus

Branch if minus

Branch if overflow is clear
Branch if overflow is set
Branch if carry is clear
Branch if carry is set

Signed Conditional Branch

Mnemonic

BGE
BLT
BGT
BLE

Instruction

Branch if greater than or equal (to zero)
Branch if less than (zero)

Branch if greater than (zero)

Branch if less than or equal (to zero)

Unsigned Conditional Branch

Mnemonic

BHI
BLOS
BHIS
BLO

Jump and Subroutine
Mnemonic
JMP
JSR

RTS
SOB

Instruction

Branch if higher

Branch if lower or same
Branch if higher or same
Branch if lower

Instruction

Jump

Jump to subroutine

Return from subroutine

Subtract one and branch (if # 0)

6-25

Op Code or Base Code

000400
001000
001400
100000
100400
102000
102400
103000
103400

Op Code or Base Code

002000
002400
003000
003400

Op Code or Base Code

101000
101400
103000
103400

Op Code or Base Code

0001DD
004RDD
00020R
077R00
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Trap and Interrupt

Mnemonic Instruction Op Code or Base Code

EMT Emulator trap 104000-104377
TRAP Trap 104400-104777
BPT Breakpoint trap 000003
10T Input/output trap 000004
RTI Return from interrupt 000002
RTT Return from interrupt 000006

MISCELLANEOUS

Mnemonic Instruction Op Code or Base Code

HALT Halt 000000
WAIT Wait for interrupt 000001
RESET Reset external bus 000005
MFPT Move processor type 000007

RESERVED INSTRUCTIONS

00021R
00022R
CONDITION CODE OPERATORS

Mnemonic Instruction Op Code or Base Code
CLC Clear C 000241
CLV Clear V 000242
CLZ Clear Z 000244
CLN Clear N 000250
cCcC Clear all CC bits 000257
SEC Set C 000261
SEV Set V 000262
SEZ Set Z 000264
SEN Set N 000270
SCC Set all CC bits 000277
NOP No operation 000240
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6.3.3 Single-Operand Instructions

NOTE
In all DCT11-AA instructions a write operation
(which in 8-bit mode consists of two adjacent and in-
divisible write transactions) to a memory location or
register is always preceded by a read operation from
the same location. The exceptions are when writing
the PC and PSW to the stack in two cases:

1. During the execution of the microcode preced-
ing an interrupt or trap service routine.

2. In interrupt and trap instructions (HLT,
TRAP, BPT, 10T).

6.3.3.1 General

CLR
CLRB

CLEAR DESTINATION =050DD

15 06 05 00

MR.5202

Operation: (dst) — 0
Condition Codes: N: éleared
Z: set
V: cleared
C: cleared

Description: Word: The contents of the specified destination are replaced with Os.
Byte: Same.

Example: CLR R1
Before After
(R1) = 177777 (R1) = 000000

NzZVC NzvVC
1111 0100

6-27



PRELIMINARY

COM
COMB
COMPLEMENT DST ‘ #051DD
15 06 05 00
T T T T T T T T 1 T T T 1 T
01 0 0 0 1 0 1 0 0 1 d d d d d d
uh ] 1 ] n A 1 1 L ) n
MR-5203
Operation: (dst) — ~ (dst)

Condition Codes:  N: set if most significant bit of result is set; cleared otherwise
Z: set if result is 0; cleared otherwise

V: cleared
C: set
Description: Word: Replaces the contents of the destination address by their logical com-
plement. (Each bit equal to 0 is set and each bit equal to 1 is cleared.)
Byte: Same.
Example: COM RO
Before After
(RO) = 013333 (RO) = 164444
NZVC NZVC
0110 1001
INC
INCB
INCREMENT DST »0520D
15 06 05 00
01 0 0 0 1 0 1 0 1 0 d d d d d d
Operation: (dst) — (dst) + 1

Condition Codes: 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 1 to the contents of the destination.
Byte: Same.
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Example: INC R2
Before After
(R2) = 000333 (R2) = 000334
NZVC NZVC
0000 0000
DEC
DECB
DECREMENT DST ®053DD
15 06 05 00
AR 0 0 1 0 1 0 1 1 d d d d d d
A b i s i 4 A ) 1 A 4 4
Operation: (dst) — (dst) — 1
Condition Codes:  N: set if result is < 0; cleared otherwise
Z: set if result is 0; cleared otherwise
V: set if (dst) was 100000; cleared otherwise
C: not affected
Description: Word: Subtract 1 from the contents of the destination.
Byte: Same.
Example: DEC R5
Before After
(R5) = 000001 (R5) = 000000
NZVC NZVC
1000 0100
NEG
NEGB
NEGATE DST =054DD
15 06 05 00
0 1 0 1 1 0 0 d d d d d d

0N 0 0

MR-5206

6-29



PRELIMINARY

Operation:

Condition Codes:

(dst) — — (dst)

N: set if result is < 0; cleared otherwise

Z: set if result is O; cleared otherwise

V: set if result is 100000; cleared otherwise
C: cleared if result is 0; set otherwise

Description: Word: Replaces the contents of the destination address by its 2’s complement.
Note that 100000 is replaced by itself. (In 2’s complement notation the most nega-
tive number has no positive counterpart.)

Byte: Same.

Example: NEG RO
Before After
(RO) = 000010 (RO) = 177770
NZVC NZVC
0000 1001

TST

TSTB

TEST DST %057DD
15 06 05 00
01 0 0 0 1 0 1 1 1 d d
Operation: (dst) — (dst)

Condition Codes:

Description:

Example:

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

V: cleared
C: cleared

Word: Sets the condition codes N and Z according to the contents of the destina-

tion address; the contents of dst remain unmodified.

Byte: Same.
TST R1

Before

(R1) = 012340
NZVC

0011

After
(R1) = 012340

NzVC
0000
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6.3.3.2 Shifts and 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
Os in shifts to the left. Bits shifted out of the C bit, as shown in the following instructions, 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 %062DD
15 06 05 00
T T 1 T T T T T 1 1 T T L 1
01 o 0 0 1 1 0 0 1 0 d d d d d d
: 1 1 } 4 ks 1 1 1 I )
MR-5208
Operation: (dst) — (dst) shifted one place to the right

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

Description: Word: Shifts all bits of the destination right one place. Bit 15 is reproduced. The
C bit is loaded from bit O of the destination. ASR performs signed division of the
destination by 2.
Byte: Same.

Example:

BYTE:

l 15 0DD ADDRESS 08 | 07 EVEN ADDRESS 00
T T L T 1 L] T T T T T T T Lf
l—e{ C —e C

L § ] 1 i & . 1 1 4 I n

MRA.5200
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ASL
ASLB
ARITHMETIC SHIFT LEFT =063DD
15 06 05 00
T T T T ) T T ¥ T Ll T T T T
on o 0 0 1 1 0 0 1 1 d d d d d d
i I L | 1 q L L L N 1 L L I
MA-5210
Operation: (dst) — (dst) shifted one place to the left

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

Description: Word: Shifts all bits of the destination left one place. Bit 0 is loaded with a 0. 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 2 with overflow in-

dication.
Byte: Same.
Example:
WORD:
15 00
T v Al T T L) 1 T T T T T L] T T
C o -0
L o 1 3 L 4 N L 1 L " n
BYTE:
15 00D ADDRESS 08 07 EVEN ADDRESS 00
T T T T T T ) T L) T T 1 1 T
C o le-0] C jeo— -0
A 4 { ] 4 e 1 1 N A I A
MRA.-5211
ROR
RORB
ROTATE RIGHT =060DD
15 06 05 00
T T T Ll T T 1 T T L] L T T ¥
01 0 0 0 1 1 0 0 0 0 d d d d d d
L " Fl | 1 1 1 | I n [l ) I I
MR-5212
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Operation: (dst) — (dst) rotate right one place

Condition Codes:  N: set if high-order bit of result is set (result < 0); cleared otherwise
Z: set if all bits of result = 0; cleared otherwise
V: loaded with exclusive OR of N bit and C bit (as set by the completion of the
rotate operation)
C: loaded with low-order bit of 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.
Example:
WORD:
|
15 00
T T T L T T T ¥ T T T T Ll L T
c |—»
A n Y b & 4 | 1 L 1 n 3
BYTE:

15 08 07 00
T T T L T T T T T T T ¥ T T
oDD EVEN
L 1 I 1 1 1 3 g 1 { 1 L |
MR-5213
ROL
ROLB
ROTATE LEFT =061DD
15 06 05 00
T T g T T T T t T T T ] T T
01 0 0 0 1 1 0 0 0 1 d d d d d d
1 " Il n 1 1 L L L 1 1 L f Fl
MR-5214
Operation: (dst) — (dst) rotate left one place

Condition Codes:  N: set if high-order bit of result word is set (result < 0); cleared otherwise
Z: set if all bits of result word = 0; cleared otherwise
V: loaded with exclusive OR of the N bit and C bit (as set by the completion of
the rotate operation)
C: loaded with high-order bit of destination
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Description: Word: Rotates 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.
Example:
WORD:
15 DST 00
T T T LB T T T T T T 1 T T Ll 1
c
f 1 4 1 { L 3 } 1 1 L i 1
BYTE:
: l l C l
15 08 07 00
T T T T T T T T T 1 T 1 T ¥
oDD EVEN
& d 1 1 ! n | 1 1 L 1 )
MR-5215
SWAB
SWAP BYTES 0003DD
15 0605 00
T T T L] T L) 1 T T T T | T 1
o o o0 0 0 o0 0 o0 1 1 d d d d d d
1 1 1 L 1y 1 L I i
MR-5216
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. (The desti-
nation must be a word address.)
Example: SWAB R1
Before After
(R1) = 077777 (R1) = 177577
NZVC NzZVC
1111 0000
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6.3.3.3 Multiple-Precision — It is sometimes necessary to do arithmetic operations on operands consid-
ered 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.

For example, two 16-bit words may be combined into a 32-bit double-precision word and added or sub-
tracted as shown below.

32-BIT WORD
( 1
31 16 15 0
OPERAND Al A0
L
( 1
31 16 15 0
OPERAND B1 8O
31 16 15 0
RESULT
MR-5217
Example:

The addition of —1 and —1 could be performed as follows.
—1 = 37777777171

(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. The ADC instruction adds the C bit to (R3); (R3) = 0.
3. The (R3) and (R4) are added.

4. The result is 37777777776, or —2.
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ADC
ADCB
ADD CARRY =055DD
15 06 05 00
1 T T T T T T T T T T ) 1 T
01 0 0 0 1 0 1 1 0 1 d d d d d d
L L Il ) 1 1 L L L 1 } [ 1 4
MR-5218
Operation: (dst) «— (dst) + (C bit)

Condition Codes: N: set if result < 0; cleared otherwise
Z: set if result = 0; cleared otherwise
V: set if (dst) was 077777 and (C) was 1; cleared otherwise
C: set if (dst) was 177777 and (C) was 1; cleared otherwise

Word: Adds the contents of the C bit to the destination. This permits the carry
from the addition of the low-order words to be carried to the high-order result.

Description:

Byte: Same.
Example: Double-precision addition may be done with the following instruction sequence.
ADD A0,BO ;add low-order parts
ADC B1 ;add carry into high-order
ADD Al,BI ;add high-order parts
SBC
SBCB

SUBTRACT CARRY m056DD

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

01 0 0 0 1 0 1 1 1 0 d d d d d d

MR.5219

Operation: (dst) — (dst) — (C)
Condition Codes:  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 1; cleared otherwise
Description: 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 resuit.
Byte: Same.
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Example: Double-precision subtraction is done by:
SUB AO0,BO
SBC Bl
SUB Al,BI
SXT
SIGN EXTEND 0067DD
15 06 05 00
0o 0 o0 o0 1 1 0 1 1 d d d d d d
Operation: (dst) — 0 if N bit is clear

Condition Codes:

Description:

Example:

(dst) — 1 if N bit is set

N: not affected

Z: set if N bit is clear
V: cleared

C: not affected

If the condition code bit N is set, a — 1 is placed in the destination operand; if the
N bit is clear, a 0 is placed in the destination operand. This instruction is particu-
larly useful in multiple-precision arithmetic because it permits the sign to be ex-
tended through multiple words.

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 1067DD
15 08 07 00
T T T T T T T T T T T T T
1 0 0 0 1 1 0 1 1 1 d d d d d d
| d 1 1 4 4 g L L L n I

MR-5221
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Operation:

Condition Codes:

Description:

(dst) — PS
dst lower 8 bits

N: set if PS <<7> = 1; cleared otherwise
Z: set if PS <<7:0> = 0; cleared otherwise
V: cleared

C: not affected

The 8-bit.contents of the PS are moved to the effective destination. If the destina-
tion is mode 0, PS bit 7 is sign-extended through the 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 [000000]
MTPS
MOVE BYTE TO PROCESSOR STATUS WORD 1064SS
15 08 07 00
1 0 0 0 1 1 0 1 0 0 s s s s s s
b 4 1 L A | 1 1 \ n 4
Operation: PS «— (sr¢)

Condition Codes:

Description:

Example:

Set according to effective SRC operand bits <3:0>

The eight bits of the effective operand replace the current contents of the PS. The
source operand address is treated as a byte address. Note: The T bit (PS bit 4)
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
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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.

6.3.4.1 General

PRELIMINARY

MOV
MOVB
MOVE SOURCE TO DESTINATION =1SSDD
15 12 1 06 05 00
T T ¥ T T ¥ T T T Ll 1
0N 0 0 1 s s s s s s d d d d d d
L i | 1 L 1 1 1 L 3 1
MR-5223
Operation: (dst) — (src)

Condition Codes:

Description:

Example:

cleared
not affected

O<NZ

. set if (sr¢) << 0; cleared otherwise
set if (src) = 0; cleared otherwise

Word: Moves the source operand to the destination location. The previous con-
tents of the destination are lost. Contents of the source address are not affected.
Byte: Same as MOV. The MOVB to a register (unique among byte instructions)
extends 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 RI1,R3

MOVB @#177562,@#177566

;loads register 1 with the contents of memory lo-
cation, XXX represents a programmer-defined
mnemonic used to represent a memory location

;loads the number 20 into register O; # 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

;moves a character from the terminal keyboard
buffer to the terminal printer buffer
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CMP
CMPB
COMPARE SRC TO DST m2SSDD
15 12 11 06 05 00
T T T T T T T L T 1 T 1
0/1 0 1 0 s s H s s [ d d d d d d
! " 1 1 1 1 I 1 1 L I 4
MR-5224
Operation: (src) — (dst)

Condition Codes:

N: set if result < 0; cleared otherwise

Z: set if result = 0; cleared otherwise

V: set if there was arithmetic overflow; that is, operands were of opposite signs
and the sign of the destination was the same as the sign of the result; cleared
otherwise

C: cleared if there was a carry from the result’s most significant bit; set otherwise

Description: Compares the source and destination operands and sets the condition codes, which
may then be used for arithmetic and logical conditional branches. Both operands
are not affected. The only action is to set the condition codes. The compare is
customarily followed by a conditional branch instruction. Note: Unlike the sub-
tract instruction, the order of operation is (src) — (dst), not (dst) — (src).

ADD

ADD SRC TO DST 065SDD
15 12 1N 06 05 00
T L] 1 J T i L L] T 1 T L4
0 1 1 4} [ s s 5 s 3 d d d d d d
A b 1 1 3 It ¢ 1 1 1 " )
MR-5225
Operation: (dst) — (src) + (dst)

Condition Codes:

Description:

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, both
operands were of the same sign and the result was of the opposite sign; cleared
otherwise .

C: set if there was a carry from the result’s most significant bit; cleared otherwise

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.
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Example: 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 16SSDD
15 12 11 06 05 00
T ) Ll 1 L T T ¥ ] 1
1 1 1 0 s s [ s [ d d d d d d

Operation:

Condition Codes:

Description:

Example:

(dst) «— (dst) — (src)

MR-5226

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 oper-
ands 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 result’s most significant bit; set otherwise

Subtracts the source operand fromthe destination operand and leaves the result at
the destination address. The original contents of the destination are lost. The con-
tents 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.

SUB R1,R2
Before

(R1) = 011111
(R2) = 012345

NZVC
1111

After

(R1) = 011111
(R2) = 001234

NZVC
0000

6-41



PRELIMINARY

6.3.4.2 Logical - These instructions have the same format as those in the double-operand arithmetic
group. They permit operations on data at the bit level.

BIT
BITB
BIT TEST a355DD
15 12 1 06 05 00
T T T T T 1 T T T ¥ T T
0/1 0 1 1 s s s 5 5 s d d d d d d
b | 1 1 i " L 1 1 [ T n
MR-5227
Operation: (src) A (dst)

Condition Codes:

N: set if high-order bit of result set; cleared otherwise
Z: set if result = 0; cleared otherwise

V: cleared

C: not affected

Description: Performs logical AND comparison of the source and destination operands and
modifies condition codes accordingly. Neither the source nor the destination is af-
fected. The BIT instruction may be used to test whether any of the corresponding
bits set in the destination are also set in the source, or whether all corresponding
bits set in the destination are clear in the source.

Example: BIT #30,R3 ;test bits three and fqur of R3 to see if both are off.

R3 = 0 000 000 000 011 000
Before After
NZVC NZVC
1111 0001
BIC
BICB
BIT CLEAR ®4SSDD
15 12 1 06___05 00
T T T T T T T T T T T T
01 1 0 0 s s s H s s d d d d d d
A b 1 1 kb A A 1 ] L I g
MR-5228
Operation: (dst) — ~ (src) A (dst)

Condition Codes:

: set if high-order bit of result set; cleared otherwise
set if result = 0; cleared otherwise

cleared

not affected

O<NZ
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Description:

Example:

PRELIMINARY

Clears each bit in the destination that corresponds to a set bit in the source. The
original contents of the destination are lost. The contents of the source are not

affected.
BIC R3,R4

Before

(R3) = 001234
(R4) = 001111

NZVC
1111

After

(R3) = 001234
(R4) = 000101

NZVC
0001

Before:  (R3) = 0 000 001 010 011 100
(R4) = 0 000 001 001 001 001

After: (R4) = 0000 000 001 000 001

BIS
BISB

BIT SET

m555DD
00

Operation:

Condition Codes:

Description:

Example:

(dst) — (src) V (dst)

N: set if high-order bit of result set; cleared otherwise

Z: set if result = 0; cleared otherwise

V: cleared
C: not affected

MR-5229

Performs an inclusive OR operation between the source and destination operands
and leaves the result at the destination address; that is, corresponding bits set in
the source are set in the destination. The contents of the destination are lost.

BIS RO,R1
Before

(RO) = 001234
(R1) = 001111

NZVC
0000

After

(RO) = 001234
(R1) = 001335

NzZVC
0000

Before:  (R0O) = 0 000 001 010 011 100
(R1) = 0000 001 001 001 001

After:  (R1) = 0 000 001 011 011 101

6-43



PRELIMINARY

XOR
EXCLUSIVE OR ' 074RDD
15 09 08 06 05 00
T T T T T T T L T T T T L
0 1 1 1 1 0 0 r r r d d d d d d
@ e 1 1 3 4 1 i L 1 1
MR-5230
Operation: (dst) — (reg) ¥ (dst)

Condition Codes: ~ N: set if result < 0; cleared otherwise
Z: set if result = 0; cleared otherwise
V: cleared
C: not affected
Description: The exclusive OR of the register and destination operand is stored in the destina-
tion address. The contents of the register are not affected. The assembler format
is XOR R,D.

Example: XOR RO,R2

Before

(RO) = 001234
(R2) = 001111

After

(RO) = 001234
(R2) = 000325

NZVC NZVC
1111 0001
Before:  (RO) = 0 000 001 010 011 100

(R2) = 0000 001 001 001 001

After: (R2) = 0000 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 2) and the current contents of the program counter if:

1. The branch instruction is unconditional.
2. It is conditional and the conditions are met after testing the condition codes (NZVCQ).

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 2 and sign-extended to express words before it is added to the PC. Bit 7 is the sign of the
offset. If it is set, the offset is negative and the branch is done in the backward direction. If it is not set,
the offset is positive and the branch is done in the forward direction.
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The 8-bit offset allows branching in the backward direction by 200g words (4003 bytes) from the cur-
rent PC, and in the forward direction by 177g words (3765 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

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 if the permissible branch range is exceeded. Branch instruc-
tions have no effect on condition codes. Conditional branch instructions where the branch condition is
not met are treated as NOPs.

BR
BRANCH (UNCONDITIONAL) 000400 PLUS OFFSET
15 08 07 00
T T T L Ll Lf T T ] T ¥ T T 1
o 0o o o0 ©0o 0 O 1 OFFSET
b L 1 b d 1 1 1 n 1
MR-5231
Operation: PC — PC + (2 X offset)

Condition Codes: Not affected

Description: Provides a way of transferring program control within a range of —128)¢ to
41270 words with a one word instruction.

New PC address = updated PC + (2 X offset)

Updated PC = address of branch instruction +2

Example: With the branch instruction at location 500, the following offsets apply.
New PC Address Offset Code Offset (decimal)
474 375 -3
476 376 -2
500 377 —1
502 000 0
504 001 +1
506 002 +2
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BNE
BRANCH IF NOT EQUAL (TO ZERO) 001000 PLUS OFFSET
15 08 07 ' 00
¥ ] T T T T T T 1 1 1 T 1
) 0 0 0 0 0 1 0 OFFSET
[ 3 J | 1 L { | 1 1 L 4 1
MRB5232
Operation: PC — PC + (2 X offset) if Z = 0

Condition Codes:

Not affected

Description: Tests the state of the Z bit and causes a branch if the Z bit is clear. BNE is the
complementary operation of BEQ. It is used to test: (1) inequality following a
CMP, (2) that some bits set in the destination were also in the source following a
BIT operation, and (3) generally, that the result of the previous operation was not
0.
Example: Branchto Cif A + B
CMP AB ;co’mpare Avand B
BNE C ;branch if they are not equal
Branchto Cif A + B # 0
ADD A,B ;add A to B
BNE C ;branch if the result is not equal to 0
BEQ
BRANCH IF EQUAL (TO ZERO) 001400 PLUS OFFSET
15 08 07 00
0 o o 0 0 0 1 1 OFFSET
Operation: PC — PC + (2 X offset) if Z = 1

Condition Codes:

Description:

Example:

Not affectéd

Tests the state of the Z bit and causes a branch if Z is set. It is used to test: (1)
equality following a CMP operation, (2) that no bits set in the destination were
also set in the source following a BIT operation, and (3) generally, that the result
of the previous operation was 0.

Branchto Cif A = B(A — B = 0)

CMP A,B ;compare A and B
BEQ C ;branch if they are equal
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BranchtoCif A+ B =20

ADD A,B
BEQ C

;add Ato B
:branch if the result = 0

PRELIMINARY

BPL
BRANCH IF PLUS 100000 PLUS OFFSET
15 08 07 00
T L H L T 1 T LE L 1 T L
1 0 0 0 0 0 OFFSET
4 4 1 1 1 & | 1 1 1 ) A
. - MR-5234
Operation: PC — PC + (2 X offset) if N = 0

Condition Codes: Not affected

Description: Tests the state of the N bit and causes a branch if N is clear (positive result). BPL
is the complementary operation of BMI.
BMI
BRANCH IF MINUS 100400 PLUS OFFSET
15 0807 00
T T T T T L T 1 L T | 3
1 0 0 0 0 1 OFFSET
n Il 1 1 I ) 1 1 L I 1
MR-5235
Operation: PC — PC + (2 X offset) if N =1

Condition Codes: Not affected

Tests the state of the N bit and causes a branch if N is set. It is used to test the

Description:
sign (most significant 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 08 07 00
T T T T T 1 T T T 1 T T
1 0 0 0 0 0 OFFSET
L " 1 g | 1 } q 1 L Il 1
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Operation: PC — PC + (2 X offset) if V=0
Condition Codes: Not affected

Description: Tests the state of the V bit and causes a branch if the V bit is clear. BVC is com-
plementary operation to BVS.

BVS
BRANCH IF OVERFLOW IS SET 7 102400 PLUS OFFSET
15 08 07 00
T | T T T T T T T T T T T 1
1 ] 0 0 0 1 ] 1 OFFSET
| - I | 1 1 L 3 N n 1 L It I
MR-5237
Operation: PC — PC + (2 X offset) if V = 1

Condition Codes: Not affected

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

BCC
BRANCH IF CARRY IS CLEAR 103000 PLUS OFFSET
15 ' 08 07 00
T T T L T T T T T T T T L) T
1 0 0 0 0 1 1 0 OFFSET
1 " | 1 1 L " § 1 1 L i |
MR.5238
Operation: PC — PC + (2 X offset) if C = 0

Condition Codes: Not affected

Description: Tests the state of the C bit and causes a branch if C is clear. BCC is the com-
plementary operation of BCS.

BCS
BRANCH IF CARRY IS SET 103400 PLUS OFFSET
15 08 07 00
T T Lf L AJ T T T T T L) T T T
1 0 0 0 0 1 1 1 OFFSET
1 I 1 1 1 1 L I ] 1 1 L L 1

MR.5239
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Operation: PC — PC + (2 X offset) if C = 1
Condition Codes:  Not affected

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 (2’s complement) values.

Note that the sense of signed comparisons differs from that of unsigned comparisons in that in signed,
16-bit, 2’s complement arithmetic the sequence of values is as follows.

largest 077777
positive 077776
000001
000000
177777
177776
smallest 100001
negative 100000

Whereas, in unsigned, 16-bit arithmetic, the sequence is considered to be:

highest 177777
000002
000001
lowest 000000
BGE
BRANCH IF GREATER THAN OR EQUAL 002000 PLUS OFFSET
(TO ZERO)
15 08 07 00
T T T ¥ T T T T 1 T T T 1 T
0 0 0 0 0 1 0 0 OFFSET
L I 1 1 i I 1 1 1 i I 1

MR-5240
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Operation: PC — PC + (2 X offset) if N¥ V =0
Condition Codes: Not affected

Description: Causes a branch if N and V are either both clear or both set. BGE is the com-
plementary operation of BLT. Thus, BGE will always cause a branch when it fol-
lows an operation that caused addition of two positive numbers. BGE will also
cause a branch on a 0 result.

BLT
BRANCH IF LESS THAN (ZERO) 002400 PLUS OFFSET
15 08 07 00
T T T T 1 T T T T T T 1 T ]
0 0 0 0 0 1 0 1 OFFSET
A A 1 1 A | 1 { 1 | N
MR-5241
Operation: PC — PC + (2 X offset) if N ¥ V = 1

Condition Codes: Not affected

Description: Causes a branch if the exclusive OR of the N and V bits is 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 if
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 0 (without overflow).

BGT
BRANCH IF GREATER THAN (ZERO) 003000 PLUS OFFSET
15 08 07 00
L] ¥ T 1 T T T | T T T ¥ T T
0 0 0 0 0 1 1 0 OFFSET
n I § L { L n J 1 L e I I
MR-5242
Operation: PC —PC + (2 X offset) if Z V (N ¥ V) =0

Condition Codes: Not affected

Description: Operation of BGT is similar to BGE, except that BGT will not cause a branch on
a 0 result.
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BLE
BRANCH IF LESS THAN OR EQUAL (TO ZERO) 003400 PLUS OFFSET
15 08 07 00
T T L T ¥ J T T T T J T T
0 o o o o0 1 1 1 OFFSET
L ! _ 1 1 1 I _ 1 1 L 1 n
MR-5243
Operation: PC — PC + (2 X offset) if ZV (N V¥ V) =1

Condition Codes:

Description:

Not affected

Operation is similar to BLT, but in addition will cause a branch if the result of the
previous operation was 0.

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

BHI
BRANCH IF HIGHER 101000 PLUS OFFSET
15 08 07 00
T T T 1§ T J T T ¥ T Ll T T
1 o o o o0 0 1 0 OFFSET
1 Il 4 1 1 i L 4 1 1 L L L
MR-5244
Operation: PC — PC + (2 X offset) if C=0and Z =0

Condition Codes:

Not affected

Description: Causes a branch if the previous operation caused neither a carry nor a 0 result.
This will happen in comparison (CMP) operations as long as the source has a high-
er unsigned value than the destination.

BLOS

BRANCH IF LOWER OR SAME 101400 PLUS OFFSET
15 08 07 00
T T T T T 1 T T T T T T T R
1 0 0 0 0 1 1 OFFSET

L J I 1 L 4 o 1 1 L n i

MR-5245
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Operation: PC — PC + (2 X offset) if CV Z = 1|
Condition Codes: Not affected

Description: Causes a branch if the previous operation caused either a carry or a 0 result.
BLOS is the complementary operation of BHI. The branch will occur in com-
parison 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
15 08 07 00
hl 1 1 T T T T T L) 1 1 T T |
1 0 0 0 0 1 1 0 OFFSET
L 4 L i | 1 [ | ) L I L L |
MR-5246
Operation: PC — PC + (2 X offset) if C = 0

Condition Codes: Not affected

Description: BHIS is the same instruction as BCC. This mnemonic is included for convenience
only.
BLO
BRANCH IF LOWER 103400 PLUS OFFSET
15 08 07 00
T T T Al T ! T L) T T T ¥ L{ T
1 0 0 0 0 1 1 1 OFFSET
L " I J 1 1 i 4 5 1 1 1 1 |
MR-5247
Operation: PC — PC + (2 X offset) if C = 1|

Condition Codes: Not affected

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

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

6-52



PRELIMINARY

JMP
Jump . 00010D
15 06 05 00
L T T T 1 1 1 1 T T T T T T
0o o 0 0 0o 0 0 0o 0 1 d d d d d d
L L 1 L 1 I L I 1 | i f I I
MR-5248
Operation: PC — (dst)

Condition Codes:  Not affected

Description: JMP provides more flexible program branching than the branch instructions do.
Control may be transferred to any location in memory (no range limitation) and
can be accomplished with the full flexibility of the addressing modes, with the
exception of register mode 0. Execution of a jump with mode 0 will cause an “ille-
gal 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 fet-
ched 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.

Example: First:
JMP FIRST stransfers to FIRST
JMP @LIST :transfers to location pointed to at LIST
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
JUMP TO SUBROUTINE 004RDD
15 09 08 06 05 00
0 0 0 0 1 0 0 r r r d d d d d d

MR-5249
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Operation:

Description:

Example:

SBCALL:
SBCALL+4:

SBCALL+2+2M:

CONT:

(tmp) — (dst) (tmp is an internal processor register)

| (SP) — reg (Push reg contents onto processor stack)

reg — PC (PC holds location following JSR; this address now put in reg)
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 in-
formation is 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. Fur-
ther, since all linkages are saved in a reentrant manner on the processor stack,
execution of a subroutine may be interrupted. The same subroutine may be reen-
tered and executed by an interrupt service routine. Execution of the initial sub-
routine 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 fol-
lowing the call with either autoincrement addressing, (reg) -+, if arguments are
accessed sequentially, or by indexed addressing, X(reg), if accessed in random or-
der. These addressing modes may also be deferred, @(reg)+ and @X(reg), if the
parameters are operand addresses rather than the operands themselves.

JSR PC, dst is a special case of the DCT11-AA subroutine call suitable for sub-
routine 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 ex-
changes the top element of the processor stack with the contents of the program
counter. This instruction allows two routines to swap program control and resume
operation from where they left off when they are recalled. Such routines are
called “coroutines.”

Return from a subroutine is done by the RTS instruction. RTS reg loads the con-
tents of reg into the PC and pops the top element of the processor stack into the
specified register.

RS R6  R7
JSR R5,SBR 41 n SBCALL
ARG 1
ARG 2
ARG M

Next Instruction #1 n CONT
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SBR: MOV (RS5)+,dst | . SBCALL+4 n—2 SBR
MOV (R5)+ ,dst 2
MOV (R5)+,dst M SBCALL+2+2M
Other Instructions CONT
EXIT: RTS RS CONT n—2 EXIT
JSR R5, SBR
BEFORE: (PC) R7 PC STACK
(SP) R6 n DATAO
RS #1
AFTER: R7 SBR
DATAO
R6 n—2 #1
RS PC+2
JSR PC, SBR
BEFORE: (PC) R7 PC STACK
(SP) R6 n DATAO
AFTER: R7 SBR
DATA O
R6 n—2 PC+2

MR.6250
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RTS
RETURN FROM SUBROUTINE 00020R
15 03 02 00
L) L T T T T 1 1 T
0 0 0 0 0 0 0 0 0 0 r r
A 1 1 i 1 §
MR-5251
Operation: PC — (reg)
(reg) — (SP) |
Description: Loads the contents of the register into PC and pops the top element of the proces-
sor stack into the specified register.
Return from a nonreentrant subroutine is typically made through the same regis-
ter that was used in its call. Thus, a subroutine called with a JSR PC, dst exits
with a RTS PC and a subroutine called with a JSR RS, dst, may pick up parame-
ters with addressing modes (R5) +, X(R5), or @X(R5) and finally exits, with an
RTS RS. ’
Example: RTS RS
RTS RS STACK
BEFORE:  (PC) R7 SBR
DATAD
(SP) R6 n #1
RS PC
AFTER: R7 PC
R6 n+2 DATA O
R5 #1

MR-5252
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SOB
SUBTRACT ONE AND BRANCH (F #0) 077RNN
15 09 08 06 05 00
L] 1 T T T L] T T T
0 1 1 1 1 1 1 r r r OFFSET
A 1 1 A L n 4
MR-5263
Operation: (R) — (R) —1; if this result # 0, then PC — PC — (2 X offset); if (R) = 0 then

Condition Codes:

Description:

PC — PC

Not affected

The register is decremented. If the contents does not equal 0, twice the offset is
subtracted from the PC (now pointing to the foliowing word). The offset is inter-
preted as a 6-bit positive number. This instruction provides a fast, efficient meth-
od of loop control. The 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: the
SOB instruction cannot be used to transfer control in the forward direction.

6.3.5.5 Traps - Trap instructions provide for calls to emulators, 1/O 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 2-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 per-
manently assigned fixed addresses.

EMT
EMULATOR TRAP 104000104377
15 08 07 00
1 0 0 0 1 0 0 0
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
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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 per-
formed). 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 ad-
dress 32.

CAUTION: EMT is used frequently by DIGITAL system software and is there-
fore not recommended for general use.
PS PS 1
PC PC1 STACK
BEFORE:
sP n DATA 1
AFTER: PS (32)
PC (30) DATA 1
PS 1
SP n—4 PC1
TRAP
TRAP 104400104777
15 08 07 00
1 0o o 1 0o o 1

Operation: | (SP) — PS
| (SP) — PC
PC — (34)

PS — (36)
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Condition Codes:  N: loaded from trap vector
Z: loaded from trap vector
V: loaded from trap vector
C: loaded from trap vector

Description: Operation codes from 104400 to 104777 are TRAP instructions. TRAPs and
EMTs are identical in operation, except that the trap vector for TRAP is at ad-
dress 34.

NOTE: Since DIGITAL software makes frequent use of EMT, the TRAP in--
struction is recommended for general use.

BPT
BREAKPOINT TRAP ’ 000003
15 1 T T L T T T T I L4 | T 00
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
A i 1 ! 8 k i d 1 1L 1 4 \
Operation: | (SP) — PS
| (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
15 00
o o o ©o o o0 o0 ©o o0 0 0 ©0 0 1 0o 0
Operation: |} (SP) — PS
| (SP) — PC
PC — (20)
PS — (22)
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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.)

"RTI

RETURN FROM INTERRUPT ’ 000002
15 00
L] T T T T T T L T T T 1 T T T
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Il 1 1 k & A 1 1 1 L L §
MR-5259
Operation: PC — (SP) ]

PS — (SP) |

Condition Codes:  N: loaded from processor stack
Z: loaded from processor stack
V: loaded from processor stack
C: loaded from processor stack

Description: Used to exit from an interrupt or TRAP service routine. The PC and PS are re-
stored (popped) from the processor stack. If a trace trap is pending, the first in-
struction after RTI will not be executed prior to the next T trap.

RTT
RETURN FROM INTERRUPT ’ 000006
15 00
1 1 T T T T T ! T L] L4 ) L4 T L
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
4 L 1 L I I § 1 1 L I )
MR-5260
Operation: PC — (SP) ]
PS — (SP) |

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 whereas RTI
permits trace trap. If the new PS has the T bit set, a trap will occur after execu-
tion of the first instruction after RTT.
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6.3.5.6 Reserved Instruction Traps — These are caused by attempts to execute instruction codes re-
served for future processor expansion (reserved instructions) or instructions with illegal addressing
modes (illegal instructions). Order codes not corresponding to any of the instructions described are con-
sidered to be reserved instructions. JMP and JSR with register mode destinations are illegal instruc-
tions; they trap to vector address 4. Reserved instructions trap to the vector addresses as listed in Table
A-14 in Appendix A.

6.3.5.7 Halt Interrupt — This is caused by the —HALT line (Al <7>). The —HALT interrupt saves
the PC and PS and goes to the restart address with PS = 340g.

6.3.5.8 Trace Trap - Trace trap is enabled by bit 4 of the PS and causes processor traps at the end of
instruction execution. The instruction that is executed after the instruction that set the T bit will pro-
ceed 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.

NOTE
Bit 4 of the PS can only be set indirectly by execu-
ting a RTI or RTT instruction with the desired PS
on the stack.

6.3.5.9 Power Failure Interrupt — Occurs when the —PF line (Al<6>) is asserted. The vector for
power failure is in locations 24 and 26. A trap will occur if an RTI instruction is executed in a power-
fail service routine.

6.3.5.10 CP <<3:0> Interrupts — Refer to Paragraph 1.5.3.
6.3.5.11 Special Cases of the 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 this instruction’s execution. 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 instruction trap — The instruction trap is performed and the
entire routine for the service trap is executed. If the service routine exits with an RTI, or in
any other way restores the stacked status word, the T bit is set again, the instruction follow-
ing the traced instruction is executed, and, unless it is one of the special cases noted pre-
viously, a trace trap occurs.

4. Interrupt trap priorities — In the case of multiple processor trap and interrupt conditions oc-
curring simultaneously, the following order of priorities is observed (from high to low).

Halt Line
Trace Trap
Power-Fail Trap
CP<3:0> Interrupt Request
Instruction Traps
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6.3.6 Miscellaneous Instructions

HALT
HALT 000000
15 00
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Operation: | (SP) — PS
] (SP) — PC
PC — restart address
PS — 340

Condition Codes:

Not affected

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 000001
15 00
T T Ll 1 T T T T T T T T T T
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
L fl 4 1 1 L I I 1 1 4 [ L 4

Condition Codes:

MR-5262

Not affected

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.

RESET

RESET EXTERNAL BUS 000005
15 00
¥ T A T T T ¥ R T T L T T 1 T
0 0 0 0 0 0 0 0. 0 0 0 0 0 1 0 1
i oL 4 N 1 [ e n | 1 1 L Il I

MR-5263
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Not affected

Description: The —BCLR line is asserted and the mode register is loaded. The —BCLR line is
negated and an ASPI transaction takes place. PC, PS, and RO-RS are not affect-
ed.

MFPT

MOVE FROM PROCESSOR TYPE WORD 000007
15 ’ 00
T T . T T 0] T K T T 1 T 1 T T T T
0 0 0 o, 0 0 © 0 o 0o o 0 o 1 1 1
L | 1 1 It L Y g4 L 1 1 n n
i > . MR-7198
Operation: RO — 4

Condition Codes:

Description:

Not affected

The number 4 is placed in RO, indicating to the system software that the processor
type is DCT11-AA.

6.3.7 Condition Code Operators

CLN SEN
CLZ SEZ
CLV SEV
CLC SEC
CCC SCC
CONDITION CODE OPERATORS 0002XX
15 05 04 03 02 01 00
o o o0 0 o o0 o 0 1 0 1 on| N |z | v |ec
L 1 Y ) 1 i I I ]
MR-5266
Description: Set and clear condition 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 4, the set/clear
bit of the operator; i.e., set the bit specified by bit 0, 1, 2, or 3, if bit 4 = 1. Clear
corresponding bits if bit 4 = 0.
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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
SCC Set all CCs 000277
- CCC Clear all CCs 000257
Clear Vand 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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APPENDIX A
TABLES AND TIMING DIAGRAMS

Table A-1 Interrupt Decode

—CP<3> —CP<2> —CP<1> —CP<0> Priority Vector

(Al<1>) (Al<2>) (Al<3>) (Al<4>) Level Address
—HALT* X X X X 8 -
—PF X X X 8 24

L L L L 7 140

L L L H 7 144

L L H L 7 150

L L H H 7 154

L H L L 6 100

L H L H 6 104

L H H L 6 110

L H H H 6 114

H L L L 5 120

H L L H 5 124

H L H L 5 130

H L H H 5 134

H H L L 4 60

H H L H 4 64

H H H L 4 70

H H H H No action

*PC is loaded with the restart address; PSW = 340.
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Table A-2

DC Characteristics

Absolute Maximum Ratings

Pin voltages
Storage temperature range

Maximum power dissipation

Chip ambient temperature operating range

—-05Vto+7V
—55°Cto +125°C
(—67°Ft0257°F)

1.1 W

0°Cto70° C
(32° Fto 158° F)

NOTE

Stresses greater than those listed may cause permanent damage
to the device. Exposure to absolute maximum rating conditions
for extended periods may affect the device’s reliability.

Static Characteristics

TA = 0° C 10 70° C (32° F to 158° F), Ve = 5.0 V + 5%, Vgg = 0 V

Symbol

Parameter/Pins

Min.

Max.

Units

Comments and
Conditions

L

518

ITH

Icc
IXLIH
IxLiL
VIH

VIL

VOH

VOHA

VOHB

VOHC

(Low input) Three-state
leakage current on
DAL<15:0>

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

(Min.) Input current

for internal pull-ups

on Al<7:0>, READY,
DAL <15:7,2:0>
(Max.) Input current
for internal pull-ups

on Al<7:0>, READY,
DAL <15:7,2:0>
Power supply current
onVc(C

Input high current on
XTL1

Input low current on
XTL1

Input high voltage on
READY, DAL<15:0>, Al<7:.0>
Input low voltage

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

Output high voltage

for DAL<15:0>, COUT,
PI, SEL1, SELO
Output high voltage for
Al<7:0>

Output high voltage for
BCLR

Output high voltage for
—RAS, —CAS, R/ —WLB,
R/—WHB

—0.1

—0.5*

24

2.6

2.2

2.8

-50

+10

-0.1

190
+700
—6.4

\lele
+0.8

nA

mA

mA

mA

uA

mA

VIN =04V

VIN = VCC max.

VIN = 24V

VIN =04V

Tcyc = 400 ns
24 < VIN < V(C(G»
XTLO grounded

—05 < VIN < +08V,
XTLO grounded

I0H = 700 yA

I0H = —700 A
IoH = —700 xA
terminated with

1K resistor toVgg

IOH = —700 kA




Table A-2

DC Characteristics (Cont)
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Comments and

Symbol Parameter/Pins Min. Max. Units Conditions
VoL Output low voltage 0.0 0.4 \' oL = 3.2mA
for DAL <<15:0>, Al<<7:0>,
COUT, PI, SELI, SELO,
—BCLR, —RAS, —CAS,
R/—WLB,R/—WHB
ViLPUP Input low level for PUP —0.5* +0.8 A%
VIHPUP Input high level for PUP 1.6 Vce \'
VHY Hysteresis, PUP 0.6 \%
CIN Input capacitance 10 pF
for READY. DAL <15:0>,
Al<T:0>
CouT Output capacitance 20 pF

for three-state load

calculation on DAL <<15:0>,
Al<7:0>,COUT, PI, SEL1,
SELO, —BCLR, —RAS, —CAS,
R/—WHB.R/—-WLB

* 0.5 V on input pins allows for ringing on unterminated lines.
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Table A-3 Sequences 6f Transactions

R — Read

W — Write

Ref ~ Refresh
(replaced by N in
static modes)

- I-1ACK

NOTE: R-W means
D-DMA read-modify-write
A - ASPI ( - indicates
N — Busnop indivisible)

Instruction 16-Bit 8-Bit Sequence of Transaction
CLR RO X R Ref N
X R-R Ref N
CLR (RO) or X R Ref R-W
MOV RO, (R1) X R-R Ref R-R-W-W
or MOV RO, (R1)+
MOV RO, —(R1) X R Ref NR-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!
MTPS RO X RReFNNNNN
X R-RRefNNNNN
JMP (RO) X RRef NN
X R-R Ref NN
JSR RO, (R1) X RReFNNNNN
X R-R Ref NN W-W N N
WAIT X R [Ref N A]2
X R-R [Ref N A]?
HLT X RReFNNWRefNWNNAN
X R-R Ref NN W-W Ref NW-WN N AN
EMT X RRefNNWRefNWRRN
X R-R Ref NN W-W Ref NW-W R-RR N
RESET X RReFENNNN[NNNBENNNAN
X R-RReFNNNN[NNN]I3NNNAN
Interrupt sequence X ~R-WAHINNSNWRefNWRRN]RS...
X ..R-R-W-W3{I N N> N W-W Ref N
W-W R-R R N] R-RS...
DMA sequence X .R-W/DR...
..R-R-W-W7 DR-R...

1 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 instruction of interrupt service routine.

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



NOTES

*During —RAS, Al<0> is used to indicate a fetch operation in progress. During refresh, Al<<0> is the output of the re-
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Table A-4 Signal and Pin Utilization, 16-Bit Mode

Signal Names

Pin(s) Pin Name Static 4K/16K Dynamic 64K Dynamic
Data Address Lines
1-7.9 DAL<15:8>] DAL<15:8> DAL<15:8> DAL <15:8>
10-17 DAL<7:0> | DAL<7:0> DAL<7:0> DAL<7:0>
Address Interrupt Lines
—RAS —-CAS PiI —RAS —CAS PI
32 Al<0> —DMR FET* Al4 —DMR AlS Al4 —DMR
33 Al<l> —CP<3> Al A2 —CP<3> | Al A2 -~ CP<3>
34 Al<2> —CP<2> A3 A4 —CP<2> | A3 A4 —~CP<2>
35 Al<3> —-CP<1> AS A6 —CP<l1> | AS A6 —CP<I1>
36 Al<4> —CP<0> A7 A8 —CP<0> } A7 A8 —CP<0>
37 Al<5> —VEC A9 Al10 —VEC A9 A10 ~VEC
38 Al<6> —PF All Al2 —PF All Al2 —PF
39 Al<T> —HALT Al3 Al4 —HALT Al3 Al4 —HALT
Control Signals
24 SELIT 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 Pl Pl Pl Pl
Miscellaneous Signals
18 —BCLR —BCLR —BCLR —BCLR
19 PUP PUP PUP PUP
21 CcouT couTt couT couT
22 XTLI XTLt1 XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins
8 BGND BGND BGND BGND
20 GND GND GND GND
40 Vcc vce Vec vece

fresh counter at —RAS time.

+SEL < 1> and SEL<0> are encoded; refer to Tables 3-4 and 3-5.
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Table A-5 Signal and Pin Utilization, 8-Bit Mode

Signal Names

Pin(s) Pin Name Static 4K /16K Dynamic 64K Dynamic
Data Address Lines
1-7,9 DAL <15:8>] SAL<15:8> SAL<15:8> SAL<15:8>
10-17 DAL<7:0> [DAL<7:.0> DAL <7:0> DAL <7:0>
Address Interrupt Lines
—RAS —CAS PI —RAS —CAS PI
32 Al<0> —DMR FET* Al4 —DMR Al5 Al4 —DMR
33 Al<i> —CP<3> Al A2 —CP<3> | Al A2 —CP<3>
34 Al<2> —CP<2> A3 A4 —CP<2> | A3 A4 —CP<2>
35 Al<3> —CP< 1> A3 A6 —CP<l1> | A5 A6 —CP<l1>
36 Al<4> —CP<0> A7 A8 —CP<0> | A7 A8 —CP<0>
37 Al<5> —VEC A9 Al10 —VEC A9 Al0 ~VEC
38 Al<6> —PF All A0 —PF All A0 —PF
39 Al<7> —HALT Al3 Al2 —HALT Al3 Al2 —HALT
Control Signals
24 SELI1T IACK + DMG] IACK + DMG IACK + DMG
25 SELOt FET 4+ 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 PI PI PI
Miscellaneous Signals
18 —BCLR —BCLR —BCLR —BCLR
19 PUP PUP PUP PUP
21 couTt CcouT CouT CcouTt
22 XTLI XTLi XTL1 XTL1
23 XTLO XTLO XTLO XTLO
Power Pins
8 BGND BGND BGND BGND
20 GND GND GND GND
40 vce vce Vce Moo

NOTES

*During —RAS, Al<0> is used to indicate a fetch operation in progress. During refresh, Al <<0> is the output of the re-

fresh counter at —RAS time.

tSEL <!> and SEL<0> are encoded; refer to Tables 3-4 and 3-5.



Table A-6 16-Bit Dynamic Write Addressing Scheme

PRELIMINARY

Mode Memory Chip Address* Al Used
4K /16K 4K X 1 Al-Al12 <6:1>
4K /16K 16K X 1 Al-Al14 <7:1>
64K 64K x 1 Al1-AlS <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<1> SEL<0> 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 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)

Table A-9 Al Functions

@ —RAS (L.E.) @ —CAS (LE) @ PI(T.E.)

Transaction Output Output Input

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

* _ Internal low-current passive pull-ups.

N/A — Not applicable.
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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 * * * 38 3S * *
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.
— — Signal asserted during 16-bit mode only.
3S - Three-state. '

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 KN S 3S
ASPI

Busnop * * 1

X - Lines driven after address portion of transaction (8-bit mode only).

* — Lines driven after address portion of transaction (8-bit and 16-bit modes).
1 - Dynamic modes only.

3S - Three-state.
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Table A-12 Summary of DCT11-AA Instructions

SINGLE OPERAND
Mnemonic | Op Code Instruction dst Result NZVC
General
CLR(B) WOS0DD | Clear 0 0100
COM(B) W051DD | Complement (1's) ~d ** 01
INC(B) WO52DD | Increment d+1 ¥ kR
DEC(B) WO053DD Decrement d—1 * ok ok
NEG(B) W054DD | Negate (2’s complement) —d * Ok x4
TST(B) WO57DD | Test d ** 00
Rotate and Shift
ROR(B) W060DD | Rotate right —C,d ¥k ok X
ROL(B) W061DD | Rotate left C,d— * ok ok X
ASR(B) W062DD | Arithmetic shift right d/2 * ok ok X
ASL(B) B063DD | Arithmetic shift left 2d ¥ Ok ox %
SWAB 0003DD Swap bytes **00
Multiple-Precision
ADC(B) WO55DD Add carry d+c ¥ X ox X
SBC(B) WO056DD Subtract carry d—c ¥ oxox ¥
SXT 0067DD Sign extend Oor —1 —*0 —
Processor Status (PS) Operators
MFPS 1067DD Move byte from PS d —PS * 0 —
MTPS 1064SS Move byte to PS PS—s ¥ ok kX
DOUBLE OPERAND
General
MOV(B) WISSDD | Move de—s * 0 —
CMP(B) W2SSDD | Compare s —d ¥ ok ox X
ADD 06SSDD | Add de—s+d * ok ox ok
SUB 16SSDD | Subtract de-d—s ¥k ox X
Logical
BIT(B) M3SSDD | Bit test (AND) s Ad ** 0 —
BIC(B) W4SSDD | Bit clear d—(~s)yd] **0 —
BIS(B) W5SSDD | Bit set (OR) d—svd ** 0 —
XOR 074RDD | Exclusive (OR) d—rvyd * k0 —
BRANCH

Base
Mnemonic | Code Instruction Branch Condition
Branches
BR 000400 Branch (unconditional) (always)
BNE 001000 Branch if not equal (to 0) +0 Z=0
BEQ 001400 Branch if equal (to 0) =0 Z=1
BPL 100000 Branch if plus + N=0
BMI 100400 Branch if minus — N=1
BVC 102000 Branch if overflow is clear V=20
BVS 102400 Branch if overflow is set V=1
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Table A-12 Summary of DCT11-AA Instructions(Cont)

BCC 103000 Branch if carry is clear C=0

BCS 103400 Branch if carry is set C=1

Signed Conditional Branches

BGE 002000 Branch if greater or equal >0 N¥ V=0

BLT 002400 Branch if less than (0) <0 NvyV=l

BGT 003000 Branch if greater than (0) >0 ZVINY V)=0
BLE 003400 Branch if less or equal ZVINY V)y=1
Unsigned Conditional Branches <

BHI 101000 Branch if higher > CVvZ=0
BLOS 101400 Branch if lower or same < CvZ=1

BHIS 103000 Branch if higher or same > C=0

BLO 103400 Branch if lower < C=1

JUMP and 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 I and branch R — 1, thenif R # 0:

(if #0)

PC — Updated PC — (2 X NN)

TRAP and INTERRUPT

EMT 104000 to ] Emulator trap PC at 30, PS at 32
104377 (not for general use)

TRAP 104400 to | Trap PC at 34, PS at 36
104777

BPT 000003 Breakpoint trap PCat 14,PSat 16

10T 000004 Input/output trap PC at 20, PS at 22

RTI 000002 Return from interrupt

RTT 000006 Return from interrupt 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 NZVC

CLC 000241 Clear C ———0

CLV 000242 Clear V ——0 —

CLZz 000244 Clear Z -0 - —

CLN 000250 Clear N 0 ———

CCC 000257 Clear all CC bits 0000

SEC 000261 Set C ——=1

SEV 000262 SetV -——1 -

SEZ 000264 Set Z -1 — =

SEN 000270 Set N 1 —— -

SCC 000277 Set all CC bits 1111




Table A-13 Numerical Op Code List

PRELIMINARY

Op Code Mnemonic Op Code Mnemonic Op Code Mnemonic
00 00 00 HALT 00 53 DD DEC 10 34 XXX BCS, BLO
000001 WAIT 00 54 DD NEG 104000 EMT
0000 02 RTI 0055 DD ADC through
00 00 03 BPT 0056 DD SBC 1043 77
00 00 04 10T 0057 DD TST 1044 00 TRAP
00 00 05 RESET 00 60 DD ROR through
00 00 06 RTT 0061 DD ROL 104777
00 00 07 MFPT 0062 DD ASR 10 50 DD CLRB
0000 77 Unused 0063 DD 1051 DD COMB
0001 DD JMP 0067 DD SXT 1052 DD INCB
00 02 OR RST 00 70 00 Unused 1053 DD DECB
0002 10 Reserved through 1054 DD NEGB
through 007777 1055 DD ADCB
0002 27 01 SSDD MOV 1056 DD SBCB
00 02 40 NOP 02SSDD CMP 10 57 DD TSTB
00 02 41 Condition 03 SSDD BIT 1060 DD RORB
through codes 04 SS DD BIC 1061 DD ROLB
000277 05SS DD BIS 1062 DD ASRB
0003 DD SWAB 06 SS DD ADD 1063 DD ASLB
00 04 XXX BR 07 50 40 Unused 10 64 SS MTPS
00 10 XXX BNE through 1067 DD MFPS
00 14 XXX BEQ 076777 11 SSDD MOVB
00 20 XXX BGE 07 TR NN SOB 12SS DD CMPB
00 24 XXX BLT 10 00 XXX BPL 13SSDD BITB
00 30 XXX BGT 10 04 XXX BMI 14 SS DD BICB
00 34 XXX BLE 10 10 XXX BHI 15SS DD BISB
00 4R DD JSR 10 14 XXX BLOS 16 SS DD SUB
0050 DD CLR 10 20 XXX BVC 17 00 00 Reserved
0051 DD COM 10 24 XXX BVS through
00 52 DD INC 10 30 XXX BCC, BHIS 177777
Table A-14 Reserved Trap and Interrupt Vectors

Vector Description

000 Default vector = 0 for interrupting device failing to put vector out on DALs.

004 If mode O is the destination address in a JMP or JSR instruction, a trap will occur to vector location 4.

010 Illegal and reserved instruction.

014 BPT instruction and T bit.

020 10T instruction.

024 Power fail.

030 EMT instruction.

034 TRAP instruction.
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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 “ 102 B 142 b
003 ETX 043 # 103 C 143 c
004 EOT 044 $ 104 D 144 d
005 ENQ 045 % 105 E 145 e
006 ACK 046 & 106 F 146 f
007 BEL 047 ’ 107 G 147 g
010 BS 050 ( 110 H 150 h
011 HT 051 ) 111 I 151 i
012 LF 052 * 112 J - 152 ]
013 VT 053 + 113 K 153 k
014 FF 054 , 114 L 154 1
015 CR 055 — 115 M 155 m
016 SO 056 . 116 N 156 n
017 SI 057 / 117 (0] 157 0
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 \' 166 v
027 ETB 067 7 127 w 167 w
030 CAN 070 8 130 X 170 X
031 EM 071 9 131 Y 171 y
032 SUB 072 : 132 Z 172 z
033 ESC 073 ; 133 [ 173 {
034 FS 074 < 134 \ 174 |
035 GS 075 = 135 ] 175 }
036 RS 076 > 136 A 176 ~
037 us 077 ? 137 —_ 177 DEL
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Table A-16 Octal, Hex, Decimal Memory Addresses

PRELIMINARY

Octal of High Byte
Octal K bytes Hex Decimal 8-Bit Mode
200 000 64 10 000 65536 N/A

177 000 F E00 65024 376
176 000 63 F C00 64 512 374
175 000 F A00 64 000 372
174 000 62 F 800 63 488 370
173 000 F 600 62976 366
172 000 61 F 400 62 464 364
171 000 F 200 61952 362
170 000 60 F 000 61 440 360
167 000 E E00 60928 356
166 000 59 E C00 60 416 354
165 000 E A00 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 53248 320
140 000 48 C 000 49 152 300
130 000 44 B 000 45 056 260
120 000 40 A 000 40 960 240
110 000 36 9 000 36 864 220
100 000 32 8 000 32768 200
70 000 28 7 000 28 672 160
60 000 24 6 000 24 576 140
50 000 20 5000 20 480 120
40 000 16 4 000 16 384 100
30 000 12 3 000 12 288 60
20 000 8 2 000 8192 40
10 000 4 1 000 4096 20
7 000 EO00 3584 16
6 000 3 C00 3072 14
5000 A00 2 560 12
4 000 2 800 2048 10
3000 600 1536 6
2 000 1 400 1024 4
1 000 200 512 2
0 0 0 0
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DCT11-AA Instruction Execution Times at Maximum Operating Frequency

Tables A-17 to A-22 list the execution times for all instructions executable by the DCT11-AA. The
tables are organized so as to help you calculate program execution times. To do such computations, you
must first choose a system configuration and then find the columns in the tables that apply to it. Only
those execution times listed may be used. 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. In 8-bit mode
REFRESH is done every instruction cycle; in 16-bit mode it is done every other cycle. The refresh
cycle adds a small increment of time to the machine cycle. Addressing modes S, 6, and 7, 1/0, and trap
(two occurrences) also add time. Therefore, minimum and maximum execution times are given in RE-
FRESH ON configurations. The program execution time is computed for REFRESH ON con-
figurations by totaling the average execution times of the instructions used.

The following notes apply to Tables A-17 through A-22.

e All times are in microseconds.

e Add 0.4 us for every —READY pulse that occurs during an I/O transaction.

e  Operating frequency is 7.5 MHz. Use the following formula to compute instruction execution
times (IETs) for different operating frequencies.

IET(fOP) = (7.5 MHz/fOP) * IET(7.5)
where:
IET(fOP) = 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 tables.

¢ NA = Not applicable.
NOTE

The times calculated are those using revision 5.18 of
the microcode.
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Table A-17 XOR and Single-Operand Instructions

16-Bit Mode 8-Bit Mode
REFRESH ON ON OFF ON ON OFF OFF
Dest. Word Byte Word Byte
Instructions Mode Min. Max. Instr. Instr. Instr. Instr.
CLR(B), COM(B), | 0 1.60 1.73 1.6 2.53 2.53 2.4 2.4
INC(B), DEC(B), | 1 2.80 2.93 2.8 5.33 3.73 5.2 3.6
NEG(B), ROR(B), | 2 2.80 2.93 2.8 5.33 3.73 5.2 3.6
ROL(B), ASR(B), | 3 3.60 373 3.6 6.93 5.33 6.8 5.2
ASL(B), SWAB, 4 3.20 3.33 3.2 5.73 4.13 5.6 4.0
ADC(B), SBC(B), | 5 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 7 493 5.06 4.8 9.06 7.46 8.8 7.2
TST (B) 0 1.60 1.73 1.6 2.53 2.53 2.4 2.4
1 2.40 2.53 2.4 4.13 3.33 4.0 3.2
2 2.40 2.53 2.4 4.13 3.33 4.0 3.2
3 3.20 3.33 3.2 5.73 4.93 5.6 4.8
4 2.80 2.93 2.8 5.33 3.73 5.2 3.6
5 3.73 3.86 3.6 6.26 5.46 6.0 5.2
6 3.73 3.86 3.6 6.26 5.46 6.0 5.2
7 4.53 4.66 4.4 7.86 7.06 7.6 6.8
MTPS 0 3.20 3.33 32 4.13 4.13 4.0 4.0
1 4.00 4.13 4.0 493 4.93 4.8 4.8
2 4.00 4.13 4.0 4.93 493 4.8 4.8
3 4.80 4.93 4.8 6.53 6.53 6.4 6.4
4 4.40 4.53 44 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

NOTE:

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).
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Table A-18 Double-Operand Instructions

NOTE
Double Operand Execution Time = Source Mode Time + Destination Mode Time.

Source Mode Time*

16-Bit Mode 8-Bit Mode
REFRESH ON ON ON ON OFF | ON ON OFF OFF
Dst. Mode (0-4) | Dst. Mode (5-7)
Srec. Word Byte Word Byte
Instructions Mode ] Min. Max. Min. Max. Instr. Instr. Instr. Instr.
MOV(B), CMP(B), 0 1.20 1.33 1.33 1.33 1.2 2.13 2.13 2.0 2.0
ADD, SUB, BIT(B), 1 2.00 2.13 2.13 2.13 2.0 3.73 293 36 2.8
BIC(B), BIS(B) 2 2.00 2.13 2.13 2.13 2.0 3.73 2.93 36 2.8
BIT(B), BIC(B), 3 2.80 2.93 293 2.93 2.8 5.33 4.53 5.2 4.4
BIS(B) 4 2.40 2.53 2.53 2.53 24 4.13 3.33 4.0 3.2
S 3.33 3.33 3.33 3.46 32 5.86 5.06 5.6 4.8
6 3.33 3.33 3.33 3.46 3.2 5.86 5.06 5.6 4.8
7 4.13 4.13 4.13 4.26 4.0 7.46 6.66 7.2 6.4

*Source mode times include instruction fetch, instruction decode, and source operand fetch.

Destination Mode Timet

16-Bit Mode 8-Bit Mode
REFRESH ON ON OFF ON ON OFF OFF
Dest. Word Byte Word Byte
Instructions Mode | Min. Max. Instr. Instr.  Instr. Instr.
MOV(B), ADD, 0 0.4 0.4 0.4 0.40 0.40 0.4 0.4
SUB, BIC(B) 1 1.6 1.6 1.6 2.40 1.60 2.4 1.6
BIS(B) 2 1.6 1.6 1.6 2.40 1.60 2.4 1.6
3 2.4 24 2.4 4.00 3.20 4.0 32
4 2.0 2.0 2.0 2.80 2.00 2.8 2.0
5 2.8 2.8 2.8 4.53 3.73 4.4 3.6
6 2.8 2.8 2.8 4.53 3.73 4.4 3.6
7 3.6 3.6 3.6 6.13 5.33 6.0 5.2
CMP(B), BIT(B) 0 0.4 0.4 0.4 0.40 0.40 0.4 0.4
1 1.2 1.2 1.2 2.00 1.20 2.0 1.2
2 1.2 1.2 1.2 2.00 1.20 2.0 1.2
3 2.0 2.0 2.0 3.60 2.80 3.6 2.8
4 1.6 1.6 1.6 2.40 1.60 2.4 1.6
5 2.4 2.4 24 4.13 3.33 4.0 3.2
6 2.4 2.4 24 4.13 3.33 4.0 3.2
7 3.2 3.2 32 5.73 493 5.6 4.8

T Destination mode times include destination operand fetch, instruction operation, and result output (except in-destination
mode 0 and the CMP(B) and BIT(B) instructions, where there are no outputs).
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Table A-19 Jump and Subroutine Instructions

16-Bit Mode 8-Bit Mode
REFRESH ON ON OFF ON ON OFF OFF
Dest. Word Byte Word Byte
Instructions Mode Min. Max. Instr. Instr. Instr. Instr.
JMP 1 2.00 2.13 2.0 2.93 NA 2.8 NA
2 2.40 2.53 24 3.33 NA 3.2 NA
3 2.40 2.53 2.4 4.13 NA 4.0 NA
4 2.40 2.53 2.4 3.33 NA 3.2 NA
S 2.93 2.93 2.8 4.53 NA 44 NA
6 2.93 2.93 2.8 4.53 NA 4.4 NA
7 3.73 3.73 3.6 6.13 NA 6.0 NA
JSR 1 3.60 3.73 3.6 5.33 NA 5.2 NA
2 4.00 4.13 4.0 5.73 NA 5.6 NA
3 4.00 4.13 4.0 6.53 NA 6.4 NA
4 4.00 4.13 4.0 5.73 NA 5.6 NA
5 4.53 4.53 44 6.93 NA 6.8 NA
6 4.53 4.53 4.4 6.93 NA 6.8 NA
7 5.33 5.33 5.2 8.53 NA 8.4 NA
RTS NA 2.80 2.93 2.8 4.53 NA 4.4 NA
SOB NA 2.40 2.53 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.
2. JMP execution times include instruction fetch, instruction decode, operand fetch, and loading the PC.
3. JSR execution times include instruction fetch, instruction decode, operand fetch, pushing the linkage register onto the
stack, and loading the PC.
4. RTS execution times include instruction fetch, instruction decode, loading the PC, popping the stack, and loading the
linkage register.
S. 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.)
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Table A-20 Branch, Trap, and Interrupt Instructions

16-Bit Mode 8-Bit Mode

REFRESH ON ON OFF ON ON OFF OFF

Dest. Word Byte Word Byte
Instructions Mode Min. Max. Instr. Instr. Instr. Instr.
BR, BNE, BEQ, NA 1.60 1.73 1.6 2.53 NA 2.4 NA
BPL, BMI, BVC,
BVS, BCC, BCS,
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 3.20 3.33 32 493 NA 4.8 NA
RTT NA 4.40 4.53 4.4 7.13 NA 7.0 NA

NOTES:

1.

Branch instruction execution times include instruction fetch, instruction decoding, doubling the offset, testing the condi-
tions, 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 instruction 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 instruction execution times include instruction fetch, instruction decode, and popping the PC and
PS from the stack.
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Table A-21 Miscellaneous and Condition Code Instructions

16-Bit Mode 8-Bit Mode

REFRESH ON ON OFF ON ON OFF OFF

Dest. Word Byte Word Byte
Instructions Mode Min. Max. Instr. Instr. Instr. Instr.
HALT NA 5.73 5.86 5.6 8.4 NA 8.0 NA
WAIT NA 1.60 1.73 1.6 2.43 NA 2.4 NA
RESET NA 14.60 14.73 14.6 16.53 NA 16.4 NA
NOP NA 2.40 2.53 2.4 3.33 NA 3.2 NA
CLC,CLV,CLZ, NA 2.40 2.53 2.4 3.33 NA 3.2 NA
CLN, CCC, SEC,
SEV,SEZ, SEN,
SCC
MFPT NA 2.00 2.13 2.0 2.93 NA 2.8 NA

NOTES:

1.

HALT execution times include instruction fetch, instruction decode, writing the PC and PS onto stack, then loading the
PS with 340, and loading the PC with the RESTART address.

WAIT execution times include 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 maximum). The looping
will continue until an interrupt line is asserted and sensed by the DCT11-AA ]

RESET execution times include instruction fetch, instruction decode, the assertion of —BCLR, and the writing of
DAL <15:0> into the mode register.

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

Condition code instruction execution times include instruction fetch, instruction decode, and the setting or resetting of
the appropriate status flags in the PS.
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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 4.46 432
WAIT Instruction

Internal vector NA 7.87 7.73 10.53 10.13

External vector NA 8.27 8.13 10.93 10.53

DMR NA 1.66 1.66 1.79 1.66

NOTES: .
These timings are given in microseconds and assume a clock frequency of 7.5 MHz.

1.

Interrupt latency is measured from the time the interrupt request is asserted either on the Al lines (in static modes) or
on the input of the Al line driver (in dynamic modes) to the time the DCT11-AA is ready to fetch the first instruction in
the interrupt’s service routine. During this time the DCT11-AA:

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.

FIRST INSTRUCTION
OF SERVICE
ROUTINE

LAST
INSTRUCTION

IACK
MICROCODE

]
- A - afa— B-——.;o——— C ——
| 1
—— |

I l

tRQ |
e

|

L

o
—_—

Pl

JIACK

S N

-

Note that the time to synchronize the IRQ and perform any external priority arbitration is not included in the interrupt
latency. »

DMG latency is calculated from the time DMR is valid on the input of the Al line driver to the time the DCT1 I-AA
asserts DMG.

WAIT instruction latencies are the maximum encountered in the instruction’s execution state. These times do not in-
clude the instruction fetch or the instruction decode.
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4.

5.

6.

PRELIMINARY

Times refer to IRQ occurring during a JSR (mode 2 or 4) EMT sequence, which is the worst case.
Times refer to DMR occurring during a MTPS (mode 0) instruction, which is the worst case.

Timings assume the DCT11-AA is not in long bus cycle (mode register bit 1) and there are no ready slips.

A-21]



PRELIMINARY

LSS BN

wesdeld Yoo[g ‘Vv-1110d 1-V 21ndi4

TOYLNOD
H3IMOd

—» 4108— —» 81
j@— dNd «—6l
je— ONO9 @8
le— ONO «—02

le— 0N «—oFp

L1-0L 6°L-L 8Z-(2 IE—6Z ST—¥T 6€-2¢ 14
.E Aﬁ d\w AoHHE
: 071X  L31X  1noo
<0:£>vQ <8:51>1va IM—/4  SVO~ JI>T38 | qyqy AV4
SHM- /4 SYH— <0>13S
sy3d4ng
ﬁ ﬂ. LdNYYILNI/SSIBAAY — SH344N8 59019 1_
'EFENT:] Y344n8 Mﬁ
SS3YAGV/viva SS3HAAv/viva TOYLNOD
7o 7o — H3X3ITdILTINW SSIHAAY _Aﬂ ¥31SI1934 SS3YAAY _
i it
H31S1934 IQOW _ _ Y3ILNNOD HSIH43Y _
TOYLINOD {0d) LY
TYNYILNI (dS) 94
¥31SI93H SNLV.S|e{ f--- ==~ ~- - s
vy
v o
—mmkm_ﬁm zoﬁu:Ermz; z4
> 14
oY
P, AV.4 A ﬁ A

SNY TVNU3LNI 11891

A-23



PRELIMINARY

peay oneIS NG-91 -V 2indig

n‘
o 'SNOILOVSNVHL V3 38 OL GIWNSSY 34V SNOILOVSNYYL ONIMOT104 ANV SNOIAIMd IHL +
“npeeees N YNOILIGNGD ‘NOILDVSNYHL FHL LNOHONOYHL MOT A3LYD3N Si { 13S ¢ JLON
I A ‘HO134 NOILONHLSNI NV S| NOILOVSNYH1L QV3H 41 ATNO 03LH3ISSY °| JLON
1NN
XN z 310N
H | ;
Q34OND / 1 310N
HD” dgnte T e e e - > (134)073s
anva 155,
B LUON)) (@ritonted
QITVANI —— 03AVv130Q
ariva 9IM-7y
AINVAITIIEYl = X
on - o T wweon
HOIH = | BHM=/Y
9IM-/d
X ] X Lix| o
0t 8 6 Ol it
43151934 30N -
254; Hdd, \ 14
P dS |}
OHd; —eite— l.awo..c_
fo-t—— QHdy —»f
\ Svo-
aud,
didy —+  |e—04a
| o, 550,
—o| 0QY,| fo— o8y,
450,
HSd; sy, Svy-
Sv,
auy,
UIqulr — jo——— HHJ; ——» ro— 45T, —
] [ Hady
153ND3Y | 1 )
v AAAAA w VNG B LN Mvvvvvvvvvvvvvvvvv vvvvvvvvvvvvvvvvvvvMAAAAAAAAAAAA e
wom_u e
300,—+ auq,
p
()
1
]

, \ / 1Nod
Wl|.r3m2_ aviy + $s3yaav O(wxi
NOILOVSNYHL AV3H NdD

! 1%

A-24



PRELIMINARY

L1855 9N

'8J9A3 sNq Buo) = BPOW Ji P SaWI] ‘[BWIOU = BPOW i £ SBWI] sas|nd AQHY §0 1Bqunu = {4 'doy/| = |

12Jaym ‘su | H ppe ‘paieniul aie sdijs AQY § U3yl ‘apous a1Ad snq Buo| ut Jisu | ppy 1L

uw su Z9¢ = (8E— L€) YIPIM 8sind <0>T3S Yola4 4SS,
{'37) sSvu—

unw SUEPZ = (E2—1Z) |01 awi] dn 189S ('37) <O>13S U0 YING H4S,;

un SU LT = (0L +1L2) {377 1d 03 Wit dn 18S ('3°7) Svy— dSH,
37

uw SUEPL = (0L + 1) SvO— o1 awl) dn i3S ('37]) Svy— oSH,

xew SUGOY = (8Z1— Lb) PiIeA eleQ peay 01 ('37) Sy H— ady,

U SU Pl = (021~ 12) sw!) abieyoalg Syy— HdH,

uw sugQl ('3'1) 1d woiy awi] PIOH ('3'1) SYH— dHY,
(ENE

utw U 0g SvO— woy aunj pioH ('3 L) Syy— OHY;
ajqeu3 ssaippy

ulw SUGL=(8LL— 1) <0:G1>TvQ Ixeu 03 (‘') SYH— Iay,

ulw SUQ  [('F'L) SYO— wouy awi | pioH eleq peay oay,

ulw SU 896 = (GE— L) YiIpim asind Sy y— SyH,

uw sUI8Z = (b1 12) {'3'1) Svy— 018wy dn 18 ('3°7) Id HSdy

uw SUZ6L = (GL— 12) ('3'1) SYD— 018wy dn1es ('37) 1d JSdy

xew SU L6 =(9LL— 12) PHeA eleq peay o1 ('377) Id addy

ulw SU 006 = (€€~ L) aw! | abieydsid Id Hddy

Ui suQZZ = (Ly— 12) YIPIM 35Ind id didy

uw suQ| {'3'L) SYO— wouy awi| pioH id OHdy

xew SUQOL = (£91— 12) PIBA <0:£>1V U0 Indu) 01 {'3} Id dsly
(3'1) 1d

ww sug EOC awnj U.OI AO_\.V_< uo «DQ:_ &I_u
('317) svy— o

uw su gg = (8p— 1) 3wty dn 198 $$3LpPY <0:G1>TvQA 4sqy
{3 idor

uw su 08€E = (0Z— LE) awl] dn 39S ssaIpPY <0:G1>Tva dsa,
('3"1) Svo— o3

ulw sUGpe = (22— L2} 2wl dn 19S s53UpPY <0:G1>Tva 05Q,
plieA eleq peay o1

xew SUQLS = (LSL— 19) 8wy dn 19S ssaIpPY <0:61>Tva ayaq,
('37) SYy— wouy

utw suLZL=(Z1— 1) 3wt | PIOH ssaupPY <0:6L>TVA HHQ
{31 Svo—-

utw sug 01 180] § $534PPY <0:61>TvQ 04Q;

ulw SUEEL = 1 poliad Bunessd 01X ‘LILX o N’}

utw sUGOL = (82— 1) ('377) 14 03 8w} dn 39S ('377) SVYI— dsdy
pleA eleq peay 01 (‘37)

xew sU0ZZ = (081— LE) MY 2pOW pae|ag 10 (377} SO ayo,
U.chm $SaIppY

uw SUGLL = (81— 1) <0:G1>7vQ@ 1xau 03 ('3'1) SYO— 309,

XVW/NIW OAD; 40 NOILINNS H313WVHYd TO9WAS

A-25



PRELIMINARY

vOLP HN

] 1 TYNOILIONOD

Q3HONDI

anva
DT ovemm
QIIvANI
X Ghen
arva

ANVAIIIHY = X

0 t 8 6 0L Ll
43151934 300w

ALIM O1eIS Ug-9]

£-v 2undry

"SNOILDVSNYHL 3118M 38 OL AIWNSSV IHV SNOILOVSNVYHL ONIMOT1104 ONV SNOIA3Yd THL «

'NOILOVSNVHL IHL LNOHDNOYHL 01 31H3ISSY 3YV | 135S NV 013S

r

o5My
dIWN, _
dSNy
dSmy — HWN;
—o| j+—OHd¢, —ef AMO; {4—
, _ ,
ELLu
NSd, dOM; —| le—
fe—dHN; — didy dsay
JHM;~—]
be—- OHN; — le—dSi; —]
0Sdy le———+ 4SO} —»
le—-OHM, I SV, Hdy
HSD, 08—
[ UHN; ySd; fllomm,"i_ k
le— dHY, dSty
be—DHYH, HHO; — EEL
he—HHM; SvH) fo— HSN —e
—w le—dHI; amd, le—4s0;,
.
NHQ,
HSMy
LNO viva ss3asaav R

~H ole
1NdiNO IL1HMm e

I NOILOVSNVYYHL 31tHM Nd:

$S34AQV w.—_x\S'lu

1

‘1 310N
L 310N <0:4>138

a3Avi3ia
8I1M—/d
SHM—/Y

TYWHON

aIM—/d

aHM—/d

Sv0

SVH

<0:L>Iv

<0:§1>7vQ

/ 1nod

.

A-26



RELIMINARY

P

T8SG HW
‘31940 snQq Buo| = 3poW 1 p S3WIL '{BWIIOU = 3POW JI £ SAWIT SASIND A QY O JAqWNU = | ‘doy/| = |
1313ym ‘su | H ppe ‘pazeiniul ale sdijs AQY J Uayl “apow 3|9Ad snq Buol ul 41 su | ppY i
uw SU 182 = (v1— 12) ('3°1) Syd—o1awi] dn i8S (37) 1d HSdy
('3°1) WH apoW
utw suOLE = (06— 1€) jeusioN o1 awif dn 38 (31} 1d NSd;
('3° L} MY 3POW paAejaq Jo
uiw su Z6L = (GL— 12) (3°1) SYO— 01 awi] dn 1S ('31) Id JSdy
utw su 00§ = (E€— 1Y) awi | abieydasy Id Hddy
uiw su0zZ = (Ly— 1e) YipIM 35INd |d didy
('3'4) W 3pOW pahejag
uiw suolL 10 {31} SyO— woipdwi} PIOH Id OHdy
(37} SvH—
ulw SUGG = (84— 1) 03 3W(] dn 195 WY 2POW |eWION HSN,
(3 id
uw SU GGE = (Gp— LE) 03 8wl ) dn 185 WH PO (euioN dSNy
(371} Svd—
ulw SU QgZ = (LE— 12) 01 8Wiy dN 185 WY 3POW ewIoN JSN,
ulw suQ 3Wi | AIBACOSY WY 3PON 1BUIION HAIN,
uw SUYEL = (99— L9) UIPIM 35INd WH 3POW (BulIoN dWN,
('3'1) Svy
uiw SUGZ = (80L— 1) wouy 3w ] pIoH WY PO |ewIoN HHN;
(31)1d
ulw SU 06 = (Ev— 1) woy 8wl PIoH W/ PO |eW.ON dHN;
(3'1) Svo—
uiw su {0l = {2€— 1) woy awi| pioH M/Y PO fewIoN OHN,
xew Su 00t = (£91— 1Z) PlIBA <0:/>1V U0 Induj o} ('3°7) Id dSh
31 1d
utw U0 o} 8wl pIoH <0:/>1v uo Indu| dHly
{'37) SvH—
uiw SUGHE = (GG— 1€) ('3°1) Svy— o1 awi dn 1ag e1eq ailim HSmy uiw sUGg = (gb— 1) 03 awi j dn 135 $534PPY <0:GI>1VA HSQ,
un SUQGZ = {0LL— 1E) ('3°1) 1d 031 3wi] dn 135 BIRQ BIIM dSMy ('31) 1d 03
uw suQsZ = (0GL— L€) (3°1) SvD— o1 2w dn 195 e1eQq M OSMy ulw SU 08E = (0Z— 1E) aWn] dn 1S ssaippy <0:S1>1vd 4sq,
('3'1) Svy— woy {33 wWH
ulw SUGL = (8L1— 1) Wt ] PioH <B:G1>TVS Jo e1eQ alp HHM, apo paAeraq 0 ('371) SVO—
uiw SuU Gp = (88— L) ('371) 1d oy} awi| plOH BIRQ 2TIM dHM, uiw Sugyz = (22— 12) 013wt dn 135 $S3IPPY <0:G1>1vQA 0SQ,
A.m..:b.\,\m ('37) Svy— woy
3pow paAejaQ 1o ('3° L) SYO— woy uiw su Lzl = (gl— 1) AW PIOH SSAIPPY <B:GL>TVA HHO,
ul SUGOL = (82— 1) awi] PIOH <8:G1>TVS 10 BleQg auum OHMy ('377) WY 3PO |EWION w0y
ulw suQg = (€8— L) ('37) 1d 03 3un) dn 39S eieqg aaum dam, ului su /yZ = (02— 12) awl] PIOH $s34pPY <0:51>TVQA NHG,
xew SUQLZ = ¥+ L2} PlieA e1eQ a1um 01 ('37]) SV H— amy, Ul sugelL=1 potiag Butiesad() 0LX ‘LTLX A,
urw SU L2 = (0L + 12) ('377) 14 03 2w dN 18S {(371) SVYH— dSH, PlIBA 1R 83IM 01 (37}

('3} AW H 3poW paAetaq 40 ('37) xew su08 MY 3pOW paAe(aQ 10 ('37) SYO— amd
uiw sugyL = (0L + 1) SyJ— ol awi| dn1sg ('37) SvH— JSH, (3'L) Svy—
uiw SU /Pl = {021~ 4T) aw) ableydaid SYY— ddi, uiw Su09g = (O¥— LE) 018wl dn i8S ('3°7) SVO— 4SOy
uiw su QL (371} 1d wouy awi] pioH {'3'L) SvH— dHY, ('377) 1d 01 8wt) dn e ((37)

("3°1) WY 3po paAejaq Jo ('3°1) uw sugoL = (82— 1) MWH 3po paAejag 1o ('377) SYI— dSy
ulw su 0§ SYO— wouj swi] ploH ((3'L) SYH- OHY, ulwi SU GBE = (§— LE) swi| afileydaig SYI— ddDy
ulw Su 89§ = (6€ + L) YIPIM 3SINd SV H-— SvH, ulw SUQIE = (06— LE) YIPIM 3sind SYO— SV,

XYW/NIW OA3, 40 NOILONNS HILINVHVd TOEWAS XVW/NIWN OAD; 40 NOILONNA d4313WVHVd TO8WAS

A-27



PRELIMINARY

1OLY-HW

DX o300
Q2HONDI

B S Sl

anva
DA orvam
QIMvYANI
H 10d1in0
anva

INYAIIIYYl = X

0O t 8 6 0 il
43151934 IGOW

TVYNOLLIONOD

peay dtweui( Ng-9|

y-v 2undyg

'SNOILOVSNVHL QV3Y 38 OL G3IWNSSY IYVY SNOILOVSNYHL ONIMOTI04 ONV SNOIATYd 3HL
"NOILOVSNVHL IHL HDONOYHL 01 Q31H3SSY S1 1135 12 3LON
'HO134 NOILONYLSNI NV SI NOILOVSNVHL AVIH 41 SICOW M9 NI ATNO Q31H3ISSY (1L JLON

ole

T‘ 1NdN1 Qv3Y

T
NOILOVSNYH L Qv3H NdD

v T (¢ 310N}
\ / {4 3LON)
o e e e m 3 (134) 0138
I 455,

—— d3Aviia

ke H 4S; aHM~/4

gIm—/g

T IYWHON

SHM—/H

gIm—/y

| |
_ _%amuui Id
Hddy
d4v; —p fe—
[e——3Vd)— didy dS0;
OHdy [*—dSh— |- OHV; fe—
fodH |y = 0Sd; ‘ SvI—
le——Sv0,
—»  b— dHY, aud, HdDy
= fe~ OHY, fo—1—Q1dy—+] 250y
—f ISV,
1 YSd; dSH, Svy-
4S0, OSH;——»
Audy z.::llo_
—T% 308 — 1) HHA o] [e—HS0) —ef
le—300; — 240; —+f  fp]le—tHY, QmmS.a_
153ND3Y _ .
0 CCC I 1)), 6 RSN ) (O
—& 00Y; |fe— v !
I 1
f aya,
w NI viva Mvvvvvvvvvvvvvvvvv ss3vaav <0'$1>1va
1

§S3HOAQVY dv3iy ‘llu

[/ 1nod

A-28



PRELIMINARY

prssam '3j0A2 snq Buo| = 3pOW I { SAWIIL ‘|RULIOU = 3POW JI £ SAWN $S3SING A QY 40 JAQWNU = | 'dOoy/| = |
13J3ym ‘su | H PPe ‘paieniut ale sdis AQY 4! U3yl ‘apow 3|9Ad snq Buoj 1 i su | ppY |
{31} SvO—
uw sU 0S5 woJyawiy pioH (‘3°L) Svd— OHY,
ajqeuy ssaippy
uiw SugGlL=(8LLi- 1) <0:G1>TVQ IXaN 03 ('31) SYH~— 304,
utw suQ ('3'L) SvJ— woyj dwi] ploH eleq peay a4,
ui SU 89§ = (GE + Lb) YIPIM 3sInd SYH— SvY,;
uiw SU16Z = (VT + 12) ('3'1) Svy— 01 3wtj dn 1S ((377) Id HSd,
i SuZ6l = (SL— A2Z) ('3'1) SYD— o18wij dn1ds ('37) Id 0S4,
xew SU 16 =(9L1— 12) PlIeA eleq peay 03 ('3°7) Id Qddy
i SUQ0S = (EE— 1Y) aun} ableydaid |d Hddy
uru SUQET = (LE— 12) UIpIM asing 14 didy
uiw suQlL ('3°L) SYQ— wos awi] pIoH Id OHdy
ajqeuy
uiw SUEG = (Ov— 1) $531pPY <0:(>1V X3U 01 {31} Id IV
xew U001 = {91~ 12) PieA <0 />ty uonduj 03 ('3 1) Id dSh
('31)1d
uiw suQ wouy dwi | PIoH <D:L>1V U0 Induy) dH1y
(371) Svy— o
ulw sugg = (8y— 1) awn) dn 18S ssauppy <0:51>1vd HSQ,
(37) 14 03
uiw SU 08t = (02— 1E) 8w dn 198 ssUPPY <0:51>1vQ dsqy
(37) Svd- o1
unu Su Gpe = (22— 12) awi] dn 19S s534pPY <0:GL>TvQ el e}
PlleA eieQ peay o1
xew SUQLS = (£GL— 19) awt) dn 19§ ss3ppy <0:§1>Tva adq,
('37) Svy— woy
e su gL = (gt— 1) awi] PO $s3Ippy <0:G1>T1va HHQ,
(371) Svo—
uiw suQ 01180} 4 553.pPpY<0:51>TVQ 340,
uiw SUEEL = 1 potiag bunesdQ 011X 171X 2ADy
31
uiw su 09¢€ = (Ov— LE) Sy~ 0l awr) 9N 18S ('371) SYO— ds0y
viw sugolL = (82— 1) (37} 1d 03 dwr] dn 3185 (1377) SYO— dS0,
xew su0ZZ = (081 1£) PlIeA &1eQq peay 03 {'3°1) SYO— aydy
uiw SU G6E = (5~ LE) awi) abieydaid SYO— Hddy
8|qeu] ssauppy
uhu SUGLL = (81— 1) <0:51>Tv@ xdu ol ('3'1) SYO— Elejely
uiw SUQLE = (06— LE) YIPIM 3sInd SYD— SV,
{'377) Syy— olawtj dn i8S
aw U 29E - (BE- 1E) P ww_gnAW%wuww“wuwu, 355 unw {su g9 - (89— 1) <D £>1V UO SS3IpPY MOY HSY,
utw suoLL = (€2- 1) awi] dn 1S (1377) <0>13S Wley 4%, {'371) SYQ— o18wiy dn 13§
urw Uz =(01+ 120 | 137 1d 0 awn] dn 19 (37) Svy— dSH, uw suoe <O:L>1V UG SSIUPPY UWNIOD | ISV,
v 37 SvI- ('377) Sy~ woiy 3w pioy
utw SugpL = (0L + 1) o1 awiy dn 198 ('37) SWH- s, e e 09T G%.mﬁwu_w ﬁoﬂwwmw o |
xew SuS0v - (BZL— 1y) PHEA F180 PEaY 01 £3 1) Sy - auH, unw SU06 = (E0— 1) <0:£>1v U0 SsapPY UWNIY | OHY,
un SU/pL =1{0Z1— 12) 8wl ableydaid Syy— Hdd, '371) 14 ©1 18014
(31)1d .
s sugl WOy awi] PIOH ('31) SYH— dHY, uw sugQ <0:{>1V U0 Ss3IppY Uwnjo) EL
XYW/ NIN JAD; 40 NOILONNS H4313WvHvd TOHWAS XYW/NIW JA0; 40 NOILONNA HIL3IWVHVd TO9NAS

- ——

A-29



PRELIMINARY

Z0Lr HN

] 1 TYNOILIAONOD

D (ECDD) (o
Q34ONDI

HHXH LNdN1

aNvA
DA g 7vam
QIMVAN!
XA
QITvA

LINVAITIHY) = X

H31SI934 300N

AU dlweukq 1g-91 G-V

angig

'SNOILIVSNVHL JLIHM 38 O1 G3WNSSY IV SNOILOVSNYH L ONIMOTTOS ONV SNOIAIHd 3HL «
‘NOILOVSNYHL IHL LNOHDNOYHL 01 Q3LHISSY 3¥V | 13SANY 013S 1L 3LON

"1 310N <0°1>13S

.Q3AV130
m M/
SHM—/8
ISy
TVWHON
dWN, " aIm—/y
dSN,y SHM—/d
dSmy — HINN,
~o]  fe—0Hd, —e| GMO; j4—
l SN, 1d
Hdd,
d4V) —4] ja-
NSd, daM;—H — —¥ j—0sw
le— dHN, —] didy dsa,y
dHM,——o
Qluxz,lltm e—dSly—e | | fa-1OHVY, sy
0Sd; 41— 4SO} —o
ke—1— OHM, SV Yd0,
°S0; 950 —
HHY
6m:2,ﬁ Sd; T.w-llumx_,|0 SV~ k svu
te— dHY, dSH,
le—OH Y, Y HA; —] E_E|a_
le—HHM, Svy, le— HSN; o]
— le—dH1; [ | amy, te—H50,
I 1S3nD3Y vwa -M vvvvvvv 'HOQV 100 $S349aQV MO AAAAA <0:L>IV
1NO viva AAA.VVV SERT Y l <0:51>1va

W’l’ 1Nd1INO 3118Mm

E

o
NOILOVSNYH L 3LIHM NdD

s$s3yaav m._._x>>||u

]+

I 1N02

A-30



PRELIMINARY

G8SS HW
*30A2 sng Buo| = apoL JI p SaWI] ‘[BWIOU = 3poW J! £ sawil sasind A QY 40 JequInu = K ‘doy/| = |
1218YMm ‘su | M PP ‘paieiiiug ase sdils AQH § Usy) ‘apow 324 snq Buo| ut 4 su | ppY i
, ("3'1) MVY 3pol pahelag
utw suQL 10 {'3°1) SYD— Wouy aun ] PloH |d OHdy
{37) Svu—
uIw UGG = (84~ L) 013w) dn 195 WH 3POW [ewIoN HSNy
(3 d
uiw U GGE = (Gh— LE) 01 8wl | dn 135 MY PO lewIoN dSNy
(37 svo-
unw SUQEZ = (LE— 12) 01 3w L dn 135 MY PO (eWION SN,
pleA eleQ peay
xew suBLG = (8¥L— LG) 01 3w ] dn 135 MY 9POW lewoN QuN,
usw sup awi| A1anoday AVY PO |euliON YNy
uiw su gL = (99— 19) UIPIM 35INd W PO [ewION dINN
(1) Svy-
unw su Gz = (801~ 1) WOy 3wt} PIOH M/Y PO JewioN HHN,
(31 1d
uiw SU 06 = (Ev— 1) woiy swiy PIOH WY 3POW lewIoN dHNy
(31 Svi— woy unw su 0L = (g - 1) woly awt] PlOH WY mmwﬁv_mm_ﬂww IHN
. ! = (e~ ! M 1
s Ust=Bti- 1) SULL PIOH <§:G1L>TVS 10 B1Eq 2iM | HHM, xew su Q0L = (91— 12) PIEA <0:£>1V UG Induy 01 ('37) I Sl
(31w (31 id
PPOW paAelaq 1o ['F'L) SO woy utw suQ wi01y 3W | PIOH <0 £3>|V U0 Indu| dHly
unw su GOL = (82— 1) 3Wi | PIOH <B:G1>TVS 10 Bleq aMim OHM, 37 Svi—
L SUZE - (BE~ LE) | WP ASING <0>13S 358 uw sugg= (g~ 1) | O3 ewildn 19§ $SaIPPY <0:G1>TVA ySQy
(37 1d
31) Sy~ 01 sy uiw su 08€ = (0Z— 1£) 01 8wty dn 18§ $S3IPPY Aw%rvuﬂ«m dsQy
U SUEYZ = (EC— 12) dn 18 (1377} <0> 73S Vo YING H4s, apoy paAejaQ 10 (31) SYO—
U SULLZ = (0L + 12) {371 Id 03 3witL AN 39S ('377) SYH- dS¥9; U su vz = (gg~ 12) o1 awi | dn 198 $521PPY <0:G1>TVA 0sq,
('3"1) W 2po paAejaq 4o ('3) piieA e1eQ peay
ulw SUEYL = (01 + 1) Sv3J— 018wl dn18s (377} Svy-— 0sH, xew SUQLG = (/GL— 1G) o3 8w dpy 198 $$31PPY <0:G1>TVA ayaq,
xew SU GOV = (8Z1— 1) PlleA B1BQ PEAY 01 ('37) SYH— ayy, (37) SYH—
U su bl = {0Zi— 12) 3w ] sb1eydald SYH— Hdy, ulw su 1z = (21— 1) wouy awit) POy $$3IPPY <0:G1>1va HHO,
uiw suQL ("3 L) 1d wouy aw1j PloH ('3'L) SyH— dHY, '371) WY PO [ew.oN
{'3°L] WY PO pahei2q 20 (3'1) uw SubZ = (02— 12) | Woly awiL PO SS8IPPY <0:G1>TVA NHQ,
uw su 0g SVO— wosy Wi PIoH ('3°L) SYH— OHY, ('377) M/H 9POW paAerag 10 (31
21qeu3 ss91ppy unw sug SvD— 0l ieol4 $saIpPY <0:G1>Tva 24q,
ulw SUGL = (8L1— 1) <0:GI>TVQ IXau 01 ('3°1) SYH— 304, uiw SUEEL = 1 potiag Bunessd 011X ‘LT1LX A,
{'3°L) MY 8POW paAe|aQ 40 ('3'L) (3'1) sSvy—
ulw sugQ SYJ— woyy awil | pIoY e1eQ pesy JQY, ujw su 09 = (0p— LE) olaun) dn1es ('37) SYI— 4SO,
i SU 896 = (GE + LY) UIPIM 38ind SYH— SVHy {'371) 14 02 8wy dn 39S ('371)
unw SuL8Z = (Yi- 12) ('3'1) SYH— 01 awt] dn 188 ('377) Id HSd; utw sUGoL = (82— 1) WVH 3POW paAejaq 4o ('371) SYI~ ds0;
(3L w plieA eieQ peay o3 ('371)
U SUOLE = (06— LE) apoy jewaon ol awi] dn 39S ('37) id NSdy xew su0ZZ = (08L— L€) M/H 3pOW paAelaQ 10 (371} SYO— ayoy
('3'L) WH 2poW pakelaq Jo unw SUGBE = (G- 1€) - aun | 961eydRIg SYO— HdD,
Ui SUZ6lL = (67— 12) ('3'1) SYO~— 01 aunl dn 138 ('3 Id JSdy ajqeuy
xeus SU L6 = (91— 12) PlleA eieQ peay 03 {'31) id QYdy $$aIpPY <0:G1>TvQg 1Xau 01 ('3°1)
urw SUOQG = (EE— L) awn | abieyoaid Id Hdd, ulw SUGLL = (81— 1) M/ 3POW paARIaq 40 ('3°1) SYO— 3ao,
uw U 0zZ = (Lh— 12) UIPIM 35INd 14 dldy uiw SUQLE = (06— LE) YIPIM 35INd SYO~ SV,
XVW/NIN | OAD, 40 NOILONNA CEVEL A TO8WAS XYW/NIN | DAy 40 NOILONNS H3ILIWVHVYd TOSWAS

A-33



PRELIMINARY

8040 9N

UM ONEIS NG-§  L-v iy

LNVAITIHYI =X

"SNOILOVSNVHL IL(4M 38 OL JIWNSSY IHY SNOILOVSNVHL ONIMOTT104 ONY SNOIA3HG FHL 4

1NN
XX an MOd — 0 “ISNOILOVSNVHL Z) ILIUM OHOM V St NMOHS ‘¢ 310N
A L "HOL34 NOLLONYISNI NV SI NOILOVSNVYL ILIMM IHL 41 "JTOW Nt NI ATNO AILHISSY £ 3LON
YT o wonowianos YT 1NdlNo - 'NOILOVSNVHL IHL LNOHDNOHHL 01 GILYISSY UV £13S ANV 0135 :Z ILON
Ehha v GITvANI ¥315193Y "NOILOVSNYHL 3HL LNOHONOYHL IH Q3143ISSY S1 GHM— /4 °| 3LON
LNdNI ) ineno 300w
XX a3yonol arvA 2 3LON <0/ 1>138
a3aAviag
\ (LM-) 8IM-/Y
dIWN,
, \ TYWHON
SN
/l\ ! (LM-) §TM—/H
HIAN, —
I8N,
dSMy NHG, o e OHg, —w  |e—amo,
|
_m m id
-
o daMy —p e [P
NSd) , didy asa,
F HdD, Svo—
450 3
[e—dSD; —t o
05dy 250, la OHM, i
te— OHN; —] asmy —of | lo—0Hy, <
—»{ & dHY, dSly
I HSdy Svu-
a5H,
¥SD, svy,
dSH,—{ fe—¥SQ; —
et HN, [+ HSNy = —] 24q, Y '
le-tiHM, usm, amy, Ydi, po—— 1T —f
i
dHI; —» p—
y v1va 3LAS 1H AAA’VVV SS3HAQY 40 3LA8 01 Viva 31A8 O1 $S38QAY 40 3LA8 O1 x <0:£>1va
1 1
SSIHAQV 40 3LAE IH <B:SL>VS
x $$3HAAV 30 3LAE IH v S

/

/

v/

SS3IHAGY 3L1ym

_l ole
1NdiN0 ILIgMm bt
[¢] El
{3LAE IH) NOILOVSNYYL ILIHM NdD:

(31A8 O7) NOILOVSNVYYL 31I4M NdD

, \ 1noo
1NdINO 3118Mm |||'T|l|mwwzco< Jitum



PRELIMINARY

9855 HW
#5Ind AQVIY YO8 104 LY PPY °Z
‘3]9A% snQ BUO| = 3POW §I  SAWIL {BLLIOU = 3POW I £ SaWNL $asind A QY 40 43QWNU = K 'dOy/§ = |
1013UM 'SU | H Ppe ‘palelliut a4k s3IS AQY §! UaUL "3pow 9|34 snq buoj ui j1su | ppY :|
A.vaEm apo peAela(] 1o
uiw su g6l = (5L~ 12) {'3'1) SvD—orawt) dnids {'377) Id JS4d;
ulw suQ0G = (€€~ 1Y) awiy abieyoald Id Hdd;
uiw sU0ZZ = (LY~ L2} YIpIMm asingd Id didy
('3'1) WY 3PON paielaQ
uw su 0l 10 ("3'1) S¥D— woljawl] PIoH id OHdy
(371) Svy—
i suU§G = {8/~ 1) O3} awi] dn 12S WY 3POW [BwWION HSN;
(37 1d
ui Su GSE = (Gv— 1E) 01 awi) dn 18S WWH PO [eWwIoN dSN
(37} Svo—
uw SUQEZ = (LE— 12) 013w ) dn 135S WY PO [BWION JSN;
ulw suQ 3w j AJBA0O3Y MY 3POW |BWION HAN,
i sUYEL = (99~ 19) UIPIM 3sINd W/H 2POIN [BWION dAIN;
(3'1) Svy—
Ui Su GZ = {801~ 1} woiyawi] PIOH WH 3POIN |etwION HHN;
31)1d
ulw sU 06 = {EP— 1) wouy awi] PIOH M/H 3PON JewIoN dHN,
(31)Svo—
ulw su 10l = (28— L) WoJy Wi PIOH WY 3POIN (et IoN OHN;
xew SU Q0L = {£91L— 12} PUBA <0:/>(V U0 Induj 03 ('371) I4 dSly
€3°1) 1d
uiw sug wouy awi] PIoH <0: >V U0 Induj dHiy
ulw U GYE = (G5~ LE) ('3'1) SvyHd— 01 auny dn 195 eieQ alum HSM; Z {37 Swy-—
utw SU06Z = (0L~ LE) ('3°L) td 01 3w} dN 198G e1eQ AUIM dSMy 4 uiw SuGg = (8p— L} 03 3w | dn 185 $SA4PPY <0:Gi>Tva 4SO,
ulw SU 0GZ = (0§51 LE) ('3'1) SyO— 01 awi| dn 19 eieq aIMm ISMy A 3 id
('3'1) Syy— woy uiw Su 08E = (02— LE) 0} 3w} dn 18S $S3IPPY <0:GI>TVQ dSQ,
u sigl=1(81i— 1) awi] ptoH <8:G1>71v§s 10 eieg M HHM, 3wy
unu su G = (88— L) ('371) 14 Woyy 3wl PIOH eleq allim dHMy apo paAela@ 10 ('31) SYO—
(31w uiw su Gz = (22— AZ) ol aun| dn 195 SSa4PPY <0:GL>Tvd 0sQ,
2pOW paAeaQ 4o ('3°1) SYO— woy ('1377) Svy~ woy
uiw suG01 = (82— L) sut] ploH <8:G1>TVS 10 B1eQ LM OHMy uw suizL=(zl— 1) awil] pjoH ssaippy <0:G1>T1vA HHOy
utw su g = (€8~ 1) ('377) 1d 03 aust} dn 1S eleQ AlIM dam ('3771) WH 3pop |ewJoN woy
xew suUpLZ = (v + 12) P!EBA 212G 814M O3 ('3} SYH— OMY,y uiw SU /2 = (02— 12) 3wl ] PIoH $$3ippY <0:G1>Tvd NHQ,
ui SULLZ=1{0L + L2) ('377) 14 03 8wl dN 39S {'371) SYH— dSH, '377) WH 3pOIN pPaAelaqQ 4o ('37)

{('377) WY 2pow pahejag 10 ('3°3) uiw suo Sv3— 011e0|4 ssaippy <0:5L>TTva 240y
urw sugpl = (0L + 1) SyD— 03 8w dn 195 ('377) SYH- oSH, uiw SUEEL = L polag buiiessd 011X 114X JAD;
wwi su /) = (0ZL— L2Z) awr) abieyoald SYH— HdY, PiieA eieQ alIm 01 '3°1)
urw su g} ('3°1) Id WOy dwI) PIOoH ('F'L) SYY— dHY) xew su 08 WY 3pop paAejaqg 40 ('3°1) SV amo,

('3'1) WH 2POW pahejag Jo ('3°1) {(3L) Svd—
uiw su 0g SVO— Wwoiy awif PIoH {3'L) SYH— OHY, uiw su 09€ = (Ov— LE) 01 awit dn 39S ('371) SVI— 4S80,
ulw SU89G = (GE + 1Y) UIpIM 8s|nd SYH— SV, l (371 1d 038wl dn38s (1371)
ul SU 18T = (Pl— LZ) ('3°1) Svyy— 018wl dn 18S (377} Id HSd; L uiw su GOl = (82— 1) MY 3po pahejag o ('I71) SYO— dS0,

('3°1) W/d 8spon uw SUGBE = (§— 1E) awi| abieydald SYO— HdO,
uiw suQLE = (06— LE) [ewsion 01 8wl dn 39S ((37T) Id NSd, A ulw SU 0Lt = (06— 1E) YIpIM 3sing SYO— SV,
XVW/NIW JAD; 40 NOILONNA 4313INVHVYd TOdWAS XYWN/NIN JAD, 40 NOILONN 4 H313WVHVYd TOINRAS

A-35



PRELIMINARY

SOl HW

D G G
artva

peay stweukq ug-y  §-v undyy

LNVAII3HYI =X

€ 310N
Z 310N
013

Q3AvVI3Q
{QY-)gHM—/d

IYWHON
(Qy—) BHM—/Y

Svo-

Svyd-

<O v

<0:/>7va

MO1=0
e . J MO = 1 SNOILOVSNVH L Ov3Y 38 OL IWNSSY I8V SNOILOVSNYHL DNIMOTT04 ONY SNOIATHA 3HL «
e 7 wnowionos YT GIVAN 43151934 (SNOILOVSNVHL GV3t Z) QVIY GYOM Y S| NMOHS v 3LON
a0 HOL134 NOILONYLSNI NV SI NOILOVSNYHL Ov3H 41 'SIAOW b8 NI ATNO GILHISSY '€ ILON
PLEECDD) (QwA X tetno NOILOVSNVHL 3HL LNOHONOUHL 01 Q3LYISSY §I 1 135 -2 ILON
G3HOND anva NOILOVSNYHL 3HL LNOHONOYHL IH A3LH3ISSY SI8IM—/H L 3LON
-
!
385, h%
l'lxmmuL
| |
4,1\ dWN, r \
H
[wHHN~ BN, —
A&:z_!t_ NHQ, le—OHa, auN,
X N le-tSN, X /
4o,
SvD, le—3vdy —f
NSd; Hdd; didy 45a,
ey dHI [
1300, d4v) —4
284, ke300, Ia‘ N
le—dSi, —{ [* 74501
ld—Qtidy—e{ | —§ oMY, [4—
fe-00 ) -»] dHY, Q9 | [*05Vv1 4
250, kMY, JED N N FTeR
dSH,;
¥Sd, Py
P | uso, N Swi
{ol 308, |or ayy, le— 4S50, —o
HHO;
le—Hddd, _ulx.._(.li _ome.'_
1530034 \ 153ND3Y
B0 (@) ) s ) (AR X e |
LI 1
ayaq,
\é@ VivQ 3LAE H vvvvvvvvvvvvvvvvvvx $S3HOAY 40 31A8 01 v1iva 3LA8 O1 vvvvvvvvvvvvvvvvvvl SS3¥AQV 40 3LAB O
!
HHM;
o —

\x §S3HAAY 40 3LA8 IH

SS3HAAY 40 31AB IH

/

1NdNt dez'||+|mwwmoc< av3y

{3LA8 IK) NOILOVSNYHL Qv3H NdD

/

/

ol

1NdNI Qv3y
o

(31A8 07) NOILOVSNVYH L QVv3d NdD

§S34AAV Qv3y

—

T x

<B:GI1>TvS
<8:61>Tva

1inoo

A-36



PRELIMINARY

£8555W
‘pajuelb aie sa|DAD WING 3IdHINW 1 I € PPY £
‘asind AQv3d Yoes U0y | b PPY 1T
*a9 A2 $nQ BUO| = APOW }I { S8WII] '|RWIOU = 3POW 4! £ S8l $35INd AQY 4O JAQWINU = 4 ‘GOy/| = |
18J0YM ‘su | H PPe ‘paielliul aie sdifs AQH $! Uayl ‘spow 89Ad snq Buoj ui y1su | ppY i
plleA eieq peay
xew SUBLSG = (8VL— LS) o1 aw ) dn 18S WY PO [BwION auN,
uw su O awy >_w>8wm >>\m PO |BUSION EEZu
ulw supel = (99— 19) YIpIpm asind M,E PO [BW.ION dWN,
('3'4) Svd-—
ulw SuU Gz = (801— 1) wiouy 3wl | ploH W H 3POW |BWION HHN;
(3L} 1d
ulw suzil =(1z— 1) wouy auwi| PIOH MW/ H 3POW 1BWION dHN,
xew SU Q0L = {£91— 12) PIEA <O:L>IV U0 Indu) 03 ('3 Id dsly
(3'1)1d
ulw suQ Wouy awi | PIOH<O:L> |V U0 Induy dH!Yy
('37) Svy-—
ulw suGg = (8y— 1) 01 awi | dn 19g $s3IPPY <0:G1>Tvd 4sQ,
{('3'1) Svy— woy 37 14
ulus SUGL = (BLL— 1) aWl] PIOH <8:G1L>TVS 40 2leq 1M HHMy uiw su0ge = (02— LE) 013wt dn i8S ssauppy <0'S1>1va dSQ,;
31wy (37 wy
apo pake|aq 10 ('3'L) SyD— Woly apo pakejaQ 10 ('3'7) SYO—
ulw suGOY = (82— 1) 3W1] PIOH <8:GL>TVS 40 e1eg a1um OHM, U sUGpZ = (22— L2) 018wl dn 1S $594PPY <0:GL>TvA 250,
ulw SU Z9E = (8E— LE) UIPIM 3SINd <0>>13S 4SS, PlieA eieQ peay
('37) syy—o1 Xeus SUQLS = (/GL— 1§) 01 8wy dn 39S $s3UpPY <0:51>1va ayaq,
uiw SUEYZ = {£2—12) awi) dn 18S ('371) <0>13S U0 YING EERS ('37) Svd—
vl SU /12 = (0L + 12} (37) 1d oy aw) dn i8S ((377) Svd— dSH,y vl su gL =1(Z1— 1) WwoJ} AWl | PIOH SSAIPPY <0:61>TvA HHA,
("3'71) M/d Bpow paAejaqg 10 {'3° 1) ('1377) W 3POW ewioN
uiw sugpl = {01 + 1) Svo— 01 8wl dn 198 ('31) SvH- oSH, uiw su/pZ = (02— L2) wouy awi | pioH $s8IppY <0:51>1va NHGy
Xetu SU GOV = (8ZL— L1b) plieA e18(] PRaY O ('3} SYH— Qdd, ('3} WY PO PaAeaQ 10 (377)
uw sU Lyl = (0ZL— L2) aw! | abieyoald Sy H— Hdby v sU0 SYO— 01 180|4 $SaIPPY <0:§1>7vd 4Gy
utw SUOL | (371) Id woupaw!) PIOH ('3'L) SYH— dHY, ww SUEEL = L poisad BuilessdQ 071 LX “LILX JADy
("3°L) Wd apopy paAejag o ('3°1) (3'1) Svy—
ulw 5uU 0§ SYO— woiy 3wi] PIOH {'3°L) SVH— OHY, ulw su 09€ = (Ov— LE) o1awt] dn 39S ('37) SYO— 480y
31qeu3 ssaippy ('377) Id oy Wiy dn =S (1377)
uw sugl = {glL—1) <0:GI>TVQ 1Xau 01 ('3°L) SvH— 30y, uiw su G0l = (82— L) MY 3poW paAe|aqQ 1o ('377) SYO— dSDy
('3'1) WH 3po paheiaQ 1o ('3'1) pileA eieQ peay 01 (371}
utw suQ SyD— Wouy awi| PoH eleq peay 0ay, xew sUQZZ = (081 — L£) MY POy PaABIRQ 10 ('37) SYO— ayo,
Ul SU89G = (GE + LY) YIPIM 38iNd SYH— SV, utw sU GBE = (G— LE) - aw | abieyoalg SyO— HdDy
Ul SUL8C - (vl LE) ('3'1) Svyy— 018wt dn 1S ((371) Id HSdy a|gqeuy ssaippy
{'3'L) wH <0:G1>1vQ Xau 01 {'3])
uw SUOLE = (06— LE) | 2popy [ewloN 03 awi) dn 188 ('37) Id NSdy uw SugGllL =(8i— 1) WY apo paAetaQ 4o {'3°1) SYO— 300
('3'1) M/H apop pakejaq 1o ulw SUQLE = (06— LE) YIPIM 3sind SYO— SV0,
utw SUZBL = (62— 12) ('3'L) S¥2— 01 8wi] dn 185 (371} 1d 0Sd; ('31) Syy— oy 8w | dniss
xew SU LG = (9¢1- 12) plieA e1eQ peay o {'371) Id add, uiw su0§ = (€8~ 1) <0:L>>|V UO $521pPY MOy HSv,
utw SU 00§ = (£€— Lb) aurt] abieydald 1d Hdd; ('377) syD— 013wt dn g
utut su0ge - (- 12) WIPIM 38INd 1d dldy utw suoz <0:£>|V U0 $531pPY UWN|0) 25Y;
{'3'1) WY PO PaAeaQ {'377) SYY— wouy awi] pjoH
utw suQl 10 ('3°1) SYD~ Woiy Wi} PIOH Id DHdy utw sugL = {09~ 1) <0:L>1V U0 S5aUpPY Moy YHY,
8|qeu3 ssalppy ('3'71) SYD— wo4y dwi] ploH
ww SUEG = (0v— L) <O:L>I1Y XU 01 ("F'1) Id Ivd; uiw su Q6 = (Ev— 1) <0:£>1Y UO $$3IPPY UWN|OD JHY,
(371 Svd— {'3"71) Id 011014
Ut SUGG = (87— 1) 013wl dn 125 WY PO |BLION HSNy utw U0 <QiL>1V UO $531pPY UWIN|o) ddvy
XVW/NIW OAD, 40 NOILONNS H31IWVHVd TOEWAS XVW/NIW JAD,; 40 NOILONNA H3I1IWVHVYd TOGWAS

A-37



PRELIMINARY

oM olweudq Ng-g  6-V 21ndig

9040 BN

1 G G LNVA3T3HYI = X
anva MOT = 0 SNOILOVSNYHL 3LI14M 38 OL AIWNSSY 34V SNOILOVSNVHL ONIMOT 104 ANV SNOIAIHA IHL «
TN UNOILIONGS MXEMMMXN 1Nd1NO HDIH = 1 (SNOILOVSNVHL Z) ALIYM QHOM V S| NMOHS ¥ 3LON
L — .- QITYANY $3L5193Y HOL34 NOILONYLSNI NV S| NOILOVSNYHL JLIHM FHL 4) SIAOW N¥8 NI ATNO Q3LHASSY € 3LON
300W NOILOVSNYHL JHL LNOHONOHHL 01 031HISSY IWY L 1ISANV 0135 :Z JLON

DO qauoner  XC "Gihon
a34ONDI anvA

NOILIVSNVYYL IHL 1NOHONOYHL IH G31H3SSV SI 8HM/H 11 310N

Z 310N <0:t>13S

m m N .M_ gaaviaa
(LM 8TM-/8
dIN,
4SN TYWHON
= (LM} gIM-/H
HINN, —
dSMy SN,
NHQO, te— OHd,
] | .
le—dHN, 14
[*T—dHM, dOM; —  pe—
NSd Hdd
} ' fo—3vd,—e] didy 450,
/ )
le—— 9HN; SV, HdO! y SvD- P
]
le—ds0.
084y 250, - dHIy ¥ <
leT—— OHM, oSMy T [*—OHY,; OHV);
amoy —e e Lo fo-dHy, dSly —e j— o5V, |
HSdy _ —e f— 040y Svy-
—~ v a5,
4SO, SwHy t
YN, SN, Mmﬂwlpo [e—HSQy—
fe- HHM, HSM, amd, Hddy ﬁmxoul P HSY) -
() S S ) (e ))) | .
X
I
M V1VGQ 3LAS IH AAA’VVV SS3HAQY 40 3148 O1 v1vd 3LA8 O1 SS3IHAQY 40 3LAE O l <0:>1va
l
<B:51>7
SSIHAQY 40 3LAE H SS34AQY 40 31A8 IH >1v8
<@:51>Tva
1 1

, \ , \ , \ , \ 1no2
TI'PD&.—DO w.:w:sll'TIlwwwmn_O( ESRE-TV) INdlNO 311aMm ‘—r SSIHAAY ILiHM

[ (3LAGTH) NOILOVSNYHL 3118M NdD (31A8 O7) NOLLOVSNVHL 3114MNdD




MINARY

PRELI

P8SS-HW

“8J9A2 snq BuO| = 3pOW }  SAWI] ‘|RWIOU = 3POW JI € S3WIL Sasind AQY 30 Jaquinu = 4 ‘'doy/| = |
:a18ym ‘su | (H ppe ‘palentul aue sdiis AQY § uayl 'apous 3)dA0 snq Buo| uj 4l su | ppy
31 uiw SUpEL = (99— 19) UIPIM 35INd M/H 3POW |EuLION dWN,y

uw su GvE = (56— 1€) Syy— 01 swi dn 185 e1eQ A IM uSM, (3°L) SYH— wouy
ulw SUQ06Z = (0LL— 1€} ("3°L) 1d 03 dwi} dn 18S IR 31liM dSMy uw sugz = (80L— L) awi| PIOH M/ Y 2POW |ewiioN HHNy

3 a1 1dwoy
ulw su0SZ = (051~ 1€) SYO— 01 8wij dn 13 eleg M osmMy uiw su Q6 = (Eb— 1) awil) PIOH WY 2POW 1ewLioN dHNy

(3°L) Svyd— woyawi] T3°1) SYO— woy
uw sugL=(g8Ll—1) PIOH <8:GL> VS 40 e1eQ 3lLipM HHM, uw su 101 = {28~ 1} aWwi| PIOH M/Y 3POW IBWION OHN,

(3114 T plieA <01 1V
v su sy = (88— 1) 101} BWLL PIOH E180 2iliM dHM, xew su 001 = (£91~ 12} uo Indu| 03 ('3"7) 1d dshy

(‘3'L) WY @pojy pahejaQg (3L} I1d woy
10 ('374) SYO— Wod awil uiw suQ awi) PIOH <0:£> 1V O Indu) dHly

ulw sugoL = (82— 1) PIOH <8:G1>> VS 10 eieQ allip JHMy ('371) Svy— ol awit)
371} id & uiw su 68 = (8y— L) dn 39§ s5a4ppY <0:51> 1vQ 450,

ulw suQs = (€8— 1) 0} 3w} dn 189S B1eQ 3IIM daM; ('371) Idorawt}
xew SU0LZ = ¥+ 12) pleA e1eQ 11U 01 ('37]) SYH— amy, ulw Su 08t = (02— L€) dn 39S s5auppY <0:51> 1va dsa,

(37 id '371) WY 3pow paietaq

utw Su £/Z = {01 + 1Z) o1awi) dn i8S {1377) SYy-— dSH, 40 ("'37) SvO— ol awi]
(371} WY apoy pakejag o ((37) utw Su Gy = (22— 12) ¢ 125 ssaippy <0:51>Tva oSy

utw sugyl = (0L + 1) SyD— o1 awiy dn 198 (‘37 SYH- 384y ('377) Svd— woy
utw su (L = (0ZL— 12} awi | abieyoaid Sy H— ddY, ulw su Lzl =(ZL— 1) 3wl ] p|oH ssaIppyY <0:GL>Tvd HHO,

' (3L d (377) WY 3POI |ewsON Wwoly
uiw suQl woly swi] PIoH {'3°L) SYH— dHY, ulw suU /yZ = (02— 12) awi] pioH ssa.ppy <0:G1>1vd NHQ,

{("3'1) WY spo paAejaq 1o (L) (37 Wy

uw su0G | SyD— Wosjswil PIOH ('3 L) SYH— OHY, apo paAelag 10 ('371) Sy~
ut SUB9G = (GE + 1v) YIPIM 38INd SYH— SvH, uia sugQ 01 3e0|4 $534ppyY<D:GL>Tva J34Qy
(3L)SvH— vlw SUEEL =1 potiad Buniessd 014X “LILX JAD,

s SuUi8Z = (¥l L2) olswi] dn18S (31} Id HSdy PlieA €1eQ 31M 01 ('37F) WH
{3°1) Wwd spoy xew su 08 3poiN paAeaqg 10 ('37T) SYI— amo,

ulu SUQLE = (06— LE) Jew.oN o1 awlj dN 185 ('3 ) 14 NSdy ('3°1) SvH—
(‘3'L) WY 2PON paAejaQ Jo ('3°1) un SuU 09g = (OY— L£) 01 auw] dn 1S ((371) SYO— Y8,

ww sugel = (64— 12) SvO— o1aun] dn3ss ((37) Id JSdy (1377) 1d 03wty dn 39S ('3°1) w
ulw SU 006G = (EE— 1) awi | abieydalg id Hdd, utw sSuUGgol = (82— 1) apoy paAetaQ 40 ('3} SYO— dSy
Ui sUQ0ZZ = (Lb— 12) UIpIM 35ind Id didy Ul SU G6E = (§— iE) awil] abieydald SYD— 4d0y
: ('3°L) M/ 3poi peheraq 10 uw SUQLE = (06— 1€) YIPIM 3sind SYI— SvO,

utus suQlL {'3'L) SHO— Woly awi] PIOH Id OHdy (377} Svy— 018wt} dnag
ajgqeuy ssaippy Hw suQ§ = (€8— 1) <0'{>1V U0 ssauppy moy dSv;

Ut suge = (0v— L) <0> IV IXAN O ((F' 1) id Ivdy ('377) SyD— o1 8wt dn 185
{37 svy—a uiw su oz <0:{>1V U0 ssaippy uwnjoy oSV,

uiw sugg = (8L~ 1) auwi ] dn 135 M/H 2POW (BwoN HSN, ('371) SvH~— woiy 3w | ploH
- {371)1d o3 ulw SUEL = (09— 1) <0'{>1V U0 5531pPpY moy HHY,

utw SU GGE = (Gp— LE) auit| dM 195 WH PO (ew ioN dSNy ('371) SYO-— Wwouy awt | ploH
T3 svo- o uiw SUQ6 = (ey— 1) <0:£>1V UO Ssaippy uwinjo) JHvY,

Ui SUQEZ = (LE— 12) awiy dn 13S M/H SPO 1w iON OSNy {'3'1) 1d 0118014
ulw suQ awi) AJBAGSaY M/H 3POW |BULION HIAN, uw suQ <0:1{>>|V U0 $531ppY uWn|o) ddv,
XYW/NIW JAD; 40 NOILONNJ H313IWVHVd TO8WAS XVW/NIW OAJ; 30 NOLLONN S H4I13INVHVYd TO8BWAS

A-39



PRELIMINARY

60LY HW

ampmmm—- -

i t YNOILIONOD

DT g390ms:

Q3IHONDE
T Gin
anva

D) LN (Qerltonts

ANMvANI

XX e

anva

INVAITIIHYI = X

MOT = 0
HOIH = 1

0 i 8 6 0© It
43181934 300W

ysaydy 01l-v ondiy

"LN3ISIHd SAYMTY (G0} ISYHJ ONIWIL VHIX3 9 JLON

'103443 ONSVYH AQv3d ‘S 3LON

"3Q0W P9 NI 01 GILHISSY 'FIAOW M9L/v NI 1H QFLY3ISSY 0 135S ¥ JLON

'Y1vd AIHOLYT ISV IHL SNIVINQD € JLION
'NOILOVSNVYHL 3HL LNOHODNOYHL 07 d31H3SSY 2 ILON
NOILOVSNVHL IHL LNOHONOHHL 1H 03143SSY ‘1 310N

EEER

S$S3YQQV HS3Y43H

Z3ILON L3S

07138

L 3LON 89M—/d
1 310N 8HM—/H
Z 310N id
1 310N SVYo—

\ Svu—

<O:UL>Iv

HHV

v, —]

ACRECCeCccecciccccommmmmm) (Gt

Je———————~NOILOVSNVY L HSIH 43I ———————————]

I \ <9 310N>

/ 1n02

A-40



PRELIMINARY

[2-3--3 1,

('3°1) Syd— wo4y awi) ploH

utw oL={gz1—1) ('3'1) <0>713S v0 193G ysanay 4HS,
(1377) Syy— 013wy dn 135

uiu sugLL = (gz—1) (377} <0>138 uo 183G ysayay Hd4,
YIPIMm 3sing

uw SUELS = (02— L) <0>73S U0 13jag ysalay dSd,;

ulw SU ZOE = (GE + 12) UIPIM 8sind SV H — Usalyay dddy

o SUEEL = 1 potiad Sunessd 011X “LILX I
(377} Sy~ woij 3wl ploH

utw €L=(09—1) <0:£>1V U0 ssaippy Lsalay HHY,
('377) Syd— 01 2wl dn 1ag

ulw su 0§ = (€8~ L} <0Q:/[>|V U0 ssaippy ysayay 4Sv,

XVW/NIW OAD; 40 NOILONNA H3IL3WVHVYd TO4WAS

A-41



PRELIMINARY

oLLrHW

v 1 TVYNOILIONOD

DA g3uoms:

(G3YOND!
ANdNI
anva

DY L)), LQPrltont¥
QITVYANI
X T

arva

INVAITIIYHI =X

0 t 8 6 0L LL
H3LSI938 J00W

uondBSUBIY Y IVI

11-V 24n314

AN3S3Hd SAVMIY {Q0) 3SVHA ONIWIL VHIX3 £ JLON

(1NdLNO) ¥LVQ GIHILVYT ATSNOIAIYC SNIVINOD 9 10N
NOILOVSNVHEL IHL LNOHONOYHL A3YONDI ONV 03LViSIHL G 3ILON
Q31Y3SSY SYM <S>1V 41 VLVQ HOLO3A SAVIH <1:4>TvQ ‘¢ ILON
IDAITMONIOV DHI ONIHNG <L:S>IV WO GIHOLVYT ViVA DHI IHL SINGLNO <8:71>T1vA € 3LON
NOILOVSNVY L 3HL LNOHONOYHL 01 G31H3ISSY T 310N
NOILOVSNYHL IHL LNOHONOYHL IH O31H3ISSY 1 310N

——

HdS;
w. 4SO
SHYy . [ et Y, o]
ﬁfwoz, Em—" ) ]
[~ mxwau auy—d [0
oS, a1 ot 14 o
— le—Sa%,; as

T oo

1))

V1vQ 1S3N0D3AY LdNUYILNG

, \ <L 3LON>

Je————————NOILOVSNVHL YoV I—————————f

§ 310N <o>1va
9 3LON <EL:SI>TVva

IOV}
133s

Z 310N 013s
L 310N 8IM—/d
L 310N SHM— /Y
¢ 310N Id
1 310N SVo—

Svy—

9 3LON <V >V

¥ 310N <1:>va

€ 3LON <8:ZT1>Tva

1noo

A-42



PRELIMINARY

8855 HW

'aj2 A2 sNq BUO| = BpOWs JI p SBWIIL ‘JRLUIOL = BPOU I £ SaWH] sasind A QY JO Jaquinu = H ‘doy/| = §

1819YMm ‘su | L H ppe ‘paretiiug due sdijs AQY 4 UYL ‘apows 3joA3 sNq BUOj Ut §I SU | PPV (|

3wit] Aanooay

uu Sugel = (1) <1>73§ U0 033S YA 10 NIVI uds,
{31} <1>73§ uo Wajeg

ww su gy SOV woiy auni PIoH ('3'L) SYH— SHY,
a|qeuy ssaippy

utw sugl=(8lL— 1) <0:G1>7VQ 130 03 ('T'L) Svh— gy,

utw su ¥EE = (99— 1E) UIPIM 38INd <1>T3S e 9138 MOV dSH,
PHEA <Z:£>T1V(Q o e1eQ 101037

xew SU GpZ = (§G1— 1€) 01 ('3'7) <1>713S UO 1S NIV as,

i sU Z0E = (SE + 12) YIPIM 3SINd SYH— MOV dud
PlEA <0:£>1VQ uo

xew UGl = (8FL— 12) BIEQ JO19A 01 ('371) SYH— MOV au,
{'371) Svi~ o1 2wy dn

uw su 0L = (£9-1) 195 {'31) <1>13S U0 13as HIVI U,
31
<1>738 U0 13138 MOV Wosy awi |

, uiw sugg = (09— 4) PIOH <8:G1>7VQ YO 0ju1 NIV SH,
{'3'L) SYH— wosy suny

uiw sugl = (gLL— 1) PIOH <8:§1>7vQ UO 0jul MOVt HH,
31
<1>73S U0 PARS HIV| WOl swr |

uw sug PIOH <Z:1>1VQ VO eleq 103997 SO

viw suGg = (8b— 1) awi} dn 195 e1eQ NIV ¥sa,

vl sugeL =1 poLiag Buniesad 011X ‘111X A%

XVW/NIN | DAD; 30 NOILONNA Y313IWVYVYd TO8NAS

A-43



PRELIMINARY

SLLruw
—a e e

1 f  TYNOILIGNOD
PR Y

DA a3u0ms

U340ONDI
I G Wpitn
QIvA

DA ovmn

QIMVYANI

XX e

anva

ANVAQTIHYE = X

Mol =0
HOIH = I

0 i« 8 6 0L 11
43181934 3Q0W

uonoesuea] dousng |-y 2in3iq

153443 ON 3AVH AQv3H ANV 300W 3TOAD SN8 ONOT '€ 3LON
SACOW JI1LVLS NI 31V1S3IYHL T ILON
ViVQ AIHOLVYT ATSN0IAZHY L 3LON

113S

/ 0138

/ S

/ Svy—

<O:L>IV
‘A:::AA::mhozvvvvvvvvvvv; <0:$1>7va
e —— - MY
\ I \ , 1n02

je————NOLLOVSNYYL dON SNE———+

A-44



PRELIMINARY

(‘poptaoid aIe sFUTUWIT} OU “2I0JAIaY] <9]k]S J1J103ds e st uonoesuer) dousng vy)

A-45



PRELIMINARY

ELLy-HN

——C : DT C o
JLIVIS IIHHL arva

10d1N0
NOILIGNOD QIVANI

uonoesuel] VING €1-V 24n3iy

INVAITIIHYE = X
Mol = 0
HOIH = 1

43151934

1N3SIYd SAVMIY (Q0) ISYHJ ONIWIL vHIX3 G 3LON
Q3118IHNI 34V S1S3N03H LdNHUYILINT JWIL SIHL
ONIENG ‘NOHLIVSNYHL 3HL NHHL dNTINd 3AISSYd TYNYIINI SAVH <LL >V ' 310N
1H G3LHISSY SI <01V 4t G31LYNIWHIL Si NOILOVSNYYL YWa € 310N
13S SNIVW3H | 135 NOVI NV 40 VWO H3HLONY Si NOJLOVSNVHL LX3N 3HL 41 ‘2 310N

i H 40aLno 3aow S SNIVINIY 0735 YWA GNOD3S V HO HS SINOILOVSNVHY IXIN IHL 4L ‘L 310
Q34ONOI anva 0 L 8 6 O Ll 138 SNIVIN3Y 0738 YWA ONOD3S ¥ ECEEL] : N
|
j| ¢3LON m 1135
I A A le—sss;
YdS; —*| HSWy
84S, )
L 310N l 073s
EL
I# /[ HIM—/H
HHM—/Y
3SH—= 4 asy,
1
% 1 /.
be— 3V dy ||In=3|||‘_ mmo.l_
\
\ Svo-
duﬁlv_ SYD
L
Uk UM, ilmu::u
TEETN b a1, _||n_w:|'
||||| P R o001, ——] [e—OtiI; v 310N
€ 310N %MMMMMMMM
w \\ 1S3n03u <sES 1S3n034 vINa <>V
;_WH <0:§1>1va
Tumo_l o -~ S4G,
— Zu
/ ‘ <§ 3LON> <5 310ON> ,ll.\.ll 1n05
MdOy ayo,
le- ol
Je- NOILOVSNYHL VING DINVNAQ >}

A-46



MINARY

-~

PRELI

065G W
paiuesb ale s3|0Ad wINQ 31d13NW §1 |8 PPY €
‘as|nd AQV3Y Yo 104 LY PPV (T
*3|3A2 snq BUO} = APOW I p S3WIN ‘|BWIOY = BPOW JI € Sawil sasind A QY JO RQuNu = { ‘doy/| = |
:aseym ‘su | H ppe ‘pateniul ase sdijs AQY J U3yl ‘apow 3|9Ad snq Buoj ul i su | PPY 1}

37 <u>738
unw suQ 03 awt) dn 1S {'377) <O>13S $5S5)
Wi A1BACOdY
utw SUEEL = (1) <1>73$ uo 133S YINQ 40 MOVI HdS,
('37) Syy—o3awif dnies ((377)
ww SuUE£0Z = (€9~ 12) <1>73S U0 123135 YING HMS,
('37) Syd—o13auni dniss '37)
uiw SUEYZ = ([€2— 12) <0>713S U0 W3S YNNG H45,
31} <1>73S vo 123135 YiNG
urw sugQQ0L = {£Z— 1) Wouy JGRUS JBALID M/ H 3SH,
{'37) <0>73S vo 13es YNA
o1 aun| dn 313G pajqeuy dn [N 2Aissed ]
ulw suQ pue pajqesip s1aag WY Qasy,
a|qeu3 ssaippy
uiw sugl = (8il— 1) <0:§1>1vQ@ ixau 03 ('3'1) SvH— 3QY,
ulw su 0z = (Ly— 12} YIPIM 35Nd I1d didy
3|qeuy
utw SUE6 = (0v— 1) $534PPY <0:L>IV X3U O ('F'}) Id avd,
juasasd s JO uaym n.N
ulw SuUE£9E = (LE— L1E) awn} AsaAcday JNOD 2pop 8sing ayo,
utw suQotL = (€€~ 1) YIPIM 8sind LNOD 3POW asind MdO, £
4lpim asing
ulw sU 598 = (89— L{) <1>>738 U0 193135 YIWQ NS, 4
YIPIM 3sing
uiw sugZol = (8e— 18) <0>713S U0 199135 VNG 4SWy
YIPIM 35Ind
utw SUZ0L = (SE + 18) Svy— 19135 VWG dyW,
{'31) Svd— wouy aui] pioH {'3'1)
u suzg = (15— 1) 1N0D 3POW #sind YING oHW,;
('371) SYO— 01 awiy dn 18S ('377)
utw SU££Z = (01 + 12) SVH— 109195 VWG TN
('31) Syd— ol eun] dn S (1377)
ww suQ 1N0D 3pow asIng HOW,
(31 sSvd—-oa
uiw Sugpl = (0l+1) awny dn 19es ('3°1) LNOD 3POW 3sind J0W,;
PlIEA <O:L>1V Uo
xew sugolL = {£91— 12) Ndu| YINQ 40 3dn1alu| 03 ((37Y) 1d dSl; l
31 d
ulw sugQ wouy 3wl PIoH <0: /> uo Indu| dHly
(3L} <1>73S uo d3jeg
Ui su90l = (LZ— 1) VINQ wody 31qeu3 <0:51>Tva 3asq,
(37) <0>713S
uiw sU0 uo 133125 YINQ 0} 12014 <0:51>Tva S4Q,
uiw sugel =1 potiad butiesadQ Q1LX "L1LX OADy
Ui suUGol = (82— 1) ('37) 14 03 swi] dN 185 {'377) SYI— 4SOy
a|geuy ssaippy
utw SUGLL = (8l 1) <0:§1>1v @ IXau 03 ('3'1) SYO- 300
ulw sUQLE = (06— LE) YIPIM 38INg SO — SvO, l
<0>73S
utw suQ U0 103135 YINQ O3 180l 4 <O L1V Sdv;
XVW/NIW JAD; 40 NOILONNA HILIWVHVYd TOSWAS

A-47



ARY

PRELIMIN,

9tiv-un
! {  TTVNOILIGNOD
QIHONDI
anva
QIYANE
ariva
AINVAII3YYEI = X

MO = 0
HOIH = 1

0 L 8 6 O ti
Y31S193Y 3A0W

dHI) —

uonoBSUBIL [dSV  pi-V dndiy

1N3S3Hd SAVMTV (00} 3SVYHI ONIWIL VHLIXS 9 310N
1033443 ON SYH AQV3H S 310N
NOILONYLISNI LIVM ¥V ONIHNG ANV ‘NOILOVSNYHL dNd ‘LTH ¥ 40 ANJ IHL LV SBNIDO 1dSY ¥ 310N
Q31vI1S33HHL € 310N
NOILOVSNVHL JHL LNOHONOYHL 01 331838SVY  : Z ILON
NOILOVSNYHL IHL LNOHONOBHL IH Q34H3SSY 1 310N
Z 310N 1 3S
Z3ILON03S

| 3LON 9IM-/H
L 3LON 8HM-/H

i 4SO, —+{

dy
svo-
Sv0,

JHd,

1300, Jo—dS I} —

S _wew DYDY <o

L 310N Svu-

Alll € 310N  <0:$1>7vQ

, \ <9 310N> l \ 1hoo

¥

NOLLOVSNVHL dSY

-l
|

A-48



PRELIMINARY

TESSHW

'32A2 sNq Buo| = 3pow 1 § saWIL ‘|ew IoU = apow §I g sawil sasjnd AQY JO BQWNU = Y ‘'doy/l = |
1a13ym ‘su | H ppe ‘paletnul ate sdijs AQY 4 U3yl ‘apow 3|9Ad snq Buoj| Ul Ji SU § PPY CL

utw SuUQEZ = {(LE—~ 12) YIPIM 3sing Id didy

uiw suQt ('3°1} S¥J— wouy awi] pPIoH Id OHdy

xew suQ0l = (91— 12) PlBA <O:/>IV uoinduy ol (31 Id dsh
31)1d

ulw suQ woly 3wl PIOH <0:L>1V uo Indu) dHly

ulw SUEEL =4 potiad bunessdo 014X 111X JAD;

ulw su GOl = (82— 1) 377) Id 03 2wl dN 18 ('37) SYO— dSh,
3|geuq] ssasppy

ulw sugLL =(8l— 1) <0:GI>1v@ Xau 01 ('3°1) SYO— E[eie}}

uiw suQLE = (06— LE) YIpIm 8sing Syo— SV,

XYW/NIW OAD; 40 NOILONNS H3ILIAVHVY TOIWAS

A-49



PRELIMINARY

(v EW

DX

1Nd1N0 HOIH =
OILIGNGD AIIVYAN)

LNdNI
d340ND)

Apeay

ANYAIIIHYI = X

T ahen
anva

EENSSEE]
300w

X hea
arvA

¢1-v 2undiy

NOILOVSNVHL SN¥ H3d 4I7S 3TDAD0HIIW INO N1 S11NSIH MOT ATLNINVIWHId AQY3Y ONIQTIOH
TYNOIS 378VYNI AQV3H ¥V HLIM LNGD ONILYO AQ G3NIVLIEO 38 AVIN 3STNd AQV3Y IHL
NOILOVSNVEL JHL INOHONOHHL 01 Q3LHISSY I8V | 1350 138

NOILOVSNYHL FHL LNOHDNOHHL tH G3LHISSV 34V SHM—/H 8TM—/H

3SVI ANV HOZ QITVA S| WHOJ3AVM AGV3IY

AVY3H DIWVNAQ 11891 504 NMVHQO JHV SWHO4IAVM

|||||| M
\ \ Id
3

\ , SVYo-

\ m Svi-
IIIIIII —e JOSA; p—

L
2 d11S 310A204H0N 1 d1I7S 3TOAJ0HDIN
HSAy

1s3nDay
YIAQ ® LN

Qe DI

LRI

* <0 >V

_llw dI71S 3704004

ﬂ__l L dITs m._n;UOmo_s.]i_

(GUESZNN)))1)))))) SR

WIIINIY

LMK wsve

_lllm di1S 3T0AD0HDIN

||T||— di1S IIDAD0HIN Iﬁ_

LT

MdA; ——=

‘9 J10N
-G 310N
‘v 3LON
‘€ 410N
‘¢ JL0N
‘L 310N

K\\\\ﬁ_@m UL e,

%hm>u
HA)

|

1noo

f—0SA, fe——OSAy

A-50



IINARY

PRELIM

£

€655 4N

‘uld 511 U0 mo| e Builuasse Ag paealde Ajensn si jeyy Indut pasabbin-abpa ue si AGVY3IY 2

‘paanbas aie sasind A QY 3Y 3jdiliNW 813ym sased 01 Ajuo Ajdde sialaweled Butul asay ;|

'sabpa asay} 21043q MO| paliasse
uaaq sey uid sit j) SYY— 40 abpa Buipeaj ay) Aq pareatloe Ajjeusalul st AQY3Y ‘1BAOMOH

sd1|s appAs0LIW BpdilNW "3t

xew U 00E = (001— 1€) {371} Svy— woy Aeaq ('3'1) Apesy HSAy
'3°1) 1N

xew UYL = (L21— 12} 3pO Pasing Wouy AejaQ ('371) Apeay 0SA

xew U ZEL = (SEL— 42) ('37) SYO— wouy Aeja@ ('3'1) Apeay ISA;

ulw su 09 g >;w>8um >°an ._.I>u

ulw su09 UIPIM 3sing palsasseun Apesy MdAy
3'1) LnoOd>

uiw suQ wouy 3wl POH ('3°1) Apeay OHA;

xew SUEEE = | polsad bunessdQ 014X ‘171X 0AD

XVW/NIN | 9AD; 40 NOILONNZ Y313IWVHVd JOIWAS

N NN (3]

A-51



PRELIMINARY

dn-ramod 9[-y 21ndig

e un NOILONYLSNI
13534 V 40 NOILND3X3 ONIYNT QINSSI SI dNd 41 ANV dN HIMOJ NO SLSIX3 NOILIONOD
SIHL "LNdy TILNN GITYANT 34V STYNDIS LNdLNO 3HL dNd 40 3903 ONIJY31 3HL NO 01 310N
HILSIOTH JQOW IHL NI SOV3IY L1-1D0 FHL JYIHM LNIOJ IHL 01 HOIHd
SNOILY3ISSY TYNDIS TOHLNOO 38 AVIW 34IHL dN HIMOJ LV NOILHISSY 4108 ONIYNA 6 ILON
NOILOVSNYH L OV3H 40 NOILHOd V1va ONV VIAQ ONIHNG 1d30X 3 ONIAING SAYMIY S Tvd  § 3LON
JQOW 118 91 NI SNOILOVSNVY L HS3H334 01 ‘300N LI 8 NISNOILOVSNVHL HSIH43Y 0Z £ 3LON
XX 1NdNI LINYAITIYYI = X H31S1934 J00W 3HL 40 SINILINOD S1031438 'AINC IAOW DINYNACQ NI G3LHISSY 9 ILON
arva MOV = 0 HOL33 £SHI4 3HL 340438 AIDIAYIS FHV 1SINDIH VNG NV SLINYHILINY G 3LON
[ car- 1N4LNO HOIMH = 1 dNTINd LN3YYND MOT ¥ 310N
e _t _ TUNOLLIaNOD é QIVANI 43151934 NOILYO3IN H128- TILNA <0°1 '8:51> 1vd NO dN11ANd LNFEHNO MOT € 3LON
JOOW NO SON3d30 NOILYISSY ¢ 3LON
LNdN) HXHXH 1Ndino 3a0W
EHAMMMXM oy anvn ATINO S3A0W DINVYNACQ NI A31HISSY  ©L 3LON
B ) [ L= (0) O34 - ==
[ 3Q0W 34 050 A 30OW HLIM DSO N 1noo
) = Il_ Q2dy fe—
[ o e
R LR
F [EN
@ —— — ————— ——— - — 1 G —— e o — — — — —
A} z LA LR A z LA
I \ ’ \ 4
|||||| J 3108/ ason, N __ s
S,
\l 9IM- /d
[\ e
LS L
||||||| - e
O . L 1\. aHM— /Y
IIIIII T ¥ - T ===
& e —————————————————————————————————— e et e e e e o o e
7 R
\ S ILON ’ ‘ ﬂl 1d
/ ; y N‘ lllllllll Svo-
»F
r-=n r=-—" heinatenthasina et
' : mpozf _IL\. mpoz, o \: Svy-—
o 2 2 (5 S e Rl e
o —_——
» T TV \ Y A T
LS ppu)))) 1)) <0y
V-7
° FLON L 3I6N :»ﬁ( T 38N o
553800v ¥ s omimmaiaom - & 1nant 1T Z nant | han: TITITY A 20 .
HOL34 LSH)I4 JALYNIWHILIONI I’ T LTII!I. 300w L Jaom 300 w»\oz\ m\w»o\z , <0'sL>va
llllllllllll — {4 ———— e
>—— 1 Nd) ]
i i 1
LA
4108-
i
4\ ¥
284, o

o ——\L\\Y

ngd;

K}

3IN3NDIAS dN H3IMOJ

A-52



PRELIMINARY

2

6BSS HW
viw s 001 awi] dn 1amog ddM,
Xew su 062 195214 Sulg INAINQ ©1 (") dn Jamoy 1Ndy
xew SUEESE = 161 PlEA <00:GI>TVQ
ulw SU00vZ = 181 U0 5119 3pOW 01 {"F 1) dN samoyg NNy
xeuw Su 000ZY = LSIE Y2134 UOINASU| 154ty
ulw SUEEEBE = 1962 jo Buiuuibag 01 (*371) dn 1amog d4dy
xew sug6l (09 + 1) ('3'1) £N0J 01 ('3°1) dn samoy 00dy
xew SUEEEEL = 1001
ulw suU00ZEL = 166 (31) 4108~ 01 (') dn 13moy Ndd;
awi} dn 18
xew Su 00t (377) Y4128~ 01¢n Jamog 284y
ulw SUEEL = 1 potiad butesadQ Q1 LX “1TLX JADy
XVIN/NIW OAD; 30 NOILONNA H3I13IWVHvd TO8WAS

A-53



IARY

PRELIMINAR

PUYEN

1NdNI
Q3HONOI

LNdNY
ChvA

DA o
QINYAN!
2 e

arvAa

AINVAITIIHE! = X

0 L 8 6 Ot 1l
431S1934 300W

TTYNOILIANOD

1NOD PUE TVLX LI-V 2IndY

0 =< 1>HW 3A0W 3TDAD0HDIN ONOT Ni SITOAD0HIIN 1TV NI
1N3IS3Hd St GO0 "1=< (>HW 3G0W 310AD0HIIN A VANVYLS NI X0V OGNV HS3H43H
'YWQ "1dSY ONIHNA ATNO LN3SIHd Si 00 "LNISIYd (J0) 3SYHA ONIWIL vHLX3 € 3LON

{(IvNOiLIQ

-NOJINN SI 3SYHJ) NMOHS SI LNdLNO AIMVA 3HL 0010 IA0W SNE ONY 3Q0W
31OAD0HIIW ONOT HO4 "1NJINO TYNOILIONOD H1IM NMOHS SY 034N33X3
3000 ANV 3AOW NO SON3430 3SVHJ { 0=< 0> DIH GO} ¥2010 30N SNE :Z ILON
1NdLNO NV SV 03SN 38 AVIW LTVLX ‘1l 310N

/

.XIIlLrlLr...IL.

—o pe—J0W, ﬂ

SVI—

- Ou W, —

Ii

LHO,

Mo, —1

HOW,

<€ JLON>

S\
[\ S\ S Y

QYOy

3AD

Svd—

Z 310N LNOD

1Noo

‘ 1 310N 1 IVIX

0viX

A-54



PRELIMINARY

LE9S HIN
uw SUQEZ = {LE— 12) 8wl ] AJar0day | NOD 2POW 35Ing 140y
u:wmm._& st g wmmsa uaym
ulw SUE9E = (LE— LE) awi] Asan0oay 1 NOD PO asing QHO,
ulw sUQ0L = (€€~ 1) YIPIM 35INd 1 NOD 2pOW asing MOy
(377} Svd— o1 awiy
PIOH ('3°1) LNOD 8poW asing
utw suZg= (16— 1) VING 40 1M/ peaY oy,
('377) Syy— ol awi |
4N 183 ('371) LNOD 3pow 8sing
ulw suQy VINQ 10 3lup/peay HOW,
(31 svo—a
i SUEDL = (0L+1) aun} dn i8S ('3'1) LNOD 8PoW asing o0,
uw SUEEL = | poiiad 6unesadQ 01LX ‘17.LX JAD
XVIN/NIW OAD; 40 NOILINNA H3IL3WVHVYd JOIWAS

A-55



PRELIMINARY

DATA/ADDRESS LINES
4

2ND GROUND

v
DATA/ADDRESS LINES
BUS CLEAR
POWER-UP

1ST GROUND

DAL15

DAL14

DAL13

DAL12

DAL11

DAL10

DAL9

BGND

DALS

DAL7

DAL6E

DALS

DAL4

DAL3

DAL2

DAL1

DALO

-BCLR

PUP

GND

18

19

20

DCT11-AA

40 le—— vyCC
39 je—» A(7
38 p—» Al
37 fj&—» Al5

36 j@—» Al4

35 j+—» A3

34 le—» A2
33 pa——» All

32 je— AlQ

31 —» PI

30 p—» -CAS
29 b—» -RAS
28 L—» R/-WLB
27 |—» R/-WHB
26 pj—— READY
25 — SELO
24 ——» SEL1
23 p@—— XTLO
22 j&—» XTL1

21 — COouT

SELECT OUTPUT FLAGS

SEL<1> I SEL<0>I FUNCTION

L

I IxTr

L

IIr I

READ/WRITE
REFRESH/FETCH
IACK

DMG

Figure A-18 DCTI11-AA Pin Layout
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+5V

—HLT ADDRESS/INTERRUPT
[}

_PF DYNAMIC MODE
ouTPUT

-VEC ROW ADDRESS
COLUMN ADDRESS

—CPO INPUT
INTERRUPT & DMR

-CP1 DURING PI TIME

-CP2 STATIC MODE

-cP3 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

MR-5271
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15 14 13 12 1 10 09 01 00
STAFIWRES'TART TEST [16-BIT|64K  [DYN LONG|CONST
L USER [8-BIT {4K/16K|STAT STD |PROC
AR

<15:13> START/RESTART ADDRESS

12 TESTER/USER MODE 08 NORMAL/DELAYED R/W
1" 16-B17/8-BIT BUS <7.2> RESERVED
10 64K/4K OR 16K MEMORY 01 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
0

140000 140004

MR-4843

Figure A-19 Mode Register

PROCESSOR STATUS

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

1 I
TRACE OVER
PRIORITY NEG |ZERO FLOW

Il |

CARRY

<15:8> READ AS ZEROS
03 NEGATIVE

MR-5273

Figure A-20 Processor Status Word
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R/-WLB R/-WHB Q R/—WLB O
1532 YO—WLB L LS32 YO WHB L @ -RD H
CAS L CAS L O R/-WHB Q
LS368A
> INITH LDAL <15,14> 2
G2 vee /A 8
GND
| 4118SEL L
A 2A  3A]—2t ep-
1K —_ <>
ST 1/21s368A | —DRAL<IX 2vajo— 2651 SEL L
MODE =
1Y 2Y  3Y|BUFFER 16 avifo- 27esELL
0 8] 1] wteBIT, CAS L _ -
NORMAL 2G 1v2 8255 SEL L
BCLR ) BMC) 7415155
Vee{ rur Al +
DCL‘I‘['QAL 8, LoaL<21> | o
7 DAL <15:8> 43 Rl
al Lo oac|-L5% & 1o7:0
40pF 8
CTRLE Al#1/0 PORT
5.0688 XTL RAS L _
. RD L -Q| RD 8
MHZ 5 CAS L 8}#1/0 PORT
XTAL T o R/_WLB el vom
100pF/.; R/-WHB WLB L-Ol WT
— INTEL
I0SEL L-Of C 82554
INIT H—{ RESET
7415373
HI MOSTEK
8 8 LDAL<15:8> LDAL 3 g7
D [o] BV - <10:8> 7 ’
8
RD L #—{A6:0 8,
vee O _ 1/0 f 3
ouT LS32 —O| OE 4118 170 A
CTRL EN 1K X 8
2 l_ RAMSEL L RAM SEL L-Ol T sTATIC
RASL wie L-CIWE_ RAM
wHB L —O{WE
7415373
Lo
8 8, LDAL<7:0> 2107
D a8, : LDAL<11:8> 7 5 i
<7:1>
LDAL <7 AA
RAS L —
ouT - CE ouT 8’1 .
N —
iﬂ"‘ EL ROM SEL L—Of OE out
RASL INTEL
2716
2K X 8
EPROM
REGISTER VALID ADDRESS I
RAM (R/W) 0000—3776
ROM (R) 100000107776 8
COMMAND (R/W)| 177016 #—p7:0
2 | MODE (RW) 177012 DAL <32> 2, AX )
64 STATUS (R) 177006 + A0,A1 RDY
5 | RBUF (R) 177002 L335§ARWLB Ll X
1 XBUF (W) 177000 -RWLB H -?0——0 RDWT ppy
8 { COMMAND (w) | 40006 2651 SEL L —O)| CE
2] CPORT (RW) 40004
51 BPORT(R/W) 40002 INAT H —— RESET SIGNETICS
5 L APORT (RW) 40000 BRCLK gg‘?ART
MR- 5601
Figure A-21 16-Bit Application
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LS368A
vee
INITH
G1
1K GND 5A BA
—_ MODE BUFFER
~A Yo 1/2 1LS368A
» 62 {NORMAL,BMC)
5Y 6Y
0 8
BCLR
2
Vee q{Hrur A
DCTITAA | ) 7415155
HI DAL b—~ A4 A B
ﬂ 8 SAL <15,14>
s0,¢ LO DAL p—a% VeeT] ¢
4 (RAS,CAS,RD WT) CAS L —_
5'0688} XTL1 CTRLE—A4 Q16
MHz C3 26 2Y3 [0-2651 SEL L
XTAL _-E— XTLO COUT RD L
100,F Ql 2¢ 1Y110-2716 SEL L
/_J; LDAL <1>
INTEL
8 8155
—~—{ AD7:0
SAL <14> _
10/M
8
RAS L
olaLe A |4 1/0 PORT
RD L 8
O —_—
e . e B |~ 1/0 PORT
6
SAL <15> ol C 1% 1/0 PORT
CASL
WT L :-GLS32 - wTt
INIT H—] RESET
7418373 SAL <10:8> 3
A~ A10:8
& s ol 8. LoAL<7:0> 8
7 #— A7:0 8
out
RAS L =
O CE INTEL
__ 2716
ouTt ROMSEL L —OJ O 2K X8
CTRL EN EPROM
3 RAS L
Br’ D7:0
REGISTER VALID ADDRESS DAL<32> 2,
ROM (R) 100000103777 F—JA0AT == |,
COMMAND(R/MW) | 177016 RD L — ‘
2 RDY
& | MODE (RMW) 177012 O ROWT —
54 STATUS (R) 177006 RDY
1 | RBUF (R) 177002 BRCLK
XBUF (W) 177000 _
2651 SEL L—O CE
RAM (R/W) 0-377
— R
8 | STATUS (R} 40000 INIT H STZELTICS
1 | COMMAND (W) 40000 2651
57 APORT (RW) 40001 PUSART
5 { BPORT (R/W) 40002
CPORT (R/W) 40003
NOTE:
2651 MUST BE ACCESSED BY BYTE
INSTRUCTIONS ONLY. MR 5600

Figure A-22 8-Bit Application
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APPENDIX B
SOFTWARE DIFFERENCES

B.1 INTRODUCTION
This appendix is meant to make the reader aware of the 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 compared with the DCT11-AA in this appendix are

PDP-11/03  PDP-11/24  PDP-11/44
PDP-11/04  PDP-11/34A PDP-11/45
PDP-11/23  PDP-11/40  PDP-11/70

Table B-5 (found at the end of this appendix) describes the software differences and compatibilities
among the DCT11-AA and other members of the PDP-11 family.

B.2 ADDRESSING MODES

Most basic instructions operate in the same way from one PDP-11 processor to another. However, there
are variations in the way an 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 ex-
planation of the symbols used in this section is found in Paragraph 6.3.

When executing a double-operand instruction, the same general-purpose register may be used for both
the source and destination fields of the instruction. Note that when the same registers are used in the
DCTI1-AA, PDP-11/23, PDP-11/24, and PDP-11/40, the results vary from o@hgr 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 regis-
ter are incremented by 2 before being used as the source operand. If the addressing mode of the desti-
nation operand is autodecrement (mode 4), the contents of the register are decremented by 2 before
being used as the source operand.
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In the other processors covered 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 O contains 1000g.
MOV RQ, (RO)—I— 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 O contains 1000g.
MOV RO, —(R0) 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 decrement-
ed 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 1000g and
location 1000 contains 2000g.

MOV RO, @(R0)+ 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 O contains 1000g and
location 776 contains 2000g.

MOV RO, @—(R0)  In the DCT11-AA, the quantity 776 is moved to location 2000.
In the other pi'ocessors, 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 operations above, the resulting 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 1000g. Location 1002 contains the offset value 2.
RO contains the value 2000g.

B-2
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MOV PC, 2(R0) In the DCTI11-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 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 is printed in the listing. 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, take care in selecting the destination mode of the in-
struction. When mode 0 is selected, an error condition is created and the DCT!1-AA traps through
location 4 of the trap vectors (refer to Paragraph B.5). This is true of all PDP-11 processors except the
PDP-11/45.

The PDP-11/45 causes a trap through memory location 10 when execﬁting this instruction.

B.3 PDP-11 INSTRUCTION SET

The DCT11-AA implements the basic PDP-11 instruction set. This instruction set offers a wide choice
of operations, and often a single instruction will do 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 categories:

Instructions not common to all PDP-11s
Basic instruction execution

Instructions not executed

Effect of the T bit (instruction trace trap)

B.3.1 Instructions Not Common to All PDP-11s

As the number of PDP-11 processor types increased, instructions were added to the basic instruction
set. 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
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B.3.1.1 MFPT Instruction

MOVE FROM PROCESSOR TYPE 000007
15 90
| T T l T T T T T L L] L] 1 T i
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
Ll 1 | i ' | — 1 ] I 1 1 L I 1
MR-5969
Operation: RO — processor type

Condition Codes; Not affected

The DCTI11-AA, PDP-11/23, PDP-11/24, and PDP-11/44 are the only processors that execute the
MEPT instruction. The model code is placed in the low byte of register RO, indicating to the system
software the processor type. Table B-1 shows the codes assigned to identify the processor in use.

NOTE
The PDP-11/23 and PDP-11/24 are controlled by
the same processor and have the same model code.

Table B-1 Processor Codes

Model Code Processor Type
4 DCTI11-AA
3 PDP-11/23 or PDP-11/24
1 PDP-11/44
B.3.1.2 MFPS Instruction
MOVE BYTE FROM PROCESSOR STATUS WORD 1067DD
15 08 07 00
T T 1 T T T T L] T T T T T 1
1 0 0 0 1 1 0 1 1 1 d d d d d d
d 1 1 | 1 1 1 L n )
MR-5221
Operation: (dst) — PS

Condition Codes: N: set if PS bit 7 = 1; cleared otherwise
Z: set if PS bits <<7:0> = 0; cleared otherwise
V: cleared
C: not affected

The low byte of the PS is used as the source operand. The destination operand is treated as a byte.

The DCTI1-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.
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NOTE

The DCT11-AA is not restricted from having memo-
ry or a device at the PS address 177776. In addition,
the DCT11-AA does not recognize that an error has
occurred when addressing a nonexistent memory lo-
cation. (Refer to Paragraph B.5.) Attempting to
read or write data at address 177776 and expecting
the PS will cause unpredictable results.

B.3.1.3 MTPS Instruction

MOVE BYTE TO PROCESSOR STATUS WORD V 1064SS
15 08 07 ' 00
1 T T T T L] 1 T ) 1 T L T L
1 0 0 0 1 1 0 1 0 0 s s s s [ H
b " 1 i } 1 1 1 n I
MR-5222
Operation: PS — (src)

Condition Codes: : set according to effective source operand
set according to effective source operand
set according to effective source operand

set according to effective source operand

O<NZ

The source operand is treated as a byte and the destination opverand‘iAs éiwziys 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 o
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 hand-
book.

B.3.2 Basic Instruction Execution

The DCT11-AA executes all basic PDP-11 instructions except MARK. Some instructions vary in exe-
cution from other PDP-11 processors. These instructions are covered in this section.
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B.3.2.1 Halt Instruction

HALT . ' 000000

MR-5261

Condition Codes: Not affected

When the other PDP-11 processors covered in this appendix execute the halt instruction, their oper-
ations cease. Control goes to the console (if one is present) or to a console microprogram within the
processor. The DCT11-AA has neither console nor console microprogram; it executes a halt instruction
the way it would 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 Paragraph B.6.

NOTE
When developing software for the DCT11-AA on
PDP-11 systems that have memory management, be
aware that the trap sequence is different when exec-
uting a halt instruction. Refer to the appropriate
processor handbook.

B.3.2.2 Reset Instruction

RESET EXTERNAL BUS 000005

MR-5263

Condition Codes:  Not affected

The DCT11-AA reset instruction causes the assertion of the bus clear (—BCLR) signal. An assert pri-
ority in (ASPI) transaction takes place to input interrupt and DMA information. The condition codes
and general-purpose registers RO-RS5, SP, and PC are not affected. The —BCLR signal is asserted low
for 2 minimum of 8.4 us followed by a minimum 150 ns 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 is not recognized until the instruc-
tion has completed the —BCLR sequence. This is also true with the PDP-11/03, PDP-11/23, and PDP-
11/24.

A power-fail interrupt occurring during a reset instruction in the PDP-11/04 and PDP-11/34 is a fatal

error, and no power-down sequence occurs. PDP-11/44, PDP-11/45, and PDP-11/70 reset instructions
are aborted in the event of a power-fail.

B-6



PRELIMINARY

B.3.3 Instructions Not Executed
The DCT11-AA does not execute the PDP-11 instructions and op codes listed in Table B-2. An attempt
to execute these instructions causes the processor to trap through location 10.

Table B-2 PDP-]I Instructions Not Executed by the DCT11-AA

Op Code Mnemonic Op Code Mpnemonic
000010 Reserved 07 04 SS MUL
through 07 IR SS DIV
0000 77 07 2R SS ASH
000210 Reserved 07 3R SS ASHC
through 07 50 OR FADD
0002 27 07 50 IR FSUB
0002 3N SPL 07 50 2R FMUL
00 64 NN MARK 07 50 3R FDIV
0065 SS MFPI 07 50 40 Unused
0066 DD MTPI through
00 70 00 Reserved 0767177
through 1065 SS MFPD
0077177 10 66 DD MTPD

17 00 00 FPP Instructions

through

177777

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:

e The current processor priority for interrupts.
e The condition codes describing the result of the last instruction.
e A bit that indicates a trap will occur after the execution of the current instruction.

The DCTI11-AA does not alloW the T bit to be set directly. This‘ is true of éll processors covered in 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:

e RTI (return from interrupt) instruction
e RTT (return from trap) instruction

e Trap instructions

e  Exceptions or interrupts

If the RTI instruction causes the T bit to be set, the T bit trap is taken through location 14 before the
execution of the next instruction. If the RTT instruction causes the T bit to be set, the T bit trap is
taken after the execution of 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-1 1/70)‘acknowledge the T bit trap
before they acknowledge 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 seqixences oﬁt 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.



PRELIMINARY

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.

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 op code of the instruction.

The processor then obtains the source operand.

The destination operand is computed.

The source operand is written into the destination address.

The MOV instruction operates similarly in the DCT11-AA and the other processors, except for the last
bus transaction. After the destination address has been computed, the DCT11-AA reads from the desti-
nation address before it writes 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 ex-
ample, the Intel™ 8251A serial interface contains data input and output registers at the same bus ad-
dress. When the data has been assembled in the input register, the signal (RxRDY) is generated to
indicate the receiver is ready. The RxRDY signal is cleared when the processor reads the input register.
During a write operation to the Intel 8251A data registers, the DCT11-AA first reads the input register
and then writes to the output register. This may result in the RXRDY signal’s being cleared. Data may
be lost when RxRDY is cleared in this manner.

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 de-
vice addresses and bit patterns in the status register.

B.S 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 in order to execute a service routine. Soft-
ware interrupts call service routines required by the program. They occur when executing trap instruc-
tions or when the trace bit is set in the processor status register. Program execution is resumed when the
service routine is completed.

The DCT11-AA services calls and interrupts in the following order of priority.

HALT (nonmaskable interrupt or instruction)
Power-fail (nonmaskable 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

Fal A O Sl

™Intel is a trademark of the Intel Corporation.
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The DCTI11-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 I of 15 devices on 1 of 4 priority levels. Interrupts are maskable in that the priority code
of the interrupting device must exceed the value in the PS (bits <7:5>); otherwise the interrupts are
not acknowledged.

The DCTI11-AA also has two nonmaskable interrupt lincs, 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 nonmaskable interrupt HALT is not associated with an interrupt vec-
tor. When a HALT interrupt occurs, the current PS and PC are pushed onto 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 the 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 the interrupt is serviced. The T bit must not
be set in the PS word of the T bit trap vector. If it is,
continuous T bit trapping will result.

The current state of the machine is saved so that program execution may continue after completion of
the service routine. The contents of the program counter (address of the next instruction) and the PS
arc 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 rou-
tine 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. ) -

During an interrupt acknowledge transaction, the vector address is provided by either a fixed table
stored in the DCT11-AA (internal vector address) or by the interrupting device (external vector ad-
dress). Table B-3 lists the internal vectors assigned to interrupt priority codes.

B.5.1 Bus Errors v
The DCT11-AA does not support bus errors. Most PDP-11 processors indicate that an error has oc-
curred and interrupt program execution when:

e A word instruction executes with an odd address (odd address error).
e A nonexistent memory location is accessed (nonexistent memory (NXM) error).
e The stack value approaches the vector location area (stack overflow error).
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Table B-3 Interrupt Priority Codes

Vector Address
Priority Level New PC at: New PS at:
Nonmaskable HALT Restart address 340
Nonmaskable PF 24 26
7 140 142
7 144 146
7 150 152
7 154 156
6 100 102
6 104 106
6 110 112
6 114 116
5 120 122
5 124 126
5 130 132
5 134 136
4 60 62
4 64 66
4 70 72

If a word instruction is executed and the source or destination address is odd, the least significant ad-
dress bit is ignored and a word operation is performed at the even address.

If the DCT11-AA attempts to read or write a nonexistent memory location, the transaction is com-
pleted and program execution continues. If the transaction is a read, undefined data is received. A write
to a nonexistent 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 377g. If it
does, unpredictable results may occur 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 accessible to the programmer as memory
locations. All transactions involving these registers are done internally by the DCT11-AA. The address-
es assigned to these registers by other PDP-11 processors are within the 16-bit address space of the
DCT11-AA. These addresses can be used as memory locations or as peripheral device registers.

NOTE
The PS, general-purpose registers RO-RS, SP, and
PC are examples of registers that cannot be directly
accessed by the programmer as memory locations.

B.6 POWER-UP

The DCT11-AA is a flexible microprocessor that 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 DCT11-AA. During power-up, or when
executing a reset instruction, the DCT11-AA loads an internal register with a 3-bit code that represents
one of the eight start/restart addresses. Table B-4 lists the start/restart addresses.
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Table B-4 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 used only at the time power is
applied to the DCT11-AA. The reset instruction
loads 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 values of the PS and
PC are 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 explanations of the various modes described in Table B-5.

%R
(R)+

—(R)

@(R)+

@—(R)
PC
X(R)

@X(R)

@A

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 incremented by 2 (autoincrement).

Mode 4 addressing. The register contents are to be decremented by 2 and then used as the
address of the destination operand (autodecrement).

Mode 3 addressing. The contents of the register are to be used as the address of the address
of the destination operand. The contents of R are incremented by 2 (autoincrement-de-
ferred).

Mode 5 addressing. The contents of the register are to be decremented by 2 and then used
as the 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.

Index-deferred addressing (register mode 7). The value of X is added to the contents of
register R to form the address of the address of the destination operand.

Program counter relative addressing. Relative addréssing uses the contents of the location
following the op code as the address of the destination operand.

Program counter relative-deferred addressing. Relative-deferred addressing uses the con-

tents of the location following the op code as the address of the address of the destination
operand.
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w/T-11 User’s Guide Reader’s Comments
EK-DCT11-UG-003

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

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

What features are most useful?

What faults or errors have you found in the manual?

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

Does it satisfy your needs? Why?

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

Name ‘H Street

Title City

Company State/Country
Department Zip

Additional copies of this document are available from:

Digital Equipment Corporation
' 444 Whitney Street
Northboro, MA 01532
Attention: Printing and Circulating Service (NR2/M15)
. Customer Services Section

Order No. __EK-DCT11-UG -
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