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Preface

Audience

This manual provides reference material about the VAXmate workstation. It
covers all programmable components, the firmware, and several MS-DOS re-
lated environments. The material and its presentation are directed to expe-
rienced programmers or software designers,

Manual Organization

This manual is divided inte four parts and appendixes:

+ Chapter 1 provides an overview of the YVAXmate workstation and optional
eouipment.

* Chapters 2 through 13 introduce the VAXmate workstation
programmable hardware devices. Each chapter discusses a single hard-
ware programming task, such as video inputioutput {J/Ol external inter-
rupt processing, or serial conumunications and includes the following
information:

- A brief device description
A list of additional references
- A description of the programmable hardware registers
- A programuning example
- A discussion of the example

The examples are written in the C programming language to reduce the
size of the examples and focus on the task rather than the detail required
by the language.

« Chapter 14 describes the power-up diagnostics and system startup.

« Chapter 16 describes the read-only memory basic inputioutput system
ROM BIOSI.

= The appendixes contain additional information, including a hibliography of
ather useful publications.
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Terminology

The tollowing terms are used throughout this manual and are defined as
follows:

Term Definition

Industry-standard The computer industry recognizes two gpen architectures
as industry standards, the IBM PC AT bus structure and
the Microsoft disk operating system (MS-DOS). Moreover,
supporting MS-DOS requires & defined set of ROM BIOS
servires, The term industry-stondard refers to compatibil-
ity with these architectures.

Reserved To avoid confusion and incompatibility, the use of certain
Available items such as memory space, /O space, interrupt vectors,

{Unassignad and BROM BIOS parameters or return values must be
ciearly defined. These three categories define those items
that do not have a specific use

Reserved In future hardware ar soltware releases,
DIGITAL may define a specific use for this
item. Hardware or software applications
that use this item may not work with
future releases.

Availahle Hardware or software applications can use
this itent. DIGITAL has defined the spe-
cific use of this item as available for
applications,

Unassigned Hardware or software applications can use
this item. However, there remains some
risk that DIGITAL may define a specific
use for this item.

xxxiv  Preface



Federal Communications Commission
Radio Frequency Interference

Class A Computing Devices

- This equipment generates, uses, and may emit radio frequency energy. The
equipnment has been tested and found to comply with the limits for a Class A
computing device pursuant to Sub-part J of Part 15 of FCC Rules, which are
designed to provide reasonable protection against such radio frequency interfer-
ence when operated in a commercial environment. Operation of this equipment
it a residential area may cause interference in which case the user at his own
expense may be required to take measures to correct the interference.

If this equipment does cause interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged
to try to correct the interference by one or more of the following methods:

* ye-orient the receiving antenna
» relocate the computer with respect to the receiver
* move the computer away from the receiver

* plug the computer into a different outlet so that computer and receiver
are on differeut branch cireuits.

If necessary, the user should consult the dealer or an experienced radin

and television techunician for additional suggestions. The user may find the
hooklet, How 1o Identify and Resolve Radio/TV Interference Problems,
prepared by the Federal Communications Commission helpful. This booklet is
available from the U.8. Government Printing Office, Washington, DC 20402,
Stock No. 004-000-00398-5.

NOTE

Shielded cables are provided for use with this device, Should any
rables be replaced or added for any reason, these cables should
he the same as, or with higher shielding capabilities. than those
provided by Digital Equipment Ceorporation,
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Chapter 1
VAXmate Workstation Overview

This chapter describes the VAXmate workstations physical appearance, base
configuration, optional components, and the logical relationship of the
components.

The VAXmate workstation is a high-performance, standalone, desktop personai
computer that executes industry-standard software. The integral Ethernet inter-
face allows the VAXmate workstation to communicate on a network. The hard
disk storage, provided in the optional expansion bhox, allows the VAXmate
workstation to be a4 server on a network,

Base System

In the base configuration, the YAXmate workstation has three units:
s System unit
» Keyboard

» Mouse

Figure 1-1 shaws a base configuration workstation.

VAXmate Werkstation Overview 1-1



Figure 1-I  Base Configuration Worksuation

In the base configuration, the system unit contains the following major
eomponents:

® % 2 & & @ ¢ & & 2 8 S B

1-2

R0286 microprocessor

One megabyte ot dynamic random-access memory (DRAM}
Viden moniter and controller
Diskette drive and controller
Ethernet controller
Kevboard interface controller
Event tumer

Real time clock and calendar
Serial cormmunications port
Serial printer port

Serial mouse port

Speaker

Power supply

VAXmate Workstation Overview
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Optional Components

The workstation provides for the following optional components:

*  An expansion box, part number RCD31-EA, that attaches to the bottom
of the system unit. Figure 1-2 shows the svstem unit with the expansion
box attached. The expansion box contains an additional power supply, 2
battery, a 20 megabyte hard disk drive and controller, and two industry-
standard expansion slots.

*  An 80287 coprocessor, part number FP287, that installs in the system
unit. Figure 1-3 shows the 80287 coprocessor.

* A two megabyte DRAM module, part number PC50X-AA, that installs in
the system unit. Figure 1-4 shows the two megabyte DRAM module,

= A modem module, part number PC50X-MA, that installs in the system
unit. Figure 1-5 shows the modem module.

Figure 1-2  Workstation With Installed Expansion Box

VAXmate Workstation Overview 1-3
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Figure 1-3  Optional 80287 Coprocessor

Figure 1-3  Optional Modem Module
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Figure i-6 shows the relationship of the workstation eomponents. The battery
is present only when an expansion box is installed,

VLORKETATION

Lk

o

Figure 1-6 Block Diagram of Workstation Components
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Chapter 2
VAXmate Microprocessor

Overview

The VAXmate microprocessor is an Intel 80286 central processing unit (CPU}
The CPU is a high-performance, 8 MHz microprocessor with a 16-bit external
data path and a 24-bit address path. The CPU provides two modes of opera-
tion, real address mode and protected viriual address mode.

Real Address Mode

On powerup, the CPU operates in real address mode. In real address mode, the
80286 CPU behaves as though it is a fast 8086 CPU. It is limited to the 1
Mbyte address range of the 8086 CPU. In real address mode, the ROM is ac-
cessed in the address range OF0D00H-0FFFFFH.

Protected Virtual Address Mode

In protected virtual address mode, the 80286 CPU can access 16 Mbytes of
physical memory and 1 gigabyte of virtual memory,

The ROM is redundantly mapped to two physical address ranges, 0FOC000H-
OFFFFFH and FFOOOOH-FFFFFFH. Therefore, in protected virtust address
mode, the 80286 CPU can access the ROM at either physical address range.
However, the majority of the ROM BIOS code is not valid in protected virtual
address mode.

The CPU uses the keyboard interface controller or a double exception fault to
reset to real address mode from protected virtual address mode. The keyboard
interface controller is discussed in Chapter 8.

VAXmate Microprocessor 2-1



Coprocessor

The optional coprocessor tor the YVAXmate workstation is an Intel 80287 proe-
assor extension chip, It 15 a high-performance, numeric processor that extends
the CPU data types to include floating-point, extended-integer, and binary-
coded decimal (BO,

Additional Sources of Information

The following Intel Corporation documents provide additional information on
the CPU and coprocessorn

Introduction o the (APX 286 (Publication Number 210308}

iIAPX 286 Hardware Reference Manwual {(Publication Number 210760)
IAFPX 286 Programmer's Reference Manual (Publication Namber 210488}
Microsystem Components Hondbook (Publication Number 230843}

a8 # B
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Memory Map

The base configuration workstation has 1 Mbyte of RAM and 64 Kbytes of
ROM. An optional memory module can be added without an expansion box,

Table 2-1 describes the VAXmate workstation’s physical memory map. The 1
Mbyte of RAM is divided into three, noncontiguous blocks. In Table 2-1. these
plocks are labeled BLOCKL, BLOCK?Z, and BLOCKS,

Table 2.1 Physical Memory Map

From Ta Size Deseription
{Bytes)
000000H OSFFFFH 840K System RAM (BLOCKI1)
DABO00H OAFFFIFH 44K Reserved
OBOO00H OBFFFFI 84K Video RAM

During videu mode setup, the video
RAM is dynamically mapped. Only
the video RAM required by the cure
rent, video mode is accessible.

DCo00GH GCFFFFH 84K Available for options with expansion
ROM

DD0000H OEFFFFH 128K DIGITAL private RAM (BLOCKZ)

OF0O00H OFFFFFH 64K System ROM

100000 EFFFFFH  14336K Optional RAM space

FOBOOOH FIFFFFH 128K Reserved RAM space

F2O000H FEFFFFH ZHEK DIGITAL private RAM {(BLOCKS)

FGOD0OH FIFFFFH 128K Reserved RAM space

F8O000H FEFFFFH 448K Reserved ROM space

FROOOGH FEFFFFH 64K System ROM (redundantly mapped

from OF0000H)
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Input/Output Address Map

Table 2-Z describes the VAXmate workstation’s 1/Q address map. Many of the

/0 ports have an industry-standard assignment. Recognition of that assign-
ment does not indicate that the device is present in the workstation.

‘Table 2.2

InputOutput Address Map

From Te Device Deseription

$000H (IIFH B23TAR DMA controller

D020H CO3FE 8259A Interrupt controller #1

0040H O05FH 8264-2 Timer

GOBOE 006FH 8042 Kevhoard interface controller
O070H e B Bit 7 controls the NMI mashk register
G070H 0077TH MC146818 Realtime clock and CMOS RAM
3078H OOTFH Reserved

DO8OH OQUEH T4L8670 DMA page registers

DOAGH GOBFH Interrupt controller 42

O0CHH GODFH e Resarverd

GOEGH GUEFH — Unassigned

GOFDH e e Clear math coprocessor busy
GOFIH B — i Reset math coprocessor

GO0F2H OOF7H e Unassigned

QOF8H OOFFH 50287 Math coprocessor

G100H GIEFH e Unassigned

GlFaH O1F8H W2 014 Hard disk controiler

G1F8H GIFFH e -

G20GH e Game port O

2084 e Unuassigned

0278H e Yarsllel printer port #2

0D280H 02ZF7TH e Unassigned

G2FeH 0ZFFH 5250 Serial port #2 {Integral modem option}
2-4 VAXmate Microprocessor



i

Table 22 Input/Output Address Map (cont.)

From To Device Description

0300H 031FH i Reserved

0320H (35FH e Unassigned

0360H 36FH — — Reserved

0370H 0377TH e Unassigned

0378H 037FH ——r Parallel printer port #1

0380H 038FH e Reserved

0390H 039FH s Unassigned

03A0H 03AFH  ——e Reserved

03BOH 03BFH e Reserved

03COH 03CFH e Reserved

03D0H 03DFH 6845 Graphies video controller

03EO0H G3EFH  — Unassigned

03F0OH 03FaH PD765A Diskette controller

03F6H 03F7TH e Hard disk and diskette controllers

03F8H O3FFH 250 Serial port #1

0400H OBFFH = Unassigned *

OCUOH OCIFH  —e System CSR 1

0C20H OC3FH e Ethernet ROM

0C40H OCHFH 2661 Universal Asynchronous Receiver/
Transmitter (UART} for mouse port

OCBOH DCTFH e Network Controller and Interface

0C80H  — e Special purpose register

0C81H QC9FH e Reserved

0CAOH  OCATH 8250 Integral serial printer port

0CA8H  ODFFH  —r Reserved

OEQOH FFFFH ——— Unassigned *

* Industry-standard, processor-board, [/O ports in the address range 0000H-
OOFFH respond to these 1/O addresses. Therefore. IO to the expansion
box in this address range is undefined.

W

VAXmate Microprocessor 2-



Interrupt Vector Map

VAXmate workstation's interrupts, The four columns in

ot

Table 2-3 shows the
Table 2-3 provide the following information:

umn identifies the interrupt number i hexadecimal,

e The inierrep

e columa is interprerod as follows:

&
- i’)w* fepter F indicates a processor exception interrupt,
- The letter H indicates a hardware interrupt.
- The letter 5 indicates a software interrupt.
- : hat the interrupt pace rontaing 2
pointer £o : me?er table or an appl
- The letter & indicates that the vector has no assignment.
. rigtion volumn identifies the specific assignment of the errupt
. “’iwthes‘ or ot the ROM BIOS services the
i t vaectors that are not service
O BIC to an interrupt return AIRET!
i : . indicated by H{F’T “wr iz ﬂ)mmtmz} on HOM BiGS-serviced
S(zi!waw interrupts, see Chapter 15,
Z2-8 VAXmate Microprocessor




Table 2-3  Interrupt Vector Map

Interrupt Type Deseription Service
00H -g——- Divide by zero V {Rb:jlnm
0111 e Single step IRET

024 H NMI ROM BIOS
03H b Breakpoint (Used by DEBUG) IRET

04H F Overtlow IRET

05H 5 Print Sereen function ROM BIOS
06H-0TH N Reserved IRET

08 H Kl Timer interrupt service (1RQ0) ROM BIOS
09H H Kevboard interrupt service {IRQ1}) ROM BIOS
0AH H Reserved {IRQ2 interrupt from controller #21 [IRET

132381 H Serial port #2 {Asynchronous} (modem IRET

optiont (1RQ3)

OCH 3 Serial port #1 {Asynchronous) (IRQ4) ROM BIOS
0DH H Unassigned (IRQ5) IRET

OEH H Diskette interrupt service (IRQ6G) ROM BI1OS
OFH H Parallel printer port #1 {IRQ7) IRET

10H S Video 1O ROM BIOS
1iH 5 Return configuration ROM BIOS
12H 5 Return memory size ROM BIOS
131 S Diskette and hard disk /O ROM BIOS
14H S Asynchronous communications FO ROM BIOS
15H 5 Extended ROM BIOS functions ROM BIOS
16H 5 Kevboard 10 ROM BI1OS
171 8 Printer Output ROM BIOS
18H S Invoke network boot/Maintenance Operation ROM BIOS

Protocol (MOP)
19H S Bootstrap ROM BIOS
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Table 2-3  Interrupt Vector Map {cont.}
Interrupt Type Description Serv{;é“mw
1AH S‘ Time o?day ROM Blﬁ‘é
LB P Keyboard BREAK vector IRET
1CH P Timer tick vector IRET
1DH P Video parameter table ROM BIOS
1EH P Priskette parameter table ROM BIOS
1FH P Graphics character table {Character codes ROM BIOS
BOH-FFH}
20H-3FH 5 Reserved for MS-DOS IRET
10H P INT (3H redirect when hard disk in use HOM BIOS
41H P Parameter table pointer for hard disk 0 ROM BIGS
42H-45H N Reserved IRET
46H P Parameter table pointer for hard disk 1 ROM BIOS
47H-5FH N Reserved IRET
80H-6TH N Available for application or user program IRET
interrupts
88H-6FH N Reserved for DECnet software IRET
T0H H Real time clock interrupt {IRQA) ROM BIOS
TiH H Redirect to interrupt 0AH - Old IRQ2 IRET
{(IRQY)
72H H Ethernet controller (IHQ 10} ROM BIOS
73H H Serial printer port {(IR&11} ROM BIOS
74H H Mouse port (1IRQ12) IRET
75H H 80287 error {IRQ13) ROM BIGS
T6H H Hard disk controller (IRQ14) ROM BIOS
TTH H Unassigned {IRQ15) IRET
T8H-TFH N {Inassigned IRET
BOH-FOH N teserved IRET
N Unassigned

FIH-FFH
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Bus Timing and Structure

The & MHz clock rate results in a 125 ns processor cycle. Normal operation of
the 80286 CPU requires two processor eycles. With zero wait states, a read or
write cycle requires 250 ns.

There are three data bus structures:

« A 16-bit local bus
* An 8-bit expansion bus
+ A 16-bit expansion bus

16-Bit Local Bus

The local bus connects the CPU to on-board memory and on-board peripherals.
One wait state is added to local bus memory transfers, resulting in a 375 ns
bus cycle. Two wait states are added to local bus input/output (I/Q) transfers,
resulting in a 600 ns bus cycle.

The RAM access time is 150 ns. The ROM access time is 250 ns,

NOTE

In assembly language programming, directing two or more con-
tiguous /0 ipstructions at the same device may not provide
enough time for the device to respond. This is possible because
peripheral devices respond more slowly than the 80286 proces-
sor executes. A jump instruction consumes processor cycles and
clears the processor pre-fetch queue. Thus, jumps to successive
/O instructions provide the required response time. The C lan-
guage /O functions, commonly named inf) and out or inpl) and
outs(), provide enough response time because they contain suf-
ficient overhead in the calling sequence,

16-Bit Expansion Bus

The 16-bit expansion bus supports word transfers to memory and /O, One wait
state is automatically added, resulting in a 375 ns bus cycle.

8-Bit Expansion Bus

The &-bit expansion bus supports byte and word transfers to memory and 1/O.
Word gransfers are controlled by hardware. which issues two sequential byte
transfers tlow byte firsy and high byte second). Table 2-4 describes the bus
cycle times for all transter types on the 8-bit expansion bus.
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Table 2-4  8-Bit Expansion Bus Transfer Times

Type Size Time Wait States
Memory Byte 750 ns

Memory Word {two, 8-bit transfers) 1500 ns 8

10 Byte 1125 ns 7

{0 Waord {(two, 8-bit transfers) 2250 ns 14

Expansion Box Technical Specifications

The VAXmate expansion box provides two expansion maodule slots, Each slot
accommodates a single expansion module. If a mother-daughter board is used
in one of the slots, then both slot areas will be used and it will not be possible
to add a second module. Table 2-6 shows the amperage {current} and wattage
values available for each slot. Each slot has an 8-bit and a 14-bit bus connector.
Figure 2-1 shows the pin numbers and signal names for the 8-bit and 16-bit
tus connector,

Tuble 2-5 Expansion Slot Power Ratings

Slot +51V +121V 120V B0V Watts
OPT-1 1.300 0,100 0.100 6.100 9.540
QprT-2 1.300 0.100 0.100 ¢.100 9.640

Expansion Box Operating Ranges
Ambient Operating Temperature: 15 C {89 F) to 32 C (90 F)

Relative Humidity: 8% to 80%
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8-Bit Bus Connector 16-Bit Bus Connector

ey I

GROUND Bl Al | T/0 CHRK L MEM16 1. Pl €1} SBHE L
RESET H B2 A2 | sD7 H 1/016 L D2 €2 | UA23 H
45V B3 A3 | sD6 R IRQ10 H D3 C3 | UA22 H
IRQY9 H B4 A4 | SDS H IRQ11 H D4 C4 | UA21 R
5By B A5 | sSD4 B IRQ1Z H D5  ©5 | UAZ0 H
DRQ2 H B6E A6 | sD3 IR015 H D6 €6 | UA19 H
12V B7 A7 | sp2 TRQ14 H D7 C7 | ual8s H
ovs L B8 A8 | sD1 H DACRO L D8 C8 | UALT H
+12v B9 A9 | SDO H DRQO H DY C9 | EMEMR L
GROUND B10 Al10] 170 RDY H DACKS L *%|D10 C10| EMEMV L
MEMV L B11 All] AEN H DRO5 B *x|{D11 C11] SDO8 H
MEMR L B12 Al12| SA19 H DACKG6 L #**|Di2 12| SDO9 H
10V L B13 Al3] sal8 H DRO6 H **|D13 €13} SD10 H
10R L B14 Al4| SA17 H DACK7 L *%|Di4 <C14| SD11 H
DACKY L B15 Al15| SAlé H DRQ7 H *x|D15 C15] SD12 H
DRQ3 H B16 Al6| Sa15 H +5V pi6 C16] Spi3 H
DACKY L P17 Al7| sSAl4 H MASTER L [D17 C17] SDl4 H
DRQ1 H B18 Al1B| SAl13 H GROUND pi8 <C€18| SD15 H

4 REFRESH I |B19 Al19] s5A12 ® SR

- CLOCK H B20 A20| SA11 H
IRQ7 H BZ1 A21] SAl1CG H ** Not Implemented
IRQ6 H B22 A22] sa9 ©
TRQ5 H B23 A23] SAB H
IRO4 H B24 AZ4| SA7 H
TRQ3 H B25 A25] SA6 B
DACK2 L B26 A26] SAS B
T/C H B27 A27] sa4 H
ALE H B28 A28] SA3 H
+5V B29 A29] sAa2 H
05C H B30 A30} sal #

GROUND B31 A31) sa0 H

Figure 2-1  8-Bit and 16-Bit Bus Connectors
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Chapter 3
Interrupt Controllers

Overview

The VAXmate B0Z86 central processing unit (CPU) has two interrupt input
lines, the Non-Maskable Interrupt (NMI} and the Interrupt Request (INTRJ,
When these hardware inputs are active, the CPU suspends execution of the
curvent program and begins execution of an interruptr handler. An interrupt
handler is a program or program segment that responds to a specific event.
This allows an imimediate response to asvnchronous external events and the
segregation of program responsibility for handling those events.

The interrupt input lines are assigned to different classes of events. The NMI
is dedicated to two catastrophic events, memory parity errors and 1O bus
errors. The INTR is assigned all other external interrupt sources, such as
diskette and hard disk controllers. serial and parallel ports, and clocks. The
reason for this division is the way the CPU implements the two interrupts:

* The NMI has a higher priovity than the INTR.
* The CPU has no way to disable the NMI input.

* The CPU provides handshaking prutocol during INTR processing, but not
during NMI processing.

» The NMI generates only one interrupt vector, which is tixed,

Because the CPU does not provide handshaking during NMI processing. the
CPU cannot communicate with an interrupt controller. Therefore, the NMI
sources are connected directly to the NMI input. To determine the source of
the interrupt, the NMI interrupt handler must read the status output of the
SGArees,
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The INTR input is buffered by fwo. 8259A interrupy controllers. The interrupt
controllers reduce the CPU interrupt precessing overhead in the following
ways:

e They resolve the prierity of simultaneous or overlapping interrupts,
= They rate muitiple interrupts into one sourco,
*  They provide the vector number of the interrupt handler,
Each interrupt controller is capable of handling eight interrupt requests. The
16 inputs are labeled TRQO-IRQ15. Controller 1 hufters ITRQUG-TRGT and cantrol-
ler 2 buffers [HQR-IRGS. Although thev are physically identical, the interrupt
controllers have a master/slave relationship. The output of contredler 2 (the
siavel is connected to the [IRQZ input of controller | {the mastery. The output
of the master is connected to the INTR input of the CPU. Table 3-1 shows all
of the JRY inputs
Table 3-1  Interrupt Request Lines
Prioricy Controller Controller Source
#1 MASTER  #2 SLAVE
i RGO Event timar output 0
2 TR Kavboard controller
3 TRG2 Slave interrupt controlier
3.1 TRQE Real-time clock
3.2 IRQY Software redirection to IRQ2
3.3 IRQIG LANCE (Ethernetj
2.4 IRQ1 Serial printer port
Hyiz Mouse port
3.6 IR Coprocessor error
3.7 1RQ14 Liard disk drive controller
38 TRQLA Available, 16-bit bus
4 TRG3 Reserved, integral modem option
& R4 Asynchronous communications port
G {R5 Awvailable, 8-bit bus
7 TRGG Diskette drive controlier
& 1RG7 Available, 8-hit bus
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Additional Source of Information

The following Intel Corporation document provides additional information:

*  Microsystem Components IHandbook (Publication Number 230843}

Read/Write Control

The 8259A interrupt controller has the following registers:

Initialization Command Words (ICW) - There are four initialization com-
mand words (ICW1-fCW4). They establish the operating conditions of the
interrupt controller and are written only during system initialization

Operation Command Words {OCW) - There are three operational command
words (OCW11-OUW3) These registers select sccess to internal controller
registers and control the run-time aspects of the interrupt controller,

Interrupt Mask Register [IMR} - The IMR selectively enables and disables
the interrupt controller’s interrupt input lines. In this manual, IMR refers to
the physical register and OCW1 refers to the command to read or write the
interrupt mask register.

Interrupt Request Register (IRR) - Fellowing a CPU interrupt acknowledge,
each bit in the IRR reflects the state of the corresponding interrupt input.
In-Service Register (ISR} - The ISR register indicates the interrupt input
lines that the CPU is currently servicing,

Poll data - The poll data indicates whether any enabled interrupt inputs are
active. It any enabled interrupt inputs are active, it also containg the inter-
rupt input number of the highest priority input requesting service.

Although the 8259A interrupt controller has many registers, it has only two
input/output (O} ports, Table 3-2 shows the master aud slave 1O port ad-
dresses, Table 3-3 shows the registers and the requirements to access them.

Table 3-2 Master and Slave I/Q} Addresses

Port Master Slave

0 0020H O0AOH

1 0021H O0ATH
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Table 3-3  Aeressing the Interrupt Controlier Registers

Register R/W Port Aceess Method

ICWIL W G When bit 4 of the value written to port 0 equails 1,
ICW1 iy selected.

ICW2 W ] Must be the next byte written after ICWI.

ICWS W 1 The interrupt controiler expects TCWH only if JCWI,

bit 1 equals 1. If written. JICW3 must be the next
byte written after ICW2.

IOW4 W

o

The interrupt controller expects 1CW4 only if 1ICW1,
bit 0 eguals 1. If [CW4 is written and ICW3 is nat.
[CW4 roust be the next byte written after ICW2. i
ICW3 and 1UWA are written, [CW4 must be the
next byte written after [CW3.

GOWL HW 1 Reading or writing OUW1 requires only that the in-
itialization process be complete. Reading or writing
OCW1 accesses the interrupt mask register.

OUW?2 W i Writing OCW?2 requires that the initialization proe-
ess be complete and OCW2 bits 4-3 are equal to 0.

GUW2 W 0 Writing OCW3 requires that the initisiization proe-
ess be complete, OCW3 bit 4 equals ¢, and OCW3
bit 4 equals 1.

fHR R (0 Reading the IRR is a two-step process. First, issue
the read IRR command (write OCW3 with OCW3
hit 1 equals 1 and OGUW3 bit O eguals 0). Then. read
the IRR through port 0. Until another command is
written to OCW3, subsequent reads of port 0 return
the IRR.

ISR H 0 Reading the ISR is a two-step process. First, issue
the read ISR cornmand (write OCW3 with OOW3
bit 1 equals 1 and OUW3 bit 0 equals 1). Then, read
the ISR through port 0. Until anether command is
written to OUW3A, subsequent reads of port 0 return
the ISH.

Poll T3atz R 0 Reading the poll data is a two-step process. First,
issuc the read poll data command {write OUW31 with
OCW3 hit 2 equals 1) Then, read the poll data
through port 0. The OCW3 poll command must
alwzys he written prior to reading the poll data,
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Initialization Command Words

The 8259A interrupt controllers do not have a hardware reset. After power is
applied to the system and until they are initialized, the interrupt controllers are
in an undefined state, The VAXmate startup code initializes the interrupt
controllers.

Initializing the 8259A interrapt controller reguires from two to four initializa-
tion command words written in sequence.

The interrupt controller recognizes ICW1 as the start of an initialization se-
quence. An ICWT resets the interrupt controller as follows:

1. The trigger mode is cleared to edge-triggered mode and the edge sense
circuit is reset. After initialization. an interrupt request input must make
a low-to-high transition to generate an interrupt.

2. All bits in the IMR are cleared {enabled). Because the initialization se-
quence enables interrupt inputs, on completion of the initialization se-
guence, the interrupt controllers can immediately issue interrupt
requests. Therefore. the interrupt vectors and handlers should be in-
itialized prior to initializing the interrupt controllers,

3. The IRQ7 input is assigned priority 7.

4. The slave mode address is set to 7.

G, M ICWL1 bit @ equals @, all hits in ICW4 are cleared {0).

6. In the OCW3 register, the special mask mode is cleared {disabled) and
status readd bits are set to read the [RE.

i

The interrupt controller enters fully nested mode. All other modes of op-
eration are variations of this mode. In fully nested mode. the interrupt
inputs have a fixed order of decressing priovity and the prierity of an
input corresponds to its input number 0 (highest) - 7 (lowestl. While the
CPU is servicing an interrupt luntil the interrupt controller receives an
end-of-interrupt command), the controller inhibits interrupts of equal or
Inwer priovity., However, the current interrupt sevvice can be nested in
tavor of a higher priority interrupt as follows:

- The higher priority interrupt input must be unmasked (enabled).
- The CPU INTR input must be enabled (ST1 instructiont.

NOTE

The 82594 interrupt controfler is compatible with two
microprocessor families, 8080/8085 and 8088/8088/80286.
Because the VAXmate CPU is an 80286, this manual describes
only the 80286 application. Those bits dedicated to the 8080/
8085 family are unused and deseribed only ay belonging to the
8080/8085 tamily.

W1
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The 8258A interrupt controller has the following mutually exclusive methods of
indicating whether an interrupt controller is a master or a slave:

¢ The initialization sequence selects nonbutfered mode in
ICW4, [n nonbuffered mode, a hardware connection to the
SPEN pin determines whether the controller is a master
or a slave. In this mode. a high level at the SP/EN pin
indivates a master and a low level ar the SP/EN pin indi-
cates a slave. The VAXmate workstation uses this method.

* The initialization sequence selects a buffered master or a
buffered slave in ICW4,
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Initialization Command Word 1 (0020H/00A0H)

7

6 5 4 3 2 1 4

TRIGGER SINGLE/ | ICV4
MODE CASCADE {REQUEST

Bit  R/W

Description

3w

Always 0 (These bits are used only by the 8080/8085 CPU family.)

Always 1

For values written to port 0, this bit distinguishes an ICW1 from
operational command words 2 and 3. For additional information,
see Table 3-3.

TRIGGER MODE
0 =  FEdge-triggered mode
1 = Level-triggered maode

For either trigger mode, a low-to-high transition at an interrupt
input generates an interrupt request. In edge-triggered mode, to
generate another interrupt request at the same input, the input
must change from high to low and back to high. In level-triggered
morde, while that interrupt input remains high. the controller can
generate additional interrupt requests for that input. The
VAXmate startup code initializes the interrupt controllers to edge-
triggered mode.

Always 0 (This bit is used only by the 80R0/8085 CPU family.}

SINGLE/CASCADE
0 == (ascade mode
I = Single mode

Single mode indicates that this is the only interrupt controller in
the system. Therefore, it is neither a master nor a slave and ICW3
is not written. Cascade mode indicates that there is more than one
mterrupt controller in the system, Therefore, it is either a master
or a slave and ICW3 is required. The VAXmate workstation uses
cascade mode.

ICW4 REQUEST

0 = [1CW4 is not required

i = JICW4 is required

This bit indicates whether ICW4 is required in the initialization se-
quence. The VAXmate workstation requires [CW4,

Far the master ICW1 and the slave ICW1, use 11H.
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Initialization Command Word 2 (0021 H/00A1H)

7 6 5 4 3 2 1 o]
e T o e S rw,_-_,& SO
T7 Té TS T4h T3
Q ; 0 O
SR S—— - SIS S— - S

Bit  R/W Description

73 W Bits 7-3 of the interrupt number for interrupt input 0.

This value corresponds to the address of the interrupt vector di-
vided by four. The interrupt controller generates a sequential inter-
rupt number for each of the interrupt inputs by OKing the
interrupt input number and ICW2. Because the interrupt input
number is Ofed to the value in ICW2, there is no carry involved.
Therefore the value in 1CW2 must be evenly divisible by 8
{modulo 8}

-0 W Alwavs

For the master ICWZ2, use 08H. For the siave ICW2, use TOH.
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Initialization Command Word 3 (0021 H/00A1H)

When there are two or more interrupt controllers in the system, an ICW3 is
used in the initialization sequence. The VAXmate workstation has two interrupt

controllers and requires ICW3. The meaning and use of ICW3 depends on
whether the interrupt controller is a master or a slave.

ICW3 (Master)

7 6 5 4 3 2 1 Q

57 56 55 S4 53 52 St 50

Bit R/W Description

400w For each master interrupt input that is connected to a slave, the
corresponding ICW3 bit is set (1). The master interrupt controller
can then determine which interrupt inputs require a slave identifi-
cation on the cascade lines. For the master ICW3, use 04H.

ICW3 (Slave)

7 6 5 4 3 2 1 0

SLAVE 1ID

USRS SRR USNS— S— , SN SR ES——

Bit  R/W  Daescription

73 W Always 0
2-0 W SLAVE 1D - Slave Identification

The slave identification is the master interrupt input {7-0} to which
the slave is connected. During the CPU interrupt acknowledge se-
quence, the slave compares its cascade input to these hits. If they
are equal, the slave places the interrupt vector number on the /O
data bus. For the slave ICW3, use Q2H.
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Initialization Command Word 4 (0021H/00A1H)

Bit

L=
i3y

s

S

7 6 ] 4 3 2 1 0
{ { SPECIAL
‘ FULLY BUFFFER [MASTER/ ROI CPU
NESTEDY |MODE SLAVE HODE MODE
g l 0 G MODE
R/W  Description
W Always 0
W SPECIAL-FULLY-NESTED MODE *
G = Disable special-fully-nested mode
i = Enable special-fully-nested mode
W BUFFERED MOQDE and MASTER/SLAVE
0X = Nonbuffered mode - In nonbuffered mode, a hardware con-
nection to the SP/EN pin determines whether the control
ler is & master or a slave and bit 2, the master/slave
setection, has no effect. In this mode, 2 high level at the
SP/EN pin indicates a master and a low level at the SP/
EN pin indicates a slave, The VAXmate workstation uses
this mode.

10 =  Buffered mode slave - The VAXmate workstation is incapa-

ble of operating in this mode,

11 = Buffered mode master - The VAXmate workstation is inca-

pable of operating in this mode,
w EOI MODE - End-ofinterrupt Mode

@ =  Normal EQI - In this mode. the CPU must write an FEOI
command ta the interrupt controller. The VAXmate startup
rode initializes the interrupt controller to normal EOTL mode.
The EOT command is explained in the operation command
word 2 description.

1 = Automatic EOI - In automatic EQI mode, the interrupt con-
troller generstes its awn EOL on the second acknowledge
pulse,

w CPU MODE
= BOEY/808H ressor family
1= BOSR/BOSH/80286 microprocessor family

X~

14

> VA Xmate works

master intf; rrupt {,:,,sﬂ‘.u}lier,
input. Thus. the master controller cannot resolve the primi?y of the slave

controller interrupt inputs,
ity interrupt that is neste
master inhibits the new

5

slave interrupt reguest,

tation uses the BO286 CPU mode.

nterrupt controllers. For rh(
em,h SLE}H! controiler is a single interrupt

If a slave controller has an active, low prior-
in favor of a higher priority interrupt, the
This effectively disables
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nesting of slave interrupts. In special-fully-nested mode, the master inter-
rupt controller acts on all slave interrupt requests, which allows the slave
to nest interrupts. The VAXmate workstation startup code disables the
special-fully-nested mode,

For the master {CW4 and the slave ICW4, use 01H.

Operation Command Words

The interrupt controller provides three operation command words 11-3) that are
programmed after the initialization sequence is complete. The operation com-
mand words select various modes or operations as follows:

Read or write the interrupt mask register

Accept specific or nonspecific end-of-interrupt commands
Enable or disable various automatic priority rotation schemes
Set a specific priority level

Set or reset the special mask

Head poli data

Read the interrupt request register

Read the in-gservice register

Operation Command Word 1 (0021H/00A1H)
7 6 5 & 3 2 1 0

% % & & B % & &

H ¥ T T ¥ L ]

MASK BITS

Bit R/W Deseription

7-0 R/W Interrupt mask register bits
0 = Corresponding interrupt inputs are unmasked {enabled)
1 = Corresponding interrupt inputs are masked {(disabled}

QCWI reads or writes the interrupt mask register (IMR). Each bit in the IMR
enables or disables the corresponding interrupt input.
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Operation Command Word 2 (0020H/00A0H)
7 6 5 4 3 2 i O

B S I S
ROTATE 5L EOL ; INTERRUPT LEVEL
4] ! 0
I i i

W ROT ‘\TF Ql I*I)?
G0 == Disable rotation in automatic EOT mode
001 = Noenspecific end-of-interrupt (ECH)
(310 == No opsration
11 = Specific end-of-interrupt
100 = Enable priority rotation in automatic EQI mode
161 = Rotate priority on r‘umwmﬁr EQ1
110 = Hotate priority to specific interrupt input
111 = Hatate priorvity on specific EOI
4 W Always 0
Far values written to port O, this bit distinguishes operational com-
mand words 2 and 3 from an ICW1, See Table 3-3.

t distinguishes GCW2 fram OUW3, See Table 3-3,

20 W {\"'[‘ RRUPT LEVEL
for ‘{‘fﬁ’!)”‘ipt specific operations, these bits contain the interrupt
mmzt nurmber iﬂ-:i to act on. For nonspecific operations, these bits
are ignored.

OOWY issues an end-of-interrupt command or sets a priovity rotation mods,
Some OCWZ pperations are nonspecific. (They art on the interrupt input that
has the highest priority, whichever one that maxy be.l Non-specitic conymands
do not use INTERRUPT LEVEL {OCW2 bits 2.0). Specific OCW2 operations
require the interrupt input number (0-7) in INTERRUPT LEVEL

For the master OUWZ and the slave OUWZR, use 20H (nonspecific EO
command],
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Priority Rotation

in nonspecific or automatic EOT mode, priority rotation has the effect of
assigning equal priorities to all interrupt inputs, On receipt of an EOI com-
mand, the interrupt contyoller assumes that the active interrupt input with the
highest priovity is the interrupt just eompleted. The priority bits are rotated
until the just completed interrupt has the lowest priority (7). If that interrupt
input requires further service, it must wait until it is again the highest priovity
interrupt or until all interrupts of higher priority are inactive.

In Figure 3-1, interrupt inputs 2, 5, and 6 are requesting service and interrupt
input 2 has a higher priority than interrupt inputs 5 and 8. After interrupt
input 2 is serviced, the interrupt controller rotates the priority as shown in
Figure 3-2. In Figure 3-2, interrupt input 3 has the highest priority, but it is
inactive. Because interrupt input 5 has the highest priority of the active inter-
rupts, it is the next interrupt input serviced.

Rotating priorities to a specific interrupt input is another method of priority
rotation. In this method. the lowest priority is set, thereby fixing all other
priorities. For example. if interrupt input 2 is programmed as the lowest prior-
ity, then interrupt input 3 becomes the highest, OCW2 bits 2-0 define the in-
terrupt input number that is assigned the lowest priority. This method is not
usged in the VAXmate workstation startup code,
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Operation Command Word 3 (0020H/00A0H)

7 6 5 4 3 2 1 o
| ENABLE |SPRCIAL
| SPECIAL | MASK POLL | READ | READ
MASK.  |MODE IR REG| IS REG
0  |MoDE 0 1

Bit  R/W  Description

7 W Always
6-6 W  ENABLE SPECIAL MASK MODE/SPECIAL MASK MODE

00 =  No action
01 = No action
10 == Disable special mask mode
11 == Enable special mask mode

Some operations require that an interrupt service routine dynami-
cally change the priority structure, Masking an interrupt input in
the special mask inhibits that priority level and enables all other
priority levels {lower and higher) that are unmasked. After enabling
special mask mode, the special mask is read or written to the
IMBR.

4 W Alwavs 0
For values written to port 0, this bit distinguishes operational com-
mand words 2 and 3 from an 1CW1, See Table 3-3

3 W Always 1
This biv distinguishes OCW3 from OCWZ. See Table 3-3,

2-0 W POLL/HEAD IR REG/READ IS REG
000 = No action
001 = No action
010 = Read the IRR. *
011 = Read the ISR, *
100 = Read the poll data. **
101 = Read the poll data, **
110 = Read the poll data, **
111 = Read the poll data. **
* ‘sw [ahie 3-3 and the IRR/ XSR (]':,5( nptmn
*¥*  See Table 3-3 and the poll command deseription,

For standard operation of the VAXmate workstation, neither the master nor
the slave use QOCW3,

»
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Interrupt Request and In-Service Registers
Interrupt Request Register

7 6 3 4 3 2 1 ¢

§_, T . R “};

IRQ7 TRQG IRQ5 IRQ4 IRG3 IRQ2 IRQ2 IRGO

In-Service Register

7 6 5 4 3 2 1 0
Is7 Is6 185 I54 Is3 Is2 151 ISO’«”!

The Interrupt Request Register (IRR) and the In-Bervice Register (ISR} main-
tain the state of the interrupt controller. During the first interrupt acknowledge
of the CPU interrupt acknowledge sequence, the IRR latches the state of the
interrups input lnes, The internal output of the Interrupt Mask Register {(IMR)
gates the output of the IRR to the priority encoder. Assuming that one or
more IRR bits are set {activet and unmasked {enabled}), the priority encoder de-
termines which one has the highest priority. During the second interrupt ac-
knowledge, that IRR bit is strobed into the corresponding ISR bit, the edge
sense circuitry for that interrupt input is resef, and the interrupt vector
number is placed on the 10 data bus.

Because the interrupt controller can nest interrupts, the ISR can contain one,
two. or more bits that are set. This shows that another interrupt was acknowl-
edged before other interrupt processing was completed. A specific end-of-
interrupt (EQ) clears the indicated ISR bit. A nonspectfic EOI clears the
highest-priority 1S8R hit.

tf an IRR bit is set {active) and masked (disabled), unmasking (enabling} that
gctive [RR bit creates an interrupt,
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Poll Command

When issued, the poll command pertorms steps similar to those described in
the IRR/ISR description. The poll command replaces the function of the CPU
interrupt acknowledge sequence. Instead of placing the interrupt vector number
on the /O data bus, the poll command connects the cutput of the poll data
register to the port 0 output butfer. The polling interrupt handler then reads
the poll data to determine if an interrupt input is active and, if so. which one
To complete the interrupt sequence, the polling interrupt handler must issue an
EOL

Poll Data Register

7 6 5 4 3 2 1 0
" o ¥ T
INT
ACTIVE INTERRUPT INPUT
FLAG NUMBER
0 0 0 0
SRS USSR SN
Bit  Description
7 R INT ACTIVE FLAG - Interrupt active flag
¢ = No active interrupt inputs
1 = At least one interrupt input is active

M
5
=
=

Alwavs O

Z0 R INTERRUPT INPUT NUMBER

It bit 7 equals 1, these bits contain the interrupt input number (0-
71 of the highest priority interrupt input that is active. 1f bit 7
equals 0, these bits have no meaning.
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Interrupt Sequence

The following list describes interrupt processing. Each item in the list describes
# system state or event. After a discussion of the state or event, the descrip-
tion indicates the next state or event. For the following interrupt processing
description, it is assumed that the interrupt controllers are initialized as pre-
viously described. Later, Figure 3-3 shows the same Jogic in the form of a fHow
chart.

1. Until one or mere interrupt controller input lines become active, the con-
srotler is idle. If one or more inputs are active, go to 2.

2. If any of the newly active inputs are unmasked (enabled), go to 4.
Otherwise, go to 3.

3. 1f other interrupt inputs ave pending, go to 5. Otherwise, po to 1.
4. I no other interrupt mputs are pending, go to 7. Otherwise. go to 6.

5. If the controller is waiting for an end-of-inferrupt command. go to §.
Otherwise, go to 7.

2

if any interrupt has @ priority higher Shab the one being proceszed by
the CPU, nest the intervupts and go to 7. Otherwise, go to 8.

7. The controller activates its interrupt output ling and waits for an ac-
knowledge signal from the CPU.

If the interrupt controller input is a slave input. then the slave interrupt
putput line activates the master interrupt controller IBQ2 interrupt
input. The master interrupt process starts at step 2. Eventually, the
master JRGZ input becornes the highest priority master interrupt that is
active and the master controller arrives at this step. At that time. both
controliers are waiting for the CPU acknowledge signal.

9

in either case, the master interrupt controller activates its intercupt
output line, which triggers an external latch. The external lateh drives
the CPU INTR input.

NOTE

This external latch, hetween the master interrupt controller in-
terrupt outpus and the CPU INTR %nput. was incorporated due
to an advisory on an 80286 CPU design flaw.

Disabling the CPU INTR input before disabling an interrupt
eontroller input or initializing the interrupt controllers can leave
the latch set. On reenabling the CPU [NTR input. the latch
could indicate an interrupt request when none exists.

To avoid this situation, disable the interrupt controller input or
write the first master interrupt controlier isitialization command
hefore disabling the CPU INTR input.

3-18 Interrupi Controlers - Hardware Description



1f the CPU INTR input is disabled. the interrupt controller continues ro
wait. If other interrupt controller inputs become active during this waiting
period, go to 2. When the CPU INTR input is enabled, the CPU recog-
nizes the interrupt request and responds with an acknowledge signal.

On receiving the acknowledge, the interrupt controller sets the highest
priority bit in the in-service register and resets the corresponding bit in
the interrupt request register. This allows the controller to recognize an-
ather interrupt request at that interrupt controller input.

The CPU issues a second acknowledge signal. When the master interrupt
controfler recognizes the second acknowledge signal, it determines
whether the interrapt input source is a slave interrupt controller. If the
interrupt input source is not a slave, the master controller places a
preprogrammed &-bit interrupt vector on the input/output (/() data bus.
If the interrupt input source is a slave, the master controller places the
slave address imaster interrupt input number 0-7) on the cascade lines.
When enabled by the slave address on the cascade lines, the slave places
the preprogrammed 8-bit interrupt vector on the input/output (1/(3 data
bus, In either case. the CPU reads the 8-bit interrupt vector, stacks the
current state and beging executing the interrupt handler that is pointed
to by the contents of the interrupt vector.

The intervupt controller{s) are waiting for an end-of-interrupt {EO0 com-
mand. When a slave interrupt is processed, an EOI command is required
by both the slave and the master,

If an interrupt occurs during this waiting period, go to step 2. When the
CPU writes the end-of-interrupt command, go to step 1.
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Figure 3-3  Inferript Sequence
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Programming Example

The following programming examples demonstrate:
* [Initializing a master or slave 825%9A peripheral interrupt controlier {PIC}

e Programming the PIC interrupt mask register
* Issuing end-of-interrupt commands to a master or slave PIC

The example provides routines as described in the following:

pic_init Initializes the master and slave PICs,
imask Masks or unmasks the specified bit in the interrupt mask
register.
20i Issues an end-of-interrupt command to the appropriate PICs.
CAUTION

Improper programming ot improper operation of this device can
cauge the VAXmate workstation to malfunction. The scope of
the programming example is limited to the context provided in
this manual. No other use is intended,
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Constant Values and Data Structures

The constant value NPIC defines the number of peripheral interrupt controllers
in the VAXmate workstation,

The constant value EOG7 defines the bit value that must be igssued to OCW2 to
an end-of-interrupt condition.

ucture type PIC defines the inputioniput ports of the 8259A peripheral
upt controller (PIC) T two ports access the PIC registers. The bit

s written to registers and the read or write sequence determine the se-

The strucware type PO DAT defines the type of data required to initialize a
=i ”
LS SN

Initialization Data

The array of structures aflpics provides the actual data tor initializing the
roaster and slave PICs Later, references to the PIC number refer te the posi-
tion of an element in the arvay allpics.
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/* define constants and structures used in 8259 PIC example «f
F R b kR R R SRR R Rk B o e SRR ok kR O ok ke ok

*#xk*m*#*xyk**kaﬁ%*#*ﬁ**kk***w**x!

#define REIC 2 /* number of picsz in system */
#define EQT 0x20 /% bit value of EQI command #/
typedef struct /* define pic I/0 structure */
c
unsigned char port0d; /% when address line AQ = Q =/
unsigned char porti; /# when address line AO = { =%/
} Pie:

typedef struct
{

PIC +base; /* base 1/0 address of pic wf
char icw2; /% medulc 8 base int vector #/
char icw3d; /% ir has a slave or slave id =/
char icwd /% dicwd mods data 5/

} PIC_DAT;

SRR TSR T

b o ok s okook e kool o o ook Bk ok ok ok skook

ook o ok sk

define pic initialization data
e ok sk o o sk ok ok o st ok ok o sk ok 3 ot sk ok o ok ok ok o ok ke ok ok ok vk o o e sk ok s sk ok o

bk b kg kR kR Ak R R sk &

PIC_DAT allpics[NPICT = /% device data tables #/
{
{ (PIC +)0x0020, 0x08, 0x04, 0x01 F, /¥ pic O is the master =/
{ {PIC «}0x00a0, OxTO, Ox02, Ox01 }, /# pic 1 is the slave #/

Mgt
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Initializing the Peripheral Interrupt Controlier

The tunction pic init initislizes the master and slave PICs. Because the ROM
BIOS startup sequence initializes the peripheral interrupt conurotlers (PIC},
itialization of the PICs is not normally required.

Because the initialization sequence clears the interrupt mask register. the CPU
interrupt Tlag is cleared after the imitialization is started and before the initiali-
zation is complete. Thus, no interrupts sre pending when the initialization is
started and the CPU will not respond to any interrupts that become active
during the initialization sequence.

The first two instructions write a value to port 4 of the indicated PIC. The
value of bit 4 is kev to this operation. Writing a value to port 0, with bit 4 set,
selects the ICW1 regizter and indicates a reset sequence. The PIC stores the
remaining ICW1 bits in the ICW1 register, which starts the initialization
sequence,

» Bt 0 is set, indicating that the initlalization sequence includes ICW4,

# Bit 1 is clear, indicating that the addressed PIC is invelved in a cascade
imaster/slaves arrangement and that ICW3 must be written during the io-
itialization soguence. That is, the PIC is not operating in a standalone

environment

»  Bit 3 is clear, indicating that the PIC is operating in edge-triggered mode.
* All other ICW1 bits apply to the 3085 mode of operation and are not
used

HBecause two PiCs must be initialized. the rest of the inivialization seguence is
performed within 2 for loop as follows:

1. The first instruction initializes a poinger to the required data.

2. The serond instroction initializes a pointer to the port ¢ IAF address

3. The instruction writes the base interrupt vector o port 1. Becasusse
this i ond value written in the sequence, the PIC mut(,a the
vaiue fxz IOW2,

This base interrupt vector refers to the interrupt vector for interrupt
input zero. To ;,Lnemte a unigue interrupt vector number for each inter-
upt input, the PIC ORs the mtewup‘ *npﬂ? number {(:7) and the base
interrupt vector numoer, Therefore, the base interrupt vector must be
madule 8.

. The fourth instruction is dependent upon whether the PIC is & master or
a slave. Because this is the third value written in the sequence and
10W1 indicated a cascade made, the PIOC routes the value 1o [IOW3

£~
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¢ If the PIC is a master, each bit set in the value indicates that the
corresponding interrupt input is connected to a slave PIC. For the
VAXmate, only bit 2 is set.

= It che PIC is a slave, the value is the slave identification. The slave
identification is a value between 00 and 7 inclusive, and corresponds to
the master interrupt input to which it is connected.

xﬁﬁgkykwmakiﬁw*ﬁiﬁ*i%;*F$**ﬁék$&ik*?ﬂkwfh#*ﬂw**$$*?ﬁﬁ*ﬁ*1***m$f

- initialize master and alave pics */

ok ok sk ok ook e ok ok sl ok

B P T MT&*?&’}:-}'*tﬁ::,«:*;kifi?»‘k*?‘..i.:{:ﬁ‘(f‘

void pic_init(} /# initialize all pics #/
{
int i /% variable for loop contrel x/
int intr_flg; /* to hold CPU IF state #/
register PIC_DAT =ppd; /+ pointer to PIC data */
register PIC #pps; /% pointer P1C I/0 structure */
outpfallpicelD] base, Oxil): /% write marter ICHY is cascade =/
ontplallpicall] base, Ox11): /* write slave ICWl is cascade */
intr_flg = int_off () /% tura CPU interrupts off =/
for(i = 0; i < NPIC; i++)
!
ppd = kallpicalil; /+ assign pointer to PIC data =/
pps = ppd->base; /* assign pointer to 1/0 portas x/
outp(&pps-rportt, ppd-»icwl); f+ write ICW2 #/
outp(&pps->portl, ppd->ricwd); /% write ICH3 »/
outp{&pps->portt, ppd-*icwd); £ owrite ICH4 */
outp(&pps->portl, Oxff); /* mask all interrupta x/
3
int_on(intr_flg): /# turn CPU interrupts on */
3
7. The fifth instruction writes the ICW4 value to port 1.

«  Bit 0 determines the microprocessor family. In this case, it is set and
indicates the 8086/20286 made.

= Rit | is clear, indicating that the interrupt handling routine issues an
end-of-interrupt command after the interrupt is processed.
¢ Bits 2 and 3 are clear, indicating the nonbuffered mode of operation.

For the VAXmate, a permanent hardware connection determines the
master/slave relationship.

+  Bit 4 is clear, indicating that the PIC is not in special-fully-nested
made.

= All other bits are not used and are clear.

-
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ok ko ok ke ok ke Rk .

/* eoi{}) - establish End-0f-Interrupt for

;/3,‘;: o o ko s o e s e b o ok ko ok ok sk A0k ok sk S Rk ok sk R e S B o o

void esi(pin)

int pic,

{
cutp(&(ailpics[pic].base)->portd, ED1);

if (pic)
outp(&{allpics{0] . base)->portld, EOI);

f$$w*i£&#*%k*ﬁa$*$$$**##*$$#*x&K*éx*w*ﬁ

/% which pic handled interrupt *

#T£**$#***wkii**%&?**ti*%“ﬂ**zi**k**lk*ﬁf

® 7

pic(s)

ok ok stk sk ROk ook ok b ok ook Rk ke f

/+ wend nonspecific EOT #/

/* write eoi as indicated */
/* wag it the slave pic 7 */
/% write eoi to master x/

ks ok A R xS R ROk R ko /

/% imask(}) - mask or unmask desired bit in pis mask register i/
J e ko A sk ke R R ok Rk s R R ok 8ok sk R s R R b s RS R R R s £

void imask{pic, bitno, enable}

int pie;
int bitno;
int enable;

{

ungigned char current:
ungigned char mask,
register PIU #ppe;

pps = allpice{pic] . base; e

carrent = inp{&pps->porti);
magl = 1 << bitno;
if{enable)

else current

current &= mask;
|= mask:
putpldppe->portl, current),

interrupt Contrellers

/# met or clear bit in mask #/
desired pic #/
which pic 7
which bit ¥ =/

or disable

enable

of MR =/
the mask to write
PIC I/0 structure

A+ current contents

s
r,n!c

J+ pointer

ansign pointer to I/0 porta +/
/¥ read current mamk >/
/# get up correct bit =/
lear the

iF o<

/% ar set i /7
[ e resuliing mask */

Programming Example



R

PP

=

s

P

RS oy



s

Overview

Chapter 4
DMA Controller

The direct-memory-access (IDMA) controller is an Intel 8237A-5, programmable,
DMA controller operating at 4 MHz. The DMA controller allows the direct
transfer of 8-bit data between DMA-capable, input/output (I/0} devices and
memaory. The DMA controller has four, independent DMA channels. Table 4-1
lists the assignment of the four DMA request lines. Each channel has 16 ad-
dress lines and an external 8-bit page register. Thus, each channel can transfer
a maximum of 64 Kbytes anywhere in the 16 Mbyte address range.

The tollowing list shows the operatinnal modes and restrictions of the DMA

controller.

Single transfer

Block transfer

Demand transfer

Cascade

Compressed timing

Memory to memory

Extended write cycle

This is the suggested mode of operation.

To prevent interference with DRAM refresh cycles,
limit block transfers to 8 transfers per block.

To prevent interference with the DRAM refresh
eycle, limit demand transfers to 8 transfers per
demand.

As bus master, the slave DMA controller should re-
fease the bus after 10 us.

Compressed timing is not supported by the processor
hoard hardware.

Memaory-to-memory transfers are not supported by
the processor hardware,

The extended-write cycle does not provide sufficient
data setup time. Use the normal XMA write cycle.

DMA Controller - Hardware Description 4-1
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Table 4-1  DMA Request Line Assigmments

Channel Request Line

O Available

] Available

2 Diskette Controller
a Available

Additional Source of Information

The following Intel Corporation document provides additional information:

e Microsysiem Coumponentz Handbeok {Publication Number 230843)

2 -«
Operation
When the DMA controller receives a DMA *’equezst from a pcripherai device,
the DIMA controller sends a hald request signal to the CPU. When the CPU
xmpwadq with a hold acknowledge signal, the DMA controller takes control of
he O data bus, the system address bus, and the control bus. The controller
tiwn genemteﬁ a 16-bit memory address and activates the corresponding DMA
acknowlerdge line. the /0 read or write line. and the memory read or wrire line,
On sesing the DMA acknowledge, the DMA-capuble /O device transfers iveads
ar writes! the data on the data bus. Thus, the data is transferred directly be
tween the 1O device and memuory.

The DMA controller aperates in two major cveles, idie and active Bac
. separate states. Each stat camposed of one .l .
desoribes the various controlior states

clock pe‘;w f'Ab!L 1

Tuble 42 DMA Controller States

Siate Description

is the inact]

e giate, No valid DMA requests are pencimg and the
CPLU can program the DMA controller,
S0 This is the first active state of DMA service. The mntm tler has re-

guested & CPU bold. but the CPU has not acknowledged a hold.
Programming of the DMA centroller can continue until the acknowl-




Idle Cycle

When none of the /O channels is requesting DMA service, the DMA controller
enters the idle cycle and performs 81 states. At each clock cycle in the idie
cvele, the DMA controller samples the DMA request lines and the chip select
line.

If a DMA request line becomes active, the DMA controller goes to the active
state. Otherwise, if CPU has selected the DMA controller and the CPU has
control of the bus, the CPU can read or write the DMA controller internal
registers.

Active Cycle

When the DMA controller is in the idle cycle and a nonmasked channel
requests IIMA service, the controller issues a hold request to the CPU and
enters the active cycle, The DMA service will then occur in one of the four
following modes.

Single Transfer Mode

The DMA controller is programmed to perform only one transfer in this mode,
After the transfer. the word count is decremented and the address is either
decremented or incremented. When the word count goes from 0000H to
FFFFH. a terminal count {TC} signal is generated, and will auto-initiatize the
channel to its original condition if it had been programmed to do so.

The ROM BIOS uses this mode for data transfers between the diskette control-
ler and memory.

Block Transfer Mode

It this mode. the DMA controller is activated by a IIMA request to cantinue
making transters until a TC (word count has reached FFEFFHY or an external
end-of-pracess (EQOP) signal ovccurs. If the channel has been programmed for
auro-initialization, the auto-initialization occurs at TC or EOP. This mode
should be limited to eight transfers {assuming no additional wait states) to pre-
vent interference with refresh cyeles.

Demand Transfer Mode

The DMA controller performs transfers until a TC or external EQP occurs, or
until there is no DMA request. Transfers may continue until the 1/O device has
exhausted its data eapacity. Onre the O device has caught up. DMA servu
regstablished by means of a DMA request. The intermediate values of address
and word count are stored in DMA controller internal registers between serv-
ices while the CPU is running. At the end of the service. only an EOP can
cause auto-initialization to occur. This mode should be limited to eight transfers
per demand to prevent interference with refresh cycles,
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Cascade Mode

This mode is used when DMA controllers are cascaded for system expansion.
In this configuration, the initial controller determines the priority of the addi-
tional controllers, Each of the additional controllers establish priority within
themselves and make the DMA request to the initial controller. The initial con-
troller does net output any address or control signals, since they could contlict
with the outputs of the added controller.

Data Transfers

The DMA controller can perform read, write. or verify operations in each
transfer mode. Read transfers move data from memory to an /O device; write
transters move dats from an /O device to memaory; and verify transters are
pseudo data transfers, In verify mode, the controller operates as if in read or
write mode, however the memory and U0 control lines are not active.

Mamory-te-memory transfers are a specisl case of DMA transfer. Charnnel § =
the source and channel | is the target. In memorv-to-memory transfers, chan-
nel 0 uses one cycle to read the data byte and store it in the temporary regis-
ter. On the following cyele, chennel 1 writes the value in the temporary
register to the target location.

Auto-Initialize

Restores the DMA channel to its originsl condition following an EOP. Aule-
initialization is accomplished by restoring the original values of the Current
Address and Current Word Count registers from the Base Address and Base
Word Count registers. The CPU loads the current registers and base registers
which do not change during the DMA service. When the channel is in auto-
initialize mode, the mask bit is not set. After auto-initialization and a receipt of
a DMA request, the chaonel can performy DMA service withour CPU
intervention.
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Priority
The two tvpes of priority, fixed and rotating. are defined as follows:

Fixed Priority In fixed prioritv. the channels are placed in order based
on the desecending value of their assigned number. The
assigned number range is from zero to three {0-3), with
zero as the highest priorvity.

Rotating Priovity  The channel being serviced is assigned lowest priority
value. and all others rotate to the next higher value.

Address Generation

The eight. high-order address bits (15-8) are multiplexed on the /O data lines.
At the S1 state, the high-order 8-bits are output to an external latch and
placed on the system address bus. The low-order bits are output directly from
the DMA controller to the system address bus. For multiple transfers, such as
block and demand transfers, the addresses are generated sequentially. The data
in the external latch (high-order byte) can remain the same for many transfers,
and have to be changed only when a horrow or carry takes place in the normal
sequence of addresses. The controller executes S1 states only when updating of
the high-order bvte is required.
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Fable 43 DMA Controller and Page Begister Address Map

Port R/W Channel  Register

OO0 W {1 Base and Current address
j38 G Current address

QUO0IH W ﬂ Base and Current word count
i Current word count

a0z v i Base and Current address
34 1 Current address

G003 W Base and Current word count

Current word count

ok et

o

Base and Current address
Current address

004 W

s}
g

2005 W

[N

(006H w 3 Base and Current address
" 3 Current address

Qo071 W 3 Ba
R ki Current ward count

2 and Current word count

DU0sH W - Command

anosIr W - Request
000AH W - Write single mask register bit
G00BH W - Made register

QUOCH W - Clear byvte pointer fiip/flop
13 - Temporary

OO0 W - Master cleay

GUOOEH W - Clear mask register

GOOFH W - Write ali mask register bits
GUBOH W i Channel 1 page register
QO81IH W 2 Channel 2 page register

0082H W 3 Channel 3 page register

0083H W g Channel 0 page

4~ 6 DMA Controller - Hardware Descrintion
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Registers

The DMA controller has 16 T/O ports to sccess 26 internal registers.
Additionally. the DMA circuitry has four /O ports to access four page regis-
ters, Table 4-3 lists the [/O ports and the registers accessed,

Base and Current Address Register
(0000H/0002H/0004H/0006H)
7 6 5 4 3 2 1 0

R S A S | ¥ . T T

LOW BYTE OF ADDRESS
READ OR WRITTEN FIRST

1 I A 1 { L 1

15 14 13 12 11 10 9 8

. B | ¥ T | H L 1

BHIGH BYTE OF ADDRESS
READ OR WRITTEN SECOND

! 1 1. i . 1 1 i

FEach DIMA channel has a 16-bit base address register and a 16-bit current ad-
dress register. The base address register contains the initial value. Writing a
value to the base address register initializes the current address register to the
same value. The current address register is incremented or decremented after
each transfer. When the reguired number of transfers have occurred and if
auto-initialize (see the mode register} is enabled, the current register is in-
itialized from the base register.

Before performing a 16-bit read or write, clear the byte pointer flipifiop
To write a hase register, write two, 8-bit bytes in succession to the same port.

To read a current register. read two, 8-bit bytes in succession to the same port.

In either case. the low byte is aceessed first and then the high byte.

DMA Controller - Hardware Deseription 4-
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Base and Current Word Register
(0001 H/0003 H/00051/0007 H)

7 6 5 4 3 Z 1 o
r T T i T ¥ | A
; LOW BYTE OF CURRENT WORD
H READ OR WRITTEN FIRST
i i N DU i i b | N

15 14 13 12 11 10 9 8

T - ¥ i ¥ |3 1
13

i HIGH BYTE OF CURRENT WORD

| READ OR  WRITYEN SECOND

|

L ] ! ST T N I T B

of transfers perfarmed. The number of transfers is the programmed value plus

one, The curvent word count is decremented after sach wransier. When the cur-
rent word count is decremented below zero (FFFFH), a terminal count is gener-
ated. When the i nuimber of transfers have gecurred and i auto-initiallze

Before performing a 18-bit read or write, clear the hyte pointer flip/fiop.

To write a base register, write two, 8-bit bytes lu sucression to the same port.
To read a current register, read two, 8-bit bytes in succession to the same port.
In either case, the low byte is accessed first and then the high byvte,
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Command Register (0008H)

7 6 5 4 3 2 1 O
CHANNEL | MEMORY
DACK DREQ WRITE PR TIMING CE 0 TO
SENSE SENSE SELECT ADDRESS | MEMORY
HOLD
Bit  R/W Deseription
7 W DACK SENSE - DMA Acknowledge Sense
0 = DACK sense active low
1 = DACK sense active high
6 W DREQ SENSE - DMA Request Sense
0 = DREQ sense active high
I = DREQ sense active low
5 W WHRITE SELECT
0 = Late write selected
1 = BExtended write selected
For the VAXmate workstation. the extended write mode does not
provide an adequate write cycle. Use only the late write mode.
If hit 3 equails 1 {compressed mode), bit & is a don’t care value,
However, the VAXmate workstation is not capable of using com-
pressed mode,
4 w PR - Priority

0 = Fixed'prim'ity 0 thighest), 1. 2, and 3 (lowest}
1 == Rotating priority

Initially, the priarity is the same order as in fixed priority. [n the
rotating priority scheme. the currently serviced DMA channel be-
comes the lowest priority channel. However, the channels always
maintain their priority in numeric order, That is, the priority de-
creases as the channel number increases and wraps between chon-
nels 3 and 0.
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Bit R/'W Descr:pimn {( ommand ch,mu:r - cont,}

K1 \’r%; 1 ]ﬁHN{ ¥
= Nermal read/write timing - A read/write eycle requires a
minimum of three clock cycles and is subject to wait states.
The VAXmate workstation oses this mode
=  Compressed read/write timing - A read/write cycle occurs in
two clock cyeles. The VAXmate workstation is not capable of
using eompressed maode.

£ bit O eguals 1 (mermory-to-memory enabled), bit 3 ttiming} Is &
don’t care vaiue.

2 W CE - Controller Enahle
3 = (,-fm,;r;;?hzr‘ disabie
1 = Contreller enabled

W CHANNEL ¢ ADDRESS HOLD

Disable channel 0 address hold

,i, = FEnable channel © address hold

frmd

i"' hau el { address hold causes the DMA eontroiler to copy o single
byte to the specified number of destination bytes,

If bit 0 equals 0 imemory-to-memary disabled), bit 1 {channel O ad-
dress hold) is a dan’t care value.
it W MEMORY-TO-MEMORY
it =  Memory-to-memory fransfers disabled
I =  Memory-to-mmemory transfers enabled

The ¥YAXmate workstation does not support memory-to-memory

This §-biz
i hardware

sister controls the operation of the DMA controbler. 1t is cleared by
et or a master clear instruction.

4- 10 DMA Controller - Hardware Deseription




Write Single Mask Bit (000AH)
7 & 5 4 3 b 1 0

e R E e g

‘ ¥

MASK
DON'T CARE BIT CHANNEL SELECT

SN FUSSS VNI S EU NN NE S

Bit  B/W Description

730w DON'T CARE {any value}

2 W MASK BIT
0 = Enable the selected channel
1 = Disable the selected channel

-0 W CHANNEL SELECT
Q0 = Select channel 00 mask bit
01 =  Select channel 1 mask bit
10 =  Select channel 2 mask bit
11 =  Select channel 3 mask bit

Fach channel has a mask bit. which can be set to disable the incoming DMA
recpiest. These bits are set if thelr associated channel produces an BEOP and
auto-initialize is not enabled.

Write All Mask Bits (000FH)
7 6 5 4 3 2 1 0

1 I 1 1 T 7 1
‘é
i

DON'T CARE MASK BITS
CHANNEL CHANNEL CHANNEL CHANNEIL

3 2 1 0
S N f L b

Bit  R/W Description

7-4 W DON'T CARE tany value)

3-0 W MASK BITS
1 = Fnable the indicated elisnne!l (CTHAMNNEL 3-0)
1 = [isable the indicated channel (CHANNEL 3-0}

DMA Controller - Hardware Descripiion 4-11




Mode Register (000BH)
7 6 5 4 3 2

TR TTTMYTTYT T T Y

OFPERATION INCR/ AUTG TRANSFER TYPE
HODE DECR INIT

SELECT
i SRS -

CHANNEL SELECT

Bit  R/W Deseription

76 W OPERATION MODE
00 = Demand mode
01 =  Single mode
10 = Bloek nmiode
1l = Cascade mode

(0 = Ipcrement selected
,

I = [Dlecrement selected

4 W AUTO INIT - Agto-initialization euable
(0 = Ihsable auto-initialization

4

1= Enable auto-initialization
3-2 0w TRANSFER TYPE

00 = Verity

01 =  Write

10 = Read

11 = Invaiid value

4 INCR/DECH SELECT - Increment/Decrement selection

A vead transfer moves data from memory to the /O device A

maves dats

L

write transte
the orienta

o the VO device to memary, That is,
n is from the 1/} device, not the UP{,

If bits 7-6 equal 11, then the transfer type is a don't care value.

1-0 W CHANNEL
00 = Cha
91 =  Channel 1 selected
10 =  Channe! 2 selected
11 =  Channel 3 selected

SELECT

ef (0 selects

Bach DMA channel has o
determined In 1 oand ¢{

)

§-hit mode register. Register selection is

4- 12 DMA Controlier - Hardware Description




Request Register (0009H)

7 6 5 4 3 2 1 G
T v T T T B ¥
DON’T CARE REQUEST | CHANNEL SELECT
BIT
SIUURUUIR SRS N N R i

Bit  R/W Description

730w DON'T CARE {any valuel

2 W REQUEST BIT
0 = Reset the indicated request bit
1 = Set the indicated request bit

103 W CHANNEL SELECT
00 = Channel 0
01 =  Channel 1
100 =  Channel 2
11 = Channel 3

The DMA controller responds to requests for DMA service from both software
and the DMA request signal. Each channel has a request bit that can be set or
reset as determined by the Request register. These bits are not maskable and
are subject to prioritization,

DMA Controller - Hardware Description 4- 1t



Status Register (0008H)

7 G 3 4 3 Z 1 0

e

S  ma S

DMA REGUEST PENDING TERMINAL COUNT REACHED
CHANNEL CHANNEL CHANNEL CHANREL|CHANNEL CHANNEL CHANNEL CHANNEL
3 . 2 3 0 3 i 2 1 B 0

IR U R - | S

Bit  R/W  Description

4 R DMA REQUEST PENDING
0 =

Indicated channel does not bave o reguest pending
(CHANNEL 3-i4
Indicated channel has a request pending (CHANNEL 3-0

TERMINAL COUNT REACHED
=

o=

30 R

Indicated channel has not reached the terminal count
{CHANNEL 3-0

1 channel has reached the terminal count or external

1 (CHANNEL 341

Temporary Register (000CH}

7 6 5 4 3 2 1 G

- R e S S

DATA

4- 34 DALA Cantraller -
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Programming Example

The following programming example demonstrates:
* Initinlizing the 82374 DMA controller

+ Enabling and disabling a channel
»  Preparing a channel for data transfer

The example provides routines as described in the following list:

dma_init Hesets the DMA controller.

dma_open Fuables the indicated DMA channel
dima_transfer Prepares the indicated channel for data fransfer.
dima_close Disables the indicated channel.

CAUTION

Improper programming or improper operation of this device can
cause the VAXmate workstation to malfunction. The scope of
the programming example is limited to the context provided in
thig mamw! No other use is intended.

Constant Values

The constant values OMA PAGES through DMA PAG
dress of the indicated ;)agL register. The values CHANN
CHANNELZI define the channel select bit values for the mode, mask, and
request registers. The values MTM ENA throogh BIT SET define the bit
values for various conditions of the commane. status, mode, and request

7 defing the 1/} ad-
FLG through

;-‘m,k:(::g 2 s i koo B R el ko ok oh sl s ol o s ok o s o o e 2 ROk B A0 R e ROk st o ol s ke sl e sk ol st ol R o ol s ok b o s ok A e Ok e
%/

d in 8237 DMA

/#» defi ants us xample

ske A n ok ok T eI I Ok ook ke ok sk
#define DMA_PAGED 0x83 /% DMA page register 0 I/0 address
#gefine DMA_PAGED OxB0 F# DMA page register 1 I/0 sddress
#define DMA_PAGER Ox#1 /+ DMA page register 2 I/0 address
#define DMA_PAGHZ 0x87 S+ DWA page register 3 1/0 address

#define rm'ww 0%xCh /# gelect channel O bit value
#define CHANHEL1 Ox0t /% select channel 1 bit value
#define 33%AT§%££L2 Ox0% /* select channel 2 bit value
#define CHANMELZ QxG3 /+ select chanpel 3 bit value

DMA Controlles - Programuning Example 4 -
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/% command register bit definitions =/
0x01
Qx02
0x04

#define
fidefine
#define
#define
#define
#define
#define
#define

MTM_ENA
HOLD_ERA
DMA_DIS
C_TIME
ROT_PRI
EXTD_WR
DREQ_LD
DACK _HI

Y

/* status register bit definitions =/

#define
#define
#define
#define
#define
#define
#define
ftdefine

/# mode
#define
#define
#define
#define
#define
#define
#define
#define
ftdefine

CHO_T%
CH1_TC
CH2_TS
CH3_TO
CHO_REQ
CHY_REQ
CHZ _REQ
CH3_RES

register
TRAN V&
TRAN_WR
TRAN_RD
AUTO_TE
ADR_DEC
MODE _DBH
MODE 81
MODE_BY

ODE_C§

%01 /#
0x02 /*
0204 /=
0x08 /¥
Gx10
20
0x40
Gx 80
it definitions

0x00
0x04
0x08

210
G220
2x00
x40
0x80
G200

/% request register bits */
#defipe BIT_SET Cxd4

4- 16

channel
channel
channel
channel
f*
/#®
/¥
/=

i

/# Memory-to-memory enable

channel O held address enable =/
/* dma controller disable */

/* compressed timing +/

/* rotating priority =/

/% extended write */f

/= DREQ arbtive when low +/

/* DACK active when high =/

0 has reached terminal count */
2 has reached terminal count */
3 has reached terminal counb =/
4 has reached terminal count =/
channel O requesting service 4/
channel 1 requesting eservice «/
channel 2 requesting service */
channel 3 requesting service +/

/o

DBMA Controller ~ Programming Example

i+ ve

rify transfer

/% write transfer #/

I

read transfer
J* auto-initialize enable

/% sddress decrement
/# demand mode

F

I

aet sele

/* block mode
cagcade mode

cted mask bit

singie mode



Data Structures

The structure DMA CHANNEL resemibles the [/O space of the address and
word count registers for a channel. Multiple instances of this structure are used
in the declaration of the DMA CONTROLLER structure. The

DMA CONTROLLER structure defines the /O space of DMA controller inter-
nal registers. The value DMA BASE defines the base address for referencing
the structure OMA CONTROLLER.

sk ok ot o ok o ok ok ok ok ok ke ok ol b o ok e ook

f k*m%*3*%**&w**ii*&k#*&?x**w*ﬁmx$&ikkx?%k&%j
/# declare structures used in 8237 DMA example

- EEEEEEEEEEE S T

EEEEES EF R EETE RS

tvpedef atruct /* define dma channel 1/0 structure =/
s

unsgigned char hc_addr; /% write base address, read current address =/
unsigned char bc_word; /% write base word, read current word */
} DMA_CHARNEL;

typedef struct /+ define dma contreller I/0 structure */

{
DMA_CHANNEL chO; /% channel zero registers =/
DMA_CHANNEL chi; /+ channel one registers =/
DMA _CHANNEL ch2; /% channel twe registers +/
DMA_CHANNEL c¢h3: /* channel three registers */
unsigned char car; /+ write control, read status */
unsigned char req; /% write request register #/
unsigned char wamb, /* write single mask bit */
ungigned char mede; /% write mode register #/
unsigned char temp;/* write clears byte pointer flip-flop, read temp =/
unsigned char master clr; /* write master clear/reset =/
ungigned char clr_mask; /% clear all mask bits =/
unsigned char wr_mask; /% write all mask bits /

} DMA_CONTROLLER:

#define DMA_BASE {(DMA_CONTROLLER #)0x0000 /% bagse address =/

DMA Controller - Programming Example 4- 17




frmes

4.

AT A

Initializing the DMA Controller

"he DMA controlier is initialized by i
This rloare all bite in &
fer. 1

ssuing a MASTER CLE \FL instr artzun
e command regiater and effectiveiv d

» second instruction, which explinitly clears the contral reg
that the conteoller i d

rister, ensures

i&f*ﬁ%ﬁ*&gk*xkkﬁi%*?ﬁ**&ﬁ}

P R T L L E T
/= dma_init() ~ initizlize ths 8337

ook e it sk okook A oo ok sk ok b R ok o sk ok ok ok ok ol om e ok ok o sk sk Aok

s ok ok ok B R i oot s ok o R Sk o

controliar

S s R 8 R AR K ROR R R R ok

/% peint to DMA controller #/

c-dmaster_clr, 0);

/+ reset DMA -

= §
coroar, % &1l vommand ; =7
.
L

18 DMA Contreller - Prograaam

o e s kR



Opening a DMA Channel

The dma_open function assumes that the channe! is currently disabled. It
writes valid values to the registers that control the indicated channel.

For this C compiler, offset 0 in the data segment is used only for monitoring

NULL pointers. With a zero word count, an inadvertent data transfer can move
only one byte before expiring.

The last instruction enables the indicated channel,

f********#**%#k*#************&**#**¥*ﬁ*$**#$ki*******%&ﬁi*****ﬁ*%***ﬁ*%*{

/* dms_open(} - open a DMA channel
gwﬂ:*ﬂv#&m&xm***k****w***ﬁmi***w*#ﬁ-*xz##******:‘k:k::umgzﬂ:*sgt:ﬁ***ﬁﬂ*****mk**ws«****i

dma_openfchannel}
int channel:

4

DMA_CONTROLLER #*pdc = DMA_BASE;

DMA_CHANNEL #*pch;
int i

/#* which DMA channel te open

/% point to DMA controller
/% pointer to a channel structure
/¥ loop centrol

forf{i = channel, pch = &pdc->ch0; i; i--) /% discover which channel

pehtt;

/% point %o next channel

outp {&pdc->mode, channel); /* clear mode register for this channel
outp(&pdc->req, channel}; /% clear channel regquest for this channel

outp{&pdc->temp, 0};
outp (&pch->bc_addr, 0);
outp(&pch->bc_addr, 0);
osutp{&pde->temp, 0};
outp {&pch->be_word, 0);
outp{&pch->be_word, 0);

/* clear first/last flip-flop
f+ write O to low byte
/% write O to high byte
/* clear first/last flip-flop
/* write 0 to low byte
F* write 0 te high byte

outp{&pdc->wambh, channel); {* clear mask bit for this channel

DMA Controller - Programming Example  4-
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Preparing a Channel for Data Transfer

The dma_transfer tunction prepares a channel for data transter. Next, the func-
tion disables the channel. It then initializes the page. address. word eount, and

e

mode registers.

NOTE

Before writing a 16-hit register. the byie

pointer flip/flop must

be cleared. This sequence loads the two seguential bytes in the

correct locations. Beo
process, the

betore clearin
enabled until

after the

use interrupt processing could distupt the
dme transfer function disables CPU interrupts

- the byte pointer
16-bit registers

flip/flop. Interrupts are not
have been written.

f"e:«.:&%~§»:§<¢:‘<,~.4~.»§,—{n-* et ok ok ok o e b e ok e s ok ol ke b ok ok ok s ok o Rt sl s o o e o e ;gn«\«/
f* dm&,transfer{} ~ aet garamotcrs for a DMA transfer wf
% sk ool sk sk ok sk ofs ol ofok o e e ok ok ook ot R R A kR B R ok b Rk R kA Rk kR S ok

dma_transfer{channel, page_val, addr, count, ttype)

int c¢hannel: /% transfer on which DMA channel 7 #/
int page_val; /% page register contents #*/
unsigned char *addr; /% transfer address */
unsigned int count; /% count to transfer %/
int tiype; /% transfer type #/
{

DMA_CONTROLLER #pdc = DMA_BASE; /% point to DMA controller #/
DMA_GHANNEL spch; /% pointer to a channel structure #/

unsigned int page_reg:
int <h_made;
int intr_flag:.

/% which page register ito write *

/% channelis mode
/% ta held CPU IF shate

switch{channel} /# which channel % =/
{
case G /% ghannel © 7 =/
pch = &pde->chiy; /% point to channel O registers */
page_veg = DMA_PAGEO; /# set page register sddress *»/
ch mode = /% auto-initialize & increment/decrement =/
braak;
4- 20 DMA Controller - Programming Example



case 1: /¥ channel 1 7 #/
pch = &pde->chi; "/+ point to channel 1 registers #/
page_reg = DMA_PAGE1; /% set page rvegister address #/
ch_mode = Q; /% auto-initialize & increment/decrement =/

break;
cage 2 /* channel 2 7 #/
peh = &pdc->ch2; /% point to chanpel 2 registers */
page_reg = DMA_PAGEZ; /+ set page register address */
ch_mode = MODE_SI; /* auto-initialize & increment/decrement */

break:
case 3: /# channel 3 7 =/
pch = &pde->ch3; /% point to channel 3 registers +/
page_reg = DMA_PAGE3; /% set page register address =/
ch_mode = Q; fx anto-initialize & increment/decrement =/

break:

¥

outp(&pdc->wsmb, BIT_SET | channel);/+ set mask bit for this channel +/
outp(&pdc->req, channel); /% clear channel request for this channel */
outp(&pdc->mode, ttype | ch_mode | channel); /* set mede register */
intr_flag = int_off(); /% no interrupts please */
outp(&pdc->temp, 0}, /* clear first/last flip-flop */
outp (&pch->bc_addr, (unsigned int)addr & Oxff); /% write low byte #/
outp(&pch->be_addr, {unsigned int)addr >> 8); /+ write high byte =/
outp(&pch-»be_word, count & Oxff); /* write low byte =/
outp(&pch->be_word, count >> B); /% write high byte */
int_on(intr_flag); /* allow interruptg =/
outp(page_reg, page_val); /* write the page register */
outp (&pdc->wamb, channel); /% rlear mask hit for this channel =/
DMA Controller - Programming Example 4-21



Disabling a DMA Channel

s the channel by mas

The dma_close funrtion g {disabling! that chan-

‘s request input line,

nel’s

ek e o ek b ok Rk ko o hok stk ok m ok ok ok ki

f%w»’c&«nkxézw:tm(*w ok ko Aok sk ok e ok e ke s ok
/+ dma_close() - zlose a DMA channel

f BERE

sk ok ok ok kR ok R e sk ok ok

ok sk o o kR R 3k 8 sk s s i ek Sk kR AR 4R

dms_clinsef{channel}

unsigoned char <hannel; i+ which DMA channel to

{
DMA_CONTROLLER »*pdc = DMA _BASE; J* point to DMA zoplyoller =/

outpl{&pde->wesmbk, BIT_SET | rhasmel};/* smet mask bit for this channel =/

}
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Chapter 5
Real-Time Clock
and CMOS RAM

L4
Overview
The VAXmate processor hoard contains an MC146818 real-time clock. The real-
time clock has the following features:

= Time-oi-day clock with alarmy and 100-vear calendar

* Counts seconds, minutes, and hours of the day

* Counts days of the weelk. days of the month, month, and vear with auto-
matic snd-of-month and leap year recognition

*  Binary or binary-coded-decimal (BCD) representation of date, time, and
alarm {the ROM BIOS and MS-DOS use BCDLL

= 24-hour clock or 12-hour clock with am./p.m. indication

light savings time option
= Internal time base and oscillator
+ External time hase 32.768 KHz crystal

e 64 byte, low-power, static RAM (14 bytes of registers and 50 bytes of
general purposs RAM)

* Square wave generator
¢« Programmuable interrupts

- Time-of-day alarm, once-per-second to once-per-day
Periodic intervupt rates from 30.5 us to 500 ms
End-of-update interrupt

wl
S
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Additional Source of Information

The following Moterola Inc. document provides additional information on pro-
gramming the real-time clock,

* & Hir Microprocessor & Peripheral Ddata

Battery-Backup Considerations

Te keep time and maintain RAM when system power is off. the real-time clock
requires a battery-hackup source. The twe lithium batferies in the VAXmate
expansion box provide the only battery power source.

NOTE

The lithium battery used in the VAXmate expansion box has an
operational life expectancy of 6 vears and a shelf life of 16
Vears.

Addressing the Real-Time Clock

The resi-time clock (RTCH is addressed by the contents of an 8bit latch at KO
port 0070H and the RTC data is read or written through 1O port G071H.

NOTE

The RTC address latch is write only. Bit 7 of the RTO address
latch (VO port 0070H) is the nenmaskable interrupt (INMI} mask
register, If bit 7 equals zero, the NMI iz ensbled. Otherwise, the
NW™MI is disabled. For more information about the nonmaskable
interrupt, see Chapters 3 and 15,

The RTC dedicates the tirst 14 bytes of KAM (00H through OH) as registers
for the real-time clock functions, The remaining 50 bytes of RAM {0EH
through 3FH) are not dedicated to the RTC. Table 5-1 describes the RTC ad-
dress map.
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Table 5-1 Real-Time Clock Address Map

Latch Value R/W Location Accessed

00H R/W Seconds register

O1H Bw Seconds alarm register

02H R/W Minutes register

03 H R/W Minutes alarm register

04 H RIW Hours register

051 RIW Hours alarm

06H RIW Day-of-week register
TH W Day-of-month register

08H R/W Month register

09H H/W Year register

0AH R/W Register A

0OBH Riw Register B

OCH R/W Register C

ODH R/W Register D

OEH-3FH R/W Remaining 50 hytes ot RTC RAM #

. * See the definition of the structure RTC in the programming example,

Real-Time Clock Registers

The real-time cinck {RTCYH has two tyvpes of registers:

* Data focations 00 through 09H)
= Control and status {locations 0AH through 0DH)

Data registers are valid only when the RTC is not updating. During clack up-
dates, the RTC discannects the data registers from the RTC bus. The specifics

of data register processing are discussed later,

The control and status registers are available at all times,

g
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A R R S I O S A A S < ST —

Register A

Addressing - Write 0AH to address latch at 0U70H,
Pata - Read or write data at address Q071 8L

7. & 5 4 3 z 1 ]

T 1 - T T -

DIVIDER SELECTION BITS RATE SELECTION BITS

e el

psz | Dsi | Dso RS3 | RS2 | RS&J RSO

S e S s . £ S s s

SR |

Bit  RW  Deseription

E i time bd . ot least 244 ps remain before the update
inyg ata registers are pvailable for reading.
1 = Updaw eyele is in progress or beging in less then 244 us,

The UIF bi
update ¢

s a regd-only bit. For the 32,768 KHaz i,m @
o rime is 1984 us. Writing & 1 to the

e update cyele and clears the UTP st
s not modidy the ULP bit

8-4  H/W DIVIDER SELECTION 8ITS

“us bit. A hard-

ware resef

11 to these bits
3 der reset. the
bcgm H)r m(« w\}&umce warkstation time base
> *ma s:* Mtx m x}i{) S% hardware reset does not

x
-
-
e
o
=

iiA’é“i‘} SRLECTION BITS
These bits

ct one of 146 teps on a rage divider or disable
Table 5-7 \hww f 10; ba? \a!ueﬂ fm t.he m‘mhin inter-
4
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Table 52 Rate Selection Bits

RS3 RSZ Rs1

RSO

Periodic Interrupt Rate

H

s

0 9
0 0
0 0

<o

[y
i

{}

i}
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0

None {divider dis
3.90625 us
T.8125 us

122,070 us

244,141 us

488 281 s

76,4082 s
1.583120 ms
3.90625 ms
7.8125 ms

15,825 ms
31.250 ins
G2.5 ms

1250 ms

2500 ms

=



Register B

Addressing - Write UBH to address latch at 0070H.
Data - Head or write datg at address (071H.

7 6 5 4 3 2 1 o
i
SET PIE AIE UIE | SQWE DM HM DSE

Bit  RB/W

R:W

a RiwW
5 RW
& RIW
9 W

Dese npnzm

SET

4 =  Allow update cveles to orcur once per second

1 = Abort any update cvele in progress and inhibit update cycles
until cleared. (This allows initialization of the date, time, and
alarm registers.i

A hardware reset does not modify the SET bit,

PIE - Periodic Interrupt Enable

{1 =  Disable periodic interrupts (default value}

1 = DEnable perindic interrupts at the rate specified by RS!
in Begister A

o
s
‘l
ol

A hardware reset clears the PIE bit to (.

AIE - Alarm Interrupt Enable

i = Disable alarm interrupts {default value)

1 = Enable alarm infmmpts {(The interrupt frequency depends on
the contents of the alarm registers.}

A hardware reset clears the ATE bit ta 0,
UIE - Update-ended Ioterrupt Enable
4 = Disable the update-ended interrupt {default valuel

1 = FEnable the update-ended interrupt
A hardware reset or setting the register B SET bit clears the UIE
[T YRR

SQWE - Square Wave Ernable
9 = Disable the square-wave output {default value}
1 = Enable the square-wave output

square-wave sutput is not conpected to anything. so the
§ E bit should always be written as 0. A hardware reset clears
the SQWE bit to 0,
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Seaga

Bit

R/iwW

Drescription (Register B - cont)

o

RiwW

RiW

Riw

DM - Data Mode

0 =  Binary-coded-decimal (BCD) data format used for date, time,
and alarm registers

1 = Binary data format used for date, time, and alarm registers

A hardware reset does not modify the DM bit, However, the ROM
BIOS clears DM to 0.

HM - Hour Mode

{t = Hours register and hours alarm register use a 12-hour clock
with a.m. or p.m. indication

i = Hours register and hours alarm register use a 24-hour clock

A hardware reset does not modify the HM bit. However, the ROM
BIOS sets HM equal to L.

DSE - Daylight Savings Enable

0 = Disable daylight savings

1 = Enable daylight savings. Davlight savings changes occur at 2
aan. on the last Sunday in April and the last Sunday in-
October.

A hardware reset does not modify the DSE bit, However, the
ROM BIOS clears DSE to 0.

el
H
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Register C

Addressing - Write 0CH to address latch at OU70H.

Data - Head or write daza at address G071HL

7 @ 5 4 3

jis)
[
-

IRQY PiF ALF urFE

it

I
o
=]
(e

ription

BN

s

e or

] ?;h‘{i iRi I

of tne :
HTO sets

36 E/W  Always O

in register {1 Wr
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Register D
Addressing - Write 0DH to address latch at Q070H.
Data - Read or write data at address 0071H.

7 6 5 4 3 2 1 Q

VRT

¢ ‘ 0 G 0 0 0 O

Bit  R/W Description

7 R/W VRT - Valid RAM and Time

0 = Since the last time this register was read, the power-sense
circuitry detected a loss of power to the RTC. The RTC reg-
isters and RAM contain invalid data.

I = Since the last time this register was read, power to the RTC
has remained stable.

Reading this register sets the VRT bit. It is the only way 1o set

the VRT bit, After setting the date, time, or alarm, read this regis-

ter so that the YRT bit indicates that the registers are valid.

A hardware reset does not modify the VRT bit,
6-¢ W Always 0

g
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Real-Time Clock Data Registers

The real-time clock (RTC} formats the date and time in either binary or binary-
coded-decimal (BCD). All data registers (00H through 09H) must use the same
format. 1f the data format is changed. the data registers must be initialized in
the new format. The ROM BIOS uses the BCD data format. Biv 2 of register
B controls the format.

The HOUR MODE bit in Register B controls the range of the hour and hour
alarm registers. When the HOUR MODE bit is set (1), the hour and hour
alarm registers have the range 0-23. When the HOUR MODE bit is clear (0},
the hour and hour alarm registers have the ranges [-12 {a.m.) and 129-140
{p.m)

The hours, minutes, and seconds alarm registers have an additional range of
COH-FFH. This is an alarm register don't care code. For more information, see
the alarm description. Table 5-3 shows the format and ranges of the data
registers.
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Table 5-3 RTC Data Register Ranges

Lateh

Register Funection Binary Range BCD Range
Value
G0H Seconds Al modes {59 00H-59H
01H Seconds Specific time -59 00H-59H
Alarm
Each second 192-255 COH-FFH
D2H Minutes All mades 0-69 DOH-59H
03H Minutes Specific time 0-59 GOH-59H
Alarm
Each minute 192-265 COH-FFH
04 H Hours 24-hour mode -23 00H-23H
12-hour mode a.m. 1-12 01H-12H
12-hour mode p.m. 129-140 81H-92H
O5H Hours Alarm  Specific time 0-23 OOH-23H
{24-hour mode)
Specific time (12-hour 1-12 01H-12H

O6H
O7TH
(8H
9H

Day-of-Week
Day-of-Month
Month

Year

made a.m.}

Specific time (12-hour

made p.m.}

Each hour {all modes)

129-140

192-255
17

1-31
1-12

(-99

R1H-92H

COH-FFH
O1H-0TH
(1H-31H
01H-12H
O0H-99H

Real-time Clock and CMOS RAM - Hardware Description
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Alarms

During each real-time clock {(RTC) update cvcle. the RTC compares the hour,
minute, and second registors to the corresponding alarm registers, 1f all of the
time registers match all of the alarm registers, the RTC sets the register C
ALF. H, when this occurs, the register B alarm interrupt enable {ALE} bit is
enabled, the alarm interrupt triggers 1RQS8.

An alarm register value in the range COH-FFH is a don't care code. When an
alarm register contains a don’t care code, that alarm register matches any
value in the corresponding time register.

Table 5-4 shows the eight different types of automatic alarm cycles provided by
the real-time clock (RTC).

Table 5-4 RTC Automatic Alarm Cycles

Cyclc Desgcnptmn Hour Jxlarm Minute Alarm  Second
Alayrm

Onee per second every second COH-FFH COH-FFH COH-FFH

Once per second for a COH-FFH Specified COH-FFH

one-minute span every hous

Once per second for a one- Speeified Specified COH-FI'H

minute span every 24 hours

Once per second for a one-hour  Specified COH-FFH COH-FFH

span every 24 hours

Once per minute every minute COH-FFH COH-FFH Specified

Uhnce per minute for a one-hour  Specitied COH-FFH Specified

span every 24 hours

Once per hour every hour COH-FFH Specified Specified

Onee every 24 hours Specified Specified Specified

Also, there {s 5 nonautomatic way o use the alarm function. To use this
method, set a spm‘%fic alarm time. At each subseqguent alarm intervupt, set the
next s pew ific alarm time.
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Update Cycle

Once per second, the real-time clock (RTC) performs an update cvele. With a
32.768 KHz time base, the update cvele reguires 1948 pe, The update cycle
comprises the following steps:

* The RTC sets (1) the register A VP bic,

«  After 244 us, the RTC disconnects the data registers from the external
bus and connects them to the internal bus.

e The RTC increments the scconds register.

» The RTC checks for an overflow condition. If no overflow condition exists,
the RTC goes to the next step. Otherwise, the RTC zeros the register
and increments the next register in the series.

» The RTC compares the hour, minute, and seconds registers to the cor-
responding alarm registers. If a match occurs for all three registers, the
RTC sets (13 the register U alarm flag (AIF).

# The RTC disconnects the data rvegisters from the internal bus and con-
nects them to the exrernal bus.

» The RTC clears ) the register A UIP bit.

* The RTC sets {1} the register C update-ended interrupt flag (UIF)

During an update cycle, the data registers are disconnected from the external
bus. Therefore. while an update is in progress, reading or writing a data regis-
ter produces invalid results. Use one of the following methods to avoid update
cycles:

* Monitor the register A update-in-progress (UIP) bit. The update cyele
begius 244 s after the RTC sets the UIP bit. Thus. if the UIP bit is
clear, the data registers will remain valid for at least 244 ps,

* Enable the update-ended interrupt. This interrupt occurs after every
update cvele, The date and time registers remain valid for over 999 ms
after the RTC sets the UIF. It the processor must handle an excessive
amount of interrupts, the interrupt handler for the RTC should alse moni
tor the UIP bit.

* Monitor the register U periodic interrupt flag (P1F}. The periodic interrupt
is synchronized with the update cycle. For any given periodic interrupt,
there is a time after the interrupt when the data registers are valid, For a
32,768 KHz Lime base, use only the rates between 3.906256 ms and 500
ms. Use the following formula to calculate the valid time span:

Time Span = 244 us + (RATE / 2)

Beal-time Clock and CMOS RAM - Hardware Description 5~ 13



Interrupts
Periodic Iurerrupt

If the PIE bit is ser {11, the periodic interrupr triggers IRQ8 at the rate speci-
fied by the RATE SELECT bits in register A,

Update-Ended Interrupt

If the UTE bit is set (11, the update-ended interrupt triggers 1RQ8 once per
second. The next RTC update cycle starts 1000 s after the update-ended
interrupt.

Alarm Interrupt

Duiring each RTC update cycle. the R'TC compares the hour, minute, and
second registers to the corresponding alarm register, If the thne and slarm reg-
isters match and if the AIE bit is set (1) the alarm interrupt triggers [RQS.
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Programming Example

The real-time clock (RTC) programming example demonstrates:

» 9 % 9

Reading and writing the RTC registers and RAM
Handling RTC interrupts

Interpreting the data stored in the RTC RAM
Calculating the checksum that ensures data integrity

The next programming example provides the following routines:

rd_rtc
wr_rte
rtc_cksum
bth

bed
rd_date
rd_time

shw_date
shw_time
shw_ddtyp
shw_hdtyp
rte_int_hand
shw_hdw

rte_init
rtc_rest

rtc

Reads the indicated RTC register or RAM location
Writes the indicated RTC register or RAM location
Returns the calculated RTC RAM checksum

Returns the binary equivalent of a binary-coded decimal
{BCD) value

Returns the binary-coded decimal (BCD) equivalent of a
binary value

Reads the date-related registers and stores the results in
the indicated structure

Reads the time-related registers and stores the results in
the indicated structure

Displays the current date at location 0,0
Displays the current time at location 0,72
Displays the diskette drive types

Displays the hard disk drive types

Handles hardware interrupts from the RTC
Displays the hardware setup from RTC RAM

Initializes the RTC interrupt vector (70H} and the RTC
alarm registers

Restores the RTC interrupt vector (T0H) and disables clock
interrupts

Provides menu selection of the examples and executes the
examples
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CAUTION

fmproper programming o improper operation of this device can
cause the V ukmezt@ workstation to malfunction. The scope of
the next progr 3 rmplis is outed o the confext pro-
vided in this mcm!ml Na ather use is intended.

Constant Values
ncluded defines constant values for function keys. See
ion about kevhoard programming

The file (Avh.A that is
Chapte

8 for informat

The file {example ) that {5 included defines the structure type MESSAGE that
wdd to display the me

and CKS Ul\/; END define the start and
t is msffer of ontrok I any valae in
s new checksum must be 'vréfrfzn to reflect this change,

sl
this 1‘;:zng%f: is £h

fine bit values for registers A through
r that divides the base t tre
ralue is related to the VAXmate

operation, This v
e considerad a fix
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#include "kvyb B /+ reference function key con

#include “example. h”

/* reference menu str

i st ok oo ok ok R R R R K R R R R Rk R R B kol 0 kR Bk b e R Rk Bk

/* define conatants used in RTC example

I#

fidefine
fidefine

o ok e ook ol e ook ok 8 keske s ok vk sl b b ok o b ok ok ke ste vk ok b e e s s s sk s e e e ol ok sk st s ok o v sk ol sk ok B ke e o o ok

CESUM_START 0x10 /+ offget of start of checksu
CKSUM_EHRD  Ox20 /* effaet of end of checksw

/% define register A bit walues +/

#define
#define
#define

ure 0x80 /% update in progre
DIVIDE _SEL 0x20 f+ FIXED VALUE - Hardware T
RATE_SEL Ox0d /+ Programmer defined interrup

/* define register B bit values */

#define
#define
#define
#define
#define
#define
#define
#define

SET_UPD 0x80 /+ disable updating of date
PIE 0x40 /% Periodic Interrupt
AIE 0x20 /+ Alarm Interrupt
UIE 0x10 /% Update-Ended Interrupt
SQYE 0x08 /+ Square Wave
DAT_MOD 0x04 /* Data mode {BCD = O, Binar
CLE24 0x02 f# 12-hour clock = O, 24 he

DSE Ox{1 /% Daylight Savings

/% define register € bit values =/

#define
#define
#define
#define

IRQF 0x8Q /% Interrupt Reques
PIF Ox40 /*+ Periodic Interrup
ATF 0x20 /= Alarm Interrup
UIF 0x1D /+ Update-Ende

/* define register D bit values */

#define

VRT 0x80 /¥ Valid Bam & Ti

Real-time Clack and CMOS BRAM - Programming Example

stantg #/
ucture */

50 e et ek

wf

Fokok ok gk f

m area +/
m oareas */

a8 bit */
elated =/
b orate =/

& time =/
Enable #/
Enable */
Enable %/
Enable =/
y o= 1) =/
wr o= § oS

Enable */

i

1 Flag */
t Flag */
t Flag */
d Flag */

me bit #/

~
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Data Structures

The structure type RTC defines the [JO space that accesses the real-time clock,
The offset within the real-time clock (00H-3FH} is written to an 8-bit latch that
addresses the real-time clock. This latch is located at /O address 0070H. Data
in read ov written through VO address 0071H.

The struciure type CMOS defines how each RAM locatinn is used within the
real- time clock. The real-time clock dedicates the first 14 locations as regis-
ters. The remaining 50 bytes of RAM are defined according to industry-

standard usage.

The structure type DATIM provides a consistent format for moving date and

time information,

;

st sk SN kR R SR ol T o ok oot R s o sk ke e o

EEEE L S ESEEE LS SR LT RS EET EEE L

/+ declare structures used in RTC example

F st sk ok e e ok st ok ot ke ok ok ok ok

typedef struct

{
unsigned

unsigned
¥ RTC,

char
char

typedef struct

{
unsigned
unsigned
unsgigned
unsigned
unsgigned
unsigned
unsigned
unsigned
unsigned
ansigned
unsigned
unsigned
ungigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigped
ungigned

T

char
char
char
char
char
char
char
char
char
chay
char
char
chax
chazx
<har
char
char
char
char
chaz

addr_port;
data_port;

geconds;
alr_sec;
minutes;
alr_mip;
hours;
alr_hr:
dow;
dosm;
menth;
year;
Tega;
regh;
TREC;
regd;
diag;
Teset
ddtyp:
reservi;
hdtyp:

TE8eTrVa,;

EEEEEES EEEEE LS EEESE I EEEEE SRR EEEEE T EE TS

/% write RTC/CMOS address to this port
/= read/write data through this port

/¥ geconds {(0-58) current time
/% seconds alarm
/% minutes {(0-59) current time

/* minutes alarm
/% bours {(0-11/23) current time =

/% hours alarm
/# day-of-week (1-7)

/% day-of-menth {1-28/29/30/31)

/# month {(1-12) current date
/¥ year (0-9%) current date

/* register A =
/* register B ¢
/+ register ¢ =
/% register D =
/v diagnostics byte =

/% reason for reset

/* diskette drive type =

/+ reserved byte
/+* hard disk type
/+ reserved byte

h- 18 Real-time Clock and CMOS BAM - Programming Example
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unsigned char svscfg;
unsigned char bmeml;
unsigned char bmemh;
unsigned char lememl;
unsigned char lememh;

/% syatem coufiguration byte
/+ base memory size low byte
/% base memory size high byte
/+ expansion memory size low byte
/* expansion memory size high byte

unsigned char reserv3[0x2e ~ 0x19]; /% reserved

unsigned char ckaunmh;

unsigned char cksuml: /* low byte of checksum 4
unaigned char hememl; /# expansion memory size low byte
unsigned char hememh; /* expansioen memory size high byte
unsigned char century; /# century byte of date (19 from 1986)
ungigned char info; /% information flag
unsigned char reserv4[0x40 - 0x34]; /% reserved
¥ CMOS8;
typedef struct
{
int seconds; /# gseconds (0-59)
int miobutes; /% minuteas (0-59)
int hours; /% hours {0-11/23}
int dow; /# day-of-weel (1-7)}
int dom: /% day-of-month (1-28/29/30/31)
int month; /= month (1-12)
int year; /% yvear (century * 100 + year register)
} DATIM;
Real-time Clock and CMOS RAM - Programming Example 5 -

/* high byte of checksum (always O)

*/
*/
*f
*/
*f
*/

*f

wf
w/
#f
& f

*/

* [

*/
*f
Yy
*/
®f
* /
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Reading the Registers and RAM

The tunction »d rfe reads the indicated byte of real-time clock RAM. Before
accessing the byte, the offset s compured to the range 00H-00H. This s the

offset range of the data registers, which are invalid during update cyeles. If the

offset falls within this range, the read is synchronized with the vpdare-in
progress bit,

i sk sk e ke ok slook o ook o sk ¥ ok o s e ok sle s b o ok e ok kb

/* ord. rtr(B - read an RTC byte (if date or time, moniter UIP bih)
FE L e ' e ek
int rd_ytc(nffsan) fx yead ATC byte
int ofifazet: /% byte offset to read
RTC =pric; /* ptr to address & data ports
CMOE *pemos; % ptr ta RID/CMOS structure
ungigned int intr flig; /¥ CPU IF state
anaigned char retyeld; /* value to rehturn
pric = (RT 0% T /% asaign 1/0 address
poemos = /% gtructure offset is zevrn
if{offset < (int}{&pcmos->regal)) /* need to monitor UIP 7
{
while (1) /* break out when ready
i

/% no interrupts allowed
/¥ set to reg A
/x test UIP bit
:ntmank&Mtzmrlsiz /% allow interrupts

elge hreal:

red offset
read data
interrupts
data byte

ort, offset}; i
t ->data_pork);

g
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Writing the Registers and RAM

The functions wr_rre writes the indicated byte of real-time clock RAM. Before
accessing the byvte, the offset is compared to the range 00H-09H. This is the
offset range of the data registers, which are invalid during update cycles. If the
offset falls within this range. the write is synchronized with the update-in-
progress bit, -

/*%1*$*#i*F?*&%**?k*#*f***t#**#***#**x?**%*?*k**$$***%**%***#ﬁﬁ**%**?%**f

/% wr_rte(} - write an RTC byte *f

r;”**'%i‘%:z}:"r:*t?%’*%“’»ﬁl“’% Aok A A ok vk i o sk e ok s vk ok ok o % ok ok ok «éq\-vk»ﬁcx**—*«&*xf—‘*‘«kr’:@:@?&’hkkﬁ:"«#:**'?‘#*‘m&**,’

void wr_rtcfoffset, value) /% write RTGC byte #/
int offset; /% offset to write */
unsigned char value; /* byte value to write */
{
RTC #pric; /* ptr to address & data ports */
CMES #pecmos; /% ptr to RTC/CMOS structure */
unsigned int intr flg; /* CPU IF state #/
pric = (RIC »}0OxT¥0; i+ assign 1/0 address =/
pcmos = Q) /* structure offset is zero */
if{offaet < (int) (&pcmos >rega)) Z+ pneed to monitor UIP 7 */
{
while(1) /# break out when ready */
{
intr_flg = int_off(); /% ne interrupts allowed */
cutp{dprtc->addr port, &pcmos->regal; /% set to reg A */
if (inp(&prtc->data_port) & UIP) /* test UIF bit */
int_onf{intr_flg}; /* allew interrupts */
elae breal;
}
}
elge intr_flg = int_off(}); /% no interrupta allowed */
outp (kprtc->addr _port, offset); /% set to desired offset +*/
outp(gprtc->data port, value}; /+ write data */
int_onu{intr_fig). /* allow interrupts */
¥
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Calculating the Checksum

The function rfe_ckswm caleulates the checksum and returns the result to the
caller, The chechsum is the sum. module 256, of all bytes in the raoge
CESUM START through CKSUM_ENI».

/%QV*+}&*%Wm$&kw*xik*ixx$*i**ifm1$$k$$$$*»x*gwﬁ*yxz*ié***5%*4&**%***44**f

/% rte_cksum() - calculate the CMOS checksum and return its value *f

r******%k*%***z%&*%*m*xkkwkaxkim%$4*14**?4**xxm*iyﬂﬁikﬂﬁﬂ%ﬁxmvkkj

/w%i*

ungigned char rtc_cksum{) f# caleulate the OMOS checksum %/
{
int i; /% loop contrel =/
ungigned char aum; /#* accumulates the checlksum =/
gum = 0; /* sum starts out zero */
for(i = CKSUM_START; 1 <~ CKSUM_END; i++} /% all checksum bytes */
sum += rd_rtc{i); /% read data and add to sum */
return(sum) ; /= return calculated checksum */

}
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Converting Binary-Coded Data

The ROM BIOS defines the data mode as binary-coded decimal (BCD} and

therefore, so does this example. This requires converting hetween BCD and
binary. The function b¢b converts a BCD value to its binary equivalent. The
function bed converts a binary value to its BCD equivalent,

,’A AR LR TS R LR R AR R EE L E R EEEEEE L E RS EEEEE L EEE LR EEEE T Z'kﬁ’#*%:'i'a’r:ﬁ:i{k*‘pt-e*ﬂ:\f“f

/% bth -~ convert bcd value to binary integer value wf
/o ok ok ok vk kR R s o s o o ok K ok s ok R ok K kR R R R Rk bk

o e e ok ok

btb(bcd_val) /% bcd to binary integer =/
unsigned char bcd_val; /% bed value #/
{ /* assume valid bed value +/

return{{(bcd_val >> 4) * 10} + {(becd_val & 0x0f)):

/s s b R ok o R o R ok oK o R R R R AR SR R o R R R o Rk S R SRR sk e ok b
/#* bed - convert binary value to bcd value */

o8 o sk o KRR R R RO SR R R R Rk ok ok ok K 8 sk ko ek R R K ok ok oF

unsigned char bcdival) /* binary to bed =/
unsigned char val; /* binary value */
{ /+ assume wvalid bcd value #/

unsigned char tmp;

tmp = (val / 10} << 4; /% teps in upper nibble =/
tmp [= val % 10; /* ones in lower nibble */
return{tmp) /« return BCD value +/

}
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Reading the Date

The function rd_date reads all of the date-related registers and stores the
results in the DATIM structure pointed to by the calling parameter. It can be
called at any time without restriction.

The century byte is not a real-time clock register. The century byte is an
industry-standard location that overcomes the 100-year calendar limitation, It
must be updated manually or by software.

£ seskoon s ok s sk ok o ook o Aok sk sk ok b ok o R kR e ok ok e o R Kk R ko s ok S ROk ok ok ko

F% rd_dad

FEEEE TS

#f

read date and write to DATIM structure ;
sk sk kb hok A ok ke kR b A Rk ke Rk ks kA kck ok e ek ok sk e ckok b k/

void vd_date (pd} /% read the date */

DATIM spd: /% where to store dats #/

CMOS #pemos; /% phr to RTC/CMUB structure =/
pcmos = 0O /% mtructure offset is zero */
pd->dow = btb{rd_rtc{@pcmos->dow) /% day-of-week */
pd->dom = btb{rd_rtc (&pcmos->dom)}; /# day-of-month =/
pd-rmonth = btb{rd_ric{épcmos->month}); 7% month +f
pd->year = bib{rd_rtc{épcmos->centuryll * 100; /# century =/
pd->year  += btb{rd_rtc(&pcmos->yearl); /% year =/

¥
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Reading the Time

The function rd_time reads all of the time-related registers and stores the
results in the DATIM structure pointed to by the calling parameter. This func-
tion assumes the use of the 24-hour clock mode. It can be called at any time
without restriction.

I&: :
/+ rd_time{) - read time and write to DATIM structure #f

iwm&ﬁ%i*%*r*wi%**ié*ﬁv%*&%v*xm%$ﬂy$$¢{¥#ﬁ?*?fﬁ*W*i*w*ﬁ*&ﬁ**%ﬁ%*imﬂ*i*%&y!

EE T TR E ] ol ok o e e e ol S ok o o R e ok ok R R R R Rk e o

veid rd_time{pd) /* read the time =/

DATIM =pd; /+ where to store data &/

{

CRDS #pcmas; /# ptr to RTC/CHMOS structure =/

pemos = 0 /% structure aoffset
pd-rsecends = btb{rd_rte(kpemos >seconds) ) {#
pd->minutes « bth(rd_rtc(dpemos->minutes) )

pd~>houra btb(rd _rtc(&pemos->hours}};

it
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Displaying the Date

The function shw dare displays the current date s
0. It can be called at any time without restriction.

rting at row { and column

6 e e *-\'-:,L‘uw;'%;kgf

ok o ke ool v ok ok R ok sk b o e

ka*wk&**tk*é**xfi##ﬂm*%?w*&#f***&#&ii

define some dsy and month names
ek Ak ok R ek e oo Aok ok ok ol o sl ok cd e o ok o ok o o v ook 0 b o o R o e ok ok o e sk o 0 ok ok o

char day_name{8]110] =
{

“Invalid" /% roc is 1 hased +/
"Sunday® |, "Monday", "Tueaday”, "Wednesday",

“Thursday", "Friday", "Saturday’

g’

char month_namel[131{i0] =

{
"Invalid®, /% rtc dis 1 based #/

"January" , "February®, "March® ; Whpril®,
May? , "June” . Cdaly . fhuguat®

“September”, "October®™ | "November™, "December”

o

£ o sk sk sk ke st sk sk ook ofoh ok ok o o ok ok ok ok ok e ol ok ok e skl ok e ofo ook ok e sk sk ok ol ook ol sk s ok o ok de i ko R ok k R

=/

shw_date - ghow date starting at vow O column O
4***?%*?%*#&2k*w%***%*ﬁﬂ&*k?%**xﬁ**@t**##**g;

A3k kR Rk R R ok o s ok R Rl Rk

shw_datel}
{

DATIM dt; date and time structure
char sdatelb0]; /¥ place tu siore subput

rd_date{&dt} f# read current date =/
sprintf{sdate, "%%s %9s %2d. %04d". &day_nameidt.dow][0].
&month_name [dt . monthl{0], dt . dom, dt year);

disp_str{C, 0, sdats); /o digplay it #/
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Displaying the Time

The function shw time displays the current time starting at row 0 and column
72. 1t can be called at any time withont restriction.

1z

/% ghw_time - show time on row 0 columm (last_column - 7} 4
‘/:"- R TR R E R E P EEE T R EE T R ‘P"Eﬁf'&:*“‘.*L!‘i’?«i‘.*fé:r*“"‘e*ﬁ'{v??i‘*-f\*‘,‘*‘*‘*-5”»*-***’1‘*:‘3“?**%**?*!&4?%"»’F*“;j

ok ok f

e s s ook e e sk ok SRk o ok ok ko ok ok o Ok ok s ok s A B R oK Rk R R ok oo A o ok ek

shw_time ()

{

DATIM dt; /= date and time Btructure */

char stime[50}; /% place to store output */
rd_time(&dt): /* read current time %/
sprintf (stime, "%2d:%024:%024", dt . bours, dt.minutee, dt.seconds);
disp_str{0, 72, stime); /* display it */

+
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Displaying the i)isis;ei’:i:.e Drive ‘Type

.ne funetion sk dc,u 7

o ok

£% ghow disd

the drive type %/

/* buffer to writs te */
/* éisiatt& drive

-+
a
s

iy

1 . /# temp for
g

ntf{pc, "Diskette drive %c iz Y, 4ri

/% gensral opering */

e Grive =/

"ron-eni

case 1: /% 48 tpi dadg =/

fu
sprintf {&pclil, "an unknown type"};
breal;

oot
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Displaying the Hard Disk Type

The function shw hdtyp is a text-formatting subroutine that generates the hard
disk drive type according to the calling parameters. It is only called by the
funetion shw_hdw.

/s kb sk ok R ok ok ok s s R R R o ok R SR R o R K R SR R R ok
/% shw_hdtyp -~ show hard disk type “f

e ok st sk ok o o o ok s ok o e itk o sk s o stk ook ok kot ok o ot o ok ok ek o sk sk ok e kb ko8 ok otk o ok R ok R ROk ok

veid shw_hdtyp{pc, hdtyp, drive) /% show hard disk type */
chay #po;

char hdtyp; /* hard disk type #/
char drive, i drive letter =/

{
int iy

i = sprintfipc, "Hard digk drive %c is ¥, drivel};
1if (hdtyp) sprintf(&pelij, "type %d%, hdtyp): S drive type ®/
else sprintf{&ps{il, "non-existent"}; /% po drive #;
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Handling the Clock Interrupts

The function rre int_hand is the real-time clock interrupt handler. It checks for
all of the three possible interropts. update-ended flag (UIF}, alarm flag (AF),
and periodic interrupt flag (PIF). After handling the interrupts, the interrupt
handler notifiss the interrapt controller.

The update-ended interrupt occurs onece per second. At each interrupt, the in
terrupt handler increments the global flag, time_flag, to indicate that at least
one second has elapsed.

The alarm interrupt is initialized to the first second of every day. At each inter-
rupt, the interrupt handler increments the global flag, date flag, to indicate
that at least one day has elapsed.

The periodic interrupt is fnitialized to a rate of 125 ms. At each interrupt, the
interrupt handler increments the global counter, metronome, The 8254 timer
and speaker example in Chapter 6 ases this connter for output timing, Also,
the periadic interrupt handler calls unbeep. If required, unbeep turns off the
bell theep sound). The example programs use the speaker to generate a bell
{heep sound}
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ot o s o ok ke sk ook e koo o ok R R ok Rk Ak R ok ok ok R ok Rk ok

/% rte_int_hand() - real-time clock interrupt handler x/
fﬂ&*$&$$” ix?ir’*k%ﬁ#?##*m%{**k#*%i#*%&ﬁmkxﬂ@&#**&i*&****k****ﬁ*******f
int time_flag; /% 1 mecond update flag =/
int date_flag, /1 day update flag =/
unsigned int metronome; /* timer for sound output wf
int motor_flag; /+ timer for diskette drive motors #/
int head settle: /* hesd settle timer for diskette drives =/
¢void rte_int_hand{) £+ rte int handler =/
{

CMOS +pcmos; /* ptr to RTC/CMOS structure */
unsigned char tmp; /% temp to rTead in reg C *#/
pcmos = O /% structure offeet is zero =/
tmp = vd_rtec(&pemoa->rege) . /% read current interrupt requests =/
if(tmp & UIF) time_flag++; /# time updates once per second #/
if (tmp & AIF) date_flag++: /+ alarm set for once per day at 00:00:00 =/
if (tmp & PIF) /% periodic interrupt 7 #/

P
metronometrt; /# increment timing for speaker demo */
unbeep () ; /* unbeep turns off speaker if bell =/
if (motor_flag) /% if timing diskette drive motors =/
if{~-motor _flag == 0) /% if timed out =/
motor_off(): /# cell roubine to turn motors off =/
if(head_settle) /* if timing head settle */
head_settle-—; £ reduce count =/

}
eoi{l); /% end of interrupt fer interrupt controller +/

hl
¥

Real-tise Clock and CMOS RAM - Programming Example 5- 3L



S S N TR R

Interpreting the RAM Contents

The function shw Adw interprets the industry-standard locations in the real-
time clock RAM and displays the resulss, The ROM BIOS iuterprets this dats
inn the same mannsr,

b e i ok i ok ok sk AR S ok o e S ok ol o ol sk s s sl o o e o b o v okt v o ke Sk o e ol ol o ok sl i i ol ok % o ol ol o o ok ko R g b b

Frmekon
/* sh_hdw{) - shew hardware setup in CMUE
2 ok vk A o e e ok ok b e ok sk o Ak ok

22 AR LI EEEEE LT

£ ko ok e ok ok ok i ook ok K ok e ok

sk hdw{)
{

read */

unsigned char tmp: /% to hold CMOS byt
unsigned int ui; /% to held memory size »/
CHMOS =pemos; /% ptr to RIC/OMOS structure =/
char #pc;

char 1inei512};

]

§

#idefine ROV
G

#define CGQL 17

s /% structure sffsel is zero ¥
tmp = rd_rtc{&pemes->syscigl; /% read system config */
sprintf{line, "%id diskette drive(s} presect”, {tmp >» &) + 1},
disp_str(ROW, COL, line};

switch{{tmp & 0x30} »>> 4) /# check video type */

1

cage /% not a valid ty
pe = "Invalid vides type’;
break;

cage 1
pc = "4 column color graphics™;
breax,

case Z:

pc = "8G celumn coelor graphice™;

F+ display video type
/* read diskette drive types
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shw_ddtyp(line, tmp >» &, 'A°
disp.str(ROW + 2, COL, line}:
shw_adtyp{line, tmp & OxGf,
disp_str{ROW + 3, COL, line):
zp = rd_rtci{&penne->hduyp)
shw_hdtyp{line, tmp >> 4. "¢’
disp_str{i0W + 4, COL, line};
shw _hdt line, tmp & 0xOf,
disp_atr{ROW + &, CUL, linel;
tmp = rd_rtci&pconos->bmemh)
uvi = {unsgigned int)jtmp << §;
ré.rte{&peros- >bmexnl);
(uneigned int)tmp;
sprintf (line,
disp str{ROW + &, COL, line);
tmp = rd_rte{&pcmos-»liemenh)
ui = {unsigned inkt)tmp << 8;
mp = rd_rtc{épcmos->lememl) :
ui [= (unsigned int]ltmp;

o g

aprintf{line, "Expansion memory = %dK bytes™,

digp_striROW + 6, COL, linel;
tmp = rd_rtcl{&pcmos->hemenh)
ui = {unsigned int)twp
tmp = rd_rtclkpenos-rhe

ui 1= {unsigned int)tmp;

1

)

/% get drive a type

/* display drive a type
J# get drive b type

£+ display drive b type
/% read hard disk types
/% get drive ¢ type

/% display drive ¢ type
/* get drive d type

/% display drive d type
base memery high nyte
/# shift and assign
/% base memory low byte
/% add low byte

"Base memoxry = %dE bytes", uil:

/# display base memory

/% expanded memory high byte
/% shiff and assign

/* expanded memory low byte
i+ add low byts

uil;

/# display expanded memory

/% expanded memory high byte

/% shift and assign
/¥ gxpanded memery low byte
/% add iow byte

sprintf (Jine. "Expansion memory = %d¥ bytes™, uil;

disp_str(ROW + 7, COL, line}:

Realtime Clock and CMOS RAM - Programming Example
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Initializing the Real-Time Clock

S i

To start up realtime clock interrupt processing, the rte inir function:

wr

¢ [hsables re

CHMODE *pomos;

Iz

W I’tfhtpm’gg By ,
wr_rtec{&penos-ralr_hr, 0x00);
v omin, 0x007,
~>aly_sec, Gx00};

I UIE | PIE

Real-tine Clock and OMOS HADBRT -

SEEE TR R R N O e

EEEE R R LS R e

| CL¥24};

'}’*til'}? le*k .ﬂtféllﬂpt& md u;»date vg ic»‘-s

initialize alarms and vectors

et e sk ok St R o sk ook o o A o

£# ptr te RTC/CMOS styucture

/# structurs offset is zero
/% prepare to init
/% disablie PIC inbterrupt

initialize RTC dintsrrupt vector

i RATE_SEL): /% met pi rate

/% write hours alarm
write minutes slarm

/% write seconds zlarm

CLE24 ¥ /% enable clock
/% epable PIC interrupt

Frogramuming Example

s ok o 3k oh o o o

#/
%/



Restoring the Interrupt Vectors

To shut down real-time clock interrupt processing. the rie_rest function:

¢ [hsables the real-time clock interrapts
*  Masks the interrupt controller input
* Restores the interrupt vector to its previous condition

NOTE
Update cyrles remain enabled. If update cyeles are disabled, the
clock stops,

[k stk R ok sk R B o R B bk ok o ok R kR ek sk ks % % 7

/= rte_rest() - disable interrupts and restore vectors ®f

;w*i«')@.\%i:'kw:tﬂ*y"i,1';}1.39%"@t‘k::g.r,f,*:l;‘&.m)k;y::’(iv*:&,w,,{;ﬁ’{'}%)}‘&’&‘&)ﬁ‘tn*?%?#*ﬁ'5"""14:»',?_7-*‘!‘,‘g'k*?ﬁ‘:ﬂ:"‘*'{‘fr)‘t*tﬂf

rte rest(}

CHOS +#pcmos; /+ ptr to RIC/CMOS atructuzre #/
pemos = O /% atructure offset is zero =/
wr_rtcl{&poemos~->regh, CLK24}, /= dipable clork interrupts */

Ny imask{1, 0, 0): /% disable PIC interrupt =/
iv_reat{Q0x70), /+ restore interrupt vectar *7
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Real-Time Clock Example

vs the menu, accepts input, and executes

The funection ric disy

Lk ok A sl ok s sl b o s sk ok ok ok ok e R o R T e

1

H FE .
i vy
H Fis

P

/% %o hol
/* to hold cals
/% %o bo
to hold menu

uneigned
unsigned

char

structure */

’(Z‘

/¥ determins menu szslection

i

herdware +/

/% show C

ke and CMOS RAM - Programming Example
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case F2: /+ get current checksum #7
sprintf{line, "CMOB checkzum = %
rd_ttc(&pemos-rcksumll});
disp sty (ROW, COL. line):
break;

te checksum =/

um{));

gum = rHo_ ok

wr_ rtel{gpomos-roksunl, suml,
intf{line, "Checksur bybte set to LOIxHY, eum);

sp_shr (BOW, 0L, line).

caiculated checksun

case ,5: /% set new daste */

d R - date as MM/DDSYYY :
.atr fRLJ 1, MM represanta the month ;
shr!ﬁ@& + 2, CGL, "Where DD repressnts the day {1 - 3137

2, C4L, “"Where YYYY represernta the vear {(00GG -

aty {R0W +

Edt  dom,

/= note: no limit check */

geFmonhh

wI, rtc»&pzm os->dom, bed(dt. dﬂﬂ;) #
mas->year, boedf i

W *t‘f&p**os“‘ven,urx,
regd) ;

g

cage Y6 Jx set new time @/
ie

disp sty (ROV . COL, “Eptar time zz HH:MM:BSY::
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1, €OL, "Where HH represents the heur {0 ~ 23)7);
+ 2, COL, "Where MM represents the minutes {0 - 59)7);
3, COL. "Where 58S represents the seconds (D - B9}
<4, COL, "Time: )
4, COL - &, lime);
T = ggcaniiline, "%2d:%2d4:%2d47. &dt hours, &d4b.minutesg,

r i= 33
elae break;

: /i mate: no limit check =/
wy_ric(&pemos->hours, bed(dt . hours)): /% write hours =/
‘mos-rminttes, bodidt.minutes)); f# write minnteas #/

wr_rho(&pemos->seconds, bed{dt.seconds)); /* write seconds =/
to(&pemos->regd) ; J# make time valid, set the VRT bit +/
time ),

&enhimr;”)

case !
while{l}
P
"Epter dav-of-week {1 - 7} "}
+ 2Y, linej;
“%d", &dt dewl;

/% note: no limit check #/
wiibe day-of-week «/f
ake DO valid, set the VRT bit =/

case F10: /% return to caller {main menu) #/
raoturn;
}
iinein] = get fiuy(}; /* get a functior key for menu selection +/

ot
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Chapter 6
Three-Channel Counter
and Speaker

Overview

The VAXmate processor board has an 8254 programmable interval timer that
provides three independent 16-bit counters for counting or timing. All three
counters have a 1.1931816 MEHz clock input. The counters are programmable
and are used by the ROM BIOS as follows;

* Counter 0 is a general purpose timer to provide:

- A time-of-day clock

- A diskette drive motor timer

- A screen blanking timer

Its output goes to IRQD of the interrupt logic.

CAUTION: Reprogramming this counter can destroy the timing.

» Counter 1 provides the dynamic RAM refresh timing. The ROM BIOS
programs it for a 15 us cycle time. Its output is connected to the refresh
counter.

CAUTION: Reprogramming this counter can destroy the refresh cycle,

Counter 2 provides a frequency-modulated square wave output for the
speaker interface.

Additional Source of Information

The following Intel Corporation document provides additional information on
the 8254 three-channel counter/timer.

*  Microsysteins Components Handhook (Publication Number 230843)
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shows the block diagram of an 8254, The data bus buf ffer int
Hus, and the readiwrite
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‘he signals CLK, GATE, and OUT are all connected to control logic on the
CPU module. A 14.31818 MHz signal divided by 12 provides a 11931816 MHz
clock to all three counters.

A high level (1} at the GATE input enables counting and a low level ((j at the
GATE Input disables counting.

Table 6-1 shows the CLK input frequency, the GATE source, and the destina-
tion of the OUT signal.

Table 6-1  Counter Signals

Counter CLK Frequency GATE Source OUT Destination
v 1.1931816 MHz Tied high TRQO

1 1.1931816 MHz Tied high Refresh timey

2 1.1931816 MHz System CSR ibit ) Speaker driver

Mode Definitions

The three-channel counter/timer has six modes of operation:

Mode 0 Interrupt on Terminal Count

Mode 1 Hardware Retriggerable One-Shot {not used}
Mode 2 Rate Generator

Mode 3 Sguare Wave hMode

Mode 4 Software Triggered Strobe

Mode 5 Hardware Triggered Strobe (retriggerable)

Table 6-2 lists she default mode and funetion of each counter in the VAXmate
workstation {as established by the ROM BIOS).

Table 82 Modes Used by the Thres Counters

Counter  Function Mode Description Output
H Timerof-day clock 5 Hardware trig- PRQG
gered strohe
1 Refresh timing 2 Rate generator Refresh counter
2 Speaker waveform 3 Square wave Speaker driver
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Mode @ (Interrupt on Terminal Count)

Mode 0 is used for one-shot event counting.

Initializing Mode
Programming the control word for mode G causes OUT to go low. The GATE
input has no effect on the QUT signal.

If a new count is written during counting, the new count is lvaded on the next
CLK pulse and counting continues from the new count.

Mode (0 Cycle

Writing & new count starts the cycle. Where n equals the count. the mode ¢
cvcle is n + 1 CLK pulses long. During the start of the cyele, the OUT signal
is low for n CLK puis’eq {while the counter decrements from n to 0.} On the
next CLK puise, the OUT signal makes a transition from lov-to-high, The QUT
signal remains high until the control word is written or until a new count is
writien.

Mode 1 (Hardware Retriggerable One-Shot)

Mode 1 is used for one-shot event counting. Berause the GATE input is the
trigger, mode 1 is viable only nn counter £ {the GATE input of counters { and
1 are tied high.) Mode 1 could be used for sound generation, but it is not nor-
rally used on the VAXmate workstation,

Initializing Mode 1

Programming the control word for mode 1 and writing a new count causes
OUT to go high and arms the trigger. The GATE input has no effect on the
CUT signal,

Writing 2 new count during counting has no effect on the carrent count,
However, if the GATE input is triggerad, the cycle restarts with the new count,

Mode 1 Cycle

With the trigger armed, a low-to-high transition at the GATE input triggers
the cycle. On the pexi CLE pulse, the count is ivaded and the QUT signal
makes a high-to-low transition. Where » equals the count, the QUT Qignai re-
mmains low for n CLK pulses. That is, when the count decrements to 8, the
QUT signal goes high

‘u«d wntil
to U;

After the trigger is armed for the tirst time, the trigger remu
the control word is reprogrammed. Thus, mrm a count has decremente
triggering the GATE input restarts the cycle. The count is reloaded
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automatically.

Triggering the GATE input before a count decrements to 0 restarts the cycle
on the next CLK pulse, The count is relvaded automatically. Because the count
did not expire, the OU'T signal remains low.

Mode 2 (Rate Generator)

Where n equals the initial count, mode 2 functions like a divide by n counter,
It generates pulses at a rate equal to the input frequency divided by the initial
count {n). Mode 2 is periodic. repeating the rycle every n CLK pulses.

The ROM BIOS uses counter | in mode 2 to provide the refresh timing signal.

Initializing Mode 2

Programming the control word for mode 2 causes OUT to go high, Providing
that the GATE input is high, the cvele starts 1 CLK pulse after the initial
count is written,

If the GATE iuput goes low. the OUT signal goes high immediately. On the
CLK pulse following a low-to-high transition at the GATE input, the counter
reloads the initial count, Thus, the GATE input can synchronize the count to
an external event.

Writing a new count during counting has no effect on the count for the current
eyele. When the cyele repeats, the count is reloaded with the new count.
However, if the GATE input is triggered, the new count is loaded on the next
CLK pulse and cycle restarts,

Mode 2 Cycle

Where n is the initial count, the mode 2 cycle is 2 CLK pulses long. During
the start of the cycle, the OUT signal is high. The OUT signal remains high
until the count decrements to 1. When the count decrements to 1, the QUT
signal makes a high-to-low transition and the counter reloads the initial count.
The OUT signal is low only for that CLK pulse. On the next CLEK pulse, the
OUT signal goes high and the cvcle repeats. .

NOTE
fn mode 2. a count of 1 is invalid.

Mode 3 (Square Wave Mode)

Mode 3 generates a square wave at the OUT signal. Where n is the count, the
OUT signal has a frequency equal to CLK / n. When »n is an even number, the
QUT signal is high for n / 2 CLK pulses and then low for n / 2 CLK pulses.
When »n is an odd number, the QUT signal is high for (n + 1} / 2 CLK polses
and then low for (2 - 13 [ 2 CLK pulses.

L+
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Initializing Mode 3

Programming the control word for made 3 causes OUT to go high, Providing
that the GATE input is high, the cycle starts 1 clock pulse after the initial
count is written.

It the GATE input goes low, the OUT signal goes high immediately, On the
CLK pulse following & low-to-high transition at the GATE input, the counter
reloads the initial count. Thus, the GATE input can synchronize the count to
an external event,

Writing a new count during counting has no effect on the count for the current
eyele. When the cyele repeats. the count is reloaded with the new count.
However, if the GATE {nput is triggered, the new count is loaded on the next
CLK pulse and cycle restarts.

Mode 3 Cycle
frn the first CLK pulse, the initial count is loaded. If the count is odd, then
count - 1 is loaded. The cvele starts with the next CLK pulss,

With each sureeeding CLE pulse, the count is decremented by two, W h?:s th»

"w m;t:qi count w ren. the QUT sigual makes an immediate ts’am%tiasr; fram
high-to-low. If the initial count was odd, the counter waits one more CLE pulse
and then makes & high-to- ‘ﬂw i‘z‘am%riﬁ The ’m?ria% count 1s s‘vlraad@" ;mo’ dw-

'mfr ﬁl‘LK pulse, the (:wm ig dsf{.?ek.xwmed by tw* \ hen fhe: wount decre m,s
U'E" signal makes an immediate transition from low-te-high: the io-
is reloaded and decremented by two., which starts a new >

;izm cound 1

Mode 4 (Software Triggered Strobe)

In maode 4, the mxmt cycle is zrig‘gereﬁ by writing a new count. Where » equals
the initial count, the OUT signal iy high for n + 1 CLX pulses, low tor 1 CLK
pulse, and then ‘“‘ifh until a new count is written,

Initializing Mode 4
ngrrmnming the control word for mode 4 causss QUT to go high. The GATE
input has no effect on the OUT signal.

It a new count is written during eounting, the new soung is loaded on the ne
CLK pulse and counting continues from the new count.

For a 2-byvte count, writing the first byte has no effect an counting. Writing the
second byte allows the count to be loaded an the next CLIK pulse,

Writing a new count while the original count is counting allows the new count
to be loaded on the next CLE pulse.
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Mode 4 Cycle

The mnode 4 cvele is triggerved by writing a new count. The new count is loaded
on the next CLK pulse, but not decremented. With each successive CLK pulse,
the count is decremented. When the count decrements to 0, the OUT signal
goes low, It remains low for | CLK pulse. When the count decrements to
FFFFH, the OUT signal goes high. Until a new count is written, the QU
signal remains high, which restarts the cycle.

Mode 5 (Hardware Triggered Strobe)

Jecauvse the GATE input is the trigger, mode 5 is viable only on counter 2 (the
FATE input of counters 0 and 1 are tied high.) Where n equals the initial
count. the OUT signal is high for » + 1 CLK pulses. low for 1 CLK pulse,
and then high until the GATE input triggers another cycle,

Initializing Mode 5

Programming the contral word for mode 1 and writing s new count causes
OQUT to go high and arms the trigger. The GATE input has no effect on the
OUT signal.

Writing a new count during counting has no effect on the current count.
However, if the GATE input is triggered, the cycle restarts with the pew count.

Made 5 Cycle

With the trigger armed, a low-to-high transition at the GATE input triggers
the cyele, The new count is loaded on the next CLK pulse. but not decre-
mented, With each successive CLK pulse, the count is decremented. When the
count decrements to 0. the OUT signal goes low. It remains low for 1 CLK
pulse, When the count decrements to FFFFH, the QUT signal goes high.

Atter the trigger is armed for the first time. the trigger remains armed until
the control word is reprogrammed. Thus, after a count has decremented to 0,
triggering the GATE input restarts the vvcle,

Triggering the GATE input before a count decrements to 0 restarts the cycle
on the next CLE pulse. The count is reloaded avtomatically. Because the count
did not expire, the OUT signal remains high.

-1
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Registers

This section discusses the 8254 registers. Because bit 0 controls the GATE
input of counter 2 and bit 1 controls the output to the speaker, the system
register is also discussed here, Table 6-3 shows the addresses of the 8254 regis-
ters and the asystern register.

Table 6-3  BZ254 and System Hegister Addresses

Hegister RiwW Address

o

8264 - Counter ( ww 00401
#2564 - Counter 1 R/W 0041 H
54 - Counter 2 HW OO42H
264 - Command Word W (0431
Systemn W GOG1H

]
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System Register (0061H)

I & 5 4 3 2 1 0
RAM 1/0 COUNTER | REFRESH | ENABLE |ENABLE | SPEAKER | COUNTER
PARITY |CHECK |2 OUT |REQUEST|I/O RAM DATA 2
CHECK SIGNAL CHECK | PARITY GATE

INPUT

Bit  R/W  Description

7 34 RAM PARITY CHECK
0 = Processor hoard RAM parity good
1 = Processor board RAM parity error
W Always O
6 R I/ CHECK
0 = No bus I/(J ervor or option RAM parity error
1 = Bus IO or option RAM parity error exists
W Always 0
5 B COUNTER 2 OUT SIGNAL
0 = Counter 2 OUT signal is low
1 = Counter 2 OUT signal is high
W Always 0
4 1 REFRESH REQUEST
0 = Refresh request not active
1 = Refresh request active

The diagnostic software uses this bit to check the operation of the
DBRAM refresh circuitry.
W Always 0
3 W ENABLE /O CHECK
0 = Enables checking of the bus /O check line and option RAM
parity {enabled by ROM BIOS)
== [lisable bus VO error checking
2 R/W ENABLE RAM PARITY CHECK
0 = Linable processor board RAM parity checking (enabled by
ROM BIOS)
1 = DMsable processor board RAM parity checking

Three-Channel Counter and Speaker - Hardware Description 6-9
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Control Weord Register (0043H)
7 & 5 4 3 2 i a
T ) i ¥ ¥ . T

BINARY
SELECT % READ/ MODE CODED
COUNTER WRITE SELECT DECIMAL

S, S L.,_ S BN EUNAUSOU NSO TSR S

Bit  R/W Deseription

SELECT COUNTER

00 =  Select counter

11 =  Select counter 1

10 = Select counter 2

11 = Resad-back command

54 W READIWRITE
00 =  Counter-atch command
01 =  Read/Write LSB
10 =  Read/Write MSB
11 = Read/Write 1.SB first, then MSH *

31w MODE SELECT
000 =  Mode ¢
001 =  Maode
X1t = Mode
X1l = Mode
104 = Mode
101 =  Mode
4 W BINARY CODED DECIMAL
0 = Binary counter 16 bits
1 = Binary-coded-dechmal (BCI) counter {4 decades}

-

7,{; 'i‘x ¥

o BRI Sy R

The counter does not start counting until the second byte of the Z-byte
pair is written to the counter latch,
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Counter-Latch Command {Control Word Register)

7 6 5 4 3 2 1 0
; R — o R S
- | ]
{ SELECT | i
| COUNTER o | O
% !

i

Bit R/W ﬂescripi,inn

76 W SEI b(“ {‘()UNHSR

Selecr Counter 0

Select Counter 1
dect Counter 2

k.
Undefined
a0 W Always U for counter-latch command

lounter-iatch cormumands do not alfect the programmed mode of the counter.
The counter-i t(n m=~m1asrd Lm he% the mnrmtq of the wunfere wxrh(su{ Hff?i‘t'
ing the count :
atches the
ig heid until «
fatched count is ros

lat latf‘h‘ The Mt{rhed count
the L?Lr for th !,he, muﬂier iz reprogrammedi. After the

the outpat lateh follows the count in the counter,

for more than one counter, gach
counter outpat st until read. When any given counter is
fatched two or more thnes without an intery mimg read. nml" the first latch
command Is effective. When read, the vount is the count latched by the first
countar-lat

When a counter-k

h k1 :lu; the cou

The latched o«
MSE., or LSE and MbBL
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Read-Back Command (Control Word Register}

7 6 5 4 3 2 1 0
f LA'.ECH LATCH |COUNTER |COUNTER | COUNTER
; COUNT | STATUS 2 1 O
} SELECT |SELECT |SELECT
; 1 1 0

Bit  R'W  Description

76 W Always 11

54 W LATCH COUNT and LATCH STATUS
00 = Latch status and count of selected counteris)
01 =  Latch count of selected counter(s}
10 =  Latch status of selected counter(s]
i1 = Undefined

3 W COUNTER 2 SELECT
O =  Counter 2 not selected
1 = Counter 2 selected

2 W COUNTER I SELECT
0 = Counter 1 not selected
1 = Counter 1 selected

1 W COUNTER 0 SELECT
0 =  Counter ¢ not seclected
1 = Counter ( selected

0 W Always 0

The read-back command is written to the control word register. For the se-
lected counters, the read-back command latches a status byvte andfor the cur-
rent count,

The status byte format is described under Sturus Response. The status byte is
vead from the indicated counter register as a single 8-bit byte, When the read-
back command latches both status and count, the status byte is read first and
then the count. Thereafter, any vead returns an unlatched count.

The latched count follows the format described under Counter-Latch Command.
If multiple read-back commands are issued without interveming reads, all but
the first are ignored. The status read is the status at the time of the first

read-back command.

Three-Channel Counter and Speaker - Hardware Description G-13



Status Hesponse (Read-back Command}

R

7

PIN

3

SELECTED
MOUE

Bt

0

BINARY
CODED
DECIHAL

i
Bit R/W

&

2-1

o

#- 14

R

R

P word re ‘fES?;; hg
’nmhﬁr
Z-hyte counts,

tl e

16: (bv.,,i)a counter {4 dec
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Programming Example

The three channel connter/timer and speaker programming example
demonstrates:

= Writing the counter/timer registers
*  FEnabling and disabling the output to the speaker
= Setting the output frequency to the speaker

The example provides routines as described in the following list:

wr entls Writes a 16-bit value to the indicated counter

beep Enables the bell theept at the speaker

unhese sahles the bell (beep) at the speaker

tim splk Initializes the counter, displays the menu, and executes the ex-
’ ample program

CAUTION

Improper programming or improper operation of this device can
cause the VAXmate workstation to malfunction., The scope of
the programming example is limited to the context provided in
this manual. Na other use is intended.

Constant Values

The inciuded file Lydh defines constant values for tunction kevs. For informa-
tien about kevboard programming, see Chapter 8. For a listing of the file
Ly, see Appendix Al

The included file exan

to display the menu. For

w0y defines the structare type MESSAGE that is used
a isting of the file examgple, see Appendix A,

The constant value sysror defines the offset of the system status register in

{10 space.

¢ cwrdreg through couni2 define the offset of the 8254
ters in 1/} space,

The constant ve
counter/iimer r

The constant val #0 through rbentZ define the hit values of various

8254 counteritimer commands.

The consta ofreg defines the input frequency to all three couster/
"

LIRSS,
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#include "kyb.h" /+ reference function key constants */
#include "example h" /* reference menu structure */

/*x**ﬁ#****k&**%$?********$**#*$******$**$***%****K***W*****#***********/

/+ define constants used to program 8264 timer */
f$;$m*#@m*x*%$ﬁk%$%&*v¢$k*¢é*&%i**%**%%*$%i**xi&$**$$?$**¢k**++*$¥i**%$*f

#define SYRTAT Ox61 /% syetem atatus reglater in I1/0 space */
#define CWRDREG Ox43 /+ control wnrd register in I/0 space */
#define COUNTO 0x40 /# counter O register in 1/0 sgpace */
#define COUNTL Oxd1 /# counter 1 register in 1/0 apace #/
#define COUNTZ Ox42 /* counter 2 register in I/0 space */
#define SELCNTO 0x00 /% select counter O */
#define SELCONT! Oxd40 /#* aselect counter 1 =/
#define SELCNTZ Ox80 /+ pelect counter 2 */
#define SELRDBE 0xCO /+ select read back */
#define LATCOM 0x00 /+ gelect latch command */
#define RWLER  Oxi0 i« read/write L8B */
#define RWMSB  0x20 /% read/write MSB */
#define RWLSMS 0Ox30 /+ read/write LSB then MSE #/
#define TMODEC Ox00 /% gelect timer mode O */
#define TMODEL 0Ox032 /% select timer mode 1 #/
#define TMODE2 0Ox04 /* gelect timer mode 2 #/
#define TMDDEZ Ox06 /¥ select timer mode 3 */
#define TMODE4 0x08 /* gelect timer mode 4 */
#define TMODEL Ox(09 /4 gelect timer mode 5 *j
#define BINDAT 0x00 /% binary count data */
#define BCDDAT Ox01 /# binary coded decimal count data */
#define LATCNT 0Ox20 /* read back cmd latch count */
#define LATSTA 0Oxi0 /* read back cmd latch status =/
#define RBONTO 0Qx02 ) /+ read back counter O x/
#define RBCNT1 0x04 /* read back counter 1 */
#defTine RBONTZ2 OxGB /% read back counter 2 */
#define INPFREQ 11931811 J% 14.31818 Mhz / 12 = 1.1831816 Mhz =/
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Writing a Counter
The function wr o »ntu a 168-bit value to the indicated counter. A 16-big

valse is written A- b at a time {low byvte first} to the same port.

Making a Bell Sound
The function beep enables the speaker output at LO00 Hz. It provides the bell
theep svund) for the ASCIT character BEL (07H). This function can be called at
dissbled by the function wnbeep

any time,

The speaker output is automatically

tors the variable beep flag., If veguired, it disables the
real time clock interrupt han-

The function w fep moni
speaker. This function is called from within the
dler. It traciks the number of 125 ms periods that the speaker has 3eu on for
a bell (beep sound), After 500 ms rotal. the speaker output is disabied. I the
real time clock Enter xpts are not enabled. the speaker output will not be

disabled a
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J%*%*ﬂ’ﬂ*}$i*k%ﬂ*$$ﬂ*%kﬁ* e ot ohe sk e o ok ok ol ok e o S ok sk ok R ok ok e sk ok ek ok o dkok
/* wr_ent16() - write 16-bit value to counter #f

e

‘;*as4*%#«*kxx$$$*x9$*ky<*?€k*ni@*%****ww*iwu*m¢m*«»*yy&gara*vf

wr_ecnt i6(counter, value)

unsigned char counter; /# which counter to set */
unsignsd iat value; /# 16-bit value =/

{

ungigned int intr_flag; /% to hold current IF state */

intr flag = int_off(}; /+ disable intertupts */
atp unter | CQUNTEG, value & Ox Sv write counter low byte #/
sicounter | COUNTO, value »> 8): /* write counter high byhe
t_an(intr_ Tlagl); /* enable interrupts

EEE T e

}#%$$i¢7*wxm

ok e sk o ok sk o6 T ok o sk KOR S ok % ook R R ok ok ko §

/% beep{) - start up beep sound at speaker *f
I EXT TS : 4

s ok o e

EE T T

EERE SRS T

5 o R R R R ok KR ok R ok B ok e ok o

int beep flag; /# true while beeping */

b@ep(}

{
wr_cnt16{2, (int) {INPFREG / 100CL)}; /% pet desired irvequency #/
outp(BYSTAT, 0x03); /% turn speaker am */

beep_ftlag = i, i+ set flag, epealker is ov

s K B o b R sk R ek O o R o o ko o o o ok

bokow ok ok ok ok ook R ok s kA [

/* unbeep(} - time Lo stop beep sound at speaker 7 */
j;erm

ke ok oo ko ook 7 Sk S s o o ok s oK ok oo Sk o ke sk s ek ko ok b ok ok o ok Bl ok ok ok o e ke

unbeep{}
{
if (beep Tlag} /% are we making a beep sound *x/
if{++beep_flag > 3) /% has it been on long enough */
{
sutp {BYSTA /% turn it off #/
beep_flag = O /% reget flag */
¥
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Counter and Speaker Example

The function tim_spk initializes the counter, displays the menu, and executes
the example.

B T T T T T T LIS T Ty
J+ tim_spk(} - execute Limer and speaker examples */
£ ook ks ke kR kR kR S ok sk ke R R o sk ok e ok o ko ok ok b Ok o ke

wim_apk()
{
static MESSAGE mtim_spk{] = /#* menu for timer/spesker example #/

i,

B

"8254 Timer and Speaker Example® }.
*Fi. Set frequency to spealker" },
F2.  Speaker on® },

“¥3. Speaker off" .

§, 24, "F4  DG-RE-MI" },

9, 24, "F10. Return to Main menu" },

0, D, 0%},

Ut ol
LI S %
[EEEE

oy g ey ey ey
.
s
T

¥
static int tuneif] = /% frequencies for motes to do-re-mi */
{ 2281, 2032, 1B1¢, 1709, 1524, 1366, 1209, 1140 }:

char line[512]; /+ to hold input line =/
unsigned int freg; /% to remember frequency

unsigned int tval; /* general temporary #/
unsigned int i /% iteration zontrol =/
extern unsigned int metronome; /% defined in clock example */

7% meintaing beat of do-re-mi 7
#define ROW 16
#define CTOL 17

line[0} = D
freq = 1000 /# default frequency =/
/* initialize counter mode =/
outp (CWRDREG, SELCHNTZ | RULBMS | TMORE3 | BIRDATS:
while (1)
{
disp_menu(mtim_spk);
switch(linefo])
{
case Fi: /¥ met cutput frequency #/
disp _str{ROW. CUL, “Enter new frequency (19Hz - 20000Hz): "},
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get_keys(ROW, COL + 37, line);
sscanf (line, "%d", &freq);

if{freq < 18) freq = 19, .
else if(freq > 20000) freq = 20000;
tval = (int) (INPFREQ / (long)freq):
wr_cnt16(2, tval);
disp_menu(ntim_spk);

break;
case F2: i+ turn apeaker on */
outp (SYSTAT, 0x03):
break;
vcase F3: /* turn speaker off #/
outp(8YSTAT, 0xQ0);
break;
case F4: /* play do-re-mi +/
i = 0; /% iteration count = 0 */
metronome = Oxffff; /# prepare counter to overflow %/
while(metronome) : /¥ wait until it overflows #/
wr_cnti6(2, toneli++]); /% start first note =/
outp (SYSTAT, 0x03}); /* enable speaker */
while{i < 49) /% do all notes +/
{
if(metronome > 3) /% hold note for BOO ms %/
1
wr _enti6(2, toneli++]}, /% next note */
metronome = O: /% reset counter #/
}
chk_dt (). /# redisplay time for menu 7 x/
}
outp (SYSTAT, ©=00}; /* turn speaker off #/
tval = {int) (INPFREQ / (long)freq): /* reset frequency */
wr_cnbl6(2, tval);
break,
cage F10: /% return to caller #/
return;
}
line[0] = get_fkey(); /* get function key */

}
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Chapter 7
Video Controller

- . *
Introduction

The VAXmate video controller is on the VO hoard and drives a monochrome
manitor. The video controller can process 186 colors or shades of gray. In this
chapter, the term color alse means shades of gray or intensity levels.

Industry-Standard Text and Graphics Features

The VAXmate video controller has the following industry-standard text and

graphics features:

» 80 x 25 and 40 x 25 text display
® ] x 8 graphics character cell
# character attributes:
16 foreground colors
- 16 background colors or 8 background eolors plus blink
* bit mag grophics with industry-standard color palettes

Video Controller - Hardware Description 7-1



Enhancements to Industry-Standard Features

The videa controller has the following enhancements to industry-standard
featuves:

The sereen resclution is 640 hovizontal pixels by 400 scan lines.
Industry-standard graphics {200 scan lines) is accomplished by
displaying sach scan line twice,

The character pattern is 8 horizental pizels by 16 scan lines, result-
ing in higher quality characters in text modes.

The 258-character font HAM provides flexibility in terminal emula-
tionn and multilingual applications,
The dual-port video memory eliminates annoying screen flicker (dis-
abling the screen belore aceessing video memory is unnecessaryl.
The 16-bit data path to viden rmemory, coupled with the dual-port

I3 P
arcess results in faster sereen updates.

Industry-Standard Features Not Available

The video controller does not suppoert these features:

® # % =

160 x 100 16-color graphics mode
1575 KHz monitor support
Border color support

Light pen support

Extra Features

The video controller has the foellowing additional graphic features:

i-2

® % ¢ & & &

400 Z-color graphic
400 4-color graphics
200 4-color graphics
2 4-color graphics
200 16-color graphics
waracter sodt font

320
256~

X
x
X
X
X

cf
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Block Diagram

The video controller consists of a display processor and video memory that
reside on the I/(} board. As shown in Figure 7-1, the display processor includes
a translation ROM, a 6845 CRT controller. text video logic, graphics video
logic. a video look-up table, and status and control registers,

| VIDEO GATE ARRAY
16- |-—| 64 kBYTE viDEO RAM|] [’FEXT VIDEO LOGIC

BIT — S —
DATA - — e
BUS |——-{ 4 EBYTE FONT RAM | {{;RAPHILS VIDEO Lomc‘l

!TRANSLATION ROM 6855 CRT CONTROLLER

*"“I: jv-f S ——————

T
-

8 STATUS REGISTERS F\lIDFO LOOK- IIP TABLE‘
BIT e ]
1/0 A
BUS ot LON‘IROL REGISTERS

L

Z'MONI'I OR  INT ERI’ ACE ]

Figure 7-1  Block Diagram of the VAXmate Video Controlier

The translation ROM translates industry-standard color graphic adapter data o
data that is vorrect for the DIGITAL video controller

The 6845 CRT Controller {CRTCH internal registers control horizonta) and ver-
tical positioning. synchranization. video and cursor starting addresses, and
width of video display.

Two status registers monitor vertical synchronization, video blanking time. and
various modes in the control registers.

The two control registers enable the various text and graphics modes. enable
and disable the display, select the font RAM., select the video look-up table
(VLTY and provide screen saver support.
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34K byvtes of dual-ported memaory, which maps into the address space of the
VAXmate CPL

The display processor converts memnory dat:
display processor generates 1RGH outpurs that drive the monochrome monitor,
The VAXmate monitor displays the color information as different levels of in-
tensity {shades of grayl

# into various raster formats. The

Additional Sources of Information

The following documents provide additional information on the video controller:

Device {Tusm:an_y ﬁz‘maxmem
5.’?5‘?45*? Motoroia Bir Mieropracessor (( Pevipheral Data

HD465058

5 Ei achi </ 16-1it Multi-Chip Microcomputer Data Booh

-1
B~
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Video Modes

The video controller has several modes, some of which have a mode number
assigned indicating that the ROM BIOS supports these modes. For modes not
supported by the ROM BIOS, the hardware must be programmed directly.
Table 7-1 shows the available video modes.

For industry-standard color graphic adapters, the difference betwesn a volur
and a monochrome mode is the presence {color) or absence {(monochrome) of the
color burst signal in the composite video output, Because the VAXmate video
controller does not provide a composite videa output. there is no difference be-
tween the color and the monochrome modes.

On powerup or system reset, the video system is initialized to mode 03H.

Table 7-1  Available Video Modes

Description

text mode monochrome {industry-standard)

Maode S

06H 40 =

018 40 x 25 text moade color (industry-standard)
02h 80 x 25 text mode monochrome lindustry-standard)

03h B0 x 25 Text mode color (industry-standard}
044 320 x Z00  4-color graphics mode findustry-standard}
06k 320 x 200 monochrome graphics Gndustry-standards
06h 840 x 200 monochrome graphics mode {industry-standard)
- 326 x 200 16-color graphics mode tdigital extended) *
dih 840 = 400 2-colov graphics mode {digital extended)
dih 6840 % 4-color graphics mode (digital extended)
2h 800 4-color graphics mode (digital extended) **
- 6544 > 4-color graphics mode {DIGITAL extended) *

* Na ROM BIOS support
Limited ROM BIOS support

B
i
&
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Text Modes

The video controller bas a 16 Kbyte text buffer in the address range BS8OOOH-
BBFFFH. Videoa modes GOH, O01H. 02H. and 03H use the text buffer.
For modes 00H and 01H, the text buffer provides 8 display pages of 2048

bytes each. For modes 02H and 03H, the text buffer provides 4 display pages
of 4086 bytes each.

Character Buffer Format

A displayed character is represented by two consecutive byres. The first byte,
of the 2-byvte pair, is the character code. The character code is stored at an
even address. The second byte, of the Z-bvte pair, is the atéribute hyte. The
attribute byve is stored at the odd address following the character code. Figure
7-2 shows thr* character u,;dﬁ and attribute byte addressing. Table 7-2 defines
the meaning of each Bt within the attribute byte.

B8OOOE BBOOIH EBOOZH BBOO3H .« + « « « . BBFFEH BRFFFH

Even Odd Even Gdd Even Odd

Char Attty Char Attr ! Char Attr

Code Code l Code
b S S

Figure 72 Character Buffer Format

Table 7-2  Attrilute Byte Bit Definitions

Symbd Drefinition

tion to foreground volor

.r‘lhumm’- to foreground color

The selectic (si imv* ground mtw sity or blink is dctermuwd by b:# of
control re ¢ unh ol register A is described later in this chapter.
When blink is F”'ldh ed, the Imk frequency is 1.9 Haz,

Bit

7 Ik Background intensity | Blink *

6 Rb Red contribution to background color
5 Gh Green contribution to background color
4 Bh Blue contribution to hackground color
4 if Foreground intensity

2 R‘ Rw mm»]b urion to foreground color

i

Q
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Character Position to Memory Location Mapping

Character positions on the screen are identified as row (vertical) and column
thorizontall locations. The first character is displayed in the upper-left corner of
the screen. which is location 0,0. To translate between screen positions and the
address within the text buffer, use the following formula:

Character code address == start address + {row * 2 * Y1 + tcolumn * 2}

Attribute address = Character code address + 1

Where:
start_address = Display page start address (see Table 7-3}
Tow = 0 to 24
calumn = 0 to 79 (80 X 25 modes)
(0 te 39 (40 X 26 modes)
Y = 80 {80 X 25 modes)

40 {40 X 25 modes)

In text modes, the video processor supports multiple display pages. For direct
programming, registers R12 and R13 (described later in this chapter} contyrol
the display-page start address. Fach displayed character requires 2 bytes {char-
acter code and attribute byte). Therefore, the 80 x 25 mudes reqguire 4000
bytes (80 x 25 x 2) and the 40 x 25 modes require 2000 hytes

40 = 25 x 21 The ROM BIOS also supports multiple display pages and
rounds the memory requirements to 4096 bytes and 2048 bytes respectively.
Tuble 7-3 shows the display page addresses as detined by the ROM BIOS.

~1
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Table 7-2  Text Mode Display Page% (ROM BIQD)

Addresss 80 x 25 c’;‘ﬂ X 2:}
Dispiny Page Display Page

3

]

ROOGOH
BISODH

IS

[

3 &
3 B

BBEOOH 7

Programmable Cursor

7k

For text modes

ly, the vides controlier ;:fr)v*m § a programmabie cursas bl
rate and cursor k size. The cursor blink is determined by bits 6-5 of regis
ter H10. The cursor biinks with alternate {oreground and background color of
the character at the cursor position, The cursor block size iz controtled Iy bies
4-0 of registers R10 and Ril. Registers Rit and R11 are discussed later in

this cha

H

i

]
H
A
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Programmable Character Generator (Font RAM)

The video controller has a 4 Kbyte programmable fort RAM. The font RAM
can store patterns for 2566 characters. Normally, the font RAM is accessible
only to the vxdeu controller, That is, the font RAM is not mapped into the
normal CPL address space. Aceessing the font RAM requires that the video
mmiv hp one of the text modes DOH. 01H, G2H, or 03H. Bit 4 of control regls-
ter B idescoribed later in this chapter? contrels access wo the font BAM.
bit 4 of control register B equals 1, access to the video text buffer is dtsabied
1 access to the font BAM is enabled. Only even text buffer addresses are
od to the font RAM. The text buffer to font RAM mapping appears as

Font Ram Offset

GOO0IT {first byte of font BAM}

GO01H (second byte of font RAM)

G002H (third byte of font BAM!}

JFFEH

GFFFH (ast byte of font BAM

NOTE
The ROM BIOS does not suppoert the use of the font RAM in
any graphics video mode,

A charaecter paﬁem consists nf 16 bvtes of pixel information. Each byte reg

sents B oconsecu ta horizontal scan line h)r the character. 71

£ mrh to the left-roost pixel (pixel 8} The |

nificant bit {bit 0) corresponds to pixel 7. Each byte of the character mtwm is

read ar written to an even address, Thus, each character pattern requires !

bhm of address space and an entire 256411&:‘&( ter font requires 8K bytes. i()
late the address of the first byte of a character pattern, use the following

Character pattern start address = BROODH + (character code * 323
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Graphics Mode

Each pixel on the ‘x‘(‘l‘ﬁ{’ll is mapped into a hit-field of the corresponding bvte in

the displayv buffer. The width of the bit-field can be of 1, 2 ar 4 hits depending

on whether a Y-color, 4-coler, or 16-color format is chosen.

Mapping the Display to Address

The logical display consists of a rectangular array of 200, 2562, or 400 scan
lines of pixels, For 200 scan line mode, the hardware generates two physical
scan lines for each logical scan line. Each scan Iine is represented by

{M 7 8} * n consecutive bytes, where:

M = Ny 1mi}u of pixels per scan line

n o= 1, for t-bit per pixel (2-color display?
n = 2, for 2 2 -bits per pxxc- (4~color display}
n = 4, for 4-bits per pixel {1§-color displayi

The mermary maps for various graphic formats are shown on the jollowing
pages. Each memory map shows two or more blocks of memory that refer to:

LMOD P = R
Whera:
1. i the desired scan ling
P is the number of memory blocks for the current video mode

15 the remainder of the division L@ P

The remeainder, &, specifies the memory block for a particular scan line
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320 x 200 4-Color Mode
ROM BIOS Video Modes: 04H and 05H - Industry-Standurd

In 4-color mode. a single byte corresponds to 4 consecutive pixels on the screen
with the most significant bit of the byte corresponding to the left of the screen.
See Figure 7-3 for the memory organization., See Figure 7-4 for the pizel to
bit-field map.

e ———— — 80 BYTES PER SCAN LINE |

B00OH BBO4FH|

(L MOD 2) = O

??HMQH!:W*—-J;

B9FOOH BOF3FH
Lo — S
BAOOOH BAQ9FH
v
I
D
E (L MOD 2) = 1
0
BBFOOH BBF3FH
L = SCAN LINE O TO 199
Figure 7-3 Memory Organization for 320 x 200 4-Color Mode
7 6 5 4 3 2 1 0
N R T T
CB1 CBO CB1 CBO CB1 CBO CB1 CBO
SIS U S — ek i SR
LEFT MOST PIXEL REGHT MOST PIXEL

Figure 74 Pixel to Bit-Field Map for 4-Color Mode
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320 x 200 16-Color Mode

No BOM BIOS Suprort

S SN

DIGIT.

AL Extended

: sir‘sgic byte corvesponds to £ consecutive pixels on the

b

nL o

168

hit

BYTES PER

of the hyte

75 fo“ "h* memory organization, Sec F

)(:sr*mmmding, to the left of the
“igure 7-6 for the

SCAN LINK —— o]

'B8r008

BY¥UGE

BEGIYH

BSEIFR

IBADOOH

BBEAOH

BAOOFH
BBFIFH

BCO9FR

BDFAFE
i

IBEGOOK
{5 OBCD &) = 3
§3§¢*
L= EUAR LINE © TG 192

ation for 320 =

L

BEO9FH |

3
jed
(=}
&
=}
Tl

CBZ ¢B1

i

s

iz

LEFY

Figure T4
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640 x 200 2-Color Mode
ROM BIGS Video Mode: 08H - Industry-Standard

In Z-color mode, a single byte corresponds to 8 consecutive pixels on the screen
with the most significant bit of the hyte corresponding to the left of the screen,
See Figure 7-7 for the memory organization. See Figure 7-8 for the pixel to
bit-field map.

b 80 BYTES PER SCAN LINE - : |
g BROOOH BBO4FH
|
B
I
G (L MOD 2) = ©
I
T
A BOFOOH BY9F3FH
| T — - S .
BAOCOH BAOYFH
vV
I
D
E (L MOD 2) = 1
G
i
% BBFOOH BBF3FH
L - SCAN LINE 0 TO 199
Figure 77 Memory Organization for 640 x 200 2-Color Mode
7 & 5 4 3 2 i1 G
CBO CBO CBG CRO CBO CBO CBO CBO
LEFT RIGHT
HOST HMOST
PIXEL PIZEL

Figure 78 Pixel to Bit-Field Map for 2-Color (Monochromel Made

f
H

Py

e
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640 x 200 4-Color Mode
No HOM BIOS Support - DIGITAL Extended

In 4-color mode, a single byte corresponds to 4 consecutive pixels on the screen
with the most significant bit of the byte corresponding to the left of the screen.
See Figure 7-9 for the memory organization. See Figure 7-10 for the pixel to
bit-field map.

oo 160 BYTES PFR SCAN LINE — o]
T B800OH BBO9FH
D
I (L MOD 2) = O
G
I
T
A BBDEOH BBE7FH
L -
BCOOOH BCOYFH
v
I
D (L MOD 2) = 1
E
0
BFDEOH BFE7FH
L = SCAN LINE O TO 199
Figure 79  Memory Organization for 640 x 200 4-Color Mode
7 6 5 4 3 2 1 G
T T 7 T
CB1 CBO | CB1 CBO CB1 CBO CB1 CBO
i i
LEFT MOST PIXFL RIGHT MOST PIXEL

Figure 710 Pixel to Bit-Field Map for 4-Color Mode
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640 x 400 2-Color Mode
RHOM BIOS Video Mode: DOH - DIGITAL Extended

In Z-color mode, a single byte corresponds to 8 consecutive pixels on the screen
with the most significant bit of the byte corresponding to the left of the screen.
See Figure 7-11 for the memory organization. See Figure 7-12 for the pixel to
hit-field map.

}——- 80 BYTES PER SCAN LINE — |
BBOOOH B8O9YFH
(L MOD 4) = 0
D |B9FOOH BOF3FH
T J
G e e e et e i - N
1 |BADOOH BAOQ9FH
T (L MOD 4) = 1
A |BBFOOH BBF3FH
L ——
BCOOOH BCO9FH
v (L MOD 4) = 2
[ |BDFOOH BDF3FH
D
1 S o
0 |BEOOOH BEQ9FH
(L MOD 4) = 3
BFFOOH BFF3FH

Figuve 7-11

L. = SCAN LINE 0 TO 399

Memory Organization for 640 x 400 2-Color Mode

7 6 5 4 3 2 1 Q
— i i
CBO CBO CBO CBO CBO CBO CBO CBO
E i
LEFT RIGHT
MOST MOST
PIXEL PIXEL

Figure 712

Pixel to Bit-Field Map for 2-Color Mode

B
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640 x 400 4-Color Mode

RHOM BIGS Video Mode: DIH - DIGITAL Fxtended

in 4-color mode, a single byte corresponds 1o 4 consecutive pixels on the screen
with the most significant bit of the byte corresponding to the left of the screen.
See Figure 7-13 for the memory organization. See Figure 7-14 for the pixel to

hit-field map.

foooe 160 BYTES PER SCAN LINE o]

}- BOGOOH BOOYFH
, (L. HOD 4) = 0
b BADEOH B3EIFE
O . ]
G
I B4OOUH B40OYFH
T (L MOD 4} = 1
A B7DEOH BIE7FH
F P S, B N
BBOOOH BROYFH
v {1 MOD 4} = 2
i BBDEOR BBEJFH
o
B e S — R
( BCOOOH BCO9FH
§ (L MOD 4y = 3
i BFDOEOH BFEIFE
[ S S -
L = SCAN LINE 0 TO 399
Figure 7-13  Memory Organization for 640 x 400 4-Color Mode
7 & 5 4 3 2 i 0
5! T H E H
i
§ cB1 cBo | cBi cRo | cB1 cee | o1 cBO
i i L

LEFT MOST nIXEL

7- 16

EIGHT MOST PIXEL

Figure 7-14  Pixel to Bit-Field Map for 4-Culor Mode
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&00 x 262 4-Color Mode
HOM BIOS Videe Maode: D2H (Limited ROM RIOS Support) - INGITAL

Eatended

In 4-color mode, a single byte corresponds to 4 consecutive pixels on the screen
with the most significant bit of the byte correspanding to the left of the screen.
See Figure 7-15 for the memory organization. See Figure 7-16 for the pixel to

bit-field map.

frieme 200 BYTES PER SCAN LINE - i
BOODOR | BOOC7H
(1L MOD 4) = O
4 B30708 B3137H
I
&G —
1  B4000H B40OCTH
T (L MOD 4) = 1
A {BVO7OH B7137RH
Lo —
BBOOOH BBOC7H
v (L MOD 4) = 2
1 BBO70H BB137H
p L e
E
& BCOOOH BCOCT7H
(L MOD 4} = 3
BFO70H BF137H
.
L = SCAN LINE O 70 251
Figure 7-15  Memary Organization for 800 x 252 4-Color Mode
7 6 5 4 3 2 1 0
T T B NS
CB1 CBO CBl CBO CB1 CBO ; CB1 CBO
i R H

LEFT MOST PIXEL

Figure 7

-16
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RIGHT MOST PIXEL

Pixel to Bit-Field Map for 4-Color Mode
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Video Look-Up Table

The video processor has a video look-up table (VLT) that translates attribute or
graphic color data. The VLT is arranged as 16 words of [RGB output data.
Each location corresponds to one of the 16 possible colors. When the video con-
troller accesses video memory, the attribiutes or graphic data are used as an
otfset into the VL'T. The contents of that location in the VLT are sent to the
video output circuit. Because the VIT has only 16 entries, the VLT can alter
the eolor interpretation of the bit map without rewriting every pixel.

For 2-color mode graphics (640 x 400 or 640 x 200), the foreground color ipixel
equals 1} is determined by the color-select register bits 3-0. The background
color {pixel equals 0} is determined by the contents of VLT entry & The color
select register is described later in this chapter.

Normally, the VLT is accessible only to the video controller. That is, the VLT
is not mapped into the normal € PU address spave, Accessing the VLT requires
that the video mode be one of the text modes 00H, G1H, ¢2H, or 03H. Bit 2 of
control regis;e' B (described later in this chapter] controls access to the VLT,
When hit 2 of control register B equals 1, access to the video text buffer is
disabled and access to the VLT is enabled.

NOTE

Only write access to the VLT is enabled. To read the VLT in-
directly, program the videc processor for 320 x 200 16-color
made. For each of the 18 possible colors (O0H-0FH):

i, Write the same color value to each pixel

2. Wait until the display is inactive (register B bit 7
equals 1}

3. Disable CPU interrupts {CLI mstruction}
4. Wait until the display is active {vegister B bit 7 equals 0}

5. Status register A bits 7-4 (IRGB) are equal m the con-
tents of the VLT location specified by the color value.

8. Enable CPU interrupts {8711 mstruction)
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Only even-text buffer addresses are connected to the VLT, The text buffer to
VLT mapping appears as follows:

Text VLT Text VLT
Buffer Offset Buffer Offset
Offset Offset
BBOOOR 0000 B8O10H 0008H
BROO1H B8O11H
B8002H 0001H B8012H 00098
BA0O03H B8013H
B80O04H 00021 B8014H 00048
BBOOSH B8O15H
B8OO6H 0003H B8016H 000BH
BBOO7H B8O1L7H
BBOOSH 0004H B8018H 000CH
B800OYH BBO19H
BB0OOAR 00058 B801AH 000DH
BBOOBH B801BH
BBOOCH 0006H B8O1CH QOOEH
BAOODH B8O1DH
B8OOEH 0007H B8O1EH QO0FR
BBOOFH BBO1FH

Text mode attributes are referenced in the order IRGB, but the VLT ad-
dressing and contents are referenced in the order RGBL To calculate the offset
accessed by any IRGB value, use the following bit values:

Bit Value Attribute

0 I (Intensity)
1 B {Blue}

2 G {Green)

3 R {Red)

Thus. a text attribute of intensified red {(1IRGB = COH) accesses location 09H
of the 16 locations in the VLT,

On power-up or system reset, the VLT ig initialized to the values in Table 7-4
The VLT values defined in Table 7-4 support video modes 00, 01H, 02H,
03H, 04H, 06H, 06H and DOH. When changing from any of these modes to
videa mode DIH or D2H, initialize the VLT to the values defined in Table 7-5.
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Fable 74 Default VLT Contents
Cifset Contents
A3 AZ AL A D3 D21 Do
B 4 B i a H

Intensity

{1 H i i H i 1 3
(i i & ¢ i o0 4
i i i i} i1 N i H (4]
(N Pl 0 4

i & i i i & it i G
H i i3 i H I 14

tonagenta 13

i i 1 i 1 j :
! i i} ¥ H ] & Brown 12

1 i i i 1 LG 1 Yellow 13

=3

LA FA] ¢ 1 F Light eyan

hite 1)

v
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Table 75 VLT Cantents lor Video Modes DIH and D2ZH

(ffset Contents Calor Intensity
A% AZ Al A0 D3 D2 DI DO
R ¢ B 1 B G B 1
4 {i O it i} { ] 3 Black O
(4] 0 1 ] (4] 1 { {3 Girenn 4
a6 ioon g 0 0 Red &
G o 1 1 o 1 1 1 Light cyan 7
G H 0 i Not Used
& 1 0 1 Not Used
4 ] Not Used
(1 1 i 1 Not Used
H e i 0 Not Used
1 G i) 1 Not Used
1 it i Not Used
1 i 1 i Mot Used
i 1 i} Q Not Used
1 1 ] 1 Not Used
1 i 1 4] Not Used
Not Used

sy
[
ek
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Video System Registers

Table 7-6 lists the video processor inputioutput (1/O) registers.

Table 7-6  Video Processor 1/O Registers

JAddress

G3DOH
03D

B3D4H
03D5H
G3D8H
HiD9H
03DAH
U3DDH
HDEH
OADEFH
GC80H

Width R/W

Register Name

Compatibility

CRTC Index Register
CRTC Data Hegister

CRTC Index Register
CRTC Data Register

Color Select Register

4-0 W

70 R/W

4-0 W

7-0 /W

70 W Uontrol Register A
-0 W

7-0 B Status Register A
7-0 I3 Htatus Hegister B
70 R Write Data Register
7-0 W

7-0 /W

Control Register B

Special Purpose Register

DIGITAL Extended
DIGITAL Extended

Industry-Standard
industry-Standard

Industry-Standard
Industry-Standard

Industry-Standard

DIGITAL Extended
DIGITAL Extended
DIGITAL Esxtended
DIGITAL Extended
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Special Purpose Register (0C80H

7 6 5 4 3 2 1 ¥
' 3
WRITE |TRACK O}INDEX |SPEED |DISABLE|SPLIT |DISABLE|SPEED
PROTECT VIDEO BAUD COMM SELECT
Bit  RB/W  Description
7 R Write protect
) =  Selected diskette drive is not write protected
1 = Selected diskette drive is write protected
8 B Track 0
0 = Head of selected diskette drive is not at track 0
1 =  Head of selected diskette drive is at track O
3] R Index
0 = Index hole not in position for selected diskette drive
I = Index hole in position for selected diskette drive
4 24 Speed Indicator
== Modem control speed select asserted
1 = Modem control speed select not asserted
3 R/W  Disable Video
O =  Video controller dizabled
1 = Video controller enabled
2 R/W  Split Baud Rates
0 = (Receive = Transmit = programmed}
1 = ({(Receive = 1200) (Transmit = programmed}
1 /W Disable Communications
0 = Integral communications ports connected to VO address
space
1 = Integral communications ports disconnected from /O address
space
0 BR/W  Speed Select
0 = Speed select asserted
1 = Speed select not asserted

Video Controller - Hardware Deseription
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The special puy
aquals (1. the ent
and 10 address space
viden adapters in the

If the ROM BIOS finds an industry-standar
up sequence, the ROM BIOS clears bit 3 of the special purpose register, This
sllows the industry-standard video adapter to function without conflict,

d video adapter during the power-
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CRTC Registers

The CRT controller {CRTC) has two registers, the index and data registers,

that are accessible in the CPU /O space. Writing a value to the index register
selects one of the 18 internal registers RO-R17. The selected register is read or

written through the data register.

Index Register (03DOH/03D4H}

7 6 5 4 3 2 1 g
T T T T
REGISTER SELECT
Q 0 0
RS54 RS3 RS2 RS1 RSO
~ i i I | 1
Bit W Description

75 W Always 0
40 W REGISTER SELECT {HS4-RS0}

A valus between 0 and 17 written to this register selects one of
the corresponding internal registers (RO-R17).

Data Register ((3DTH/03D5H)

7 & 5 4 3 2 1 0
A S R I S ¥ T H
D7 De D5 D4 D3 D2 D1 g

Bit  R’R/W  Description

74 R/W  Data and width are dependent upon the register selected by the
index register. To determine if the data register can be read o
written, see the description of the register selected by the index
register.
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The index and data registers can be accessed through two sets of T/O ports,
The industry-standard set is 03D4H {index} and 03D5H (data). The DIGITAL
extended set is 03DOH (index} and 03D1H (data). Data written to the industry-
standard set pass through a translation ROM and then go to the CRTC. Data
written to the DIGITAL extended set go directly to the CRTC,

The translation ROM converts CRTC parameters, for an industrv-standard
color graphies adapter, to values that are correct fur the extended capabilities
of the DIGITAL video system. Thus, applications that directly program the
CRTC of an industry-standard color graphics adapter function correctly.

ey 5

Table 7-7 lists the CRTC internal registers and their functions, Table 7-8 lists
the corresponding parameters for the video modes defined in Table 7-1. The
parameters listed in Table 7-8 are written to the CRTC through the DIGITAL

extended /O ports G3DOH (index) and 03D 1H {(data).

Table 7-7 CRTC Internal Registers

Register Index R/W  Description

RO GOH W Heorizontal total

Rl (iH w Horizontal displaved

R2 02H W Horiz sync position

R3 03H w Sync width

R4 04H W Vertical total

R5 05H W Vertical total adjust

R6 08H W Vertical displaved

R7 07H W Vertical syne position

RE& 08H W Interlace/Skew

"9 GOH W Max sean line address
R1¢ OAH W Cursor start

R11 OBH W Cursor end

R12 O0H R/AW  Start address {High byte)
R13 ODH R/W Start address {Low byte}
Rl4 GEH /W Cursor address (High byvte)
R1& O0FH R/W Cursor address {Low byvte)
R1& 10H R Light pen {High byte) *
RLT 1iH R Light pen (Low byte) *

*  The DIGITAL video system does not support light pens.
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Table 7-8  CRTC Register Values

320 x
200
4-color
G40 x 640 x
400 200
4-color 2-color
320 x 800 x G40 x 0440 x
200 252 200 400
L6-color  4-color 4-color 2-color 80 x 26 40 x 25
Register Graphics Graphics Graphies Graphies Text Text
R 69H 83H 69H 34H 60H 34H
R1 50H 64H 50H 28H 50H 28H
RZ 58H 6DH 58H 2CH 58H 2DH
R H8H 5AH H8H 54H 58H 54H
R4 36H 6DH 6DH 6DH 1AH 1AH
Ré& 00H 01H 00H 00H 08H 08H
Ré 32H 3¥H G4H 64H 19H 191
R7 33H 53H 66H 66H 19H 191
R& 40H 40H 42H 40H 40H 40H
Ra 47H 03H 03H 03k OFH OFH
R10 GO 00H 00H 00H DOH 00H
Rl OFH OFH DFH OFH OFH OFH
Ri2 BOH 00H GOH 00H 00H 00H
R13 40H 00H 00H 00H 00H 00H
Rid OOH O0H 00H 00H BOH O0H
O0H 00H

R15

00H

00H 00H 00H
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Register RO

i"_ T ¥ TR yTTTTT T i R

i HORIZONTAL TOTAL

o
I

Bit  R/W Descrimﬁmx

HORV(}*\FT U 'H}TA L

This register determines the horizontal synchrounization frequency.
It is the number of displayved characters (R1} plas the retrace {in
wier hmea) minus one.

7 6 5

H - ¥ TR | S

s
L
Yok
ot
o

o=}
=]
o)
o
N
Lot
=
e
el
el
R,
=]
o
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Register B2

7 & 5 4 3 2 1 &

e e g

H

HORIZONTAL SYNCHROMIZATION FPOSITION

T ey I

Bt  R/W Deﬁt‘riwiuﬁ

7 W H{}RI?QNTM %Y\f&‘}jﬂﬁ‘éiz \TIU”Q PHSﬂiO’!

This register determines the position of the horizontal synchroniza-
tion delay and & '\e fu;rzﬁ_ tal scan delay. When t alue is in-
m?dsed the displas s left, When this value is decreased, the
divplay shifts

Ragister R3

e g e

N e ;
YERTICAL WL“RO&Y Z’.A"‘TO‘}& HORT i%i{i)l‘l'fé L SYNCHRONIZATION
PULSE WIDTH PULSE ¥IDTH

Vsl ¥82  ¥si VED H53 HSZ HS1 HS0

i

- i . I 1 1 S SUUSRIU SO

SYNCHRONIZATION FULRE WIDTI
-

& produces a pulse wigth of the in
e A valve of zero pro

30 W SYNCHRONMIZATION PULSE WiDTH

7. 29
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HRegister R4
7 6 5 4 3 Z 1 0

T . T v

[

i VERTICAL TOTAL
f

|

Bit  R/W Description

7 w
60 W

Adways O

VERTICAL TOTAL

value determines the vertical synchronization frequency. It is
mber of displayed character lines plus the retrace dn charas
imes} minus one.

Begister RS

0

§

SRS RS

LAYy

W
W’

0

iy

Aiways 0

5 % 3 2 0
T T 1 N
VERTICAL TOTAL ADRJUST
G
— — 1. A i

VERTICAL TOTAL ADJULT

to 4, o

This value

15 the

namber g
OCduCe 3 Vertica
iz

I synchronization frequency of

sxactly
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Register R6
7 6 5 4 3 2 1 0

r“"" ) i T T i ¥ H

VERTICAL DISFLAYED

1 1 i i ] i

Bit  R/W  Description

7 W Always 0
60 W VERTICAL DISPLAYED

This value specifies the number of displayed character lines, It
must be less than the value in R4,

Register R7

7 6 5 4 3 2 1 g

T R T ¥ T T ¥

VF.ﬁ'I.'I(IAL SYNCHRONIZATION POSITION

wud

Bit R/W Description

7 W Always 0

6-0 W VERTICAL SYNCHRONIZATION POSITION
This value determines the position of the vertical synchronization
delay and the vertical scan delay, When this value is ipcreased, the
display shifts up. When this value is decreased, the display shifts
down,
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Hegister RE
7 6 5 & 3 z i

86

T#1

G4 W DISFLAY EN
G = W oshey
GL o=

ation mode

- oy g yn g gl
biory and viaso mode

N w Ta v eng £y
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Register BY

S S S —— - ¥ e 1 t S

MAXTHMUM SCAN LINE

! | b i —

By BW  Descriptios

T W Always 0
40 W MAXIDAUM SCAN LINE

This value specifies one less than the number of scan lines pex
character line including :,.pdimg

Begister R10

Ll
N
ot
<

6 5 4
[N R A T T ¥ 7

CURSOR DISPLAY CURBOR START
MODE

o

1 i i — i i

Bit  H/W  Daeseription

URSOR DISPLAY MODE
3= Ni 3ixiif’izing, cursor

i85 W CURSOR 8TART

“{*m; value c:pe‘miwq the scan line, within the character cell. on
© starte. A value of 0 starts the woat the top

(‘:’s the i.!]c%i‘:ﬁiftf?‘;-“ C

er iz meaningful only in text vides
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Register R11
7 6 5 4 3 Z 1

i
? CURSOR END

Bit RW Description

W Alwavs 0

4-0 W CUHRSOR END
This value specifies ths n Bne., within the character zell, on
which the cursor ends. A value of 15 ends the cursor at the
hottom of the character cell

This register is meaningful only in text video maodes.
Register R12

7 G 5 4 3 2 1 G

I A T g H YT m»”“—i

W
;
L

A R i T T i T

[

; START ADDRES

! HIGH BYTE

i 0 0

| R R 1 U, ERTRUNURE SRS O N

Register R13

7 & 5 4 3

Py
o
[

T H f ¥ ¥ H ) T

|
{ START ADDRESS
§ LOW BYTE

i i

o
er pair that de‘im m:"m w‘aw‘x part, QF the
& : ;nz}at
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Register R14

i 6 5 4 3 Z 1 0
. S SR S —
CURSOR  ADDRESS
i HIGH BYTE
g 0 0
T - I i i i S USSR |
Register R15
7 6 3 % 3 Z 1 0
S S
CURSOR  ADDRESS
g LOV BYTE
{ S 1 i . i i {

14 and R15 are a read/write register pair that devermine the location of the
cursor as an offset from the beginning of video BAM. The address in R14 and
R15 must be an even value. The address points to the character byte of a char-
acter byte/atiribute byte pair.
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Hegister H1i6

o]

6 5 4 3 2 1
S O S S —

g)

LIGHT PEN POSITION
HICH RYTE

PR ——
H

Hegister RI7

7

|
;
!
i

e e e

6 5 4 3

it

i H H

LIGHT PEN POSITIORN
LOW BYTE

3

i ] i U N I

i

i

register pair
be pin is pulse

1t pen giy

NOTE
The VAXmate workstation does not support the use of ight

pens,
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‘*-mtuw Register A {f} %D AH
& 4 3 2 1 0

I ! R w‘.g S -
YIDEO | VT ﬁF(} ¥ VIDEG | VIDEO ’ VSYN LIGHT PEN RETRACE
L

]

I B

U S S SRR S L B DU S |

Bit  R/W  Description

7 7 VIDEQ T - Video Intensity Sign
0 = ¥ideo intensity signal inactive
1= Viden i sty signal active

6 o VIDES R - Video Red Signal
0 = Video red signal inactive
1= Video red signal sotive

b H v !i";'!'E‘f ) G- Video Green Signal
0 = VYideo green signal inact
I = Video green %‘;:lldl active

4 R VIDEO B - Video Blue ‘mgzwl
0 == Video blue signal inactive
1 = Video blus signal active

f.
v
-

<

2 R LIGHT PEN {Contents undefined)
4 24 RETRACYE (Horizental or vertical)
0 = [Display aotive
1 = Hetrag
Because the dual-port RAM eliminates display interference caused
by accessing video memeory, checking this bit is not required. ¥or
se programs that do check, this fiips with each reasd.
ause a retrace period appears to be in effect svery other time it
d. this has the effect of speeding up video memory
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Status Register B (03DDH)

7 & ) 4 3 2 1 ¢
g
{
VIDEG | CR-B3 | CE-BS | CR-#4 | CR-Al | CR-AC | WRITE | PORT
BLANE § CHECR | CHRECK
1 B S N
Bit  HW  Destription

in an active displav state
v a blanking state

oy

34 CR
Control Register B bit 3 {Display enabled}

& R CR-B5
Control Hegister B hit § {Control register 4 bit 3 enabic)

,&

A Bt 4 Mode bit 2}

v A kit 1 {Mode bit 1}

2 B CR-A0
Conirol Hegister A bit 0 {Mode bit 0)

wr itu data regiqtm {O{WFHG was l&s vead, an VO

a registe: {OfﬂE}E wiis e ‘;d an HD
: "?5)4!5' or 03135H has occurred. This bit is
v reading the write dats register {03DEH;:

0 B PORT
G = Of the 1 pair, 0304H and 03D5H, 03D4H was the last porg

written.
1 = Of the pair. 03D4H and 03D5H, 03D5H was the last port

written,

v E{

Thie bit = used in conjunction with g 1
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Write Data Register (0I3DEH)
7 6 5 4 3 2 1 0

O — S

NSNS S S S N U SR R

Bit  R/W  Description

74 R Ceontains the last data written into the CRTC through register
03D4H or 03105H. Status register B bits 14 indicate which port
the data was written to, Reading this register clears status register
B bit

Color Select Register (03D9)

7 6 5 4 3 2
; e — i . - ;

CPS SEC ) R o B

(=3
<

4 0 {

1 i 1
Bit  R/W Description
76 W Always 0, always ignored
5 W CPS - Color Palette Select {See Table 7-9 and Table 7-1(%
4 W STC - Beleet Intensified Colors {See Table 7-9 and Table 7-10}
a W b - Invensity (See Table 7-8)
2 W B Red (See Table 7-9§
1 W G - Green (See Table 7-9)
0 w B - Blue {See Table 7-9)
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describes the bit s
2z the color palettes s

Jnlor Selest Register Bit Assignments

T g. Ta
and SIU)

Bit Text Modes

7 Ignored

fgnored

640G x 200 x 2-Color

3eil ® Al x
sraphics

Ignored
Tgnored

Igne

olo

HOTE

For the VA

icn. the border color is

by OPs

and S

veliow

t magenta

Inienss wh

e
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Conirol Re

P OT—

B

6 5

gister A (03D8H)

&

3

B

,,,,,,,,, - |
BLINK | MODE |DISPLAY | MODE | MODE
ENABLE| BIT 2 |ENASLE | BIT 1 I BIT O
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Table 7-11 lists the video modes selected by the mode bits in control registers

Table 7-11  Selecting Viden Modes

Contral Control

Register A Register B

M ode Bit

7 Mode Compatibility

o 0 0 i 40 % 25 Text Industry-standard

¢ 25 Text Industry-standard

G 1 ¢ ¢ 320 x 200 x 4 Industry-standard
eolor graphics

g 1 1 & 320 x 200 x 18 DIGITAL extended
color graphics

Eat

1 og L 840 2 400 x 2 IHGITAL extended
color g,rapﬁzx(,%
LA (O 640 = 200 x 4

i DMGITAL extendad
color graphics

ot
s
o

G 840 x 200 x 2 Industry-stand:
color graghics
1L ¢ G40 x 400 x 4

COL0T gra

4 IHGITAL extendasd




Control Register B (03DFH)

7 6 5 4 3 2 1 o
T ‘ FONT |
MONITOR | SCREEN |CR-A5 |RAM DISPLAY | VLT f
MODE  |SAVER |ENABLE |ENABLE |ENABLE |ENABLE i
0 0
JERUTU NI S IR

Bit  R/W Descriplion

7 W
] W
5 W
1 W
3 W
2 W
1-13 W

MONTIOR MODE
Q = 440 scan lnes

T

I = 252 gean lines

SCREEN SAVER

Toggling this bit to O and then back to 1 blanks the displsy. The
next memory or /O access to the video address space reenables
the display, Program to L for normal speration.

Cl-A5 ENABLE

0 = Control register A hit 5 ignored

1 = Control register A hit 5 enabled

FONT RAM ENABLE

0 =  Access to font RAM disabled

1 = Access to font RAM epabled

DISPLAY ENABLE

0 = Display blanked

1 = Display enabled

VLT ENABLE

0 = Access to video look-up table disabled

1 = Access to video look-up table enabled

Always ¢
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als. These signals are applicable to
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Programming Example

The following programming example demonstrates:

. Programming the video controller for a specific maode
» Writing the video lovk-up tahie

. Readmg‘ and writing the font RAM

- Displaving characters in text and graphics modes
NOTE

Whenever possible, ROM BIOS Interrupt 10H video calls are
preferred over direct programming of the video hardwars,

Do nor mix ROM BIOS calis and direct programming of the
hardwz

Before divectly programming the hardwa
to d@tem ine the state of the video system. On exif, use the
to restore the previous st

CAUTION
Improper ;)rswrammmcr or improper x‘)pﬁratinﬁ of this df“fi{:e £an
se the 3 Ew S

an to omalinn
mmmg exan ;)iv is hm 4
this manual, No other use is |

“m prog

Video Cont - Progre

cuse ROM BIOS calls

st



The example provides routines as described in the following list:

get_maodes p

get mess p

w wvit

r w font

mode init

my_cursor

CUrEoRr on

Returns @ pointer to a table of data about the indicated moda.

Beturns o pointer to character string that describes the indi-
cated mixde.

Writes the video look-up table.

Heads or writes the font ram.

strodler and mode registers from a table

[nitinlizes the video
of data.

Positions the cursor to the indicated row and column position.

0

Posgitions the cursor

e cuesor invisible,

1t mode, clears video memory and enables the

; the display.

Clesrs the soreen by writing the appropriste values to video
memaory,

cture framed, by
ns of the soreen,

2} representation of a

de,

Sets up the conditions and excoutes the examples.

wimiing Hxanople
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2 the include file VIDEO H

The constants defined in this exan e
wl WYB.H, suppr

The other mchde files, EXAMPLE]
are not pertinent to the video se

TRUE and FALSE are used as calling parameters for sev

The constant valu
eral routines,

€ HEGH define the ad-
isters zi,,v)d to control the video made
bed in Table 7-7.

COINDIEX ¢
‘jt;:r“ space. of the r

aused the fir s*

21 ’%M, it
1alf she space V\i,»-,.i(i }

en Contraller - P




i

gt

“yideo h"
#include “example h®
#include "kyh h"

s o o o Tk o R ok ke o R R

CEREE T T

R b o e ol ok v sk e e e e R i ok ik g ok S R ok o ok ook e ok skl S

Declare constants and structures used in examples
EE R EE AP

T T T EE T T S r T TR P ook sk ok ok sk ok R o ok s ok e e ok ok o

sdefine TRUE Oxffff

/% True is nonzero #/

#define FALSE 030000 False is zers +f
#define CRTC_TNDEX Ox0340 /% crte index register in i/o space #/
#adefine ORTC _DATA 220341 crbe data register in i/ec space =/
ine CTRL_REGA  0x0348 /# contrel register A in i/o space =/
CULR,BELU  0x0349 /# coler select register in i/e space #/
STAT_REGA  Ox03da /¥ status register A in i/o space  +/
STAT_REGE  0x03dd /¢ status register B in i/o space ¥/
CTRL_REGR Qx034F /% contrel register B in i/o space #/

VYR8 0zbEOO0GHOL /% normal base address of video memory */
0UOOGDOL /+ extended base addreass */

3% entries at even address «/f
akzip byte at odd address #/

wnsigned chaz
ungigned char
¥ VLT,

unsigned char  font_byte: /#* font entries at even address ¥/
ungigned char skip byte; /= akip byte st odd address =/
* FOHT;

e

ypedef struct

iy

uwnasigned chax sty - peinter imto evtc_table
ungigned char *vh; /% pointer into wlt_table #/
wnsigned char  cra; /# control register A value (Table 7-11) =/
unsigned char  <rb: /% control register B value */
unsigned char  asr; /= color select register value (Table 7-310) +/

iong base: aegment:off{set base address
ansigned int nep; # number of scan pages
snsigned int P9 ; i* scan page size
cnsigned int ch; /% coler bits per pizxel
upsigned int width; PR 5 character lines or acan line #/
unsigned int length; /% in chars or pixels depending on mode #/

P oulLTA
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srte defines six sets of CRT controlier initialization valuss, The

are those listed in Table 7-8, which supports all of the defined

VAXmate ximr cach state %gzpmfs maore than nne video
made, In Lk t ‘ actor 1 of control register

A, control regismr B,‘ tne c«:—im‘ &;Eu‘t vegister and the video look-up table.

These relationships are demonstrated later in the mode it

The array
es us

The array »its defines two p table initi
values used are thos hf,tmi in Labl 7-4 md Table 7-5, Notice that eac
supports more than one video mode "?l tinnships are de

in the mode_table definition.

)

S

The array mode list is not required to program the video modes, however, the
exampic uses this array to index through the various modes as it perfoyms the
demonstrarion,

MNOTE

The two video modes, Oxfe and uxﬁ are not defined or sup-
ported by the ROM B “‘ The w numbers, Oufe and Gxff
are defined only within the limits of this example
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/!v:‘“t:‘f*ﬁf‘?ﬁx*\%*‘wi*x“ﬁz*i‘i"ra':*:%*:‘s$*%"%*ﬁf\?k**?ﬁﬂf&th‘:&:**»’rﬁﬁ;w*‘?w‘é:**%**é:fk‘i@$*4'**"51**4:***-‘%4’***,}!

/= Define table values end declare globals used in examples *f

AT

sk 3 e oK o o

s o s s Sk oS Sl R O ok o S oh s ok R R B b 8 sk ok S Sl B st e ok ok ok ek e ok

unsigned char orte[6][16] = /# Refer to Table 7-7 & 7-8 #/
{

{ Ox34, Ox2d4, 0254, Oxla, 0z08, Ox1%, 0x19, /= TEXT =/
0x00, 0=0f, 0x0Q, 0x00, 0x00, 0x00 }, /¥ 40 x 25 %/

0x58, Qx58, Oxia, 0x08, 0x19, 0x19, /# TEXT */
Ox00, Ox0f, OxC0O, 0x0D0, Ox0O0, 0x00 }, /e 80 x 35 =/

{ 0x34, 0x28, Ox2c, Oxb4, Ox6d, Ox00, Ox64, Dx66, /* GRAPHICS */
0x40, 0x03, Ox00, 0x0f, Ox00., Ox00, Ox00, 0x00 }, /% 320 x 200 x 4

/% 840 x 200 x 2

‘ S

{ 0x6%, 0x50, Ox5R, O0xE8, Ox6d, 0x00, 0xB4, Ox66, /% GRAPHICS #/
Ox42, 0x03, 0x00, O0x0f, 0x00, 0x00, 0x0Q, 0x00 }, /% B40 x 400 x 4
/* 640 x 200 x 4 #/

{ Ox83. Ox64, Ox6d, Oxba, Ox6d, 0z01, Ox3f, Ozb3, /= GRAPHICS #/
Oxdf, 0x03, 0x04, 0x0f, 0x00, 0x00, Ox00, 0x0C }, /% 800 w 2850 x 4 =/

{ Cx69, 0x50, 0x58, 0x5H8, Ox36, 0x00, 0x32, Ox33, 7+ GRAPHICS »/
G40, 0207, 0x00, Ox0f, 0x00, 0x00, Ox00, 0x00 }, /% 320 x 200 x 16 =/
};

unsigned char vltes[2]{16] =
{
i 0x00, 0Ox01, 0x02, Ox03, /% See Table T-4 =/
Ox04, Ox08, Ox06, OxOw,
0x08, 0x09, OxDa, Ox0b,
Oxiic, Gx0d, 0x07, OxOf },

ey,

0x00, 0x04, 0x08, 0x07, /8 Bee Table 7-5 »/
Qx30, 0200, 0x00, 0x00,

0x00, 0x00, 0x00, 0xCO,

0x00, 9x00, 0x00, 0x00 },

int mode_1ist{12] = { 0x00, OxD1, 0x02, 0xz03, 0x04, 0x05,
Ox06, 0xzd0, Oxdi, Oxd2, Oxfe, Oxff ¥,
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_TABLE mode_tableildl =

BortcfOl D], &vissl[o!, 0208, 0268, 000, VEBE, 8, 0x0400, 46, 2%
gorke 101 10) ., &viss{0l, 0x08, O0x88, 0200, g, 0x040G, 40, 28
& <T11E0), Evinalll, Ox09, Ox&%, {x00, &, OxDROG, BG, 2%

Zerte[11I0], &visal0l, 0x09, Ox68, 0Ox0Q,
yorheizlio]d, I, 0xzDa, Ox8%, 0200,
gcreniz}iol, Ox0a, Ox6#, Gx00,
kertciziiol, ¢ *68, 007,
Zortai2300), &vivs[ol, Oxi8, Ox&8, x0T,
kvital1}, Oxib, Ox88, 0x00,
gvits{1d, Oxib, Oxed, 000, VBED
gvits[0], 0x0b, Ox68, 0x00. VES,
avitalil, Ox19, 0268, Dx00. VRE,

0x0BOG,
, 0x2000,
0x200C,
0x200G, 8G, 2
. 0x2000, « 0] a0,
024008, 0202, 160,

80,
80,
80,

[N
oo

LD I

& s

By
o
Oy O Lo

ok
2 o
&5 A

EE AN )

P

0x2000, Gx04, 180, 200
036000, 002, 16G, 20¢

o

T N S 4

s
g
)
L3
i
oy
[
i
[
oy
B
£
ok
i

23

o,

monnchrone®
color®,
monochyroeme™
color®,

dreoler™,

monochrome” |

char press [32] = "Press any funchion kew Yo exiy¥;

char vitr_={18]1 = 4 G260, Ox00, Oxfe, Ox02, 0x02, 0x42. Ox¥e, O .
0x02, ©x02, 0x02, Oxfe, 0x00, Ox0G, 0x00, 0x00 };

char c_font{288][16]; /# space tv store current character ses */

char c_cursoriS] = { G=ff, Oxif, Oxft, Oxff, Ouff, Oxff, 2xff. Gxff 3

nt font w = H /o font wicth dn pixels
int font_h = 16; /+ font height in pixels ¥/
nt vid mede = 2 A% current vides mode #f
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- a pointer fo vi

and Oxff, are not defined or sup-
bers, Oxfe and Oxff
cxample,

far a pointer to :
sde. This function is oot
rever, 16 ie used to support the ¢

deo maode

uple progranm,




;%%***w%**$&ﬁ$fiV*?##*xx**%wk*mé*ﬂ4%*#$**%%**$$W$?@**#i**i¢k*mA#%&i*ﬁ%#*f

I get_mode_p() - reburns a poiuter to a mode table *f

e v e ok S A o e o B ok ok o

o o o ok R R R o SR b ok R Sk e s b R S R R sk ok

¥_TABLE #get_mode_pi{d_mode) /* get mede table pointer */

int d_mode; /+ desired mode */
EY

switebh{d_mode} i+ discover desired mode */

cage 0: veturn(&mode tablel[0l); f# 40 ¥ 25 momnchrome #/
cage : return(&mode_tableii]); /x40 x 28 color #/

rage 2 return{&mode_tablel21); /= 80 z 25 monochrome ¥/
case 3: return{&mode_table[3]); /* B0 x 25 calor */
cage 4: return(&mode_tablefal), A 320 x 200 x4 coler s/
cage 5: rveturn(&mode _tablels}); /%= 320 x 200 monochrome */
cage 6: return{&mode_tablel8}) 840 « 200 x 2 color */

zage 0xd0: return(&mode_tablel7]);

cage Oxdi: return(&mode_table(8}):

cage Oxd?: return{&mode_tablef@]),; 800 ¥ 255 x  4d-celor =/

case Oxfe: return{&mode_table[10]); /% 320 x 200 x 1B-color */

case Oxtf: return(imode _tablie[11]): S BA0 2 200 x drcolor /7
}

£
* BA0 x 400 x  2-coloxr */
* 6§40 % 400 % d-coler */
£
Ed

/
/

;*gk&**%#*&ﬁ?*$kx

ERE R EEEEEEEEEE LT R Boofe ok a ok ok o ook bk skeok o ok ke

mode

e sk ok o v ok o o ok 5ok R o ok o koK R ok sk o R ok b ok sk ko bk

iw get~mess_p(3 returns a pointer to a string that describes the

£ e e e el ol e ke o o ok ok o ok ok e A ok o ko o ok ok ok

zhar *get_mess_pl) /# get mengage pointer */
1
switchi{vid mode)} = dimcover current mods x/
{
case 0 return(message{0]101); fx 40 2 25 monochrome %/

return(knessagel 1] [01); f* 40z 2% coler #/

cane 1

casge 2: return(&message{2]{0l). F% 80 x 26 monochrome */
cage 3: return(gmessage{3]1[01); /% BO x 2% coloy #/
case 1: return(&messageld][0]); /% 320 » 200 x4 color #/

k]
cane §: return(&messagel[5][0]); % 320 z 200 monochrome */
case 6: return(imessage[6][0]); Jx 840 x 200 x 2 celox */
cags Oxd0: reburn(imessagel7][0]); {640 x 400D x 2-color %/
caas Oxdl: veturn(&messagel8][0}); /% 640 x 400 %  4d-coler */
case 0xd2: return{&messagel9][0)); Fe B0 x 280 % 4d-colexr */
cage Oxfe: return(imessage{101[0]); Jw 320 x 200 x 16-zolox #/
cage Oxff: return(&message{11]1[01); J# 640 x 200 % d-color */

et

it
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St o o o o e e ok

¢ e o o0 e o ol k*x$$f

it-vazlues te the video look-up table #f
EES EF TS E TS TR %

5%#*?*1*?%&*%3%*?%3[

viz +/

ptr te array ef

register ink i /% loop counter */
X LI vit #/

= (VLT fzx
i‘np STAT_REGE) & O

J+ ipitialize pn'—t?v te vl“ ®f

i } v;t BCCEBE
A% do osll 16 vit vaslues x/

ntroiler - Programming Example



The function r s foai reads or writes the font RAM. If the parameter dir is
false, it reads from the font RAM. Otherwise, it writes to the font RAN.

The parameter pfa is a pointer to a packed array of byte values.

ess the font RAM, the current mode must be one of the text
s vhanged temporerily and then restored to the mode indi-

i*e that to ac
Wj . The meax

Also notice that the routine waits until video blanking time to perform the op-
on and thar video output is disabled oo return

sk e ke ok kR R ok ok ok Kk SR ok ook sk ok ok i kb kR ok ok ok o ok ok i R Rk R Rk R ok ko
Lo oy x4
w
i»}r

7+ r_w_ font{) copies the indicated nuwber of character fos
/% from the font ram starting at the indicated character

IEEE TS kb e R ARk R R S R R R e o b Ak ok s Rk kR OK ok e sk ok R Rk s
veld v w_fent{pfa, dir, c_valve, cound} /= read or write font ram
register char *pia; /% pointer %o nt arra

int dir; /4 direction to move font
unsigned char <. value; /# gtart at this char valus */

coaunt ; /# pnumber of character fonte */

:

intez
7% pointsr to acosss fon% ram

/= loep co

i f* pext mode veouired #/
sutp{ITRL_REZE, 0x10}; /% enable font ram access */
count <<= 4 j ‘ i6 i

te font ram

- Programmin




The function mode #iii places the video processor in a predefined mode state
as indicated by the parmmeter d mode. The video zrx)w'=e;p zable 9 initialized
firgt l\e ause w. v?t( P waits for blapking time to start its operation and the

1 when it returns,

during initialization, the

i an unstsble &2

The CF
R1G and R1%

caontroller has 18 m*vmal registers. HO through R17. The last twe,
ignored during initialization, The
s. *}‘e l')dvx segister and the datz regis-

iz

atz register,

A fmﬂl f‘nlor q:ﬂieu‘f register are initialized to ensure that the

are appro

it was rot done at tus
rations have ta be perfarmed.
ng the font RAM, the video
g the video r:mrewrv

ed row and column
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FEETEEE TR T

EEEE 2

made _init{d_madel

int d_mogs;

i

register int 1
register char *po
M_TABLE  +pmk,
upngigned int intr _flag;

sutp{CRTC_INDEX, 1),
autp(CRTG DATA, *petsd;
¥
cutp{CTRL_KEGA, pmi->cra);
outp (COLR_SELC, pmt->csr);
int_on{inty fleg

L]

Fadiked ko d ok onw ok

oo e s ok s ok ok

tp {(CRTO

ok e ko ok & ok ok ok ok ok

K Ok

sk ok ook b ok ok ok 3o sk o ok ok sk ok ook ok

/+ mede_init{) initializes the crtc and mode registers by moving = #7
table of values to the asppropriste registers =/
$**#*******?$$***$******@N*******$***#$*$$**i*k*#*&*$*******i

/% initialize %o desiresd mode »/

/* desired videu mode

/% lwop control
/% pointer te ortc _table
/* pointer to mode_table
f% CPU IF state

/% get peinter to video mode table
/% ne int

/% assign pointer to ¢r
F* do registers KO thr

/# indicate desired register
i+ wyite appropriate value #/

/# set control rvegister A %/

/% set coler select register
S+ allow interrupts =/

Wk ok ok R

SR EIEEELE R ESE RS E RS R EEE T

my_cursoer{) moves the cursor to the desired locaticn %/

EEE T

Bok ge ok ok o ok o o ko vk okok s Aokt

sired row */
/# desired column #/



e}

int.
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netion cursor on positions the cursor and turns the cursor on, so that it

ibsle,

turns the o i off, so that it is invigihle.

o 2 akoke o Ok ok

EE R EEE LR EE LR

ok gk ok A sk ok R R R kR

turng the cursor an

kb ok Gkl ok skoR B oloR ko sk b skl ko okok ook Rdokok ok ok R ook ok S ook ik R dolkok S

/% cursoy_oni)

JESTTETT TS Y

cursor_on{row, coi}

ite appropriate va
indicate desired register

/% wyrite appropriate value
/% allow interrupbs #/
3
£

/*  curser_off{) turns the cursor off
/?k*ﬁ?ﬂ**

S s ok ke s ol

R R LT T R e

== 1 | vid_mede == 2 || vid_mode == 3)




The function zet mode establishes a new video wwode. It does this by itializing
the mode, clearing the screen {viden memoryd to an empty (blank) state, sna-
biing the display and advertising the new mode in vid_mede.

Notice that the video memory ig cleared after the mode is initialized. This is
becanse each mode enables only certain sections of video memory,

The function sorecs_en enshles or disables the video cutput as indicated by the
parameter flag. This is done through control register B.

o 3k s 7 ok ae e %k ok ok o sk ok s ok ok ol ok o sk ok o i ok ol ok ok ok ol ¥ sk ok e e sk ok ko ok ook e ok ok sk e kb ok f

ko

F ko s ok S sk

gset_mudel) sebts the mode as indicated, zlears the goreen and % F

seba the current vides mode flag “/
; i afe vic o e ok e ol sk ok S ok o sk ok ok ok ok v sl ok ol i s sk ok B e ok st ok ok ok o ok ok ok de o K ok 'g*:ﬁ‘ﬁ’kﬁ&:ﬁe*x*t*:’f&**»’!’*fi“
set_mode (d_mode) /* set desired video mode #/
int d_mode; /= desived mode =/
M_TABLE +pmt; /* pointer to mode_table =/

e = d_mode, 7+ tell worid what new mode is
/% get peinter te videc mode table
/# dipable display & initialize mode
/% clear screen

/#* enable the display x/

d
pmt = get_mode_pld.m

Josenk s 2 ’ .
ECIEEHJOR{fIagB /* digable or enable d;a;lay

ink flag: /% what to do
g

register M_TABLE +pmt, /* poinber to video mode table =/
if {51 /* pongers means enable display =/
prh = gel mode_pivid mode}; /% get peinter to video mode table +/
cutp (CTRL_REGE, pmt->crb); /% control reg B enables display +/
)
else outp(CTRL_REGEH, 0} /% 311 bite off will disable =/

¥
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The function clear_vid mem initializes video memory to a value appropriate for
the current mode. That is. in text modes the character byte is set to a space
charvacter and the ateribute byte is set to medinm intensity white foreground
and a black background. For graphics modes, the color bits are set to zero
tblack). Only the addressable video memory is initialized.

Notice that the pointer to video memory is declared as a pointer to an integer.
The video memory data bus is a full 16-bit bus. Because text mode utilizes o
character and attribute byte pair and graphics mode values are all zero. it is
appropriate to take advantage of the 16-bit data bus. Also. the normal storage
for an integer is low byte first and high byte second.

The scan page size is specified in bytes. To caleulate the correct memaory size,
the number of scan pages is multiplied by half of the scan page size.

{**F**w%#k%i*ﬂ&i**t***xx*%ﬂ%*$i£**£¥**@*

ok ok o ok sk sk ok ok ok stk

/* clear_vid_mem(} based on the current mode, video memory is cleared #*/

i to spaces or NULLs. The asize of memory to clear #f
/o ig calculated from the mode table. *f

FEET TR TS

EEREFEE E LRSS IR X P E R SRR T

koo Bl R bk gk ok ko ok E Rk dok e kok

clear_vid_mem(}
{
register unsigned int size; /# loop controel #/
int far spvm; /* pointer te video memory */
M_TABLE »pmt; /+ pointer to video mode table #/
prt = get mode_p{vid_mode}; /% ptr to current mode data */
pym = (int far *)pmt->base; /* ptr to start of video mem */
gize = pmt-»nsp * {(pmt-»sps >> 1), /+ number of integers to init =/
gwitch(vid made) /% text or graphics mode 7 %/
{
case (- /* text modes initislized ko */
cage 1: /= a space character with */
case Z: /% medium intemsity »*/
case 3:
whilef{size--} spvm+t+ = 0x0720; /% write char & attribute =/
break;
default: /# for graphica modes, juest =/
while{size~-) *pvm++ = 0z0000; /* set all bits off */
breas,
}
¥
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it then executes o for loop

]

t and i
cter i

phe

- in @ patter

retrieves the row

e border |

Qos

FET TR

Bards

_mede);
iomude)

Ouar?

ground

&

EEE

texs mode O or »/




= (; row < rows; rowti)

o

S owrite left side
/% firet or last row

/% write right side =/

i+ center message ¥/

ey
disp _t{rows >> 1, col+¥, #pmtt, attr}, /* do message */
pr = prea

88"
cel = {zols - atrlen(pm)} => 1 /* center message */
1 (rom)

>3 1) + 1 eal4t, spmit, ativ); /¥ do measage */

defauls:

athr f% medium inteugihy *7
/# rows for this font */
/% columng this modse

rows

cula

for{r D, Tow < Towg; fowt:! /% do all rows =/
{
i% write left w
i)
} i 1
disp_tirow, cel, #pc, attr};
o 8 * attr); /¥ write righb side =7

/% save current font

megsage font is B8 x 16
>> §: /# center message

put->length »> &, col++, *pmtt, attr); /+ do message */
DI press;
col = {cole - atrien(pm)) >> 1, /% center message */

rows > 1} + 1, coltt, #pm+t, atbr); /+ do message =/
£ hy /5 ve

store current fond =/

o

g i
L gt
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The function disp g dispiays a characier at the desired vow and column loca-
tion. The color bit pixels that form the character are set to value in attr, The
routine asswmes that it is provided an attribute that is consistent with the
number of color bits per pixel

f the

The routine calculates the pe » as a constant offsef to the first byte
first scan line. After the scan line has been displayed, the sean line offset is
incremented o the next scan page. After writing a scan line to each scan page,
the gean line offset is zeroed and the constant offset is incremented by the
length of one scan line. The actual position is the constant offset plus the secan
line nffget,

The middie for loop ensures that all eight pixels of the scan line are displayed.
For example, a 18-color display requires four cole
per vharacter scan line,

:

=1, the interior for loop shifts the color bit image and if the pixel
bit i sel, the color bit attribute is OFRed into the color bit image. The number
of pixel representations per byte is determined by dividing the font width by
the number of color bits per pixel Only eight pixel wide fonts are supported by
the example.

For each pis
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Aok oK e ok K ke Rk Skt st ek ket ok bk ok ok A ke ok s g ok o ik ok ok K R ok ok
f+ disp_g() ‘raws a character in graphica mode at the calculated </
i row and column pesition. -/

/st s s e st ok ook sk R s oK kR Ok AR S ok o R ok ek ok

disp_g{row, col, pe, attrl

ing row, col;
register unsigned chax *pc;
unsigned char attr;

\“***“‘wk#***)‘*kif“‘%3‘,‘**9",‘\5“’4"{%@"(#"/

.
unsgigned char far *pvm; /% pointer to video memory
unsigned char bi; /% bit image */
unsigned char bd; 7+ for bit testing */
int b /% vit count (current) ¢/
int the; /* terminating bit count #/
int scan: /% current scan line 2/
long ¢_off; /+ character offset
unsigned int g_off; scan line offset
register M_TABLE +pmt% [+ mode data =
pmb = get_mode_plvid_mode} | Ve get pointer to mode table wy
c_off = pmt->bage + (col * pmt->cb) + /* address of first byte =/
{row # pmt->widih * {fopt_ b / pmt->napl):
tbe = font_w / pmt->ch; /% bit image bit count per byte
s_off = 0, /4 gcan line offset
for{scan = O; scap < font_ B scant+, pett} /+ de all scan lines =/
P
if{scan && sran % pmt->nsp == Q) /+ done all mcan pages T #/
{
c_eff += pmt->width; /% offset by one scan line +/
s_off = 0 /% reset to first scan page =/
j.
pvm = {char far #){c_off + a_off}; [+ ptr to first byte of scan #/
g_off += pmt-raps; /# offset ta next scan page, for next pass =/
for(bd = OxBQ; bd:) A% atart at left most bit/pizel =/
{
bi = /* null bit image */
for(b bo; bet+, bd >>= 1) /% do a byte of scan */
¥
bi <<= ) ; /+ shift bit image by # of coleor bits
if (op } attr; /% or in next bit image
¥
s#pvmtt = bij /% write & byte of scan line %/
i

Video Controller - Programming Example 7-67



at the desired row and

high byte second.

£k e R ok ook ok

S disp_s{)

¢ .*?c:k*k%:1:;-‘::,#:v);,??*;%-«%:9.«‘*a:%:*»**i&:é::&'lk'{:ﬁxat*x>,=c:d¢*:t:*.k:écsf:?ﬂc;&*&*,&&ﬁc*x*:&z*s&&***r&!

and 168 atbtribute to the in

s s

far *pvm; /% peinter te video memory #/

i = vid_mode == 1 | vid_mode == 2 ¢ yid_mode == 3}
s

(vid _mode); /+ get peioter to mode table #/

= get_

f# get address of characher #/

= {iny far
{rew » {pmy->width << 1} » {cel << 1)
*pym = ({intiattr << 8) | (int)c; /* churacter & athtribute =/

{pmt->bane +

elze disp_girow, col, &c fonticil0}l, avtri:

}
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The function mdeo sets up various conditions and executes the example pro-

i, The major points are:

1. Head the current font and save it,

2. Beleet a vides mods,

3. Change the pattern of the letter ‘B to a mirror image

i

4.  Hestore the pattern of the letter ‘B from the saved font

P

3. Display the leiter ‘E’ border pattern in the selected video mode,

%, Hestore the video mode to mode 3 and exit.

/% video{) -~ execube video exanples w7

ot ol st b sk R o ok KR kR sk o o s kot stk e sk o o oo ke K o8 o sk Rk o

viden(}
{

static MESEAGE mvid{] = /% video menu */

{

3, 33, "Videc Example” },

B, 24. "Fi. B=sle video mode },

6, 24, “"F2. Invert letter E" },

4, "F3E. Heatore jetter ET },

24, "F4. Display selected video moede® },
24, "F10. Return to Main menu™ },
G (S 3

iy e ey g e, pohey

g

static MESSAGE mvmdi] = /% video mepu #/

4
{ 3, 31, "Select Video Node" I,
£ 5, 24, "Fi. 20 x 25 Text" },
4 8, 24, "F2. 80 x 25 Texs" },
7 20 % 200 x 4-color™ }

, 24, "F3. 32
320 = 260

{ 4

{ &, 24, x 16~c SUNE S

£ G, 24, 840 = 200 x 2-color® },
116G, 24, 840 x 200 % d-color®™ },
{11, 24, 840 » 400 x Z-color® },
{12, 24, 640 = x 4-color® },
{13, 24, BO0 x 252 % d-cnlor® },
{14, 24, Return to video example” },

chax lipelsi2}; /% o hold input lime */
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to held menu selecting

int i

int mode; /* temp value for mode
d o
font 0] 101, FALBE. Ox00C, 258); i read all font ram

/* reset videc mode

s
11 termipated
er (see F10;}

/% determine menu selectiocn

select videc mode
/* display the mode menu
/# get a function key selection

case Fl: mode = 1; break;

H byreak;
break;
brealk,
break:

Case = break;
cane = break:

cage FB: mode = break,
zage ¥U: mode = 0xdZ; breal;
czee F10: break;

s

break:

cage F2: /% reverse 'E’ to font Tam
_w _fent{&ritr_=[0}, TRUE, "E°, 1}
aet mode {37, /% reset video mode

break;

restore 'E' to font ram
*Tio), TRUE, "B, 41,

get, _mode /+ reset video mode
break;

cage Fd: /% display selected mode
) /% get the desired mode
write letter 'E’ at screen extremes
treal:

= 0 &k ¢ o=
0) break;

/* set the desired moda

*f

*/

®

* £

*7




case F1O: /¥ return to caller {main menu) =/
reburn;

3
4

disp_menuimvid); /= display the rtc menu +/
linel0] = get _fkev(}); /* get a function key for menu selection */

w
gt

g
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Chapter
Keyboard-Intertface Controller
and Keyboard

imfﬂdux tion

v with internal

s

Kevboard-interface Controller

and




s

0 AR 4 eSS 435 3 G AN R 436

Physical Interface to the Keyboard

nterface controller cmmmni(‘u es with the LK250 keyvhoard over
] serial data line. A second line provides serial clock rate. A come
hmatnm u% signals and timing on the serial r*im‘k line provides the communica-
tiong protocol. These lnes are in the cotied cable that connects the LKZ50
kevboard and the VAXinate workstation.

keyboard-i

Logical Interface

The kevboard-interface controller has two maodes of operati 'm‘i. pass-through or
translate. In pass-through mode. all data received from LE258 kevboard
are stoved in the output buffer without modification. In f.r*;,mss;f:iﬁe mode, ali data
in the mnge iSS}H« H and FOH are translated ta an industry-standard or a
DIGITAL 2id seun cade and stored in the output buffer. Bit § of the
command nvte controls this mode of operation, The keyboard-interface control-
ars default mode iz pass through,

NOTHE

During the tern powerup imtialization, the ROM BIOS sets
i : iface controller to translate mode. Therefors,
the operating system sees the interface controller in
ansiate mode.
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Control Functions

S The keyboard-interface controller performs sore control and status functious
that are unrelated to LK250Q keyboard operation. Therefore. the kevboard-
interface controller has two 8-bit ports, port 1 and port 2. that are in the |
kevhoard-interface controller 1/0 address space. Commands are available that
instruct the kevhoard-interface controller to read port 1 and read or write port
2. Those commands are discussed in the command register seetion. Table 8-1
defines the port 1 bits and Table 8-2 defines the port 2 bits,

Table &1 Port 1 Bit Definitions

Description

Bit

7 Undefined - o
B Always 0

5-3 Undefined

2 EXPANSION BOX INSTALLED

{1 = Expansion box installed
1 = Expansion box not installed

RAM OPTION INSTALLED

0 =  RAM option installed

I = RAM option not installed
0 HAM OPTION ERROR

r = RAM option parity error

I = No error

Keyboard-Interface Controller - Hardware Description B~
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Port 2 Biz D iia:it,

288 vir-
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Keyboard-Interface Controller Registers
Data Register (006(GH)

7 5 5 4 3 2 1 0

i e N A B 1

DATA

Bit  R/W  Deseription

742 R/W The CPU reads or writes this port to exchange data with the
kevboard-interface vonteoller

Command Register {0064H}

.

6 5 4 3 2 i U

-~ s

—,

STATUS OR COMHAND} RECISTER

RE/W  Description

T H PU reads the keyboard-interface controller statuy register

GECOIInana

terines Uontrabior - Hardware Des




Status Register (0064H)

6 5 4 3 2 i 0

— - . ; SIS, SR -

RECELVE | XMIT KEYBRD |COMMARD|SYSTEM |INPUT OUTPUT
TIME- TIME~ INBIBIT|/DATA | FLAG BUFFER |BUFFER
ouT ouT SWITCE FULL FULL

8it  R/W  Description

7 R PARITY ERROR
0 = No parity error
i = Parity error
The keyhoard to keyboard-interface controller serial communica-
tions use odd parity chec kinp; When data from the keyboard con-
taing a parity error, this bit is set to 1. Reading the status register
clears this bit.

g R HECREIVE Tiiﬁ’[i‘U"
0 = No recsive timeout error
o= An in-progress transmission from the keyhoard was not com-

pleted wit 2 ms.

Reading the status register clears this bit.

5 R XMIT TIMEQUT - Transmit Timenut

-6

Heyhoa

¢ = No transmit timeout error
i = An in-progress transmission from the kevboard-interface con-
trolier to the kevboard was not completed within 2 ms,

Reading the staty ter clears this bit,

This mt is also used in combination with the pariﬂ error bit or the
¥ i to establish additional ercor conditions as

LS8 e

ion to che keyboard compl
m-di‘r‘ is :nst rec z,vd

nerface rodier - Hardware




Bit

4

R/W  Description (Status Register - cont.}
R KEYBRD INHIBIT SWITCH - Keyboard Inhibit Switch
0 = Keyboard is inhibited (locked)
1 = Keyboard is active {unlocked}
The VAXmate workstation does not have a keyboard lock, so this
bit is alwavs set to 1.
R COMMAND/DATA
=  Of the pair (0060H/0064H}, the last I/ write was to the
data register, at /O address 0060H.
1 = Of the pair (0060H/0064H), the last 1O write was to the
command register. at 1/O address 0064 H.
This bit is used internally hy the keyboard-interface controller. It
determines whether the byte in the kevhoard-interface controliers
input buffer is a command or data.
R SYSTEM FLAG

0 = ROM BIOS should execute a normal powerup initialization
process

1 = A virtual protected mode task request to reset the CPU to
real mode

The ROM BIOS interprets the state of the system flag to deter-
mine the reason the VAXmate CPU reset pin was toggled. If the
system flag is set, the VAXmate CPU is returning to real mode

from virtual protected mode. Otherwise, the ROM BIOS executes
# normal powerup initialization process,

During the kevboard-interface controllers powerup initialization se-
quence, the keyboard-interface controller clears the system flag to
0.
Setting or clearing the system flag is a two step process: Issue a

write-comumand-byle instruction by writing the value 0060H to the
command register at I/O address 0064H. The write-command-byte
instruction is discussed in detail later in this chapter.

Write the command byte to the input data register at V0 address
GO60H. The system flag reflects the value of bit 2 of the command
bhyte, If hit 2 of the command byte {s set to 1, so is the systom
flag. Whern bit 2 is 0, the system flag is cleared to 0.
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- cont.f

: controller input data butfe
'uiéer put data buf

s has aot been proce v the keyhoare
eontroller.

the ingut data re an it

ard-interface controllers input fhr'a buf‘nr Thig bit ¥

us of the iaput data butfer.

GUTPUT BUFPER FULL

(G = Key hoard-interface mn!ru.iel autput data buffer is e

I =  HKeyunard-in 3 b od uffer con
data chat the CPU bgzq nr*t re

gt 1700 address 00644
& cOniie )lié“' azw‘ k ')mrd

Centrolier - Hardwars




Command Register (0064H)

Jou
e

6 5 4 3 2
H Y e 7 AR B T Yo

ol

% COMMANT DATA
H
i

Bit Description
74 Kevhoard-interface controller commands from zhe CPU

The data written to this register are instructions to the keyboard-interface con-
troller. Table #-3 lsts the kevhoard-interface controller commands.

Table 83  Keyboard-Tuterface Coniroller Commands
Comrpand  Description Command Deseription
Value Value

OOH-1FH ”QSI%SPI’V!)(S‘ CoH Read f*;;;)rt i
20H Read vommand byte CIH Read Port 1
2iH-5TH  Reserved CZH-CFH Reserved

G0H Write command byte Dz Read Port 2
61H-ADH  Reserved DiH Write Port 2
AAH Self-test DEH-DFH  Reserved

ABH Interfsce rest EOH Read test inpuis

ACH Reserved for expansion E1H Write status
register

ADH I¥igahle kevboard EZH-EFH Keserved
AEH Enabie keyboard FOH-FFH Pulse output port

AFH-BFH  Reserved U I
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Read Command Byte (20H)

Write Command Byte (60H)

The keyboard-interface controller has an internally stored command byte that
determines how the interface contrelier responds to various conditions, Ths twg
commands. read command byvte and write command bvte, provide access to
that command byte, When the keyboard-interface controller receives a read-
command-byte command, it places the internally stored command byte in the
output butier. When the kevboard-interface controller receives a write-
command-byte command, it stores the next data byte, written to the input data
register at I/0 address DOB0OH, to the internally stored command byte. Table
&-4 defines the command byte bivs,

Tuable 84 Command Byte Bit Delinitions

Bit  R/W  Definition

7 B/W  Always 0
G R/W  Sean Code Type
0 = The LK250 scan codes are passed through without conver-
sion {pass-through mode).
1 = The keyboard-interface controller vonverts the LKZ50 key-
hoard scan codes to industry-standard ane hyte values
{translate mode).

5 R/W  Interface Type - Always O
4 H/W  Disable Kevboord
0 = Keyhoard enabled
1 == Reyboard disabled
The kevboard-intertace controller dissbles the ke}
the clock line to a low state. This bit is cleared by
comnmand byte or by writing LK250G keyvboard data to the input
data register at, /0 address 0060H.
3 /W Inhibit Override

b enabled {(sge status r bit 44
i‘uﬂbE(, i Elid t gy lock function iz
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Table 84  Command Byte Bit Definitions {cont.}

Bit R/W  Definition
P R/W  System Flag
0 = ROM BIOS should execute a normal powerup initialization
process
= A virtual protected mode task request to reset the CPU to
real mode
The BOM BIOS interprets the state of the system ftlag to deter-
mine the reason the VAXmate CPU reset pin was toggled. If the
system flag is set, the VAXmate CPU is returning ta real mode
from virtual protected mode. Otherwise, the ROM BIOS executes
a normal powerup initialization process,
During the keyboavd-interface controllers powerup initialization se-
quence, the keyboard-interface controller clears the system flag to
28250,
See the status register hit 2 description.
1 R/W  Always 0
0 R/W  Enable Ourput-Buffer-Full Interrupt

0 = Keyhoard-interface controller does not generate interrupts to
the CPUJ

1 = When the kevboard-interface controller places data in the
output butfer, the kevhoard-interface controiler generates an
interrupt to the VAXmate CPU,
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Tanle #-1 cause it overwrites any dara in the buffer, shis command shonld
not be used unless the output buffer is empty.

Read Pori 2 {DOH)
The keyboard-intertace controller reads port 2 (bits 7-01 and places bits 7-0
the output buffer. For port 2 bit definitions, see Table 8-2. Bercausze it over-
writes any data in the buffer, this command should not be used unless the
outpus buffer s empty.

n

Write Port 2 {D1H)
The kevboard-interfzve controller takes the next hyte of data written o the
input data register at U0 address 0060H and writes it to the k.e_yh‘ar’

} o

interface controller output port 2

For part 2 hit definiti

CAUTION
Bit ¢ of keyboard- g s cormected
te the VAXmate CPU reset circuitry, Clearing bit 0 to & zero

piaces P in a permanent reset g

Read Test Inputs (EOH}

The kevbaard-interface controller resds its T80 and T nputs »zmd places the
data in the output buffer. This command writes over any datz in the
buffer that has not been read by the CPUL Bit O corresponds m the
and bit 1 corresponds ta the state of T1

Write Status Register (E1H)

This is a diagnostic command. The keyboard-interface controller takes hits 7-4
of the next byte written to the input dats register 160M) and writes them to
4 (35 the status register. Only bits 7-4 are alfected

and that makes ¢
e controlier updates

rface cont
. the keyhoard mfe:zfm,
“,t i.s;a current status,

Puis@ Dm;m&" Port (FOH-FFH)

The board-interface controller pb’ae hits 3-0 u* pg;
e of bits 30 of the con n,mzm vaiu
e Comma

All four bite (3-0) are affected by this command, but bits 22 t connected
te anything. Bit 1 gates the address line A20. Bit 0 is connected to the
YAXmate CPLU resst circuitry. The ROM BIOS uses this command to return
ta real mode from virtual protecred mode,
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Keyboard«}:nﬁerfﬁce Contmller Error Handling

750 rd nuatca a transmission sequence and the data is ve-

»a party error, the ke '§3f*’3t4§ ter ‘av( controiler issues a resend
m;nanzz if the zf.spux“mv to the resend command is bad. the keyboard-

ertace controller places an FFH cnde in the output buffer and sets the parity
error bit in the status register.

If the keyboard-interface controiler cannot start a transmission within 15 milli-
seconds or it cannet complete a transmission within two milliseconds after it
was st drnad e fransmit timeout hit is set in the status register and an FEH

nd request) is placed in the output buffe
O mali 5

ihen the

COn ﬂs

% Y‘Ur l"‘* }10"’% V‘vli’*‘slﬂ

w} W 11;3 a mmu errer, ahnn ihe
:rrrz“ b« ge% in ”w ':t tv“ register and

erface contraller has not inhibited the keyboard and a LKZ50
on dogs not x"mzzmiwte within two milliseconds after it is

timeout bit is set in the status register. A resend command
rizce conbrg
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LK250 Keyboard

Scan Codes

When a key is pressed, the LK250 kevboard transmits a value, in the range
O1H-99H, that identifies the pressed key. This value is known as a scun code.
If the kev is held down for a time that exceeds the autorepeat delay time, the
kevhoard repeatedly transmits the scan code at the autorepeat rate. When s
key is released, the LKZ50 kevboard transmits a release code of FOH followed
by the scan code of the released key.

The LK250 keyboard transmits scan codes to the keyboard-interface controller.
If the kevboard-interface controller is in pass-through mode, the keyboard-
interface countroller transmits the scan code or release code (FOH) and scan
code without conversion. If the keyboard-interface controller is in transiste
mode, the keyhoard-interface controller converts the LK250 scan code or re-
lease code (FOHY and scan code to an industry-standard 1-byte value. In the
industry-standard representation, a released key is indicated by adding 80H to
the translated scan code value.”

Table 8-5 lists the LIKZ250 scan codes, thelr equivalent keyboard-interface-
controller translated industry-standard value, and keyboard location label.
Figure 8-1, a representation of the LK250 keyhoard, shows location labels for
each key position.

Tabie 86 lists values in the scan code range {01H-99H) that the LK250 key-
board does not use to represent keys. However, in translate mode. the
kevboard-interface controller translates them io the indicated industry-standard
value.
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Tahle 85

LEI50 Sean Codes and Industry-Standard Equivalent Value

LEK250
Sean
Code
0iH
034
04+

054
06H
003
0AH
08H
GCH
0134
OEH

Trausiated
Industry»-Standard
Scan Code

Keyboard
Pasition

Key Name

43H
3FH
3DH

G038
303
301

{199
GO0
09
G07
(305
02
300
BOO
A09
BYO
00
NI

Eo1
BOL
{01
£

bosrd-Interface Controlisr -

Fo
| O
F3
Fi
K2
Fig
s
&
Fa
Tab

Al

Lett Shift

Crrl

Hardware Deseription
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Table 85  LE256 Scan Codes and Industry-Standard Equivalent Value (conil)

LKZ50

Sean

Code

2DH
ZEH
31H
32H
331
34H
351
36H

JAH
By
3CH
3DH
3EH
$1H
42H

&
Bl

o0

13H
aaH
31H

3

09H
33H
25H
178
185
0BH
JAH

Enzerfpee Controller - Hardware Deseord

Translated Kevboard Key Name
Industry-Standard
Sean Code

A,

=
=

o (r iLefters
01
o
-

" ?




Table &5

LK250 Scan Codes and Industry-Standard Equivalent Value {cont.)

LK250 Translated Keyboard Key Name
Sean Industry-Standard Position

Code Scan Code

ADH 2BH ¥12 \

66 H OEH E13 Delete (Word/Charl
69H ATH B20 1 End

6RH 4BH 120 4 Leftt-Arrow
6CH 47H D20 7 Home

TOH 52H A20 0 Ins

T1H 53H A22 . Del

TeH A0H B21 2 Down-Arrow
73H 4CH 021 5

T4H 4DH 22 6 Right-Arrow
75H 48H 21 & Up-Arrow
76H 01H E20 |DEN

TiH 45H 21 NumLock

TOH 4EH 23 + {Keypad)
TAH 51H B22 3 Pgbn

THH 4AH 023 - {(Keypad}
TCH 3TH 123 PrtSe *

TOH 49H D22 9 Pglp

TEH 46H E22 Serllock RBreak
TFH H4H e SvsReg (AILF29)
83H 41H GG Fi

84H 54 H G23 ¥20

&5H S55H £16 Find

86H A6H E17 insert Here
87H 5TH E18 Remave

85+ A8 I RSN Salect

841 AOH 17 Prev

BAH SAH (8351 Next

S8BH aBH 17 Up-Arrow

BOH 5CH B16 Left-Arrow
813H 5DH B17 Down-Arr
8EH FEH B18 Right-Arrow

Kevbeard-Interface Controller - Hardware Desoription




R PPN . R i

Hustry-Standard Equivaient Value {(cont.d
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Table 86 Scan Codes Translated But Not Used

Unused Translated Unused Transtated
Sean Industry-Standard Secan Industry-Standard
Caodde Sean Code Caode Sean Code

41H
S8H
B4H
5OH
B85H
70H
FAH
661
711
5BH

51H
534
56H
H7H

5CH
5EH
5FH
6011
B1H
62H

73H

Kevboard-Tnterface Controller - Hardware Deseription
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LK250 Keyboard Command Codes

Table 8-7 provides a summary of the LE250 command codes. Fellowing Table

8.7 are descriptions of each command. The cormmand descriptions give the pur-

pose of the command. the actions taken by the keyboard, and the response
code transmitted by the LE250 keyboard, The LK2H0 keyboard response codes
are described later in this chapter.

Table 8-7 LE250 Keyvboard Command Codes

Yalue Deseription

DOH-AAH Invalid Commands

ABH Request Kevboard 1D (Digital Extended)

ACH Enter Digital Extended HScan Code Mode
ADH Exit Digital Extended Scan Code Mode
AEH Set Keyboard LED {Digital Extended)
AFH Reset Keyhoard LELY (THgital Extended)
BOH Ser Keyclick Volume {Digital Extended)
B1H Enable Autorepeat

BIH Disable Autorepeat

B3g Kevboard Mode Lock

B4H Kevboard Mode Unlock

BsH-ECH Reserved
EDH LEDs On/Off
EiKH Echo

FFH-F2H Reservec

F3H Set. Autorencar Delsy and Rate

F4H Enable Kev Scanning

FoH Disable Key Scanning and Restore to Det
F6H Restore To Defaults

FIH-FDi Reserved
FEH Resend
FYH Reset
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Invalid Commands (00H-AAH)

Industrv-Standard

When the LK250 kevhoard receives a code in the range GO0H-AAH. it transmits
a resend reguest. The LK2560 kevboard does not transmit an acknowledge
(ACK] for vodes in this range.

Request Keyboard 1D (ABH)
DIGITAL Extended

When the LK250 keybourd receives the code ABH, the keyboard clears its
output buffer and transmits a 2-byte response that identifies the version and
mode of the LK250 kevboard. The first byvte returned is the version number,
The second byte is the current operating mode, 01H for industry-standard
maede or 02H for TNGITAL extended maode.

To successfully execute this command, the keyboard-interface controller must
be in pass-throngh mode. Otherwise, the keyboard controller attempts to
translate the data to an industry-standard scan code.

The LKZ50 keyboard does not transmit an acknowledge {ACKi for this
command,

Enter DIGITAL Extended Scan Code Mode (ACH)
DIGITAL Extended

When the LK250 keyhoard receives the code ACH. the keyboard enables
PIGITAL extended mode, turns off LED #4, and transmits an acknowledge
(ACK}

Exit DIGITAL Extended Scan Code Mode (ADH)
IHOQITAL Extended

When the LKZ50 keyboard receives the code ADH, the kevboard enables
industry-standard mode. turns on LED #4, and transmits an acknowledge
(ACK:

In this mode. only industry-standard scan codes ave generated.

Set Keyboard LED (AEH)
DIGITAL Extended

When the LK250 kevboard receives the vode AEH, the keyvboard turns on LED
#4_ and transmits an acknowledge (ACK) For LEDs 1-3, see LEDs On/Off
(EDH :
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hf hoard Mode Lock (B3H}

DIGITAL Extended

When the LK250 kevhoard receives the code B3H, the kevboard disables the
key combination ALT/F17 and transmits an acknowled ge IACK) The key com-
hination ALT/F17 toggles the keyboard between DIGITAL extended mode and
industry-standard mode. This key combination is detected and handled by the

kevboard, not the ROM BHIS.

Kevboard Mode Unlock (B4H)

DIGITAL Fxtended

When the LKZ50 kf‘vhﬁ’}ld receives the code B4H, the kevboard enables the
key combination ALT/F17 and transmits an acknowledge {ACK) The key com-
bination ALT/F17 toggles the kevboard between DIGITAL extended mode and
industry-standard mode. This key combination is detected and handled by the
keybimdﬁ not the BOM BIOS. ALT/F17 enabled is the defauir condition.

Beserved (BAH-ECH)
DIGITAL Extended

When the LK250 keyboard receives any of the reserved codes BGH-ECH, the

keyboard transmits an acknowledpe (ACK) and resumes its previous scanning
state.
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LEDs On/Off (EDH)
FHGITAL Extended

‘This is a Z-byte command consisting of a command byte and a value byte,
When the LE250 keyboard receives the code ETYH, the keyboard stops scan-
ning for keys, transmits an acknowledge (ACK), and waits for the second byte.
When the LE250 keyboard receives the second hyte, the kevboard sets the
LEDs to the indicated value, transmits an acknowledge {ACK) and returns to
its previous scanning state.

1f bit 7 of the value byte is set to 1, the value is interpreted as a command.
The current comimand is aborted, the new command is executed and the LK250

returns to the previous scanning state,

The bits i1 the LED value byte have the following meanings:

Bit Dreseription
7-3 Heserved, always U
2 CapsLock

0 = CapsbLock LED off
1 = CapslLock LED on

Numbock

0 = NumLock LED off
1 = WNumbock LEI} an

o Scroll Lock

{ Seroll Lock LED off
1 = Scroll Lock LED on

frery

il

Fiche (EEB!}

Industry-Standard

When the LKZ50 keyhoard receives the code EEH, the keyboard transmits the
same echo code (MEH; and continges its previous scanning state, This com-
mand is 2 diagnostic tool.

Reserved (EFH-FZH)
Industry-Standard

When the LK250 kevboard receives any of the reserved codes EFH-F2H, the
keybourd transmits an acknowledge {ACK) and resumes its previous scanning
state.
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Set Autorepeat Delay and Rate (F3H}

Industry-Srandard

This is a 2-byte command consisting of a command bvte and a value byte,
When the LK250 keyboard receives the code F3H, the keyboard stops scanning
for kevs, transmits an acknowledge {ACK), and waits for the second byte.
When the LK250 keyboard receives the second byte, the keyhoard sets the
autorepeat delay and rate to the indicated values, transmits an acknowledge
(ACK} and returns to its previous scanning state,

If bit 7 of the value byte is set to 1, the value is interpreted as a command.
The current command is ahorted, the new command is executed and the LK250
returns to the previous scanning state.

The bits in the delay and rate value byte have the following meanings:

Bit Deseription

7 Always 0

6-5 Autorepeat delay (£ 20%4
) == .25 seconds
01 = .5 seconds
10 = .75 seconds

11 = 1.0 second

4-0 Autorepeat rate |1
20%:
Bits 4-0 Rate per second Bits 40 Rate per second
00000 = 29.98 10000 = 7.49
820001 = 26.65 10001 = 6.66
00010 = 23.98 10010 = 6.00
G001t = 2184 1011 = 5.45
00100 == 19.94 10100 = 5.00
00101 = 18.45 10101 = 4.61
00110 = 1718 10110 = 4.28
0111 = 15.94 10111 = 4.00
01000 == 14.99 11000 = 3.76
01001 = 13.32 11001 = 3.33
01010 = 11.99 11010 == 3.00
01011 = 10.90 11011 = 2.73
Q1100 = 9.94 11100 = 2.50
01101 = 9.22 11101 = 2.31
01110 = 8.566 11110 = 2,14
01111 =

7.99 11111 = 2.00
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Enable Key Scanniag (F4H)

Industry-Standard

When the LKZ50 keyboard receives the code F4H, the keyboard clears its
txmpuc buffer. transmits an acknowledge (ACK), and begins scanning for keys.
Use of this coramand assumes that kev scanning was praviously disabled. Any
kev strokes that were recognized bub not transmitted are Jost.

Disable Key bcanmng and Restore to Defaults (F5H)
frd

"y Ed Qa!’”l of

When the LKZ50 kevboard receives the code F5H, the kevbeard stops scan-
ning. clears its output bufier, restores conditions to f*‘e default p-%wer‘zzy state,
transmite an ackndwledge (ACK), and waits for additional commands. Keyhoard
scanning remains disabled. Any key strokes that were recognized but i‘:ot
transmitted are lost

O8L.

Festure Brefault

Autorepeat delay
Autorepest rate
ALTIFLT mode toggle
LEDs

Ligital extended maode Disabled

Restore To L‘reiaul{f’ {FakH:;

{ndustry-Stand

When the LK250 keyhoard receives the code F&H, the kevbosard stops scan
ning, ciears it output buffer, restores condirions to the default powerup state,

transmite an acknowledge {ACKL and resumes ity previous scanning state.

Feature

Autorepeat delay i
Autorepeat rate £29.98 per second
ALTIFLT mode togele Enabled

LEDs Off

Lrigital extendad mode Isabled
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teserved (FTH-FDH}

Indusiry-Standard

When the LK250 kevboard receives any of the reserved codes FTH-FDIH, the
kevboard transmits an acknowledge {ACK} and resumes its previous scanning
state.

Resend (FEM}

Industry-Standard

When the LK250 keyboard receives the code FEH, the kevboard repeats its
last transmission, This command is used when the kevboard-interface controller
detects a reception error. It can be sent only in response to a transmission
from the LKZ2560 kevboard. Additionally, the resend command (FEH) must be
transmitted before the keyboard-interface controller allows the kevboard to

start another transrnission. It the retransmitted data is still bad, the keyboard-
interface controller places FFH in its output buffer and sets the parity ervor
and timeout error status hits,

Reset (FFH}

Dsfustry-Standard

When the LK250 kevboard receives the code FFH. the kevboard transmits an
acknowledge (ACK) and waits for the the acknowledge to be accepted. Receipt
of the acknowledge (ACK) is indicated by reading the acknowledge {ACK) from
the kevhoard-interface controller, setting port 2 bits 7-6 to 1, and leaving them
set for at ieast 500 us. When the kevboard recognizes acceptance of the ac-
knowledge {ACK), the keyhoard invokes its self-test diagnostic. On completing
the self-test, the keyboard transmits AAH (self-test success) or FOH (self-test
fatlurel. As a result of the self-test, the keyhoard is reset o default conditions
and the kevboard output buffer is empty.

Feature Default
Autorepeat delay B seconds
Autorepeat rate 29.98 per second
ALT/F17 mode toggle Enabled

LEDs Off

Digital extended mode Disabled
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LK250 Keyboard Responses

The LK2Z50 keyboard must reply to every transmission sent to it. Most of the o
rime the reply is an acknowledge {ACK], but some commands have special
responses. Refer to LK260 keyhoard command descriptions for details. Table

7 EE

fists the LKZ50 heyboard respunses

Table 8-8 LK250 Kevboarfi Respmswes

Value Description

00H Buffer Uverrun

AAH Selt-Test Saccess

EEH ECHG

FAH Acknowiedges (AUK]

FOH Power-1ip Salf-Test Fatlure
FDOH Naot Used

FEH Resend

Buffer overrun {0GH)

fndus Stondard

This code indivates that the LK2560 kevhoard output buffer {20 bytes) has been
filled to rcapacity key rodes) and an attempt was made to store another
cade, The 20th code is replaced with OQH.

1t the kevhoard-interface cantroller is by translate mode, the LEKZ50 keyboard
muffer-overrun code 00H is translated to an industry-standard buifer overrun
ode of FIVH.

Melf-test success (AARD
Induetry-Standard

This code indicates succesaful completion of the LK250 kevboard self-test diag-
nostics, The self-test d*dg"lij’sf‘ 5 are invoked as part of the powerup sequence
and by the reset rommand (FFH).

ECHO ({EEH)

industry-Standard

This code indicates receipt of an echo command {(EEH). In response to an echo
command (EEHL the LK250 transmits echo (EEH) instead of acknowiedge
(ACKS (FAH)
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Release Prefix (FOH)

Industry-Standard

This code indicates that a key was released. It is followed by the scan code of
the released key.

It the kevhoard-interface controller is in translate mode, this 2-byte sequence is
translated to an industry-standard 1-byte release code by adding 80H to the
translated scan code,

Acknowledge (ACK) (FAH)

Industry-Standard

This code is transmitted by the LK250 kevboard in response to most of the
valid commands. Some commands have special responses. For example. request
kevboard tdentification {ABH), echo {EEH), and resend (FEH}. For additional
information, see the descriptions of the LK250 keyboard commands.

Self-Test Failure (FCH)

Indusiry-Standard

This code transmitted by the LK250 keyboard to indicate that a keyboard com-
ponent failed the self-test diagnostics. Self-test is invoked during the powerup
sequence and the reset command (FFH).

Resend (FEH)
Industry-Standard

This code is transmitted by the LK250 keyboard in response to a keyvboard-
interface controller transmission containing a parity error. Providing that the
last transmission to the keyboard was not a resend command {FEH), the key-
board interrupt handler should retransmit the last keyboard command.

LK250 Keyboard Error Handling

if the LE250 keyhoard receives an invalid command or a parity errvor. it replies
with # resend command.

U.S. and Foreign Keyboards

The LK250 keyhoard is shipped with key legends appropriate for the destina-
tion country. Figure 8-2 through Figure 8-15 show the key legends for the
various country keyhoards.
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Figure 89 Hebrew Keyvboard
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Figure 812 Spanish Keyboard
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Programming Example

The subroutines in the kevboard example provide kevboard input support for all
of the examples in this manual. The kevboard example demonstrates:

*« Communicating with the keyboard-interface controller
¢ The use of keyboard translation tables
« Extended features of the LE250 kevboard

CAUTION

improper programming o improper operation of this device can
cause the VAXmate workstation to malfunction. The scope of
the programuning example is Hmited to the context provided in
this manual. No other use is intended.

The example provides routines as described in the following list.

wr koo Writes a command byte to the keyboard-interface controtler
wr_ked Writes a data byte to the keyvhoard-interface controller

pass thru Sets the keyboard-interface coniroller to pass-through mode
kyb_init Prepares the interrupt structure for keyboard interrupts

wr kvb Places date in a ring buffer for cutput to the keyboard

kyb led Tarns LEis on or off according to the keyboard stats
kyb_send Retrieves data from a ring buffer and writes it to the keyhoard
kyb rest Restores the previous keyvboard interrupt structure

get key Geats a 1-byte value from the kevboard input ring bulfer

kyb int hand Handles kevboard-interface-controller interrupts and performs
scan code translations

kyb exm Provides an example enviranment for examining various aspects

the keyhoard
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#include "rb hv
#include "example h"

/**&*****&x#*&**$*#***$k****W****ﬂ**********#*******************x**ﬁ***ﬁf

/+ define constants and structures upsed in keyboard examples

w i
/

/\k:—tit;&'m‘i‘x:&ki"!‘?ﬁ4;)2***“k;icS’*ﬁ:**:&ﬁ*ﬂtg‘#*kt**iz)&**#A):ﬂ,k:k%)km**)‘:*:&ﬁiﬁ***#*****t‘i*******’f

#define COMMAND 0x64 /+ command register in I/0 space

#define DATAREG 0x60 /+ data register in I/U space x

/+ define mask bits for kevboard state flag */

#define S LSHF 0201 /* left shift key is pressed
#define S_RSHF 0x02 /* right shift key is pressed *
#define S§_CTRL 0x04 /+ contrel key is pressed
#define S _ALT  Ox0B /% Alternste key im pressed
#define §_SCRL 0x10 /% 8croll lock is in effect
#define S_NUM  0x20 /* Numerics lock is in effect
#define 8_CAPS 0z40 /* Caps lock is in effect
#define § INS  0x80 /% Insert mode is active

/+ define modifier-key valuee returned by keyboard */

#define CTRL Oxtd /* control key
#define LSHF OxZa /* left shift key
#define RSHF 0x36 /= right shift key
#define ALT 0x38 /# alternate key
#define CAPS 0x3a S+ Lock/Cape Lock key
#define NUML 0x45 /# NumLock key
#define SCRL 0x46 /* Bcrlleck key
#define INS 0252 /+ Ins (Inmert) key
#define DEL 0x53 /= Del key

/# define some keyboard interface controller commands */

#idefine RDCB 0x20 /* read command byte
#define WRCH G260 /* write command byte

*f
rfn;’

£
*7
*f

wf

«/

* 7
*f
*f
£
=4
*/
¥ f
s/
vy

*f

T
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i puard commenda #/

x gontroel leds 1,2, and 3
/% tura led #1 on

/¥ burn led #4 off

ter DIGITAL extended heyboard mode
_zit DIGITAL extended keyboard mode
/* muts-repeat on
/* aute-repeat off
A% set auto-vepeat rate

/% set mpeaker volume

§% veburn keyboard II and state

/% reset kevboard te default values

#defins
#define
f#define

52 Bl A e

yvbhorrd buffer full
/* request to resend command or data
vhaard acknowledge

ins some shtate dependsnt keyboeard table index copstants *+/
e: The ROM BIOS hs alpha and nuneric tables. %/
This example combi lph and numeric tables., */

#define T_NORM Ox0C /= laok in nermal key table
ddefine T _ALT 92032 i% iook in siternate combinsticn hable
#define T CTRL $x04 /% lock in coptrel key table

#define I_SHFT £x08 f* look in shift table
gdefine ¥

TALE Ox0% /* Joak in alphanumeriz table

o
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—R*xw&*i<¥$t*¢*$*%*%$%*#**#wzﬁﬁt%*w&*#k%a**kw*ﬁ**#k*%*x;

/* define key translation tables and variables #f
/ki::zcﬁ;-p,:ueakrr#*%wéc,&:u#:Pr&r&*ze&@c,*}wi‘*;a-*,uqcsr:h-&*+$>k*t»_«,s:»te«::a:*;a g ke o ke sk e ok R ok B o s OB b ok b A ok ok e};;"

ungigned char kyb_state; /% atate of modifier keys #/
ungigned char last_send; /* laet character sent to keyboard =/
unsigned char key buff[2]1[KB_81Z]; /% place to etore incoming keys #{
unsigned char released; /* last relsased key for demo =/
unsigned char depressed; /* last depressed key for demo =/
RING_BUFF ki_xb; /* ring buffer control etructure */
RING_BUFF ko_rb; /* ring buffer controel structure #/

/% define the keyboard tables */
/+ Note: The ROM BIOS has separate alpha and numeric tables. */
/o This example combines the alpha and pumeric tables. w/

static unsigned char keyboard[0x70][9] =
{
/+ NORMAL | ALT | CONTROL | SHIFT | A/N %/

OxFf, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, F# averyun 4/

Ox 0x01, Oxff, Oxff, Oxib, 0x01, Oxib, Ox01, Ox00, /v EBC +/F

O Ox02, 0x00, Ox78, Oxff, Oxff, 0z21, 0x0%, Ox00, VAR
0x03, 0x00, OxT9, 0z00, 0x03, 0x40, 0x03, 0Ox00, /2
Ox04, 0=00, OxTa, Oxff, Oxfi, 0223, O0x04, 0x00, /> 3
On0k, Gx00, OxTh, Oxff, Oxff, 0x24, Ox05, Ox00, fao4 =4
Qx06, 0x00, O0xTco, Oxff, Oxff, Ox25, Ox06, 0x00, /x5 =/
x0T, 0200, Ox¥4, Uxle, Ox07, Oxbe, Ox07, 0x00, VAN T
Ox08, 0=00, OxTe, Oxff, Oxff, 0x26, 0x08, 0x00Q, [+ T =/
Ox0%, Ox00, OxTF, Oxff, Ox{ff, OxZa, Ox0Y, Ox00, /% B 5/
QxCa, 0x00, Ox80, Oxff, Oxff, 0x2B, Ox0a, 0x00, /# €
QxOb, 0x00, OxBl, Cuff, Oxff, 0x29, 0x0h, Ox00, /=
Ox0c, 0x00, 0xB82, Oxif, OxOc, Oxbf, OxGc, 0x00, /#

Ox0d, 0xQ0, OxB83, Oxff, Oxff, 0x2b, Ox0d4, Gx00, /#
QuOe, Oxff, Oxff, Ou7f, OxOe, 0x08, O0x0e, Ox0Q,

Ox0f, Oxff, Oxff, Oxff, Oxif, 0Ox00, OxOf, Ox00,

Qxi0. Ox00, Ox10, Oxil, Ox10, 0OxB1, Ox10, §_CAPS,
Gxit, 0x00, Ox11, 0x17, Ox11, 0x57, Oxii, S_CAPSH,
0x12, 0200, Ox1%, 0«05, Ox12, Oxdb, OxiZ, S_CAPS,
Qxi3, Gx00, 0x13, 0x12, O0x13, Oxb62, Ox13, B_CAPS,
Gxid, Ox00, Oxid, Oxid, Oxi4d, Gxb4, Oxi4, S_CAFS,
Oxis, O0x00, Oxih, Ox19, Ox1%, Oxh8, 0xi%, 5_CAPE,
Ox16, 0x00, Ox1i6, 0x15, Oxi16, 0x55, 0x16, S_CAPS,
Gxi7, 000, Ox1¥, Ux09, Ox17, 0249, Ox17, B_CAFS8,
Ox18, 0x00, Oxi8, OxOf, Ox18, Oxzdf, Ox18, B5_CAPS,
Oxi8, Ox00, Ox18, Ox10, 0xi9, 050, Ox19, S_CAPH,
Oxia, Oxff, Oxf{, , Oxia, Ox7b, Oxia, 9x00,
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ax73,

oxB6

xbe,

0x27,

Qxff,

Ox7a,

Oxib, Ouff, Oxif, Gxid,
Oxic, Oxff, Oxff, Ox0s,
Oxitf, Oxff, Oxff, OxfT,
Oxle, 0x00, Oxie, Ox01,
Oxif, Ox0CQ, Oxif, Ox13,
0x20, 0x00. 02230, 0x04,
Ox21, O0x0G, 0221, OGx06,
0x22, 0x00, 0x22, O6x07,
0x23, 0x00, 0x08,
% Gx0G, Qx0a
0x256, 0x00, Ox0b,
Ox26, 0x00¢, Ox0c,
OxZ27, Quff. Quff,
0x28, Oxff, Oxf¥,
0x29, Oxff, Ox Gxft,
Oxtf, Oxft, Ox Oxff,
Ox2h, Oxff. O . Oxle,
OxZc, 0x00, , Oxla,
Ox3d, 0x00, O 0x18,
Oxde, Ox00, Ox2e, 0Ox03,
Gx 18,
0x02,
OxCe
Dx04d,
Oxff,
Ouff,
Oxff,
Guif,
Ox 00,
Oxff,
Qu39, Ox20,
Oxff, Oxff,
Ox88, Ox00,
0x69, Gx00,
G, OxHa, Gx00,
0, 0xdb, Ox00,
3. Ox8c, Ox03,
Gx6d, Ox00,
CxBe, Ox00,
3, Oxef, 0200,
T, 0xT0, 9x00,
Gx71l, 0x04,
QxFf, Oxff.
Qxff, Dx00,
Ox00, Ox00,
Ox00, Oxff,
Ox20, 2x00,

ko rh

o
+

&
b B3 B3 b3
o S Y ek

, axff,

(=24,

OuT
0x0d

, OxiE,

Jx4l,

. OxB3,

Oxdd .,

Ox46
Ox47
Ox48

i

Dxda,

Oxb6

. Ox43

Oxde

5

f

s

3

Ox4ad,

Oxdc
Oxde

0x3f,

Oxtf,

Oxff
Oxfi

b

B

Dx2G,

Qxff

. Dege
, Ox00,

'

OxGi,
Qx00,
Dx G,

. Ox00,
. Ox0e

Ox00,
Gx00,

a5y
2xhd,

Oxib,
Oxlc,
Quff,
Orxle,
Grif,
Ox20,
Gx21,
Qx22,
Ox23,
=24,
0x25,
G 26,
Ox27,

4

0x35,
anff,
Gxff,
Onff,
0x39,
Gxtf,

Oxbd

OxQG,
0x00,
Ox00,
S_CAPS,
8_CAPS,
5_CAPS,
S_CAPS,
B_CAPS,
S_CAPS,
5_CAPS,
S_CAPS,
8_CAPS,
ox0Q,
Dx06,
Ox00o,
0x00,
Dx00,
S_CAPS,
5_04PS,
S_CAPS,
8_CAPS,
S_CAPS,
S_CAPS,
S_CAPS,
Ox00,
Oy,
0x00,
Ox0G,
0x0Q,
OxOd,
Ox0G,
Ox00,
Ox00,
0xQ0,
0x00,
Ox0G0,
Ox,
OxGG,
Dx00,
Quls,
Ox0a,
o0,
Ox00,

S_NUM,
a

8_NUM,

f= 1w/
/# RET #/
S OTRL =/

Fx 4 ow/

/% Right Shift +/
i+ PRTSC =/

/= ALT #/

/% Space Har %/
i+ CAPS Lock =/
/s F1 ‘//

f# F2 */

{;'3' Fa ":/

woypad T #/
weypad & #/
rweypad 9 ¥/

® % % %~
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0x2d, Oxda, OxLf, Oxff, Oxff, Oxff, Ox2d, Ox4a, 0x00, /* keypad

[
¥
S

0x00, 0Ox4b, 0x04, O0x00, 0x00, Ox73, 0x34, Oxdb, S_NUM, /* keypad 4 */
Qxff, Oxff, Ox08, Ox00, Oxff, Oxff, Ox35, Oxdc, S_NUM, /% keypad 5 #*/
0x00, Oxd4d, 0x06, 0x00, Ox00, Ox74, 0x36, Ox4d, S_NUM, /* keypad 6 */
0x2b, Oxde, Oxff, Oxff, Oxff, Oxff, OxZb, Oxde, Ox00, /4 keypad + x/
0x00, 0Ox4f, 0x01, 0x0Q, Ox00, OxT75, O0x31, Ox4f, S_NUM, /= keypad 1 #/
0100, 0x50, 0x02, 0x00Q, Oxff, Oxff, 0x32, O0xB0, S_NUM, /# keypad 2 *f
Oxz00, Oxb1l, Ox03, 0x00, 0x00, 0Ox76, 0x33, OxBi, B_NUM, /* keypad 3 */
0x00, 0x52, 0x00, Ox00, Oxff, Oxff, Ox30, Oxbz, S_NUM, /% keypad 0 */
Ox00, Oxb3, Oxff, Oxff, Oxff, Oxff, Ox2e, 0xhH3, §_NUM, /# keypad . wf
0x00, 0x98, Oxff, Oxff, OxDO, Oxbl, 0x00, Oxad, 0x00, /+ F20 */
0x00, Gx85, Oxif, Quft, Oxff, Oxff, Oxff, Oxff, 0x00, S+ FIND =/
0x00, Ox86, Oxff, Oxff, 0x00, Oxc3, Oxff, Oxff, Ox00, /% INSERT =/
0x00, Ox87, Oxff, Oxff, 0x00, Oxci, Oxff, Oxff, Ox00, /% REMOVE */f
0x00, Ox88, Oxff, Oxff K Oxff, Oxff, Oxff, Oxff, 0x00, /% SELECT =/
0x00, Ox89, Oxff, Oxff, 0xQ0, Oxcd, Oxff, Oxff, 0x00, /* PREV */
0x00, Ox8a, Oxff, Oxff, Ox00, Oxc2, Oxff, Oxff, 0x00, /= NEXT =/
0x00, Ox8b, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Ox00, [ UP #/
O0x00, OxBc¢, Oxff, Oxff, 0x00, Oxbf, Oxff, Oxff, OxQO0, /x LT %/
0x00, Ox8d, Oxff, Oxff, 0x00, OxcO, Oxff, Oxff, Ox00, /% RT =/
Ox00, OxBe, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Ox00, /% DN =/
0x00, 0x8f, 0x00, Oxb3, 0x00, Oxa¥, 0x00, 0x9, 0x00, /+ F11 */
0200, 0x90, 0x00, Oxbd, 0x00, OxaB, 0x00, Ox89c, 0x00, fx F1a =/
0x00, 0x91, 0x00, Oxbhb, 0x00, Oxa®, 0x00, 0x9d4, 0x00, /% F13 */
0x00, 0x92, 0x00, Oxb8, 0x00, Oxaa, 0x00, Ox8e, 0x00, Fx Fl4 =/
Ox00, Ox93, 0x00, Oxb?, 0x00, (Oxab, 0xQ0, Ox9f, Qx00, fx Fig =/
0x00, 0x94, 0x00, Oxb8, 0x00, Oxac, Ox00, 0xal, 0x00, /x F16 */
0x00, 0x095. 0x00, Oxb®, 0x00, Oxad, Ox00, Oxal, 0x0Q0, i F17 =/
0x0G, 0x96, Ox00, Oxba, 0:00, Oxae, 0x00, OxaZ, 0x00, fe F18 =/
0x00, 0x97, 0x00, Oxbbk, 0xz00, Oxaf, 0x00, Oxa3, 0x00, /# F19 »/
0x4Q, Oxbd, 0x00, Oxbd, 0x00, Oxbd, 0x00, Oxbd, 0x00. /= COMPOSE »/
Ox0d, 0x%a, 0x00, Qxbe, 0x00, 0Oxb2, 0x00, Oxat, 0x00, /* ENTER =/
+
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A M ity 3K S

f‘ﬁ*ﬁ‘- ko R RO B RN e o s Ao R koodeod skl b ok Sk ok ok o o o ok ofe st b e ok sk ok ok ok R f

f# owr_kea{l - Write keyboard controller command *f
EEEEE L

Faok R S S R R L L EE R A EE L LR RS

unsigned char cmd; /= command byte to write */

{

cutp (UOMMAND, <md}; /% write command byte =/
while{{inp (COMMANLD} & ©x02}) /% wait unsil KC has read command #/

b s o ok ok she e R ok ok s o o ok o ok ok o e ok o

sk dew ks s kb bRk R Rk etk

PR EE L E PSR T S
- Write kevboard controller data */f

s e g e R OR o R R R T Ak R sk stk R S e okl Rk b ko e

e commend gSats »/
has read data #/




i

g

stk ke o okt oo ok ok o ok SR Rk R ok s ke e kKB R kR ko

JETT T
/% paas_thru(} - set keyhoard coniroller pass through mode

fm%%*&e*%ﬁi#ﬁrx* ol it e A7 o ke i st ol o ok e ok

s e i e ok ok st e oK R sl ok e o ok o 0 ok ke v ol o ok e e

int fiag; /+ if TRUE, set pass through
/% else clesr pase through

naigned char <

: /% wmp to hold internal command byke =/
unsigned int intr flag; /% tmp to ho

14 CPU IF state */

/¥ turn interru aff &/
/% give me curyent bgaa i
J# wait until ocutpat buffer fuoll =/

¢ o= iapiﬁ TAREG) ; f# read cvommand byte from
zag) c &= MGx&G;i* if TRUE, do not decode keyboard transmissions

: /% else, decode zeybsard traznsmisesicns

/% tell interface comtroller to write command byte
mmand byhe
allow

ta buffer =/

F# gend

Linie ()
EEE T 2

ok e Aok g ok &

/* no states established #/
Sx eptablisk ring buffers =/
Lu.rhi rh, &key bufﬁ[nfiﬁ KB _SIZ, 34,
init_rblka_rb, &key buff[1ilol, KB_SIZ, 3G,
.mﬁ&f(ﬁ e Qlﬁﬁb&ﬁ FIC input
/% kevboard
/# enable PIC input for

board Interfacs #;
rupt is int Ox09
card interface
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7= wr_kyb{) - put value in cutput buffer to keyboard and start send =/
EEEEEEE R R LR EE L E L SRR R RS EEEEEE S EEEEEE S E LT =1c’)=$.i!ﬁk*:k*»:*ixrgac*s#*ﬁ::txj

o oz o sde s vin s s ok vt oo sl s 5B s ok s o sl ke ok ofoke o st bl ok sk ke sk e o ok e sk ke R Rk R R kol sl Al o ok e ke ok o ook ok s gk sk ok skl ok ok 5

unsigned char value; /% value %o send to keyboard */

{

unsigned intr flag; /1t to hold current CPU IF stste +/
intr_flag = int_off(); /% CPU interrupts off =/
rb_in(kko_rh, valuel; /% put value in ving buffer «/
if (tlast_send) kyb _send(0}: /% if keybomrd pot waiting for ACK «/
int_on{intr flag); §% allow interrupte sow =/

¥

s st sk s stk Sk s s o ok sk ok 8 s s B R ke SR Rk o e R Ao o o ok Sk of s ok ok o 5ok o ot ok ok o ok R 0% Ok ook o s ok ok kb /)

/% kyb_led{} -~ handle changes to LED state &/
ok ok ok e Rk o ok o S ok R o Rk ok R ke kR ok ke ok ek

kyb_led(]
1
ungigned chay state,

temporary state varviable

atate = kyb _state 2> 4; /% shift into position =/
state &= 0x07; /% only bits 2:0 are valid =/
wr_kyb(LED1:23) ; /% keyboard LED command to buffer =/
wr_kyb{atate); /% LED state to buffer =/

¥

;’fki#"F*?}i**‘5-‘;4*‘#3****I&*%lﬁ%‘.*ﬂ*ﬁ**%******o:(*—‘.i**.ﬁ**#*3?**’F""«-‘k***************ﬁ*****/

7+ kyb_send{} - send command to keyboard =/
st s S o bk Rk o s s ol ok o R e sk R ok o o ok e s R ke ok ook ok R Rk ok o

sk b ok b skl 5k ok st kR % ROk %

kyb_send(reaeund)

int resend,; /% re-send character if true =/
{
if{resend) outp{DATAREG, last_send}; /% ve-send command or data =/

else if{rb_cut{dko_vb, &last_send) char from outpnt buff +/
aubp{DATAREG, last_send); /% gend command or data */
else last_pend = 0, /+ no character to send +/

3
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Ftiead”

/*;:3::&\:2« ke g Sk ke ok o ok b ok i sk sk e o ok e sk sk o s sk dk o ok o ok sk b o b ok o 0 ok o o o -Q:swv:*a!f.ci:.-bé:*ﬁ**:**:l:’x:;*}.:?.»ksk:;{f
/% kyb_rest() - restore keyboard interrupts to system «f

okt ok

IESETTEES"

oo e s e kR Ak ok

ook K ok b o ok sk B ok R o8 R ok o o ook b b ok ok v ok o ok ok ok ok K

kyb _reat(}
{

iv_reat(0x09): /#* keyboard interrupt is int Ox09 #/
}
/%1%***&**x#ﬁ*ik$***?i****%*R***%!X*k#**%xx$*$*%***w********&é*%$x*$ﬁ**m/

/% get_key() - get character from keyboard input buffer =/
f**##%*ﬁ*r%*&%?i*#**x#t*xk**%*#*#*k#imk#&**#t#i*%#*#*%*&x***ﬁt**ét*##**if

int get_key(pc) /% get char from input buf +/
unsigned char *pc; /* where to put character */

{
return{rb_out (&ki_rb, pc)); /+ get char from input buff =/
}

s st ks ks oo kKR Sk ko o SRR o Kok o sk 8k kK R s ok ok ek ki
/= put_key() - put key sequence into keyboard input buffer =/

A s oo s R oK R S R o8 oK A oK R K 8 ok o o ko A KK R kK ok Rk ok
int put _key{(pa) /% put key meq into input buf =/
ungigned char *pc; /* where to get sequence */
{

if{pc[0] == Oxff k& pcll] == Oxfi) beep(): /* invalid key combe 7 =/

eise

{
rb_in{&ki_rb, *pc+t); /# write ASCII character */
return(rb_in(&li rb. *pecl); /+ write scan code ¥/

}
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/# keyboard azknowledge T =/

ased key for 4

i
switcn{released = kay & Ox7{} /* mave rel

i /% and <he
ol kev

caae ALT: I

b _stad
brealk;

O @CYrL




case INE-
kyb_state &= ~5_THS;
break;

default:
break;

¥

else switch{depressed = key & Ox7{}

{
cage CTRL:
wyb_state = §_{TRL;
brealk;

casge LEHF:

caze RBHF:
kyb_state
break);

case ALT:

Evb state (= S_ALT;

break;
cane (APS:
if{kvb_state & S_CAPS)

kyb_state &= ~S_CAPS;
else kybh_state |= §_CAPY;
wyb_led{};

breax;

case HUML:
if(kyb_state & S_NI
kyb_state &= ~5_NUM;
else kyb_ state |= 8§_NUM;
kyb_ied{l;

breal;

caze BCHL:
if{eyb_state & 8 _SCRL)
kyb_state &= ~S_SCRL;
elae kyb_state |~ 5 _SCRL;
kyb jed(l;

J# insert k
/# clear from atate bvie

y released ¥

/% po default

/* save depress key for demo

/* conmtrol
/% met

ey pressed 7
in state byte

key presged 7
in state byte

shift key pressed 7
in state byhe

alternate key pressed 7
/% aet in state b

/* caps lock key pressed 7
/% caps on 7

/% turn caps off
cotherwise, turn caps on

/# aumlock key pressed 7

A4 numiock on 7

/% turn pumleck off

/% otherwise, turn numlock on 7
/* adjust NumLock LED

/% secrllock xey pressed 7

/% serilock on 7

/* turn scrllock off

/+ othervise,

Keyboard-luterface Controller - Programming Example H-

adjust Lozk LED »f

w F

®4
*

& j‘

x/

turn scrlleck on */
/% adjust Scrileck LED %/



breal;

case ING: £
kyvb_state = S_INS;

break;

default:
if {kyk state &
{

/% teat

8

LALT)

if(kvb_state & §_CTRL)

1
if (key == DEL) svs_reset{);
else beep{); /s NOTE:

/e No ALT/

%
wlee if{kyb,ﬁtatﬁ & {S_LSHF | S _RSHF}) /=
{

beep(}; /= NOTE: Ne ALT/
¥
else put keyikkevboard[key] {T_ALTI},

}

elae ifl(kyb_state & S_CTRL) F*
{
[(kyb_state & (S_LEHF | S_RSHF)) i*

if
{

beep(}; /% NOTE: No CTRL/
3

else put_keyi&kevboard{keyll, T _CTRL]);
s
else if(kvb state & (5 _LSHF |

{

B

S_RSHF)}

;

if (kevboardlkeyl {T_A_N] & S_CAPS}

for combination keye

15

/

ingert key presssd 7 =/
/% set in state byte =/

“/
“/

alt key pressed 7

e

Y

ctrl key pressed

oy

[ )

CTRL table in demao.

RLAALT/DEL 7 +/
v/

IE

;

shift key pressed 7 #/

SHIFT table in demo #/

use alt tahle =/

ctrl key pressed 7 =/
shift key pressed 7 %/

SHIFT table in demo

};':'
/* use ctrl tahle */
shift key pressed 7 #/

* alphs character 7 %/

if{ikyb_state & 5_CAPS) /# caps lock in effect 7 =/
put_key{&keyboard{kev] [T_NORM]); /* use normal table 7 */
eige put_key(&keyhoardlkey} [T SHFTI), v upe ehift table +/

Keyboard-Interface Controller - Programming Exaniple




}

eise if (keyboard[key] [T_A_N] & S_KUM) /+ numeric character 7 wf

1{
if(kyb_state & §_NUM) /% numlock in effect 7 */
put,key(&keyboard{key]fTANORM]); /% use normal table */
else put_key(&keyboard{key] [T _SHFT]); /# use shift table */

3
else put_key{(kkevboard[key] [T _SHFT]); /% use shift table */

}

else 9uﬁwkeg{&keybnardfkﬁyl[THNURM}); /* use normal table */

breal;
b

e0i{0); /+ end of inverrupt te PIC +/
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S NS 5 s

e s ik vk sk ok e s ke sk ok v e R o e ke s ok ok e st ol o e s ok ok ok b ok o Rl ko ko ke sk e e

/% kyb_exm{) - keyboard example program

RS

A ok A ok sk

BEEEEE

;

/% opening menu */

{ 3. 24, "Keyboard Exanmple” },

4 B, 24, "Fi. Togple DISITAL extended mode on nr off" ¥,

{ 6, 24, "Fi. Set key click velume® },

{ 7. 24, “F3. Toggle auntorspead on or off? },

{ 8, 24, "F4. Set autorepeat delay and rate” }

{ @, 24, "F5. ow sard versicn and mede"

{ 10, 24, "F&. FHestore keyboard to defanlts® },

£ 11, 24, "F7. Show last depressed and last released keva® 3,
12, 24, "F14. Feburn to Maim menu® },

{0, 0. O},

char Yinei512]; /# to held inpus line =
int ext nmoade = 0 /% to hold extended mode toggle state */
int auto_wep = O /= te hold auto-repeat toggle state =/
/v te hold input
/# ta hold input
i /v to hold inpat #/
unsigned int intr_flag; /% to hold CPU IF atate ¥/

#define ROW 14 /% where to put impub lines =/

/% enaure autorepeai im on 7/
/% exit extended mode +/

/% led #4 on

J4 null line
[ forever until Fi0Q #/

/# display menu for keybeard examy
f# which functien key 7 %/

/= teggle extendsd mode »/
/¥ in extended mode 7%/

/% exit extended mede +/
/+ led #4 on =/
/% clear toggle =/
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elage /% pot din extended mode
{
wh (ENT_FXMY | /% enter sxtended mode
wr_kyb(LED4_OF}; /% led #4 off
axt _mode = 1; f¥ met toggle

¥
break:

cage F2: /% change keyclick volume
disp_stri80W, 0L,

“The xey click volume has a range of 0 to 6 in 4 incremente”) ;

digp_str(ROW + 1, 00T,
" = 0ff 2 = Low 4 = Medium 6 = High"}:
disp_str(ROW + 7, COL,

w

o ¢

"Enter key click velume (& - B):"}:
get_keys(ROW + 7, CO0L + 36, line}: /% get chioce
sacanf{line, "%d". &v); /% ascii to dint wf
ifly <0 1l v » 6y y = 4; /+ keep it in bounds */
wr _kyh{SETVOL}, /% write set volume command &/
wr_kyb(y): /* write wnlume data #/
break;
case F3: /= toggle auto-repeat 7 =/
it (auto _rep) /* aute-repeat off 7 #/
{
wr_kvbh{AREPON) ; /% sutorepeat on 7
auto_rep = 0} /% clear toggle */
}
else /# muto-repeat is on =/
is
wr_kyb(AREPOFF} ; /% autorepeat off */
auto_rep = 1. /¥ pet toggle */
¥
brealk;
case F4: /% set auto-repeat rate 7 =/
disp_str{ROW, COL,
"The autorepeat rate has a range of 2 te 30 in 32 increments’),
disp_atr(ROW = 1, COL,
"The suborspeat rate is calculated as follows:"):
disp_str(ROW + 2, COL,
"Rate = 1 7 (00417 » {27V x {X + 8}
disp_s=tr(ROW + 3, COL,
"The delay. beforz autorepeat begins, has a rangs of"};
diap_ str(ROW + 4, COL.
". 25 geconds to 1 second in 25 second increments™):
disp_str(ROW + B, CO0L.
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"The deiay, before autorepeat begins, is calculated as follows: "
disp str{ROW + 8, COL, “delay = (D + 1} % 2Bv};
disp str{ROW + 7, COL,

"Enter repest rate Y value {0 - )y
disp_str{RUW + &, COL,
"Enter repeat rate X value (0 - T):¥);

d13p str(ROW + 8, €OL,
g - delay value © (0 - 33:Y)

get_keva(ROW + 7, COL + 36, line); i+ get input */
sscanf (Tine, "%4", &y); /% apcil toe int #/
ifly <0 || v >3y =32 /#* keep in bounds #/
get_weys{RUW + #, COL + 36, line); /¥ get input =/
wscanf {line, "%d", &x); /% mscii te int ¥/
if{z <0 |l x> 3) = 2; /% keep in bounds */
get_xeya(RDY + 3, CaL + 3¢, line); /% getv input x/
ascanf {line, "%d", &d4): /% ascii to int #/
if(d < o || d = 2: i% keep bounds */
y <<= 3, /# ghift into correct positiom */
4 <<= §: /* ahift into correct positicn */

/% write set auto-repeat rate command */
/% write auto-repeat datas */

F&: /% resd keyboard D and state */
intr_flag = int_off{}; /* CPY 1nterrupts off */
pass thru(TRUE}: /4 interface controller in pass-through mode %/
wr_ked (XYBID) /% write keyboard ID command #*/
while ({ {znp{COMMANG)Y & OxCi}) Fe owait until daka available #/
v = inp{DATEREG); /% read version byte =/

while (! {inp (COMMAND} & 2x01)) /% wailt until data avaiiable #/
2 = inpiDATLREGY . /4 resd mode byte /
pass_thru(FALSE) /* interface centreller interprets +*/
int_on{inty flag); CFY interrupts on #/
if (= ’

2) /o QICTTA! extended mede 7 #/
gprintf{line,

on #%d iz ip DIGITAL extended mode %d", v, xJ):

2lse /* industry-standard mode x/
sprinti{lipe.
"Eeyboard version #%d is in industry-standard mode %d", v, x);
diesp_stz (ROW, COL, lined, /% display data +/
bBrealk;

/% reset keyboard to default values 7 %/
; /% write reset to default command #/
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cage F7:
line{o] = 0,

disp_str(ROW, O, "Press F7 again

while{linelO] '= O |} line[i]
{

sprintf{line, "Last depressed:

disp_str(ROW + 3, O, line):
gsprintf{line, “Last

chic dt(};

released:
disp_str{RO¥ + 3, 40, line},

/* show last pressed and last released keys 7 =/

/% nuil line ¥/
to cancel"):;
F7) /= FT terminates %/
%02x", depressed);

Y02x", released);

/* display date and time 7 */

if{get_wey(kline{0]}) /+ scan code =/
while{lget_key(&linel1])} /+ character code +/

v

}

brealk;

cage F1g:
yeturn,

linefo} = get fkey():

Keyboard-Interface Controller - Programming Example
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8250A UART Registers

Table 9-1 lists the 8250A UART registers and their registers at each port.

Table 9-1 8250A UAHT Register Addresses

Register Coml Medem Printer
{Com2j

Receive buffer {Read)/Transmit 03FaH 02F8H GUAGH

holding register (Write) or

Diviser latch (LSE; *

Inrerrapt enable (13FaH 02¥9H QUATH

or Divisor latch (MSB) *

Interrupt identification G3FAH 02FAH 0CAZH

Line control ®IFBH 02FBH 0CALH

Maodem control GAFRCH  02FCH 0CA4H

Line status G3FDH 02FDH 0CABH

Modem status 03FEH  02FEH  0CA6H

Bit 7 of the line control register controls access to the divisor latches.

The line control register is described later in this chapter,
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; Receive Buffer Register/Transmitter Holding Register
e (03F8H/02FSH/O0CAOH)
7 6 5 4 3 2 1 {

T 1 T ] ¥ ¥ T

DATA BITS

Bit  R/W Description

-3

R Reading this register accesses the receive buffer.
W Writing thia register accesses the transmitter holding register.

Bit 0 {the least significant bit) is the first bit transmitted or
received.

When the line control register is programmed for word lengths of
less than & bits, the unused bits are read as zeros.

When bit 7 of the line control register is set to 1, reading or writ-
ing this register accesses the least significant bvte of the divisor
e lateh,
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interrupt Enable Register ((3F3H/02F JHA)QAiH;
6 5 4 3

o

#
£

O

HODEE
; STATUS
i ‘ IHTRPT

¢ THEE
INTHRPT

=
=

RLFEIv'i.;%

PR £ - Tranamit Hi
Exaasmz* imidmg r

@ cause an

e
18

Ty ;sp{l *h funesion or fu

1r:at fan

r

5

5 only orw interrupt cutput ame. yr}ﬁ must read
} i 1




register {s described later in this chaprer.

To uze the 8260A UART in an interrupt-driven environment you
miust program the peripheral interrapt controller. For more in-
tormation on the peripheral interropt controller. see Chapter 3.
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Interrupt Identification Register (03FAH/02FAH/0CAZH)
7 6 5 4 3 2 1 0

S — - f _—

i
i INTERRUPT INTRPT
IDENTIFICATION | PENDING
0 Q 0 0 S s

G

Bit  R/W Description

3 R Always 0
2-1 R INTERRUPT IDENTIFICATION

These twn bits identify the highest priority interrupt pending.
Table 9-% defines the meaning of the interrupt identification bits.

¢ R INTRPT PENDING - Intervupt Pending
3 =  One or more interrupts pending
t = No interrupts pending

Table 9-2  Interrupt Identification

Priority Interrupt interrupi Interrupt Interrupt
Level iD Bits Enuable Condition Reset
21 Register
Bit
Highest i1 Receiver line Ovwverrut, parity  Reading the ling
status error, framing  status register
srror, ar break
interrupt
Second 10 Receive data Aqxemhimg Reading the re-

ceive huffer
in the receive register

avallshle

buffer
Third 01 Transmit hold-  Transmit hold- ibing the
ing register ing register smit holding
Lmpty ety register

Fourth a0 Modem status ‘(‘bfmg’n in state
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Line Control Register (0(3FBH/02FBH/0CA3H)
7 6 5 4 3 2 1 0

Fisinens?

DLAB |BREAK |[STICK |PARITY |PARITY |STOP WORD LENGTH
CONTROL{ PARITY |SELECT |ENABLE |BITS

SIS N U R - ek

Bit R/W Descripiion

7 R/W DLAB - Divisor latch access bhit
= Access to the divisor latch is disabled
L = Access to the divisor latch is enabled

When aceess to the divisor latch is enabled. the least significant
byte of the divisor latch is read or written through the receive
buffer/transmit holding register, and the most significant byte of
the divisor latch is read or written through the interrupt enable
register.

The divisor latch is described later in this chapter.
G RW BREAK CONTROL

= Break disabled
1 = A space {logic 0} state forced on the serial output

] R/W  STICK PARITY
0 = Stick parity disabled
1 = If parity is enabled (bit 3 equals 1), stick parity is enabled
When stick parity is enabled. the parity bit is transmitted and
received in the following manner:
+ If bit 4 equals 1, the parity hit is always transmitted and
received as a 0.
+ 11 bit 4 equals 0, the parity hit is always transmitted and
received as a 1.
R/IW PARITY SELECT
0 =  Even parity {except for stick parity as described in bit 5
1 = Odd parity texcept for stick parity as described in bit 5)

o
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Bit  R/MW  Description (Line Control R(‘ght(’l‘ cont.}
3 R/W PARITY ENABLE
O = Parity disahled
L = Parity enabled
2 R/W bIO}‘ BITS
( i stop bin
1= 1-1/2 stop bits (G-hit word length]
2 stop hits (6, 7, or 8-hit word length!
This bit sets the number of stop bits only for transmitted
characters, The receiver uses only the first stop bit detected.
-0 R/W "M')R’U LENGTH
5 data hlis
G data
7 data bits
8 data bits
When reading the rveceive buffer. unused bits are read as 0.
G- Serial Communications - Hardware Description



Modem Control Register (03FCH/02FCH/O0CA4H)

7 6 5 4 3 2 1 0
{ 1 i ' [
| i | voor | ourz | our1 | RrTs | DR
o | o | o
| IS SECUIOIUTIOR S S SRUUEIN VTN S

Bit  R/W Desecription

76 R/W O Alwavs 0
4 R/W  LOOP

0 = IMagnostic loopback disabled
1 = DHagnostic loopback enabled (see the discussion that follows:

RIW OUT2
0 = fhe buffer between the 8250A UART interrupt output and
the peripheral interrupt controller input is disabled.
1 == The buffer between the 8250A UART interrupt output and
the peripheral interrupt controller input is enabled.

)

Each 8260A UART has a buffer between the interrupt output line
and the peripheral interrupt controller input. This buffer is con-
trodled by bit 3. Enabling the buffer enables the 8260A UART in-
terrupt output line.

To use the 8250A UART in an interrupt-driven environment wou
must program the peripheral interrupt controller. For more infor-
mation on the peripheral interrupt controller, see Chapter 3,

r

B/W  OUTL {not connected to anything)

1 R/W RTS - Request to send
0 = RTS is a logic 0 at the external connector
1= RTS is alogic 1 at the external connector
G B/W DTR - Data terminal ready
0= DTH is a logic 00 at the external connector
1= DTRis a lu;xw at the external connector

NOTE
See the section “"Modem Control Programming Exceptions” in
this chapter.
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Diagnostic Loopback

When

When

the diagnostic loopback is enabled, the following conditions exist:

The serial cutput at the external connector is set te a space {logic 0
state,

The serial input is iiternally disconnected.

The output of the transmit shift register Is internaily connected to the
input of the receive shift register

The four moedem inputs (DSH, CTS, BRI, and RLSD} are internally
disconnected. The four modem outputs {(IYI'R, BTS, OUTL, and OUT2)
are connected to the four modem mputs as foliows:

- The DTR output is connected to DSE input

- The RTS ocutput is connected to the CTS input

- The OUTI o is connected to the RI input

- The OUT2 output is connected to the RLSD input

the diagnostic loopback is enabled, the receive and transmif interrupts

cantinue to function normally, The modem contral and the line status inter-
rupts are also functional, but the source of the iuterrupt is changed as follows

&

G- 16

The line status interrupt is activated by writing an appropriate value to
one of the line status register bits 5-0. A set it creates the interrupt
condition.

The medem status interrupt is activated by writing an appropriate value
to one of the modem status register bits 3-0. A set bit creates the inter-
rupt cond i

Rerial Communications - Hardware Deseription



Line Status Register ((3FDH/O2FDH/OCAbHH)

& 5 4 3 2 1 0

XMIT AMIT BREAK FRAMING | PARITY |OVERRUN{RECEIVE
SHIFT HOLDING | INTRPT |ERROR |ERROR ERROR  |DATA
REG REG READY
EMPTY EMPTY

Bit

R/W

Description

-3

T

R
2

R

R/W

R/iW

Always 0

XMIT SHIFT REG EMPTY - Transmit Shift Register Empty
0 = Transmit shift register contains data being transmitted
1 = Transmit shitt register is empty

This hit is cleared by writing data to the transmit holding register.

XMIT HOLDING REG EMPTY - Transmit Holding Register

Empty

0 = Transmit holding register is full.

1 = The 82560A UART is ready to accept a character for
transmission. If the transmit holding register interrupt
enable bit (interrupt enable register} is set, this condition
creates an interrupt.

This bit is cleared by writing data to the transmit holding register.

BREAK INTRPT - Break Interrupt

0 == Hreak interrupt is not active

1 = The serial input line at the connector has heen held in a
mark (logic 1} state tor longer than a full character
transmission, including start and stop bits.

This bit is cleared by reading this register or writing the hit.

FRAMING ERROR

0 = No framing error

1 = The received character did not have a stop bit.

This bit is cleared by reading this register or writing the bit.
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Modem Status Register (03FEH/02FEH/0CAGH)

7 &

4 3

b

s

1

DSR CTS DELTA

TRATL

i H
H
EDGE OF| DELTA i DELTA ,

i RLSD RI DSE CTS
SUUURSTR S, - b S— - _.«%
Bit  R/W Description
7 34 S0 - Received line signal detect
RLSTY at external connector is a logic 0
RLSIY at external connector is a logie 1
G 114 RI - Ring indica
= RI at the nal connector is a logic (}
RI at the external connector is a 1€', !
H 4 DISH - Data set ready
0 = DSR at the external connector is a logic 0
o= DER at the external connector is a logic
4 R ( "i‘ to send
g - e external connector is a logic O
1 o= af the external connector is a logic i

3 38 DELTA RLSD - Delta Beceiv
O o= RLSIY has not changed
i = Since the last

[+ ol state,
Reading this register clears the bit,

TRAIL BEDGE OF BRI -

£

time ﬂ\i‘ I‘L?"gf(“l‘ was rea

ime this register was vead, the ring indi

£ !.im: Signal Detect

the RLSID hit has

Trailing dge Of Ring Indicator

from a logic 0 to 2

0 = The ring indicator has not changed state
Io= ‘Sinm‘ he k

1t the external connecfor changed
He;;:ﬁing this register clears the bit

Serial Communications - Hardware Description
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Bit  R/W  Description (Modem Status Register - cont.}

e

t any of bits 3-0
upt is generated,

*~

i R L}e]ta Dﬁﬁ - Delta ﬂatﬂ Set h&dd@
G = DS bhas noc changed state. Reading the vegister clears the
bit.
I = Sipce the last time this register was read, the DSR signa
has changed state,
Heading this regisier olears the bit.
R Drelta OTS - Delte Cle
{4 =  CT5 has not changed state.
1= Since the last time this register was read, the T8 signal
has changed state,
Heading this register clears the bit.
Status register are set, 2 modern status inter-
Bits 7-4 are the complement of the signal levels at the chip input pins.
¢ Aver buffer inverts these sign so the bits reflect

Howewver, the RS
the true state of the !mcs at the external connector,
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Divisor Latches
7 6 5 4 3 2 1 ]
T B ¥ T e e N "}

DIVISOR LATCH
LEAST SIGNIFICANT BYTE ’

ST SN WS S N U SNUS SUS——

15 14 13 12 11 10 9 8
e Y 1 T ¥ T g ]
DIVISOR LATCH ;
MOST SIGNIFICANT BYTE
S SRR SRV — L S | S wg

When bit 7 of the line control register (Divisor latch access bitl is equal to 1,
the least significant byte of the divisor latch is read or written through the
receive buffer/transmit holding register, and the most significant byte of the
divisor latch is read or written through the interrupt enable register,

These two, 8-bit latches store a 16-bit divisor in the range 1 to 65,335, The
output frequency of the haud rate generator is 1.8432 Mhz divided by the 18-
bit divisor. These divisors must be loaded during initialization. The desired
output frequency is 16 times the desired baud rate. Table 9-3 lists the divisor
used for the standard baud rates. Table 9-3 was calculated using the following
formula:

divisor = {1843200 [ 18) [ desired baud rate
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Table 9-3

Baud Ra

ps

Baud Raie Table

pal
<

]
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Modem Control Programming Exceptions

Speed Select and Speed Indicator control signals are not controlled by the

8250A UART. Instead, these signals are controlled by writing to a sperial pur-
pose register.

The special purpose register is located at /O address DCS0H.
NOTE
When changing the Speed Select or Split Baud Rate, maintain
the integrity of the other bits in this register. Split baud rates
are achieved by switching the cutput (RCLK H) between two

sources, BD OUT CLEK (baud out of the 8250A UART) and =
1200 baud counter.

Serial Communications - Hardware Description - 17
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Special Purpose Register (0C80H})
7 6 5 4 3 2 1 O

S ———

o e SO ——

WRITE
PROTECT

TRACK O E INDEX SPEED |DISABLE|SPLIT DISABLE | SPEED
E | VEIDEG BAUD COMM SELECT

i

| O ————

i
H i
{. I —

S U ——

Bit R/W Description
7 R Write provect
& = Selected diskette drive is not wrile protected
1 = Selected diskette drive is write protected
£ R Track ¢
i Head of selected diskette dr
Head of selacted diskette dri

ive is not at track 0
ive ig at track 0

R Speed [ndicator
0 = Maodem control speed select asserted
I = Mauodem conrrol spesd t not asserted

e

Wy
&
el

o

DHgahle Video
1} == V;:i'is;i") L 4
1 = Video control

1 RIW  isable

£
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Communications Connector Signals

The communications connector, a 25-pin, male, D-subminjature, is located on
the rear hezel of the VAXmate workstation. This connector is functionally
compatible with RS-232-C and electrically compatible with R8-423, configured
as DTE tData Terminal Equipment). Table ¢4 lists the signals supported by
this connector.

Table 9-4  Communications Connector Signals

Pin Signal Name

Protective ground
Transmitted Data
Received Data

Reguest to Send

Clear to Send

Data Set Heady

Signal ground

Receive Line Signal Detect

o

P
o

e ot sk b e S0 CHY mad TS ST e TAY D3

1 Not used
2 Speed Indicator
3 -
4 -
B -
4 -
18 —
1@ —
20 Data Terminal Ready
21 —
22 Ring Indicator
23 Speed Select
24 -
a7 e
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Printer Connector Signals
The printer connector is a 6-pin MMJ. female. modified modular connector
located on the rear bezel of the VAXmate workstation, Table -5 lists the sig-
nals this conanector supports.

Table 9-%  Printer Connestor Signals

Fin Signal Name

i Diate Terminal Ready
2 Transmit Data
3 Transmit Common {Signal ground)

4 Raceive Com ol

] ive I3
i Data Set Hea

.
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Modem Connector Signals

The modem connectors are modular TELCO {telephone line) compatible connec-

tors lovated on the optional modem board. protruding through the rear panel of

the VAXmate workstation. The connectors use an 8-pin, keyed modular housing

for an RC1L1C jack {or CAL] jack in Canadal. Table 8-6 lists the signals for a
maderm connector. Table 9-7 lists the signals for a handset connector.

Table 36 Madem Telephone Line Connpector Signals

Pin N, Signal Name  Meaning

i 'y 1 No connection

2 NO connecti

3 ot used

4 TELCO signal source
TELCO =ignal recurn
a Not used

7 No connention

8 No connection

Table 87 Handset Connector Signals

Fin No, Signal Name  Meaning
1 N.C

N.CL

M
4 RING et m(} signal return
4 TP TELCO signa al sowrce
i Mi Not s

No connention
No connection
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Programming Example

The examples in this chapter demonstrate:

- Initializing an 82508 UARTA serial rommunicatinns devire
» Handling inverrapt-driven sevial 170
. Handling hardware and software handshaking protocols

CAUTION

Improper programming ov improper operation of this device can
vause the VAXmate workstation tu maifunection, The scope of
the programming example is limited to the context provided in
this manual. Mo ather use is intended.

The example provides routines as described in the following list:

device_init

device open

device ink
device close

put buf

puts_buf

get buf
it
int caml

int_modm

int_prnt

g- 22

Establishes a known state for a serial port

Activates the serial port and interrupts

Handles character transmissions

Activates interrupt-driven serial transmissions
Coordinates all of the device interrupts

Deactivates the serial port and interrupts

Puts a character inte a ving buffer from the application

Puts a string of characters into a ring bufler from ths
application

Gets a character from a ving buffer for the application

The sertal exam

An interrupt vector entry point for the coml serial port
interrupt handier

Apn interrupt vector entry point for the medem serial port

interrupt handler

An interrupt vector entrv point for the serial printer port
interrupt haodler

Yerial Conupunications - Programming Example
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Program Description

Constant Value

Description

P ENARB through WORDS
RDEDY through BREAK

ENA MO through
ENA THE

DTR through LOQOP
RLSD through CTS
HHS through DEV_OFF

CLKE RATE

NGO _PAR through S BIT2

Define the line control register bit values.
Define the line status register bit values.

Define the interrupt enable register bit values,

Define the modem contrel register bit values.
Detine the modem status register bit values.

Define the bit values used to maintain the driver
status, The driver status is part of the structure
type DEV _DAT,

Is divided bv the desired baud rate to give the
value for the baud rate divisor registers.

Clarify the logic of the function, device_init.
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sy

T e e TR " i L R T e .

Filncinde
#inciude
#Finclude

s ke o o o R ok b ok ke /)

/% defins line cvontrol register bit values #/

#define P Ox08
ine
#define
Edeiine
gdefine
#define
#detine
#define

/% enssle stick parity */
[/ * size #/
e size */
S size */
/o size %/

o
=
4

L

iy

fo2)

P

#define
#define
H#define
#define

/% veceived ds%
ding ¥
ity
/= received by

F# tranemit hod

/% wverrun,

wdefine
#deline
#define

B —




/# define modem control register bit values */

#define
#define
#define
f#idefine

DTR 0x01
RTS Q22
outz 0x08
Loop 0210

/% data terminal readyv */
i+ regquest to send #/

/¥ out 2 interrupt ctrl =/
/% loopback mode */

/% define modem status register bit values */

#define
#define
#define
#define

RLSD 0x80
R x40
DER 0x20
CT8 0x10

/* define driver status bit values */

#define
#define
#define
#define
#define
#define

HHS 0x80
F_XOFF  Oxd0
F_XON 0x20

DEV_CLS Oxi0
SWALT 0x04
DEV_OFF 0x01

/% define some general constants #/

#define
#define
#define

/% program

#defins
#define
#define
#define
#define
#define

/4 recy line signal detect =/
/% ring indicator #/
/% data set ready */
/% clear to send */

/% use hardware handshake
/% x-off pending flag #/

/% x-on pending flag =/

/# device close request
sending stopped */
i* driver off line #/

CLE_RATE 115200L /% 1843200 / 16 = 116200 +/
X_DF¥ 0213 /% xeaft (DC3) character */
X_ON 011 /% z-om (DC1) character =/
constante used to initialize the line control register */

NO_PAR © /% no pariby #;
EV_PAR 1 /% even parity =/
ap_PAR 2 i% odd parity =/
SC_PAE 3 /% stick parity clear #

S5_PAR 4 /x stick parity set «/
S_BITZ2 0Oxz04 /¥ 2 stop biks */

Serial Communications
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The structure type SERIAL declares the relationship of the 8260A UART reg-
isters in I/O sparve. The registers accessed by the members rtbl and iebh
depends on the following:

. If bit 7 of the line control register is set. rthl accesses the low byte
of the baud rate divisor and iebh accesses the high bvte of the baud
rate divisor.

. If bit 7 of the line control register is clear, ribl accesses the receive
register when reading and the transmit register when writing. and
iebh accesses interrupt enable register,

The structure type DEV DAT stores the characteristics of the individual de-
vices, the current status, and the pointers to the buffers.

s o ook R tkook sk ok kokok R

/* define structures used in example serial driver *

_f:k:é EEE R R EE AL T :mwﬁ‘!s'%ﬁ****9«"&*ss:ﬂ:%'—kvk?zew:k#sa:%***i::%#:%)’»i:skéf****#é‘*****x*******Fi*"x*'f

typedef struct

{
ungigned char rthl; /% receive/tranemit/baud low */
unaigaed char jebh; /% int enable reg/buud high +/
unsigned char int_ ident; /= int identification reg */
ungigned char line_ctrl; /% line control regimter */
ungigned char modem ctrl; /= modem sontyol regiaster i
ungigned char lipe_stat; /% line status register #/

ungigned char modem_stat;
} SERIAL:

modem status register */

typedef struct dev _dat

i
SERIAL ihase /v bhase i/o addrese of device */
unsigned int pic; /% PIC number it belongs to */
ungigned int  ir_bit; F# IR bit in PID #/

unsigned int baud; /% deagired baud rate */

ungigned int  word siz; /v desired wvord size #/
unsigned int parity; /% even, odd, none, aticlk */
unsigned int stop_biis; L T B U S~ I
ungigned int veq dsr: 7+ DER reguired flag #f
RING_BUFF sprii; /# ptr te input ring buff */
RING _BUFF sprbo; /% ptr to wutput ring buff */
unsigoned char stat_drv; /% state of driver +/

¥ DEV_DAT;

void int _on{};
int  int_off();
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The function device init establishes a known state for the 8250A UARTA
serial device. Two items of interest are stick parity and stop bits. If stick
parity is selected, the parity bit is set to the opposite state of the even/odd
parity bit. If more than one stop bit is selerted, the number of stop bits
depends on the word size. If the word size is five data bits, there are 1 1/2 stop
hits. All other word sizes generate 2 stop bits. These characteristics are a fune-
tion of the device, not the code.

s e e s ok s a sk ook ok ok ke i oMok o o koo ok s ok e o sk sl s i ok ok oF o ke sl ok o ok ook R ok o sk

device_init() - establish a known state for a serial port
< e s S o o ok s o vie s s sk o ok ok sk o o ok ok sl T ek s ok ok R ***gi

fkm%#&#ﬁn%«%km*&mi*é%k***f*&%H*?kﬂ*

void device_ init{pdd} /% dnitialize serial port #/
register DEV_DAT *pdd; /* pointer to device data =/
{
unsigned int tbaud: /% temp to hold results =/
ungigned char tpar; /% temp to collect results »/
register SERIAL «ps; /+ painter to SERIAL struct #/

tbaud = CLK_RATE / pdd->baud; /% calculate baud rate divisor */

switch(pdd->parity)

{

case HO_PAR: /* no parity */

tpar = HO_PAR;
break;

case EV_PAR: /% even parity ¥/
tpar = P_ENAB | P_EVEN,
break;

case ND_PAR: /* odd parity =/
tpar = P_ENAB | P_0DD;
brealk;

case SC_PAR: /% stick, parity bit clear =/
tpar = P_ENAB | P_STIK | P_EVEN,
breal;

case 8S_PAR: /* atick, parity bit smet %/
tpar = P_ENAB ! P_STIK { p_ODD;
break;
}
switch{pdd->word_siz) /+ desired word size 7 =/
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case §:
tpay | = WORDS;
break;

! = YORDY

case O
tpar |= WORDS;

bresk;

case 5

tpar |= WORDS;

breai;
if (pdd->stop bits} ipar |= §_BIT2;
ps = pdd->base;
outp (gps->iebh, 0);:
outp{kpa->roden ctrl, LUDP},
outp{&ps->line_ctrl, 0x80);
outp(&ps->ribl, tbaud);
outp{&ps->iebh, thaud >> 8},
outp{&pa->Iine_ctri, tparj;
pdd->stat_drv DEY_OFF;

/= B deta bite 7 =/

fo T data bits T o/

-,
#*

& data bits +/

data bits 7 #/

.
¥
n

/* set stop bits =/

/% get sghorter pointer +/
/* interrupts off +/

/# put in loopback mode =/

/* access baud rate divisor =/
/+ baud rate divimer lo byie
/* baud rate divissr hi bhyte
/# bits per char, parity

S5 tranemit int off

Serial Communications - Programming Exampls




The function device open prepares the driver to handle interrupts and the
device to receive characters. Because the modem interrupt has the lowest prior-
ity. it is enabled only for hardware handshaking. In that instance, it notifies

the driver to restarys character transmissions,

Setting the modem control register bit QUTZ connects the 8250A UARTA in-
terrupt output to the 8259A interrupt input. This bit must be set to operate a
serial device in an interrupt-driven environment,

b ok ok o KR R ko R ok B o ol e ok R R SRk s R sk AR ke b ok stk o

Y

S e kg ok e s ok s
/# device_open() - activate serial port and interrupts

FETTEE T LT R T, s ok B ok b e Rk b sk o R e ok e o Ak sk b e B
void device open(pdd) /% open a device #/
register DEV_DAT spdd; /* pointer to device data #/
¢
register SERTAL *pu: /* pointer to SERIAL struct =/
s ps = pdd->base; /+ get shorter pointer =7
inp{kpa->rtbl); /% empty receive data buffer
inp{&ps->line_stat): /% clear status flags
if(pdd->stat drv & HHS) /% if hardware handshake #/
{
if{{inp{&ps->modem_stat) & (DSR | CTS)) == (DSR | CTS))
pdd-rstat_drv &= “SWAIT; /% mark as ok &/
else pdd-»stat_drv {= BUAIT: /= mark as not ok */
outp(&pa->iebh, EHNA_RFC | ENA_MOD); /% receive, line & modem
¥
aise ouitp{&ps->iebh. ENA REQ}; /% just receive and line &/
pdd->gtat_drv &= ~DEV_OFF, /+ driver state = online
imask (pdd->pic, pdd->ir_ bit. ON); J* elr the interrupt mask #/
outp{&ps->modem_ctrl. DTRIRTS|OUT2) . /% met modem control bits =/
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The function ser_ous provides a single location for maintaining or restarting
interrupt-driven transmissions. It also provides a method for software hand-
shake characters to preempt normal data transmissions. To prevent continuous

interrupts, when the cutpuat

EEEREEEEES X

ok 5 s ke e

ser_gut {pdd}

register DEV_DAT #pdd;

register SERIAL *ps;
char ¢;
int flag;

void device clese(]):

pa = pdd-sbase;

if (inp{&pa->line_stat) & Ox20 &&
{inpléps->modem_stat) & DSR ||
tpdd->req dar)}

e

fpdd->gtat _drv & ¥ _XOFF)

ROFF:

o

else if{pdd->stat_drv & F_XON)

4

pdd->stat_drv &= F_XON;

else if{!{pdd->stat_drv & SHAIT))

f = rb_eut{pdd->pruo, &)
if{flag > -1) flag = I;

-»atat drv & DEV _CLS)

fer is emaply, ¢

o ot 9 o o ok e o ofs o o ok ok o v ok o ok N ok ok R R ok ok

he transmit intervapt is disabled,

s Rk o e ke ke ok e kR b et ok

tranamit interrupt startup and maintenance wf
; sk ok ok B ok kR B R R Rk bk kKR R R sk bk

/# pointer to device data %/

/% pointer to SERIAL struct */
/% character to hramsmibt »/

/* get phorter pointer */

/% if terminal ready #/
/% or dar not requirved */

/% pending z-off Tequest 7 %/
/= clear pending flag */

f# send z-off */

/# pending x-on request ? *x/
/% clear pending flag */

f+ gend z-om ¥/

% terminal ready +/

% reguest character to send %/
/* character to send 7 %/
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{

device_close(pdd);

return;
¥
}
3
eclge flag = O
¥
elge flag = O
if(flag}
{
/% enable transmit int =/
outp{kps->iebh, inp(&ps->iebh) | ENA_THE};
ontpléps->rthl, <)) /% putput character =/
}
else /= disable transmit int ¥/

outp{&ps->iebh, inp{kps->iebh) & "ENA_THE);
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vion srestars tests

void restert{pdd; ser v/
register DEV_DAT spdd; /% pointer to device data +/
{
e 57
THE) ) /% need to restart 7 &/
/% CPU interrupts off =/
estart #/
/% allow interrupts +*/
K
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The functions coml int, modem_int, and printer_int arve interrupt b s for
the wrxa' devices, These interrupt handlers call a common interrupt ‘mfsfﬁie .

EE ST T T

Je comi _int{} - xnterrupﬁ handler for ceml serial devirce

e o s o o o ol ok ke s ok ok S s o e ok ek sk ok ode sk 4 ok ok e 3k o ok o

“V,RRT d
- §

call common interrupt handler &/

< e e o e 38 sk ok sk s sk sk ol ok o ol ok sk e R s ofe ok R ok ok ok e

dem serial device s/
ok SR AR SRR Rk

modem_ int{) - interrupt handler
EEE TR RS R T

EE RS EEE R

v owf

commni: interrapt hand

EEEE S

e s ok ok o ek 0o o e e ok ok S

for printer serial device x/

Sk e R R K e sk ke o R R R RN Sk k k

{kdevdat

mmen: interrupt handler =/
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The function device intis the major function within the device driver. It
coordinates interrupt processing, handshake protocol, and peripheral intervupt
controllers. For any given serial device, this tunction processes all pending in-
terrupts during a single CPU interrupt. This reduces the CPU interrupt proc-
essing overhead.

Device communication errors are nated by placing a question mark in the input
stream.

The switch values are tested against the contents of the interrupt identification
register.

ok otk A Rk R ARk e 3 b R kb o S e Tl oK ek R OK e ke SRR
/= device_int{} - interrupt handler for seriasl device */

o v ok ok ok sk ok o T ok S o ol o ok sk ok Ok R Ok R on kR Sk ok ok sk ko

J A ok ok R ok kR ok

void device_int(pdd) /#* interrupt handler #/
register DEV_DAT *pdd; /* pointer to device data 3/

{

register SERIAL =ps; /* pointer to SERIAL struct =/
unsigned char r_val; f* register value read =/

ps = pdd->base: /¥ get shorter pointer x/
while {{{(r_val = inp(&ps->int_jdens)) & 1}} /% while int pend +/
awitch{r_vall /o discover which interrupt =/
i
case 6: /* recelive error int
inp(&ps->1lins stat); /% clear error
if{inp (&ps->modem_stat) & DSR || /# 1f terminal ready
fpdd->reg_dar) /% or dar net required /
{
rb_in(pdd-»prbi, *77); /% show error */
}
break
casg 4: /¥ receive data ready int +/
r_val = inp(&ps->rtbl}; /# read character
if {inp{&pas->moden_stat) & DSR || /# if terminal ready
tpdd->req_dsr) % or dsr net required =/
{
if{({pdd->stat_drv & HHS) == Q) /# software handshake 7 */
p

awitch{r_val & Ox7§)
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case X_OFF: /% x-off character 7 #/
pdd->atat_drv = SWALT;
breal;

case X_0ON:

pdd-»stat_drv &= TSWAIT: /# x-on character 7 #*/
restart {(pdd},
hreal;
default:
if (rb_in(pdd->prbi, r_val) < 1} /% save character =/
{ /# if buffer near full +/
pdd->stat _drv |= F_XOFF; /% stop input =/
restart (pdd) ; /* restart if needed #/
¥
break;
}
3
else if(rb_in(pdd->prbi, r_val) < 1) /% save character */
outp(&pa->modem_ctrl, DTR | OUT2}; /% ne input pleass #/
}
break:
case 2: /% xmit hold reg empty int #/
ser_out{pdd); % transmit character =/
break;
case 0 /= modem status int */
if{pdd->stat_drv & HHS} /#* hardware handshake 7 */
if ((inp(&ps-»modem_stat) & (DSR | CTS8)) == (DSR | CT8))
{
if {pdd->astat_drv & SWALT) /% gend atopped 7 7
{
pdd-ratat_drv &= TSWALT: /* mark as ok */
restart(pdd);
¥
3
else pdd->stat _drv [= SHAIT; /* mark as not ok */
break;

}
¥
eoi(pdd->pic};
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interrupts related to the ¢
1 oan off-line gtate

ice indicated.,

/* pointer to device data #/

w

sbh, 0},




The function prr buf loops until it has stored the indicated character in an
output bufter. After storing the character, it ensures that the transmit inter-
rupt is enabled. The companion function puts buf processes a null terminated
string by calling put_buf at each character in the string. The null terminator is
not processed. ’

,!"r'k*z*‘: < sk sk o ok A o ok A v ok o e sk ok 3 e ok o ok ok ok o K o sk sk o

Aot osb ok ok ok gk ok

ok ok sk & ke ok

e 1 ok e e o o o

/% put_buf() - put character in output buffer

g%%*#ki*i2w*$#&$£&x*$%**x«%*kﬂ*ii**iiP*kkﬁ*kﬁ%*ﬁé%**ék*ﬁwk$&$**&k*m&***?;
veid put_bof{pdd, <) /% put char in output buf =/
register DEV _DAT =pdd; /% pointer to device data

char < /+ char to put in buffer =/

{

int flag; /% temporary +/
int r_val;

for{flag = -1; flag < ;) /% wait until success #/
{
flag = rb_in(pdd->prbe, c}; /¥ attempt to storxe #/
restart (pdd) ;
3
]
}
f***&yx*ﬁﬁ***xmiﬁxm,ux**%x*%**?m*»*w*a&***#xRX#*#**$tw*%*x%?&&*x*' %*w*f
/% puta_buf() - put string im to output buffex +
f"!**ﬂ"!’4**«*’7**-’4@*4‘*****'&*?‘,‘***ﬂ’?*i**%**************‘?"ﬂﬁ'**?’kﬁ(***%*m****%*******_f
vold puts_bufpdd, pcl /¢ string inte output buf ¢/
register DEV_DAT =#pdd; /% pointer to device data »/
char #pc; /# pointer to string %/

{

int flag;

while (#pc) ' /# while string not dene */
put_buf(pdd, ¢pc++); /+ do another character =/

ot
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The function ger buf attempts to retrieve a character from the input bufter. If
no characters are available, it returns a -1 value. It 2lse handles the input
handshake protocol.

f&**?***?*$%¥$**: e s ok ko s s ok ok ok ok b ok ok SR sk ok sk sk ok ok s o b ol o b ook sk ok

[EE T E Ty

/v get _buf() - get character from input buffer t/
f?k*%?***#**$ﬂ*i':*k*?*hk$$+k%*i%%%%%**&k*%d**u$**$%%**¢&***L**%%*#: &}

int get_buf (pdd) /#% get char from ipput buf =/

regiater DEV_DAT +pdd; /% pointer to device data </

char ¢; /% temp to hold character */
int flag;

flag = rb_out(pdd-»prbi, &), /% get char from input baff =/
if{flag < C) return(flag): /% no characters available %/
if (flag == 0) /% room to restart flaw 7 */
{ /* and receive stopped #/
if{t{pdd->stat_drv & HHS}} : acftware handshake ? %/
{
pdd->stat_drv {= F _XOH; /% set x-on flag =/
restart {pdd};

Y

r
sise outpl&pdd->hase~>modem_ctrl, DIR{RTSIOUTZ),
}
flag = =,
returniflag & Oxzff); /% return character =/

/3&%***$%ﬁ&k*#*xym%W#**w***ﬁ#x*****X‘k*xké***%h**i**#*%MN&*#***&%%***%*M/

/~ reserve storage for variables used iu example serial driver #/
£ ok sk s ok s ok o ok ok i ok ok ok ol s s o she s sk b ot e sk R sk ol s ke sk o o o ok ke ok s ok R S Sk o ok o ok ok ok ok $*1$**$t%*$*/
sdefine RUF_81Z 100 /v size of buffers =/
#define HIWATER 75 /% butfer near full value =/
#define LOWATER 25 /% buffer near empity value +/

fidefine COM1 (SERIAL #)0x03f8 /* base address of coml +/
#define MODEM (SERTAL =10x02f8 /#* bage address of modem %/
#define PRINTER (SERIAL #)0x0CAQ /* base address of printer #/

RING_BUFF rbhisl: /% ring buff cirl structs +/
char buff[31{2]18ur_s512] /% ring buffers ~/
613

/

DEV_DAT de /# device data tablesg =/
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comML, 0, 4, 9600, 8, NO_PAR, O, 1, &rbf0], &rbli}, © ¥,
HMODEM, 0, 3, 1200, 8, NO_PAR, 0, 1, &rb{2], &rb {31, ¢},
PRINTER, 1, 3, 4800, 8, NO_PAR, 0, 0, &rbl4], &rbisl, o},

e
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The function so drives the examples by iransmit,cing or receiving serial data. It
initializes the devices and data structures, executes the example and then
closes the device

f'»{m%:k-‘ ke ok d ok ok ok sk ok ok ok s ok ok sl sk ok ok ok o ok ok o b ok ok ok ok ok s skl sk ok o ok e e sk kR ook ok o ol o ok g e s ok o R o ke qt*g,\e,;;k*-grf
/* 8o} - example application that uses serial driver “/

EE TS BRI e Ty

S sie sk o ok ok e ok sk o ok ool e o oo sl ok o s ok ol s ok ol ke 3 o o o' ok bR koo ok o ok ok o s ke i ok b etk b R

sc{)
{

static MESSAGE msol] = /+ opening menu =/
{

b
o

"Serial Communications Example” ¥,

24, "F1. Select the COML port™ }.

24, "F2. Select the Modem (COM2) port™ },
"F3. Select the Printer pert" },

24, "F4. Transmit sample data" },

24, "Fs§ Receive data®™ },

24, "Fifr, Return to Main menu” },

R
=

s
SO W - ;oW

by g ey b e phey e b

o, 0%,

+:

register DEV_DAT +pdd; £ x pwln?vr Lo device data »/
int 1 loep (Ontful */
int s J% loop contrel =/
int col; /% display position */
int flag /v held gtate of CPU IF »;
char ;1ne[512]; /* to hold input line */
nsigned int intr_flag; /% to hold CPU IV atate =/

i
pdd = kdevdat{i]; /% get poinker to data #/
init_sb(pdd->prbi, &beffli1[0]110}, BUF_SIZ, HIWATER, LOVATER};
init_rb(pdd->prbo, &buffli]{1301], BUF _SIZ, HIWATER. LOWATER];
if{pdd->pic == 0} 58 = Ox08; A “ase veelor for master pic
else & = GxT0; /% base vector for slave pic */
intr_flag = int_off(}; /+ no intervupts allowed #/
iv_oinit(g + pdd-=ir_bit); /% init interrupbt vectors kF
device_init(pdd); /% init serial device =/
device_open(pdd) f¥ sotivate device v/
int_en{intr_flag): /% allow interrupts +/
»
lineio} = o /% null line =/
while (1} /% forever until F10 =/
i
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disp_menu(mso); /% display menu for serial example #/

linef0] = get_fkey(): /* get menu selection =/
switch{line{0}) /> which function key 7 #/
c
case Fi: /* select coml port »/
pdd = &devdat[0]; /% get pointer to data */
hreal;
case F2: /# select modem (COMZ) port =/
pdd = &devdat{l]; /+ get pointer to data %/
break;
case F3: /% select printer port */
pdd = &devdat{2]; /# get pointer te data =/
breal,
case Fd: /= transmit sample text =/
disp_str{i4, 0, "Press F4 again to cancel);
i=
while{line[Q] != 0 || line[1] != F4) /% F4 terminates =/
i

sprintf(&line[0], "This is lime %d\r\n", i++);
puta_buf (pdd, line);
disp_str{ib, 0, line);
chi dt(); /* display date and time 7 */
if{get_key(kline[0l)) /+ scan code #*/
while{!get_key(&line[1])) /* character code */

¥

}
break;

case F&: /* receive serial data =/
disp_str{14, 0, "Press F5 again to cancel"};
col = 0
while{line{0] = 0 i} line[1} != F8) /% F& terminates #/
{

i =~ get_buf{pdd);
if(1 > -1}
{
i &= OxTi;
disp (16, col++, i, 0x07);
1f (3 == ‘Nr® 1] i == "\n’) col = 0;
if (eol == B0} col = 0,
¥
chk dt{}; /% display date and time 7 %/
if{get key{&line[Cl)) /* scan code */
while(lget_key(&linel1]lJ) /» character code */
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}

brealk;

cage F1lO:

far(i = Q; i < 3; it++)}

{
pdd = &devdet[i}:
device_close{pdd) ;
if {(pdd->pic == 0} s = Ox08;
else s = Ox70;
intr_flag = int_off{);
iv_rest{e + pdd->ir bit);
int_an(intr_flagl;

}

return;

G- 42

e

/+ get peinter te data

/* close device when done

/% base vector for master pic
/% base vector for slave pic
/% no interyvupts allowed

/#* restore interrupt vectors
/+ allow interrupts
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Chapter 10
Mouse Information

Introduction

The VAXmate mouse {part number VSXXX) is a pointing device with three
input switches. The mouse has two encoders, one for the X axis and one for
the Y axis. The encoders have a resolution of 200 counts per inch, When
moved on a flat surface, the mouse monitors the motion relative to its position
at the beginning of the motion. Thus. the mouse maintains positional data in

the form of incremental X/Y encoder counts. Figure 10-1 shows the mouse in
relation to its X/Y axes.

Figure 10-1 VAXmate Mouse (Part Number VSXXX}
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Communication Requirements

"!"ho mouse cormnmunicates through an asynchroncus serial interface at 4800

@1 osfart bt

= f data bits deast significant Bit first

ity bit {the mouse vransmits odd parity, but ignores roceive parity

= 1 gtop bt

a byte is sent to the mouse while the mouse is transmitting. the mouse
aborts the transmission and processes the sew command, If the mouse reseives
a byte between the characters of a *nu?t;byce report, the mouse is considered tn
be transmitting ard aborts the report.

:4‘,

meates with the mouse through an
erics SON26681 Ephanced Programmabile

Msisitantilel éaatiuns Interfacel.

f&ddlimnai wource of Information

e 8 document,
tianal infermation on the SON

ri1 X"‘i‘s

. provides addi~

M@use Cemmaﬁdﬁ

LUSE COMMan
te command o

Ihe, commands ars issued by

Table Mouse Command

Summary

ARCHE
srved functic
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Prompt Mode
Incremental Stream Mode

The mouse has two operating modes, prompt mode and incremental stream
mode. In prompt mode, which is the powerup default, the mouse generates a
report in response to a request mouse position command. In incremental
stream mode, whenever the mouse moves it generates a report of that move-
ment. it also reports a change in button position since the last report. No
report is generated when the mouse is motionless and ne buttons have been
changed,

Request Mouse Position

The mouse responds to this command by sending a position report and switch-
ing to prompt mods.

Invoke Self-Test

The mouse responds to this command by executing # self-test and then sending
a self-test report. Self-test leaves the mouse in the reset or powerup state.
During the self-test, any data sent to the mouse is ignored until the last byte
of the self-test report has been sent by the mouse. The 4-hvte self-test report
consists of a 2-hyte identification code and a 2-byte status code.

Vendor Reserved Function

The vendor reserved function is a 2-bvte command. the ASCII character "7’
foliowed by any printable character. This command allows vendors to add spe-
cial mouse functions. Normaily, these functions are for quality control. The
manufacturer determines these functions, which may inciude transmitting spe-
ciglized reports, These conunands may not nclude new modes. On completion
of 4 vendor reserved function, the mouse must he restored to its previous state.
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Mouse Reports

The mouse can transmit two reports, a 3-byte position report and a 4-byte self-
test report.

Position Report - Byte 1

7 6 5 4 3 P 1 0
( f SIGH-X [SIGN-Y |LEFT MIDDLE |RIGHT
j BUTTON (BUTTON |BUTTON
1 i 0 ¢
{ i e —
Bit Description
7 Always 1
65 Always 0
4 SHIN-X (Sign bit for X-axis displacement)
0 = HNegative X-axis displacement
1 = Positive X-axis displacement
A SHGN-Y (Sign bit for Y-axis displacement:
0 = Negative Y-axis displacement
1 = Positive Y.axis displacement
2 LEFT BUTTON
0 = Switch open
1 = Switch closed
1 MIDDLE BUTTON

0 = Switch open
1 = Switch closed
0 RIGHT BUTTON
0 = SBwitch open
1 = Switch closed
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Position Report - Byte 2

7 6 5 4 3 p 1 0
- 1 T T | S T
‘ X-AX1S5 DISPLACEMENT

0 i
L i i i i 1
Bit Deseription
7 Always 0
6-0 X-AXIS DISPLACEMENT

The X-axis displacement is measured in encoder counts (200 per
inch). The value returned in this byte is the distance moved since
the last report. In prompt mode, i reports are not requested often
enough, this value can overflow. If an overflow occurs, no indication

is given. Bit 0 is the least significant bit.

Position Report - Byte 3

7 6 5 4 3 2 1 o
- r T T T i A
Y-AXTS DISPLACEMENT
O
i 1 i i ]

Bit Deseription
7 Alwavs 0
6-0 CY-AXIS DISPLACEMENT

The Y-axis displacement is measured in encoder counts (200 per
inchi. The value returned in this byte is the distance moved since
the last report. In prompt mode, if reports are not requested often
enough. this value can overflow. I an overflow occurs, no indication

is given. Bit 0 is the least significant bit.
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Self-Test Report - Byte 1
7 6 5 4 3 2

!
|

R I e

i
FRAME SYNCHRONIZATION

i 0 1

s ———y
| FS———

B —

REVIGTON NUMBER

 O—

Bit Description

75 FRAME SYNCHRONIZATION

These bits are always 101, They provide n means of detecting the

fir of a salf-fest report,
4-0 REVISION NUMBER

This is a hardware and software revision number for this design

Self-Test Report - Byte 2
7 6 5 4 3 2

- g e

1 i

!
i MARUFACTURERS TD i DEVICE CODE
i %

6-4 MANUFACTURERS 1D
30 DEVICE CORE
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Self-Test Report - Byte 3
7 6 5 4 3 2 1 0
e | _— -

ERROR CODE

Q
SIS ] 1 { I 1} 1
Bit Deseription
7 Always 0O
6-1) ERROR CODE
GOH = No error
3EH = RAM or ROM checksum error
3DH = Button error
Self-Test Report - Byte 4
7 6 5 4 3 2 1 G
U — S g — —
LEFT MIDDLE {(RIGHT i
BUTTON |BUTTON |BUTTON ;
0 G i 0 ] O {
Bit Description
7-3 Always O
2 LEFT BUTTON

0 =  Switch good

1 = Switch closed ar failed
1 MIDDLE BUTTON

¢ =  Switch good

1 = Switch elosed or failed
0 RIGHT BUTTON

0 =  Switch good

1= Switch closed or failed
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Serial Interface

The serial interface is a SIGNETICS SCN2661 Enhanced Programmable
Communications Interface. Table 10-2 lsts the input/output {(HO] ports that
access the serial interface registers.

Table 12 Serial Interface Registers

Address R/W Register

0C40H R Receive butfer
W Transinit holding register
$C41H R Status register
A% Synl/Syn2/DLE registers *
0C42H R/W Made register 1 and mode register 2 °%
0C43H R/W Command register

* The Bynl, Syn2, and DLE registers are not used.
**  Mode registers 1 and £ are accessed at the same [/} address. Read

mode register 1 and then read mode register 2, or write mode register
U and then write mode register 2. Mode register 1 must be accessed o
access mode register 2.

Transmit Holding Register and Receive Buffer (0C40H)
7 6 5 4 3 z 1 G

§ i T ¥ prommm—r T T f/ﬂ“"‘Tﬁ’“"‘Q'”‘l

TRANSHIT OR RECEIVE DATA

Bit  R/W  Deseription

7- R Accesses the receive data butfer
W Accesses the transmit holding register
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Status Register (0C41H)
7 6 5 4 3 2 1 0

DATA DATA FRAMING [ OVERRUN{ PARITY |DATA RxRDY | TxRDY

SET CARRIER | ERROR ERROR SET
READY |DETECT READY
1 1 CHANGED

Bit  R/W Deseription

7 R DATA SET READY (always 1)
6 R DATA CARRIER DETECT {always 1}

5 R FRAMING ERROR
0 = Normal
1 = Framing error

This bit is cleared by disabling the receiver, issuing the reset error
command, or reading the status register.

G 4 R OVERRUN
e 0 = Normal
1 =  (Owerrun error

This bit is cleared by disabling the receiver or issuing the reset
error command.

3 34 PARITY ERROR
0 = Normal
I = Parity error {if parity checking is enabled)

This bit is cleared by disabling the receiver, issuing the reset error
command, or receiving another character,

2 R DATA SET READY CHANGED (always 0)

1 R RxRDY - Receive Data Ready
0 = Receive butfer is empty
1 = Receive buffer contains data and an interrupt is pending

This bit is cleaved by reading the receive buffer or disabling
the receiver (command register bit 2).
0 R TxRDY - Transmit Holding Register Ready
0 = Transmit holding register busy
1 = Transmit holding register empty and an interrupt is pending

This bit is cleared by writing the transmit holding register or dis-
abling the transmitter (command register bit ¢4,
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Mode Register 1 (0C42ZH)
7 6 5 . 4 3 2 1 O

e _— e e

TYPE CONTROL | LENGTH RATE FACTOR

| STeP BITS PARITY jPARITY |CHARACTER MODE AND BAUD
H i i i

Bit  R/W  Description

7-6 R/W STOP BITS
3y = Invalid
01 = 1 stop bit
) 1-1/2 stop hits
2 stop bits
3 R/IW PARITY TYPE
G = s parity
i = Even p;&i‘it}’
4 AW PARIT
0 =

PR

: ng disabled
g enabled
32 RW OHARACTER LENGTH

00 = 5 bits

BAUD RATE FACTOR
mous 1 X rate

2 are acr@ssm’i at the same /O address. Read mode regis-

. or write mnde regzﬂter L a"afi th{'ﬂ wr}te

When programming mode register 1 on the VAXmate workstation, use a value
SEH.
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Mode Register 2 (0C42ZH)

H 6 5 & 3 2 i O
3"'*’"’""“"’““* e S S Y T Y
§ RECEIVE AND TRANSMIT ’ BAUD RATE
H CLOCK SOURCE
1D 1 1 1
IR | i AN WU USSP SUIEIN S
Bit Description
T-4 RECEIVE AND TRANSMIT CLOCK SQURCE
For the VAXmate w{)rksmtmn hatdwcm,‘ this value is fixed
30 BAUD RATE

See Table 10-3

Mode r ‘f‘ﬂsaefl at the same /(O address. Bead mode vegis-
er 2, or write mode register 1 and then write

er 1L oa
o

mode register 2, "Ii’)ée register 1 must be accessed to access mode register 2

When

programming mode vegister 2 on the VAXmate workstation, use a value
TOH,

Table 10-2  Baud Rate Table

Bits Baud Bits Baud

3-0 Rate 3-0 Rate
0000 50 ) 1000 1800 ' N

G001 75 1001 2004
0010 110 1010 2400
Doty 134.5 1011 3600
Q100 150 1100 4800
4101 3003 1101 720G
0110 600 1110 9600
3111 1200 1111 19200

1
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Command Register (0C43H)
7 & 5 4 3 2 1 O

R T S i s

OPERATING MODE {;RQUEST RESET SYNCH/ !RE{:EIVE BTR gXHIT i
TG SEND|ERRCE  [ASYNCH !CONTRGI,, ECOI*«‘TROLQ

, ] |

Bit  R/W Description

7-6  R/W OPERATING MODE
00 = Normal operation
01 = Asvnchronous (sutomatic echo maode}
16 =  Local loop hack
11 = Remote lmp bacik
REQUEST TG SEN
(O == Force request to smm output high {disables interrupt buffer
1 = Force request to send output low (enables interrupt buffer)
The 2681 EPCE hag a buffer
between the interrupt output line and the peripheral interrupt con-
trofler inpur. This buffer is controfled by bit 3, Enabling the buffer
enables the 2661 EPCI interrupt sutput line.
4 RESET ERROR

it Always 0

W0 e

1 = ?sis&s;et error Hlags fparity, framing, overruni

3 H/W SYNCH/ASYNCH
0 ==  Normal
I = Force break

o
&
=

»

2 /W RECELV F CONTROL
0 = sable receiver, receive interrupt, and status register bit |
1 = hable receiver, receive interrupt, and status register bit 0
1 R/W DTR - Data Termingl Ready {output not :{mq&cw(ﬂ

0 = Force data terminal ready sutput |
1 = Foree data terminal u—;{i\ sutput low

0 B/W XAMET COMNTROGL - Transmit Control
0 = Disable transmitter, transmit interrupt, and status register
hit ¢
Tnable transmitter, transmit interrapt, and status register
L0

When programming the comimand register on the VAXmate workstation, use a
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base value of 30H. In addition to the base value, bits 0 and 3 (transmit and
receive controll must he applied as required.
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Programming Example

The mouse pragremming example demonstrates:

¥ 8% 4 @

Sealing the mouse

The sxample provides routin

LYOEYE
T T -
chis manual,

- Program:

abin.

: Hramplie




#include b w"
#include "kyb h"
#include “example.h"

'f.w&:&ez;ﬁf:;‘f sheode s s ok s olok o R ok ol o e s ok ok o ok s s ok ok o ne v ok e e s sk B sk ok ot 3 o e s e o sk ot s ok R U o ol o o e e okt ok vk v KR s ok e *a{'
/* define constant values used in example mouse driver %/

__r‘.*rf"«asﬁ.:'c—’mk*ﬁi\*fﬁ’é*ri:%”‘o**ﬁ;m*:&‘»‘:%*:«:&c*x»‘fv**%‘%&***57*‘4‘33***#‘-&*%%**#@s**%‘***%m’k*%ﬂc*mx&*;‘

#define MOUSE_PORT (MOUSE_UART #*} 0x0D040 /% hase address of mouse */
#define MOUSE PIC 1 f# PIC that handles mouse */
#define MOUSE_INT 4 /* mouse int request lime */
#define MOUSE_HWI 0x74 /% harware int vector locatien %/

/= BCHN266! mode regisber bit values #/

#define MMODE  (x02 /% Aynchronous 16X rate */
#define P_ENAE 0x10 /% Enable parity */
#define P_EVEN (220 /# Even parity select */
#define P_ODD  Ox0Q f* Udd parivy eelect */
#define WORDE  0x0OC /* & bit characters */
#define WORDY 0208 J# 7 bit characters #/

; fidefine WORDG  0x04 /# & bit characters #*/
St #define WORDE  Ox00 /% & bit cheracters */
#define S BITL 0x40 /* One gtep bit */
#define § _BITZ 0xCC /% Two stop bite */
#define BD4ABOG 0x0C A4 4800 baud */
#define CLESPC OQx70 /% 18X clock */

/# SCN266% status register bit masks =/

#dafine THRE Qx01 /= Transmit helding register im empbty */
#defivne RDRDY Ox0z j/* Receive holding register is full »*/
#define ERRORE 0x38 /% Parivy, overrun or framing error */
#define PARITYERR 0x08 /* Parity error */
#define OVERRUNERE 010 /% Overrun error */f
#define FRAMINGERR 0x20 /* Framing error */

&
¥

it
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f+ BCH2661 command register hit values =/

#define TxEN O0x01 /% Enuble transmit conbrol
#define DTR  0Ox02 /% Disable data terminal ready
#define RxEN 0x04 /+ Enable receive contraol #/
#define EREAK Ox0B /+ itisable break =/
#define RESET 0x10 /* Fnable reset status */
#define HIS  OxZ0 /* RTS8 (normally on} #/
#define (MODE OxCO /% Command mode (normally 0}

#define OMND_REG RTSIRESET|R2EN /+ normal operation, RTS=1, rec enabled #/

/% Define mouse commands */

#define SELF_TEST 'T~ /* gelf-test command +/
#define P MODE N /= prompt mede */
#define I_S_MWODE 'R’ /* imcremental stream mode */
#define POS _REP il /# request poaition repert =/

/* Thesge values are nsed te check the mouse #/

#define TESTMASK Oxed /% magk any header byte
#define HEADER BYTE Ox80 J# hneader byvte indicathor
#define SELFTEST Oxal /¥ maelf-test header byte mask =
#define POSREP 0x80 /+ position report header byte mask
#define RIGHTBUTTON Ox01 /% right button mask
#define MIDDLEBUTTON Ox02 /= left burtan mapk »/7
ddefine LEFTBUTTON Ox04 /* mpiddle buiton maselk
#define XS5IGH Oxi0 /» X-axis sign bit mask
#define YSIGH Ox08 /* Y-axis sign bit mask
#define RUOMRAM_ERR Ox3e /* pelf-test byte # 2 error type mask =/

#define BUTTON_ERR 0x3d /% pelf-test byte # 2 ervor type mask #7

10~ 16 Mouse Information - Pregramming Example
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."“A*ii»' s sk st ok s sk ok s Sk sk R v ool ale ohe ok B ok s St Al ok sl e sk s oA e sl e otk ok o o R ok ""*»ak*vi/’k"w‘k*‘i“?‘f‘**?!*[’
/% define structures used in efamplﬁ mouse driver #/f

ik f

rha 2

unzigned hr; /% transmit/receive holding register =/
ungigned  status, /#* status register */
unsigned char mode; /* mode register =/
unsgigned char command; /# command register #/

} MOUSE_UART;

typedef struct mouse _dat

{
MOUSE UART +base /% base i/0 address of device =/
RING_BUFF #prbi /* pointer to input ring buffer structure */
RING_BUFF *prbo; /% pointer to output ring buffer structure */

} MOUSE_DAT:

FEEE T

wf

e S5k ok ok Btk Eak
#define BUF_SIZ 100 /* gize of buffere +/
#define HIWATER 75 /% pbuffer nmear full value =/
#define LOWATER 25 /% buffer near empty value */
RING BUFF rbi2]; /% ring buff ctrl structs #/
shar buff {21 {BUF_S12]; S% ring buffers +/
unsigned char cmnd_reg: /% value to write to command register #/

MOUSE DAT mouse _datz = { MOUSE PORT, &rblo], &xb{il }:

int guietmouse = OFF; /% mouse state flag #/
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AR R R LS S

s o vk 0 sk e sl ok o ohode ok sk ok b ke o shoR e ok o B sk e e e s kb ok 5’*?‘;,‘1

/% e S s s ROk o ok 4k sk ek
/# mouge_init{} - establish a known state for the mouse and SUN2&661 *F

[ s s ok ek s sk ok R O ok ok ok e o35k o ok ok ok R KK ek ok ok

/% initialize wouse and pori =/

regisber MOUSE_DAT +pad; /% pointer to mouse data ¥/
register MOUSE_UART =psa; /% pointer to mouse struct */

pdd = &mouse _data; /% point to driver data =/
/v amsign bama address =/

/* initiaiize ring buffer structures =/

init_rbipdd-zprui, &butf{0110], BUF_S5IZ, HIWATER, LOWATER]:

init_rbipdd->prbe, &boff{1]{0], BUF _SIZ, HIMATER, LOWATER):
/* amync 16x, enable pard parity, eightbii data, sne gtop bit %/

sutp{éps->mode, abp | WORDE | 8_BITi};

outp{tps- >mode, ¥ /% 163 . 4800 baud */

cemnd_reg = OMND_REG, f= init Lo normal centents */

sutpiépe-rcommand, cund_tegl, /% remet status errers =/

¥

During the initialization process, it i
ceive garbage characters, The mouse
net account for this possibility,

s possible to transmit or re-
indtialization function does

e o stk o ok stk o o ok ok ok sk o o sk ok e ok o9 o ook ok o R ok R ok ok sk ek ok

vate mouse interruphks
e mokok dck sk ook R A koh ok Rk ek ok kR

ikt ok o kb ok ok

/% open the moupe v/

imask{MOUSE_PIC, MOUSE_INT, ON}: /# enable interrupt input =/
}
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ARk e sk ot s sk ok ok ok ke R S Sk s ki o kR ok

s okl op e o s R e sk ok o o ook e sk ok o e sk ok b R e ok

/*  send_te_mouse() - write data to mouse

Fokmdok b ko ok i 4 ok ok B o o ok ok EEE R RS ERE EE R R R
gend_to_mouseic)
unsigned char | /# byte value to transmit +/

{

register MOUSE_DAT +pdd: /* pointer to mouse data %/
register MOUSH _UART =ps; /% pointer to mouse struet ¥/
int intr_flg; /% hold state of CPU IF #/

pdd = &mouse_data; /% peint to driver data +/
ps = pdd->base; /4 amsign base address #/
while(rb_in{pdd->prho, <} < 0} F* wait until stoved in buffer #/
H
intr_flg = int_off{(}; /# disable CPU dnterrupt
cmng _reg |= TxEN; /% to enable tranamitber =/
cutpféps->cemmand, smod_regl; /% enable %ransmitier =/
int_ on{intr_flg}; enable CPU interrupt =/

S

Mouse Information - Programming Example 18- 19



s

Moy
MOUSE_
char c;
~har &;

vegister

register
unsigned
ungigned

s = inp{&ps->status);

ifl{s & (PARITYERR |

s = inplkps->hr):
else if{s & RURDY)

{
1t {rb inipdd->

i

aelP
wouge = ON;

1f (rb_out {pdd->prbo,
Cmpned

reg &= i

}

outu(&"e~>ca mand, cmnd_reg),

gt

\"(}'f‘l”*?
This routine ocould chack for overrun errors, but

Hecause cach mouse seport
acters are detect
function.

G- 20

he

FRAMINGERRY)

G}

: a lixed
2d i the record collection part of £

/% interrupt handler

/* pointer to mousze dsta
/% peinter toe MOUSE_UVART struct

/* assign base address #/
/% read status of port

/% garbage character 7 %/

/% read garbage character =/
anything te read 7 =/
read and store in ring buffer 3/
3} /= buffey gehting full 7 %/

/% ie there

/% put mouse in prampt mode =/
/# ready to transmit 7

any characters
Sk

to btransmit 7
digahle Yransmifisr +/
write the character =/

it does not.
byte count. mxsvmg vhar
he mouse()
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o
gt

Foaok e st s ol e o sk b o ok e v o ok s o ok e ok v s oo o o o sk s ok ok o ok e ok

/= mouse_close() - deactivate monse port interrupts

sk sk ok ok ko 5 kR Sk ok e vk ok o ko et

+/

ff/r*:a st e oo 0 ok e e ook ok ot o ok ok o o% ok ok o 0 ok o R o R o st ode sk od ok ok e e doboo o ok R R e ok **aih‘ﬁxksc\:’g*l%.x,.;*#ajc'r'.*:.s‘:j»t:*./
void mouse_close{) {% deactivate the moume %/

1

register MOUSE_DAT =#pdd; /% pointer to mouse data */
register MOUSE_UART +ps; /¥ pointer to MOUSE UART struct */

pdd = &mouse _data: /* point teo driver data +/
send_to_mouse (F_MUDE) ; /¥ put mouse in prompt mode */
while (pdd->prbo->count) /* wait until ring buffer empty */
cmnd_reg = CMND_REG &  RzEN; /* disable receiver and tramsmitter */
ps = pdd->basge /* assign base address #/
outp(&ps->command, cmud_reg); /= write new command */

imask (MOUSE_PIC, MOUSE_INT., OFF); /% disable interrupt imput */

g
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s R

ok 55 < s SR K R R

uses mouse driver Yy

FEEE T ] s ok ok ok S ok e ok O R ok S ok AR OR R R R ok

MEGHAGE B s
34, "Mouse Exampl ¥
18, "Move the ao
1€, "Move zurser to v E,
L ¥ "
24,
%, "
1
{11
{1z,
{14
;15
16,
i
1 4
2¢G, 24, "% Scsle:
025, 24, Y Scale:
i G o},
}:
e w/

Ja dpput
/* sutput

char ;

unsignad char *pb: /% pointer

A% yow position of
/% bemparar

/* meuse positien x
/% end mouse e

/#* abaclute positien of
/# abgeiube positic

/# accusulated X-ax

FES
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int inbro flg J# kold stete of CPU IF »/
int ont_req; /% byte count required for report =/

;

extern i time flag: /# defined in RTC example */

; /% get pointer %o data

; J# tase addrass
¢ dis GFL dnt :ph

init ipsterrupt vec
/% imit o

intr _fig); /% epabie CPU interrupt

mouse, speni); Jw omctivats mouge 5/
seand_to_mouse{P MIDE}: /* ensure mouss iz in prompt mode */
/# while buffer nod empty »/
dump characters +/
st command #/
rupt #/
/

I

inter
second
CPL interuph

S

indicator */

oy dnds

e vid meni};

10~ 23
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)i

35,
35,

_bufflo
1

)
"Press Fi0

whize &5 1‘5ge? key (&Eb) == 1
¥
elee
i
disp_menu{mmousge};
curgor oniy_abz, x_abs
send_to_mouse(I_S§_WODE);
cnt _reg = -1 I
pnswrep = FALSE:
ph = &i_buffl[0];
while(snd,me == FALSE}

{
chlc_dt ()
buff state = rb_out{pdd->pr
if (buff_state »= 0)
{
if{*pb & HEADER_BYTE}
{
_buff{61 = spb;
pb = &i_buftli};

({3 _buff & TESTHAS
1

cnt_req

reg =

}
else if(poz_rep) /*
{

if(++pb > &i _buffl[10])

&i_buffloj;
.rep = FALEE,
-1;

reg = e

eq == 0)

gt T

ion

16 24

to continue");

VES

if received a position report header byte

inter test isg

increments

/% show error message
/* show help measage

N

brealk:

&k ¥h == FLO)

S display the
{4 make cursor
/* veset to incremental stream mode
set byte count required to below zere

/% no position repert yet

J# initialize peinter te input buffer

mouse mens
vigib]

/% check date and time for wpdate =/
Bi, pb); /% try to read mouse
/+ did the mouse send anything 7 ¥/

]

/% is it a header byte

/* move to beginning of huffer

/* reset to mext byte in input buffer
K} == POSREP} /» discover header type

/* remaining count required
ave header byte for positisn rTeport

/* apthing else is ap eryer

set byte count requived to belew zero
/+ po position report /7

/# increment buffer
unexpected error condition

/* remet buffer pointer
/* cannot be a poesition report
required to below zero

pointer
true,

gat byte count

end of

reuork 7
wf

clear mouse moetion flag #/
/# get X-axis increment #/
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£ (L buff (0] & XSIGN)) tmp = -tmp; /% check sign biy
x_cnts += tmp; /# accumulate X-axis encoder counts
sprintf{o buff, "%4d", tmp); /* convert to a atring */
disgp_str(18, 42, o_buff): /* show X-axig increment =/
tmp = x_cnts /) x_scale; /% enough to ghow motion 7 */
if (tmp)
{
x.ents -= % _scale * tmp; /¥ remove scaied counts #/
x.abs += tmp; /# add to absolute pesition =
if(x_aba < 0) x_abs = O /+ no off-screen motion */
if{x_abs > ¥9) x_abs = 79; /#* no aff-screen motion */
noved = 1; /+ set flag to vpdake curser pesition
}
tmp = i_buif{2]; /% get Y-sxis increment */
if (1 (5 _buff[0] & YSIGH)) tmp = -tmp; /+ check sign bit #{
/* y-axis enceder counts are accumulated negatively to invert motion %/
y..entg ~-= tmp; /# accumulate ¥-axis encoder counts */
sprintf (o_buff, "%4d". tmp); /% convert to a string */
disp_srr{19, 42, o_buff); /# show Y-axis increment %/
tmp = y_cnts / y_scale; /= enough to show motionm 7 */
if (tmp)
{
v_enbts -= vy _mcale * tmp, /# remnve scaled counts #/
v.abg += tmp; /+ add to absolute positien */
if(y_abs < 0) y_abs = 0, /= no off-screen motion =/
if(y_abs > 24) vy abs = 24; /% ne off-screen motion =/
moved = 1; /% set flag to update cursor pesitien #/
¥
if (moved)} mv_cursor(y_abs, x_abs}; /* update cursor =/

/% display state of mouse buttons */

for{tmp = LEFTBUTTON, row = 14; vow < 17, vowt+, tmp >>= §
!

if (L buff{0] & tmp) disp_str(row, 48, "Down');

else disp_str(row, 46, "Up "):

*
if(i_buff{0] & LEFTBUTTON} /# test for valid selection #/
r
if(1left _button) /% must release butten from last select 3/
{
o left_button = TRUE; f+ left button pressed =/
T if{x_ahs == 25)
4
switch(y_abs)
i
case 8: /# end mouse example #/
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/% decrease
/% cannot
/% arbitrary decx

RS LIS S convert s
5, o bufi); /% show new X-scale 3/

S oonvert

v show new Y-scals

£ it/

f¥ reser lefi
/* s position

}
¥
¥

If mouse disahled back on =/

meizese

veei) ! f% closs ths moume */
interrupts zllowed +/
re old vectors =/
g w/

meuse
indy

int_off{};
" .

gho
allov inbterrug

int_on{intr flg};

3‘} 3

aning B
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Chapter 11
Diskette Drive Controller

Introduction

The diskette drive controller interfaces the YVAXmate system bus and the
diskette drives. The disketie drive controller supports the following drives and
media:

Drrive Type Media

L 5 et 2 i

G4 Inch - High capacity 1.2 Megabyte - 80 Track - High capacity

RO0 Kbyte - 80 Track - Standard

» - 40 Track - Standard fwith

The diskette drive controller operates in eit S
DMA mode, the processor initialize ;
transfer command to the diskette controller. The diskette controller and the

DMA controller transfer the data vnattended, In non-DMA mode. the disketts

controller generates interrupts to the processor each time the controller
s 3 data hyte,
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Diskette Drive Controller Registers

The diskette drive coutroller has five 8-hit registers that are accessed through
tour port addresses, Tuble 11-1 lists the registers.

Table 11-1: Disketie Drive Controller Registers

Address R/W Register

D3F2H W Control register
U3F4aH R Main status register
G3FsH RV Data register

03F6H W Transfer rate register
03F6H R Change register

11- 2 Diskette Drive Controlier - Hardware Description




Control Register (03F2H)

7 6 5 4 3 2 1 0
MOTOR B|MOTOR A|DMA RESET DRIVE
ENABLE SELECT
O 0 0
Rit  R/W  Description

6 W
500w

i W
4 W
2 W
{ W
0 W

Always 0

MOTOR B

(=  Drive B motor off and disable bit
1 = Dirive B motor on and enable bit ¢
MOTOR A

(0 = Drive A motor off and disable bit 0
I = Drive A motar on and enable bit &

DMA ENABLE

1 = Disable the diskette drive controllers DMA request.

knowledge. and interrupt request

DMA ac-

1 = Enable the diskette drive controllers I"MA request, DMA ac-

knawledge, and interrupt vequest
RESET
= Reset the diskette drive controller
1 = Enable the diskette drive controller
Always O
DRIVE SELECT
T L Dirive A
1= Belect Divive B

This bit is enabled or disabled by bits 4-4.
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Main Status Register (03F4H)
7 6 5 4 3 2 1

0

o
REQUESTIDATA |
FOR 1/6 NON-DMA | CONTROL |DRIVE 3|DRIVE 2!DRIVE 1

|

DRIVE O
BUSY

[‘{ASTER DIR HODE BUSY BUSY BUSY BUSY

— L S — DIV S— U VSIS S —— —

Bit  R/W Descriptimx
7 R HLQUES; FOR MASTER

(‘ = Data register not ready

1 = Data register is ready to be read or wriften by processor
4 R DATA UG DIR - Data 1O Direction

0 = Transfer data from processor to data register

1 = Transter data from data register to processor
A R NON-DIMA MODE

O = Result phase {execution phase ended)

= Executicn phase

4 R MH\% ROL BUSY

G = Controller ready to accept new command

= Conwroller processing a read or write command
4 R DRIVE 3 BUSY

0 = Drive 3 not seeking

b= & 3 @f‘f,‘ﬂng new track
2 R DRIVE 2 BUS

= i e 2 om

1 = ‘?mﬂ 2 se
1 " DRIVE 1 BUSY

G = Drive 1 uot seeking

1 = Drive | seeking new track
G R DIRIVE 0 BUSY

G =  Drive 0 not seeking

1 = Drive 0 seeking new track
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Data Register (03F5H)
7 6 5 & 3 2 1 0
A | T TR L D . i

STATUS OR DATA

|
|
{

Bit  R/W  Description

R 1 i - | I | DU J S

7-0  R/W  Status or data

This register accesses several internal diskette drive controller registers, The
internal register accessed depends on the state of the diskette drive controller.
The internal registers and the diskette drive conroller states arce discussed
later in this chapter in the section Diskette Drive Controller Programming,
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Data Transfer Rate Register (03F6H)
7 6 5 4 3 2 1 0

TRANSFER EATE

b
_.‘_;_..

<

o

&

)

Bit  R/W  Deseription

-2 W tways O

-0 W TRANSFER RATE
00 = 500 KBits por second

01 = 250 KBirs per sscond *
10 = 250 KBits per ond
11 = Not gsed {selects 250 KB;W per secand)

*

The ndustry-standard ’fdli‘;fﬁi’ rate for the hit values (011 is 300 KBits
per second,

On power-up. this register defaults te 250 KBits per second.

Change Register (03F6H)

7 & 5 4 3 2 1 0
CHANGE ! ! : | ;
STATUS ! ! ! a

o | 0 o | o ’ 0 o | o |

Bit  B/W  Deseription

7 i3 CHANGE STATUS
0 =  Since the last sime this register was read, the diskette in the
! i not been removed.
1 = Since the last time this register was read, the diskette in the
sedected drive was remaoved.
64 K Always 0
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Diskette Drive Controller Internal Registers

ot The disketie drive controller has several internal registers that are read or
written through the data register as a series of command or status bytes, The
usage of these registers is dependent on the command, Tables 11-3 through
11-17 detine the command specific usags,

Internal Register - Command

) 6 5 4 3 2 1 0
| H T T 1
MT ; MFM SK COMMAND SELECT
| ﬁmﬁ[ﬁm NN NSNS SO S | ) I i S
Bits R/W Descripti(m
7 W MI - Multi-trac lz ’\’Ius{ be ik for some u)rmmndm
0 = Disable multi-track
1 = Fnable multi-track (Accessing both sides of the diskette

automatically)
8 W MFM - Modified Frequency Modulation

0 = Use P'M {Frequency Modwlation) for reading and writing the
diskette
I = ilse MFM for reading and writing the diskette
5 W S - Skip (Must be 0 for some commands)
0 = Do not skip sectors containing a DELETED DATA
ADDRESS MARK
1 == Bkip sectors containing a DELETED DATA ADDRESS
MARK
44 W COMMAND SELECT
000106 = Read Track 01010 = Read [D
00011 = Specily 01100 = Read Deleted Data
00100 = Sense Drive Status 01101 = Format Track
00101 = Write Data 01111 = Seek

00110 = Read Data 10001 = Scan Equal

00111 = Recalibrate 11001 = Scan Low or Equal
01000 = Sense Interrupt Status 11101 = Secan High or Equal
G101 == \“. ite Deleted Data
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8 A A 3 P 45 SN

HEAD UNIT SELECT
SELECT

o
i

i

i

side {3

side |

c ave inetfective
et the drive.
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Internal Register - Status Register {
7 6 5 4 3 2 1 4
i ) ’ H i

i
INTERRUPT SEEK EC NOT HEAD UNIT SELECT E
CODE END l READY | ADDRESS }

e

I
|
|

SN SR — U ST

Biy  R/MW  Deseription
78 H INTERRUPT CODE

00 =  Command completed successfully

01 Command started but did net complete successtuily

16 Command was never started

11 Abuvormal termination (disk drive ready signal changed

state during command execution

5 R SEEK END

0 =  Seek not complete

1 = Seek complete

ik

4 H B - Equipment Check
0 = No error detected
I = Fault signal detected or, during a recalibrate, the treck ¢
sigmal was not detected after 77 step pulses

3 " NOT READY
0 = Ikive was ready
L == Dryive not ready signal was detested

2 " HEAD ADDRESS
4 = ide 0 s
1 == ide 1 s¢

14 KB UNIT SELECT
D0 = Drive 0 selected
01 = Drive 1 selected
10 = Drive 2 selected
11 = Drive 2 selected

S
b
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Internal Register - Status Registier 1

7 6 5 4 3 2 1 0
% % TSSING
EN | DATA | OVERRUN NO DATA| NW | ADDRESS
i g ERROR MARK
0
I W , .

Bit  ®/W Descripiion

)
6 R
5 R
4 ]
(f 1%
LE- 16

EN - BEnd of Cylinder
0 = No error

1 = Controller ax:twmpmd wo access a sector beyvond the last

sector of a
Always 0

Iml‘fs ERROR
Erroy

1 = i
the 1 or dars

OVERRUN

0 = o error

ontroller detected a cyclic redundancy check (CRCH error in

ssoy did

ot se w:e tn» mntrc;iim‘ -J;zthm the 1&.3 ir m t e interval

Always 0

N} DATA
0 = No error
1 = One of the feillowing conditions ocourred:

Dd; ing execution of a read data, a write-deleted data, or a scan

nd, the controller could not find the specified sector,

During exesution of a read ID command, the controller could not

read the [[¥ field.

During execution of a read track command, the starting sector

could not be found.
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Bit  R/W Description  (Status Register 1 - cont.}

gt 1 R

0 R

NW - Not Writable

0 = MNo error

i = During a write data, write-deleted data, or format track com-
mand, the controller detected a write-protect signal from the
disk drive,

MISSING ADDRESS MARK

0 = Noerror

1 = One of the following conditions occurred:
The controller had detected the index hole twice, but had not
detected the 1D field ADDRESS MARK.
The controller could not detect the DATA ADDRESS MARK
or the DELETED DATA ADDRESS MARK. When this hit
is set. status register 2 bit 0 (MD} is set

Diskette Drive Coniroller - Hardware Deseription  11- 11



Internal Register - Status Register 2
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Internal Register - Status Register 3
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Bit  R/W Description

7 R FAULT
0 = No error
1 = Diskette drive fault signal detected

6 R WRITE PROTECT
0 == Dskette not write protected
1 == Diskette drive write protect signal detected

5 i READY
0 = Drive not ready
1= Drive ready

. 4 34 TRACK ¢
0 = Read/Write heads not over track 0

1 = Bead/Write heads over track O

3 R TWO SIDE
0 = Diskette is single sided
1 = IDHskette is double sided

2 R HEAD» ADDRESS
0 = Side 1} selected
1 = Side 1 selected

-0 R UNIT SELECT
0% = Drive ) selected

01 = selected
14 = 2 selected
11 = selected
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