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Chapter 1

1. INTRODUCTION

1.1 INTRODUCTION

-
e — et 1 L

The VME CPU J11 is a VMEbus, DEC J11 CPU-based processor module

designed

for use in high-speed, real-time applications and for

multiuser, multitasking environments,

It includes the following features:

&

DEC DC J11 CPU with 15 MHz clock frequency
On-chip memory management

RS-232C seriél port for console interface
Real-time clock and calendar

512KB dynamic BAM with parity

2 EPROM sockets for boot (512B)

Parallel port for printer with Centronies interface
3 programmable timers

4-level bus arbitration logic

Fixed bus time-out

SYSFAIL, SYSRESET, ACFAIL, and bus error handling
4=level interrupt handler

4-LED control panel to display ;perating status

Standard DEC console octal debugger

IRTRODUCTION 1-1



=M e

— AR

T

N T e e e e

l".

.-i o

B W e P

]
: - ; . of
J1IVHMELA, J‘. g JLIVME2®. 1

Tl
e
¥

f!t 1‘ B s o o e e s ol

Fggﬁrﬁi*’ m

BE= I%‘ﬁ;‘

| 2wy 00

-!-ﬂu'!l!l J
iiﬂiiiﬁ-ii

Figure 1-1. VME CPU JI11

1-2

INTRODUCTION




All devices use interrupt protocols for ease of programming and
fast response. Dynamic memory is available for the CPU and other
modules through the VMEbus interface,

The VME CPU J11 can be used in single- and multiprocessor
configurations through jumpers and PALs.

The VME CPU J11 is a multi-layered, printed circuit board (Figure
1-1) with on-board power and ground planes to minimize noise and
provide a reliable, dindustrial-grade product, VHE CPU J11 is
~ fully software-compatible with all PDP-11 computers.

1.2 VME CPU J11 SEEh]FICATIGHS

1.2.1 VHEbus OPTIONS

Table 1-1 lists specifications for VMEbus options on the WME CPU

J11.

Table 1-1.

VMEbus Option Specifications

Characteristic

Specification

Rddress Bus Size
Dat; Bus Size
Time-Out

hrbiter Options

Reguester Options

Interrupt Hamdler Optioms
Operating Temperature
Relative Hueidity

Pover Options

Physical Configuration

Board Disensions

A2d Master, Rl4 Slave
D16 Kaster, DI Slave
i1 ps

PRI, OME (STAT)

R(3)
RRD, ROR (S5TAT)

IB(1-3) or IH(4-7) (STAD)

0 - 55 degrees C (32 - 131 degrees )
8 - 80% {non-condensing)

dh  Baximes (34 Typical) at + 5 Vde
30l Mazimom (20eh Typical) at +12 Vde
30ad Baxiovs (20e Typical] at -12 Vde
Bon-expended bus-double VME Board

233.4 x 160 @ (9.2 x 6.3 inches)
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1.2.2 CENTRAL PROCESSING UNIT

Table 1-2 lists specifications for the VME CPU J11 CPU,

Table 1-2, VME J11 CPU Specifications

Characteristic Specification
Device Type DEC OC J11-AC
Clock Frequency 15 Hiz

Data Ridth EE bits

1.2.3 MEMORY

Table 1-3 lists specifications for VME CPU J11 memory.

Table 1-3. VME CPU J11 Memory Specifications

Characteristic Specification

Devife Type Dymamic RAM 64K x 1 or 256K x | and 2K 1 & EPRON
Memary Size 128KB or 256KB RAK and 4EB EPROE

Error Detection Byte parity (RAN only)

1.2.4 SERIAL INTERFACE

Table 1-4 lists specifications for the VME CPU J11 serial
interface.
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Table 1-4. VME cPU J11 Serial Interface Specifications

Characteristic Specification

Function Asynchronous, full dupler, serial lipe

Device Type ORRT AE-3-1015D

Arehitecture DEC "PL* coepatible

Compatibility

Transmission Rate 9600 Bawd {fixed)

Tramsmission Format 8 bits per character, 1 stop bit, no parity (fized)

Electrice] Interface R5-232C data lines (RXD, TXD)

Nechznical Interface Standard 25-pin DB 255 EIA conmector
; [DTE)s pin 1 = pover ground
pin 2 = transmit data
pin 3 = receive data
pin 7 = signal ground

W om

1.2.5 PARALLEL INTERFACE AND TIMERS

Table 1-5 lists specifications for the VME CPU J11 parallel
interface and timers,

Table 1-5. WVME CPU J11 Parallel Interface and Timer

Spe:ificatinps
Characteristic Specification
Function Parallel &-bit output port, 5
3 16-bit general-purpose tipers
Device Type CI0 18536
Clock Frequency 4 KAz
Compatibility Centronies-compatible parallel port
Bechanical Interface Centronics 36-pin connector

1.2.6 RFAL-TIME CLOCK AND DATA MEMORY

Table 1-6 1lists specifications for the VME CPU J11 real-time
clock and data Memory,
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Table 1-6, VME CPU J11 Real=-Time Clock and Data Memory

Specifications
Characteristic Specification
Function System clock, date, alare, S0B static CEOS mesory
Device Type BTC KC14681%8

The following abbreviations are used in this manual:

Abbreviation Eeans

AE hlare Interrupt Elag

AIE Mlare Interrupt Enable

BCD Binary Coded Decimal

BSYSCLE System Clock

CIB Count in Progress

C5C Continuous Simgle Cycle

CT 7IS Counter/Tiser Vector Inmcludes Status
CTiE Cousnter/Timer 1 Enable

C12E Counter/Tiser 1 Bnable

CT3E Counter/Tieer 3 Enakle

bcs Tutput Duty Cyele Selects

o Data Direction

bop Data Path Polarity

BEC Pigital Equipsent Corporationm

DLC Disable Lower Chain

1] ] Data Node *

DRANC ' Dynaeic RRE Conmtroller

DSE Daylight Savings Enable

DTE Deskew Tiser Enable

ECE External Count Emable

EGE External Gate Emable

EOE External Output Enable

ERR Interrupt Errot

ETE "External Trigger Enable

FEA Floating-Point Exception Address Register
FEC Floating-Point Exception Code Register
FID

FpS Floating-Point Status Register
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. hkbbreviation Eeans
GCE Gate Command Bit
GPR General-Purpose Begisters
TS bBandshake-Type Specification Bits
IC Integrated Cireuit
IE Interrupt Enable
I8 Interrupt Bandler
I0E Imterrupk on Errer
IK0 Interrupt on Match Oanly
I Interrupt Pemding
IRF Input Register Full
IRQe Interrupt Reguest Flag
ITE Interrupt on Two Bytes
105 Interrupt Under Service
LC Counter/Tieer Link Controls
LR Latch on Pattern Match
L5e Least-Significant Bit
KIE Raster Interrupt Enable
LEE] Hemory-Management Registers
5B Nost-Significant Bit
Y Bo Vector
(1134 Online Debugging Technique
(1115 Single-Level VEEBus Arbiter
ORE Output Register Eepty
PR VIS Port k Vector Includes Status
PAE Port & Enable
PAL Frograseable Array Logic
PhA Page Address Regisker
PB VIS Port B Vector Includes Status
PBE Port B Enable
PC Progras Counter Register
PCE Port C Enable
PDB Page Description Register
PER Processor Error Begister
PE Periodic Interrupt Flag
PIE Periodic Interrupt Epable
PIRD Prograe Interrupt Request Register
PLC ~ Port Link Control
P Pattern Kask Registers
PlP Pattern Hateh Flag
PHS Pattern-Node Specification Bit
POE Pover OF
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" Abbreviation

Heans

33
PRI
P§
PsR
P1
r15

RBUF
RCC
RCSR
REB
ROR
RES
RIC
RED
RS

5B
§10
808
SQKE

UART
0F
NiE
VRTA

KBOE
{4

Yramsmitter Control/Status Register

Pattern Polarity Registers
Priority Arbiter

Power Sense Pip

Processor Status Word Register
Pattern Transition Registers
Port-Type Select

Receiver Buffer Register

Read Cownter Control

Receiver Comtrol/Status Register
Retrigger Enable Bit

Release on Request

Round-Robin Sequence

Real-Time Clock

Release Rhen Dome

Request/Rait I Specification Biks

Single-buffer Node
Special Inmput/0Dutput
Sguare-Have Generator
Square Weve Enzble

Oniversal Asynchromous Receiver/Transmnitter
Opdate-Ended Interrupt Flag

Update-Ended Interrupt Enable

Valid ERE and Tige

Pranseitter Buffer Register

INTRODUCTION



Chapter 2

2. INSTALLATION

2.1 INTRODUCTION

This chapter describes how to unpack, configure, and install the
VME CPU J11 in a standard VME backplane,

2.2 UNPACKING THE VME CPU J11

Unpack the VME CPU J11 from the shipping carton. Be sure that
everything on the packing list is present, Save the packing
material for storing or reshipping the equipment, if necessary,

NOTE: If the shipping carton is damaged upon receipt, unpack
and inspect this equipment in the presence of the
" carrier's agent,
2.3 CONFIGURATION
VME CPU J11 contains a number of features which you can select

through jumpers and PALs, Figure 2-1 shows the location of the
configurable jumpers and PALs,
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When you receive the VME CPU J11, the following options are
factory-configured:

Auto=-Eoot
ODT-HALT

ROR, BR3

IH (4:7)

BSYSCLE out

16 MHz DRAMC Clock
512EB Memory

ONE Arbiter Option

% % % % ¥ % X %

2.3.1 POWER-UP OPTIONS
Power-up options are selected by jumpers J2 and J3 (Figure 2-1).

Table 2-1 1lists the jumper configurations for the available
power-up options.

Table 2-1, WVME CPU J11 Power-Up Configurations

Option 12 k] Fupction
Auto-boot Fenoved Installed PC at 173000, PSR = 340
007-boot Installed Bemoved Bicro-00%, PSR = 0

Restart-Boot Installed Installed FC at 24, BESH = 26

2.3.1.1 RESTART-BOOT

If wvou select this option, the processor reads physical memory
locations 24 and 26 and loads data into the Program Counter (FC)
and Processor Status Word (PSW) Registers, respectively. when the
power-up seguence is executing,

The processoy either services pending dinterrupts or starts
program execution, beginning at the memory location pointed to by
the Program Counter.

ROTE: Battery backup is required for this option.
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2,3.1.2 ODT-BOOT

When you select this option, the processor unconditionally enters
micro-ODT mode with the Processor Status Word Register cleared,
All pending service conditions are ignored,

2.3.1.3 AUTO-BOOT

When you select this option, the Processor sets the Program
Counter to 173000 and the Processor Status Word Register to 340,
The processor then either services pending interrupts or starts
Program execution, beginning at the memory location pointed to by
the Prozram Counter, The changeable bootstrap EPROMs (IC29 and
IC30) are selected by addresses 173000 through 173777, thus
making it possible to choose different types of boot devices,

2.3.2 nHAaLT OPTIONS
HALT options are selected by the J1 jumper (Figure 2-1)., The
HALT option determines the action taken after a HALT instruction

is executed in kernel mode , Table 2-2 1lists the Jumper
configuration for the available HALT options,

Table 2-2, WVME CPU J11 HALT Configurations

Option J1 Function
ODT-BMLT  Installed  Micro-0DT sode S
TRAP-BALT Removed frap |

2,3.2.1 ODT-HALT

When wvou wuse this option, the processor enters the micro-opr
mode . The processor checks the POK bit before checking the HALT
option at the end of a WALT instruction, If this bit is not set
vwhen the processor checks, the option is not recognized and the
Processor loops until POK is asserted and the POWEr-up sequence
is initiated,

2.3.2.2 TRAP-HALT

The processor traps to location 4 in the Kernel data space and
sets bit 07 (illegal HALT) of the CPU Error Register,

+
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2.3.3 DRAMC SPEED OPTIONS

The Memory Controller can be adapted to two different speeds to
accommodate RAMs with different access time,

The 16 MHz clock signal can be used with RAMs with an access time
of 100 ns.

The &8 MHz clock signal can be used with BAMs with an access time
of 250 ns,.

Table 2=-3 shows the jumper installation for DEAM speed selection.
(You cannot use combinations which are not shown in Table 2-3,)

Table 2-3. VME CPU J11 DRAM Speed Options

Option a4 7% &b a7

16 ¥Bz, 100 ns Resoved Installed BRemoved Installed

B MHz, 250 ns Installed Removed Installed Resoved

2.3.4 BSIZE-SELECT OPTION

The SIZE-Select Option is used to choose a local memory size of
128KB or 512KB.

Memory &ize is selected by the changeable PAL 16L8 (IC26). There

are two different patterns available: PATOSA and PATO9B. Table
2=4 shows the appropriate PALs for the selected size.

Table 2-4, The SIZE-Select Option

IC26 Size
PATOOA £12KB
PATOSE 128KR

2.3.5 ARBITER OPTIONS

There are 2 arbiter optioms for controlling the arbitration
system!

% PRI (Priority Arbiter)

* QONE (Single-Level VMEbus Arbitexr)
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2.3.5.1 PRI

The Priority Arbiter

(PRI) alwavs assigns the bus on a fixed

priority basis, in which each of four bus-request lines is
assigned a fixed priority, from the highest to lowest (BRI to
BRO).

In this configuration,

{highest) level. Local memory can be accessed on bus-request
level 2 (BR2) or 1 {(BRl), as specified by the jumpers.
Figures 2-2 and 2-3 show the jumper configurations Tfor the
Priority Arbiter (PRI) option. The Arbitrator (PAL 16R8 - IC87)
must also be installed when you select this option.
3 J8

BBR3 ¢ oot O BR3

J9
LBG e ey sarm == () LBR

J10
GBGOUT e GBGIN

* Y J11 4

BBEG3OUT BBGIIN

J12
BEGZ0UT o 4 O BBGZIN

J13 L
BEGIOUT O——— it § BREG1IN
Figure 2-2, Jumper Configuratiom for Local Memory Access on the

BR1 Lewvel

JB
BER3 o 'Jé 8] BR3
LEG O— i ) LEBER
GBGOUT GBGIN

i J11 A

BBGIOUT o s e BBGIIN

J
BBG20UT 113 e BEG2ZIN
BEGIOUT © 4 O BEGLIN
Figure 2-3, Jumper Configuration for Local Memory Access on the

the board requests the VMEbus on the BR3

BEER2 Level

2.3.5.2 ORE

Single-Level WVMEbus Arbiter (ONE) only honors requests on the
highest level (BR1). Prioritizing is controlled by the BG3IN -~
BGIOUT daisy chain. The highest priority has the nearest board,
while the board itself has the lowest priority; any bus request
overrides the board request,
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Figure 2-4 shows the jumper configuration for the ONE Arbiter
option. The Arbitrator (PAL 16R8 - IC87) must be removed when you
use this option.

J8
BBR3 o b o BR3
J9
LBG oy LBR
J10
GBGOUT o© o GBGIN
Ji1
BEGIOUT (8] BBG3IIN
Ji2
BEG20UT © e o BBEG2IN
BBGIOUT o© o BBG1IN

Figure 2-4. Jumper Configuration for the ONE Arbiter Option

2,3.6 BEQUESTOR OPTIONS
There are two Bequestor options available:
% ROR (Release on Request)
* PRWD (Release when Done)
These options are selected by the changeable PAL 16R2 (1c77).

Table 2-5 shows the confipuration for each option.

Table 2-5, VME CPU J11 Requestor Configurations

Option I 1C87
ROk PATIEA Reroved
RED PATIER Installed

2.3.6.1 ROR

The Release on Request (ROR) Requestor does not release the
VMEbus each cycle. It monitors the BRI line and releases only
when another bus request is pending. The Arbitrator (PAL 16RE -
IC87) must be removed for this option,

INSTALLATION 2-7



2.3.6.2 EWD

The Release when Done (RWD) Requestor requests the VMEbus on BR3
and releases it when another bus request is pending or when its
master no longer wants the bus. The Arbitrator (PAL 16R8 - IC87)
must be installed when you select this option.

2,3.7 INTERRUPT HANDLER OPTIONS

Interrupt Handler options determine which interrupt request lines
the Interrupt Handler will respond to. The Interrupt Handler can
operate in two different modes:

* Four-Level Interrupt Mode
# Three=Level Interrupt Mode

In the four-level interrupt mode, only levels 4-7 are supported
and are assigned to processor interrupt priority levels 4-7,
respectively.

In the three-level interrupt mode, only levels 1-3 are supported
and are assigned to processor interrupt priority levels 5-7,
respectively,

In both modes, the on=board I/0 devices (serial port, parallel
port, timers, and clock alarm) are assigned to processor
interrupt priority level 4 and have the highest priority on this
level, The system clock is always assigned to processor
interrupt priority level 6, The data contained in the
interrupting devices' status/ID byte is used to determined the
appropriate vector address and is set to longword boundary.

Table 2-6 shows the jumper configuration for the Interrupt
Handler options.

Table 2-6. VME CPU J11 Interrupt Handler Options

Option ; a5
Four-Level Interrupt Node Resoved
Three-Level Interrupt Node Installed

2.3.8 BSYSCLEK

The system clock (BSYSCLK) is an independent, non-gated, fixed-
frequency, 16 MHz, 50% duty-cycle signal. It can be used to
generate on-board delays or timing functioms. Install the J14
Jumper to obtain this function.
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2.4 BOARD INSTALLATION

The VME CPU J11 double-height board is installed in a standard
VME double-height backplane. The CPU board is normally installed
into the first of nine slots (counting from 1left to right).
Every additional CPU board is installed in the next slot to the
right of installed boards.

When the board is ready for installation:
1 Turn off power to the egquipment.

CAUTION: Inserting or removing boards while power is on
can seriously damage board components.

2 Hold the board so that the components are on the right
side of the board and carefully slide the board into
the left-most open slot.

3 Be sure that the board is properly seated in the
connectors on the backplane and fasten it into the
chassis with the screws provided. :

4. Connect other components (terminal, printer, ete,), if
necessary (using the instructions in the next sections).

e Turn on the power to the egquipment.

2.4.1 CONSOLE TERMINAL CONRECTIOR

Use a standard 25-pin R5-232C ETA connector (DTE) to connect a
Conscle Terminal to the VME CPU Jl11 board, for communication with
the processor through an asynchronous, full-duplex, serial line.

The comnnector ({(P3) is installed on the front edge of the board
under the LED indicators {Figure 2-5).

Table 2-7 lists the pin specifications for the console connector
(P3).
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Figure 2-5. VME CPU J11 Switch, LEDs, and Peripheral Connectors
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Table 2-7. Pin Specifications for the Console Connector

Pin Specification
| Protective GHD
s fr Data
i Rx Data
1 Signal GHD

2.4.2 PRINTER CONNECTION

You can also connect a printer through a standard parallel
interface to the VME CPU J11. There is a 36-pin Centronics
conmector (P2) on the front edge of the board under the RS-232C
connectoy (Figure 2-5).

Table 2-8 lists the pin specifications for the 36-pin Centronics
connector.

Table 2-8. Pin Specifications for the Centronics Commector

Fin Specification
1, 19 PDS L

e bt

0« 2" BD 3 B

5 23 B0 4 B

6 " BD 5 B

L i

1, 25, PD 6 B
o W

! t

i1, 2% PBUSY §

3 PEAOLY [

i1 Protective GND
14, 1§ Signal GAD

*Hote: Second pin number indicates twisted-pair return lime,

2.4.3 VMEbus CONNECTION

You connect the VME CPU J11 to the VMEbus through the 96-pin Pl
connector (Figure 2-5). :

Table 2-9 lists the pin specifications for the Pl connector.
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Table 2-9. Pin Specifications for the Pl Connector

~ Row Row Row
Fin Signal Signal Sigral
Hueber - Woemonic Hnesonic Knesonic
1 BDO B BEBSY L BoD A
Z BD1 8 EDY B
3 ED2 ® BACFAIL L BO10 B
] BD3 8 BRGOIN I BOLL B
5 BD4 1 BRGOOOT L EDiZ H
6 BDS H BEGLIIN L BD13 A
1 BDG H EEGLODT I BDLL B
8 ED7 B BEGIIN L BD15 H
g GRD BRG200T L GHD
i0 BSYSCLE H BBGIIN ESYSFRIL I
i1 GhD BBGIOOT L BEERR [
12 BDSL BERD BSYSRESET L
11 EDSD L EER1 E
14 BURITE BRR? L BAKS U
15 GED BBEI L Ba23 B
16 BOTACE L EAKD B ERiZ 0
17 GHD BAK! H Ba2i B
18 BAS [ ELEZ R BAZ0 B
1% GED BAK} B Brld B
i BIACE I GHD BALE H
21 BIACKIN L BA1T B
i1 BJACEODT 1 Eri6 B
23 BANY § GiD ERES B
24 BAT B BIRQT L BR14 B
25 Ba6 B BIRQE L Bhl3 B
26 BAS B BIRQS 1 BAi2 B
21 Bhd o BIRQE L BALL B
28 BA3 B = BIRQI L BRLD H
24 BAZ R BIRD? E BRY H
Efi] BAL B BIRQL 1 BrG B
i =12 ¥ 57 B 12 7
32 5 7 57 15y

2.4.4 MAINTENANCE INDICATORS AND SWITCHES

There is a three-position

switeh and four LED maintenance

indicators on the VME CPU J11 board {Figure 2-5),

The three-position switch has three functions:

# Top position

= (Unstable) Release to execute the INIT

function

* Middle position = (Stable) Normal operating position

* Bottom position = (Stable) Execute the HALT function

2-12
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The four LEDs (below the switch) monitor operating status and are
useful when troubleshooting the system.

Table 2-10 shows the functions of the LEDs, Table 2=11 shows
typical LED readings during different types of system failures.

Table 2-10, VME CPU J11 LED Functions

LED  Status Function
1] 0ff Foermal operztion
on BALY indicator (Switch in HELY position)
b2 (1] Koreal operation
On Operating in micro-00% mode
1 E] 0n Boreal operation
0ff The CPU Brror Register is mot accessible for read or write

transactions. fThe microcode is not remning.
D On Boreal operation

0ff Bodele attespted to read location 17777560 and timed out
(the serial interface is not respondimg).

Nodule attespted to read location @ and timed out or
gttespted to read location 17777700 amd did nmot tiee out
{eesory system not responding).

Table 2-11, LED Readings During System Failure

b3 0d Probable Cause of Failure

on On Comsole tersinal, serial interface

on 0ff epory, bus time-out, serial interface

0ft on ceo

0ff 0ff CPO, mesory, bus time-out, serial interface
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2.4.4.1 POWER-UP SEQUENCE

Figure 2-6 shows what happens when power is turned on.

TURN OFF
LEDS
1 Turn oFF
LED 4
GENERATE
@24
INIT o= PCE2
RESTART PSWE26
BOOT BEGTN
EXECUTING
TURN ON
LED3, LED4
ENTER ODT
] £ FSW=0
GENERATE
SYSRESET
PC=173000
g PSW=340
READ POWER BEGIN
UP OPTIONS EXECUTING
ILLEGAL
YES
ACFALL
NO
A

Figure 2-6. VME CPU J11 Power-Up Sequence
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2.4.4.2 POWER-DOWN SEQUENCE

Figure 2-7 shows what happens when power is turned off,

POWER DOWN

ACFALL
ASSERTED

CLEAR POWER
FAIL FLIP=FLOP

( i TRAP THROUGH
VECTOR 24

CONTINUE | EXECUTING CODE

I

EXECUTE
INSTRUCTION

RO

NSTRUCTIONS

SET CPU ERROR
REG(7) : TRAP
VECTOR 4

INITIATE POWER-
UP SEQUENCE

r"\

| SET CPU ERROR
REGL7]): TRAP
VECTOR 4

| Ewrer oot .J

Figure 2-7. VME CPFU J11 Power-Down Sequence
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ODT mode is assigned by an "@" prompt at the console terminal.
It accepts 22-bit addresses.

Table 2-12 lists commands available in ODT mode.

Table 2=12. ODT Mode Comnands

Connand Key Function

Elash (4 Print the contents of 2 specified
location,

Return (CRY Close an apen location,

Line feed {LE) Close an open location and open the

nert contiguous location.

Internal Register designator {5} or Open a specific processor register.
(R)

Processor Status Rord designater {5} Open the Frocessor Status Register
(sust follov the {5 or (R}
copmand,

Go {6} Begin executing & program,

Procesd {r Resupe execeting a progras,

Binary dusp (Ckrl2¢5) (Manufacturing use only)
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2.5.1 EXITING THE MICRO-ODT SEQUENCE

Figure 2=-8 shows what happens when the <G> command is used to
exit the micro-0DT sequence.

1 ﬂDl]' lIG"}

TURN QFF
LED 2

GENERATE
SYSRESET

CLEAR
HMMRO , MMR 3

CLEAR
PIRQ

CLEAR FPS,
CPU _ERROR

CLEAR PSW

BEGIN
EXECUTING

Figure 2-8, The Exit Micro-0DT Sequence
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Chapter 3

3. ARCHITECTURE

3,1 INTRODUCTION

VME CPU J11 is designed for use in high-speed, real-time
applications and for multiuser, maltitasking environments.

Figure 3-1 provides a simplified overview of the module
architecture.

The CPU communicates with local memory and local devices (serial
interface, parallel interface, real-time clock, and boot memoxy)
through the local bus.

The 1local bus is connected to the VMEbus through the VHMEDbus
interface, Access to the local bus is controlled by the local bus
arbiter; access to the VMEbus is controlled by the VMEbus
arbiter.

Local memory c¢an be accessed from the VMEbus and on-board CPU,
but local devices can be accessed only by the on-board CPU.

3.2 THE CENTRAL PROCESSING UNIT

The DEC DCJ1]l is a 16-bit microprocessor. It uses VLSI CMOS
technology to operate with 1 Watt of power dissipation., On-chip
cloek generation, microdiagnostic and console octal debugging
permit easy hardware interface and maintenance.

A four-level pipeline and instruction prefetch allow overlapping
between internal operations and bus transactions.

The DCJ11 chip includes a 64-bit floating point section and
memory management unit. The 32-bit dinternal data path optimizes
the performance of floating-point arithmetic. It also includes
an orthogonal instruction set compatible with the PDP-11 and
General Purpose Registers (GPR) for more efficient programming.
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Memory management provides three levels of memory protection for
multivser and multitasking environments. It also extends a 128K
direct-address range into a 4 MB physical-address range.

RS-132 CERTROBICS -
J11
CPO
SERIAL PRRRLLEL REAL-TIHE Bont
LOCAL BOS INTERFACE IHTERFACE CLOCK RoR
THTERFACE 3 ﬁ 3 $
LOCRL BOS
GLOBAL LOCAL GLOBAL BUS LOCAL
EDS RrK TNTEREACE BDS
RREITER (VEE) ARBITER

i YHEbus

Figure 3-1. VME CPU J1l Architecture

Local memory is comnected to the local bus, which can be accessed
either from the on-board CPU or an external DMA device. The
Intel 8207 dynamic EAM controller provides the necessary signals
to address, refresh, and directly drive 64K or 256K dynamic RAM.

The controller is programmed to run in asynchronous mode with
either a 16 MHz or 8 MHz clock.

Local memory size is 128K or 512K, depending on the selected RAM
capacity (64KEx]1 or 256Exl). Flexible address decoding (provided
by a PaAL) also assures easy address relocation and size

selection, when necessary.

Byte parity control is also available to detect parity errors in
local memory, thereby increasing the reliability eof the system.
Parity can be disabled, if desired, for easier testing and
servicing.
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3.4 SERIAL IHTERFACE

The serial, asynchronous interface is a DL-11 device emulation
{see the programming model).

Serial-to-parallel conversion is done by the AY-3-1015D Universal
ssynchronous Receiver/Transmitter (UART). The character format of
serial data jis fixed at 8 bits per character, no parity, 1 stop
bit, 9600-baud transmission, R5-232C interface.

The Status Control Registers and Interrupt Handler are emulated
by PALs, The interrupt vectors are fixed, and are standard PDP-11
console vectors.

The serial line serves as a console terminal port which supports
ODT functions so there is mo need for program initialization. It
uses the standard PDP-11 console address. -

The serial line can be accessed only by the on-board CPU, not by
external devices. When a multiprocessor configuration is used,
all CPU boards handle the console terminal, including ODT
functions, in the same way.

3.5 PARALLEL INTERFACE

The parallel interface is designed by the general-purpose
peripheral dntegrated circuit CI0 Z8536. This device contains
three I/0 ports and three counter/timers.

The I/0 ports serve as parallel printer ports with a Centronics
handshake.

Counterftimers are for general use in real-time applications.
The parallel interface cam be accessed only by the on-board CPU.

In multiprocessor configurations, all CPUs handle the parallel
interface in the same way,

3.5.1 PARALLEL PRINTER PORT

Port A& is an 8-bit output port for printer data lines. It must be
programmed as an output-bit-mode port,

Port B is used for printer handshake (Centronics—compatible),
including data strobe, busy, and fault; and is also used as an
interrupt source for printer acknowledgements (busy).

An interrupt vector can be loaded. All output lines are buffered
with open collector drivers.
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3.5.2 COUNTER/TIMERS
The three independent 16-bit counter/timers consist of:
* A 16-bit down-counter that can be preset
* A l6-bit Time Constant Register
* A 16-bit Current Counter Register
* An 8-bit Mode Specification Register
* An 8-bit Command/Status Register
* A common 8-bit Vector Register
Only Timer Mcde can be used (internal cloek). Trigger input, gzate

input, and counter/timer output cannot be used.

3.6 REAL-TIME CLOCK

The real-time clock (RTC) is provided by the MC146818 CMOS low—
power integrated circuit.

The real-time clock enables the VME CPU J11 to be used for real—
time applications, .

Three features are available:

* A complete time-of-day clock with alarm and one=
hundred-year calendar

® A programmable periodic dinterrupt and square-vave
generator

# 50 bytes of static RAM

External battery backup from the VMEbus is provided to keep the
time-of-day clock running and maintain data integrity in the RAM,

The real-time clock can be accessed only by the on-board CPU; in
multiprocessor configurations all CPU boards handle this device
in the same way,

3.6.1 LIRE CLOCK GENERATOR

The square-wave generator (5QW) is used as a line clock., You can
alter the frequency and output enable of the square-wave
generator by programming Register A. The square-wave signal
(line clock) can be turned on and off using a bit in Register B
(line clock interrupt enable/disable), When power is turned on
(or a RESET instruction received), the square-wave signal is
disabled.
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3.6.2 TIME-OF-DAY CLOCK AND TIME-OF-DAY ALARM

The processor program obtains time and calendar information by
reading the appropriate RAM locations. The program can
initialize the time, calendar, and alarm by writing data dinto
these RAM locatiomns. The contents of the time, calendar, and
alarm can be either binary or binary coded decimal (BCD). The
Valid RAM and Time (VRTA) bit in Register D dindicates the
condition of the contents of the RAM,

3.6.3 GENERAL-PURPOSE DATA MEMORY
The 50 bytes of user RAM serve the need for low-power CMOS

battery backup storage. RAM memory can be used to store non-—
volatile data that must be retained when the main power is off.

3.7 BOOT LOGIC

The two changeable boot EPROMs are accessible for the boot-up
procedure and diagnostic purposes. The EPROM= are directly
accessed when power is turned on, if vou use the Auto-Boot power-—
up option (Chapter 2.3.1.3).

Changeability of EPROMs allows you to choose different types of
boot devices, Like other on-board If0 devices, the boot option is
not accessible to external devices, For this reason, the boot
address can be identical for all CPU boards in multiprocessor
SYSLEMS .

The VMEbus consists of ¥ interrupt-request levels, organized in a
vertical-priority manner. (Level 7 is the highest-priority level
and level 1, the lowest.)

Interrupt Requestors on the same level are daisy-chain connected.
The first Reguester to the far left of the Interrupt Handler has
the highest priority and the last Requestor on the right has the
lowest priority.

There can be one (single-handler system) or more (distributed
handler system) Interrupt Handlers on the VMEbus, VME CBU J11
supports up to 4§ interrupt-request levels. Two options are
jumper selectable: four-level interrrupt mode and three-level
interrupt mode.

In fnuruléﬁel interrupt mode, levels 47 are supported and
assigned to processor interrupt priority levels 4=T7,
respectively.
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In three=level mode, Ilevels 1-3 are supported and assigned to
processor interrupt priority levels 5-7, respectively.

In all configurations, local devices are connected to processor-
interrupt priority lewvel 4 and have the highest priority on that
level, The line clock is commected to processor-interrupt
priority level 6 and has the highest priority on that level. The
ID byte is first aligned with the longword boundary and then used
as a vector address for the interrupt routine,

3.8.1 SINGLE-HANDLER SYSTEMS

In single-handler systems, the VME CPU J11 is a supervisory
processor which receives and services all WVMEbus interrupts.
Other processors are not required to service interrupts from the
bus. You can select a four- or three-level Interrupt Handler.

3.8.2 DISTRIBUTED-HANDLER SYSTEMS

In distributed handler systems, two Or more processoys can
receive and service bus interrupts. Each co-equal processor
executes part of the system executive software and services only
those interrupts directed to it by other processors within the
system.

Thexre can he ﬁwo VME CPU J11 modules in a system of this type:
one with a four-level Interrupt Handler, and the other with a
three=level Interrupt Handler.

3.9 _BUS ARBITRATION

The VMEbus contains four bus-request levels, organized din a
vertical priority., There are three Arbiter options:

% Single-Level Arbiter (ONE)

# Fixed Priority (PRI}

#* Round-Robin Sequence (RRS)
Only the ONE and PRI options (four-level arbitration) are
available on the VME CPU J11.
3.9.1 SINGLE-LEVEL ABRBITRATION (LOCAL ARBITER)
Single-level arbitration only services bus requests on the BR3
level. Priority is controlled by a daisy-chain connection. Any

bus request overrides the board request. This option is selected
when vou use the VME CPU Jll1 in a single-processor configuration.
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3.9.2 FOUR-LEVEL ARBITEATION (GLOBAL ARBITER)

Four-level arbitration serwvices all four bus-request levels. The
BE3 level has the highest priority and BRO, the lowest . You use
this option when vou use two VME CPU J11 modules din the same
system.

First, the local bus is accessed on the BR2 level and second, on
the BR1 level. 411 modules, including CPUs, reguest the YMEDbus
on the BR3 level, This allows simultaneous operation of both
processors on their own local memory and other modules on the
VMEbus; or, when one processor is running on local mewmory, a DMA
transfer can be done in another's local memory.
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4. PROGRAMMING MODEL

4.1 VHME CPU J11 PROGRAMMING MODEL

Figure 4-1 shows the visible registers on the VME CFU J11, These
registers dinclude the General-Purpose, System—Control, Memory-
System, Memory-Management, and Floating-FPoint Registers.

GEWERAL PURPOSE SISTEN CONEROL NEMORY SYSTER
U] [0 ISP BB ) [ FIECTRE )
Y E5p
i ([ Re i OSF | A
i EET-* | [CTPU_EERTR

P+ 1 L S
FLORTING POIRT BEEORY KANAGEMERT

[CEFS_ ] [FEC ] [FER [EEED_ ] [ENEI ) [EFEZ ] [(EEEI ]

ACCUMULATORS [64 BII) FERREL{00]) SOPERVISOR(01) QSER(11)

|14 0 0 0
|1 l | 1
AL i z i
AL 3 3 3
AL i i i
1 5 3 5

b ] b

T 1 1

FAE FDR PAR  FIH PRE POR
Figure 4-1., Visible Begisters
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4.1.1 GENERAL-FURPDSE REGISTERS
There are 16 General-Purpose Begisters (GPR) (Figure 4-1):
# A doval set of six registers (RO - RS and RO' - R5")

* Three stack pointers which correspond to the three
processor modes (kernel, supervisor, and user)

* A Program Counter (PC)
Only one stack pointer is visible at any given time.
The two six-register sets (RO — RS and R0' — R5'") cannot be used
simultaneously. The group currently in use is selected by bit 11

in the Processor Status Word Begister (PSW).

Only &8 registers are visible at any given time.

4.1.2 SYSTEM-CONTROL REGISTERS

There are three System-Control Begisters:
# Prncessn} Status Word Register (P5W)
¥ Program Interrupt Request Register (PIRQ)
# Processor Error Register (PER}

The Processor Error Register identifies the source of any trap or
abort condition that caused a trap through location 4,

Table 4-1 shows the address classifications for the System-
Control Registers.

Table 4-1. System-Control BRegister Addresses

hddress Register

17711776 Processor Statws Word (PSH)
111711772 Program Interrupt Request (PIRQ)
177117766 Processor Error (PER)
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4.1.2.1 PROCESSOR STATUS WORD REGISTER {(P5W)

Table 4-2 lists the bit deseription for the Processor Status Word
Begister.

Table 4-2, Processor Status Word Register Bit Description

Bit Nape Description

00 Carry Set when the previovs operation causes & carry oat,
EfR

01 Overflow Set when the previous operation results in  an
EfR gritheetic overflov.

02 fero Set when the reselt of the previous operation is zero.
EM

03 Beqakive Set whenm the result of the  previous operation is
ki negakive,

04 Trap Bhen set, the processor traps to location f4 at the end
E/H of the curreat instructiom.

65 - 07 Priority Tndicates the encoded current interrupt priority level
RiH of the gprocessor, :

] Reserved Reserved for future use.
R/

09 - 10 Prused Read as zeros.
B :

i1 Register Set Selects a growp of General-Purpose Registers. Nhen
R set, the RO"-R5' group is wsed; whem cleared, the RO-RS

group is used,

12, i} Previous mode Imdicates previous processor mode!
B/H 00 = Kernel
01 = Supervisor
in = 1llegal

11 = Oser

14, 15 Current mode Indicates current processor mode (same as above).
RiW
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4.1.2.2 PROGRAM INTERRUPT REQUEST REGISTER (PIRQ)

Table 4-=3 1lists the bit description for the Program Interrupt
Bequest Register (PIRQ).

Table 4-3., Program Interrupt Request Register Bit Description

Bit Hame Deseription

01 = 0% Epcoded Value %The encoded value of the highest priority level sat inm
bits 9 - 15. Sawe as bits 05 - 07,

05 - 07 Encoded Value Sazme as bits 01 - 03,

RO
9 g:rel i Requests level 1 inmterrupt priority.
10 ::vel ? Requests level 2 interrupt priority.
11 ::TE] i fequests level 3 interrupt priority.
12 ::val i Requests level 4 interrupt priority.
13 ;:val 5 Requests level § fnterrupt priority.
14 E:vel ] Reque;ts lavel 6 interrupt priority.
15 E:vel 1 Bequests level T interrvpt priority.
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4,1.2.3 PROCESSOR ERROR REGISTER (PER)

Table 4-4 1lists the bit description for the Processor Error
Register.

Table 4-4. Processor Error Register Bit Description

Bit ‘l;ua Description

0-1 = iot used.

1 Bed stack violation Set on red stack trap: a kernel stack push

§i=15

RO

Yellow stack violation
RO

If0 bus tiee out
RO

Homexistent memory
RO

hddress Error
1]

Illegal Ralt
RO

abort durimg an interrupt, abert, or trap
SEQUENCE.

Set on yellov zome stack overflow trap.
{(Kernel wmode stack references less tham 400
octal.)

Set when reference to the I/0 page times out.
Set when a referemce to main wmemory times
outk.

Set when vord 2ccess to an odd byte address
or am -instruction fetch fros am intermal

register is attespted.

Set when execution of a BALY instrucktion is
attespted in user or supervisor eode,

Hot wsed.
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4.1.3 MEMORY-MANAGEMENT BEGISTERS

The Memory Management Unit provides three separate address spaces
(Kernel, Supervisor, and User), each having different privileges
and dindependent sets of lé6=bit mapping and protection registers.
Each operating mode is assigned 16 Page Descriptor Registers
(PDR) and 16 Page Address Registers (PAR) to handle instruction
space and data space.

Table 4-5 shows the address classifications for the Memory-
Management Registers (MMR).

Table 4-5. Memory-Management Register Addresses

Address kegister
11777576 Newory Nonagement Status Register 2
177717574 Wemory Banagement Status Register |
171171572 Kemory Managesent Status Register @
11712516 Nemory Mamagement Status Register 3
177717660 - 17777676 lser Data PAR, Registers 0 - 7
17777640 - 17777656 Dser Instruction PRR, Registers 0 - 1
177717620 - 17777636 User Data BDR, Registers § - 1
17777600 - 17717616 Bser Instrmction PDR, Registers 0 - 1
17772360 = 171772376 Kernel Data PAR, Registers 0 - 17
17772340 - 17772356 Eernel Instrection PAR, Registers 0 - 1
117172320 - 17772336 Kernel Data PDR, Registers 0 - 7
17712300 - 17772316 Fernel Instroction POR, Registers 0 - 7
17712260 - 177712276 Supervisor Data PAR, Registers 0 -1
17772240 - 17772256 Supervisor Instruckion PAR, Registers 0 - 1
177712220 - 117712236 Supervisor Data POR, Registers 0 -1

17772200 - 17772216 Supervisor Imstruction PDR, Registers 0 - 7

4.1.3.1 PAGE ADDRESS REGISTER (PAR)

Table 4-6 lists the bit description for the Page Address
Register.

Table 4-6. Page Address Register Bit Description

Bit Bame Description

0 -15  Page Address Pield 16-bit field which specifies the starting address
of 2 page as a block nueber im physical eemory.

4= PROGRAMMING MODEL



4.1.3.2 PAGE DESCRIFTION REGISTER (PDR)

Table 4-7 1ists the bit descriptions for the Page Description
Begister (PDR).

Table 4-7. Page Description Register Bit Description

Bit Kame Description
1] - Hot used.
to=1 hooess hecess control code for this page:
RIR 00 = Bonresident (abort om access)
01 = Bead only (abort on writes)
10 = Bot used (abort all accesses)
11 = Read/Rrite access
i Ezpansion direction Specify direction in which the pzge ezpands. If
RIK this bit is clear, the page expands vpwards from
block nmusber 0 to inclede blocks with higher
addresses.
i, 5 - : Hot wsed. !
i Page Hrittem This bit is set to indicate & modifisd page. The
RO *E* bit is autosatically clezred vhee the PAR or
POR of that page is written into.
1 = Fokt used.
g - 14 Paga length Elock nveber which defines the page boundary.
R/E -
i5 Bypass cache Ieplement 2 conditional cache bypass. mechanise.
BiR If the POR is accessed during a . relocation

operation and Ehis bit is set, the time-
pultiplesed signal is asserted dering the
subsequent 1/0 cycle.
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4.1.3.3 MEMORY MANAGEMENT STATUS REGISTER 0 (MMRO)

Table 4-8 lists the bit descriptions for Memory Management Status
Register 0.

Table 4-8, Memory Management Status Register 0 Bit Description
Bit liage Bescription
0 Enable Belocation Enable relocation., When set to 1, all messages

T =12

i3

iy

15

R/
Page Husber
RO

Page Space
RO

Processor
kO

Read-Only Abort
RiH

Page Length Abort
BfE

Resident Abort
RIW

are relocated. Rhen set to 0, eesory sanagesent
is inoperative and addresses are mot relocated.

The nusber of the page cizsing an abort,

The address space (I or D} associated with the
page causing an abort (0 = I space, 1 = D space).

Processor mode (Eernel, Supervisor, Oser, Illegal]
associated with the page cavsing an ebort, If
I1legal sode is specified, an abort is generated
and bit 15 is set.

Kot used.

this bit is set wvhen you attempt to write in a
read-only page. Read-only pages have access keys
of 1.

fhis bit is set whem you attespt to access &
lpcation in a page with 2 block nusber (virtual
aldress bits § - 12) outside the area authorized
by the page length field of the POR for that page.

Thiz bit is set when you attespt to access a page
yith an access contrel field key equal to 0 or 2.
it is also set by attespting to use memory
relocation vith 2 processor mode (PS5 (14 - 13)] of
1

4-8
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4.1.3.4 MEMORY MANAGEMENT STATUS REGISTER 1 (MMRI)

Memory Management Status Register 'l records any auto-inerement or
aunto-decrement of a General-Purpose Register, inecluding explicit
veferences through the Program Counter. The Register 1is cleared
at the beginning of each instruction fetch.

Table 4=9 lists the bit descriptions for Memory Management Status
Register 1.

Table 4-9, Memory Management Status Register 1 Bit Description

Bit Nase Description

0-1 Register Identify one of the eight General-Purpose
4] Registers.

) hmount Changed fhe asount of auto-incresent or avto-decrement in
RO the 2's-coeplesent notation for Ehe register

defined in bits 0 - 2.

§ -1 Register Identify one of Lthe eight Eenaral-Pu}puse
Ra Begisters.

11 - 15 Bmownt Changed The asount of auto-incresent or awto-decrement in

F 1] the }'s-copplesent nmotation for the register

defined in bits & - 10,

4.1.3.5 MEMORY MANAGEMENT STATUS REGISTER 2 (MMR2)

Table 4=10 lists the bit deseription for Memory Management Status
Register 2.

Table 4-10. Memory Management Status Register 2 Bit Description

Bit Pescription

b - 15 Loaded with the Prograe Counter of the currest imstruction and frozem
when an abort condition is posted in Memory Managesent Register 0.
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%4.,1.,3.6 MFEMORY MANAGEMENT STATUS REGISTER 3 (MME3)
Table 4-11 1lists the bit descriptions for Memory Management
Status Register 3.

Table 4-11, Memory Management Status Register 3 Bit Descriptions

Bit Hame Description

0 User Data Space Enables data space eapping for Wser
BfR operzting mode,

| Swpervisor Data Space Enzbles data space wmapping for
B/R Sepervisor opersting mode.

i Kernel Dakta Space Enables data space mapping for Rernmel
RIR pperating mode.

3 Enable CSK Instructionm Enables recognition of a call Sepervisor
RIR gode instruoetion.

{ Enable 221-bit Mapping Enazbles 12-bit weeory addressing (the
B/R default is 18-bit addressing).

5 Emable I/0 Nap Enables the If0 sap.
R/H

6 - 15 & Bot used.

4.1.4 MFMORY-SYSTEM REGISTER

This Register is located at address 17777746, Only three bits are
used in this Register:

4-10

Bit 9 enables the Memory Parity Error signal when set.

Bits 2 - 3 enable the Bus Lock function when set,
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4.1.5 FLOATING-POINT REGISTERS

User-accessible architecture associated with floating=point
processing includes:

% Six 64-bit Floating-Point Accumulators
* A Floating-Point Status Register (FPS)
% A Floating-Point Exception Address Register (FEA)

* A Floating-Point Exception Code Begister (FEC)

4.1.5.1 THE FLOATING-POINT STATUS REGISTER
Table 4-12 1lists the bit descriptions for the Floating-Point

Status Register.

Table 4=12, Floating-Point Status Register Bit Deseriptions
{Sheet 1 of 2)

Bit Kage Descripticn

] Floating Carry Set when the last operation resulted in 2 carry of
the most significant bit. This can oaly occur in 2
floating or dowble-to-integer comversion.

{ Bloating Overflow Set when the last floating-point operationm
reselted in an exponent.

i Floating Zero Set when the last floatimg-point operation
resulted in a zero.

3 Floating Hegative Set when the result of the last floating-point
operation was negative.

i = Hot wsed.

§ Bloating Chop Nede Hhem this bit is set, the result of an arithsetic
operation is chopped. Rher not set, the result is
rounded.

] Floating Long Rhen this bit is set, the integer format used is

Integer Mode double-precision 2"t cosplesent. Whem not set,

the integer format wsed is single-precision 2's
cosplesent,

1 Floating Double- Whem this bit is set, douhle precision is used;
Precision Kode when not set, single precision is used.
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Table 4-12. Floating-Point Status Register Bit Descriptions

{Sheet 2 aof 2)

Description

Bit lage

B Interrupt:
Integer Conversion

] Interrupt:
Overflow

10 Intercupt:
Enderflow

il Interrupt:
Undefined Yariable

IL 13 =

14 Intercapt Disable

15 Floating Error

-

Intercept when conrversion to integer imstruction
fails. If interrupt occsrs, the destination is
set to "0, and 2all other registers are untouched.

Interruopt when floating overflow occors. The
fractional part of the result of the operation
causing the overflow will be correct. The biased
exponent will be too seall by 400 [octal).

Interropt when floating wnderflow ocours. The
fractional part of the result of the operation
cansing the imterrupt will be correct. The biased
erponent will be too large by 400 (octal), except
for the special r case of "0", which is correct.

Interrvpt whem 2 "0" is obtained from semory as an
operand of ADD, 50B, MOL, DIV, DNP, MOD, NEG, AES,
Y81, or any LOAD imstruction. The interrupt occurs
before execution, eicept on HEG, ABS, and 15T,
for which it occurs after ezecution.

Reservad.
Disable all floating-point inmterrupts.

Set by & floating-point error:
* Division by zero
* Tllegal opeode
* bay of the resainimg errors occer and
the corresponding interrupt is emabled.
This action is imdependent of the FID bit status.

4=12
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4.1.5.2 THE FLOATIRG-POINT EXCEPTION CODE REGISTER (FEC)
The Floating Point Exception Code Register is used to store the

four-bit floating-point exception code, Table 4-13 1lists the
floating-point exception codes.

Table 4-13. Floating-Point Exception Codes

Code Description

2 Floating opeode error

4 Floating Eivide by zere

] Floating or double-to-integer conversiom error
B Floating overflow

10 Floating underflow

11 Floating undefined variable

4.1.5.3 THE FLOATING-POINT EXCEPTION ADDRESS REGISTER (FEA)
One“interrupt vector is assigned to all floating-point exceptions
(location 244). The Floating-Point Exception Address Register is
used to store the address of the instruction which produced the
© exception.

The FEC and FEA Registers are updated when one of the following
QCCcurs:

* Divide by zero
# Jllegal opcode

* Any of the-other four exceptions, with the corresponding
interrupt enabled.
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4.2 ADDRESSING MODES SUMMARY

4.2,1 DIRECT ADDRESSING MODES

Table 4-14 lists the Direct Addressing Modes and symbols,

Table 4-14. Direct Addressing Modes

lode I Srnial
Register ]
hutodecresent -(R)
hutoincresent [R)+
Index 1R

In Register Mode, the content of the selected register is taken
as the operand.

In Autodecrement Mode, the register contains the address of the
operand after it has been modified. .

In Autoincrement Mode, the register contains the address of the

. operand before executing the instruction. After the instruction

is executed, it contains the address of the next higher word or
byte memory location,

In Index Mode, the register is added to the displacement to
produce the address of the operand,

4.2.2 INDIRECT ADDRESSING MODES

Table 4-15 lists the Indirect Addressing Modes and symbols.

Table 4-15. Indirect Addressing Modes

Bode : Sysbol
Register Deferred (R)
butoincresent Deferred B(R)+
hutodecresent Deferred E-(R)
Index Deferred EX(R)
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In Register Deferred Mode, the address of the operand is stored
in a General-Purpose Register, The address contained in the GPR
directs the CPU to the operand,

In Autoincrement Deferred Mode, the register contains a pointer
to an address. The "+" indicates that the pointer is incremented
by "2" after the address is located.

In Autodecrement Deferred Mode, the register contains a pointer
which is first decremented by "2". The new pointer is then used
to retrieve an address stored outside the CPU,

In Indexed Deferred Mode, a base address is added to an indexed

word., The result is a pointer to an address, rather than the
actual address.

4.2.3 PROGRAM COUNTER ADDRESSING MODES
Table 4-16 lists the Program Counter Addressing Modes and

aymbols.

Table 4-16. Program Counter Addressing Modes

Hode Syabol

Tepediate RS T
Absolute Eib

Relative = A

Relative Deferred ]

Immediate Mode is equivalent to using the Autoincrement Mode with
PC.

Absolute Mode is the equivalent of Immediate Deferred or
Autoincrement Deferred using the PC, The contents of the
location following the instruction are taken as the address of
the operand.

Belative Mode is Index Mode 6 using the PC. The operand's
address is calculated by adding the word that follows the
instruction to the updated contents of the PC.

Relative Deferred Mode is Index Deferred Mode 7, using the PC., A

pointer to an operand's address is calculated by adding an offset
to the updated PC.
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ﬁ;J INSTRUCTION SET SUMMARY
The following symbols are used in these instructions:

*#* DD = Destination Field (6 bits)

®* N Rumber (3 bits)
* NN = Number (6 bits)

*= R = Gen Register (3 bits): 0 to 7

# 85 = Spurce Field (16 bits)
* XxX = Offset (B bits)}, +127 to -128
= ¥ = (0 for word, 1 for byte

4.3.1 SINGLE-OPERAND INSTRUCTIONRS

4.3.1.1 GENERAL INSTRUCTIORNS

CLR{E) Clear Destination Y050DD
COM{B) Complement Destination YO051DD
INC{R) Increment Destination YO520D
DEC(B) Decrement Destination YO53DD
NEG(R) Negate Destination Y054DD
TST(B) .Test Destination Y0570D
WRTLCE Write Interlock Q07 3nD
TSTSET Test and Set Q07200

4.3.1.2 SHIFT AND ROTATE INSTRUCTIONRS

ASR(B) : Arithmetic Shift Right YO62DD
ASL(B) Arithmetic Shift Left YO63DD
ROR(E) Rotate Right Y0oe0DD
ROL(B) Rotate Left Y061DD
SWARB Swap Bytes 000300

4,3.1.3 MULTIPLE PRECISION INSTRUCTIONS

ADC(B) Add Carry Y055DD
SBC(B) Subtract Carry YO56DD
SXT Sign Extend 006700
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4.,3.1.4 PS5 WORD OPERATOR INSTRUCTIONS
MFES ; Hove Byte from BS
MTPS Move Byte to PS

4.3.2 DOUBLE-OPERAND INSTRUCTIONS

4.3.2.1 GENERAL INSTRUCTIONS

MOVIB) Move Source to Destination

CHMP(B) Compare Source to Destination

ADD Add Source to Destination

suUB Subtract Source from Destina-
tion

ASH Arithmetic Shift

ASHC Arithmetic Shift Combined

MUL Multiply

DIV Divide

4.3.2.2 LOGICAL INSTRUCTIONS

BIT(R) Bit Test
BIC(R) Bit Clear
BIS(B) Bit Set

XOR Exclusive OR

PROGEAMMING MODEL

1067DD
10645S

Y155DD
Y255DD
0655DD

1655DD
O72R5S5

Q7RSS
OT0ORSS
O71RSS

Y3SsDD
Y455DD
Y555DD
Q7 4RDD
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4.3.2.3 PROGRAM CONTROL INSTRUCTIONS

BR Branch (Unconditional) 000400
BNE Branch if not equal (to zero) 001000
BEQ Branch if equal (to zero) 001400
BPL Branch if plus 100000
BMI Branch if minus 100400
BVC Branch if overflow is clear 102000
BVS Branch if overflow is set 102400
BCC Branch if carry is clear 103000
BCS Branch if carry is set 103400
BGE Branch if greater than or

equal (to zero) 002000
BLT Branch if less than (zero) Q02400
BGT Branch if greater than (zero) 003000
ELE Branch if less than or equal

(to zero) 003400
BHI Branch if higher 101000
. BLOS Branch if lower or same 101400
BHIS Branch if higher or same 103050
BLD Branch if lower 103400
JHEP Juinp 0001DD
JSR Jump to subroutine Q04RDD
RTS Return from subroutine 00020R
SOB° Subtract one and branch (if

not equal to zero) 077R0O0

4.3.2.4 TRAP AND INTERRUPT INSTRUCTIONS

EMT Emulator Trap 104000-104377
TRAP Trap 104400104777
BPT Breakpoint Trap 000003
10T Input/Output Trap Q00004
RTI Return from Interrupt 000002
RIT Beturn from Interrupt 000006

$.3.2.5 MISCELLANEOUS PROGERAM CONTROL INSTRUCTIOKS

CSM Call to Supervisor Mode Q070DD
MARK Mark 0064NN
SPL Set Priority Level QO023N
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4.3.2.6 MISCELLANEOUS INSTRUCTIONS

HALT
WAIT
RESET
MFPT
MTPD

MTPI

MFPD

MFPI

NOP

Halt

Wait for Interrupt

Beset External Bus

Move Processor Type

Move to Previous Data Space

Move to Previous Instruction
Space

Move from Previous Data Space

Move from Previous Instruc-
tion Space

Ko Operation

4.3.2.7 CONDITION CODE OFERATORS

CLC
CLV
CLZ
CLHN
cce

SEC
SEV
SEZ
SEN
SCC

Clear
Clear
Clear
Clear
Clear all CC Bits

=ZM =0

Set
Set
Set
Set
Set all CC Bits

ZM=0

PROGBAMMING MODEL

000000
000001
000005
000007
106655

Q006655
006558

106588
000240

000241
000242
000244
000250
000257

000261
000262
000264
000270
000277

4=19



4.3.3 FLOATING-POINT INSTRUCTIONS

CFCC
SETF
SETI
SETD
SETL

LDFFS
STFES

STST
CLEF,CLED

TSTF,TSTD
ABSF, ABSD
NEGF , NEGD

MULF , MULD
MODE , HODD

ADDF , ADDD
LDF,LDD

SUBF, SUBD
CMPF , CMPD

STF,STD
DIVF,DIVD
STEXP

STCFI,STCFL
STCDI ,STCDL

STCFD,STCDF

LDEXP

LDCIF,LDCID
LDCLF, LDCLD

LDCDF , LDCFD

4=20

Copy Floating Condition Codes 170000
Set Floating Mode 170001
Set Integer Mode © 170002
Set Floating Double Mode 170011
Set Long Integer Mode 170012

Load Floating Point Program Status 1701 sre
Store Floating Point Progyam
Status 1702 dst

Store FPP's Status 1703 dst

Clear Floating Point/Double 1704 fdst
Test Floating/Double 1705 fdst
Make Absolute Floating/Double 1706 fdst
Hegate Floating/Double 1707 fdst

Multiply Floating/Double 171{AC) fsrc

Multiply and Separate Integer and

Fraction Floating/Double 171(AC + &)
Add Floating/Double 172({AC) fsre
Load Floating/Double 172(AC + &)
Subtract Fleoating/Double 173(AC) fsrc
Compare Floating/Double 173(AC + &)

Store Floating/Double
Divide Floating/Double
Store Exponent

174(AC + 4)
175(AC) dst

Store and Convert from Floating or
Double to Integer or Long

" Integer 175(AC + &)

Store and Convert from Floating-to-
Double and from Double-to=-
Floating

Load Exponent

176(AC) fdst
176(AC + &)

Load and Convert Integer or Long
Integer to Floating or Double
Precision 177(AC) =src

Load and Convexrt from Double-to-

Floating and from Floating-to-

Double 177(AC + 4)
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4.4 SERIAL INTERFACE

The serial interface connects the console terminal to the VHME CPU
J11 for the microcode Online Debugging Technigque (micro-0DT) and
for the normal XON-XOFF communication protocol,

The serial interface has two channels of interrupts: one for the
receiver section (vector = 60) and one for the transmitter
section (vector = 64).

Table 4=17 lists the addresses for the Serial Interface
Registers,

Table 4-17. Addresses for the Serial Interface Registers

Rddress Register

17777560 Receiver Control/Status Register (RCSR)
171777562 Beceiver Buffer Register (RBOF)

17777564 Pramseitter Control/Status Register (XCSR)
17777566 Transeitter Buffer Register (XEBOF)

4.4.1 THE RECEIVER CONTROL/STATUS REGISTER (RCSR)

Table 4-18 1lists the bit descriptions for the Recedver
Control/Status Register.

Table 4-18. Receiver Control/Status Begister Bit Descriptions

Bit Fame Description

0-5 = Bot Osed

] Receiver IE  Starts an interrupt sequence whem Receiver Done (bit 7)
is set.

1 Receiver Done Set after a character is received in the Receiver

Buffer Register. When the character is read from the
Receiver Buffer Register, the Done Flag is cleared.

B - 15 - Kot Dsed.
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%4.4.2 THE RECEIVER BUFFER REGISTER (RBUF)

Table 4=19 lists the bit descriptions for the Receiver Buffer
Register.

Table 4-19, Receiver Buffer Register Bit Descriptions

Bit Hame Description

D=7 Receiver Data Eight bits containing am ASCII character.

8- - Kot Dsed

15 Errot Logical OR of Overrun Error and Framing Error

4.4.3 THE TRANSMITTER CONTROL/STATUS REGISTER (XCSR)

Table &4=20 1lists the bit descriptions for the Transmitter
Control/Status Register. ;

Table 4-20. Transmitter Control/Status Begister Bit Descriptions

Bit Fage Dbescription

-5 = Kot Used.

£ ioit IE Initates the interrupt sequemrce if the ¥pit Rdy bit
(hit 7) is set. g

1 ¥ait Rdy Set when the YBOP is ready to accept a characker or
when an initizlization operation occurs. Cleared when
the character is written into the XBOF.

R L = Bot Osed.
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4.%.4 THE TRANSMITTER BUFFER REGISTER (XBUF)

Table 4-21 lists the bit descriptions for the Tramsmitter Buffer
Register.

Table 4-21. Transmitter BPuffer Register Bit Descriptions

Bit Bape Description

=1 Ymit Data The ASCII character to be transferred to the console
tereinal.

g - 15 - Rot Osed.

4.5 CONSOLE ONLINE DEBUGGING TECHNIQUE (ODT)

The Online Debugging Technique (0DT), part of the VME CPU J11
microcode, emulates online run and debugging programs. This
feature (also called "micro-0DT") accepts 22-bit addresses,
allowing it to access 4,.088M of memory (physical or wvirtual
address access) and an 8K 1/0 page. Table 4-22 lists the ODT
commands . 3

Table 4-22, The 0DT Commands

Command Syebol Function

Slash o ~ Print the contents of a specified location,
RETOEN {CR} Close an open location.

Line Feed {LE} Close an opem location and opem the mext

contiguous location.

Internal Register {5} or (R} Open & specific process oI register.
Designator

Processor  Status (5} Open the Processor Status Register (most
Word Designator follow an (3 or (R} comeand).

Go {6} Begin executing a progras.

Proceed (P} Resupe executing a prograe.

Binary Dump {Ctr1)<{5) (Manufacturing use only)
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4.5.1 SLASH (ASCITI 057)

The Slash command (</>) opens the I/O Device Register, memory
locations, bus address, processor registers, or Processor Status
Word and is normally preceded by other characters that specify a
location,

When you wuse the Slash command, the contents of the specified
location, followed by a space, are printed, For example:

 @00000346/323244<SPACE>

The </> command can also be used without a location specifier to
verify the data just entered into a previously opened location.
The </> produces this result only if it is entered immediately
after a prompt. An <f> issued immediately after the processor
enters ODT mode causes the message "7<CR>,<LF>" to be printed
because a location has not been opened. For example:

@2544/003322<5PACE>0564<CR><CR><LF>
@/006564<SPACE>

4.5.2 RETURN (ASCII D15)

The BRETURN (<CR>) command closes an open location. If a
location's contents are to be changed, enter the new data before
pressing <CR>, If no change is desired, <CR> closes the lucdtion
without altering its contents. For example:

% Open Processor Register Rl without changing the data
in this register:

@BR1/001100<SPACE><CR><CR><LF>
@

# Open Processor Register Rl and enter new data:
ER1/001100<5PACE>002420<CR><CR><LF>
@
4.5.3 LINE FEED (ASCII 012)
The Line Feed (<LF>) command eloses an open location, then opens
the next contiguous location, Bus addresses and processor
registers are incremented by 2 and 1, respectively, When wyou

have the last register open (R7) and press <LF>, the ODT "rolls
over" to the first register (R0),

4=24 : PROGRAMMING MODEL



If the open location's contents are to be changed, enter the new
data before pressing <LF>, If no data is entered, the location is
closed without being altered. For example:

® BRAS552333<SPACE><LF><CR><LF>
R4 /543243<SPACE>

%  @R7/213243<SPACE><LF>»<CR><LF>
RO/777700<SPACE>

4.5.4 INTERNAL REGISTER DESIGNATOR (ASCII 044 or 122)

The Internal Register Designator (<$> or <R>) opens a specific
processor register, It must be followed by a register number (0
- 7) or the Processor Status Word Designator (<5>). For example:

*  @52/200030<SPACE=
#  @R2/200030<SPACE>

* @R3/110220<SPACE><LF>
R4 /000065<SPACE>

4.5.5 PROCESSOR STATUS WORD DESIGNATOR (ASCITY 123)

The: Processor Status Word Designator (<53) opens the Processor
Status Word Register. It can only be used after the <B> or <%>
Internal Register Designator.

If you press <LF* while the Processor Status Word Register is
open, it is closed and the ODT prints "<CR><LF>@", No new
location is opened. The trace bit (bit 4) cannot be modified by
the user, For example:

@RS /201167 <SPACE>0<CR><CR><LF>
@/000010<SPACE>

4.5.6 GO (ASCIT 107)

The Go command (<G>) starts program execution at a location
entered immediately before the <G>, For example:

@150G<NULL><NULL>

After echoing the command character <G>, the ODT prints two nulls
(ASCII 0). In the next step, the ODT loads RY (PC) with the
entered data. °~ The default walue (when data is not entered) is
g, The PS5, MMRO (0, 13-15), MMR#, PIRQ, CPU Error Begister,
and Floating-Point Status Register are then cleared to zero and
the VMEbus is initialized by the processor. The service state is
entered by the processor and anything waiting to be serviced is
processed.
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&4.5.7 PROCEED (ASCII 120)

When vou use the Proceed command (<P>), program execution resumes
at the address pointed to by R7. After echoing the <P>, the
processor leaves the ODT and immediately fetches the next
instruction.

If a HALT is requested, it is recognized at the end of the
instruction {during the service state) and the processor enters
the ODT state and prints the contents of the PC (R¥). In this
fashion, you can step through a program instruction by
instruction and obtain a PC "trace" on the terminal.

4.5.8 BIRARY DUMP (ASCII 23)

The Binary Dump (<Ctrl><S5>) command is not a normal user command,
It displays a portion of memory more efficiently than the </> or
<LF> commands. i

When this command iz released and echoed, the host system at the
other end of the serial line must send two 8-bit bytes (not
echoed) which the console 0DT interprets as a starting address,
Address bits 16=21 are always forced to be "0".

The Binary Dump command is restricted to the first 32K words of
address space. After the second address byte has been received,
the console ODT outputs ten bytes to the serial line, starting at
the address previously specified. When output is finished, the
console ODT prints "<CR><LF>@". :

HOTE : This command can be aborted if vou enter two <@=
characters (ASCII 100) as a starting address,

4.6 PARALLEL INTERFACE

The parallel interface is designed by the Z8536 CIO Counter/Timer
and Parallel I/0 element. The use of the CI0 is simplified by
making all dinternal registers (command, status, and data)
readable and (except for the status bit) writeable.

Each register is given its own unique internal address so that
any register can be accessed in two operations.

The first step is to select a control operation and write the
address of the target register to an internal 6-bit Pointer
Register, The second step is to read from or write to the target
register,
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All data registers can be directly accessed in a single operation
by address lines A0 and Al (Table 4-23), The 25536 CID register
set is divided into & groups:

Table
Registers.

-]

&

"

4=23

Master Control Registers

Port Specification Registers
Bit-Path Definitionm Registers
Port Data Registers
Pattern-Definition Registers
Counter/Timer Begisters
Interrupt Vector Registers

lists the addresses for the Parallel Interface

Table 4=23. Addresses for the Parallel Interface Begisters

Al A} DMddress Register

1] ] 17777530 Port € Data Register
0 I 171177532 Port B Data Register
i ] 177177534 Port b Data Register
1 i 17777536 ~ Contrel Register
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4.6.1 THE MASTER CONTROL REGISTERS
There are two Master Control Registers:
*# Master Interrupt Control Register
* Master Confipuration Control Register

Table 4-24 shows the addresses of the two registers.

Table 4-24, Master Control Register Addresses

hddress Register
aoaonn Baster Interrupt Control Register
panant Master Corfiguration Conktrol Register

4.6.1.1 THE MASTER IRTERBUPT CONTROL BEGISTER
Table 4-25 lists the bit descriptions for the Master Interrupt

Control Register, All have a Read/Write status,

Tabfe 4-25. Master Interrupt Control Register Bit Descriptions

- Rit Description
0 Reset
1 Right-Justified Addresses:

B = shift left (R0 from A1)
1 = right-justify (A0 froe AD0)

2 Counter/Timer Vector Ipcludes Status (CT VIS)
3 Port B Vector Imcludes Status (PE VIS)

{ Port h Vector Includes Status (Bh VIS)

5 fo Vector (KV)

£ Disable Lowver Chain (DLC)

1 Baster Interrupt Enable (MIE)
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§.6.1.2 THE MASTER CONFIGURATIOR CONTROL REGISTER

Table 4-26 lists the bit descriptions for the Master

Configuration Centrol Register. All have a Read/Write status.

Table 4=26. Master Configuration Control Register Bit Descriptions

Bit Description

0 -1 Counter/Timer Link Controls (LC)

LC1  ECO
] 0 Counter/fieers independent
] i C/T 1"s DOTPOY L Gates C/% 2
i 0 €/t 1's 0DIP0Y L Yriggers C/% 2
1 1  ¢ft i's 00RO [ is CfT 2's count imput
2 Port A Enabled (PRE)
3 Port Link Contrel (PLC)
0 = Ports A and B operate independently
1= Porks & and B linked
{ Port C Enabled (PCE) and CounterfTimer 3 Emabled [CT3R)
0 Counter/Tiser 2 Enabled (CTIE)
- 6 Counter/Tieer ! Enabled (CPTLE)
1 Port B Enabled (PBE)

4.6.2 PORT SPECIFICATION REGISTERS

There are three types of Port Specification Registers:
% Port Mode Specification Registers
* Port Handshake Specification Registers
# Port Command and Status Begisters

Table 4-27¥ shows the addresses of these registers.
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Tﬁhle §-27, Port Specification Register Addresses

Address _ Port Register

100000 '] Port Hode Specification Register
101000 B Port Npode Specification Register
foo00d [} Port Eandshake Specification Register
101001 B Port Bandshake Specification Register
noioon A Port Cossand and Status Register
ga1001 B Port Comsand amnd Status Register

4.6.2.1 THE PORT MODE SPECIFICATION BREGISTERS

Table £-28 1ists the bit descriptions for the Port Mode
Specification Registers. All have a Read/Write status.

Table 4-28, Port Mode Specification Register Bit Descriptions

Bit Pescription

1] Lateh on Pattern Match [LEK) (Eit Mode) Deskew Timer Enable (DTE)
(Bandshake Hodes) -

i1-1 Pattern-Node Specification bits {PNS)

PES]  PRSD

0 0 Disable pattern matce

| TRED" Mede

i 0 *OR" Hode

i } "0 PRIORITY ENCODED VECTOR® Mode

3 Interrept on Match Only (IO}
i Single-Buffer Mode (5B)
g Interrept on Two Bytes (ITH)

-1 Port-Type Select (PTS)

PTal  Prsd

0 1] Bit Port

0 1 Input Port

1 1] Output Port

1 1 Bidirectional Port
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4.6.2.2 THE PORT HANDSHAKE SPECIFICATION REGISTERS

Table 4=29 1lists the bit deseriptions for the Port Handshake
Specification Repisters. All have a Read/Write status.

Table 4-29, Port Handshake Specification Register Bit Descriptions

Bit Description

0b-2 Deskew time specification bits. Specifies the NSBs of the deskes
timer time comstant. ESB is forced to 1.

3=k REQUESY/RAIY © Specification Bits (RRS)

kRS2 RESL BRSO

REQOEST/WAIT L Disabled
Output ERIT E
Inpuot EALT E
Special Regquest
Output Reguest
Input Reguest

e e == B
— T O e O
C o — I e —

6 -1 Bandshake-Type Specification Bits (B75)

Brsi  mTsd

] ] Interlocked Bandshake
L] i Strobed Bandshake

1 0 Pulsed Handshake

1 1 Three-Rire Bandshake
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4.6.2.3 THE PORT COMMAND AND STATUS BEGISTERS

Table 4-30 lists the bit descriptions for the Port Command and
Status Registers,

Table 4-30. Port Command and Status Register Bit Descriptions

Bit Status Description

0 Read/Hrite Interrupt on Error (IQE)

| Read Only Pattern Natch Flag (PEF)

2 Bead Only Input Register Poll [IRE)

| Read Only Output Register Bapty (ORE)

i Read Only Interrupt Error (ERR)

§ Read/ffirite Interrupt Pending (IP) (see Table 4-11)

b Read/Hrite Interrupt Enable (IE) (see Table {-31)

1 Read/Rrite Interrupt Onder Service (IDS) (ses Table 4-31)

Table 4-31 shows the code used to write IUS, IE, and IP,

Table 4-31, Code for Writing IUS, IE, IP

I08 IE IP Fenction

0 R Hull Code

] 0 1 Clear IP and IDS
= S EekIDg

0 1 1  Clear 105

I 1 8 GetlIP

ST R T

1 1 0 Set IE

i 1 1 Clear IE
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4.6.3 DBIT PATH DEFINITION REGISTERS

There are three types of Bit-Path Definition Registers:
#* Dpata Path Polarity Registers
* Data Direction BRegisters
= Special I/0 Control Registers

Table 4-32 shows the addresses of these registers.

Table 4-32. Bit-Path Definition Register Addresses

Rddress Port Register

100010 ] Data Path Polarity Register

161010 B Data Path Polarity Register

o010t [ Data Path Polarity Register (4 LSBs only)
160011 ] Data Direction Register

101011 B Data Direction Register

pooiLn C . Data Direction Register (4 L5Bs only)
100100 [} Special 1/0 Control Register

101100 B Special I/0 Control Registar

pontil [k Special 1/0 Control Register (4 LSBs oaly)

4.6.3.1 THE DATA PATH POLARITY REGISTERS

Table 4-33 lists the bit deseription for the Data Path Polarity
Registers. They have Read/Write status.

Table 4=33, Data Path Polarity Begister Bit Description

Bit Description

0-1 Dats Path Polarity (DPP). 0 = Nom-imverting
. 1 = Inverting
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4.6.3.2 THE DATA DIRECTION REGISTERS

Table 4-34 1lists the bit description for the Data Direction
Begisters. They have Read/Write status.

Table 4-34. Data Direction Register Bit Description

Bit Description

0-1 Data Direction (DD).

ﬁ.é.S.ﬂ THE SPECIAL I/0 CONTROL BEGISTERS

Table 4=35 lists the bit description for the Special I/0 Control
Registers, They have Read/Write status.

Table 4=35, Special I/0 Control Begister Bit Description

Bit Description

b-1 Special Imput/Output {SI0). 0 = Koreal Input or Ouiput
1 = Output with open drain or Input with a
"1's catcher"

4.6.4 THE PORT DATA REGISTERS

The Port Data Begisters have the following addresses:

# Port A = 001101

001110

n

* Port B
* Port C = 001111

All can be accessed directly and have a Read/Write status,
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4.6.,5 THE PATTERN-DEFINITION REGISTERS

There are three types of Pattern-Definition Registers:

% Pattern Polarity Registers (PP}
# Pattern Transition BRegisters (PT)

* Pattern Mask Registers (PM)

All have Read/Write status, Table &4-36 shows the addresses of
these registers.

Table 4-36, Pattern-Definition Register Addresses

Mdress Port Register

100101 [} Pattern Polarity Register

101101 B Pattern Polarity Register

100110 ] Pattern Trensition Register

foiing ] Pattern Transition Register

100111 A Pattern Mask Register

101111 B Pattern Hask Register

Table 4-37 1lists the Pattern Specifications for each of these
registers.

Table 4-37. Pattern Specifications for the Pattern-Definition

Registers

PE PT PP Pattern Specification
e e | Bit Masked OFF

] 1 X Any Transition

| MO | lero

| 0 1 One

et e One-to-Iero Tramsition
| e 4 lero-to-One fransition
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4.6.6 THE COUNTER/TIMER BEGISTERS

There are four tyvpes of Counter/Timer Registers:
#  Counter/Timer Command and Status Registers
% Counter/Timer Mode Specification Registers
*# Counter/Timer Current Count Registers

# Counter/Timer Time-Constant Registers

4.6.6.1 THE COUNTER/TIMER COMMAND AND STATUS REGISTERS

These registers have the following addresses:

* Counterx/Timer 1 001010

001011

u

* Counter/Timer 2
# Counter/Timer 3 = 001100

Table 4=38 lists the bit descriptions for these registers.

Table 4-38. The Counter/Timer Command and Status Bit Descriptions

Bit Status Description

0 Read /Hrite Court in Progress (CIP)

1 Rrite Only 3553521 Cossand Bit (TCB) (write only; read reterns

2 Read/Rrite Gate Command Bit (GCE)

3 Read Only - Bead Counter Control [RCC) (Read/ set only; cleared by
reading CCR LSE)

i Read Only Interrupt Error (ERR)

5 Read/Rrite Interrupt Pending (IP) (see Table {-31})

[ kead/Rrite Interrupt Enable [IE) [see Table {-31)

1 Read/Rrite Interrupt Onder Service(ID5)(see Table 4-3l)
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4.6.6.2 THE COUNTER/TIMER MODE SPECIFICATION REGISTERS
These registers have the following addresses:

* Counter/Timer 1 = (11100

% Counter/Timer 2 = 011101

011110

]

* Counter/Timer 3

All have a Read/Write status. Table 4-39 1lists the bit
descriptions for the Counter/Timer Mode Specification Registers.

Table 4-39, Counter/Timer Mode Specification Register Bit
Descriptions

Bit Description

0-1 Dutput Duty Cycle Selects (DCS)

DCsi_ pese
0 ] Pulze Output
0 i Cne-Shot Output
1 ] Square Rave Output
1 1 Do not specify
gt Retrigger Enable Bit (REB) ;
| External Gate Emable (EGE)
L} Bxternal Trigger Enable (ETE)
] External Count Enabla (ECE)
] Extermal Output Enzble (EOE)
7 Continvous Single Cycle (CS5C)

4.6.6.3 THE COUNTER/TIMER CURRENT COUNT REGISTERS
These registers have the following addresses:

# Counter/Timer 1's M5B = 010000

* Counter/Timer 1's LSB = 010001
# Counter/Timer 2's MSBE = 010010
* Counter/Timer 2's LSE = 010011
* Counter/Timer 3's MSB = 010100
* Counter/Timer 3's LSB = 010101

All have a Read-Only status,
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4,6.6.4 THE COUNTER/TIMER TIME-CONSTANT REGISTERS

These registers have the following addresses:

*# Qounter/Timer 1's MSE = 010110
* Counter/Timer 1's LSE = 010111

% (Counter/Timer 2's MSE = 011000
# Counter/Timer 2's LSM = 011001
* Counter/Timer 3's MSE = 011010
# (Cpunter/Timer 3's LSB = 011011

All have a Read/Write status,

&.6,7 THE INTERRUPT VECTOR REGISTERS
There are two types of Interrupt Vector Registers:
# Interrupt Vector Registers

o

% (Current Vector Registers

§.6.7.1 THE INTERRUPFT VECTOR REGISTER

This register has the following addresses:

I

Port A = 000010

3

Port B = 000011
% (Counter/Timers = 000100

It has Read/Write status and is composed of bits 0 - 7.

4.6.7.2 THE CURRENT VECTOR REGISTER
This register has the address: 011111. It has a Read-Only

status. Bits 0 = 7 are an interrupt vector based on the highest
priority unmasked IP.
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4.7 REAL-TIME CLOCK PROGRAMMING

The Real-Time Clock (RTC) MC146818 includes a complete time-of-
day clock with alarm and one-hundred-year calendar, a
programmable periodic interrupt and square-wave generator, and 50
bytes of low-power, static RAM, The RTC is accessible at
addresses 17777200 to 17777376,

BTC memory consists of 50 general-purpose RAM bytes, 10 BAM bytes
which normally contain the time, calendar, and alarm data, and
four control and status bytes. All 64 bytes are directly
readable and writeable by the processor program, except Registers
C and D, bit 7 of Begister A, and the second byte, which can only
be read.

The selected Time base is 4.193404 MHz, Table 4-40 shows the
Beal=Time Clock Addressing Hap.

Table 4-40., Real-Time Clock Addressing Map

hddress Register
17177200 Seconds
11111202 Seconds Rlarm
171711204 Kinutes
171171206 Einutes Rlare
T Hours

111171212 Bours Alarm
1717171 Day of the Reck
1711711216 Day of the Bonth
17111220 Konth

11 = Tear

T Register A
11117126 Register B
117717230 Register C
1711171232 Register D

11717234 - 17777378 Data Hemory
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4.7.1 REAL-TIME CLOCK: REGISTER A

Table 4-41 lists the bit descriptions for Register A of the Real-
Time Clock. All have Read/Write status, except bit 7.

Table 4-41. Register A Bit Description

Bit Pescription

-3 %he Rate Selection bits (RS0 - RS3) are wsed to select one of 15 taps
on the 22-stage divider or disable divider output. The tap selected
can be wsed to generzte am output square wave (50K pin) andfor &
periodic interrupt.

B30 BS! RS2 R53 Time Period Frequency
1] ] ] ] Bone Hone
i 0 ] ] 10,517 ps 32.768 KBz
el 0 0 61.035 ps 16.384 KRz
=] 0 D 122,070 ps B.192 KBz
| R | i 0 244041 ps 4,09 EB:
1 ] i D AB8.281 ps 1.048 KBz
0 == | D 976,562 ps 1.024 KBz
1 i i D 1.95312 ms 511 Hz
] 0 1 3.90625 ns 256 Bz
1 0 0 1 T.6125 s 128 Bz
R | 0 1 15,625 s Bd Bz
- i i 0 1 3.25 s i1 Bz
0 ] 1 1 61.5 BS 16 Bz
1=l i 1 {25 s B Bz
1] i | 1 250 85 i Bz
1 1 i 1 500 ['H ! Bz

L -6 The Divider Selection bits (DV0 - DVZ) are used to selest various
conditions of the 22-stage divider chaim, These bits identify which
of the three time-base fregemcies is in wse and are also esed to reset
the divider chain.

DY0 DVl D92 Function

1] 0 0 4,194304 KRz
1 ] 1] 1.068576 KHz
1] 1 0 31.768 KBz
1] 1 1 Reset divider
i 1 | Reset divider

The other cosbinations are used only for testing.

1 The Opdate in Progress (OIP) bit is a status flag that can be
eonitored by the program.
1 = The update cycle is in progress or will soom begin
0 = fhe update cycle is not in progress
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4.7.2 REAL-TIME CLOCK: REGISTER B

Table 4-42 lists the bit descriptions for Register B of the Real-
Time Clock., All have Read/Write status,

Table 4-42. Register B Bit Descriptions

Eit Description

0

Daylight Savings Emable bit (DSE).  When set to "1", two special updakes
occur: On the last Sunday in April, the time incresents from 1:59:59 AN
to 3:00:00 AK. On the last Sunday in October, the tiee decresents from
1:59:59 A to AN to 1:00:00 RE.Khen set to "0",these updates do not oceur
This bit is not changed by any internal operations or reset.

24/12 control bit. Establishes the format of the hour bytes: 1 = 2d-hoer
gode, 0 = 12-hoor msode. This bit is affected omly by the software.

Data Hode bit (DN). Indicates whether time and calendar vpdates are to use
binary or BCD forsats. fThe DN bit is written by the processor progras and
can be read by the prograe, but is not mcdified by amy intermal fumctions
or RESET L. 1 = binary datay 0 = binary-coded-decisal {BCD) data,

Square Wave Enable bit (SQRE). 1 = a square-wave signal at the frequency
specified in the rate selection bits (RS0 - RS}) appears on the 508 pin.
0 = the SQR pin is driven lov. SQEE is cleared by the RESET L pin.

Update-Ended Interrupt Enable bit (UIE). Enables OF (bit 4 of Register ()
to assert IRQD L. The RESET [ pin going low or the SET bit qoing high
clears the DIE bit,

Aare Interrupt Enable bit (AIE). Permits the RF (bit 5 of Register ) to
pake the three time bytes equal to the three alarm bytes, including a
"don't care® alarm code, when set to "1". Whem set to *0", the AP Dbit
does not initiate an IRQ [ signal. The RESEY L pin clears AIE to "0°.
Internal functions do mot affect the AIE bit.

Periodic Interrupt Enable bit (PIE}. Rllows the PF (bit & of Register C)
to cawse the IR) L pin to be driven low. A program writes a *1" to the PIE
bit in order to receive periodic interrupts at the rate specified by the
RS0 - RS3 bits in Control Register A. A *0" in PIE blocks IRQ [ froe being
initiated by a periodic interrupt, but the PP bit is still set at the
periodic rate. PIE is not sodified by any internal NC146818 functions, but
is cleared to "0" by a RESET L.

SET bit. 0 = the update cycle functions noreally by advancing the counts
omce-per-second, 1| = any wpdate cycle in progress is aborted amd the
prograe can initialize the time and calendar bytes withouwt an wpdate
occurring in the midst of initializing, The SE? bit is not wmodified by
RESET L or internal functions of the HC146818.
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4.7.3 REAL-TIME CLOCK: REGISTER C

Table 4=43 lists the bit descriptions for Register C of the Real-
Time Clock. All have Read-Only status.

Table 4-43, Begister C Bit Descriptions

Bit Description

b -1 Bot vsed, Read 2s "0's™ and cannot be written to.

i Dpdate-Ended Interrupt Flag (UF).  Set after each update cycle. Rhen
the OIE bit is a "1", the "1® in OF causes the IRQF bit to be *1°,
asserting IRQ L. OF is cleared by a Register € read or a RESET L.

5 Alare Interrept Flag (KF). 1 = the curremt tiee mabches the alars
time, A "1" causes the IRQ L pin to g0 lov and a "I" to appear in the
IROE Dbit, when the AIE bit is also a “1". R RESE? L or a read of
Register C clears the AF.

] Pericdic Imterrupt Flag (PF). 1 = & particelar edge is detected on the
: selected tap of the divider chaim. The RS0 - RS3 bits establish the
periodic rate. PP is set to a "1" indepemdent of the state of the PIE
bit. &hen PF ic ®1®, it initiestes an IR0 I sigmal and the IROE bit,
when PIE is also a "1". the PF bit is cleared by a RESEY? L or &

softvare read of Register C. ‘

1 Interrupt Reguest Flag (IRQF), Set to "1" whem one or more of the
folloving are trues

PF = PIE
AE = BIE
Up- = OIE

1
!
i

(IRQF = PF*PIE + AF*AIE + DF*DIE)

Khen the IRQF bit is a *1%, the IRQ L pin is driven low. R11 flag bits
are cleared after Register ( is read by the prograe or ehen the RESED
E pin is Yow. A program write to Status Register 2 does not weodify
eny of the flag bits.
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4.7.4 REAL-TIME CLOCK: REGISTER D

Table 4—44 lists the bit descriptions for Register D of the Real-
Time Clock, All have Read-Dnly status.

Table &4=44, Register D Bit Descriptions

Bit Description

-6 Bot vsed, Read as "0's" and cannot be writtem to.

1 Valid BAM and Tige bit (VRT). Indicates the condition of the contents
of the RAN, provided the Power Semse pin (P5) is satisfactorily
connected. 0 = PS low. The processor prograe cam set the WRY bit when
the time and calendar are initialized to indicate that the RAR and
tise are valid. The VRT is not modified by the RESE? L pin and can
only be set by reading Register D.

4.8 BOOT PROGERAMMING

VME CPUO J11 includes two changeable Bootstrap EPROMs. The
Bootstrap program written dn these 2K x 8 bit EPROMs can be
changed for different types of boot devices. Addresses 173000
to 173776 are used for the Bootstrap program. 3
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Appendix B

B-

RELATED DOCUMENTATION

DC J11 MICROFPROCESSOR, Appendix A: DC Characteristics;
Appendix B: AC Characteristics; Appendix D: Instruction
Timing, 1983, DEC, pp. A-1 to A-4, B-1 to B-7, D-1 to D-14 .

COMPONENTS DATA BOOE, Universal Peripherals, Z8530 SCC
Serial Communications Controller, September 1983, ZILOG,
Pp. 409-429

- COMPONENTS DATA BOOK, Universal Peripherals, Z8536 CIO

Counter/Timer and Parallel I/f0 Unit, September 1983,
ZILOG, pp. 451=-474

SINGLE-CHIP MICROCOMPUTER DATA, MC146818 CHOS Real-Time
Clock Plus RAM, 1984/85, MOTOROLA, pp. 3-1027 to 3-1046
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