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ABSTRACT 

This manual summarizes the primary hardware and software 
elements of the Osborne Executive computer. The 
material is organized to provide a suitable foundation 
for understanding the remaining four volumes in this 
five-volume series . 
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FEDERAL COMMUNICATIONS COMMISSION 
RADIO FREQUENCY INTERFERBNCE STATEMENT 

WARNING: This equipment has been certified to comply 
with the limits for a Class B computing device, pursuant 
to Subpart J of Part 15 of FCC rules. Only peripherals 
(computer input/output devices, terminals, printer, 
etc.) certified to comply with the Class B limits may be 
attached to this computer. Operation with non-certified 
peripherals is likely to result in interference to radio 
and TV reception. 

INSTRUCTIONS TO USER: This equipment generates and 
uses radio frequency energy and if not installed 
properly, Le., in strict accordance with the 
operating instructions, reference manuals, and the 
service manual, may cause interference to radio or 
television reception. It has been tested and found 
to comply with the limits for a Class B computing 
device pursuant to Subpart J of Part 15 of FCC Rules, 
which are designed to provide reasonable protection 
against such interference when operated in a 
residential installation. 

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 measures: 

o Reorient the receiving antenna. 

o Relocate the equipment with respect to the receiver. 

o Move the equipment away from the receiver. 

o Plug the equipment into a different outlet so that 
equipment and receiver are on different branch 
circuits. 

If necessary, consult your dealer service 
representative for additional suggestions. 

The manufacturer is not responsible for any radio or 
TV interference caused by unauthorized modifications 
to this equipment. It is the responsibility of the 
user to correct such interference. 

CAUTION: This product is equipped with a UL listed 
and CSA certified plug for the user's safety. It is 
to be used in conjunction with a properly grounded 
115 Vac receptacle to avoid electrical shock. 
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PREFACE 

PREFACE 

The five volumes contained in the Osborne Executive 
Technical Manual examine the Executive computer from 
a variety of perspectives. 

volume ~ Hardware and SQLt~ Fundamentals 
explains the operation of the computer by relating 
the hardware elements to the firmware and software 
routines. The information level is appropriate 
if you wish to gain an overall understanding of the 
major components of the system. 

~m& ~ Programmer's Guide describes the manner in 
which CP/M Plus is implemented on the Osborne 
Executive. Programmers can find the best means for 
using the powerful features available through CP/M 
PIUB. 

~~ ~ Hardware Design and Theory 2f Operation 
explains the architecture and circuit operation of 
the osborne Executive down to the chip level. Each 
of the circuit board assemblies contained within the 
cabinet is discussed. Timing diagrams and schematics 
are also inCluded. 

~m~ ~ Integrated Circuit Specifications describes 
the primary integrated circuits used in the osborne 
Executive. Details of interest to both programmers 
and technicians are provided. 

Volume ~ ROM 1.21/B10S ~ Source ~ Listing 
is a complete listing of the routines contained 
within the Osborne Executive's ROM and the software 
BIOS routines. The comprehensive listing includes all 
the information necessary to understand the 
computer's functions at the lowest possible level. 

Together these five volumes comprise one of the most 
complete technical references available for any 
microcomputer on the market today. We hope the 
ma~e~ial provided enables you to fully understand and 
utlllZ~ all the possibilities offered by your Osborne 
Executl.ve. 
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SYSTEM OVERVIEW 

SYSTEM OVERVIBW 

The Osborne Executive is a powerful self-contained 
microcomputer designed around the Z80A 
microprocessor. The standard system has 128K bytes of 
main memory and is equipped with a built-in monitor, 
a keyboard, two disk drives, and a row of connectors 
for peripheral interface. Included with the computer 
are two operating systems, three application 
programs, and two variations of the BASIC programming 
language. 

PIGlJRB A-I. OSBORNE EXECUTIVB 

Central Processing unit 

Kemory 

The zaOA, an a-bit NMOS microprocessor, fulfills the 
role as the system Central Processing Unit supplying 
the necessary control Signals, addresses, and data 
manipulations to regulate and coordinate the 
operations of the Executive. The Z80A is a 
register-oriented CPU with internal registers that 
contain 20B bits of programmable read/write memory. 

Main Memory for the Executive computer consists of 
l2BK bytes of dynamic "Random Access Memory" (RAM), 
BX bytes of "Read Only Memory" (ROM), and an 
additional 2K bytes of RAM providing memory space for 
system variables and "scratchpad use." Effective use 
of memory is accomplished though software bank 
switching. This allowS the microprocessor to 
address more memory than would otherwise be possible. 
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SYSTEM OVERVIEW 

• 

Console 

The Executive is equipped with a 7-inch amber monitor 
h' ch has an eO-column by 24-row character display. 

:rtghtnes8 and contrast are adjusted by controls 
located on the front panel • 

• , , 

• ,t 
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~ I~~~: ~' it fr It 1 H: :j 

PIGDRB A-2. VIDBO _I'I'OR 

The display is provided by 4K x 12 bits of memory
mapped video. Each character is associated with a 
seven bit ASCII value plus one bit for each of five 
screen attributes. Two sets containing 128 
characters each are stored in the character font and 
defined through the CBARGEN utility program. 

The Executive console functions are patterned after 
the Televideo 912 and many of the same screen control 
characters are used. Configurable tables and 
pOinters allow user defined keyboard and screen 
functions. The Executive is also capable of emulating 
the console functions of a wide range of popular 
terminals through universal terminal emUlation 
software. 

The detachable keyboard has 69 keys and a 12-key 
numeric keypad. The numeric and arrow keys also serve 
as programmable function keys which are software 
definable through the SETUP utility. Through 
alteration of the keyboard tables, all of the keys 
can be specifically defined by the software . 
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SYSTEM OVERVIEW 
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FIGURE A-3. FUNCTION KBYS 

Disk Drives 

Two 5 1/4 inch, half-height diskette drives provide 
an additional medium for transferable data storage. 

FIGURE A-4. DISKB'l"rB DRIVBS 

These drives store and retrieve data from single
sided, double-density floppy diskettes which can 
handle up to 200 Kilobytes of information. The drives 
can also read the formats of a number of other 
computers. A compartment beneath the diskette drives 
can be used to store diskettes. 
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SYSTEM OVERVIEW 

Connectors 

Connectors used to interface with external peripheral 
devices line the lower front bezel of the Executive. 
Two RS-232-C connectors allow interface with serial 
modems and printers. Interface with parallel devices 
and IEEE equipment is maintained through the IEEE 488 
connector. The keyboard connector allows input fro m 
the Executive keyboard or some other customized 
keyboard. An external v ideo connector and a composite 
video jack provide two means of attaching an external 
monitor. 

"'., 
LlQhls 

Pocket 

ParaIIelIEEE·488 

Power 

FIGURE A-S. UTBRRAL DBVICB CORIIBCTORS 

Power for the system is supplied by a switching 
supply which can accommodate both domestic and 
iltternatio.naJ. v.ol tag.es. 
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FIGURE A-6. POWER WELL 

Software 

Two operating systems, a wide range of application 
software, and preparatory utilities are supplied with 
the Executive computer as follows: 

CP/ M Plus Operating System Ver I 3.0 
UCSD Pascal Operating System Ver • IV.I2.B 
WordS tar Ver • 3.3 with MailMerge 
SuperCa1c Ver I 1.12 with SOl Ver I 1.0 
Personal Pearl, Ver • 1.06 
MBASIC Ver I 5.21 
CBASIC Ver I 2.38 
Executive utilities 

Copy/Format 
Copysys 
Chargen 
Setup 

PC Board Locations 

Pour circuit boards handle the majority of the 
circuit functions within the Osborne Executive 1: 
the power supply board, the monitor board, the 
dynamic RAM board, and the main logic board. The 
disk drive electronics are contained within two 
primary circuit boards for each drive, and two 
smaller specialized boards for each drive. The 
arrangement of these boards within the Executive 1s 
cabinet is illustrated in the following diagram. 
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FIGURE A-7. LOCATION OF PC BOARDS WITHIN THB BXl!COTIVB 
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OPERATING CONSIDERATIONS 

OPERATING CONSIDERATIONS 

Setting Up the Syste. 

The Osborne Executive can be set up for operation in 
a matter of minutes. The power cord, stored in a 
compartment beside the carrying handle, should be 
connected to the three-pronged plug and then into a 
properly grounded wall outlet. 

underneath the carrying handle is a sliding panel 
which covers the cooling fan. Always open this 
panel before turning the computer on; the fan will 
not operate with the panel closed. 

Set the computer on a clean, stable surface with the 
carrying handle faCing away from you and the etched 
OSBORNE lettering visible on the top of the case. The 
two black plastic latches may then be unfastened, 
releasing the keyboard for use. 

Ventilation 

A recessed fan installed on the back panel ensures 
that the Executive maintains proper operating 
temperature. The fan will operate properly only 
when the panel beneath the Executive's carrying 
handle i s in the open position. 

, 

PIGURE A-S. OPENING PAll VB!IT 
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OPERATING CONSIDERATIONS 

Excess heat may be generated within the Executive if 
any of the ventilation slots are blocked, or if the 
computer is placed into a cabinet that , does not 
provide sufficient air flow. If you lntend to 
purchase a custom cabinet for your computer or place 
it within any kind of homemade appar~tus, e~8ure , 
that ample room is allowed for air c1rculatlon wi th1n 
the cabinet to prevent excess heat from accumulating. 

Voltage Selector SWitch 

A small red switch located within the power cord 
well allows the user to select the appropriate 
voltage input level for use of the Executive 1 in 
countries using other standards. For use 
domestically, always ensure that the switch is set to 
the 110 VAC range. 

Power-On 

All controls for the Osborne Executive are situated 
on the front panel. A blue ON-OFF switch is located 
on the right side of the front panel. The switch 
lights indicating that the system is receiving power. 
When powered-ON, the Executive will perform some 
self-test routines and then sound the operator alar . 
once. After a few seconds, instructions for starting 
the system will be displayed signifying that the 
computer is ready for use. 

Diagnostics 

A number of diagnostic tests occur automatically 
whenever the Executive is powered-ON. These 
diagnostics ensure that memory is intact and that the 
ports are functioning properly. Two tests are 
performed at power-ON: 

1. A quick, one-pass, non-destructive 
test. memory 

2. Verification of read and write operations to 
all of the data and control registers for all 
of the LSI chips except for the Floppy Disk 
Controller and the Counter-Timer Circuit. 

The diagno~tic~ take about 7.5 seconds to perform. 
If everythlng 1S functioning properly, the system 
will beep once and the normal prompts will appear 
If a_pr~blem is encountered, the system will dispiay the Falled- message. 
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OPERATING CONSIDERATIONS 

The memory test fills memory locations with a pattern 
of known characters, specifically AA'S and 55's, then 
reads them back for verification. Next each address 
is hashed or XORed with the high- and low-order bytes 
of the address. The areas of memory that are tested 
appear in the following list: 

Video RAM 
ROM RAM 
Bank 0 
Bank 1 

(Bank 7) 
(Bank 8) 

hex COOO to CFFF 4K 
hex 2000 to 27FF 2K 
hex 3000 to FFFF 48K 
hex 4000 to EFFF 44K 

The fir at area of memory tested is the video RAM 
which sometimes causes random characters to be 
visible on the screen. Next each of the remaining 
areas of memory are tested in turn. 

After testing the available memory, the diagnostiCS 
perform tests on the LSI chips. These diagnostiCS 
consist of writing to the data and control registers 
of the LSI chips and then reading the data back for 
accuracy. 

Ini tial Load (Cold Boot) 

Before the system can perform any usefUl functions, 
an operating system needs to be supplied from a 
diskette. CP/M Plus is the standard operating system 
provided with the Osborne Executive. It consists of 
three major modules. 

Console Command Processor (CCP) 
Basic Disk Operating system (BOOS) 
Basic Input Output System (BIOS) 

The CCP provides an interface with the operating 
system through six utilities: DIR, DIRS, ERASE, 
RENAME, TYPE, and USER. BOOS is responsible for the 
file system organization. BIOS handles all of the 
input and output, and is responsible for interfacing 
BOOS with the hardware configuration. Direct system 
calls to BOOS functions are used for system 
interface. 

Critical system parameters are contained in Bank 0 of 
memory. Bank 0 parameters include the entry to 
Warm Boot and to BOOS, as well as indirect links 
between programs and the operating system. 
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OPERATING CONSIDERATIONS 

CP/M is loaded into memory in a three-step operation: 

1. The ROM loads the CPMLOR program and stores 
it in Bank 0, then passes control to it. 

2. CPMLDR reads the CPM3.SYS file, containing 
BOOS and BIOS. from the data area of the 
diskette into memory addresses in Bank 0 
assigned by GENCPM. It then passes control 
to the Cold Boot system initialization 
routine in BIOS. 

3. This BIOS routine (Cold Boot, also known as 
Function 0) performs the rest of the hardware 
initialization. displays the sign-on message, 
and reads the CCP from the system tracks into 
location hex 100. It then transfers control 
to the CCP or the -auto-start- program 
EXECST.COM if it is present. The EXECST.COH 
program may automatically load an application 
program. 

When the BOOT and WBOOT routines of BIOS get 
control, they initialize two system 
parameters in Bank 0 as shown below. 

~ABLE A-l. JUIIP VECTORS 

Ipcat:im 2McriDtim 

0, 1. 2 set to JMP WBalT (hex 0000: JMP BICIS+3). 
Locations 1 and 2 must contain the 
address of WBOOl' in the jump vector. 

5, 6, 7 Set to J'MP BIXlS, the primary entry 
point to cp 1M 3 for other pcogr MIS. 
~ current address of BIn; is 
maintained in the System Control 
Block (SCB). 
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MAIN LOGIC BOARD 

KAIN LOGIC BOARD 

The Main Logic Board contains the Central Processing 
Unit. bus structure, a number of support chips, and 
additional circuitry with specialized functions. These 
components provide the intelligence and coordinate the 
operation of the video display, keyboard, diskette 
drives, and communications ports. RAM memory is 
located on a separate board and is described in a 
later section. 

Hardware Design 

The Osborne Executive hardware design is based on the 
Z80A microprocessor and is predicated on maintaining 
flexibility as well as reliable simplicity. An 8K 
Monitor ROM contains the boot loaders and other pre
programmed instructions; an additional 2K of support 
RAM resides in a jumper-configurable socket that will 
also accept another ROM chip. The video system has 
its own 8X of RAM memory while another 4K of RAM is 
used to store the primary and alternate character 
sets. 

Serial interface for both the modem and printer port 
is provided by a Z80 510/2 Serial Interface chip 
while an 8253 programmable Timer controls the baud 
rate for both serial ports. The parallel interface 
is provided by a 6821 Peripheral Interface Adaptor 
chip. An additional 6821 chip oversees input and 
output decoding to coordinate bus access for 
peripherals. Control over the disk drives is 
derived from a 1793 Floppy Disk Controller. Timing 
and control signals which ensure that events occur in 
an orderly fashion are provided by a 24 MHz Crystal 
Oscillator. 

zaOA Central Processing Unit 

The Z80A 8-bit NMOS microprocessor, a stable and 
reliable industry-standard, furnishes the intelligence and 
controls most on-board operations. The only circuit 
that can take precedence is video refreshr this is 
necessary to maintain an accurately updated video 
image. 

The Z80A is a register-oriented CPU with internal 
registers that contain 208 bits of programmable 
read/write memory. There are two set~ o~ ~ix general 
purpose registers which may be used lndlvldually as 
8-bit registers or as 16-bit register pairs. There are 
also two sets of accumulator and flag registers. 
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MAIN LOGIC BOARD 

Additionally, the zao contains a stack pointer, 
program counter, two index registers, a refresh 
register (counter) and an interrupt register. Refer 
to Volume 0 for a complete description of the Z80A. 

An internal refresh register and control circuit 
alternates with memory access cycles to provide RAM 
refresh. In the Executive computer the zaOA is 
operated at 4 MHz generated by the computer timing 
circuit based on a 24 MHz crystal oscillator. 

The Z80A uses a l6-bit unidirectional address bus and 
an a-bit bidirectional data bus. The CPU interfaces 
with the rest of the computer via an address bus, a 
data bus, and control lines relying on interrupts 
from the various components. 

Control lines enable devices connected to the bus 
with the timing circuits exercising fUrther control 
of events. The CPU essentially operates repetitiously 
performing standard CPU functions until an interrupt 
signal from a peripheral device notifies it of a 
requirement for service. When interrupted the CPU is 
instructed by preprogrammed instructions from the 
ROM. 

The memory, disk system, video system, and the 
parallel and serial ports are tri-state devices or 
ar7 interfaced to the bus via tri-state devices. The 
tr~-state device, in addition to the normal high and 
low states, has a high impedance state which serves 
to reduce bus loading and simplifies addreSSing 
techniques. Significant parameters of the Z80A are: 

Data Word Width: 
Instruction Width: 
Instruction Count: 
External Address: 
IC Package 
Power Required: 

SIO (Serial Input/Output) 

8 bits 
8 bits 
158 
64K 
40 pin DIP 
+5 V at 90 rna 

~he SIO supplies ,the interface capabilities for the 
c~~p~~~:3i/~ ~:~~~!rPor~~. hThe SIO is selected by the 
all I/O peripheral d~v~c~~. controls the selection of 

The ac~ual selection of the serial po t is 
determlned by the CPU via address r s 
7. This produces the S10 5 1 ~ines 2, 3, 4, and 
routed to the zao SIO chi e e~t slgnal, which is 
address lines 0 and 1 to cr" T e C~ip tben uses CPU 
serial output ports is t ebCOde WhlCh of tbe two 

o e selected. 
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The SID is polled by the Z80A whenever an interrupt 
request is detected. If the interrupt request flag 
is present in the status register, the Z80A 
determines the nature of the interrupt by reading an 
SIO internal register. 

Note: A detailed discussion of the SIO interface is 
provided in volume ~ For additional information 
consult the Zilog ~ SlQ Technical Manual, and 
Zilog's Using tn& zan SlO in Asynchronous 
Communications. 

PIA (Peripheral Interface Adapters) 

There are two PIA's used in the design of the 
Executive computer. The System Select PIA monitors 
and gates input and output signals for system 
components and peripherals while the Communication 
Port PIA provides the parallel interface for 
connecting outside devices to the computer. 

The System Select PIA has eight bank-select lines, 
eight input and output lines, and four control lines. 
Data lines PAO through PA? are used for bank-select 
logiC. PBD through PBS are output lines. PB6 and PB? 
are input lines. The four control lines are CAl, 
CA2, CBl, and CB2. All of the input/output and 
control lines are summarized in the following table: 

TABLB A-2. SYSTBR SBLECT PIA I/O AND CONTROL LIMBS 

PBO Double density 
ml select Drive A 
PB2 Select Drive B 
m3 Speaker output 
PB4 Receive clock 
l'B5 Transmit clock 
PB6 Moden ready 
m7 Modem ring 

Qlntral Lines 

CAl rMA interrupt request 
CA2 Keyboard interrupt request 
00 Real-time clock inter rupt request 
eM 50/60 Hz select output 

In addition to controlling peripheral device 
selection the decoder also provides clock selection, 
determini~g whether the peripheral devices will be 
controlled by the computer's internal programmable 
clock generator or by the peripheral device. 
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The system's parallel interface is provided by the 
Communication Port PIA, the principal component for 
the IEEE 488 port. It coordinates the transfer of 
parallel data between the data bus and peripheral 
devices. The IEEE 488 internal ports are selected by 
CPU address lines 2, 3, 4, and 7 by signals routed 
through the System Select PIA. 

The programmable nature of the 6821 PIA chips makes 
it possible to accommodate a variety of interface 
configurations. See volume D of this manual for 
additional details and specifications of the PIA. 

8253 Timer 

The 8253 has three channels for counter timing. The 
first counter (Port 04) is for baud rate control on 
RS-232 Channel A. The second counter (Port 05) is 
used for baud rate control on RS-232 Channel B. The 
third (Port 06) is reserved to control disk-drive 
motor speed, but is not implemented at this time. 

Disk Interface 

The Floppy Disk Controller converts data and 
coordinates the activity of the disk drives 
Interface with the Z80A is maintained over 8 
b~directional data lines and 6 control lines. The 
d1sk controller uses four physical ports (08 throuqh 
OB)., but one .port is used alternately for read and 
wrlte operatlons, effectively giving the disk 
contr,?ll7r five logical ports. For a detailed 
desc71ptl0n ~f how the controller works, consult 
the l~formatlon of the 1793 FDC provided in Volum~ ~ 
of th1s manuaL 

The ~lo.ppy Disk Controller can be addressed directly, 
but 1t 18 generally easier to use the standard CP/M 
BOOS calls described in Volume ~ 

Port Selection 

~~o;~~n~:~p;hneg :to~h~ique is used so that the Z80A can 
and peripherals. IN a~dd6~; ~etween system components 
Z80A result in port add lnst~uctions from the 
lower address lines su~esses belng generated on the 
selected by the I/O·DeCO~eque~tly, the chips are 
PIA. Only one device ca er lVla the System Select 
given time. n ga n access to the bus at a 
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Devices directly controlled by the decoder are:. 

Real Time ClOCK 
Keyboard 
Parallel I/O 
Serial I/O 
Floppy Disk Controller 
Counter-Timer Circuit 

The I/O Decoder, via the Peripheral Interface Adapter 
(PIA), controls the following functions: 

Selection of disk drive A or B 
Priority control of the internal memory 
RS-232 RI and DSR lines 
TXCLK and RXCLK decode select 
Double-density select 
Audio Speaker 
50/60 Hz monitor select 

TABLE A-3. I/O PORT DESCRIPTIONS 

.fO.I!:r RANGH 

00-03 
04-07 
08-0B 
OC-OF 
10-13 
14-17 
18-1B 
lC-lF 

DESCRIPTION 

6821 System Select (PIA) 
8253 Timer (baud rates) 
1793 Disk Controller 
Z80-SIOj2 serial Interface 
6821 Parallel Interface (PIA) 
Keyboard Read 
Real-Time Clock Read 
video Enable 

The I/O decoder is enabled by the Input/Output Chip 
Select signal. Address lines 2, 3, 4, and 7 from the 
CPU are decoded to determine which peripheral device 
is to be selected. Devices controlled by the PIA 
require additional information from the CPU and 
computer timing circuits. Address lines 1 and 3 
provide additional peripheral-device selection 
criteria after decoding by the PIA. The PIA must 
also be enabled by the computer timing circuits. 

Data flow direction (Read or write) is determined by 
the state of the Input/Output - Read/Write signal. 
This signal is governed through software by the Z80 
port-addressed I/O conventions, whereby IN and OUT 
instructions contain address information in bits 2 
through 4. Bits 0 and 1 are available for further 
decoding into four -functions· -- analogous to 
registers -- within the device. In many cases, these 
represent registers internal to the chip that is 
selected as a device. 

A-IS 



MAIN LOGIC BOARD 

Interrupt Structure 

when the zeo processor is interrupted by a peripheral 
device (through the SIO or a PIA), a one-byte value. 
is placed on the data bus. The low-order byte of th16 
value pOints to the address in memory where the CPU 
is to fetch an address to branch to. The high-order 
byte is retrieved from the CPO's I register, which is 
initialized at power-on or reset. 

Before branching to the specified address, the CPU 
pushes the address of the next instruction to execute 
on the stack so that the interrupt handler can Simply 
execute a RET instruction and return control to the 
interrupted routine. 

The vector addresses are initialized by the ROM. 
There is one address for the PIA at hex FFFE, and eight 
for the SIO. from FFEO to FFEF. 

The SIO is allotted 8 vectors since it is configured 
in Status Affects Vector mode. This means that the 
SIO places a different value on the Bus depending on 
what condition has caused the interrupt (Le., 
Channel A Rx, or Channel B Tx, etc.). 

Although there are 9 vectors in all, they all point 
to the same routine, which is referred to as the 
"Global Interrupt Handler" (INT_BDL). This global 
interrupt handler saves the current state of the 
interrupted routine and establishes the state for 
interrupt handling (Le., sets up the interrupt stack 
and interrupt bank). Next the global handler passes 
control to the -Interrupt Polling Routine-
(INT_POLL). This routine determines the source of the 
interrupt. It first checks the SIO, then each channel 
(A and B) of both PIA's for a pending interrupt. 

When the SID generates an interrupt, the type of 
interrupt is determined by evaluating the vector 
placed on the bus. (The value can be retrieved from 
Read Register 2 on the SID). Since the value is 
differe~t for each interrupt condition, it is easy to 
ascertaln what type of interrupt has occurred. 

If neither the SID nor the PIA's have generated the 
interrupt, then the interrupt is assumed to have been 
caused by the depression of the RESET button on the 
front panel of the Executive. 

Once . the source of the interrupt has been determined, 
the lnte~rupt po~ling routine calls the -Interrupt 
Dispatchl.ng Routlne- (INTJD). This routine retri E: ves 
~he bank mask and address for the appropriate 
lnterrupt handling routine. 
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T~ree bytes are retrieved from the -Interrupt 
Dlspatching Table" (INT_TBL = hex 023F3). The table 
is stored 10 ROM, and read into location hex 23F3 of 
Bank 8 RAM. The Interrupt Table contains 3 bytes of 
information. for each of the 14 possible devices; the 
first byte lndicates which bank contains the 
~pp~opriate servicing routine, and the next two 
lndlcate the address within that bank where the 
service routine can be found. 
The Interrupt Table contains service routine 
locations for the following devices in order: 

DMA 
Parallel port 
SIO transmit, Channel B 
SIO external/status Channel B 
SIa receive, Channel B 
SIO receive, Channel B special condition 
SIa transmit, Channel A 
SIO external/status Channel A 
SIO receive, Channel A 
SID receive, Channel A special condition 
Intelligent keyboard 
Real time clock (tick) interrupt 
Floppy disk controller 
System reset 

The purpose of each interrupt handling routine is to 
service the interrupt. Once the interrupt has been 
serviced, the handler returns to the global interrupt 
handler which restores the state of the machine to 
the condition it was in before the interrupt occurred, 
and returns to the address pushed on the stack by the 
CPU when the interrupt was acknowledged. 

Installing Different Interrupt Handlers 

All that is required to install a customized 
interrupt handling routine is a modification of the 
interrupt dispatching table using BANK MOVE. (This 
should be done with the interrupts disabled). 
However, the customized interrupt handlers must meet 
certain criteria in order to function properly. 

The routine must process the interrupt and then clear 
it. SIO interrupts are cleared with a IRET instruction 
and PIA interrupts are cleared by reading the 
appropriate channel. For an example of how the 
interrupt handling routine should be structured, 
consult the ROM listing, volume ~ 

Since CP/M uses the interrupt handlers to communicate 
with the serial ports, customized routines should 
either retain the same link or establish a new one. 
Also, the Real Time Clock interrupt is used by the 
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system to service the keyboard, maintain the system 
clock, and check for diskette changes. All of these 
functions must also be performed by the new handler. 

To circumvent the need to include these functions in 
the routine, retrieve the bank mask and address of 
the ROM'S interrupt handler from the interrupt 
dispatching table, save it, and replace it with the 
address of the customized routine. Then, when an 
interrupt occurs, reinstate the ROM'S interrupt 
handler using BANK JUMP which will handle all of the 
necessary processing. 

The interrupt handler must not Ie-enable interrupts. 
Interrupts are enabled after the global interrupt 
handler re-establishes the state of the machine before 
it was interrupted. If an interrupt were to occur in 
the midst of processing another interrupt, the state 
saved on the interrupt stack would be destroyed and 
the system WOuld crash. 

Testing of the new interrupt handler should be 
performed with some hardware debugging tools such as 
an ICE or a logic analyzer. 

Character 1/0 Buffering 

~ll.character I/O except for the parallel interface 
IS Int~rrupt d:iven and processed through a set of 
bufferIng routInes . These routines are: 

PL-BP_ST--Determines if there is room in the 
buffer for another character. 

RM_CB_ST--Determines if there is a character to 
remove from the buffer. 

PL-BP_CB--Places a character in the bUffer. 

RM_CB_BP--Removes the next character from the buffer. 

These ~outi~es implement a first-inltirst-out ueuin 
~:~~~~s:t ~~t~ ~~namic buf~er allOcation. Eachqdevic~ 
characters are uadd~~s t~sst~~.1at~d ~ith it in whicb 
removed from the be" en 0 the list and 
allocated as the n g.1nn1:ng. These buffers are 
the list when theyeen~ alr.1ses and then removed from 

onger contain characters. 

• 
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The buffering routines must always be called with 
interrupts disabled because they are called by the 
interrupt handlers. An interrupt issued during one of 
these routines could disrupt the data structure 
during its transition from one state to another. 

Note: The device numbers and data structures are 
described in the ROM listing, Volume E. Register 
interfaces are described in the header for each 
routine. 
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IIBIIORY 

Main Memory for the Executive computer consists of 
128K bytes of dynamic -Random Access Memory· (RAM), 
ex bytes of -Read Only Memory· (ROM), ~nd a~ . 
additional 2K bytes of RAM used in con)Unctlon wlth 
the system ROM. The 128K bytes of RAM memory (of 
which 4K is unused), are provided by s~xteen 4164 
memory chips arranged in two 64K x 8-blt arrays on a 
separate PC board. 

Memory for the monitor ROM is currently supplied by a 
2764 (aK x 8) EPROM located on the main logic board. 
A 6116 static RAM chip (2K x 8) also located on the 
main logic board offers additional storage for 
program variables and tables necessary for system 
operation. 

Effective use of memory is accomplished through 
software by means of a bank switching technique which 
allows the CPU to address more memory than would 
otherwise be possible with the available address 
lines. 

Details concerning the main memory including the RAM, 
ROM, and Scratchpad RAM will be discussed here. 
Video memory is detailed in a later section. 

RAM Functional Operation 

RAM is treated as two contiguous 64K blocks of memory 
which are addressed by the zaOA through 8 input 
lines. Since only a address inputs Are available for 
each 64K of RAM, lfr-bit addreSSing is accomplished by 
alternately sharing the lines for an ~bit row 
address and an a-bit colUmn address. The Z80A strobes 
the &-bit row to determine the low order byte of the 
address and then strobes the &-bit column for the 
high order byte. To maintain the dynamic RAM storage 
area in an accurate state it is continuously 
refreshed by means of the RAS and CAS Signals and the 
CPU-generated refresh Signal RFSB. 

The row and colUmn address lines are contrOlled by 
tri-s~ate bU~fers .. These buffers also perform the 
funct~on of ~solat~ng RAM loading from the address 
bus. Rowand Column address buffers are enabled by 
the Row Address Enable (RAE.) and Column Address 
Enable (CAE·) timing Signals. The RAE. and CAE. 
ti~ing Signals are derived from the same flip-flop 
w~~ch prevents them from both being active 
slmultaneo~sly. This flip flop is clocked at 24 MHz 
to accompl~sh this quick sequencing. 
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Direction of data flow DATA IN to the RAM array (Read 
RD') or DATA OUT of the RAM array (Write WR') is 
determined by the state of the RD* signal originating 
from the CPU. The RD· Signal is active when low which 
places the RAM array into the read mode. A high RD* 
8ignal allows data to be written to RAM memory. 

Note: The Executive has five unused bank select 
enable lines available through the 6821 PIA so that 
future memory expansion can be accommodated. 

RAIl Connector Pinouts 

All Signal flow to and from the memory board is via 
the RAM connector. Pinouts for this RAM connector 
are listed below: 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

TABLE A-4. RAM CONNECTOR PINODTS 

Signal Description 

Fr arne GrOWld 
RCM Decoder 
foIUtl' 
VRAM DECIlIE' 
RFSH' 
Not Used 
RAS 
Not Used 
Signal Grotmd 
Signal Ground 
Signal Grotmd 
Signal Ground 
CAS' 
Not Used 
WR' 
RD" 
CAE' 
Not used 
RAE' 
Not used 
CAS 
Not used 
signal Grotmd 
Signal Ground 
signal Grotmd 
Signal Ground 
AIR 15 
AIR 14 
AIR 13 
AIR 12 
AIR 11 
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Pin 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

1l\IIIB k-4. IWI ~ PDDl'lS (cent.) 

Signal Ground 
Am 10 
Am 9 
Am 8 
Am 7 
Am 6 
Signal Ground 
Am 5 
Am 4 
Am 3 
Am 2 
Am 1 
Am 0 
Signal Ground 
Signal Ground 
IlI\TA 7 
rATA 6 
!l!\TA 5 
DATA 4 
IlI\TA 3 
Signal Ground 
!l!\TA 2 
rATA 1 
!l!\TA 0 
ffiI 6 
PRI 5 
ffiI 4 
ffiI 3 
Signal Ground 
PRI 1 
ffiI 2 
12V 
Signal Ground 
+5 V 
+5 V 
+5V 
+5V 

+l2V 
+l2V 
+l2V 
+l2V 
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ROll Functional Operation 

There are two ROM slots located on the main logic 
board~ Memory for the system firmware is currently 
Bupplled by a 2764 (8K x 8 bits) EPROM located in 
ROil Bocket O. A 6116 RAM chip which provides 
additional memory storage for system operations 
occupies ROM socket 1. Both ROM sockets can 
Accommodate a number of different memory chips. A 
set of jumper switches on the main logic board 
adapts the address and enable lines for the correct 
configuration. 

The ROil enable signal (eE) is developed by the 
computer timing circuits, and the ROM output enabl e 
signal (OE") is derived by a dual 2-to-4 line ROM 
Decoder. The upper half YO· provides an active-low 
output enable for ROM 0 and Yl* provides OE· for ROM 
1. The inputs to the ROM Decoder from the CPU are 
RD., WR*, HREO., and ADR 13. ADR 13 selects the ROM 
to be accessed. MREO· indicates the CPU has 
requested data. 

Note : Jumpers JI, J2, J3, J4, J5, and J8 are set 
according to the type of chips used in ROM slots 0 
and 1. ROM slot 0 can accommodate a 2732, 2764, or 
27128. ROM slot I can accommodate all of the afor~ 

mentioned chips as well a 6116 RAM. The current 
configuration for these jumpers is shown below: 

Jl : 1 - 2 
J2: 3 - 4 
J3: 1 - 2 
J4: 2 - 3 
J5: 1 - 2 
J5: 1 - 2 
J8: none 

ROil Structure 

The Monitor ROM consists of 11 assembly language 
source modules as described below! 

Initialization--Routines contai,ned ,in this mOdul~d 
initialize the memory, SID, PIA s, lnterrupts , a 
character font RAM at power-on or reset. 

Pover-On dia nostics--Diagnostic routines are run 
when the 9 t is powered-on to test the memor y , 
parallel ~~~E~f:~e chip, the SIO serial chip, the 
clock timer and the ROM check sum . 
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Boot Loader--The boot module reads the first 
sector from track 0 of drive A to hex address 4000. 
The first byte of the sector should be a 0, the fifth 
byte should contain the product code (2 fo~ the 
Osborne Executive). If these bytes are vall.d, the ROM 
will issue a jump to the beginning of the sector 
(hex address 4000). 

Console Driver~-The console module performs two 
functions, it takes input from the keyboard and 
sends output to the screen. 

The console input routine normally returns the ASCII 
values associated with a key being pressed. When a 
function key is pressed and the function key 
translation is enabled, the console input routine 
returns the translated value one character at a time. 
In other words, if function key 1 were defined as DIR 
(RET), the first character returned by the console 
input routine would be a 0, then an I, and so on. 

The console output routine displays ASCII characters 
on the screen. It also accepts control characters and 
ESC sequences to control console functions such as 
video attributes and cursor positioning. 

Real Time Clock Driver--The Real Ti me Clock driver 
is accessed by the 60 Hz interrupt and updates the 
clock every second. 

Keyboard Driver--The keyboard driver scans the 
keyboard 60 times a second. Valid keys are s tored in 
a buffer where the console input routine can access 
them. When a key is held down for longer than half a 
seconC\ the key will repeat and will be stored in 
the buffer. If three or more keys are pressed 
simultaneously, the keyboard driver will ignore them 
all. If only two keys are pressed, the driver will 
a?cept the last one that is pressed, ignoring the 
flrst one. 

Parallel Port l/o--The parallel port driver 
perf~r~s lnput and output as well as checking status 
condltlo~S for the parallel port. The driver can 
handle elther IEEE 488 or Centronics protocol. 

Serial Port I/o--This driver contains routines that 
se~ the baud rate, check status, and perform input 
an output for both serial ports. 

~~~:i~~!V:~~~~T~~m~~S~ drivers contain all of the 
read a sector, write nsleCcattoe Withh the disk drives. They 
a track. r8, ome the drive, or seek 
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Interrupt Bandlers--When an interrupt occurs, the 
handler saves the current state of the program being 
run. It saves the stack, the registers, the bank and 
address where the code was executing. Next the 
interrupt handler polls the interrupt to determine 
whether it is a 60 HZ, SIO, parallel port, or RESET 
button interrupt. Once the type of interrupt is 
determined, the appropriate handler is called. When 
the interrupt has been serviced, the program continues 
where it left off. 

Character I/O Buffering--The character I/O 
buffering module is used to store characters waiting 
to be input or output. The character buffering 
routines are used for serial port I/O and keyboard 
input. There is enough room 60 that 640 characters 
can be buffered before any data is lost. 

Note: A complete listing of the Executive ROM as well 
as the entry and exit pOints are provided in 
Volullle ~ 

Scratchpad RAJ! 

A 6116 static RAM chip (2K x 8), located on the main 
logiC board, provides 2K of RAM scratchpad memory 
for system use. The following tables and pointers 
are located here: 

eLK PTR:--Points to the "seconds" byte of a 4-byte 
tim; stamp initialized by the BIOS which pOints to 
the clock area of the CP/M Plus system Control Block 
(SeB). The data structure for the cloc:k a~ea is the 
same as that described for the seB Wh1Ch 1S fully 
described in volum~ ~ If this value is changed then 
the CP/M clock will not function properly. 

IIEDlA 
A-DRIVE:--points to the media change ~etect in SCB. 
B-DRIVB.--points to media disk change 1n the Disk 
paramet~r Header; an FF indicates a disk change, a 00 
indicates no disk change. 

t 1 for Channel A of the SIO. 
~PROTCL:--Sets pro oco 

t 1 for channel B of the SIO. 
B_PROTCL:--Sets pro oco 

o no protocol 
1 -- XON/XOFF protocol 
2 -- ETX/ACK protocol 

I MSK TBL.--Table of bit masks indicating w~ic~ - - . . re valid A 1 1nd1cates 
keys 1n the keyboard matrlx a invalid key This 
a valid key and ~ indicates/M~~ cold boot p·rocess. 
table is initia11zed by CP 
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ALJBY:, CT_KEY:, SB_ItEY:--Lock and Shift keys in 
the keyboard matrix. Bits 0, 1, and 2 equal ~he . 
column while bits 3, 4, and 5 equal the [OW 1.n thlS 

data structure. 

ItBYS:--Starting here are 5 keyboard tables used to 
translate keystrokes into ASCII values. Each table is 
64 bytes long. There is a one to one mapping between 
each keyboard table and the keyboard scan matrix. 

INT_TBL:--This is the interrupt dispatching table. 

Memory Organization 

Memory Of or the Executive is organized into 9 banks 
shared by system routines and user programs. Bank 1 
is for user programs, Banks 2 through 6 are not 
currently implemented, and Banks 0, 7 and 8 are 
reserved for system use. 

Organizing memory into banks allows the CPU to 
address more memory than would otherwise be possible. 
Each bank represents a range of addresses in memory. 
A technique referred to as bank switching is used to 
enable certain segments of memory as they are needed. 

The following memory map shows how the banks are 
organized for the current release (ROM Vl.2l and SIOS 
Vl.l) of the Executive computer: 
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, , , , , + I , , I 

I I I xxxxxxxxx I I xxxxxxxxx I I xxxxxxxxx I 
I CP/ll I I xxxxxxxxx I I xxxxxxxxx I 

I xxxxxxxxx I 
I xxxxxxxxx I I xxxxxxxxx I 

I Bra;, I I xxxxxxxxx I I XlOCXXXXXX I I xxxxxxxxx I I xxxxxxxxx I 
I BOC6 I I I I I I XXXxxxxxx I 
I I I I I I I -I 

I xxxxxxxxx I 
I xxxxxxxxx I 

I I I I I I 14K (by 4) I I xxxxxxxxx I 
I I I I I I I ATlRIB I I xxxxxxxxx I 
I I I I I I 1----1 I xxxxxxxxx I 

I I I I I 14K (bY 8) I I xxxxxxxxx I 
I I I I I I IVIIlID I I xxxxxxxxx I 
IRfS!lMD1 ) 6DK I I 6DK I I --I I xxxxxxxxx I 
I FCR I I RAM I I RAM I I xxxxxxxxx I I xxxxxxxxx I 
I SYS'lDl I I (lEm I I (usm I I xxxxxxxxx I Ixxxxxxxxxi 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

USE I I l\REA) I I l\REA) I Ixxxxxxxxxi I xxxxxxxxx I 
I I I I I I xxxxxxxxx I I xxxxxxxxx I 
I I I I I I xxxxxxxxx I I I 
I I I I I I xxxxxxxxx I I I 
I I I I I I xxxxxxxxx I I 6K I 
I I I I I Ixxxxxxxxxi I UlUSED I 
I I I I I I xxxxxxxxx I I I 
I I I I I I xxxxxxxxx I I 2K RAM I 
I I I I I I xxxxxxxxx I I I 
I I I I I I xxxxxxxxx I I I 
I I I I I I xxxxxxxxx I I 8K I 
I I CP/l! I I I I xxxxxxxxx I I RCM I , I , , , I , I + 

!WI lEm EXPANDABLE VIIlID RCM 

RAM RAM 
BANK 0 BANK 1 BANKS 2~ BANK 7 BANK 8 

RJlE: xxx.x means that address space is 
unused bY this bank and another bank is 
seen here. 

FIGURE A-9. OSBORNB EXBCUTIVB MEMORY !lAP 

Memory in Bank 0 encompasses 64K bytes of RAM 
reserved for system routines. This area of memory 
contains BIOS, a portion of BOOS, and is also where 
the disk and interrupt buffers are located. The top 
4K bytes of Bank 0 is used by the system to control 
bank switching and data handling, and thus is always 
enabled. 

Bank 1 is composed of 60K RAM, with the area between 
hex 100 and EFFF available for user programs. The 
bottom 256-byte area, from hex 0 to lOO~ is reserv~d 
for various, critical system address po~nters and 15 
referred to as page Zero. consult VQlume B for a 
detailed description of the contents of page Zero. 
Banks 2 through 6 are not currently implemented. 
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However, by devising a different memory scheme, these 
additional banks or any number of banks up to a total 
of 32 can be implemented. 

Bank 7 is composed of video memory. The lower portion 
of Bank 7 (hex COOO through CFFF) stores bits 0 
through 7 for character generation and includes an 
area reserved for the Monitor and the DHA port. The 
upper portion (from hex DOOO through DFFF) contains 
the attribute bits. 

Bank 8 is 16K and occupies memory between hex 
addresses 0000 through 3FFF. The memory in Bank 8 is 
treated differently depending on whether the CPU is 
reading from or writing to it. When read by the CPU, 
Bank 8 contains ax of ROM in the lower portion and 
2K of RAM above it. The remaining upper 6K is unused. 

When being written to, the bottom 4K is RAM and is 
where the two character sets (2K each) reside. Above 
the area reserved for the character set is 4K of 
unused address space. The next 2K of RAM is used for 
temporary storage (scratchpad RAM) and contains a 
pointer to the keyboard translation table. The top 6K 
of Bank 8 is unused, but will still overlay memory 
with the rest of the bank. The following illustration 
shows how Bank 8 appears differently in read and 
write modes: 

Read Wl:ite 
3FFFh I +- I 

( I I 
I 6K I 6K I 
I unused I unused I 
I I I 
I 2K RAM I 2K RAM I 
I I I 

lFFFh I I I 
I I 4K IQoI I 
I I I 
1 8K I I 
I RCM I 4K RAM I 
I I Olaracter( 
I I Sets I 

+ + 

FIGURE A-lO. BAllI 8 

Note: The memory in Bank 8 can be expanded by 
~ubstituting other chips and using the appropriate Jumpers to select them. 
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ReJlOry Priority 

Banks of memory can be tho h 
overlay each other as the u~ t of as pages that 
scheme determines which bink~etb~ing used. A priority 
is always enabled. Banks 1 thro

a ~ ~recedence. Bank 0 
.... riting a data b te to u~ are enabled by 
enabled identifi~d by thport 0, w1th the bank(s) to be 

e1I corresponding bit bein 

b
tog9kled ON. Here are the bits associated with each

9 

an . 

BAOk Bi.t 

8 7 
7 6 
6\ 5\ 
5 \ 4 \ 
4 > 3 > not used 
3 / 2 / 
2/ 1/ 
1 0 
0 (Always enabled) 

Those banks that correspond to higher-order bits 
(bit. 6 and 7, for example) will have higher priority 
than banks corresponding to lower-order bits (bits 0 
and 1). Whe n two banks are selected that shadow each 
other, the bank with the higher priority takes 
precedence in that area. Here is an example: 

7 6 5 4 3 2 1 0 Bits 
+ 
I 

1 1 0 0 0 0 0 1 I 
I 

-+ 

Banks 8 7 6 5 4 3 2 1 0 

FIGURB A-ll. DATA BYTB OUTPUT TO PORT 0 

In the example ebove, Banks 0, 1, 7, and 8 are 
enabled. Bank 8 has the highest priority, so its 16K 
of ROM and RAM will overlay the CP/M and user areas 
of Bank 1 and part of the system area of Bank O. 
Likewise, the 8K of video memory of Bank 7 will 
overlay the corresponding locations of Banks 0 and 1, 
leaving the area from hex 4000 to BFFF available for 
user programs. The following illustration shows what 
portions of memory would be enabled: 
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+- + Source 
I CP/M, I 
I BIOS, I Bank 0 
I BOC6 I 

EOOOhl I 
14K (by 4) I Bank 7 
I AT'1RIB I 

DOOOh I I 
14K (l7t 8) I Bank 7 
I VIDEXl I 

COOOhl --I 
I I 
I I 
I I 
I I 
I I 
I I 
I oom I 
I AREA I Bank 1 
I I 
I I 
I I 
I I 

4000h I I 
I UKlSED I Bank 8 
I I 

2000h 1--1 
I RAM I Bank 8 

2000h I I 
I I 
I RCl! I Bank 8 
I I 
i----+ 

FIGURE A-12. EFFECTIVE HERORY AREA 

As another example, suppose we output the following 
data byte to port O. 

Bits 
76543210 

I 

I 
I 0 0 0 0 0 0 0 1 I 
; 

Banks 
+ 8 7 6 5 4 3 2 1 0 

FIGURE A-13. SAMPLE DA~A B~E 
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With this byte, we will have enabled Bank 1 d 
since Bank 0 is always enabled the eff ti' an 
area ",111 look like th' ' ec ve memory 1S. 

I I Source 
I CP/lI, I 
I Bloo, I Bank 0 
I BOCS I 

FOOO I I 
I I 
I I 
I I 
I USER I 
I AREA I Bank 1 
I I 
I I 
I I 

100 I I 
I CP/ll I Bank 1 (256 bytes) 

+ 

FIGURB A-H. NORRAL KEMORY ENABLING 

The example above shows the memory that is enabled 
during normal use of the CP/M operating system. 

K..ary Allocation 

The following table shows how the memory is 
allocated (all addresses are in hexadecimal 
notation) : 

0000 - 0100 
0100 - F30S 
1'306 - FBFF 
P900 - FCl'F 
FOOO - 1'IJ3F 

I'D4() - PD4 9 
FD4D - 1'IJ41. 
I'D42 - PD43 
!'DI4 - I'IJ45 
F046 - PD47 
!'DIS - PD49 
PD4A - FEllI 
FEOC - PEEP 
FBFO - FFDI 
PF!l2 - PnF 
PI'BO - FFEF 
FFFO - FFFD 
FFFE - FFFF 

TABLE A-S. ALLOCATION OF MBIIORY 

use 

CP/ll Page 0 
TenpOrary Program Area (TPA) 
Resident portion of BOC6 in cannon menory 
Resident BIOS 
Olrrently unused and reserved for user 

patches . 
Pointers to 0CIII1I00 RAM rout1neS inStalled by RCM 
Pointer to bank j"'i' routine 
Pointer to bank call routine 
Pointer to bank move routine 
Pointer to DWU> routine 
Pointer to !J!IIWRT routine 
J(){ 1 S carmon RAM data area 
Reserved 
call1lOll RAM routines installed by RCM 
Reserved 
SID hera-are interrupt vectors 
Reserved 
PIA hera-are interrupt vectors 
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Osing Kemory in Bank 0 

Although the 64K bytes of memory in Bank 0 is 
reserved for system use, memory allocated for LRU 
disk buffering can be used by an application program. 
The data structure for this disk caching is 
documented in Volum~ ~ 

Data buffers from one of the drive'S list may be 
eliminated to provide this memory. However, at least 
one buffer must be reserved for disk data and 
directory data for each drive. Before the application 
program returns to CP/M it will need to restore all 
of the buffers. This is accomplished by recording the 
contents of the BCB (Buffer Control Block) data 
structure for each of the deallocated buffers as well 
as any other pertinent data structures that need to 
be restored. 

In order for an application that resides in Bank 1 to 
access data in Bank 0, the BIOS function calls 25 
(MOYE) and 29 (XMOYE) can be used. Note that a 
corresponding XMOVE must be called for each call to 
MOVE because certain values are reset. MOVE and XMOVE 
should be called directly, not through BDOS function 
50. 

Some problems may be encountered when using Bank 0 
for application programs. If the program fails, the 
data structures will not be restored to their 
original state and that portion of memory will be 
unavailable until the system is reset or rebooted. 
Also, disk I/O performance will be decreased because 
of the reallocation of the buffers. To increase the 
performance, it may be wise to leave the LRU 
directory buffers intact as they are stored in 
memory. 
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COIiSOLB DBS IGN 

;~:t:~e~~~i~eC~~;~~:rge:!~~t encompasses the video 
video consists of 8K x 12 bit;O~~'RA~emo~y-mapped 
charActer display can either be output ~oet~~ ~ ~tt 
in moni tor or to an exter l' U1 -
placed on the screen is asn6aoc~r:~O:ithE:C~e~har~~~er 
ASCII value plus one bit for each of f' en- 1 

tt ib t 
lye screen 

a rues. There are two sets of 128 h e h t die aracters ftC 6 ore n a 4K x a-bit character font RAM. 

The detachable keyboard has 69 keys and a l2-key 
numeric keypad. The numeric and arrow keys also serve 
as programmable function keys while configurable 
tables and pOinters allow fUrther keyboard fUnctions 
to be defined. 

The Executive console functions are patterned after 
the Televideo 912. The Executive is also capable of 
emulating the console functions of a wide range of 
popular terminals through software. 

Video Syste. 

The video system is centered around a three-port RAM 
which maintains a mirror image of the symbols (in 
ASCII format) that are intended to be displayed on 
the video screen. Each screen location has an 
equivalent memory location in RAM; the contents of 
these locations are changed by either the zeOA or an 
external device attached to the DMA connector. The 
Video RAM is accessed automatically by the video 
display circuitry which supplies the necessary 
addresses to walk through all screen positions while 
maintaining synchronism with the vertical and 
horizontal drive signalS to the video monitor. 

The encoded ASCII symbol which is outputted from the 
Video RAM'S data lines becomes an address input to 
the FONT RAM. The FONT RAM contains the actual dot 
patterns to be routed to the video monitor as 
directed by the timing and control signalS. 

During a write operation to the Video RAM, a I2-bit 
address is introduced from the zeo address bus to the 
video system via the Video Address Mux. It is the 
function of the Address Hux to coordinate the reading 
and writing to the video sys~em. A~ the app~opriate 
window period the first e b1ts wh1ch conta1n the 
ASCII value of the character are written into Low 
Video RAM. The remaining 4 bits, which represent ~he 
attributes associated with the display, are read 1nto 
High Video RAM during a subsequent write cycle. 
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Memory for the video is provided by two 6116 static 
RAM chips. Display memory is composed of a .128 x 32 
matrix of addresses from hex CODa to 0000 1n bank 7. 
An area 80 columns by 24 lines (1920 c~aracter 
locations) of the memory is used for dl.splay with the 
remainder reserved or unused in the current 
impl ementa tion. 

The 4K x 8 bits of La. video RAM (between hex COOO 
and CFFF) is used to store the 7 low-ord~r bits. 
associated with ASCII values plus 1 attrl.bute b1t for 
reverse video. The 4K x 4 bits (from hex 0000 
through DFFF) of the High Video RAM is used to store 
the 4 attributes associated with each character 
position on the screen. 

The character symbols are subsequently sent to the 
character FONT RAM, a 4K x 8-bit 6116 static RAM 
accessed through Bank 8. A serial sequence of bits 
is outputted for each line of the displayed 
character. A dot clock driving a serial shift 
register then generates the signal which illuminates 
the appropriate dot pattern on the video display 
line-by-line. 

Parallel data in the shift register is outputted one 
bit at a time. Each dot clock cycle allows one bit of 
data to be displayed. One full character cycle 
provided by the character clock allows one full 
character to be displayed. Scan and Text counters 
keep track of the rows, lines, and the number of 
characters per line. 

The video monitor display must constantly be 
refreShed in order to maintain the display. 
Each monitor display frame {one complete display} is 
generated 50 or 60 times per second depending on the 
currently selected monitor frequency. The monitor 
frequency can be changed through the SETUP utility. 

Internal Video Monitor 

The bUilt-in, 7-inch (measured diagonally) amber video 
monitor has an 80-character by 24-line display. 
Each raster is generated by an electron beam sweeping 
across the phosphor-coated screen which emits light 
when struck by the beam. Whether or not the screen 
emits light is determined by the intenSity of the 
e~ectron beam. The beam intenSity is modulated by 
h:ghs and lows where RllsR cause the Screen to emit 
l1ght and the ·OISR resul t in no light. 

The beam starts in the upper left-hand corner and 
sweeps a~ross the screen from left to right to form 
row I whl.ch takes 52 microseconds. Ten rows are 
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required to form one text line since character cells 
are formed in an 8 x 1.0 dot matrix. The beam retraces 
in 12 microseconds wh11e horizontal blanking is in 
effect, which prevents the retrace from being visible 
This process is repeated until the entire screen is • 
filled. Filling the entire screen (1 frame) is 
accomplished synchronously with the AC power line 
input frequency and takes place about 50 or 60 times 
per second. After the beam fills the screen it moves 
back (during vertical retrace) to the 6tarti~g point 
while vertical blanking is in effect. 

Video Monitor Interface 

There are two video-monitor connectors located on the 
lower front panel of the Osborne Executive computer. 
An "External video connector" and a "Composite video 
connector" provide alternative methods for connecting 
external monitors. 

Video from the shift register, along with the 
vertical and horizontal blanking and sync signals, 
charActer clock, and video attributes, are input to 
the video output circuit. These signals are combined 
to form the composite video output and are also 
routed to the lO-pin connector. The real-time clock 
overflow maintains the real-time clock count in the 
event the CPU is busy (such as during disk data 
transfer which cannot be interrupted while in 
progress) . 

The Composite Video connector is for direct plug-in 
of RS-110 standard video monitors with a single coax 
cable. The composite signal supplied to this jack 
contains all attributes as well as horizontal and 
vertical synch signals. However, unli~e the Exte~nal 
Monitor Connector, power is not suppl~ed thru th~s 
connector. 

Note: It is recommended that only those monitors that 
meet the EIA RS-170 standard be used'll i th the 
Executive computer. Monitors that do not meet the 
requirements defined by the RS-170 standard may not 
display data correctly. 

The lO-pin External Video Connector provi,des ano~her 
means of attaching an external video ~on~,tor. ~~deo 
Signals are either directed to the bu~lt-~n mon~tor 
when a shunt plug is in place or to an exte~nal 
monitor when attached. When the shunt plug ~s 
attached, video signals are routed f,rom the bottom of 
the PC board to the moni tor connect~ons on ~he top 
edge of the board. The following PC board plnoutB 
apply: 
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TABLB A-6. VIDEO BDGB CONNBCTOR PINOUTS 

2 Ground 
4 Brightness high 
6 Brightness low 
8 Brightness arm 

10 Ground 
12 Horizontal synch 
14 +12 Volts 
16 Video out 
18 Vertical synch 
20 Ground 

19 17 15 13 11 9 7 5 3 1 
II II II II II II II II II II 

II II II II II II II II II II 
20 18 16 14 12 10 8 6 4 2 

FIGURB A-1S. EXTERNAL VIDEO BDGB CONNECTOR 

Note: Do not attach anything to this connector while 
the Executive computer is powered-on; dOing so may 
cause damage to the computer. Also, do not lose the 
shunt plug, since the built-in monitor will not 
operate without it. 

Normally, the shunt plug connects each of the above 
Signals to the top side of the PC board connector . In 
addition, a Single in-line connector on the main 
logic board becomes active When the Shunt is in 
place. The in-line connector provides the Signals and 
power to the internal video monitor. The pinouts for 
this internal connector are listed in the following 
table: 
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1 
2 

3 

4 
5 
6 
7 

8 
9 
10 

CONSOLE DES IGN 

TABLB A-7. INTERNAL VIDEO CONNBCTOR 

SIGNAL NAIIB 

-----::-;-:c----:--Signal Ground -----------
Brightness (This is one leg of a 

pot) 
Brightness (This is the other end 

. of the pot) 
Br1ghtness (This is the wiper arm) 
Chassis Ground 
Horizontal Synch 

+12V (Supplied to the 
external monitor) 

Video 
Vertical Synch 
Signal Ground 

- -------------_._--
Re.ory Mapped Video 

Video memory resides in Bank 7 from hex COOO to DFFF. 
Memory between CO 00 to DODO provides a 128 by 32 
memory mapped matrix of which an 80 by 24 portion is 
used for the display. Memory from DODO through DFFF 
is used to store the attributes associated with the 
display. 

Memory-mapped video is laid out in the following 
manner: 

COOOh +- -+ 
1 1 
1 1 
1 1 
1 1 

24 X SO 1 1 
VIDtD 1 UllJSED 1 

1 1 
1 1 
1 10lCF 

CCOO + 1 
1 

RfSERIIID (for Monitor, tMA port) 1 
CPSO 

-+ CFFF 

PIGURE A-16. MEMORY-MAPPED VIDEO 

Mote: In the above diagram, location COOO cor~e6ponds 
to the upper left corner of the screen~ locat10n CBCF 
corresponds to the lower right corner. 
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A proprietary feature of the Executive allows 12-
bit block moves. When moving data in the video memory 
(COOO - CFFF) with LDIR and LDDR instructions, both the 
character and attribute bits are moved as a unit. 
Moves outside the Video RAM area are accomplished in 
a-bit segments. 

The Executive utilizes software scrolling so that the 
top line of the screen display is always located at 
hex address COOO. Lines 25 through 32 (decimal) are 
allocated in video RAM for DMA and monitor functions, 
and columns 81 through 128 of each line are currently 
unused. 

The normal method of enabling the video bank for a 
user-defined video driver is shown below: 

IN 
STA 
OR 
OUT 

o 
TEMP 
A,40H 
o 

LOA TEMP 
OUT 0 

Video Attributes 

;Get current banks enabled 
;save in temp location 
;Enable video bank , 
;User video driver here 

;Restore banks 

Characters for the display are stored in the 
chara7ter FONT RAM, accessed from hex address 0000 thru 
FFFF ~n Bank 8. Twelve bits are associated with each 
character; ? bits represent the ASCII value 
associated with the character, and the remaining 5 
a~e att~ibute bits. The ASCII value and the reverse 
vldeo b~t are sto~ed in the video RAM (from hex COOO 
~hrough CFF~), wh~le the remaining 4 bits are stored 
~n the at~r~b~te area (from hex DOOO through DFFF) 
as shown ~n Flgure A-I? ' 
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0000 - DFFF COOO - CFFF 
+-+--+--+--+--+-+---+--+--+--+-+--+ 
17 I 61 51 41 71 61 51 41 31 21 11 01 
I I +--+--+-+-+--+-1 I I I + 

I I I I I I I I I I I I 
FUll intensity <+ I I I I I I I I I I I 
Underline < + I I I I I I I I I I 
~!:~te font < + 1 I I I I I I I I 

I I I I I II I I 
I I I I I 1 1 

Reverse video <:----- I I I I I I I 
7 bit I'SClI character code <-+--+-+-+-+--+-+-+ 

PIGURE A-l7. VIDEO ATTRIBUTE BITS 

Pull intensity -- A value of 1 in this bit indicates 
full intensity; a 0 indicates that the character will 
be half-intensity. 

Underline blt--A value of 1 in this bit indicates 
the charActer will be underlined; a 0 value means no 
underline. 

Blink bit--A value of 1 turns blinking ON while a 0 
turns blinking OFF. The associated character will 
blink about twice a second. 

Alternate font blt--This bit is used to access 
either the standard or alternate character set stored 
in the Font RAM. If this bit is 0, the standard set 
in the lower 2K of the Font RAM is used. If this bit 
is 1, the alternate set in the upper 2K is used. 
Note that a 256-character set can occupy that 4K of 
RAM (which might be the case for a language other 
than English). Use of the alternate font bit can be 
used as an index when addressing these two areas of 
memory. 

Reverse video bit--A 1 in this bit enables reverse 
video which displays a dark character in a light 
rectangular background. A 0 meanS th~t the character 
will appear as a light character agalnst a ~ark 
background If blinking is enabled along wlth 
reverse video, the character so identified wi~l 
switch between normal and reverse representatlon. 

Direct Screen Manipulation 

The video memory is actually two paired sections of 
Bank 7 that allow each character to have 7 character 
bit. and 5 attribute bits. 
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Remember that each character is ~ct~ally considered 
to be 12 bits wide: 8 bits, conslstlng of 7 ASCII , 
character bits and one attribute bit, are stored 1n 
the video RAM area of Bank 7 (from COOO t.hrough 
CFFF); while the remaining 4 attribute blts are 
stored in the attribute area of the same bank (from 
0000 through OFFF). 

By directly manipulating the relev~nt bits for each 
character, individual memory locatlons can be changed 
without having to use the output sequenc~s 
demonstrated earlier. To get to the attrlbute bits, 
use the assembly language code shown below. 

IN 
STA 
ORI 
OUT 

o 
TEMP 
40h 
o 

:save in temp location 
;shadow in video memory 

Next read the memory location you wish to change, 
and set or clear the bits you wish to change. Note 
that l=on and O=off for all attributes. 

LOA 
OUT 

TEMP 
o 

;shadow out video 

By addressing the video attributes in this manner you 
can create a "template" of the screen areas that are 
to be affected. Once set, these areas will remain 80 
affected (e.g., blinking, etc.) as new characters are 
written into them. These areas should be reset to 
their default values before the template program is 
exited. 

Character Generation 

A character set is a collection of characters in a 
particular style. The Executive is capable of storing 
two character sets of up to 128 characters each. The 
default character set is composed of Standard English 
(ASCII) and resides in the lower 2K of Bank 8. The 
alternate character set currently consists of 128 
graphic characters. Any set of characters can be 
defined through the CBARGEN program described in 
yo~u~e 1 of ~e Execu~iye Guides. Reading and 
wr1t1ng to th1s area 1nvolves different types of 
memory. Reading accesses the ROM, and writing 
accesses the character FONT RAM. 

The ~1ternate character set can be enabled for a 
part1cular character by toggling a bit in the lower 
4K of Bank 8 from hex 0000 through OFFF. 
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E~C~ ch~racter set is selected by the -alternate set 
blt (blt 4 of the Attribute RAM in Bank 7); a 0 in 
thiS bit directs the system to use the character set 
stored in the lower 2Ki a 1 in this bit directs the 
system to use the alternate character set in the 
upper 2X. The character font is enabled by setting 
the high bit on port O. An example of a subroutine 
that enables the font RAM is shown below: 

IN 0 ;GET CURRENT BANK STATUS 
STO A, TEMP 
OR lOOOOOOOOb ;SET FONT (and ROM) BANK BIT 
OUT 0 ; ENABLE BANK 8 

;USER CODE 

LD A, TEMP 
OUT 0 ;RESTORE PREVIOUS BANK STATUS 
RET 

Because Bank 8 has a higher priority than Bank 1 
(where the user TPA is located), any Bubroutine like 
the example presented must be located above hex 3FFF. 

The 4K of FONT RAM is divided into two sections, one 
for each of the character sets. The first half from 0 
to hex 07FF is reserved for the main character set. 
The top half from hex 0800 to OFFF is reserved for 
the alternate character set. Each character set is 
128 character definitions of 16 bytes each. Because 
the character size is only 8 x 10 pixels, 6 of the 
bytes are not used. 

A- 4l 



CONSOLE DESIGN 

Keyboard Pinouts 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18· 
19 • 
20 

The pinouts for the keyboard connector are listed 
below: 

TABLE A-S. ItEYBOARll CONNECTOR PINOUTS 

Row 4 
RCM 0 
Row 3 
R<M 6 
Row 2 
RCM 5 
Row 1 
R<M 7 
COllJ1l1l 0 
COllJ1l1l 1 
COllJ1l1l 2 
COllJ1l1l 3 
COllJ1l1l 4 
COllJ1l1l 5 
COllJ1l1l 6 
COllJ1l1l 7 

Descriptia> 

O1assis GrOlUld 
Address 12 
Address 8 
Address 11 
Address 14 
Address 10 
Address 13 
Address 9 
Address 15 
Dota 0 
Data 1 
Data 2 
Data 3 
Dota 4 
Data 5 
Data 6 
Data 7 
+12 V 
+l2V 
Signal Ground 

• ihese pins are enable<l only by dealer-installe<l jumpers for 
those keyboards requiring a +12 V output. 

The physical configuration of the connector as seen 
from the front of the Executive is shown below. 

I . 17 15 13 11 9 1 5 J 1 

20 18 ,. 
" 12 10 8 • • 2 

PIGURE A-IS. ItEYBOARD CONNECTOR PIN CONPIGORATIOB 
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Note: Since the Executive uses a non-encoded 
keyboard, encoded keyboards will not operate properly. 

leyboard Interface 

The Executive keyboard provides all of the standard 
alphanumeric and symbol keys, as well as four arrow 
keys, a ten key numeric keypad and the following 
special purpose keys: 

ISIlll"r] : When depressed, provides the uppercase 
equivalent or character shown on the 
upper portion of the key being pressed. 

ITAIl] Advances to the next tab stop; tabs are 
set every 5 spaces. 

IALI'IIA 
UXX) 

When locked down, indicates that all 
subsequent letters should be uppercase. 
The ALPHA LOCK key affects only the 
letter keys. 

IRE'ltRI) '!his rectangular key advances the cursor 
to the next line on the screen or 
signals a command sequence. 

IIISC] The "ESCAPE" key functions differently 
depending on which program you are 
using. It is usually used to -escape" 
fran a situation i:¥ cancelling whatever 
process is in progress. 

1=) The cnu. key is used in oonj unction with 
one of the other keys to issue commands 
sequences. 

Besides the keys visible on the keyboard, there are 
four hidden characters which exists but a~e not shown 
on the keycaps. These characters can be dlsplaye~ by 
holding down the CTRL key and simultaneously typlng 
the indicated character: 

CTRL / 

CTRL < 

CTRL > 
CTRL • 

tilde (-) 

left bracket ({) 

Right bracket (I) 

t ( 0 ) Open single quo e 

Note- An alternate character set or any character you 
desi;e can be defined by using the CHARGEN prog~am 
described in volume ~ Chapter ~ of the Executlye 

User' B Guide... 
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.. I" T " ..... , . 

, • 

FIGURE A-19. KBYBOARD LAYOOT 

The keyboard supplied with the Executive basically 
consists of a 9-column x B row mate ix of 
keyswitches. Pressing a key causes a switch closure. 
The Z80 monitors the input/output lines to decode the 
switch closure and converts the signals into data and 
addresses which ar e subsequently converted into ASCII 
code by the monitor ROM. The keyboard matrix as it 
appears to the software decode fUnction is shown 
below: 

zoo ADDRESS 
BUS OUTPUT 

. r---
t 

, , , , , , , , 

2 

J 

4 

5 

6 

, 
, 8 
'--- . 

" 2 J • 5 • , .. , , , , ..... Zfl) DATA BUS INPUT ---------------------; 
FIGURE A-20. KBYBOARD MATRIX 

• 
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The keyboard port is a read-only port. It is tested 
with an IN instruction for port 14, which scans the 8 
x 8 matrix. The 8 bits of Register A are set to test 
any of the eight rows in the matrix. When the IN 
instruction is performed, the byte returned flags the 
column being tested. A positive value returned in 
Register A signifies the column of the key being 
pressed. For instance, in the example below row 3 is 
flagged for testing. 

Register A 

0 0 0 0 I 0 0 0 

7 6 5 4 3 2 I 0 Bits 

If a 0 value is returned for bit 2 in the A Register: 

I I I I I 0 I I 

7 6 5 4 3 2 I 0 Bits 

the decode tables in Bank B will interpret the key 
pressed AS an A. 

Configurable Keyboard Tables and pointers 

The following section describes five tables a~d 
pointers that may be modified for user-speciflc 
keyboards and console definitions. 

There are five pOinters to the keybo~rd translation 
tables starting at hex address 2000 1n ~ank 8. 
Included are the key code table, the Sh1ft table, the 
control key table, the alpha lock table, and the 
control shift table. 
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TABLB A-9. KBY CODB TABLE 
(starting location = KYCDTB) 

KYCI}JJB ESC TAB ignored ignored 
+ 4 ignored ( cr> , 

[ 
+ 8 1 2 3 4 
+C 5 6 7 8 
+ 10h q w e r 
+ 14 t Y u i 
+ 18 a s d f 
+ lC g h j k 
+ 20 z x c v 
+ 24 b n m , 
+ 28 BAh 8lil 0 {space> 
+ 2C p 0 9 
+ 30 88h B<ll / 
+ 34 . \ 1 = • 
+ 38 ignored ignored ignored ignored 
+ 3C <cr> ignored ignored ignored 

TABLB A-I0. SHIFT KEY TABLB 
(used when shift key is down ) 

SHF'l'-'lB + 40 ESC TAB ignored ignored 
+ 44 ignored ( cr > • 1 + 48 I @ f $ +4C % " & • + 50 Q w E R + 54 T Y U I + 58 A S D F + 5C G H J K + 60 z X C V + 64 B N M < + 68 BAh 8lil ) <space> +6C > P 0 ( + 70 8Bh 8Ch ? + 74 . I L . 

+ + 78 ignored ignored ignored ignored + 7C (cr> ignored ignored ignored 

• 
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CMB + OOh 
+84 
+ 88 
+8C 
+90 
+ 94 
+ 98 
+9C 
+NJ 
+M 
+A8 
+N:. 
+80 
+84 
+88 
+BC 

Mr'Il! +CIl 
+C4 
+C8 
+CC 
+00 
+04 
+08 
+DC 
+!D 
+84 
+E8 
+BC 
+ FO 
+ P4 
+ F8 
+FC 

CONSOLE DESIGN 

TABLE A-II. CONTROL KEY TABLE 
(used when control key is down) 

ESC T1\B ignored ignored 
ignored <cr> ignexed '[ 
8lh 82h 83h 84h 
B5h S6h !17h 8Sh 
'0 "W 'E 'R 
'T -y 'u 'I 
'A 's '0 'p 
'G 'H 'J 'K 
'z 'x 'c 'V 
'B 'N "M { 
8I\h 7Ph SOh note: llackArrow=OEL 
} 'p '10 89h 
8Ilh BCh 

, 

ignoced '\ '1: • 

ignored ignored ignored ignored 
<cr> ignored ignored ignored 

TABLE A-I2. ALPHA LOCK TABLE 
(used when Alpha Lock key is down) 

ESC T1\B ignored ignored 
ignoced <cr> • [ 

1 2 3 4 

5 6 7 8 

0 W E R 

T y U I 
A S 0 P 

G H J K 

Z x C V 

B N M , 
8I\h 8ttl 0 

P 0 9 

8Ilh BCh / 
\ L = , 

ignored ignored 
ignored ignored 
(cr> ignored ignored ignored 
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TABLE A-13. CONTROL/SHIFT TABLB 
(Used when Control and Shift keys 

are pressed simultaneously) 

CS-'lB + 100 ESC TAB ignored ignored 
+ 104 ignored <cr> ignored '] 
+ 108 81h '@ ignored 84h 

ignored -- 87h 8Sh + lCC 
+ 110 'Q "W ignored 'R 
+ 114 ignored "y 'u 'I 
+ 118 'A 's ignored 'F 
+ 11C ignored '8 'J l< 
+ 120 'z 'x ignored 'V 
+ 124 ignored 'N "M { 
+ 128 BAh 7Fh ignored Sl>Ice 
+12C I 'p '0 { 
+ 130 8Bh SOl 

, 
7Fh 

+ 134 
, 

'\ '1: , 

+ 138 ignored ignored ignored ignored 
+13C <cr> ignoced ignored igoo<ed 

The function-key translate pointers and tables are in 
the same area. The pointers include FKEYFLAG (c 0 if 
the program is to use the ROM table, .. 1 if the • 
application tabl e s should be used, or = 2 if neither 
is to be used); ROMFKEY and APPFKEY which point, 
respectively, to the ROM and application fUnction key 
tables. 

A number of control pointers are stor e d in the sa me 
area: 

CORPOS--Points to the current Cursor position. 

BACKGND--Is the background attribute flag (bit 7 = 
reverse video, bit 6 = full intensity bit 5 = 
underline, and bit 4 = blink). ' 

A-48 

• 



CONSOLE DESIGN 

peogIe.mabIe Keys 

In addition to the normal key interpretations 14 
programmable keys are available. The 0 theu 9 keys 
and the four arrow keys can be converted by a routine 
in BI?S to any series of up to 236 keystrokes. The 
funetlon keys are programmed through the SETUP 
program located on the System diskette and described 
in volume 1 of the Executive Guides. 

Function key definitions ace stored sequentially in 
the Scratchpad RAM. Each function key definition 
consists of a length byte followed by the actual 
function key translation. 

Applications programs can define the function keys by 
directly modifying their location in the RAM area of 
ROM, but this approach is not recommended as it 
entails bank switching and references locations which 
are subject to change. 

The preferred method of defining function key values 
from within an application program is to disable the 
function key translations. This will cause the 
function key code rather than the translation to be 
passed to the program. The codes are hex 80 - 89 for 
function keys 0 - 9, and 8A - 80 for the arrow keys. 
The function key translations are disabled by sending 
the escape sequence ESC f to the console, and re
enabled with ESC e. programs which define their own 
function key values should re-enable the translations 
before being terminated. 

Console Co •• aDds 

Cursor positioning is user-programma~le. In order to 
pOSition the cursor in column x of ll.ne y, you would 
send the following command sequence to the console: 

( ESC > • ( row y > ( column x > 

where ( row y > i s the number of the row where the 
cursor i s to appear, and ( column x> is the column 
number. Both numbers should be offs7t by ?2. In 
BASIC, the sequence would be coded ll.ke thl.s: 

10 PRINT CHR$(271+"="+CHR$(row+321+CHR$(C01+321, 
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Alternatively, to place the cursor in a desired 
location, an assembly language routine such as the 
following would reposition the screen . 

BOOS 
ESC 
PLACE 

SETCUR: MVI 
CALL 
MVI 
CALL 
LXI 
LXI 
DAD 
PUSH 
MOV 
CALL 
POP 
CALL 

OUTCH: MYI 

CALL 
RET 

EQU 0OO5h 
EOU 27 
EQU yyxx 
B,Ese 
OUTCH 
E, I == I 

OUTeH 
H,PLACE 
D,2020h 
0 
H 
E,H 
OUTCH 
0 
OUTCH 'RET 
C,6 

BDOS 

;you fill in 

;send ESCAPE 

;send SETCUR 

;bias for YX 
;add bias to position 
:save column s 
; prepare row y 
:send row y 
;prepare column x 
; send column x and return 
;ep/M write to console 
;function 
; call CP/ M 

Other video attributes can be controlled by iS8uing 
the appropriate sequence of characters. The Executive 
Monitor is patterned after the Televideo 912, and thus 
uses many of the same screen control characters as 
listed in the follow ing table. 
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> 

cnu. G 
cnu. B 
cnu. J 
cnu. K 
cnu. L 
cnu. V cnu. • 
cnu. _ 
=1 
cnu.Z = TAB 

ESC ) 
ISC ( 
ESC Z 
ISC • 
ESC • 
ESC 
ESCW 
ISC E 
ESCR 
ISC T 
ESCY 
ISC • 
ESCg 
ISC j 
ESC k 
ISC 1 
ISC m 
ISC < 
ESC > 
ESC a 
ESC A 
ISC e 
ESC f 
ISCw 
ESC 8 
ISC • 
ESC 0 
ESCb 
ESCd 
ISC x 

CONSOLE DESIGN 

TABLE A-I". SCREEN CONTROL CHARACTERS 

DeciMl 
Sequence 
(BASIC! 

m 
08 
10 
11 
12 
22 
30 
31 
09 
26 

2741 
2740 
2790 
27 34 
27 35 
27 61 
2787 
27 69 
2782 
27 84 
2789 
27 94 
27 103 
27 106 
27 1m 
27 108 
27 109 
27 60 
27 62 
2796 
27 65 
27 101 
27 102 
27 119 
27 116 
2746 
27 111 
27 98 
27 100 
27 120 

!lei: 
Sequence 
(·'redBY) 

m 
08 
OA 
OB 
oc 
16 
IE 
IF 
09 
lA 

1B 29 
18 28 
1B SA 
1B 22 
1B 23 
18 3D 
1B 57 
1B 45 
1B 52 
1B 54 
1B 59 
1B 5E 
1B 67 
1B 6A 
1B 6B 
18 6C 
1B 60 
18 3C 
1B 3F 
1B 60 
1B 41 
18 65 
1B 66 
18 77 
1B 74 
1B 2E 
IB 6F 
18 62 
1B 64 
18 78 
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Beep 
CUrsor left, no erasure 
CUrsor <bro. Line feed 
CUrsor up 
OJrsor right 
OJrsor <bro. No line feed 
Heme cursor 
New Line 
Tab 
Clear screen 
Toggle Alternate/Standard 

Olaracter Set 

Start Dim mode 
End Dim mode 
Clear screen 
Keyboard enable 
Keyboard disable 
Lorad cursor 
Otaracter delete 
Line insert 
Line delete 
Clear to end of line 
Clear to end of page 
Start blink 
End blink/blank 
Start inverse 
End inverse 
Start underline 
End underline 
Key click on 
Key click off 
start alternate char 
End alternate char 
Key translate enable 
Key translate disable 
oefine window 
set window 
Define cursor type 
set X/y offset 
Set rever se video 
set normal video 
oefine background 
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To clear the screen in a BASIC program, use the 
following "PRINT- statement. 

PRINT CBR$(&BIA) 

In assembly language, place a lAh in the E register 
and use CALL OUTen to clear the screen. 

Because of the similarities between the Executive and 
the Televideo 912'6 video functions, many user 
programs that work correctly with the Televideo 
terminal shoUld also work correctly with an 
Executive. 
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DISI DRIVB SYSTBM 

The complete disk system consists of a Floppy Disk 
Controller, .the disk drive electronics, and two 5-1/4 
s~im-line dlSk dri~es, all of which are directed by 
flrmware routines 10 ROM. The disk drive controller 
provides the interface between the Z80 and the disk 
drives. The disk-drive electronics board receives 
data and control signals from the controller and 
processes them for direct use by the drive stepping 
motor, the drive head, and the drive motor. The 
controller is directed by low-level disk drivers in 
the ROM through high-level drivers which are accessed 
via the BIOS. The disk drives access data from 5-1/4 
inch, single-sided diskettes according to a number of 
popular formats. 

Controller 

The Floppy Disk Controller is essentially a bi
directional Large Scale Integration (LSI) chip, 
located on the main logic board that provides a 
serial/parallel interface between the computer and 
the disk drive system. The controller interface also 
includes a write precompensator and a raw data 
separator for synchronizing write clock signals and 
for separating read clock signals. 

The disk drives are interfaced to bus and control 
circuits by the disk controller and the disk-drive 
electronics board. The disk controller performs the 
following functions: 

1. Provides parallel-to-serial and ~erial-to 
parallel conversions on data belng 
transferred between the data bus and the disk 
drives. 

2 . Uses software via the data blUS to provide the 
following disk drive contro : 
o Selection of the disk drive (A or B) 
o Direction of head travel (In or Out) 
o Head stepping commands . 
o Direction of data transfer (Read or Wrlte) 

i f the side of the disk to be used 
o select on 0 . k d' ) 

(if using a double-s,ded dis ",ve 
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3. Accepts status information from.the disk 
drives consisting of the follow1ng: . 
o Indicates when the head has reached dISk track 

zero (for software reference). 
o Indicates when the disk being used has a 

write-protect tab installed (if. the user is 
attempting to perform an operatIon 
requiring writing to the disk). 

o Indicates when the disk index marker 
(beginning of sector) has been detected. 

The primary components that work in tandem with the 
disk controller are the Peripheral Interface Adapter 
(PIA), a write precompensator, Read Data Separator, 
and a Dual Density Hybrid (DDEN) chip. 

Control signals transmitted to the disk drives 
through software consist of STEP, DIR, WR GATE, and 
WR DATA. STEP controls the disk-drive stepping 
motor, DIR controls the direction of movement (in or 
out) of the disk-drive stepping motor, WR GATE 
controls whether data is being read or written onto 
the disk, and WR DATA consists of the actual data 
being transferred to disk. 

DRV SEL land DRV SEL 2 are drive select Signals 
provided by software via I / O Decoder circuits~ The 
I / O Decoder circuits are responsible for selection of 
the I/O peripheral gaining bus access in addition to 
providing the drive select Signal. The I / O Decoder 
circuits are discussed in detail in VolUme ~ 

The Disk Controller is selected by the I/O Decoder 
circuits which controls selection of all I / O 
de~ices. The.decoder is enabled by an Input/ Output 
ChlP Select slgnal. The actual selection of the Disk 
Drive Controller is determined by CPU address lines 
2, 3, 4, and 7. This produces the I / O sel ect signal 
w~ich.is routed to the Controller~ The I / O Decoder 
Clrcult also controls selection of Disk Drive A or 
Disk Drive B and enables the dual-density mode of 
operation. 

Disk Drive Electronics 

The disk drive electronics are contained on three 
circuit boards which process Signals from the 
Contro~ler~ These electronics assist in converting 
data slgnals from parallel to serial and vice versa, 
co~trol the servo motors, and detect the index and 
w rl te-protect status. 
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The 1 MHz clock is Buppl.ied by the computer timin 
circuits for operation 1.n the single-density m d 9 
When dual den~ity is selected by software via ~h:·I/O 
Decoder Circults, the DDEN Hybrid is enabled. This 
chip uses the 4 MHz clock signal. 

The Drive Select signal from the disk controller 
serves to select either disk drive A or disk drive B 
for the particular operation currently being 
performed. The Read Amplifier or the write Amplifier 
is selected by the state of the WR GATE signal. The 
Disk Drive Electronics board also contains circuits 
to maintain a constant drive motor speed. 

Disk Drives 

The disk drive on the top is drive A and the one on 
the bottom is drive B. The drives use 5-1/4 inch, 
single-sided diskettes as the storage media. 

The drives supplied with the Executive comply with 
ANSI (American National Standards Institute) 
standards1 however, other non-ANSI drives are also 
supported. The primary differences here involve 
supplying +12 V (versus ground) from pins 11, 13, 15, 
and 171 supplying +S V (versus ground) from pins 21, 
23, and 25/ and supplying the +5 V MOTOR ON from pin 
16. 

The bead is normally positioned in a retracted 
poSition away from the Read/Write slot. Data is input 
to memory and displayed on the video monitor without 
being written to disk. The disk drive is enabled only 
when data is saved to or retrieved from the disk. 

When the disk rotates, the index hole ~s optically 
detected and that information (INDEX) 1S sent back to 
the computer so the position of the head can be 
monitored. With INDEX and the TRACK OO,as a , 
reference, along with its own control 1nformat10n 
(step direction and number of tracks to step), 
software can maintain control and account for the 
head position at all times. 

A-55 



DISK DRIVE SYSTEM 

The disk drives, when operating, rotate at 300 rpm 
which results in a 200 millisecond period of 
rotation. The head moves across the 40 tracks taking 
approximately 20-milliseconds-per-track step time. 
Serial data is transferred between the disk drives and 
the controller. The following specifications describe 
the characteristics of the disk drives: 

o Ready Line is always active. 
o Head load line is always active and tied to the 

drive select. 
o Motor-on is tied to the drive select 

(internally) • 
o step rate: 20 milliseconds 
o Head settle time: 20 milliseconds 
o Head load delay: 35 milliseconds 
o Motor spin-up time: 750 milliseconds 
o Rotational speed: 200 msec ~/-l' 
o Instantaneous speed variation: +/ 0 - 5% 
o Erase turn-off delay: 1.1 msec 
o Index pulse length: 4 msec +/ -2% 
o Transfer rate: 250,000 bits per second (MFM) 
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by the pinouts on 

TABLE A-IS. DISK DRIVE CONNECTOR PINOUTS 

PinS~_ 

1 Ground 
2 Spindle" 
3 Ground 
4 NOt Used 
5 Ground 
6 NOt Used 
7 Ground 
8 Ground 
9 Ground 

10 Dr ive Select 1 " 
11 Ground 
12 Drive Select 2 " 
13 Ground 
14 NOt Used 
15 Ground 
16 Motor On " 
17 Ground 
18 DIR" 
19 Ground 
20 Step" 
21 Ground 
22 write Data " 
23 Ground 
24 Write Gate " 
25 Ground 
26 'lR00" 
27 Ground 
28 Write Protect 
29 Ground 
30 Read Data " 
31 Ground 
32 Side Select 1"/ 0 
33 Grolnd 
34 NOt Used 

Por a more detailed discussion on these signals 

consult vplume ~ 

Disk For.at 

The disk media used is single-sided, single-density, 
80ft-sectored 5-1/4 inch diskettes. Data is stored 
on the diskette in 40 tracks of five 1024-byte sectors 
each, resulting in approximately 186K bytes of data 
storage per diskette. 
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Even though information is stored on the diskette in 
5 sectors of 1024 bytes each, to CP/M there are 40 
sectors of 128 bytes each on the d~6ket~e. In O~he[ 
words if you are using the Executlve dlSk routlnes 
as do~umented, you'll be working with 5 physical 
sectors of 1024 bytes; but if you're workir:t9 wi~h 
CP/M BIOS or BOOS routines, you'll be deal1ng Wlth 40 
logical sectors of 128 bytes each. 

The disk byte capacity, sectors per track, and tracks 
per disk depend on the particular disk format being 
used. The disk drives are capable of supporting the 
following disk formats: 

TABLE A-16. DISKETTE FORMATS SUPPORTED 

OSborne 
Single Double xerox IDM 
Density Density <:ranenoo CP/M 86 I9: 

Tracks per disk 40 40 40 40 40 
Physical sectors per track 10 5 18 8 9 
Logical sectors per track 20 40 18 32 36 
Bytes per sector 256 1024 128 512 512 Total disk capacity lOOK 200K 90K 160K 180K 
Reserved tracks 3 3 3 1 2 
Directory tracks 4 4 3 1 2 
Data storage capacity 90K 183K 83K 156K 171K sector skew factor 2 1 5 1 2 

The first three tracks of the Executive program 
diskettes contain System information. Track 0 
contains the initialization program in sector I while 
the CP/M Plus loader program occupies sectors 2 
through 5. Sectors I through 4 on track I contain the 
CCP.COM program and sector 5 contains the BIOS 
overrides. Sectors 1 through 4 of track 2 hold the 
Character generation tables while sector 5 contains 
the BIOS overrides. 

Disk-Drive ROM Routines 

Higlr and low-level disk drive routines stored in the 
ROM provide the interface with the Floppy Disk 
Controller. The high-level routines are accessed 
through the BIOS and interface with the more 
specializ7d function of the lOW-level drivers which 
in turn d~rect the Controller. The lOW-level routines 
parallel the commands used by the Floppy Disk 
Controller described in Volume ~ 
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Bigb Leyel priyers 

There are four high-level disk drivers located in the 
ROM. Each of the high-level drivers is called throu h 
the ROM jump table by passing the appropriate 9 
parameters to determine such things as track seeta 
And OMA address. Prior to entering the ROM directlY" 
the stack must be located above hex 4000 and there' 
must be sufficient stack space allocated for the ROM 
to perform its fUnctions. Here are the four high
level routines; 

RDRV--This routine positions the head in the home 
position. First the variable SDISK is checked to 
determine which drive is active (0 = A, 1 = B). Then 
the proper drive is selected (SELDRV), a STEPIN is 
performed, and the drive is homed (HOME). If the HOME 
routine returns an error, then the entire routine is 
performed Again. No registers are set with this 
routine. 

RSBC/WSBC--These routines read or write a sector of 
the diskette respectively. Register B contains the 
number of sectors to read and write, which must be 
equal to or less than the maximum number of sectors 
on the selected track. The variables SDISK, DMADR, 
SAVTYP, SAVTRK, and SAVSEC must be set appropriately. 

The Read and write Sector routines set their 
respective flags then jump to the common read/write 
routine R_WSEC. The drive is selected (SELDRV) and, if 
necessary, a read address (RADR) is performed followed 
by a seek (SEEK). R-WSEC calls RD_WRT which actually 
performs the read/write operation beginning with the 
sector specified by SAVSEC. If an error is returned 
by either RADR, SEEK, or RD_WRT, then up to ten 
retries are performed. On the fifth retry (or 1/2 the 
total retries), a call to RDRV is performed to 
recalibrate the head. The retries do not reselect 
the drive, but start by reading the address (RADR). 

The Hand L registers return the last DMA address 
plus I except where no bytes are actually transferred 
in which case they will return whatever the DMA was 
previously set to. This feature can be used to 
determine in which sector the error occurred. For 
instance, if five sectors were transferred and the 
value returned in the Hand L registers was equal to 
the starting DMA address plus 1024, then only one 
sector (102. bytes) was transferred and the error 
occurred in reading the second sector. 
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SBRDBN--This routine senses the density and number 
of sectors per track of a given diskette. , The ·Se~6e 
Density· routine determines whethe~ the d~5kette 16 
formatted in single or double denslty and sets the 
appropriate bit in the SAVTYP v~riable. The SOIS,K 
variable specifies which drive, 18 currentlr actlye. 
No registers need to be set prlor to enterIng thls 
routine. 

The SAVTYP density bit is initialized at power-up to 
0, or is set with the density last read for the drive 
which is the density that is checked first. SENOEN 
assumes that there is no physical interleave of 
sectors and that the first sector is 1 (not 0). 

The drive is selected (SELORV) and a read address 
(RADR) is performed while the head remains positioned 
on the current track. The headers for any sector on 
the current track are read to determine the side 
number, track number, sector number, sector size in 
bytes, and the density. 

If the read address returns an error, then the 
density bit is toggled and the select and read 
address is attempted again for the alternate density. 
If an error is still encountered, then the drive is 
homed and the process is retried ten times. If the 
home is unsucessful, then the SENDEN routine exits 
with an error return. A home error is usually caused 
by an improperly seated or unformatted diskette. 

The density and number of bytes per sector saved in 
SAVTYP is used by SENDEN to calculate the number of 
sectors per track. This calculation is accomplished 
by reading sequential addresses and comparing their 
sector numbers. In other words, if the present sector 
number is greater than the previous one then the 
prese~t se~tor is saved and the code lO~ps. This 
algor1thm 1S repeated until the last sector is 
locate? and ~ENDEN sets the number of sectors per 
track 1n Reglster B. 

When a high-level routine returns the zero flag is 
set if the operation was successt'ul Or is reset if an 
error was e.ncountered. . In addition, Register A is 
~eset to 0 1£ the operatlon was Successful or to 1 i f 
1~ was not. If ~n error OCCurs during any of these 
hlgh-level routlnes, up to 10 retries will be 
performed. 
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~ Level Driyers 

The low-level drivers provide the intermediat 
interface between the high-level drivers and ~he 
floppy disk controller. These low-level drivers are 
used mostly by system utilities and diagnostics to 
direct the flop~y disk ~ontroller without having to 
worry about tim1ng cons1derations. Thus, these 
routines use the same registers and almost directly 
parallel the commands used by the disk controller. 

The command/status register, port 08, on the Executive 
is used to issue a command when a byte is output or 
give status when a byte is input. Track sector and 
data registers are ports 09, OAf and DB, 
respectively. 

Timing is especially important for read/write 
functions. The tracks and sector registers as well as 
the command/status registers should not be written to 
after the disk controller is active or busy. 
However, data can be read from and written to the 
data registers while the controller is busy. These 
registers can handle forced interrupts, but the 
program should wait for the busy signal to drop 
before doing 80. The following functions are 
performed by the low-level disk drivers: 

Read/Write Routines 

The Read/Write routines require that the drive be 
rotating, the number of sectors be specified in 
Register S, and that the track and sector 
parameters (SAVTRK and SAVSEC) be set. Also, the 
buffer referenced by DMADR must be filled or ready to 
be filled. No retries are performed by this group of 
routines except during initial setup. 

Read/Write sector (RD_WRT)--Each routine sets the 
R-WCDM flag to designate the appropriate function and 
execution and then continues with the common code at 
RD_WRT. 

RD_ WRT is executed both by the high- and low-level 
read and write routines. Register S conta1ns the 
number of sectors to transfer, ~nd R_~COM is set to 
the desired read or write funct10n. F1rst the sector 
number is output to the controller, then the value 
derived from SAVTYP is used to calculate the nu~ber 
of bytes per sector. The R_WCOM flag is loabded lnto 

' f It'ple sectors are to e 
Register A, and 1 mu ~ d 'n Register A and 
transferred this too is note 1 
subsequently becomes the value for FDSK. 
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The total number of bytes to be transfer~ed is 
calculated and stored in the Hand L re9~st~r6 . 
Interrupts are disabled and the command 15 Issued to 
the controller (FDSK). If FOSK returns an error, 
interrupts are re-enabled and the routine returns , 
without any retries being performed. If t~e function 
is successful, the low-level support routines OHARO 
and DMAWRT transfer the bytes in or out of the data 
register one at a time, based on the values derived 
from the' controller's status register. 

The status of the controller is checked following the 
data transfer. If the status is busy and multiple 
sectors are being transferred, the busy is cleared; 
during single-sector transfers the routine waits 
until the busy drops. The status is checked once 
again for errors, the return condition is set, 
interrupts are enabled, and the routine returns. 

Read Address (RADR)--is a Simple routine which 
attempts to read the header of the sector wher ever 
the head happens to be positioned. This routine does 
not check SAVSEC or SAVTRK, but does require that it 
be called with the proper density bit set in the 
SAVTYP vat iable. 

The read address routine is different fro m the others 
in that it has a built-in timeout. This means that if 
the first byte of the sector header transferred by Ue 
controller cannot be read, it times out for a period 
before a retry is attempted by the calling routi ne; 
RDADR performs no retries of its own. It also checks 
fo~ error~ and sets the carry flag appropriately. 
ThlS routlne can be used to set the track register 
and is used by the SEDEN routine to determine 
density. 

Read Track . (RDTRK)--This routine simply reads every 
byt~ on a glven track and works exactly as does th e 
equlvalent command used by the controller. 

Forllat. Trac~ (FMTTRk)--This routine formats a track 
of ~ glve~ dlskette. The density bit in the SAVTYP 
varlable.ls used to determine the value for filling a 
track whl~e the DMAWRT routine executes the command. 
The B reglst,,:rs are used to specify the track length, 
and DHADR pOlnts to the first byte of the address i n 
t~e buffer used.to hold t~e fill characters. The 
f1ll byte for 51n9le dens1ty is FF and the fill byte 
for double density is 4E . A full tra k i ·tt 
following the . dIe s wrl en 
during this ro~~·ex puthse . If an error is encountered 

lne, e carry flag is set. 
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Bead Movement Routines 

The head movement routines rely on the SELDSK 
variable to specify head movement speed so that 
different brands of disk drives can be accommodated 
These routines als~ specify the amount of delay to . 
allow sufficient tlme to carry out instructions fro 
the controller. m 

SEEK, STEPIN, and STEPOUT set Register B with the 
appropriate seek command and then jump to the common 
code, PSEKC. The seek command is ORed with the value 
in SE~DEL, then FDSK is called to perform the 
functIon. If there are no errors, the routine waits 
until the busy (WBUSY) drops, a head settle delay of 
40 milliseconds takes place, and error checking is 
performed. 

SEBI--This routine executes the controller's seek 
instruction sequence. A seek will move the head any 
number of tracks as specified by SAVTRK. By contrast, 
Step, Step In, and Step Out only cause the head to 
move a single track relative to the current position. 

The Seek routine assumes that the value in the 
controller's track register corresponds to the current 
head position. If the value from the track register 
is not the same as that in the SAVTRK variable, then 
the specified track number is placed in the data 
register before the seek is executed. Since no error 
checking takes place, unreported problems can occur 
if a seek is performed for a number larger than the 
number of tracks referenced by the routine. 

STEPIN causes the controller to move the head one 
track toward the center of the diskette while STEPOUT 
moves it one track towards the outside. STEP causes 
the head to move one or more tracks in the same 
direction. Neither of these routines perform error 
checking. 

BOKB--This routine directs the controller to issue 
a RESTORE command which positions the head ~t track 
O. This routine assumes that SDISK has pre~10usly 
been set to select the appropriat~ disk dr1ve. The 
function is performed by FDSK us>ng the speed and 
verify information stored in SEKDEL and followed by a 
wait (WBDSY). The status is subsequently checked to 
insure that the operation was successful. If the 
verify bit in SEKDEL is set, seek and CRC errors are 
checked. When an error condition is detected, the 
carry bit is set. 
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Disk Drive support Routines 

PDSK--The FOSK routine makes sure that the 
referenced drive is not busy, then sends out the 
command in Re9ister A. A set period of time is 
allotted for the command to be carried out (56 
microseconds for sin9le density and 28 microseconds 
for double density). Finally, the controller is 
checked to insure that the command is being 
processed, the DACTVE counter is reset.to indicate 
which drive was accessed, and the call1.ng routine is 
returned. If a timeout which indicates a problem wiU 
the controller is detected, then FOOK reports an 
error condition by setting the carry flag. 

SELDRV--This routine activates the disk drive 
specified by SOISK. Before activating the drive, the 
density bit of the controller is set to that 
specified in the SAVTYP variable. If the drive is 
already active, then the OACTVE is set to FFH and a 
return is performed. OACTVE is used by the interrupt 
processor (INTHNOL) to turn the drive off after three 
seconds to give any other routine time to access the 
drive while it is turning. SELORV does not report 
errors, but does return conditions. For instance, the 
zero bit is set if the drive was already selected or 
is reset if the drive was not selected. 

WBUSY--This routine monitors the busy bit to 
determine when it is Cleared. If the busy bit remains 
set for a prolonged period of time, then this routine 
checks for a timeout error. If a timeout error is 
detected then the carry flag is set. 

DMARD--This routine transfers data from the 
controller to memory_ The number of bytes to be 
transferred is specified in the Be register and the 
~tart of the buffer in the HL register. This routine 
16 ~oved to common memory (High RAM) on power-up to 
avold the need for transfer buffers. 

DMAWRT--Transfers data from memory to the 
controller. 

D~LA~--This routine waits until the number of 
m111lseconds specified in Register A has elapsed. 

POR~NT--(Force Interrupt): This routine waits 
untll busy drops, then interrupts the controller. 
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iAriobles 

The disk transfer variabl 
SAVSEC, SAVTRK, SOlSK, an~8~EKDEL, DMAOR, SAVTYP, 
one point or another by the lETRY are referenced at 
folloYing variables are us d °iw-level drivers. The 
operations: e n the high-level disk 

DRADR--The first byte dd 
that will be read or w~it~ess of the DMA buffer 
Buffer size will be sUffieien tont this particular call. 
number of sectors tranSferr:~ on

o ~hOilsd ;~:l~aximum 
SAVTYP--This is the byte set by the SENDEN routine 
to indicate number of bytes per double density: sector and Single or 

76543210 
+---+--+--+--+I--'>--·-+----+---+ 

: ::: :0· . 
+---+---+---+----+---+----+---~ ~ 

: : : : : : : -:--
~~~ <----+---+I---+---~ i . . · . . · 

all zeroes : 
_ of ~tes <:--------------.+--+ 

· · · · · 

I"f sector 00 • 128 
01 • 256 
10 • 512 
11 • 1024 

Side, al .. '.trj~B~O~<============~~_ llelsity <-
· + 

o • double 
1 • Bingle 

· · · · 
: 
+ 

FIGURE A-21. DISK PORRAT BYTE 

SDIS1--ThiB byte indicates on which drive the read 
or write operation is to take place (O = drive A, 1 = 
drive B). This byte must be set before the disk 
driver is invoked and is not modified by the driver. 

SAVrRl--This byte indicates the track on which the 
read or write operation is to take place. This byte 
.ust be set before entering the driver and is not 
.odified by the driver. 

SAVSEC--This byte indicates the sector where the 
read or write is to take place, or the starting point 
in the case of mul tiple-sector operations. This byte 
must be set before entering the driver and is not 
.odified by the driver. 

SE1DEL--Un1ike the preceding variables which serve 
as reference values, this byte is actually used to 
.odify the instructions to the 1793. 
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7 6 5 4 3 2 1 0 
-1--1 
: . : . 
-1--1 . · . . · . 

update < · · verify < + 
speed < + 

FIGURE A-22. 1793 INSTROCTION BYTE 

This "seek delay" variable specifies the amount of 
time the head waits on a track between move commands 
issued by the disk controller. This allows the 
controller to meet its wait state and Allows the 
hardware to complete the required operation. SEKDEL 
is ORed into the instruction given to the disk 
controller to specify the duration of that delay for 
movement of the head from one track to the other. 

The update bit is used to modify the track register 
of the controller according to the operation being 
performed. The verify bit specifies the address that 
should be read from the controller following an 
operation. The speed bit is tied to number of 
milliseconds it takes for the head to move from one 
track to the other as follows: 

o = 6 milliseconds 
1 = 12 milliseconds 
2 = 20 milliseconds 
3 = 30 milliseconds 

NRBTRY--This byte indicates the number of retries 
to perform on power-up and is initialized to ten. 
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PBRIPHBRAL INTBRPACB DESIGN 

The Executive computer ~an interface with a wide 
range of peripheral devices through connectors on the 
lower front panel. The following interfaces are 
provided: 

o RS-232-C Serial Modem Port (DCE) 
o RS-232-C Serial Printer Port (DTE) 
o IEEE 488 Parallel Port 

This section presents general information pertaining 
to the interfaces accessible through connectors on 
the front panel of the Executive computer. Interface 
for the disk drives, memory board, and DMA are not 
discussed here. For information on these interfaces 
you will need to consult the appropriate section in 
this volume and in VQlum~ Ca. 

Because equipment manufacturers do not always fully 
comply with the interface standards, it is 
recommended that you consult the information 
presented here before attempting to connect a 
peripheral device. The term -compatible- often means 
that some minor hardware or software modifications 
may be required. 

RS-232-<: Serial Interface 

The RS-232-C is a widely used standard for serial 
binary data transfer published by the Electronic 
Industries Association. The Executive RS-232-C serial 
interface consists primarily of a Z80 S!0/2 (Serial 
Input/Output) chip which commun>cates w>th 
peripherals through two OB-25S connectors. 

The Executive computer uses Channel A of the SIO chip 
for the modem port and Channel B for the printer 
port. software-selectable baud rates up to 38,400 are 
provided by a 8253 programmable Clock Generator. ~he 
SETUP utility described in volume ~ of the Execut>ye 
Guides is osed to select the Baud.rat~, . 
protocol, device assignment, and 1nit1a11zation 

string for both serial ports. The Z80 SIO/2 and 8253 
di d i 

~olume ~ and 1nformat10n necessary 
are BCU86e n -- i 1 ted in volume. lla. 
for programming each chip s oca 
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Pin 

1 
2 
3 
4 
5 
6 
1 
8 
11 
15 

17 
20 
22 

Modem Interface 

The modem interface uses a standard RS-232 08-255 
connector which is also compatible with the ISO 2113 
standard. This interface is configured for DTE 
(Data Terminal Equipment). Any RS-232 compatible 
device may be connected here as long as the pinouts 
are arranged correctly. If the connector on the 
peripheral device is also configured for DTE, then a 
null modem cable should be used. 

Modem ~ Pinouts And Signals 

Here are the pin deSignations for the modem port and 
the Signals associated with each: 

TABLE 11.-11. MODEll PORT PINOUTS 

Signal lIlpJt O£ rut:put 

C'lassis Ground 
Transmitted rata (TXD) 0 
Receive Data (RXD) I 
Request To Send (R'IS) 0 
Clear To Send (CIS) I 
O>ta Set Ready (IER) I 
Signal Ground 
Data carrier Detect (OCO) I +V (+12 V) 0 
Transmit Clock 
(Modem SOurce) 

(TXCLK) 0 

Receive Clock (RXa.K) 
O>ta TeI111inal Ready 

I 
(um) 0 

Transmit Clock (TXCLK) 0 (Executive SOurce) 

Note: All other pins (9, 10, 12, 13, 14, 16, 18, 19, are not connected. 21, 25) 
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The pin arrangement for t 
from the front of th E he I?B25-S connector as 

e xecut~ve is shown below: 

" " 11 I. S 8 7 8 5 • 3 2 I 

\ 0

0 0 0 0 0 0 0 

0

0

/ 

0 0 0 

0 0 0 0 0 0 0 0 0 0 ,. ,. Zl 22 21 '" " " 17 " 15 .. 

seen 

PIGORE A-23. MODEM PORT CONNECTOR CONFIGURATION 

Here, the signal direction 
pins is illustrated: 

EXeCUTIVE 
MOOEM POA T 

SIGNAL 
GROUND 
TXOATA 

RXOATA 

'TS 
CTS 
OS. 

DCD .,2V 
IOPTION 

TXCU< 

RXCUC 

TXCU< 

DT. 

" 

7 

2 

3 

• , 
• 
8 

11 
15 

17 

" 
'" 22 

GROUNOV 1 
tOPTtONl 

for each of the active 

MODEM DEVICE 

SIGNAL 
GROUND 
TXOAT ... 

RXOATA 

ATS 

CTS 
OS. 

DCD 
POWER 

CLK 

RXCU( 

n<ClK 

DT' ., 

FIGURE A-24. MODEM PORT SIGNAL DIRECTIONS 

functional Description of the Modem Interface. 

The lDodem interface uses port A of the z80 SIO in 
conjunction with the programmable Clock Generator 
U01 . When the Data Set Ready (DSR) and Ring Indicator 
(RI) Signals are received from a peripheral device, 
they are inverted by UFl and UF2 then routed to the 
CPU via the 6821 PIA RS232 receiver U012. Refer to 
volume 11 for a complete description of the 6821 PIA. 
Trans.it Clock Select (TXC SEL) and Receive Clock 
Select (R XC SEL) from the PIA determine the clock to 
be used by the S 10 for transmitting and receiving 

data. 
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Pin 

1 
2 
3 
4 
5 
6 
7 
B 
20 

The Programmable Clock Generator UDI allows software, 
using ADRO and ADRI to control the port baud rate. 
Software-selectable Baud rates up to 19,200 are fully 
supported , though rates up t o 38,400 are possible. UDl 
is selected using chip-select signal eTC SEL from the 
I/O Decoder Circuit. unl uses the 1.8432 MHz clock 
input from the timing circu it as the basis for the 
COMM CLK A and B. COMM CLK A provides timing for the 
modem port and COMM eLK B for the printer port. 

Printer Interface 

The printer port is configured for Data Circuit 
Eguipment (DTE). Note that the handshak ing system 
used to control the transfer of data consists of 
"Request To Send" (RTS) and "Data Set Ready" (OSR) 
signals. The printer interface differs from the modem 
interface in that the signal directions are reversed 
and the clock signals are not implemented. 

Printer Port Pinouts and Signals 

The pinouts for the serial printer interface are shown 
below: 

TABLE A-lB. PRINTER PORT PINOUTS 

Signal N<one 

Frame Ground 
Transnitted D>ta (TXD) 
Receive D>ta (RXD) 
Reguest to send (R1B) 
Clear to Send (CIS) 
D>ta set Rea<¥ (l:SR) 
Signal Ground 
Oita carrier Detect 
D>ta Terminal Rea<¥ 

(DCD) 
(UIR) 

The pin arrangement for the DB25-5 connector as seen 
from the front of the Executive is shown below: 

13 " 11 10 9 8 7 8 5 • 3 2 1 

\0 0 

0 0 0 0 0 0 0 0 0 

°oJ 0 0 0 0 0 0 0 0 0 0 

25 " 23 22 21 20 " 18 17 ,. 
15 " 

FIGURE A-25. PRINTER PORT CONNBCTOR CONFIGURATION 
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Bere, the signal direction for each of the active 
pins is illustrated: 

EXECUTNE PRINTER 
PRINTER PORT DEVI C, 

SIGNAL 7 SIGNAL 
GROUND 2 GROUND 
TXO"TA TXCAT" 

RXDATA 
3 

RXOATA , 
RTS RTS 

eTS 5 CTS 

OSR 6 OSR 

oeD e 
2ll 

oeD 
OTR OTR 

GROUND 1 
IOPTlON, 

FIGURE A-26. PRINTER PORT SIGNAL DIRECTIONS 

Functional Description of the Printer Interface 

As with the modem port, the prinCipal component of 
the serial printer interface is a zao SrO/2. The SIO 
chip converts data on the a-bit data bus to serial 
data for transfer to an RS-232-C compatible device 
such as a printer. 

The S10 uses the same clock (CPU I) as the CPU for 
the internal timing of the SIO. APR! is used to 
select the printer port and AORO specifies whether 
information on the data bus is data or control. The 
SIO is enabled by the (SIO SEL) signal from the I/O 
Decoder circuit. 

Serial data is transmitted to the peripheral device 
over the Transmit Data line (TXD) using the Ready To 
Send (RTS), and Data Terminal Ready (OTR) control 
Signals routed through an Inverter/Buffer. Signals 
from the peripheral device consist of the Receive 
Data (RXD), Data Carrier Detect (OCD), and Clear To 
Send (CTS) signals routed through another 
Inverter/Buffer. 

A-71 



PERIPHERAL INTERFACE DESIGN 

IEEE 488 Parallel Interface 

The bidirectional IEEE 488 parallel data 
communications interface is provided by a 6821 
Peripheral Interface Adapter (PIA) chip which 
communicates with peripherals through a 24-pin IEEE 
488 connector. Actually, there are two 6821 PIA chips 
located on the main logic board; the other 6821 is 
used for I / O decode functions and is not part of the 
IEEE 488 interface. 

The IEEE 488 interface can communicate with most IEEE 
488-compatible devices as well as parallel devices 
such as Centronics-type printers. The SETUP utility 
described in Volume ~ of the Executive 
Guides is used to select either the IEEE 
488 or Centronics protocol, the CP/M device 
assignment, and the IEEE device address. 

IEEE 488 Parallel Port Pinouts and Signals 

The only hardware consideration when connecting a 
peripheral device to the IEEE 488 connector is 
compatiblity of the pinouts. In some cases, this 
means a cable must be fabricated. Here are the pin 
assignments for the IEEE 488 connector: 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 8 
19 
20 
21 
22 
23 
24 
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TABLB A-19. IBBB 488 PINOUTS 

SIGNAL NAME 

Iata bit 1 (0101) 
Iata bit 2 (0102) 
Iata bit 3 (0103) 
Iata bit 4 (0104) 
End or identify (EDI) 
Iata valid (IlAV) 
Not ready for data (NRFD) 
NO Iata Accepted (NIlAC) 
Interface clear (lEe) 
service request (SRJ) 
Attention (A'rn) 
Shield ground (SHIELD) 
Iata bit 5 (0105) 
Iata bit 6 (0106) 
Iata bit 7 (0107) 
Iata bit 8 (0108) 
Remote enable (REN) 
IlAV signal ground (IlAVGID) 
NFRD Signal ground (NFRDGID) 
NIlAC signal ground (NIlA<=) 
lEe signal ground (1=) 
SRJ signal ground (SRlGNJ)) 
A'lN Signal ground (ATNGID) 
LogiC ground (ILGI<=) 

The pin connections on the Osborne Executive are 
counted from the top right to th e l ower left. The 
physical configuration of the 24-pin connector and 
the signals associated with each pin are illustrated 
below: 

\ 

12 11 10 9 8 7 6 5 4 3 2 1 / 
r.2~4+n=+~=+2~1+~~1~9~1~8~1~7~1~8+'~5~17' ~'~3 

FIGURE A-27. IBEB 488 CONNECTOR CONFIGURATION 
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Here are the signal directions for the IEEE 488 
pinouts: 

""'""'" lEU ... OlYICE ... " 
",' 

An. II 
~ 

"'" NAFO 1 

OAV' 

",' 

.=' 12. 11. ,t. 21:1, 21, 22. Z3 .~ 

'" 
" ". " "'" .. ,.. 
" ,.. 
• 

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

FIGURE A-28. IEEE 488 SIGNAL DIRECTIONS 

Centronics Protocol 

24 Pin 
IEEE Edge 
0Jnnect0r 

1 
2 
3 
4 

13 
14 
15 
16 
6 
8 

10 
12 
19 
20 
21 

Firmware within the ROM allows Centronics compatible 
printers can be run through the parallel interface. 
The following illustration compares the IEEE 488 edge 
connector with the standard Centronics connector. 

TABLE A-20. IEEE 488 AND CENTRONICS CO!IPARISON 

36 Pin 
Centronics 

Signal _ CA:lnnector 

rata 1 2 
rata 2 3 
rata 3 4 
rata 4 5 
rata 5 6 
rata 6 7 
rata 7 8 
rata 8 9 
strobe (data valid) 1 
Busy (no data accepted) 11 
select (service request) 13 
Signal Ground 17 
Signal Ground 19 
Signal Ground 20 
Signal Ground 29 
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Generally speaking, the preceding signal definitions 
apply to most parallel printers, although the 
connector on the printer end may be entirely 
different. One area that has provided confusion is 
the Centronics protocol definition. A number of 
printer manufacturers, Centronics included, do not 
use the full set of ground hookups defined, and in 
some cases, printer manufacturers who claim 
Centronics compatibility do not always attain it. 

Functional Description of the Parallel Interface 

The principal component of the IEEE 488 parallel 
interface is a 6821 PIA (Peripheral Interface Adapter). 
The PIA is a tIi-state device that coordinates the 
transfer of parallel data between the data bus and 
peripheral devices. The IEEE 488 ports are selected 
by CPU address lines 2, 3, 4, and 7 by Signals 
routed through the PIA. Specifications for the 6821 
PIA and its instruction set are located in Volum~.D 
for those who wish to make direct use of the PIA for 
controlling the IEEE 488 port. 

There are five Signal paths between the PIA and the 
IEEE 488 connector. The uppermost path allows bi
directional data to pass between the data bus and the 
device on lines DO through 07. 

The direction of data flow is determined by an 
inverter driven by the PIA. This invertor is 
controlled by the signal IOR/W· when the timing 
Signal ENABLE is present and the PIA has been 
selected (488 SELECT) by the I/O Decoder. 
The PIA transfers data just as it is presented, 
meaning that if the data bus line is high, the output 
to the device will be high. If the input is low, the 
output will be low. This is true of data transfers 
in both directions. 

Remote Enable (REN), Interface Clear (IFC), and 
Attention (ATN) are control signals routed through 
CB2, CA2, and PB4, respectively. These control 
Signals are applied through an Inverter/Buffer 
circuit. REN enables the IEEE 488 device and is 
controlled by software via PIA ADRO and ADRI input 
lines which also determine the status of IFC. The ATN 
Signal will follow data bus line 4 when PIA output 
port B is selected. 
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The next two signal paths are formed by signals SRQ 
and FDCIRQ which are routed through the PIA input 
pins CAl and CB2. These interrupt signals originate 
from the disk system and the peripheral device 
causing IRQ· to be sent from the 6821 to the cpu. 
FDCIRQ is not a part of the IEEE 488 interface but 
does use the 6821 input pin CBl as a means of 
generating a CPU interrupt. 

Service Request (SRQ) also causes the 6821 PIA to 
generate an interrupt to the CPU. 

NRFD, NOAC, DAV, and Ear are bidirectional 
communications protocol signals. The direction of 
data flow is controlled by PIA outputs. 

IEEE Handshaking Technigues 

The IEEE 488 bus transfers data and commands between 
the Executive and peripheral devices on 16 signal 
lines . The interface fUnctions for each device is 
performed within the device itself so only passive 
cabling is required. The cables connect all 
instruments, controllers, and other components of the 
system in parallel to the signal line. 

Eight of the lines (0101 thru 0108) are reserved for 
transferring data and messages in a byte-serial, bit 
parallel manner. Data and message transfers are 
asynchronous, coordinated by three handshake lines 
(oAV, NRFo, NoAC). The other five lines are for 
control of Bus activity. 

Up to 15 devices may be addressed on the bus using up 
to 32 different addresses. An IEEE 488 device address 
is aSSigned to the device by the manufacturer and may 
sometimes be changed through switches built into the 
device or by jumpers on their PC board. By default, 
the address in BIOS is set to address device number 
4, but can be changed through the SETUP utility. 

Devices connected to the Bus may be either talkers, 
listeners, or controllers. The Executive is the 
controller and dictates the role of all the other 
devices by setting the Attention (ATN) line true and 
sending a talk or listen address on the data lines 
(OICl - OIC8). 

While the ATN line is false, only devices that have 
been addressed will actively send or receive data. 
All others ignore the data lines. Several listeners 
can be active simultaneously, but only one device can 
be a talker at anyone time. Whenever a talker 
address is put on the bus (while ATN is true), all 
other talkers will be automatically unaddressed. 
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Information is transmitted on the data line under 
sequential control of the three handshake lines. No 
step in the sequence can be initiated until the 
previous step has been completed. Information 
transfer can proceed as fast as the devices can 
respond, but no faster than the slowest device 
presently addressed as active. This permits several 
devices to receive the same message byte 
concurrently. 

The ATN line is one of five control lines. When ATN 
is true, address and universal commands are 
transmitted on only seven of the data lines using the 
ASCII code. When ATN is false, any code of 8 bits or 
less understood by both talker and listener may be 
used. 

The other control lines are IFe, REN, SRO, E01. 
Interface Clear (IFC) places the interface system in 
a known quiescent state. Remote Enable (REN) is used 
with other coded messages to select ei ther local or 
remote control of each device. 

Any active device can set the Service Request (SRQ) 
line true. This indicates to the controller that some 
device on the bus wants attention. An example of this 
would be a device that has completed a time-interval 
measurement and wants to transmit the reading to a 
printer. 

The End Or Identify (EOI) is used by a device to 
indicate the end of a multiple-byte transfer 
sequence. When a controller sets both the ATN and EOI 
line true, each device capable of a parallel poll 
indicates its current status on the DID line 
assigned to it. 

It is not necessary for every device on the bus to be 
capable of responding to all of the lines. Each can 
be designed to respond only to those lines that are 
pertinent to its functions on the bus. 
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Executiye l..E.E..E. .l.8..B. l.mplementation 

The Osborne Executive's programming includes eight 
low-level IEEE 488 drivers located in the ROM. These 
routines provide a simplified method of communicating 
with IEEE 488 devices. Here are the eight PI imary 
commands and their entry points to the ROM: 

TABLE A-21. IEEE 488 EXIT AND EIITRY POINTS 

: II!EB lUI Rootine Entry state Eldt state 
hex :------------------------------------------
0127 :Control OUt 
012A :status In 

Any 
SOUrce 

Source, ATN High 
SOUrce 

0120 
0130 

0133 
0136 
0139 
013C 

:Go To standby 
: Take Control 

source 
SOurce, M.N 

High 

SOUrce, A'lN High 
Source, A'IN Lc::Jwo 

: 

. . 
:output Interface Message Any SOurce, NIN I.<:M 

source, A'lN High : 
l\cceptor, A'lN High: 
source, IaN Low 

:OUtput Device Message source 
:Input Device Message Any 
:Input Parallel Poll source 
:message 

These routines reside in the ROM and may be accessed 
through the BIOS. The easiest way to access the ROM 
is through the user fUnction routine TOROH located in 
the BIOS jump table. To avoid bank switching and 
referencing a location that may change in future 
releases of the BIOS, access the TOROM routine 
through BOOS function call 50. BOOS 50 provides 
access to each of the 32 entry points for the BIOS as 
described in Y2lum& ~ 

The IEEE 488 commands are defined at a low level and 
must be called in an intelligent sequence with the 
appropriate parameters passed through preassigned 
registers. The commands are general-purpose and can 
be used by different hardware implementations. There 
are, however, some restrictions that impose limits 
which are not part of the IEEE standard, but which 
can be overcome by modifying and adding to the 
software. The SRQ input can generate an interrupt, 
but commands assume the interrupt is not used. It 
would require a sophisticated software modification 
to allow for SRQ interrupts. A background scan of SRQ 
should satisfy most applications. 

IEEE 488 command routines use no RAM other than the 
stack. Routines determine status by reading the 
current state of the PIA. 
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The software was made considerably more complicated 
by the use of bi-directional signals from the PIA. To 
reduce the overhead of determining the current 
direction of all signals, the PIA is always left in 
one of two modes! the source handshake mode, or the 
acceptor handshake mode. Several of the commands 
require that the PIA be in the source handshake mode 
when called. The PIA is normally in the source 
handshake mode following the completion of an IEEE 
bus transfer, so this is not a major restriction. 
Both Status In and Parallel Poll commands require 
that the PIA be in the source mode. This means that 
detection of device requests using either serial poll 
or parallel poll can be done only when the interface 
is idle. 

To send data to a device on the IEEE bus, the 
controller makes the device a LISTENER, then assumes 
the role of a TALKER and sources the data. To receive 
data from a device, the controller makes the device a 
TALKER, then assumes the role of a LISTENER and 
accepts the data. It is also possible for the 
controller to enable both a TALKER and a LISTENER, 
then go to standby and allow the two devices to talk 
at their own rate. The problem is how to regain 
control. 

The controller can take control asynchronously by 
setting ATN true. If a device-dependent message is 
true when ATN becomes true, the interrupted byte 
could be miSinterpreted by other devices as an 
interface message and produce unintended state 
transitions. The problem can normally be aVOided by 
taking control synchronously. If high speed transfer 
of data between the devices is not required, and if 
the computer can be tied up during the transfer, it 
is better to have the controller LISTEN (acceptor 
handshake) to transfer while discarding the data. 
This allows the controller to count transfers, look 
for EOI signals, or timeout the TALKER before 
regaining control. 

The -Go To standbyft command has three uses. If the 
controller is going to allow an unmonitored data 
transfer between two other devices on the bus 
(without listening, as described above), this command 
is used to relinquish bus handshake control to the 
devices. Secondly, this command can be used after the 
completion of a bus transfer, causing the controller 
to float all Signals (except REN) so that a second 
controller, also on the bus, can take control. This 
command is also used to initialize the interface 
following certain device handshake errors. 
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There is no formal transfer of control as defined in 
the IEEE Specification, but it does allow an operator 
the ability to share IEEE devices on the bus. 

Commands having loops that might cause the interface 
to "hangup" when a device on the bus is either busy 
or malfunctioning have error exits. Therefore, the 
programmer can define separate timeout limits, report 
the error, or recall the command and ignore the 
error. 

The timeouts are very short, some as short as 100 
microseconds, and are meant to occur often. Some IEEE 
peripherals use this timeout to indicate that they 
are not ready to receive data. When outputting to a 
slow device, e.g., a 300 baud printer, the printer 
will continuously not be ready for the next 
character. The program could be written to wait as 
long as required, even allowing for a printer that is 
off-line. While the program is waiting for the 
printer, it is possible for the computer to perform 
background functions following each timeout. If the 
command times out, the device can be UNLISTENED. This 
capability is necessary for devices such as modems 
and keyboard printers operating in full-duplex mode. 

CP/ M BIOS calls receive parameters in Registers C or 
BC, parameters are returned to A or HL. Only 
registers used to return results and status are 
modified by command execution. 

Control out 

7 6 5 4 3 2 1 o Bit No. 

EN!! : REN : IFC C Register 

IFC: If "1", the interface logic is initialized and IFC is 
driven low for 100 microseronds. 

EN!! REN 
a x No action 
lOREN set high 
1 1 REN set low 

When the PIA is reset, all internal registers are 
cleared. All I/O pins except REN become inputs and 
are pulled high by a pull-up register. REN becomes an 
input and floats but has no pull-up register. Signals 
IFC, ATN, and REN power up till the active low state 
is achieved, but all other signals float. If IFC is 
set, the PIA is initialized to the source handshake 
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mode i n the standby state (ATN high), then the IFC 
6ignal is pulsed low to initialize all devices on the 
bUB . The signal REN can be set or cleared 
independently. 

Status In 

NO input !>lrameters 

7 6 5 4 3 

: . . 
2 1 o Bit NO, 

SlQ: A Register -------------------------
SI(J: set to "1" if one or more devices are requesting 
service by driving S!Q low. 

This command reads the service request signal. This 
signal is used by a device requiring attention and 
also to request that the current sequence of events 
be interrupted. If SRQ is "I" (Iowan the IEEE bus) 
then a device is requesting service. This signal is 
connected to PIA input CAl and CQuid be used to 
generate an interrupt. However, the software has not 
been written to support interrupts; to detect a 
request the application program must periodically 
call status In to read SRQ. 

Since the CAl input of the PIA can only sense Signal 
transitions, not Signal levels, a trick must be used 
to read the SRQ signal. An open-collector driver 
controlled by the PIA output PB2 (ENABLE EOI!DAV) is 
ORed to the output of the SRQ input buffer. If the 
SRQ signal is low, the buffer presents a high to the 
PIA. When Signal PB2 is driven low, and input CAl is 
also driven low, a transition is simulated that the 
PIA will detect . Conversely, if the SRQ signal is 
high, the buffer presents a low to the PIA. When 
signal PB2 is driven low, input CAl remains low and 
there is no transition to detect. 
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7 

This command can be called only when the interface is 
in the source handshake mode. To use the SRQ 
interrupt, all command routines would have to be 
modified to protect the interrupt state during their 
execution. Interrupts would have to be disabled 
during command execution. 

Go To Standby 

~ input or output tarameters 

6 

This command causes the controller to enter the 
controller standby state where all signals are 
allowed to float. This command can be used as 
follows: 

1. After completion of a bUB transaction to free the 
bus for use by another controller. 

2. To pass control to a device that the controller 
has previously made a TALKER. 

3. To clear an interface error condition. 

This command can only be called when the interface is 
in the source handshake mode. The only action 
performed by GO TO STANDBY is to clear the ATN signal 
and float the data bus. 

Take Control 

5 4 3 2 1 o Bit No. 

: TeA: C Register 
--------------------------

'1CA: If "1", the controller will regain oontrol of the bJs 
asynchronously. 

If "0", it will regain oontrol synchronously. 

7 6 5 4 3 2 1 o Bit No. 

: ERR . . : NlO: A Register ---------------------------
MO: Set if DA.V remains active fo longer than 100 
microseconds dlring take oontrol synchronously. 

ERR: Set if any error bit is set. 
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This command should only be used following a Go To 
Standby that allows independent transfer of data 
between devices on the bus. The asynchronous take 
control can be used safely only when there is no 
activity on the bus. Normally it is used to take 
control from a device that has malfunctioned and will 
not give up control synchronously. Use the 
synchronous Take Control unless there is a special 
circumstance that requires asynchronous take over. 

If the data valid timeout error is returned (ATO), it 
means that a LISTENER is slow in accepting data, or 
the TALKER is slow removing data. This command can be 
called repeatedly, until the take over is performed 
successfully. 

Output Interface Message 

Message I:¥te in the C Register. 

5 4 3 2 1 o 
: A'IO R'I1) NDP 

Bit No. 

A Register 

NIP: No device present 
RID: Device not ready fo data timerut 
N1'O: o.ta not accepted timeout 
mil: Set if any error bit is set 

This command outputs the contents of Register C as an 
interface message (with the ATN Signal active). If 
ATN is not active when called, ATN is first driven 
low and is left low following the data transfer. 

The command first checks the ENABLE DATA OUT bit 
(PBO) to determine if the interface is in the source 
handshake mode or the acceptor handshake mode. If 
this bit is set, then the interface is in the acceptor 
mode and must be switched to the source mode. Before 
starting the source handshake, the routine checks if 
the DAV signal is being driven low by the interface. 
If it is being driven low, then the command is being 
re-entered following a ATO timeout error and the 
first portion of the source handshake is branched 
over. 

The handshake begins with the command placing 
Register C contents on the bus. The routine then 
checks the NRFD Signal to determine if the devices on 
the bus are all ready for data. If this Signal 
remains low for more than 100 microseconds, the 
command returns the RTO timeout error. This does not 
mean that a hardware error has occurred, only that 
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the devices on the bus are not all currently r eady 
for data. 

When the NRFD signal becomes high, the routine checks 
the NDAC signal. If this signal is also high, it 
means that there is no active device on the bus and 
the NDP error is returned. If the NDAC signal is low, 
OAV is driven low to indicate that there is valid 
data on the bus. The command then checks the NDAC 
signal to determine if all the devices on the bus 
have accepted data. If this signal remains low for 
more than 1000 microseconds, the ATO timeout error is 
returned. Again, this does not mean that a hardware 
error has occurred, but it should be less common than 
the RTO timeout errors, since few IEEE 488 devices 
use this portion of the handshake to control their 
input rate . When the NDAC signal becomes high the DAV 
signal and data is removed, the A register is 
cleared, and the command then ends . 

The NOP error occurs when there are no devices on the 
IEEE 488 bus or power is off at all devices. This 
error leaves data on the bus and should be followed 
by a Go To Standby command in order to float the bus. 

The RTO error occurs when a device does not become 
ready for data within 100 microseconds. Most IEEE 
488 devices can accept interface control messages 
at or near the full rate of the interface, but there 
are exceptions. This error can be handled in any of 
several ways. It can be ignored by continuously re
calling the command until all devices become ready, 
or the command can be called a fixed number of times 
(effectively lengtbening the timeout) before 
responding to the error, or the error can be reported 
immediately. This error also leaves data on the bus 
and should be followed by a Go To Standby command to 
float the bus. 

The ATO error occurs when a device does not accept 
data that it has already agreed to accept . If this 
error perSists, a Go To Standby command followed by 
an UNLISTEN may clear the error, or it may be 
necessary to command an IFC and initialize the 
interface. It cannot be determined whether valid 
data was transferred if the handshake is aborted 
here. 
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Output Device Message 

rata byte in C Register 

7 6 5 4 3 2 1 o Bit NO. 

EOI B Register ------------------------
EOI: If '1" the EOI Signal will be driven low when the data 
is on the bus. 

7 6 5 4 3 2 1 o Bit NO. 

ERR : AID R'ID NllP A Register 

NDP: NO device pcesent 
R'ID: Device not ready for data timeout 
Kro: rata not accepted timeout 
um: Set if any error bit is set 

This command outputs the byte in Register C as device 
dependent data (with ATN SIGNAL high). If ATN is 
active when called, ATN is first driven high and is 
left high following the data transfer. 

This command is called only when in source handshake 
mode. If bit 0 of Register B is "I", then the EOl 
Signal is driven low. Before starting the source 
handshake the command checks whether the DAV 6ignal 
is being driven low, by the interface. If it is being 
driven low then the command is being re-entered 
following an ATO timeout error and the first portion 
of the source handshake is branched over. The 
handshake begins with the interface replacing the 
data byte on the bus. The command then checks the 
NRFD signal to determine whether all LISTENERS are 
ready for data . If this Signal remains low for more 
than 100 microseconds then the routine returns the 
RTO timeout error. This does not mean that a hardware 
error has occurred, but only that a device on the bus 
is not currently ready for data. 

When the NRFD Signal becomes high, the command checks 
the NDAC Signal . If this signal is also high at this 
time it means that there is no active LISTENER on the 
bus so the routine returns the NOP error. If the NOAC 
signal is low , the command responds by driving OAV 
low to identify valid data on the bus. The command 
then checks the NDAC signal to determine whether all 
the LISTENERS have accepted the data. If this Signal 
remains low for more than 1000 microseconds, the 
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command returns the ATO timeout error. Again, this 
does not mean that a hardware error has occurred, but 
this error should be less common than the RTO timeout 
error since few IEEE 488 devices use this portion 
of the handshake to control their input rate. When 
the NDAC signal becomes high, the command removes the 
DAV signal and the data, clears Register A, and 
returns to the calling program. 

The NDP error occurs when none of the devices on the 
bus have been made a LISTENER. This CQuld be caused 
by using a nonexistent IEEE bus address, or the 
device addressed not being powered up. This error 
leaves data on the bus and should be followed by a Go 
To Standby command to float the bus. 

The RTO error occurs when a device does not become 
ready for data within 100 microseconds. Most IEEE 488 
devices cannot accept device-dependent data at the 
full rate of the interface. This error can be handled 
in one of several ways. It can be ignored by 
continually recalling the command until all LISTENER 
devices become ready, or the command can be called a 
fixed number of times (effectively lengthening the 
timeout) before responding to the error, or the error 
can be reported immediately. As an example, a printer 
may only be able to accept data at a rate of 30 CPS. 
If the delay between transfers is much greater than 
thi$ it coald mean that the printer is off-line or 
that'the paper has jammed. It is possible to check a 
device and determine whether it is ready for data by 
attempting to transfer a data byte. If the command 
returns a timeout error, the device can be issued an 
UNLISTEN and the interface is then free for other 
transactions. Since this error leaves data on the bus 
it should be followed by an UNLISTEN command to free 
the bus. 

The ATO error occurs when a device does not accept 
data that it has already agreed to accept. If this 
error perSists, a Go To Standby command followed by 
an UNLISTEN may clear the error, or it may be 
necessary to command an IFe to initialize the 
interface. It cannot be determined whether valid 
data had been transferred if the handshake is aborted 
here . 
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INPUT DEVICE MESSAGE 

No input (Brameters 

Data bytes in A and H Registers 

7 6 5 4 3 2 1 o Bit No. 

: ERR mo VID ooI L Register 

ED!: Set to "1" if the EDI signal was low when the data was 
read 
VID: Data valid timeout 
NIO: Data not valid timeout 
ERR: Set if any error bit is set 

This command inputs a device-dependent data byte 
(with ATN high), reads the EO signal, then returns 
the results in Registers A, H, and L. 

The command first saves the contents of Register HL 
in Register DE . Register HL will contain input data 
if the routine is being re-entered following a NTO 
timeout error . The ENABLE DATA OUT bit (PBO) is 
checked to determine if the interface is in the 
source handshake mode or the acceptor handshake mode. 
If this bit is clear, then the interface is in the 
source mode and is switched to the acceptor mode. 
When the interface is in the source handshake mode, 
the ATN Signal will also be low. Signals NRFD and 
NDAC are driven low before the ATN Signal is set 
high. 

Before starting the acceptor handshake the routine 
checks if the NDAC Signal has been set high by the 
interface. If it is high, then the command is being 
re-entered following an NTO timeout and the first 
portion of the acceptor handshake is branched over . 
The handshake sequence is initiated with the command 
setting signal NRFD high to indicate that it is ready 
for data. The command then checks the DAV signal to 
determine whether the TALKER has placed data on the 
bus. If this signal remains high for more than 100 
microseconds, then the command returns the VTO timeout 
error. This does not mean that a hardware error has 
occurred, rather that the TALKER does not currently 
have data available for transfer. 

When the DAV Signal becomes low, the command drives 
signal NRFD high to indicate that it is no longer 
ready for data. It then reads data and the EOI 
signal. Next the command sets Signal NDAC high to 
indicate that it has accepted data. The command then 
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checks the DAV signal to determine whether the TALKER 
has removed its data. If this signal remains low for 
more than 1000 microseconds, the command returns the 
NTO timeout error. Again, this does not mean that a 
hardware error has occurred, but it should be less 
common than the VTO timeout error since few IEEE 
488 devices use this portion of the handshake to 
control their output rate. When the DAV Signal 
becomes high, the routine drives NDAC low and returns. 

The VTO error occurs when a device does not make data 
available within 100 microseconds. Most IEEE devices 
will not supply data at this rate. This error can be 
handled in several ways. It can be ignored by 
continuously recalling the command until data 
becomes available, or the command can be called a 
fixed number of times (effectively lengthening the 
timeout) before responding to the error, or the error 
can be reported immediately. 

As an example, a keyboard may transfer a character 
only when a key is pressed. The time separating key 
entries could be very long. To exit from this error 
state, it is necessary to UNTALK the slow-responding 
device. There is a possibility of losing a character 
from the device when this is done, so if the device 
supports another method to check for data available, 
it should be used. Also, if the TALKER places the 
data on the bus after the error was detected, but 
before the UNTALK begins, then the ATN will occur on 
the bus with the data and could be misinterpreted by 
other devices as an interface message; this will 
produce unintended state transitions. 

The NTO error occurs when the TALKER does not remove 
the data after that data has been accepted by the 
controller. This can occur if the controller has 
enabled other LISTENERS on the bus and not all 
devices have accepted the data, or if the TALKER is 
slow in removing the data. If this error persists, an 
UNTALK to the device must be sent. This could also 

·cause unintended state transitions since the TALKER 
does have data on the bus. If the UNTALK is not 
accepted, an IFC should be used to clear this error 
state. The data returned when the error was reported 
is val ida 
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Input Parallel Poll Messages 

No input parameters 

A = Parallel poll response 

This command can only be called in the source 
handshake mode. The controller may be in the Standby 
state, but ATN is left low follow Ing this command. 
The routine drives both the ATN and EOl signals low. 
All devices on the bus with parallel poll capability 
respond by driving their previously assigned data bit 
low. The command floats the internal data bus, then 
reads the parallel poll data . The command restores 
the source handshake, then ends. The Go To Standby 
command should be called following this command to 
float the bus. 

IEEE 488 Sample Programs 

The following assembly language code contains 
routines which access each of the IEEE 488 commands 
within the ROM. This code must be present in any 
program attempting to make use of the examples 
presented in this section. Before calling any of 
these routines, the proper register must have been 
loaded with the requested parameter. When using the 
TOROH routine, the high order byte of the address in 
Register D is always assumed to be 1. Only the 
low-order byte of the address in the ROM needs to be 
placed in Register E. 
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; 
; COntrol OUt 
OJ: 

CALL SEItJP ; setup all the reg. except DE 
LD L,Z7H 
LD (DflUI;) ,IlL 
CALL GCIO! 
REI' 

• , 
; StatuB In 
SI: 

CALL SEItJP ; setup all the reg. except DE 
LD L,2AIl 
LD (DflUI;) ,IlL 
CALL GCIO! 
REI' 

• , 
; Go To Standby 
G'lS: 

CALL SEItJP ; setup all the reg. except DE 
LD L,2IE 
LD (DflUI;) ,IlL 
CALL GCIO! 
REI' 

• , 
• Take COntrol , 
TC: 

CALL SE'lUP ;setup all the reg. except IE 
LD L,30H 
LD (DflUI;) ,IlL 
CALL GCIO! 
REI' 

; 
; OUtput Interface Message 
OIM: 

CALL SEItJP 
LD L,33H 

;setup all the reg. except IE 

LD (DEREXi) ,IlL 
CALL GCIO! 
REI' 

; 
; o.rt:p.It Device Message 
OI:M: 

CALL SE'lUP ; setup all the reg. except IE 
LD L,36H 
LD (DflUI;) ,IlL 
CALL GCIO! 
REI' 
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O\IL SE'IUP ;setup all the reg. except DE 

. , 

LD L,39H 
LD (IEU'I» ,HL 
O\IL GCl1CfI 
RET 

; Par allel Poll 
PP: 

O\IL SE'IUP ; setup all the reg. except DE 

; 
; 

; 

LD L,3Ql 
LD (IlEREX» ,HL 
O\IL GCl1CfI 
RET 

; 'lilis routine will set up the required parameter to perform 
; the IEEE-488 functions 
; Exit: 
; ARB; "" the oontent of the A register 
; aaux; .. the amtent of the Be registers 
: BLREG= " " ""HL " 
; 

SE'IUP: 

; 

LD 
LD 
LD 
RET 

(ARH;) ,A 
(HlREG) ,HL 
(BCREG) ,BC 

;save the A reg. 
;save the HL reg. 
;save the BC reg. 

; '!tIis routine will pass control to the ROM, via BJX)S call 
;50 
; Entry: 
; AREG, BCREG, DEREG, HLREG must contain the proper 
; parameter 
; 
GCl1CfI: 

LD 
LD 
LD 
LD 

A,30 
(FUNC) ,A 

C,32H 
OE,BICSPB 

O\IL 5 
RET 

; the function nlEbec, USERF 

; indirect accessing the BIOS 
; point to the B100 ParClDeter 
;Block 

A-91 



PERIPHERAL INTERFACE DESIGN 

; 
; 
; Data area 
; 
BlC6FB: 
FtJN::: lB 00 
MEIi: lB 00 
B<REX;: 1M 0000 
DrruX;: 1M 0000 =: 1M 0000 

The following sample programs ignore error returns 
from the IEEE 488 BIOS calls except to re-enter the 
routine if any error condition exists. A real I/O 
driver should analyze errors and determine the 
correct action. Timeout errors might be ignored, but 
the "no device present" error must generate an I / O 
error. 

Make Listener 

There are two alternative versions of the L interface 
function: one with, and one without address 
extension . The normal L function uses a 1 byte 
address. The L function with address extension (the 
LE function) uses a 2 byte address. This example 
implements the LE function. 

;INRIT~: C PRIMARY l\DIIlESS ( ()-31) 
; B SECCNllARY l\DIIlESS (0-31) 

ML: LD A,C ;~ MUMMY 
;l\DIIlESS MESSlGE 

AID 00100000B 
LD C,A 

MLlO: CALL elM ;OOTPUT INTERFl\CE 
;MESSPGE 

CR A 
JR NZ,MLlO ;RfJ-tNrm CN mR!ll 
LD A,B ;FCRM SECCNllARY 

;AttRESS MESSAGE 
AID 01100000B 
LD C,A 

HUO: CALL elM ;a.mvr OO'fItFACE 
iMESSJlGE 

CR A 
JR NZ,ML20 :RE-ENIm 00 mR!ll 
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Make Talker 

There are two alternative versions of the T 
interface function: one with and one without address 
extension. The normal T function uses a 1 byte 
address. The T function with address extension (the 
TE function) uses a 2 byte address. This example 
implements the TE function. 

;lNlUI'~ C PRIMARY AlXmSS (0-31) , 
M'r: W 

Am 
W 

MTlO: CALL 

CI! 
JR 
W 

Am 
W 

S~,a:mg LI:~e:l 

MT20 CAlL 

CI! 
JR 

UNLISTEN 

UL: W 
ULlO: CALL 

CI! 
JR 

UNTALK 

UT: W 
UTlO: CAlL 

CI! 
JR 

B 

A,C 

01000000B 
C,A 
DIM 

A 
NZ,MT10 
1\,B 

Ol1OOOOOB 
C,A 

SgftwiU::e 

DIM 

A 
NZ,MT20 

SEJClElI>RY AlXmSS (0-31) 

;EmM FRlMARY 
,AlXmSS MESSl'GE 

;ClJ'lPUT INTmFACE 
;MESSJlJGE 

;RE-~ CN m.RCR 
,FCI!M SEJClElI>RY 
iAIXmSS MESSAGE 

Descriptjon 

;wrmr INrERFACE 
;~E 

C,OOl1l1l1B ,UNLISl'm MESSl'GE 
,<XJl'FUT INTEm'ACE 
;~E 

DIM 

A 
NZ,ULlO 

C,01011111B 
OIM 

A 
NZ,UTlO 

,UNTALK MESSl'GE 
,<XJl'FUT INTEm'ACE 
;MESSIGE 
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PERIPHERAL INTERFACE DESIGN 

OUTPUT DATA 

;INR1l'~ C llI\TA B?l'E 
EOI ; B 

OD: CALL 

CR 
JR 

A 
NZ,OD 

INPUT DATA 

;OOTPUT ~ A,H llI\TA B?l'E 

ID: CALL 

BIT 
JR 

7,L 
NZ,ID 

L EOI 

; INR1l' revICE 
iMESSPGE 

Higher Level Fynctioos 

The following examples use the above routines to 
perform the standard interface functions. This is not 
meant to be a complete description of the 
capabilities of the interface. 

OUTPUT DATA TO A DEVICE 

LD BC, IlfNICE ADIJilllS 
CALL HI. ; MAKE LIS'l'ENm 
LD BC,DATA ;DM'A AND 001 
CALL W 

;ANY NUMBm OF llI\TA B?!'ES MAY BE SENT 
CAlL UL ;UNLISTEN 
CALL G'IS ;GO TO STANlIlY 

INPUT DATA FROM A DEVICE 

LD BC,revICE ADIJilllS 
CALL MT 
CALL ID 
;ANY NUMBER OF llI\TA B?!'ES 
CALL UT 
CALL G'IS 

iMAKE TALKER 
;INR1l' llI\TA = EOI 

MAY BE RECEIVED 
;UNTALl\ 
;<Xl TO STlINIllY 
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PERIPHERAL INTERFACE DESIGN 

pata Transfer Between Deyices (Monitored) 

This will make one device a TALKER and another device 
a LISTENER then let the TALKER control the bus. The 
controller will monitor the bus and take control when 
it detects an EO!. 

LD 
CALL 
LD 
CALL 

LOOP: CALL 
BIT 
JR 
CALL 
CALL 
CALL 

BC,~ AIX'RESS 
MT 
BC,L.ISI.m ADI::RESS 
ML 
10 
D,L 
Z,LCOP 
UT 
UL 
GTS 

,INRJT llM'A AND EDI 

,LOOP UN1'IL EDI ILW 
,UNl'ALK 
;UNLISTfN 
:ro ro STANlllY 

~ Transfer Between Devices (Un-monitored) 

This will make one device a TALKER and another device 
a LISTENER then let the TALKER control the bus. The 
controller will wait a fixed delay then take control 
synchronously. 

Second Level software Descriptioo 

LD BC, 'IN.Km AIJIJlESS 
CALL MT 
LD BC,LISIm AURESS 
CALL ML 
CALL GTS ,GO ro STANlllY 
,FIXED DELAY WHILE llM'A IS ~FERED 
LD c,a 

LCOP: CALL lC ,TlIKE CXIm\(L 
;SYNQJRQQJSLY 

CR 
JR 
CALL 
CALL 
CALL 

serial Poll 

A 
NZ,LOOP 
UT 
UL 
GTS 

,WAIT FC!\ CXIm\(L 

,UNl'ALK 
;UNLISTfN 
:ro ro STANlllY 

'Ibis is an example of a ser ial poll. It assumes that 
the detection of the service request was performed 
separately. It is important that every device capable 
of generating the service request is polled to assure 
that two devices were not simultaneously driving the 
service request Signal: 
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LD 
LOOP1: CALL 

CR 
JR 
LD 
CALL 

CALL 
CALL 

C,OOOllOOOB 
DIM 
A 
NZ,I£()Pl 
BC,TJ\LKm AOCR!SS 
MT 

ID 
ur 

iAc:r tE STNlUS 
LD BC, TALKm AID.ESS 
CALL MT 

CALL ID 
CALL ur 
;ACT CN STAWS 
LD C,OOOll001B 

LOOP2: CALL DIM 
CR A 
JR NZ,L<XlP2 
CALL G'lS 

;SElUAL FeLL ENABLE 

;ru>-ENl'ER CN ERRCR 

;MAKE FIRST tlNICE 
;A TA.I.J<.m 
; INRJT STAn.IS Brr£ 
;UNTALK 

; MAKE SECXND 
iDE.VlCE A 'rAI.I<m 
;INRJT STATUS 
;UNTALK 

;SElUAL l'OLL DISABLE 

SEND LOCAL LOCK OUT (UNIVERSAL ) 

LD 
O\LL 
LD 

L<XlP: CALL 

C,OOOOOllOB 
ro 
C,0001000lB 
DIM 

CR A 

;SET REN I.CM 

JR NZ,IOOP ;RE-~ CN ~ 
LD BC,LISTEN ADI:RESS 

Second Leyel Software Description 

CALL ML ;FIRST DEVICE GO 
;'1'0 REMOTE 

LD BC,LISTEN ADI:RESS 
CALL ML ;Sro::ND tlNICE GO 

;'10 REltJI'E 
CALL UL ;UR.ISTEN 
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GO TO 

LOOP: 

REMOVE 

LOCAL 

LD 
CALL 

LD 
CALL 

LD 
CALL 
CR 
JR 
CALL 
CALL 

LOCAL 

LD 
CALL 

PERIPHERAL INTERFACE DESIGN 

(ADDRESSED) 

BC,lEVlCE A!:O!ESS 
HI. ;MARE FIRST DE.VICE 

;A LISTENffi 
BC,DE.VlCE A!:O!ESS 
HI. ;MAKE SEXnID 

;DE.VICE A LISTENER 
C,OOOOOOOlB 
OIM ;GO '10 LOCAL 
A 
NZ,LOOP ;RE-ENl'ER CN ElUlCR 
UL ;UNL~ 

GIS ;GO '10 STANtBY 

LOCK OUT (UN IVERSAL) 

C,00000100B 
()) 

PARALLEL POLL CONFIGURE 

LD BC,LISTEN A!:O!ESS 
CALL HI. ;MAKE LlST.ENm 
LD C,OOOOOlOlB 

LOOP1: CALL OIM ;PARALLEL l'CLL 
;a::m'IGURE 

CR A 
JR NZ,IOOPI ;RE-mrER CN ElUlCR 
LD C,OllOSPPP 

I£XlP2: CALL OIM ;PARALLEL RXL 
;ENl!BLE 

CR A 
JR NZ,I00P2 ;RE-ENTER CN ElmeR 
CALL UL ;Ul'LISTm 
CALL GIS ;00 TO STANtBY 

PARALLEL POLL UNCONFlGURE (UNIVERSAL) 

LD C,OOOlOlOlB 

LOOP: CAlL OIM ;PARALLEL l'CLL 
;~IGURE 

CR A 
JR NZ,IOOP ;RE-ENl'ER CN ElUlCR 
CALL GTS ;ro 10 S!'l\Nl:BY 
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PERIPHERAL INTERFACE DESIGN 

PARALLEL POLL DISABLE (ADDRESSED) 

Second Leyel Software Description 

W BC,LlS'llN AIOUSS 

= ML ;MAKE LISl'DlEI{ 
W C,OOOOOlOlB 

LOOPl: CALL OIM ;PARAILEL RLL 
;CCNFlGURE 

CR A 
JR NZ,LCOPl ;RE-EN'Im CN FRRCR 
W C,OlllOOOOB 

l.O)P2: CALL OIM iPARALLEL OOLL 
;DlSABLE 

CR A 
JR NZ,I1XJP2 iRE-ENrEIt CN ElmeR 
CALL UL ;~rsrm 

= G'lS ;GO TO STANlEY 

DEVICE CLEAR (UNIVERSAL) 

W C,OOOlOlOOB 
l.O)P: CALL OIM iD£VICE crEAR 

CR A 
JR NZ,IOOP ;RE-ENTER Qi ERRCR 
CALL G'IS ;ro TO STANlBY 

DEVICE CLEAR (ADDRESSED) 

W BC,DEmCE AIOUSS 

= ML ;MAI<E FIRST OOVICE 
iA LISTENF.l\ 

W BC,DE.VICE AIXRESS 

= ML ;MAI<E SECQiD 
;DEmCE A LISTmER 

W C,OOOOOlOOB 
LOOP: CALL OIM ;SE:!.ECI'ED OOVICE 

; CLEAR 
CR A 
JR NZ,LOOP ;RE-ENTER Qi ERRCR 
CALL UL iUN:.ISTEN 
CALL G'lS ;GO TO STANlBY 
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PERIPHERAL INTERFACE DESIGN 

DEVICE TRIGGER 

• LD Be,DEVICE 1It'IIUSS 
CALL ML 1MAI<E FIRSl' DEVICE 

;A LISl'ENER 
LD Be,DEVICE 1It'IIUSS 
CALL ML ;MAKE SEmID 

IDEVICE A LISTENER 
LD C,OOOOlOOOSB 

l.O)p: CALL OIM ~ EXE<lml 
;'IRlOO~ 

CR A 
JR Nll,l.O)p 1REl-1Nl'm rn ERRCR 
CALL UL ;UNLISTEN 
CALL GTS IGO 'lO STANIIlY 

• 

• 
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