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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, printers, etc.) certified to comply with the Class
B limits may be attached to this computer. Operating with non-certified peripherals is
likely to result in interference to radio and TV reception.

WARNING: This equipment generates and uses radio frequency energy and if not
installed and used properly, that is, in strict accordance with the manufacturer’s
instructions, may cause interference to radio and television reception. it has been type
tested and found to comply with the limits for a Class B computing device in accordance
with the specifications in Subpart-J of part 15 of FCC Rules, which are designed to provide
reasonable protection against such interference in a residential installation. However,
there is no guarantee that interference will not occur in a particular 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:

Reorient the receiving antenna.

Relocate the computer with respect to the receiver.

Move the computer away from the receiver.

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

If necessary, the user should consult the dealer or an experienced radio/television
technician for additional suggestions. The user may find the following booklet prepared
by the Federal Communications Commission helpful. This booklet is available from the U.S.
GOVERNMENT PRINTING OFFICE, WASHINGTON, D.C. 20402, STOCK NO. 004-000-00345-4.

“HOW TO IDENTIFY AND RESOLVE RADIO-TV PROBLEMS”

Xerox Corporation reserves the right to make improvements to products without incurring
any obligation to incorporate such improvements in products previously sold.
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Introduction

The purpose of this manual is to provide technical reference material for
the Xerox 820-11 and 16/8 Professional Computers for programmers and
engineers involved in hardware, software, and interface design. Itis also
intended for interested persons who have a desire to know how the
Xerox 820-11 and 16/8 operate and how to access their many features.

A list of the abbreviations and naming conventions used in this manual
can be found in Appendix N.

SYSTEM OVERVIEW

The modular design of the 820-11 and 16/8 systems enhance the flexibility
provided by the operating systems. The combination of operations
provided by the system gives it a flexibility that allows it to be tailored to
the needs of each user.
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Overview of Xerox Personal Computers

Xerox Personal Computers are comprised of four components:
display/processor, disk drives, keyboard, and optional printers. Both the
820-1l and 16/8 use the CP/M®-80 2.2 Operating System from Digital
Research, Inc. Additionally, the 16/8 PC includes CP/M-86€ 1.1and MS™-
DOS Version 2.0 as standard operating systems.

HARDWARE DESCRIPTION

System Board

The system board uses a Zilog Z80-A®-based microprocessor operating on
a4 megahertz clock with 64k RAM and 8k ROM. It is a single-board
computer and uses a daughter board to interface with the disk drives.
The 820-I1 is equipped with three user-accessible I/0 ports. Two of the
ports are located on the back of the display/processor; the third is
located on the CPU board. On the back are the printer and the
communications ports (both R$232C). The port inside the display is a
dual parallel port (most printers and other devices that follow a standard
Centronics 36-pin interface can be successfully attached).

The 16/8 has all of the above features as well as an Intel 8086%-based
microprocessor operating with a 4.772 megahertz clock. The 8086 is
equipped with 128k of RAM which is expandable to 256k total by
adding a 128k daughter board to the 8086 board.

The 820-11 and 16/8 are capable of having up to 8k of read only memory
(four 2k ROMs): the 820-I1 has 6k of this 8k occupied; the 16/8 uses the
full 8K. The last 2k on the 16/8 is used for decoding the position-encoded
Low Profile Keyboard. The firmware contained in the ROM is capable of
doing such things as executing a one-sector loader from disk; i.e.,
loading CP/M, emulating a terminal, operating in typewriter mode, etc.
The monitor also has other commands that are useful for debugging
hardware and software. The mother board also contains a speaker as
well as an expansion slot (used by the 16/8 for the 8086 board). There are
two types of daughter boards: one interfaces the display/processor to
floppy disks and the other interfaces the display/processor to a rigid disk
controller.
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Display

The display/processor houses the video display, the CPU mother board,
the disk drive daughter board, and the 8086 processor board if so
configured. The video display is a standard 24 line by 80 characters. It
uses a 7 x 10 dot matrix for each character in all text modes and displays
white characters on a black screen. For graphics characters, itusesa4x 4
pixel resolution. The display attributes can be changed to display either
in blink, highlight/lowlight, inverse, or graphics characters.

820-11 Display/processor for floppy disks ~ Product Code #U03

820-11 Display/processor for rigid disk Product Code #UO05

16/8 Display/processor for floppy disks Product Code #H69

16/8 Display/processor for rigid disk Product Code #H70
Keyboards

The 820-1 and 16/8 use either a standard 96-character ASCil or Low
Profile keyboards. Both keyboards include additional keys to the right
of the keyboard, a 10-key numeric key pad and a set of keys for software
control of the cursor. The low profile keyboard also includes 12 function
keys that can be software-enabled and other keys such as Accept,
Delete, Next, Previous, Home, and Undo.

ASCll Keyboard Product Code #X928
Low Profile Keyboard Product Code #G25
Disk Drives

Five disk drive options are offered for the 820-I!:
Dual 54" single-sided floppy disk drives  Product Code #X929
Dual 53" double-sided floppy disk drives  Product Code #T66
Dual 8" single-sided floppy disk drives Product Code #X973
Dual 8" double-sided floppy disk drives ~ Product Code #F10
One 10mb rigid disk drive with Product Code #U07
an 8" double-sided disk drive

Three disk drive options are offered for the 16/8:
Dual 8" single sided floppy disk drives Product Code #X973
Dual 8" double sided floppy disk drives ~ Product Code #F10
One 10mb rigid disk drive with - Product Code #U07
an 8" double sided disk drive
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Printers

40 CPS Printer and 20 CPS Printer

As their names imply, the printers have a printing speed of 20 and 40
characters per second (CPS) respectfully. Both printers have a wide range
of print styles available. The 20 CPS Printer supports 10, 12, and 15 pitch
as well as Proportional Spacing (PS), while the 40 CPS Printer supports
either metal or plastic printwheels in 10, 12, 15, and PS. More detailed
information on these printers can be found in the Printer section under
Peripherals.

The standard R$232C printer connector and dual parallel port are
available to interface with many types of serial and parallel printers.

40 CPS Printer Product Code # D80
20 CPS Printer Product Code # U01
FUNCTIONAL DESCRIPTION

The 820-11 and 16/8 systems are a collection of four components working
in unison -- the display, keyboard, disk drives, and printer. The
computer itself is housed in the display.

System Monitor - ROM

The system monitor contained within the 8k ROM controls the essential
functions of initializing and controlling all system input/output
resources, and also provides a number of monitor commands that can
be used to assist in programming.

Ports

Three ports are standard on the 820-!l and 16/8: two serial ports located
at the back of the display unit and an additional dual parallel port inside
the display unit. These allow printers, communication devices, and
other peripheral equipment to be interfaced with the system.

Operating Systems

The 820-I1 uses Digital Research’s 2.2 CP/M-80 Operating System. The
16/8 can use Digital Research’s 2.2 CP/M Operating System, as well as
their CP/M-86 1.1 Operating System and Microsoft’s MS-DOS 2.0
Operating System. These operating systems provide the user with a
general environment for program construction, storage, and editing,
along with assembly and program checkout facilities.
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CP/M-80 operating system software as implemented on the 820-1l and
the 16/8 is logically divided into four parts:

ROSR  ROM Operating System Routines (hardware dependent)
BIOS Basic I/O System (hardware dependent)*

BDOS Basic Disk Operating System*

cce Console Command Processor*

*Disk resident portions of CP/M-80

ROSR provides code in ROM that can be executed without the presence
of the CP/M system disk and provides the primitive operations necessary
to access the disk drives and to interface with peripherals.

BIOS provides the interface between BDOS and ROSR.

BDOS provides disk management by controlling one or more disk drives
containing independent file directories.

CCP provides symbolic interface between the user’s console and the
remainder of the CP/M system.

HARDWARE INTERFACE
The 820-It and 16/8 are equipped with six input/output connectors. Four
are on the back of the display unit and two are inside the display.

Disk Drive

Used for connection of either the 8" or the 54" Dual Floppy Drives, or
the 8" Rigid Disk Drive. Thisis determined by the type of disk daughter
board installed in the display processor.

Keyboard
Used for connection of either the ASClI or Low Profile keyboard.

Printer
A serial printer can be attached to this RS-232-C connector.

cCOMM
COMM is a second RS-232-C connector and can be used for a modem.
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Parallel Port
A dual parallel port inside the display cabinet is also provided.

Expansion Slot

The expansion slot inside the display cabinet provides all of the Z80-A
microprocessor control signals for connection to custom devices for
future expansion. This slot is used for the 8086 co-processor if you have
a 16/8.

CP/M-80

The CP/M-80 2.2-C disk for the 820-I1 contains the standard Digital
Research software development and checkout programs. Xerox issues
additional utility programs that are unique to the 820-1l. A description of
each program is listed below:

Digital Research Files

ASM.COM The Assembler allows you to create a program
which can be read and executed by the 820-11.

DDT.COM The Dynamic Debugging Tool is used to debug a
Z80-A assembly language program.

DUMP.COM Allows binary command files that are not displayed

on screen to be displayed showing the hexadecimal
value for each byte.

ED.COM A line-oriented screen editor.

L80.COM Reads an .REL file created with the Macro-80
Assembler Program and outputs a command file.

LOAD.COM Reads a .HEX file and creates a command file.

M80.COM Converts a program written in Assembly Language

to a relocatable (.REL) file and (optionally) a printer
listing file (.PRN).

MOVCPM.COM Lets you modify and move the CP/M system image to
allocate a specific lesser memory size.

PIP.COM Allows you to selectively copy a file or files from one
disk to another or on the same disk.
STAT.COM The status utility is a frequently-used transient

command for all system housekeeping; i.e.,
checking the amount of space available on a disk.

SUBMIT.COM Used to submit a file of commands for batch
processing.
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SYSGEN.COM

XSUB.COM

Xerox Files

BACKUP.COM

CONFIGUR.COM

Introduction

Used to generate a CP/M-80 system image and copy
the operating system to another disk.

Same as Submit.com, but has the facility to include
line input to programs as well as the console
command processor.

A multi-option utility that allows you to archive and
retrieve files, delete files, list directories of any
drive, and to verify data integrity of a floppy or rigid
disk.

Using Configur.com, you can select seven different

options:

1. Record Restart Command - lets you enter a one-
line command which will automatically load a
program. For example, you could enter DIR as
the restart command and every time you boot
the system, it will automatically display the
directory for you. Or you could enter the name
of your application software package and it
would automatically load that application
package for you. This command is recorded on
the disk and you can have a different one for
each disk.

2. Select Printer Port Options - allows you to
determine printer protocol. This option allows
configuration for alternate printers without
modifying the BIOS.

3. Select Communications Port Options - a
convenient method for setting up the
communications port on the 820-1 or 16/8; that
is, baud rate, protocol, stop bits, etc.

4. Select 1/0 Device Assignments - lets you select
alternative input/output device assignments;
i.e., set up the system so that everything
displayed on the screen automatically prints on
the printer. :

5. Select Keyboard Data Format - lets you choose
7-bit or 8-bit mode for the keyboard.

6. Select Screen Attributes - includes blink, inverse
video, highlight/lowlight, and graphics modes.



COPY.COM
FMT.COM

HELP.COM

INIT.COM

KILLESC.COM

SET.COM

SWAP.COM

TIME.COM

WHATSA.COM

7. If you have a floppy disk system, Select Floppy
Disk Head Step Rate will appear as selection 7. If
you have a rigid disk system, Configure Rigid
Disk will appear (program must be loaded from
floppy or the first partition of the rigid).

a. Select Floppy Disk Head Step Rate - lets you
adjust the floppy head step rate for
optimum performance.

b.  Configure Rigid Disk - lets you divide the
eight megabyte rigid disk into sections
(e.g., 4 Mb, 2 Mb, 1 Mb, 1 Mb).

Makes an exact copy of a disk, track for track.

Allows you to format (initialize) a rigid disk.

Verification of the rigid disk is performed using the

Backup.com utility.

A guide for CP/M-80 users that contains basic

information about CP/M-80 commands; also cross-

references to additional information in the CP/M-80
reference manual, Reorder #9R80448.

Prepares new (or used) disks for storing

information. It will also alert the user to any flawed

sectors on the disk.

Turns off the <CTRL> + <ESC> feature to enable

use of <CTRL> + <ESC> for other purposes; for

example, setting margins and tabs on a 40 CPS
printer uses a <CTRL> + <ESC> sequence.

A convenient method to temporarily change

communication and printer port options in RAM.

A utility that allows the user to swap drive names.

For example, “A" and “E” for a rigid disk drive. By

designating an alternate drive as the “A” drive, you

can load software directly from that drive. Many

CP/M-80 application packages have been written to

be executed from the “A"” disk drive only. Using

Swap.com allows you to place your application

software on any disk drive and load.

Displays the time and date on screen. Since there is

no battery backup, however, you must re-enter the

time and date each time you reload the system.

This utility lists the logical and physical names for

each disk drive, as well as the density, number of
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sides, and types of disks logged into the system,
(e.g., double density, single-sided 8" floppy).

CP/M-86

The CP/M-80 2.2 and CP/M-86 1.1-F disks for the 16/8 contain the
standard Digital Research software development and checkout
programs. These disks contain the same files as described in the CP/M-80
section as well as the following files.

Digital Research Files

ASM86.CMD

DDT86.CMD

ED.CMD
GENCMD.CMD

GENCMD.COM

GENDEF.CMD

GENDEF.COM

HELP.CMD

LMCMD.CMD

LMCMD.COM

PIP.CMD

Introduction

The Assembler allows you to create a program
which can be read and executed by the 8086.

The Dynamic Debugging Tool is used to debug a
8086 assembly language program.

A line-oriented screen editor.

Uses the hex output of ASM-86 and other language
processors to produce a .CMD file.

Uses the hex output of ASM-86 and other language
processors to produce a .COM file.

Reads a 16-bit file containing the disk definition
statements, and produces a 16-bit output file
containing assembly language statements which
define the tables necessary to support a particular
drive configuration.

Reads a 16-bit file containing the disk definition
statements, and produces an 8-bit output file
containing assembly language statements which
define the tables necessary to support a particular
drive configuration.

Provides summarized information for all of the
CP/M-86 commands described in the Digital
Research Users manual.

Operates in exactly the same manner as
Gencmd.cmd, except Lmcmd also accepts an Intel L-
module file as input.

Operates in exactly the same manner as
Gencmd.com except Lmemd also accepts an Intel L-
module file as input.

Allows you to selectively copy a file or files from one
disk to another or on the same disk.



STAT.CMD

SUBMIT.CMD

TOD.CMD

Xerox Files
CPM86.COM
86CON.COM
GOBACK.CMD
LOAD86.COM
REBOOT.COM

SOFTKEYS.COM

The status utility is a frequently-used transient
command for all system housekeeping, i.e.,
checking the amount of space available on a disk.
Used to submit a file of commands for batch
processing.

Time of day.

Used by Load86.com to boot the 8086.

Switches from Z80-A console to the 8086 console.
Switches from 8086 console to the Z80-A console.
Loads the 8086 for concurrent processing.

From the concurrent mode, reboots the system as a
Z80-A standalone.

Used to set up the 10-key pad with programmable
functions (<KCTRL> + one of the 10-key pad keys).

MS-DOS

The MS-DOS 2.0 disk for the 16/8 contains the standard Microsoft
software development and checkout programs.

Microsoft Files
ANSILSYS

COMMAND.COM

CONFIG.SYS
CHKDSK.COM
CREF.EXE
DEBUG.COM
DISKCOPY.COM
EDLIN.COM
EXE2BIN.EXE
FC.EXE
FIND.EXE
FORMAT.COM
LINK.EXE
MORE.COM

10

Allows programs that use the standard ANSI driver
to be executed.

This is the MS-DOS command processor. Itis
recommended that this file be placed on every
application program disk.

Configures system at boot.

Checks disk.

Assists in debugging assembly language programs.
Debugger supplied with MS-DOS.

Copies a disk.

Line-oriented screen editor.

Converts .EXE files to binary format.

Compares two files for similarity.

Finds a string in a list of files or standard input.
Formats an 8" floppy or a rigid disk.

Linker.

Used to display text in 23-line segments.
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MASM.EXE
PRINT.COM
RDCPM.COM

RECOVER.COM
SORT.EXE

Xerox Files
SAMPLE.TXT

Introduction

Macro Assembler for MS-DOS.

Print spooler.

Reads a CP/M-80 file and converts data to MS-DOS-
readable file.

Recovers bad or damaged disks.

Used to sort text.

Provided to assist going through MS-DOS
Handbook.
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~ Specifications

This section details the following specifications: dimensions, electrical
requirements, operating environment, and disk drive capacities of the
Xerox 820-11 and 16/8 PCs.

Dimensions

Equipment Height Depth  Width  Weight
820-11-16/8 Display 12.20" 14.75" 15.00" 30 Ibs.
ASCll keyboard 3.75" 9.50"  20.00" 10 Ibs.
Low profile keyboard 1.60" 8.25"  19.90" 51bs.
53" Floppy disk drives 7.00" 10.20" 7.00" 10 Ibs.
8" Floppy disk drives 10.50"  17.50" 14.50" 48 |bs.
8" Rigid disk drive 10.50" 17.50" 15.50" 54 Ibs.
40 CPS printer 10.00" 17.50" 15.50" 56 Ibs.
20 CPS printer 9.25" 17.50"  24.00" 45 |bs.

Electrical Requirements
All Xerox products listed below require voltage of 115 VAC, a frequency
of 60 Hz, and a two-pole, three-wire grounded duplex receptical.

Equipment Current
820-11-16/8 Display 1.1 Amps
8" Floppy disk drives 2.0 Amps
8" Rigid disk drive 2.2 Amps
40 CPS printer 2.0 Amps
20 CPS printer 1.0 Amp

Operating Environment

All Xerox equipment is tested to perform between 50 and

90 degrees Fahrenheit with a relative humidity factor between
20% and 80%.
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Disk Drive Storage
54" SS/SD

54" SS/DD

53" DS/SD

53" DS/DD

8" SS/SD

8" SS/DD

8" DS/SD

8" DS/DD

8" Rigid (DS/DD)

Disk Drive Format

Equipment
53" SS/SD

53" SS/DD*
53" DS/SD

54" DS/DD*

8" 55/SS

8" SS/DD**

8" DS/SD

8" DS/DD**

8" Rigid DS/DD

Unformatted Formatted

125k

250k

250k

500 k

400 k

800 k

800 k

1.6 Mb

10.67 Mb

Tracks Sectors
40 18
40 17
80 18
80 17
77 26
77 26
154 26
154 26
1,024 32

Usable

90 k 81k
168 k 155k
180 k 172k
338k 322k
250k 241 k
497 k 482 k
500 k 490 k
997 k 980 k
8.4Mb 8.192Mb
Bytes Number
per of
Sector  Heads
128 1
256 1
128 2
256 2
128 1
256 1
128 2
256 2
256 4

*Track 0 of 51" double density disks has 18 sectors of 128 bytes.
**Track 0 of 8" double density disks has 26 sectors of 128 bytes.

For more specific information on disk formats, see the Disk Drive

Specifications section.
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DISPLAY SPECIFICATION

SIZE:
TYPE:

RESOLUTION:

CHARACTER CELL:
BUSINESS GRAPHICS:
CHARACTER SET:

CHARACTER LINES:
CHARACTERS/LINE:
VOLTAGE:

RIPPLE:

VIDEO BIT RATE:
BITS/HORZ LINE:
HORZ SYNC PULSE:
TOTAL BITS/LINE:
HORZ RATE:
LINES/FIELD:

VERT BLANKING LINES:
VERT SYNC PULSE:
VERT RETRACE (lines):
TOTAL LINES/FIELD:
FIELD RATE:

REFRESH RATE:
VIDEO RATE:

12 inch, landscape mode

Aluminized P4

Fluorescence White (W)

Phosphorescence White (W)

Persistence Short

® 240 active line raster adjusted to 8.5x 5.3

inch usable area
® Brightness level 30 (+ 2) foot-lamberts
® Resolution at centers (within 1" diameter
circle) -100 lines/inch minimum

7x10

4x4 Pixel Resolution

4setsof 128: (1 U.S. font, 1 Graphics
font) (1U.S. font, Inverse
Video font)

24

80

+12 (% 5.0%)VDCat 2.0 A DC maximum

50 MV P-P synchronous or nonsynchronous

with refresh or power frequency.

10.694 MBPS  (93.51 nanoseconds)

560

126 (11.78 microseconds)

686

15.59 KHz

240

20

20(1.28 milliseconds)

8TYP

260

59.95 Hz

61 Hz

15 MHz

(64.14 microseconds)

(16.68 milliseconds)
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FUNCTIONAL DESCRIPTION, XEROX DISPLAY
The display has the following functional characteristics:

24 line display

80 characters per line

7x10 dot matrix per character

White characters on black
Software-selectible character attributes
- Inverse Video

- Blink

- Low Intensity

- Graphics with 4 x 4 pixel resolution
® Brightness adjust

o o000

DISPLAY CONTROLLER

The Display Controller is based on displaying characters within a 7x10 cell
(7 dots horizontally by 10 scan lines vertically). To guarantee spaces
between characters, one dot on each side of the cell is blanked by
hardware. Also, to guarantee spaces between character lines, the top
two scan lines are blanked by hardware. This gives an actual active
character size of 5 dots horizontally by 8 scan lines vertically.

For Business Graphics, the hardware is configured to eliminate the
automatic blanking and allow continuous lines both horizontally and
vertically. However, the Display Controller is still based on displaying a
character within a 7 x 10 cell. The controller design and available refresh
memory allows one byte per character. The maximum number of unique
characters that can be defined by any 8 bits is 256. Since the standard
text font set contains 128 characters, the limit on unique characters for
graphics that can be displayed together with text is 128.

The character set for Business Graphics divides the cell into blocks of 4
dots horizontally by 4 scan lines vertically. Since the total number of scan
lines per character is 10, the character set actually consists of two sub-sets
of 4-4-2 and 2-4-4.

Each subset divides the cell into 6 parts requiring 64 possible

combinations or unique characters. Therefore, the total number of
unique characters for the complete graphics set is 128. With this
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character set, any combination of adjacent 4 x 4 blocks can be chosen.
Also, at the character cell boundary, the 4 x 4 blocks can be set vertically
by 2 scan lines. Since the total number of horizontal dots per cell is 7,
there will be an overlap of one horizontal dot in the center of the cell for
diagonal blocks within the cell.

It should be also noted that for the standard text font containing 128
unique characters defined by 7 bits, the eighth bit is used to set the
attribute function. For Business Graphics, since both text characters and
graphic characters can be displayed simultaneously, it requires all 8 bits
to define the character. Consequently, display attributes are not
available in graphics mode.
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SYSTEM BUS EXPANSION SLOT

ELECTRICAL
The DC system power available at the expansion slot is as follows:

51" system 8" or Rigid system

PIN 50 +5VvDC 1.2A 2.1A
PIN 45 +12VDC#1 03A 1.75A
ENVIRONMENTAL

The following temperature, humidity and altitude environmental
requirements are specified:

Temp. Rel.Hum. Altitude

(°Celsius) (%) (miles)
Operating 10to 32 20to 80 1830
Non-operating  -77 to 66 15t0 90 7620

Any optional or additional electronic assembly using the expansion slot
must be capable of performing to design specification when the host is
subjected to the environmental range, above. Furthermore, the
presence of such an assembly in the expansion slot must not degrade
performance with regard to the above environmental requirements.
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J1illustration
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J8illustration
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Parallel Port Connector (J8)

39
00000000000000000000
00000000000000000000
40
J8
Pin  Value
2 Port A Strobe
4  Port A Ready
6 PortABiIt0
8 Port ABit 1

10 PortABit2
12 Port ABit3
14 PortABit4
16  PortABit5
18 PortABiIt6
20 PortABiIt7
22  Port B Ready
24 Port B Strobe
26 PortBBIt0
28 PortBBit1
30 PortBBiIt2
32 PortBBit3
34 PortBBit4
36 PortBBit5
38 PortBBit6
40 PortBBit7
Odd #Pins  Ground

Miscellaneous Hardware Information



Parallel connector picture

INSIDE 820
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. COMM Port Strapping Options

39 : 1
00000000000000000000
00000000000000000000 .

40 2

J9
Pin Value
5--6 (M) TXDtoPin 3
7--8 (T) TXD to Pin 2
9--10 (M) RXD from Pin 2
11--12 (T) RXD from Pin 3
13--14 (M) RTS to Pin 5
15--16 (T)RTSto Pin4
17--18 (M) CTS from Pin 4
19--20 (T) CTS from Pin 5
21--22 (M) DTRto Pin 8
23--24 (T) DTR to Pin 20
25--26 (M) DCD from Pin 20
27--28 (T) DCD from Pin 8
29--30 Clock supplied to Modem as RX Clock
31--32 Clock supplied to SIO with RX Clock
33--34 Modem supplies SIO with RX Clock
35--36 Clock supplied to SIO with TX Clock
37--38 Modem supplies SIO with TX Clock
39--40 Clock supplied to Modem with TX Clock
The filled-in pins indicate the options as they are jumpered on an 820-I|
or 16/8.
Note: (M) indicates modem (data communications equipment)

function. (T) indicates terminal data equipment) function.
For instance, exercising the (M) strap option will allow
communication with a modem; exercising the (T) strap
option will allow communication with a terminal.

The above shows factory settings for (T).
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29

J9 (Etch 2 CPU)

000000000000000
000000000000000

30

Pin
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

Value

(M) TXDto Pin 3

(T) TXDto Pin 2

(M) RXD from Pin 2
(T) RXD from Pin 3
(M) RTS to Pin 5
(T)RTStoPin4

(M) CTS from Pin 4
(T)CTS from Pin 5
(M) DTRto Pin 8

(T) DTR to Pin 20
(M) DCD from Pin 20
(T) DCD from Pin 8
Clock supplied to Modem as RX Clock

The filled-in pins indicate the options as they are jumpered on an 820-i|

or 16/8.

Note: To change from ASYNC to SYNC on the Etch 2 CPU requires a
modification to the operating system rather than moving jumpers.

Note: (M) indicates modem (data communications equipment)
function. (T) indicates terminal data equipment) function.
For instance, exercising the (M) strap option will allow
communication with a modem; exercising the (T) strap
option will allow communication with a terminal.
The above shows factory settings for (T).

26
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System Bus Connector

3

D1 1 2 /RD

DO 3 4 /MEMRQ

D7 5 6 /IORQ

D2 7 8 /WR

D6 9 10 /REFRESH

D5 1M1 12 /M1

D3 13 14 A0

D4 15 16 A1
SYSRESET 17 18 A2

A4 19 20 A3

A6 21 22 A5
A15S 23 24 A7
A13 25 26 A4
A12 27 28 A10
A9 29 30 AN
A8 31 32 /BUSRQ
WAITRQ 33 34 /BUSAK
PCl 35 36
/INTRQ 37 38
/HALT 39 40 /CLOCK
SPKR 41 42 /MEMS8
43 44 /MEM4
+12Vv 45 46
+12Vv 47 48 GND
GND 49 50 +5V

Miscellaneous Hardware Information



Symbol #
DO 3
D1 1
D2 7
D3 13
D4 15
D5 11
D6 9
D7 5
A0 14
A1l 16
A2 18
A3 20
A4 19
AS 22
A6 21
A7 . 24
A8 31
A9 29
A10 28
ANl 30
A12 27
A13 25
A14 26
A15 23
/WR 8
/RD 2
/IORQ 6

28

Pin

Name Meaning
Data bus Data Bus (Tri-state, input/output,
Data bus active high) constitutes an 8-bit
Data bus bi-directional data exchange
Data bus with memory and I/O devices.
Data bus
Data bus
Data bus
Data bus

Address bus Address Bus (Tri-state, output,
Address bus active high) makes up a 16-bit
Address bus address for up to 65k bytes of
Address bus memory for I/O devices data
Address bus exchange. I/0O addressing uses
Address bus the lower 8 bits for direct
Address bus selection of up to 256 output
Address bus ports. A0 is the least significant
Address bus address bit. During refresh time,
Address bus the lower 7 bits contain a valid
Address bus refresh address for dynamic
Address bus memories.

Address bus

Address bus

Address bus

Address bus

Write Write (Tri-state, output, active
low) indicates that the CPU data
bus holds valid data to be stored
in the addressed memory or I/0
device.

Read Read (Tri-state, output, active

high) indicates that the CPU
wants to read data from memory
oran /O device. The addressed
I/0 device or memory should use
this signal to gate data onto the
CPU data bus.

I/0 Request Input/Output Request (Tri-state,
output, active low) signal
indicates that the lower half of
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/HALT 39 Halt
/MEMRQ 4 Memory
Request
/REFRESH 10 Refresh
/M1 12 Machine
Cycle One

Miscellaneous Hardware Information

the address bus holds a valid /O
address for an 1/O read or write
operation. This signal is also
generated with a "/M1" signal
when an interrupt is being
acknowledged to indicate that an
interrupt response vector can be
placed on the data bus. Interrupt
Acknowledge operations occur
during “/M1" time, while /O
operations never occur during
"/M1" time.

Halt (Output, active low) signal
indicates that the CPU has
executed a Halt Software
instruction and is awaiting either
a non-maskable or maskable
interrupt before operation can
resume.

Memory Request (Tri-state,
output, active low) signal
indicates that the address bus
holds a valid address for a
memory read or memory write
operation.

Refresh (Tri-state, output, active
low) indicates that the lower 7
bits of the address contain a
refresh address for dynamic
memories and the "/MEMRQ"
signal should be used to perform
arefresh cycle for all dynamic
RAMs in the system. During the
refresh cycle "A7" is a logic zero
and the upper 8 bits of the
address bus contain the "1"
register.

Machine Cycle One (Tri-

state, output, active low)
indicates that the current
machine cycle is in the op-code
fetch cycle of an instruction. Note

29



/BUSAK

/BUSRQ

/INTRQ

/WAITRQ

30

34

32

37

33

Bus
Acknowledge

Bus Request

Interrupt
Request

Wait Request

that during the execution of two-
byte op-codes, "/M1" will be
generated as each op-code is
fetched. These two-byte op-
codes always begin with a CB, DD,
ED, or FD. "/M1" also occurs with
"/IORQ" to indicate an interrupt
acknowledge cycle.

Bus Acknowledge (Output,

active low) is used to indicate to
the requesting device that the
CPU address bus, data bus, and
control bus signals have been set
to their high impedance states
and the external device can now
control the bus.

Bus Request (Input, active low)
signal is used to request the CPU
address bus, data bus, and control
signal bus to go to a high
impedance state so that other
devices can control those buses.
When "/BUSRQ" is activated, the
CPU will set these buses to a high
impedance state as soon as the
current CPU machine cycle is
finished and the "/BUSAK" signal
is activated.

Interrupt Request (Input,

active low) signal is generated by
/0 devices. A request will be
honored at the end of the current
instruction if the internal
software controlled interrupt
enable flip flop (IFF) is enabled
and if the “/BUSRQ" signal is not
active.

Wait Request (input, active low)
indicates to the CPU that the
addressed memory or I/0 device is
not ready for a data transfer. The
CPU continues to enter wait states
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/SYSREST

/CLOCK

PCl

/IMEM4

/MEMS8

/SPKR

Miscellaneous Hardware Information

40

35

42

41

System Reset

Processor
Clock

Priority
Chain In

Memory
Expansion

Memory
Expansion

Speaker

for as long as this signal is active.
This signal allows memory or I/O
devices of any speed to be
synchronized to the CPU. Use of
this signal postpones refresh as
long asitis held active.

System Reset (Output, active low)
indicates that a reset has been
generated either from push
button reset or the power on
reset circuit. The system reset will
occur only once per reset and will
be approximately 10
microseconds in duration.
Processor Clock (Output, active
low) is a single-phase system clock
of 4 MHz.

Priority Chain In (Input, active
high) is used to form a priority-
interrupt daisy chain when more
than one interrupt-driven device
is being used. A high level on this
pin indicates that no other
devices of higher priority are
being serviced by a CPU interrupt
service routine.

Memory Expansion

(Output, active low) signal is low
during "/MEMRQ" for a block of
addresses from “4000 thru 7FFF"
if the Bank Switch is set for the
ROM side of memory.

Memory Expansion

(Output, active low) signal is low
during "/MEMRQ" for a block of
addresses from “8000 thru BFFF"
if the Bank Switch is set for the
ROM side of memory.

Speaker pin provides access to the
speaker on the CPU Board. This
pin is connected to the open
collector output of the speaker
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driver (75451). This output is
normally connected thru the
speaker and parallel 100 ohm
resistortoa + 12 VDC, but can be
disconnected by jumper option.

+5vDC 50 DCPower + 5VDC system power.
GND 49,48 Ground Ground-System is signal ground
and DC return.
+12VDC 47,45 DC Power + 12VDC system power.
36 Not Used
38 Not Used
43 Not Used
46 Not Used
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Disk Access Connector

12

D1 1 2
DO 3 4
D7 5 6
D2 7 8
D6 9 10
D5 1M1 12
D3 13 14
D4 15 16
RST 17 18
A4 19 20
A6 21 22
A5 23 24
A13 25 26
A12 27 28
A9 29 30
A8 31 32

16 MHz Clock 33 34
/HALT 35 36

INT 37 38
PP5 39 40
PP2 41 42
PP1 43 44

+12V. 45 46
GND 47 48
DSKWAT 49 50

J1-19 53 54
J1-18 55 56
J1-17 57 58

Jj1-16 59 60
J1-15 61 62
J1-14 63 64
J1-13 65 66
J1-12 67 68
J1-11 69 70

71 72

Miscellaneous Hardware Information

/IRD
/MREQ
/IORQ
/WR
/BUSAK
/M1

A0

A1l

A2

A3

AS

A7

Al4
A10
Al
/BUSRQ
/BUSAK1
/1797CS
PRIO

4 MHz Clock
PP4

PPO
NM1
GND
+5V
+5V
J1-10
J1-9
J1-8
J1-2
J1-3
-4
J1-5
J1-6
-7
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PP5
PRIO
/DSKWAT
/RD

/MREQ

34

N - W

13

1"

14
16
18
20
19
22
21
24
31
29

30

25

23
44
43
41
42

38
49
2

4

Pin
Name

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
Address Bus
SYS-PIO Port A
SYS-PIO Port A
SYS-PIO Port A
SYS-PIO Port A
SYS-PIO Port A
SYS-PIO

Disk Wait
Read

Memory
Request

Meaning

Data Bus (Tri-state, input/output,
active high) constitutes an 8-bit
bi-directional data exchange with
memory and I/O devices.

Address bus A0-A15
provides addresses for 65k
bytes of memory. Bit A0 and
A1 while under /RD and /WR
control select the register
to receive transfer of data
on D0-D7:
A1 A0 /RD /WR
0 0 Status REG Command REG
0 1 Track REG Track REG
1 0 Sector REG Sector REG
1 1 DataREG Data REG
A5 while under /RD and /WR
Control Select Density:

0 = double density

1 = single density
Port A bit 0
Port Abit 1
Port A bit 2
Port Abit 4
Port A bit 5

Generates Wait signal to CPU.
Controls input on the data
registers DO-D7.

/MREQ indicates that the address
bus holds a valid address for a
memory read or memory write
operation.
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/IORQ

/WR

/BUSACK

/M1

/BUSREQ

/BUSAK1

Miscellaneous Hardware Information

12

32

34

1/0 Request

Write

Bus
Acknowledge

Machine
Cycle 1

Bus Request

Bus
Acknowledge

/IORQ indicates that the lower
half of the address bus holds a
valid I/O address for an I/O read or
write operation. /IORQ is also
generated concurrently with /M1
during an interrupt acknowledge
cycle to indicate that an interrupt
response vector can be placed on
the data bus.

Controls output on the data
registers DO-D7.

/BUSACk indicates to the
requesting device that the CPU
address bus, data bus, and control
signals /MREQ, /IORQ, /RD, /WR
have entered the high impedance
states. The external circuitry can
now control these lines.

/M1, together with /MREQ
indicates that the current
machine cycle is the op-code fetch
cycle of an instruction execution.
/M1, together with /IORQ,
indicates an interrupt
acknowledge cycle.

/BUSREQ has the highest priority
and is always recognized at the
end of the current machine cycle.
/BUSREQ forces the CPU address
bus, data bus, and control signals
/MREQ, /IORQ, /RD, and /WR to
go to a high impedance state so
that other devices can control
these lines.

/BUSAK1 is daisy-chained Bus
Acknowledge output which
indicates to the requesting device
that the CPU address bus, data
bus, and control signals /MREQ,
/IORQ, /RD, /WR have entered the
high impedance states. The
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11797CS

INT

NMI

HALT

16MHz
CLK
J1-2

-3
J1-4
J1-5
J1-6
-7
J1-8
-9
J1-10
J1-1
J1-12
J1-13
J1-14

36

36

37

46

35

external circuitry can now control
these lines.

Chip Select /1797CS logic low selects the
Floppy Disk Controller chip and
enables computer communication
with the device.

Interrupt INT is generated by I/O devices.

Request The CPU honors a request at the

end of the current instruction if
the internal software controlled
interrupt enable flip-flop (IFF) is
enabled.

Non-Maskable NMI is always recognized at the

Interrupt

Halt

Clock
Clock
Device 110
Interface

end of the current instruction,
independent of the status of the
interrupt enable flip-flop and
automatically forces the CPU to
restart at location 0066h.

/HALT indicates that the CPU has
executed a Halt instruction and is
awaiting either a non-maskable
or a maskable interrupt (with the
mask enabled) before operation
can resume. While halted, the
CPU executes NOPs to maintain
memory refresh.

16 MHz clock.

4 MHz clock.

All interface lines use

negative logic.

Device I/0 Interface
Device I/0O Interface
Device I/O Interface
Device I/O interface
Device I/0O Interface
Device I/0O Interface
Device I/0 Interface
Device I/0O Interface
Device I/0 Interface
Device I/O Interface
Device I/0O Interface
Device I/0O Interface
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J1-15
J1-16
11-17
J1-18
J1-19
+12VDC
GND
GND
+5VDC
+5vDC
RST

Miscellaneous Hardware Information

61
59
57
55
53
45
47
48
50
52
17

51
71
72

Device I/0 Interface
Device I/O Interface
Device I/0 Interface
Device I/0O Interface
Device I/0O interface

DC Voltage
Ground
Ground
DCVoltage
DC Voltage
Reset

Not Used
Not Used
Not Used

+ 12 Volts DC

Ground and DC Return

Ground and DC Return

+5Volts DC

+ 5 Volts DC

Reset indicates that a System
Reset has been generated either
from push button reset or power
on reset.
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Notes
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Theory of Operation

The display processor houses the system board, disk drive daughter
board, the CRT, the power supply, and one bus expansion slot.

The system board has the following:

® Central Processing Unit (CPU)
6 to 8k of Read Only Memory (ROM)
64k of Random Access (Read/Write) Memory (RAM)
Counter Timer Circuit (CTC)
Serial Input/Output Controller (5/0)
Parallel Input/Output Controller (PIO)
Two RS-232-C Serial I/O Ports
Dual 8-bit Parallel Ports
CRT Controller and CRT Refresh Memory
Speaker
Disk Drive Daughter Board Connector
Bus Expansion Connector
e 8086 Co-processor (16/8 system)
Parallel Keyboard Interface

CPU

The CPU is a Zilog Z80-A operating with a clock rate of 4 Mhz. Itis
initialized to use Interrupt Mode 2 by the ROSR monitor at power on.
The Z80-A also provides refresh to the 64k of dynamic memory on the
system board. Therefore, the | and R registers should not be altered by
an application program.

ROM and RAM Memory
The System Board has two banks of memory. Bank 1 has 64k of RAM.
Bank 0 has up to 8K of ROM.

When power is turned on or RESET is pressed, the Monitor, ROM/CRT
RAM (Bank 0), is enabled by the hardware and the contents of the
monitor ROM are moved by the CPU to the program memory starting at
location FOOOH. When the move is complete, the CPU transfers control to
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location FOOOH and RAM (Bank 1) is enabled. Bank 0 is also enabled
when a character is sent to the screen.

6-8k ROM

The CPU board has provisions for 4-2k x 8 Read Only Memory devices.
The first 3 (U33, U34 & U35) store the firmware for the ROSR monitor.
The fourth (U36) provides translation tables and related firmware for the
position-encoded low profile keyboard.

64k RAM

The 64k byte (65536 x 8) RAM provides space for a portion of the ROSR
monitor (upper 4k FOOOh - FFFFh), and 60k (0000h - EFFFh) is free for
programs to execute in such as an operating system and an application
program. This RAM is dynamic and refresh is provided by the Z80-A CPU.

Counter Timer Circuit (CTC)

The CTC has four independently-programmable counter/timer channels,
each with a readable downcounter and a selectable 16 or 256 prescaler.
Downcounters are reloaded automatically at zero. Each channel is
programmed with two bytes. Once started, the CTC counts down,
reloads its time constant automatically, and resumes counting.
Internally, the CTC generates a unique vector for each channel.

Serial Input/Output Controller (SI0)

The Serial I/0 Controller has two independent, full-duplex channels with
separate control and status lines for modems or other devices. Data rates
are from 50 to 19,200 bits/second. Channel A (modem) supports both
Asynchronous and Synchronous protocols. Channel B (printer) is
dedicated to Asynchronous. The receiver is quadruple-buffered and the
transmitter is double-buffered. The controller also supports daisy-chain
interrupt vectoring for interrupts without external logic.

Serial I/0 Ports

The 820-11 CPU board contains a Z80-A SI0 that provides two user-
accessible serial ports to the 25-pin printer and modem connectors on
the rear of the display processor. The Communications port is capable of
operating in synchronous or asynschronous modes, while the Printer port
is only capable of operating asynchronously. On an Etch 2 CPU, there is a
30-pin connector. Selection of synchronous or asynchronous mode is
under program control as opposed to the Etch 1 CPU (with a 40-pin
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connector) where a physical change is required to make the sync or async
selection.

Parallel Input/Output Controller (P10)

There is a System and a General Purpose Parallel I/0 Controller which
provides direct interface between the CPU and the peripheral devices.
Each controller has two 8-bit I/O ports. The System PIO is dedicated for
keyboard input, memory bank and CRT font selection, and floppy disk
drive and side selection. The General Purpose PIO provides the user with
adual 8-bit parallel I/O port for interfacing with peripherals.

Parallel Port

The Z80-A General Purpose PO is accessible on the main CPU board on
connector J8. This PIO is programmed by the ROSR monitor at power-on
to provide a parallel Centronics-compatible interface for a parallel
printer. Atransceiver is physically located between the Z80-A P10 and
the J8 connector. Jumpers must be installed on option connector J11 to
select whether the transceiver will transmit or receive data. See also
page 24.

CRT Controller

The CPU board contains the 2k of refresh RAM where the characters that
are to be displayed on the screen are stored. It also has the necessary
electronics to provide the control signals (sync and video) to the CRT
monitor. The CPU board has two character font ROMs; each font ROM
contains two character sets.

us7 Normal white on black font
Reverse video font
uss8 Normal white on black font

Graphic character font

The CRT driver in the ROSR monitor translates character-level escape
sequences into commands as to which of the font ROMs to select and
which of the two fonts inside the selected font ROM to select. Basically,
characters that are stored in the CRT's refresh memory address the
selected font ROM; the font ROM provides dot information to the video
input of the CRT so the character can be displayed.
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The characters on the CRT can have one of the following attributes:

Blink

Inverse video
Graphics
Low intensity

The most significant bit of the character stored in the CRT's refresh
memory determines if the character is to be displayed with its attribute
enabled.

The ROSR monitor provides a character-oriented command format for

controlling the screen and font ROM selection. It is recommended that
programs use this method to control the CRT and its attributes.
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CRT RAM

Memory Allocation

The CRT RAM occupies 3000H - 3FFFH in bank 0 (System Bank). Each 80-
character line on the CRT is allocated 128 bytes in the CRT RAM. Listed
below are the starting and ending addresses for each of the 24 rows in
the CRT RAM. The example (at the bottom) shows some character
locations in CRT memory. (Assumes scroll register = 23)

Row Starting Address Ending Address
0 3000H 304FH
1 3080H 30CFH
2 3100H 314FH
3 3180H 31CFH
4 3200H 324FH
5 3280H 32CFH
6 3300H 334FH
7 3380H 33CFH
8 3400H 344FH
9 3480H 34CFH

10 3500H 354FH
1" 3580H 35CFH
12 3600H 364FH
13 3680H 36CFH
14 3700H 374FH
15 3780H 37CFH
16 3800H 384FH
17 3880H 38CFH
18 3900H 394FH
19 3980H 39CFH
20 3A00H 3A4FH
21 3A80H 3ACFH
22 3B00H 3B4FH
23 3B80H 3BCFH

Row Col CRTM y Add
0 0 3000H
0 79 304FH
1 1 3081H
1 5 3085H

23 0 3B880H
23 1 3B81H
23 79 3BCFH
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Scroll Register

To eliminate the delay associated with software scrolling, hardware
scrolling is employed. Writing into the scroll register (Port 14h) adds an
offset to the line address developed by the line counter. For instance,
with an offset of zero (scroll register = 0), the data at location 3000H (in
the CRT refresh memory) will be displayed on the bottom row of the
display. If the offset is 23, the data at location 3000H will be displayed on
the top row of the screen. The scroll register is loaded from A8 to A15
rather than DO to D7. Therefore, the scroll value must be in the B register
if an indirect OUT instruction is used.

Scroll Register Row 0, Column0 Row 23, Column 0

23 3000H 3B80H
22 3080H 3BOOH
21 3100H 3A80H
20 3180H 3A00H
19 3200H 3980H
18 3280H 3900H
17 3300H 3880H
16 3380H 3800H
15 3400H 3780H
14 3480H 3700H
13 3500H 3680H
12 3580H 3600H
1" 3600H 3580H
10 3680H 3500H
9 3700H 3480H
8 3780H 3400H
7 3800H 3380H
6 3880H 3300H
5 3900H 3280H
4 3980H 3200H
3 3A00H 3180H
2 3A80H 3100H
1 3B0OH 3080H
0 3B80H 3000H
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Speaker

The 820-11 and 16/8 have an audio speaker connected to two I/O ports
(28h and 29h). Outputting to one I/O port causes the speaker cone to be
pushed out; outputting to the other I/0 port pulls in the speaker cone.
The actual value output to these ports has no significance. To generate a
beep, the application program can simply send an ASCI| Bell character to
the CRT. To generate a tone other than the standard bell character, the
program must move the speaker cone in and out at the desired
frequency.

Disk Drive Daughter Board

The disk drive connector on the rear is a "dual personality” connector,
depending on which disk drive daughter board is installed on the mother
board. Presently, there are two types of disk interface:

Shugart SASI interface controller suitable for interfacing to a
SA1403D Rigid Disk Controller.

Floppy-only interface suitable for interfacing to Shugart
SA800/SA400L/SA850/SA450 dual daisy-chained disk configurations.

The ROSR monitor detects which daughter board is installed at power-on
and selects the appropriate physical disk driver firmware to process
physical disk drive requests.

Caution:

If a rigid disk drive unit (U07, U08) is connected to a floppy
display/processor (U03/H69, U04), the rigid controller PWB will be
destroyed when power is switched on. The rigid disk drive unit must be
connected only to a rigid display/processor (U05/H70, U06). Connecting
a floppy disk drive unit (929/T66/973/F10, E41/E44/E42/E89) to a rigid
display/processor (U05/H70, U06) may cause the processor PWB to fail.
Before connecting any disk drive unit to a display/processor, check that
the configuration of the display/processor is compatible with the disk
drive unit. The configuration can be determined in one of two ways.

(1) Check the product code of the display/processor. The product code is
the first three digits of the serial number, located on the underside of
the display processor. (2) Verify that the proper drive interface PWB is
installed by checking the part number.
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System Bus

The System Bus contains an 8-bit Data Bus (Tri-state, input/Output) bi-
directional Data exchange with memory and I/0 devices. It has a 16-bit
Address Bus to address up to 64k of memory for I/0 devices data
exchange.

Keyboard Interface

The keyboard FIFO (Etch 2 CPU only) has space for 16 (decimal) entries.
Associated with the keyboard FIFO are input and output position
pointers and a count of the number of entries currently in the FIFO.

The available memory pointers provide the addresses bounding the
available unused RAM in the memory reserved for system use. Although
these pointers are a supported feature, there is no guaranteed available
memory size.

There are two tables used to disk map a logical disk to its physical driver.
The first table, Seltab, associates a logical disk number with a physical
disk number. The second table, Drvtab, identifies which physical disk
driver is appropriate to use with the selected physical disk.

The physical driver command block is a collection of all information
necessary for the disk system to perform the requested disk activity.

The timer and clock variables are a collection of locations used for
maintaining the one second timer and the time-of-day clock and
calendar. The console command line buffer immediately follows these
variables.
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Z8400
Z80°CPU Central
Processing Unit

Y

Product
Specification

June 1982

Features

® The instruction set contains 158 instructions.
The 78 instructions of the 8080A are
included as a subset; 8080A software com-
patibility is maintained.

® Six MHz, 4 MHz and 2.5 MHz clocks for the
Z80B, Z80A, and Z80 CPU result in rapid
instruction execution with consequent high
data throughput. ~

8 The extensive instruction set includes string,
bit, byte, and word operations. Block
searches and block transfers together with
indexed and relative addressing result in
the most powerful data handling capabilities
in the microcomputer industry.

® The 280 microprocessors and associated
family of peripheral controllers dre linked
by a vectored interrupt system. This system
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Figure 1. Pin Functions

may be daisy-chained to allow implemen-
tation of a priority interrupt scheme. Little,
if any, additional logic is required for
daisy-chaining.

® Duplicate sets of both general-purpose
and flag registers are provided, easing
the design and operation of system soft-
ware through single-context switching,
background-foreground programming, and
single-level interrupt processing. In addi-
tion, two 16-bit index registers facilitate
program processing of tables and arrays.

8 There are three modes of high speed inter-
rupt processing: 8080 compatible, non-Z80
peripheral device, and Z80 Family
peripheral with or without daisy chain.

@ On-chip dynamic memory refresh counter.
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General
Description

The Z80, Z80A, and Z80B CPUs are third-
generation single-chip microprocessors with
exceptional computational power. They offer
higher system throughput and more efficient
memory utilization than comparable second-
and third-generation microprocessors. The
internal registers contain 208 bits of read/write
memory that are ac ible to the prc .
These registers include two sets of six general-
purpose registers which may be used
individually as either 8-bit registers or as
16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group
of “Exchange” instructions makes either set of
main or alternate registers accessible to the
programmer. The alternate set allows operation
in foreground-background mode or it may be

INSTRUCTION
DECODER

.V

~[Ep=
!

INST.
REG.

reserved for very fast interrupt response.

The Z80 also contains a Stack Pointer, Pro-
gram Counter, two index registers, a Refresh
register (counter), and an Interrupt register.
The CPU is easy to incorporate into a system
since it requires only a single +5 V power
source. All output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it is supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80 processors.
Subsequent text provides more detail on the
280 1/O controller family, registers, instruction
set, interrupts and daisy chaining, and CPU
timing.

887
DATA BUS

DATA BUS
INTERFACE

INTERNAL DATA BUS'
REGISTER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

10.817
ADDRESS BUS

Figure 3. 280 CPU Block Diagram
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280 Micro- The Z\loq 280 rmcruprocessor is the central each of which has an B-bit prescaler. Each
P ! t of a comp sSOr of the four channels may be configured to
Family product iamﬂy This fam\ly works toqether m operate in either counter or timer mode.
with ] MA (Direct M ccess) con-
for additional logic, facilitating the design of 12::]901- proi'!c;es dualel:oo:tydttu tral:(:!:
e{ﬁciex;!ysatnd cost-effective microcomputer- operations and the ability to terminate data
based systems.
Zilog has designed five components to pro- transfer as a lresull of a pattern match.
vide extensive support for the Z80 micro- 8 The SIO (Serial Input/Output) controller
processor. These are: offers two channels. It is capable of
8 The PIO (Parallel Input/Outpul) Oprates in oo 1o hoth conatronns o s
both data-byte /O transfer mode (with chronous communication, including
handshaking) and in bit mode (without Bi-Sync and SDLC ’
handshaking). The PIO may be configured ) )
to interface with standard parallel ® The DART (Dual Asynchronous Receiver/
peripheral devices such as printers, tape Transmitter) device provides low cost
punches, and keyboards. asynchronous serial communication. It has
i two channels and a full modem control
® The CTC (Counter/Timer Circuit) features interface.
four programmable 8-bit counter/timers,
280 CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80 CPU. The first group ists of of six registers with assigned

duplicate sets of 8-bit registers: a principal set
and an alternate set (designated by ' [prime],
e.g., A'). Both sets consist of the Accumula-
tor Register, the Flag Register, and six
genera]-purpoee registers. Transfer of data
these duplicate sets of regi is
accomplished by use of “Exchange” instruc-
tions. The result is faster response to interrupts
and easy, efficient implementation of such ver-
satile programming techniques as background-

lunctlom These are the I (Interrupt Register),
the R (Refresh Register), the IX and IY (Index
Registers), the SP (Stack Pointer), and the PC
(Program Counter). The third group consists of
two interrupt status flip-flops, plus an addi-
tional pair of flip-flops which assists in identi-
fying the interrupt mode at any particular
time. Table 1 provides further information on
these registers.

A ASOISTER SET ALTERNATE REGISTER SHT
A ACCUMULATOR F FLAG REGISTER A ACCUMULATOR F' FLAG REGISTER

B QENERAL PURPOSE € GENERAL PURPOSE # GENERAL PURPOSE ©' GENERAL PURPOSE
D GENERAL PURPOSE € GENERAL PURPOSE ©' GENERAL PURPOSE £ GENERAL PURPOSE
M GENERAL PURPOSE L GENERAL PURPOSE W QENERAL PURPOSE. L' GENERAL PURPOSE

-— s ———n

INTERRUPT FLIPFLOPS STATUS

Y INDEX REQISTE 0 = INTERRUPTS DISABLED STORES IFFY

1 « INTERRUPTS ENABLED ouning R

senvice

P STACK POINTER
INTERRUPT MODE FLIPFLOPS
—

1 INTERRUPT VECTOR ] R MEMORY REFRESH H S NOEhaupTMooE o
1 o ARUPT MODE 1
. 1 INTERRUPT MODE 2

-—— T ————

Figure 4. CPU Registers
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780 CPU Register Size (Bits) Remarks

nég“"" ty AR Accumulator 8 Stores an operand or the results of an operation.
(Continued) 'y, Flags 8 See Instruction Set.

B, B General Purpose 8 Can be used separately or as a 16-bit register with C.

c.C General Purpose 8 See B, above.

DD General Purpose 8 Can be used separately or as a 16-bit register with E.

EE General Purpose 8 See D, above.

HH General Purpose 8 Can be used separately or as a 16-bit register with L.

L L General Purpose 8 See H, above.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B — High byte byte
D — Highbyte E — Low byte
H — High byte L — Low byte

1 Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

X Index Register 16 Used for indexed addressing.

2 4 Index Register 16 Same as IX, above.

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruc-
tion set.

PC Program Counter 16 Holds address of next instruction.

IFF-IFF Interrupt Enable Flip-Flops  Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb  Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4).

Table 1. 280 CPU Registers
Interrupts: _The CPU a ts two i t input signal ® Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a ® Mode 2 — a vectored interrupt scheme,
lower priority interrupt and it requires that usually daisy-chained, for use with Z80
interrupts be enabled in software in order to Family and compatible peripheral devices.

operate. INT can be connected to multiple
peripheral devices in a wired-OR configura-
tion.

The 280 has a single response mode for
interrupt service for the non-maskable inter-
rupt. The mskable interrupt, INT, hax three

modes

__The CPU services interrupts by sampling the
NMI and INT signals at the rising edge of the
last clock of an instruction. Further interrupt
service processing depends upon the type of
interrupt that was detected. Details on inter-
rupt responses are shown in the CPU Timing
Section.

These are:

® Mode 0 — compatible with the 8080 micro-
processor.
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Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted at
all times by the CPU. NMI is usually

reserved for servicing only the highest priority
type interrupts, such as that for orderly shut-
down after power failure has been detected.
After recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software
starting at this address contains the interrupt
service routing.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the Z80
response to a maskable interrupt input follows
a common timing cycle. After the interrupt has
been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
begins. This is a special fetch (M) cycle in
which IORQ becomes active rather than
MREQ, as in normal Ml cycle. In addition, this
special M1 cycle is automatically extended by
two WAIT states, to allow for the time required
to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode is
compatible with the 8080 microprocessor inter-
rupt service procedures. The interrupting
device places an instruction on the data bus.
This is normally a Restart Instruction, which
will initiate a call to the selected one of eight
restart locations in page zero of memory.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a restart location of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
tively the capabilities of the Z80 microproc-
essor and its associated peripheral family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-bit vector
on the data bus during the interrupt acknowl-
edge cycle. The CPU forms a pointer using
this byte as the lower 8-bits and the contents of
the I register as the upper 8-bits. This points to
an entry in a table of addresses for interrupt
service routines. The CPU then jumps to the
routine at that address. This flexibility in
selecting the interrupt service routine address
allows the peripheral device to use several dif-
ferent types of service routines. These routines

may be located at any available location in
memory. Since the interrupting device sup-
plies the low-order byte of the 2-byte vector,
bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEO), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEI input hardwired to a
High level. The first device has highest
priority, while each succeeding device has a
corresponding lower priority. This arrange-
ment permits the CPU to select the highest
priority interrupt from several simultaneously
interrupting peripherals.

The interrupting device disables its IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80 CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

Interrupt Enable/Disable Operation. Two
flip-flops, IFF) and IFFy, referred to in the
register description are used to signal the'CPU
interrupt status. Operation of the two flip-flops
is described in Table 2. For more details, refer
to the 280 CPU Technical Manual and Z80

Assembly Language Manual.
Action IFF, IFF; Comments
CPU Reset o o Maskable interrupt
INT disabled
DI instruction 0 0  Maskable interrupt
execution INT disabled *
EI instruction 1 1 Maskable interrupt
execution INT
LD Al instruction . . IFF2 — Parity flag
execution
LD AR instruction . e IFF, - Parity flag
execution
Accept NMI 0 IFF, IFF) - IFF;
(Maskable inter-
rupt INT disabled)
RETN instruction IFF, o IFF;—IFFjat
execution completion of an
service
routine.

Table 2. State of Flip-Flops
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Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations
Set powerful a_nd versahlle instruction sets O Rotates and shifts
available in any 8-bit microprocessor. It )
includes such unique operations as a block O Bit set, reset, and test operations
move for fast, efficient data transfers within O Jumps
memory or bg!ween memory and I/O. It also. O Calls, returns, and restarts
allows operations on any bit in any location in
memory. O Input and output operations
The following is a summary of lhe ZBO A vanety of addressing modes are
instruction set and shows the d to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Language O Immediat
Programming Manual (03-0002-01) contain o
significantly more details for programming O Immediate extended
use. O Modified page zero
The instructions are divided into the .
. L O Relative
following categories:
O 8-bit loads O Extended
O 16-bit loads O Indexed
O Exchanges, block transfers, and searches O Register
O 8-bit arithmetic and logic operations O Register indirect
. O Implied
O General-purpose arithmetic and CPU
control O Bit
8-Bit Symbolic Tlogs No.ot No.ol M No.of T
Load Masmonte Operatica 82 H MVYN C 783320 Hex Bys Creles States Comments
Group Brn i R N T T "
-n= o C
LDr, (HL) ¢ (HL) e o X o X e e e 0l 1 2 7 00 D
LDr, (X+d) ¢ = (X+d) e ¢ X o X e e s LONIIDD 3 5 18 ol E
o r 101 0 H
-d - oL
LDe (I¥4d) r—(I¥+d) e o X e X e e e 1111101 FD 3 5 19 u A
ol r 110
LD (HL), r (HL) = r e o X o X o o+ o Ol-llo—r 1 2 7
LD (IX+d), r (IX+ e s X o X o o o 1noir oD 3 s 19
oo ¢
—d-
LD(IY+d).r (Y+d) =r e o X o X o o o 11111 100 FO 3 5 19
01110 r
DML, (HL) - n e e X e X o s e OO B 2 3 0
LD(IX+d).n (IX+d) ~n e ¢ X o X o o o ll_Olnl-lOl DD 4 5 19
0110 110 3
-d=-
DAY+, n (Yed =n e e X e X e e UMD 4 s 1
00110 110 36
—d-
LDA.(BO) A~ (BO) e e X e X e s e 0000 OA 1 2 7
LD A, (DE) A ~ (DE) * * X * X 00 011 010 1A 1 2 7
LDA () A~ (nn) e e X o X o w100 A 3 PR ]
LD(BCLA  (BC) - A e e X e X e e s 00000 0 1 2
LD(ELA (DB - A e ¢ X o X o o o 000000 12 I 2 7
LD (nn), A (an) = A e ¢ X o X e o o 00110010 32 4 3
-n=
DA A-1 L1 X0 XEFO e uIM B 2 2 9
0100 11 57
LDA.R A-R t 1 X 0 XIFFO e 1LIOLII ED 2 2 ]
01 011 111 SF
LDLA -A « e X o X e e s 1IN ED 2 2 9
01 000 111 47
LDR.A R=A e e X e X e e LIIIIED 2 2 9
01 001 111 4F
NOTES: r. r' means any of the registers A, B, C.
IFF the mlo( the interrupt enable lllpibﬂ (l") "
copied into the P/V flag.
Fn ‘an explanation of flag notation and iy!lbull for
ymonic tables, see Symbolic
kllc-mqllbb
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16-Bit Load Symbetic Toge
Group Operation : m wem
Dddmn  dd-m X e X o o
~n- o DE
LDX.s  X-nn ¢ X e X o 1ol 101DD 4 . 4 10 HL
00 100 001 20 1 s
-a-
—a-
LDN.ma  I¥-m e X e X o o B0 4 4 "
00 100 001 21
-n-
-n-
LDHL () H-(mnsl) e X o X o o 0010024 3 s 16
L - (o) ~n-
Py
LDdd (an)  ddy — (an+1) e X o X s o 11101 101 D 4 6
dd — (nn) 01 ddl 011
—a-
-n-
LD IX, (nn) DXy = (an+ 1) e X ® X o o 11011101 DD 4 6 0
X, ~ (an) 00 101 010 2A
—n-
-n-
LDIY, (n) ¥y — (mn+1) e X e X o o TR . 6 »
YL = (on) 00 101 010 2A
—n-
—n-
LD(an) HL  (an+D) = H e X e X o o w000 2 3 B 16
(an) - L —n-—
—a-
LD (), dd  (nn+1) — ddy e X e X o o 11101 101 ED 4 6
(nn) ~ ddf, 01 dd0 011
fgagh
-n-
LD(mn), X (an+]) = Xy e X e X s . 101 101DD 4 6 2
(on) — DX, 00 100 010 22
—n- .
—n-
D@En) Y (ned) = Ny e X e X o o NI 4 &
(an) — TYy, 0 100 010 22
—n—
LDSP,HL  SP-HL e X o X o o IRTTR Tl Y 1 6
LDSPIX  SP-IX e X e X o o nol DD 2 2 10
1111 001 F9
LDSP.IY  SP-1IY X o X o o i D 2 2 10
111 001 F9
PUSH ag (SP-2) = qaL, e X e X o o 11 a0 10} 1 3 n
(SP-1) ~ qaH
SP - SP -2
PUSH IX (SP-2) - IXL. e X o X o o noliDD 2 ) 15
(SP-1) - DXy 11100 101 E5
SP-SP-2
PUSHIY (SP-2) = IV, * X » X o o i o 2 4 15
(SP-1) - Iy 11100 101 E5
SP-SP -2
POP aq QaH — (SP+1) e X e X o o 11 qq0 001 1 3 10
qqL ~ (SP) B
SP-SP +2
POP IX Xy - (SP+1) e X e X o o nounbd 2 . 1
X - (SP) 11 100 001 E1
SP—SP +2
POPIY Iy - (SP+1) e X o X o o nu M 2 . 1
I, - (SP) 11 100 001 EI
SP-SP +2
NOTES: ad ia any of the regiser pairs BC. se.
aqu of the register pairs AF. 3 HL.
Wm)wmenﬁrnwuhldblud—n‘lhdhﬂ“mmw,
9. BCL = C. APy = A
Exchange. EXDEHL  DE-HL e X o X o o 110101 EB 1 1 4
Block EXAF,AF  AF - AF e X e X o o 001000 08 1 1 .

EXX BC - BC' ¢ X e X o o nonow D 1 1 4 Register bank and
Transfer, :{—Dﬂi auxiliary register
Block Search o, 10 1 - spen X e X oo nwon B 1 5 18
Groups L-(s)

EX (SP), IX Xy - (SP+1) e X o X o o 11 011 10} DD 6 B

Xy, - (SP) 11 100 011 E3
EX(SPLIY My - (SP+D) e X e X o o nun w2 & =n
- &n o 11 100 011 E3
o (DE) ~ (HL) e Xxo0Xx 10 101100 D 2 . 16 Losd (HL) into
DE - DE+1 10 100 000 A0 3
HL - HL+1 the pointers and
BC-BC-1 decrement the byte
counter (BC)

LDIR (DE) — (HL) e X0X00 ni0 D 2 S 21 HBCwoO

DE - DE+1 10110000 B0 2 4 16 UBC =0
HL — HL+1

BC - BC-1

Repest until

BC=0

NOTE: (D P/V 1iag 12 0 i the result of BC~ 1 = 0, otharwnse P/V = 1.
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Exchange, Symbolie Flags Opcode No.ot No.of M No.ot T
Block Masmonle Operation s z B P/VN C 76543210 Hox Bytes Cycles States Comuments
Transfer,
Sea LDD (DE) = (HL) « « X 0 X1 0 e 1IIIIE 2 4 16
Block rch DE ~ DE-1 10 101 000 A8
Groups HL - HL-1
(Continued) BC - BC-1
LDDR (DE) = (HL) © ¢« X0 X 00 e UWIIE 2 5 2l LBC#O
DE - DE-1 10111000 B8 2 4 16 1BC=0
HL - HL-1
BC - BC-1
Repeat until
BC =0
Q (0]
cpt A - (HL) t X 1 Xt 1 e LIWIED 2 4 16
HL - HL+1 10 100 001 AL
BC ~ BC-1
Q (0]
CPR A - (HL) troX X I e 1101101 ED 2 5 21 1BC#Oand
A (HL)
HL = HL+1 01001 Bl 2 4 16  UBC=0or
- BC-1 A= (HD
Repeat until
A = (HL)or
BC =0
Q@ 0]
cPp t 1 X 1 Xt 1 e 101101ED 2 4 16
10 101 001 A9
Q €]
CPDR A - (HL) t X 1 X ¢t 1 e 110010ED 2 B 21 1BC#0and
A (HL)
HL = HL-1 011000 B9 2 4 16 BC =0or
BC - BC-1 A= (HL)
Repeat until
A = (HL)or
BC =0
NOTES: (D) PV flag 18 0 if the result of BC=1 = 0, otherwise PV = 1.
(@ 2llagis 1t A = (HL), otherwise Z
8-Bit ADDA,r A=A+t X1 X Voo 1 1 4 1 Reg
Arithmetic ADDA,n  A=A+n PE X X Voo 2 2 7 000 B
and Logical S
Group ADDA.(HL) A=A + (HL) PrX o X Voo 1 2 7 ol E
ADDA, (X+d) A = A + (IX+d) X1 X Voo 3 s 1910 H
01 L
m A
ADDA, (¥ +d) A = A + (IY +d) VX 40 X Vo1 unuii D3 s 19
10009 110
ADCA.s A= A+ssCY f X 1 X Voo sesmmole
(HL), (IX +d).
SUBs A-A-s X1 X VoL (Y ) g8 shown
SBCA.s A~ A-s-CY X o X VoL for ADD instruction.
ANDs A-Ans t X1 X P OO ""]"““h‘:%“
replace in
ORs A-AVs 11 X0 XP OO e ADD wt above,
XORs A-Res 11X 0 X P OO
CPs A-s X X Vo
INCr re=r+l t 1 X 1 X Vo e 00 [@@ 1 1 4
INC (HL) (HL) =(HL)+ | t 1 X 1 X Vv oo e o0lof@ 1 3 1
INCUX+d)  (Xed) = t 1 X 1 X VO e Ol DD 3 6
(X+d)+1 00 110 [
- a4 -
INC(Y+d) (Y +d) = 14 X 1 X Vo0 e Ll D 3 6 2
(Y+d)+1
DECm m-m-1 fLX ot X Ve m is any of r, (HL),
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General- Symbolic Floge Opcode No.of No.of M No.ol T
Purpose Masemonic Operaton 8 Z B P/VN C 75543210 Bex Bytes Cycles States Commests
hm DAA Convertsacc.content 1 1 X 1 X P o 00 100 111 27 1 1 4 Decimal adjust
Arithmetic into packed BCD ‘sccumlator
and following add or
subtract with packed
CPU Control BCD soarats
Groups cpL A-R s e X 1 X el e ®OIIIF 1 1 & Complement
sccumulator (one's
complement)..
NEG A-0-A t 1 X 1 XV 11 NI0IED 2 2 B Negateac. (two'e
01 000 100 44 ‘complement).
CCF cy-&Y e ¢ X X X ¢ 0 1 00 111 111 3F 1 1 4 Complement carry
SCF CY -1 e ¢ X 0 X ¢ 0 1 00 110 111 37 1 1 4 Sﬂﬂ;’lﬁlﬂ
NOP No operation e e X e X o e e 000000000 1 1 ‘
HALT CPU halted . X o X o o @ 01 110 110 76 1 1 4
Dl » IFF - 0 . X o X o o o 11 1001 F3 1 1 4
El IFF = 1 e e X e X o e s NUIONFB 1 1 4
MO Set interrupt e o X & X o o o 11 101 101 ED 2 2 8
01 000 110 46
M1 Set interrupt e e X ¢ X o o . 11101 101 ED 2 2 8
mode | 01 010 110 56
M2 Set interrupt e e X o X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES:  IFF indicates the interrupt enable flip-tiop.
hicates the carry flip-flop.
# indicates interrupts are not sampled at the end of El or DI.
16-Bit ADDHL s  HL - HL+m e ¢ X X X e 0 1 w00l 1 3 L.~
Arithmetic ADCHL.s HL—-HLsssCY 1 1 X X X V 0 ¢ 1I0JJ00ED 2 4 15 O DE
Group 01 ssl 010 10 HL
1 sp
SBC HL, s HL — HL-#-CY 1 X X X Voo 11101 101 ED 2 4 15
01 850 010
ADDIX.pp  IX=1IX+pp e s X X X e 01 MOIIIDD 2 4 15 R
0l ppl 001
o DE
10 X
11 sP
ADD 1Y, rr I = 1Y +or e ¢« X X X ¢ 0 1 11 111 10! FD 2 4 15 "
00 rrl 001
ol DE
10 1y
n sp
INC ss 5] e s X o X o o o 1 1 6
INC IX X=IX+1 e e X o X o o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y =1y +1 e e X o X o o o 11 111 101 FD 2 2 10
00 10C 0i1 23
DEC sa o = ss=1] e o X o X o o o 00 ss! O11 1 1 6
DEC IX X - IX e o X o X e o o 11 011 101 DD 2 2 10
00 10! 011 2B
DEC IY ¥ =1y-1 e s X o X o o o 11 111 101 FD 2 2 10
00 101 01! 2B
NOTES:  #s 15 any of the reqister pairs BC, DE. HL. SP.
any of the register DE. IX. SP.
7 15 any of the register pairs BC. DE. IY. SP.
Rotate and
Shift Group ~ RICA E-ET=07 « e xo0x 01 wooom o 1 ) 4 Rotete left circulor
x sccumulator.
RLA cv]—{7-—0]} ¢+ X 0 X e 0t O0IN 17 1 1 4 Rotate left
A ‘accumulator.
RRCA C=FLlE =+ +x0x s+ 01 owonin oF 1 ! 4 Rotate nght circular
0 accumulator.
RRA e e X 0 X e 01 onIN IF 1 I 4 Rolaterght
0 accumulator
RLC* tr X 0 X P oo CB 2 2 8 Rouwe lettcircular
requster 1.
RLC (HL) t 1 X0 X POt cB 2 4 15 i
00i c
ncaxea \E-CT=0 |\ x o x P o1 noni o 4 s g0 P
£.(HL).(IX + d).(IY + d) 11 001 011 CB 100 H
101 L
" A
RLC (1Y +d) t 1 X 0 X P 0 1 11111 101 FD 4 6 23
11001 011 CB
Instruction lormat
and states are as.
RLm t X 0 X P 0 1 shown for RLC's.
mer,(HL).(IX+d).(1Y +d) To form new
C——/1 opcode replace.
[T & == = X 0 X P O 1 B or RLCs

r.(HL)(1X + d).(1Y + &)

with shown code.
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Rotate and Symbolic Flags Opeode No.ot MNo.of M No.ot
Shift Group ~ Mesmemic Operation sz H PVN 78543210 Hex Bytes Cycles States Comments
(Continued)
m (—o b~} , 4 x o P o o)
mae(HLL(X +d).0Y +d)
SlAm E—{T=—r]}-0 Lt X0 X PO
mer(HL.(X+ (1Y +d)
SRAm = 1t X 0 PO @
mT (HL),(X +d).(Y +d)
SRLm o~{T—0 }—[v] t X o0 P o m
mar (HD(IX + )Y +d)
RLD 73] [a[3-9] 4 4 x 0 P oo 11101 101 ED s 18 Rotate digit left and
a 0l 101 111 6F right
the accumulator
and location (HL).
RRD CE-g—f-aEe, ¢+ x o P o 11101 100 ED 2 5 18 The content of the
R o o1 100 111 67 upper half of
the accumulator is
unaffected.
Bit Set, Reset srrv. - -7 Xt X1 X o 1noolonc 2 2 8
— o b r
and Test BITb, (HL  Z- (ADp X1 oX 1 X 0 11001011 CB 2 3 12 o
Group o b 10 010 D
BIT b, (X+dp Z — (K+dp X 1 ox 1 X 0 11011101 DD 4 5 2 ol E
11001 011 CB 100
-d - 00 L
o b 10 i
b Bit Tested
BITb, (Y +d) Z~ (Ve d X 1 X1 X o 11100 FD 4 5 0 00
11 001 011 CB o 1
-d - 00 2
o b 110 o 3
10 4
100 s
10 6
m o7
SETh, ¢ -1 « e X e .. 11001011 CB 2 2 8
b or
SETh, (HL)  (HL) = 1 RN S . 11001 011 CB 2 4 15
b o
SETb, (Ked) (IX+dlp = 1 s e X . .. 11011101 DD 4 6 2
11001 011 CB
-d -
m s 1o
SETb, (¥ +d) (Y+dyp -1 CEEES S .. W00 FD 4 6 E:]
11 001 011 CB
- d -
m b 10
RESb, m mp =0 e e X o . . To form new
mm e, (HD),
(IK+ ),
Y +d) y
and timo states for
SET instruction.
NOTES:  The notation my, indicates bit b {0 to 7) or location m.
Jump 1P nn PC—mn .« e X . .. nowoil c3 3 3 10
- - -
Group -n - cc___Condition
TPoc, nn 1 condition cc is c e X e .. 11 e 010 3 3 10 00 NZ non-zero
true PC — nn, n - 01 2 zer0
otherwise - n - 010 NC non-carry
continue Oll C carry
100 PO parity odd
101 PE perity even
110 P sign positive
Re PC - PC+e e e X . .. 001100 18 2 3 12 1l M sign negative
J
IRC,e IC =0, .« e X e .. 0Nl B 2 7l condition not met.
‘continue -0-2 -
LCal, 2 3 12 If condition is met.
PC - PCso
IRNC, o uC =, L .. 0110000 90 2 2 7 lf condition not met.
tinue -e=-2 =
UCa0, 2 3 12 If condition is met.
PC - PC4e
PZe HZ=0 RS 3K .. 01010028 2 2 7 U condition not met.
continue -2~
HZ=1, 2 3 12 If condition is met.
PC ~ PC+e
IRNZ o UZ=l, « e X . .. 010000 0 2 2 7 Ut condition not met.
continue - e=2 =
Z =0, 2 3 12 It condition is met.
PC — PCso
1P (HL) PC - HL « e X e .. oo B 1 1 ‘4
P X PC - IX « e X e .. 1011101 DD 2 2 8
11 101 001 £9
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Jump Group Symbolic Opeode No.ol No.of M No.ol T
(Conti Maessontc Opecation s z 78 343 210 Hex Dytes Crcles States Commants
Pay PC - 1Y s e e X e X o nmimo w2 2 8
11 101 001 E9
DINZ, o B-B-1 * & X o X o 00 010 000 10 2 2 8 HB =0
1B =0, -2
tinue
UBw»O, 2 3 13 HBewoO.
PC - PCre
NOTES: @ represents the extension in the relative addressing mode.
u Mliu.nwh yment number in the range < =126, 129 >.
the opcode provides an effective address of pe + ¢ as PC 1 incremented
512 oo 1o e adion 1 o
Call and CALL nn (SP~1) - PCH e X ¢ X o 11001100 CD 3 s 17
(sP-2) - PCL - n -
Return Group e i
CALLce,nn  If condition e e X o X o 1 ec 100 3 310 Nocisfalse
cc is false - n =
continue, - n - 3 5 17 1f cc ia true.
otherwise same as
CALL nn
RET PCL =~ (SP) e o X o X o 11 001 001 C9 1 3 10
PCH ~ (SP+1)
RET cc 1f condition e o X ¢ X o 11 ec 000 1 1 5 1 cc is false.
cc is false
continue, 1 3N Hecwtve
Ctherwse e Condition
“hon-2er0
RET 012 o
RETI Return from © e X e X e M0 ED 2 4 g N meneamy
rry
interrupt 01 001 101 4D 100 PO perity odd
RETN! Return from e ¢ X o X o 11101 101 ED 2 4 M o1 pE
parity even
‘non-maskable 01 000 101 45 JI0P  sign positive
interrupt 111 M ngn negative

RSTp (sP-1) ~ PC © e X o X e noem 1 3

-2 - 7L
PCH - 0 1 08H
PCL-p 010 10H
011 18H
100 20H
101 28H
110 30H
11 38H

NOTE: 'RETN loads IFF; ~ IFF)

INA, (n) A~ (n e o X o X o 11 011 0I1 DB 2 3 H nic Ag ~ A;
Input and -n - Aee. 10 Ag - Ajs
Output Group Nr.(© r=(© L X 1 X P 11101 100 ED 2 3 12 CrcAc - A7

ir = 110 only the o1 r 000 BloAg ~ Als
flags will be alfected ®

INI KHU (C) X 1 X X X X 11 101 101 ED 2 4 16 CwoAg ~ Ay

10 100 010 A2 BloAg - Als
HL - HL + 1
INIR (HL) © X 1 X X X X 11 101 101 ED 2 5 21 CwoAg ~ Ay
- B-1 10 110 010 B2 (1 B#0) BioAg - Ajs
B 2 4 16
Repeat until (1 B=0)
B=0
0]
IND D = (©) X7 X X X X 101100 ED 2 4 6 Cloho~ Ay
-1 10 101 010 AA BtoAg ~ Ajs
HL - HL-)
INDR (HL) = (C) X 1 X X X X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~-B-1 10 111 010 BA i B#0) BloAg - Al5
HL = HL-1 2 4 16
Repeat until 18=0)
B=0
OUT (n), A () = A e e X v X o 11 010 011 D3 2 3 1 nto ~ A7
- n - Acc.toAg ~ Ajs
ouTECLr  ©-r e e X e X o 1100101 ED 2 3 12 Cuho-k
ol 1 BioAg ~ Ajs
outi (C) = (HL) X CP X X X X 1 101 101 ED 2 4 16 CtoAg ~ A7
B=-B-1 10 100 011 A3 BtoAg ~ A5
HL = HL + |
OTIR (C) = (HL) X 1 X X X X 11 101 101 ED 2 S 21 CloAg ~ A7
B-B-1 10 110 011 B3 (1t B0) BtoAg ~ Ajs
HL — HL + | 2 16
Repeat until - - (i B=0)
B=0
0]
ouTD (C) (HL) X 7T X X X X 11 101 101 ED 2 4 16 CtloAg ~ A7
10 101 011 AB BloAg - Ajs
HL - HL- 1

NOTE: (D) If the result of B~ | s zero the Z llag 1s set. otherwise it 1 reset,
(@ N Flag 15 1 1t data bit 1s 1. othewise N Flag 18 0.
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Input and Symbolic Flags Opcode No.ot No.of M No.of T
Output Group Meemenic Opacation s z H  P/VN C 78543210 Hex Bytes Cycles States Comments
(Continued) OTDR 10) = (HL) I X X X X 1t X 110l I0l ED 5 CtoAg ~ A7

B~B-1 10 111 011 (11 B20) BloAg ~ Ajs

HL = HL-1

Repeat untl aB=0)

B =0
Summary of Dy Oy
Flag Instruction s z H PV N C - Comments
Operation ADDA. s ADCA. s t 1 X 1 X V 0 t Bbiaddoradd withcarry.

SUBs SBCA. s CPNEG 1 1 X 1 X V 1 1 8bitsublract, sublract with carry, compare and negate accumulator.

ANDs P1oX 1L X P OO

ORs XORs I 1 X 0 X P 0o o0f Logwaloperatons.

INC s t 1 X 1 X V 0 e Sbitincrement,

DECs ©o0 X 1 X VL e 8bitdecrement.

ADD DD. s e« X X X e 0 1 I6bitadd

ADCHL s 11 X X X V0 1 l6btadd withcarry.

SBCHL. se t 1 X X X V1 1 l6bisubtract with carry.

RLA, RLCA, RRA; RRCA © ¢« X 0 X e 0 1 Rotateaccumulator.

RLm: RLC m: RR m; t 1 X 0 X P 0 t Rolateand shit locaons

RRC m: SLA m;
SRA m: SRL m

RLD; BRD ! 1 X 0 X P 0 s Rotatedigitleft and right.

DAA © 1 X 1 X P e 1 Decimal adust accumulator.

CPL « ¢« X 1 X e 1 e Complementaccumulator.

SCF « « X 0 X e 0 I Secamy

ccF « + X X X ¢ 0 1  Complementcarry

INe(©) t 1 X 0 X P 0 e Inpul register indirect

. IND. OUTI: OUTD X 1 X X X X 1 e .

NI OB Ot OTDR XX x .| Block input and output. Z = 01 B # 0 otherwise Z = 0.

o TooR RS a s :} Block transter structions. P/V = 11 BC # 0. otherwise P/V = 0.

CPI: CPIR: CPD: CPDR X 1 X X X 1 1 s Blocksearchinstructions. Z = | if A = (HL), otherwise Z = 0. P/V = |

il BC # 0. otherwise P/V = 0.
LDA.LLDA.R 1 1 X 0 X IFF 0 e  Thecontentol the interrupt enable flip-flop (IFF) is copied into the P/V flag
BiTh.s toX o1 X X The state of bit b of location s is copied into the Z flag.
Symbolic Symbol Operation Symbol Operation
Notation s Sign flag. S = 1 if the MSB of the result is 1. I - The flag is affected according to the result of the
. Z Zero flag. Z = 1 if the result of the operation is 0. operation.
PV Parity or overflow flag. Parity (P) and overflow . The flag is unchanged by the operation.
(V) share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
arithmetic operations aftect this tlag with the X The flag is a “don't care.”
overflow of the result. If P/V holds parity, P/V = v P/V flag affected according to the overflow result
1 if the result of the operation is even, P/V = 0 if of the operation.
result is odd. If P/V holds overtlow, P/V = 1 it P P/V flag affected according to the parity result of
the result of the operation produced an overflow. the operation.

H Half-carry flag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operation produced a carry into or borrow from s Any 8-bit location for all the addressing modes
bit 4 of the accumulator. allowed for the particular instruction.

N Add/Subtract tlag. N = 1 if the previous opera- ss Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.

H&N  H and N flags are used in conjunction with the i Any one of the two index registers IX or [Y.
decimal adjust instruction (DAA) to properly cor- R Refresh counter.
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed BCD format.

C Carry/Link flag. C = 1 if the operation produced

a carry from the MSB of the operand or result.
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Pin
Descriptions

Rg-A)5. Address Bus (output, active High,
3-state). Ap-Ajs form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up to 64K bytes) and for
1/0O device exchanges.

BUSACK. Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,
data bus._and control signals MREQ, IORQ,
RD, and WR have entered their high-
impedance states. The external circuitry
can now control these lines.

BUSREQ. Bus Request (input, active Low).
Bus Request has a higher priority than NMI
-and is always recognized at the end of the cur-
rent machine cycle. BUSREQ forces the CPU
address bus, data bus, and control signals
MREQ, IORQ, RD, and WR to go to a high-
impedance state so that other devices can
control these lines. BUSREQ is normally wire-
ORed and requires an external pullup for
these applications. Extended BUSREQ
periods due to extensive DMA operations can

~prevent the CPU from properly refreshing
dynamic RAMs.

Dy-Dy. Data Bus (input/output, active High,
3-state). Do-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and I/O.

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and is awaiting either a non-
maskable or a maskable interrupt (with the
mask enabled) before operation can resume.
While halted, the CPU executes NOPs to
maintain memory refresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by 1/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wire-ORed and
requires an external pullup for these
applications.

IORQ. Input/Quiput Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid I/O
address for an 1/O read or write operation. _
IORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be
placed on the data bus.

ML Machine Cycle One (output, active Low).
M, together with MREQ, indicates that the
current machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with IORQ, ind an interrupt ack ledg
cycle.

MREQ. Memory Reguest (output, active

Low, 3-state). MREQ indicates that the address
bus holds a valid address for a memory read or
memory write operation.

NMI. Non-Maskable Interrupt (input, negative
edge-triggered). NMI has a higher priority
than INT. NMI is always recognized at the end
of the current instruction, independent of the
status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at loca-
tion 0066H.

RD. Read (output, active Low, 3-state). RD
indicates that the CPU wants to read data from
memory or an /O device. The addressed /O
device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers [ and R, and sets the interrupt status
to Mode 0. During reset time, the address and
data bus go to a high-impedance state, and all
control output signals go to the inactive state.
Note that RESET must be active for a minimum
of three full clock cycles before the reset
operation is complete.

RFSH. Refresh (output, active Low). RFSH,
together with MREQ, indicates that the lower
seven bits of the system’s address bus can be
used as a refresh address to the system’s
dynamic memories.

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or /O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (output, active Low, 3-state). WR
indicates that the CPU data bus holds valid
data to be stored at the addressed memory or
1/O location.
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CPU Timing The 280 CPU executes instructions by pro-

ceeding through a specific sequence of opera-
tions:

® Memory read or write
® /O device read or write
@ Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, M2 or M3 for
instance). Machine cycles can be extended
either by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wait states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
S5). Approximately one-half clock cycle later,
MREQ goes active. When active, RD indicate

The CPU samples the WAIT input with the
falling edge of clock state T. During clock
states T3 and T4 of an M1 cycle dynamic RAM
refresh can occur while the CPU starts
decoding and the instruction. When

that the memory data can be enabled onto the
CPU data bus.

the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

v = RWAWRWAWY R
naCap ey
Ao-Avs < )( [re—y— ) G
T e —
L ' —
e -
I=s )
) — ' __ 0 - |l-® L
L] LT@* -;

NOTE: T,,-Wait cycle added when necessary for slow ancilliary devices.

Figure S. Instruction Opcode Fetch
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s

CPU Memory Read or Write Cycles. Figure 6 MREQ also becomes active when the address
Timing shows the timing of memory read or write bus is stable. The WR line is active when the
(Continued)  cycles other than an opcode fetch (M1) cycle. data bus is stable, so that it can be used

The MREQ and RD signals function exactly as directly as an R/W pulse to most semi-

in the fetch cycle. In a memory write cycle, conductor memories.

AYAWAWE \4’%

+
@
7
i

VALID
— DATA

T

= - ‘l‘® > 1 ?F_
oraniTION —~
oe-0r :ﬁ—(-é(-(

80-Dy e DATA OUT

Figure 8. Memory Read or Write Cycles
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CPU Input or Output Cycles. Figure 7 shows the

inserts a single Wait state (Ty). This extra Wait

Timing timing for an I/O read or /O write operation. state allows sufficient time for an I/O port to
(Continued) During I/O operations, the CPU automatically decode the address from the port address lines.
2 re: 1 n
I AYAVAWA WA VAN
J © - » L,
iy 'l
Aoty _ | VALID PORT ADDRESS 1
—1® e
iona ! /) 4
| ! 3 r@“
I . |
war \ A N I
= ®
i o i
—_— |8 © « G’
t®
wl ™ X @~
T s el el
-0y ———————iy OATA OUT
NOTE: Ty,+ = One Wait cycle automatically inserted by CPU.
Figure 7. Input or Output Cycles
Interrupt Request/Acknowledge Cycle. The During this M1 cycle, IORQ becomes active
CPU samples the interrupt signal with the ris- (instead of MREQ) to indicate that the inter-
ing edge of the last clock cycle at the end of rupting device can place an 8-bit vector on the
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two
is accepted, a special M1 cycle is generated. Wait states to this cycle.
T A3 T2 Tw- Tw- Tw Ty
cLack
AVAVAVEWAY AW
i
Ao-Ass X 3 I
|a—et-®
- @ r— - ®
] .8
4 ~®, 4@ r,—
L j L >'( AV
®
N _r@ D> e
-9 } X y VALID DATA
NOTE: 1) T = Last state of previous instruction. 2) Two Wait cycles automatically inserted by CPU(*).
Figure 8. Interrupt Request/Acknowledge Cycle
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CPU
Timing
(Continued)

Non-Maskable I

The subsequent timing is similar to that of a at address 0066H (Figure 9).

e

*Although NM1 is an asynchronous input, to
recognized on the following machine cycle,

s falling edge preceding TLAST

Figure 8. Non-Maskable Interrupt Request Operation

pt Req Cycle. normal instruction fetch except that data put
NMI is sampled at the same time as the mask- on the bus by the memory is ignored. The
able interrupt input INT but has higher priority
and cannot be disabled under software control.

1uarumee its being must occur no later than the rising edge of the clock cycle

CPU instead executes a restart (RST) operation
and jumps to the NMI service routine located

Bus Request/Acknowledge Cycle. The CPU
samples BUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10). If BUSREQ is active, the CPU sets its

address, data, and MREQ, IORQ, RD, and WR /O devices.

‘).-
L
'),

f

Ao-Aus

sLoar

FLoaT

PR |

UnCHaNaED

NOTE: TL= Last state of any M cycle.

Tx = An arbitrary clock cycle used by requesting device.

Figure 10. 2-BUS Request/Acknowledge Cycle

lines to a high-impedance state with the rising
edge of the next clock pulse. At that time, any
external device can take control of these lines,
usually to transfer data between memoty and

Zilog Reprint
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cru Halt Acknowledge Cycle. When the CPU

received. When in the Halt state, the HALT
output is active and remains so until an inter-
rupt is received (Figure 11).

Timing receives a Halt instruction, it executes NOP
(Continued)  states until either an INT or NMI input is
b T : T T2
cLocK
Heit tnstruction | N
- W

NOTE: INT will also force a Halt exit.

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least
three clock cycles for the CPU to properly
accept it. As long as RESET remains active, the
address and data buses float, and the control
outputs are inactive. Once RESET goes

at

~or[®

inactive, three internal T cycles are consumed
before the CPU resumes normal processing
operation. RESET clears the PC register, so the
first opcode fetch will be to location 0000
(Figure 12).

/S

[ —
o

Ao-Ars }
Do-D7 X £ fom

FLOAT

[ V///7/74

Figure 12. Reset Cycle
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AC 280 CPU Z80A CPU 280B CPUt

ndd 08z

Charac- Min Max Min Max Min  Max
teristics Number Symbol Parameter

1 TcC Clock Cycle Time 400* 250 165*

2  TwCh Clock Pulse Width (High) 180° 110* 65°

3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000

4 TIC Clock Fall Time — 30 — 30 — 20

5 —TrC —————— Clock Rise Time 3 30 20-

6  TdCr(A) Clock 1 to Address Valid Delay — 145 — 110 — 90

7  TdA(MREQf)  Address Valid to MREQ 125¢°  — 65" — 35" —

| Delay

8  TACHMREQf) Clock | to MREQ | Delay — 100 — 85 —_ 70

9  TdCr(MREQr) Clock ! to MREQ ! Delay — 100 — 85 — 70
10 —TwMREQh MREQ Pulse Width (High) 170° 110° 65*
11 TwMREQI MREQ Pulse Width (Low) 360" — 200 — 135*  —
12 TAC{(MREQr) Clock | to MREQ 1 Delay — 100 — 85 — 0
13 TdCH(RDf) Clock | to RD | Delay — 130 — 95 — 80
14 TdCr(RDr) Clock 1 to RD 1 Delay — 100 — 85 — 70
15 —TsD(Cr) Data Setup Time to Clock 1 50 35 30

16 ThD(RDr) Data Hold Time to BD t — 0 — 0 —_ 0
17 TsWAIT(CY) WATT Setup Time to Clock | 70 — 70 - 60 —
18 ThWAIT(Cf) WAIT Hold Time after Clock — 0 — 0 — 0
19 TdCr(M1f) Clock 1 to M1 | Delay — 130 — 100 — 80
20 —TdCr(Mlr) Clock 1 to M1 1 Delay 130 100 80-
21 TdCr(RFSHf)  Clock ! to RFSH | Delay —~ 180 — 130 — 1o
22 . TdCr(RFSHr) Clock 1 to RFSH ! Delay - 150 — 120 — 100
23 TdCH(RDr) Clock | to RD 1 Delay — 110 — 85 — 70
24 TdCr(RDf) Clock 1 to RD | Delay — 100 - 85 —_ 70
25—TsD(C) Data Setup to Clock | during 60 50 4

Mz, M3, My or Ms Cycles

26 TdA(IORQf) Address Stable prior to TORQ | 320" — 180" — 110 —
27  TdCr(IORQf)  Clock 1 to IORQ | Delay — 90 — 75 — 65
28 TdCKIORQr)  Clock | to TORQ 1 Delay — 110 — 85 _ 70
29  TAD(WRf) Data Stable prior to WR | 190 — 80 — 25°  —
30 —TdCf(WRf) —— Clock | to WR | Delay 90 80 70—
31 TwWR WR Pulse Width 360° — 2200 — 135" —
32 TdCH(WRr) Clock ! to WR 1 Delay — 100 — 80 — 70
33  TdD(WRf) Data Stable prior to WR | 200 — -100 — -55*  —
34  TdCr(WRf) Clock t to WR | Delay — 80 — 65 - 60
35——TdWRr(D) Data Stable from WR 1 120 60" 30"
36  TAC{(HALT) Clock | to HALT 1 or | — 300 — 300 — 260
37 TwNMI NMI Pulse Width 80 — 80 — 70 —
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock ! 80 — 50 — 50 -

* For clock periods other than the minimums shown n the table,
calculate parameters using the expressions in the table on the
following page.

1 Units in nanoseconds (ns). All timings are preliminary and
subject to change.
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AC 280 CPU Z80A CPU Z80B CPUt
Charac- Number Symbol Parameter Min Max Min Max Min  Max
(Continued) 39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock ! 0 — 0o - (R
40 — TdCr(BUSACKI) ~Clock I to BUSACK | Delay 1 100 90-
4] TdCHBUSACKr) Clock | to BUSACK ! Delay — 110 — 100 — 90
42 TdCr(Dz) Clock 1 to Data Float Delay — 90 — 90 — 80
43 TdCr(CTz) Clock 1 to Control Outputs Float — 110 — 80 — 70
Delay (MREQ, IORQ, RD,
and WR)
44  TdCr(Az) Clock ! to Address Float Delay — 110 — 920 — 80
45 — TdCTr(A) MREQ 1, IORQ 1, RD 1, and 160" 80" 35—
WR 1 to Address Hold Time
46  TsRESET(Cr) RESET to Clock 1 Setup Time 90 — 60 — 60 —
47  ThRESET(Cr) RESET to Clock ! Hold Time — 0 - 0 —_ 0
48 TsINTKCr) INT to Clock 1 Setup Time 80 - 80 — 70
49 ThINTH(Cr) INT to Clock 1 Hold Time - 0 — 0 - 0
50 —TdM1{(IORQf)—MTI | to JORQ | Delay 920* 565* 365"
51 TACH{IORQf) Clock } to IORQ | Delay — 110 — 85 — 70
52  TdCHIORQr) Clock 1 to IORQ 1 Delay — 100 - 85 - 70
53  TdCKD) Clock | to Data Valid Delay — 230 — 150 — 130
* For clock periods other than the minimums shown in the table,
caiculate parameters using the following expressions. Calculated
values above assumed TrC = TIC = 20 ns.
* Unuts 1n nanoseconds (ns). Ali imings are preliminary and
subject to change. All timings assume equal loading on pins with
S0 pF.
F to AC Ch isti
Number Symbol 280 Z80A 2808
1 TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC +TIC  TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,
TwCh of greater than 200 s TwCh of greater than 200 us TwCh of greater than 200 us
is not guaranteed is not guaranteed is not guaranteed
7 —TdA(MREQH) —TwCh + TIC - 75 TwCh + TIC - 65 TwCh + TIC - 50
10 TwMREQh TwCh + TIC - 30 TwCh + TIC ~ 20 TwCh + TIC - 20
n TwMREQ!1 TeC - 40 TeC - 30 TeC - 30
2% TJA(IORQf) TcC - 80 TeC - 70 TeC - 55
2 TdD(WRf) TeC -~ 210 TeC - 170 TeC - 140
31—TwWR TeC - 40 TeC ~ 30 TeC - 30
3 TdD(WRf) TwCl + TrC - 180 TwCl + TrC - 140 TwCl + TrC - 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70 TwCl + TrC - 55
45 TdCTr(A) TwCl + TrC - 40 TwCl + TrC - 50 TwCl + TrC - 50
50 TdMIKIORQA) 2TcC + TwCh + TIC - 80 2TcC + TwCh + TIC - 65 2TcC + TwCh + TIC ~ 50
At‘:l Test Czond‘ilﬂom‘, v
=20 =20V
vff_' =08V ng =08V
VIHC = Vo -06 V. FLOAT = 205V
VILC = 0.5V
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Absolute

Storage Temperature. . . . ... .-65°Cto +150°C

Stresses greater than those listed under Absolute Maxi-

Maximum Temperature mum Ratings may cause permanent damage to the device.
Ratin der Bi Speci ) This is a stress rating only: operation of the device at any
atings under Bias ........ pecified operating range  condition above those indicated in the operational sections
Voltages on all inputs and of these specifications is not implied. Exposure to absolute
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may alfect
Power Dissipation .................... 1.5 W device reliability.
Standard The characteristics below apply for the All ac parameters assume a load capacitance
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF in-
Conditions otherwise noted. All voltages are referenced to crease in load up to a maximum of 200 pF for
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control
referenced pin. Available operating lines.
temperature ranges are:
® S* = 0°Cto +70°C, Y
+4.75V = Ve = +5.25V 2
B E' = -40°C to +85°C, FROM QUTPUT
+4.75V = Voo = +5.25V UNDER TEST
- M* = -55°C to +125°C, -
+45V < V= +55V et "
*See Ordering Information section for package I
temperature range and product number. = F
DC Symbol Parameter Min Max Unit  Test Condition
Ch
istics Viie Clock Input Low Voltage -0.3 045 V
Vine Clock Input High Voltage Vee-6 Vec+.3 V
i Input Low Voltage -0.3 0.8 v
Vin Input High Voltage 2.0 Vee v
VoL Output Low Voltage 04 'V IoL= 1.8 mA
Vou Output High Voltage 2.4 v lon = -250 pgA
Iec Power Supply Current
280 150'  mA
280A 2000 mA
Z80B 200 mA
I Input Leakage Current 10 A Vin = 0to Veo
ILEAk 3-State Output Leakage Current in Float -10 10? rA Vout = 0.4 to Ve
1. For military grade parts, lc is 200 mA. 3. Ays-Ag, D7-Do. MREQ, IORQ. RD, and WR.
2. Typical rate for Z80A is 90 mA.
Capacitance Symbol Parameter Min Max Unit Note
Cerock Clock Capacitance 35 pF U
. nmeasured pins
Cn Input Capacitance 5 pF returned to ground
Cout Output Capacitance 10 F

TA = 25°C.{ = | MHz.
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Z8420
Z80° P10 Parallel
Input/Output Controller

Ya

Product
Specification

June 1982
Features 8 Provides a direct interface between Z-80 ® Programmable interrupts on peripheral
microcomputer systems and peripheral status conditions.
devices. m Standard Z-80 Family bus-request and L]
@ Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains -3
for fast response. implemented without external logic.
& Four programmable operating modes: byte @ The eight Port B outputs can drive Dar-
input, byte output, byte input/output (Port A lington transistors (1.5 mA at 1.5 V).
only), and bit input/output.
General The Z-80 PIO Parallel I/O Circuit is a pro- accomplished under interrupt control. Thus,
Description  grammable, dual-port device that provides a the interrupt logic of the PIO permits full use
TTL-compatible interface between peripheral of the efficient interrupt capabilities of the
devices and the Z-80 CPU. The CPU config- 2-80 CPU during I/O transfers. All logic
ures the Z-80 PIO to interface with a wide necessary to implement a fully nested interrupt
range of peripheral devices with no other structure is included in the PIO.
external logic. Typical peripheral devices that Another feature of the FiO is the ability to
are compatible with the Z-80 PIO include most interrupt the CPU upon occurrence of speci-
keyboards, paper tape readers and punches, fied status conditions in the peripheral device.
printers, PROM programmers, etc. For example, the PIO can be programmed to
One characteristic of the Z-80 peripheral interrupt if any specified peripheral alarm con-
controllers that separates them from other ditions should occur. This interrupt capability
interface controllers is that all data transfer reduces the time the processor must spend in
between the peripheral device and the CPU is polling peripheral status.
D L) 2o foe
i L) A f—
———ato; nfo—
DATA | 1Dy Ay e
sus 00 Ao fo——
: o5 A fe—e dronra =}l wfyo,
U iy afo—oa o2 »flo,
i, af—e nls ufo,
@& vfw
— yey [ — s [ oo
——sfense ] D wille w0
o ~g7 ulgs
contmes 280 w0 ~Qe s
——fir 8 fo——e alde 2f]s
J— W= oul 2ome B
& fo—e a2 »0e,
—t iV 5 je—e Jronrs Y=kt a[Js
=i 2]
) o %[ s 0[] esv
—fe e sPex
novf W we
it 8 fo——— anov [ 18 afm
wrammr { s wdn 2B
*—uo LY=EY 2 [Jenoy
Figure 1. Pin Functions Figure 2. Pin Assignments
70 Zilog Reprint



General
Description
(Continued)

The Z-80 PIO interfaces to peripherals via
two independent general-purpose /O ports,
designated Port A and Port B. Each port has
eight data bits and two handshake signals,
Ready and Strobe, which control data transter.
The Ready output indicates to the peripheral
that the port is ready for a data transfer.
Strobe is an input from the peripheral that
indicates when a data transfer has occurred.

Operating Modes. The Z-80 PIO ports can be
programmed to operate in four modes: byte
output (Mode 0), byte input (Mode 1), byte
input/output (Mode 2) and bit input/output
(Mode 3).

In Mode 0, either Port A or Port B can be
programmed to output data. Both ports have
output registers that are individually addressed
by the CPU; data can be written to either port
at any time. When data is written to a port, an
active Ready output indicates to the external
device that data is available at the associated
port and is ready for transfer to the external
device. After the data transfer, the external
device responds with an active Strobe input,
which generates an interrupt, if enabled.

In Mode 1, either Port A or Port B can be
configured in the input mode. Each port has
an input register addressed by the CPU. When
the CPU reads data from a port, the PIO sets
the Ready signal, which is detected by the
external device. The external device then
places data on the I/O lines and strobes the
I{O port, which latches the data into the Port
Input Register, resets Ready, and triggers the
Interrupt Request, if enabled. The CPU can
read the input data at any time, which again
sets Ready.

Mode 2 is bidirectional and uses Port A,
plus the interrupts and handshake signals from
both ports. Port B must be set to Mode 3 and
masked off. In operation, Port A is used for
both data input and output. Output operation
is similar to Mode O except that data is allowed
out onto the Port A bus only when ASTB is
Low. For input, operation is similar to Mode 1,
except that the data input uses the Port B
handshake signals and the Port B interrupt (if
enabled).

Both ports can be used in Mode 3. In this
mode, the individual bits are defined as either
input or output bits. This provides up to eight
separate, individually defined bits for each
port. During operation, Ready and Strobe are

not used. Instead, an interrupt is generated if
the condition of one input changes, or if all
inputs change. The requirements for gener-
ating an interrupt are defined during the pro-
gramming operation; the active level is
specified as either High or Low, and the logic
condition is specified as either one input active
(OR) or all inputs active (AND). For example,
if the port is programmed for active Low
inputs and the logic function is AND, then all
inputs at the specified port must go Low to
generate an interrupt.
Data outputs are controlled by the CPU and
can be written or changed at any time.
® Individual bits can be masked off.
® The handshake signals are not used in
Mode 3; Ready is held Low, and Strobe is
disabled.
® When using the Z-80 PIO interrupts, the
Z-80 CPU interrupt mode must be set to
Mode 2.

iNT T

[
[
—]

10 oMA

Figure 3. PIO in a Typical Z80 Family Environment
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Internal
Structure

The internal structure of the Z-80 PIO con-
sists of a 2-80 CPU bus interface, internal con-
trol logic, Port A I/O logic, Port B 1/0 logic,
and interrupt control logic (Figure 4). The
CPU bus interface logic allows the Z-80 PIO to
interface directly to the Z-80 CPU with no
other external logic. The internal control logic
synchronizes the CPU data bus to the per-
ipheral device interfaces (Port A and Port B).
The two 1/O ports (A and B) are virtually
identical and are used to interface directly to
peripheral devices.

Port Logic. Each port contains separate input
and output registers, handshake control logic,
and the control registers shown in Figure 5.
All data transfers between the peripheral unit
and the CPU use the data input and output
registers. The handshake logic associated with
each port controls the data transfers through
the input and the output registers. The mode
control register (two bits) selects one of the
four programmable operating modes.

The control mode (Mode 3) uses the remain-
ing registers. The input/output control register
specifies which of the eight data bits in the
port are to be outputs and enables these bits;
the remaining bits are inputs. The mask reg-
ister and the mask control register control
Mode 3 interrupt conditions. The mask register
speciiies which of the bits in the port are
active and which are masked or inactive.

U
o crv
muuel{ el
‘CONTROL,

The mask control register specifies two
conditions: first, whether the active state of
the input bits is High or Low, and second,
whether an interrupt is generated when any
one unmasked input bit is active (OR condi-
tion) or if the interrupt is generated when
all unmasked input bits are active (AND
condition).

Interrupt Control Logic. The interrupt control
logic section handles all CPU interrupt pro-
tocol for nested-priority interrupt structures.
Any device's physical location in a daisy-chain
configuration determines its priority. Two lines
(IEI and IEO) are provided in each PIO to
form this daisy chain. The device closest to the
CPU has the highest priority. Within a PIO,
Port A interrupts have higher priority than
those of Port B. In the byte input, byte output,
or bidirectional modes, an interrupt can be
generated whenever the peripheral requests a
new byte transfer. In the bit control mode, an
interrupt can be generated when the periph-
eral status matches a programmed value. The
PIO provides for complete control of nested
interrupts. That is, lower priority devices may
not interrupt higher priority devices that have
not had their interrupt service routines com-
pleted by the CPU. Higher priority devices
may interrupt the servicing of lower priority
devices.

Figure 4. Block Diagram
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Internal
Structure
(Continued)

If the CPU (in interrupt Mode 2) accepts an
interrupt, the interrupting device must provide
an 8-bit interrupt vector for the CPU. This vec-
tor forms a pointer to a location in memory
where the address of the interrupt service
routine is located. The 8-bit vector from the
interrupting device forms the least significant
eight bits of the indirect pointer while the
I Register in the CPU provides the most signifi-
cant eight bits of the pointer. Each port (A and
B) has an independent interrupt vector. The
least significant bit of the vector is automati-
cally set to 0 within the PIO because the
pointer must point to two adjacent memory
locations for a complete 16-bit address.

Unlike the other Z-80 peripherals, the PIO
does not enable interrupts immediately after
programming. It waits until M1 goes Low (e.q.,
during an opcode fetch). This condition is
unimportant in the Z-80 environment but might
not be if another type of CPU is used.

The PIO decodes the RETI (Return From

Interrupt) instruction directly from the CPU
data bus so that each PIO in the system knows
at all times whether it is being serviced by the
CPU interrupt service routine. No other com-
munication with the CPU is required.

CPU Bus I/0 Logic. The CPU bus interface
logic interfaces the Z-80 PIO directly to the
2-80 CPU, so no external logic is necessary.
For large systems, however, address decoders
and/or butfers may be necessary.

Internal Control Logic. This logic receives the
control words for each port during program-
ming and, in turn, controls the operating func-
tions of the Z-80 PIO. The control logic syn-
chronizes the port operations, controls the port
mode, port addressing, selects the read/write
function, and issues appropriate commands to
the ports and the interrupt logic. The Z-80 PIO
does not receive a write input from the CPU;
instead, the RD, CE, C/D and IORQ signals
generate the write input internally.

O

[
ouTPuT
SELECT
uone ﬂ REGISTER
CONTROL (o)
REGISTER
@sns outeur
enasLe
DATA
INTERNAL BUS i
@S
sanvosus
g 3]
MASK oATA
conTRoL eoRTER (1— 1 weur
asms s N ours)
l P T
INTERRUPT
SHAKE HANDSHAXE
CONTROL
CONTROL | STROBE ( CONTROL
Loac Loaic

“Used In the bit mode only o ellow genarstion of an
rupt

Figure 5. Typical Port /O Block Diagram
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Programming Mode 0, 1. or 2. (Byte Input, Output, or

Bidirectional). Programming a port for Mode
0, 1, or 2 requires two words per port. These
words are:

A Mode Control Word. Selects the port operating mode
(Figure 6). This word may be written any time.

An Interrupt Vector. The Z-80 PIO is designed for use with
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter-
rupts are enabled, the PIO must provide an interrupt
vector.

Mode 3. (Bit Input/Output). Programming a
port for Mode 3 operation requires a control
word, a vector (if interrupts are enabled), and
three additional words, described as follows:
1/O Register Control. When Mode 3 is selected, the mode
control word must be followed by another control word that
sets the I/O control register, which in turn defines which
port lines are inputs and which are outputs (Figure 8).

o[ [os o [T+ T]
ADENTIFIES MODE
L CoNTRGL WORD

DON'T CARE
MODE SELECT

Figure 6. Mode Control Word

IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

[o:]e]oc[o]osJoe] 0. o]
© SETS BIT TO OUTPUT
1 SETS 81T TO INPUT

Figure 8. 1/0 Register Control Word

Interrupt Control Word. In Mode 3, handshake is not
used. Interrupts are generated as a logic function of the
input signal levels. The interrupt control word sets the
logic conditions and the logic levels required for gener-
ating an interrupt. Two logic conditions or functions are
available: AND (it all input bits change to the active level,
an interrupt is triggered), and OR (if any one of the input
bits changes to the active level, an interrupt is triggered).
Bit Dg sets the logic function, as shown in Figure 9. The
active level of the input bits can be set either High or Low.
The active level is controlled by Bit Ds.

Mask Control Word. This word sets the mask control
register, allowing any unused bits to be masked ofi. If any
bits are to be masked, then Dy must be set. When Dy is set,
the next word written to the port must be a mask control
word (Figure 10).

Interrupt Disable. There is one other control
word which can be used to enable or disable a
port interrupt. It can be used without changing
the rest of the interrupt control word

(Figure 11).

IDENTIFIES INTERRUPT

CONTROL WORD

D, = 0 NO MASK WORK FOLLOWS.

Dy = 1 MASK WORD FOLLOWS.

Dy = 0 ACTIVE LEVEL IS LOW

s = 1 ACTIVE LEVEL IS HIGH

Dg = 0 INTERRUPT ON OR FUNCTION
Dy = 1 INTERRUPT ON AND FUNCTION

K

D7 = 0 INTERRUPT DISABLED
7 = 1 INTERRUPY ENABLED"

*NOTE: THE PORT IS NOT ENABLED UNTIL
THE INTERRUPT ENABLE IS FOLLOWED
BY AN ACTIVE M.

Figure 9. Interrupt Control Word

MBo-MB, MASK BITS. A
BITis MONITORED FOR AN

INTERRUPT IF IT 1S
DEFINED AS AN INPUT AND
THE MASK BIT IS SET 10 0.

Figure 10. Mask Control Word

IDENTIFIES INTERRUPT
DISABLE WORD
DON'T CARE

7 = 0 INTERRUPY DISABLE
Dy = 1 INTERRUPT ENABLE.

Figure 11. Interrupt Disable Word
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Pin
Description

Rg- Ag. Port A Bus (bidirectional, 3-state).
This 8-bit bus transfers data, status, or control
information between Port A of the PIO and a
peripheral device. Ag is the least significant
bit of the Port A data bus.

ARDY. Register A Ready (output, active
High). The meaning of this signal depends on
the mode of operation selected for Port A as
follows:

Output Mode. This signal goes active to indicate that the
Port A output register has been loaded and the peripheral
data bus is stable and ready for transfer to the peripheral
device.

Input Mode. This signal is active when the Port A input
register is empty and ready to accept data from the
peripheral device.

Bidirectional Mode. This signal is active when data is
available in the Port A output register for transfer to the
peripheral device. In this mode, data is not placed on the
Port A data bus, unless ASTB is active.

Control Mode. This signal is disabled and forced to a Low
state.

ASTB. Port A Strobe Pulse From Peripheral
Device (input, active Low). The meaning of
this signal depends on the mode of operation
selected for Port A as follows:

Output Mode. The positive edge of this strobe is issued by
the peripheral to acknowledge the receipt of data made
available by the PIO.

Input Mode. The strobe is issued by the peripheral to load
data from the peripheral into the Port A input register.
Data is loaded into the PIO when this signal is active.
Bidirectional Mode. When this signal is active, data from
the Port A output register is gated onto the Port A bidirec-
tional data bus. The positive edge of the strobe acknowl-
edges the receipt of the data.

Control Mode. The strobe is inhibited internally.

Bg-By. Port B Bus (bidirectional, 3-state). This
8-bit bus transfers data, status, or control
information between Port B and a peripheral
device. The Port B data bus can supply

1.5 mA at 1.5 V to drive Darlington transistors.
By is the least significant bit of the bus.

B/A. Port B Or A Select (input, High = B).
This pin defines which port is accessed during
a data transfer between the CPU and the PIO.
A Low on this pin selects Port A; a High
selects Port B. Often address bit Ag from the
CPU is used for this selection function.

BRDY. Register B Ready (output, active High).
This signal is similar to ARDY, except that in
the Port A bidirectional mode this signal is
High when the Port A input register is empty
and ready to accept data from the peripheral
device.

BSTB. Port B Strobe Pulse From Peripheral
Device (input, active Low). This signal is
similar to ASTB, except that in the Port A
bidirectional mode this signal strobes data
from the peripheral device into the Port A
input register.

C/D. Control Or Data Select (input,

High = C). This pin defines the type of data
transfer to be performed between the CPU and
the PIO. A High on this pin during a CPU
write to the PIO causes the Z-80 data bus to be
interpreted as a command for the port selected
by the B/A Select line. A Low on this pin
means that the Z-80 data bus is being used to
transfer data between the CPU and the PIO.
Often address bit A} from the CPU is used for
this function.

‘CE. Chip Enable (input, active Low). A Low
on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle. This signal is generally
decoded from four I/O port numbers for Ports
A and B, data, and control.

CLK. System Clock (input). The Z-80 PIO uses
the standard single-phase Z-80 system clock.

Dyg-Dy. 2-80 CPU Data Bus (bidirectional,
3-state). This bus is used to transfer all data
and commands between the Z-80 CPU and the
2-80 PIO. Dy is the least significant bit.

IEL. Interrupt Enable In (input, active High).
This signal is used to form a priority-interrupt
daisy chain when more than one interrupt-
driven device is being used. A High level on
this pin indicates that no other devices of
higher priority are being serviced by a CPU
interrupt service routine.

1IEO. Interrupt Enable Out (output, active
High). The IEO signal is the other signal
required to form a daisy chain priority scheme.
It is High only if IEI is High and the CPU is
not servicing an interrupt from this PIO. Thus
this signal blocks lower priority devices from
interrupting while a higher priority device is
being serviced by its CPU interrupt service
routine.

INT. Interrupt Request (output, open drain,
active Low). When INT is active the Z-80 PIO
is requesting an interrupt from the Z-80 CPU.

TORQ. Input/Output Request (input from Z-80
CPU, active Low). IORQ is used in conjunc-
tion with B/A, C/D, CE, and RD to transfer
commands and data between the Z-80 CPU and
the 2-80 PIO. When CE, RD, and IORQ are
active, the port addressed by B/ transfers
data to the CPU (a read operation). Con-
versely, when CE and [ORQ are active but RD
is not, the port addressed by B/X is written
into from the CPU with either data or control
information, as specified by C/D. Also, if
IORQ and MI are active simultaneously, the
CPU is acknowledging an interrupt; the inter-
rupting port automatically places its interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.
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Pin MI. Machine Cycle (input from CPU, active the PIO interrupt logic; when M1 occurs
Description  Low). This signal is used as a sync pulse to without an active RD or IORQ signal, the PIO
(Continued)  control several internal PIO operations. When is reset.
both the M1 and RD signals are active, the RD. Read Cycle Status (input from Z-80 CPU,
2-80 CPU is fetching an instruction from active Low). If RD is active, or an 1/O opera-
memory. Conversely, when both M1 and tion is in progress, RD is used with B/A, C/D,
IORQ are active, the CPU is acknowledging CE, and IORQ to transfer data from the Z-80
an interrupt. In addition, M1 has two other PIO to the Z-80 CPU.
functions within the Z-80 PIO: it synchronizes
Timing The following timing diagrams show typical " " T " "
timing in a Z-80 CPU environment. For more o mm
precise specifications refer to the composite
2¢ timing diagram. eewi XX
Write Cycle. Figure 12 illustrates the
timing for programming the Z-80 PIO a& \ /
or for writing data to one of its ports. No
Wait states are allowed for writing to the wm T\ /
PIO other than the automatically inserted
Twa. The PIO does not receive a speci- oata Ix:
fic write signal; it internally generates
its own from the lack of an active
RD signal. e —__—\___/_
*WR = RD * CE » C/D * IORQ
Figure 12. Write Cycle Timing P
Read Cycle. Figure 13 illustrates the timing . . N . N
for reading the data input from an external ! 3 iy Y '
device to one of the Z-80 PIO ports. No Wait o ﬂm
states are allowed for reading the PIO other
than the automatically inserted Twa. ©/B, Bk 3:3:
Output Mode (Mode 0). An output cycle &\ s
(Figure 14) is always started by the execution
of an output instruction by the CPU. The WR*
pulse from the CPU latches the data from the fora _\—/—
CPU data bus into the selected port's output
register. The WR* pulse sets the Ready flag L _\_____/_
after a Low-going edge of CLK, indicating
data is available. Ready stays active until the DATA
positive edge of the . trobe line is received,
indicating that data was taken by the periph- 13 -_—\—_/_
eral. The positive edge of the strobe pulse = —
generates an INT if the interrupt enable flip- %D - 5 + T + 75 + TORG
flop has been set and if this device has the
highest priority. Figure 13. Read Cycle Timing
oK
W
*WR = RD  CE » /D « IORQ
Figure 14. Mode 0 Output Timing
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Timing
(Continued)

Input Mode (Mode 1). When STROBE goes
Low, data is loaded into the selected port input
register (Figure 15). The next rising edge of
strobe activates INT, if Interrupt Enable is set
and this is the highest-priority requesting
device. The following falling edge of CLK
resets Ready to an inactive state, indicating

that the input register is full and cannot accept
any more data until the CPU completes a read.
When a read is complete, the positive edge of
RD sets Ready at the next Low-going transition
of CLK. At this time new data can be loaded
into the PIO.

*RD = AD  CE » O/D » 10RO
Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com-
bination of Modes 0 and 1 using all four hand-
shake lines and the eight Port A /O lines
(Figure 16). Port B must be set to the bit mode
and its inputs must be masked. The Port A
handshake lines are used for output control
and the Port B lines are used for input control.

If interrupts occur, Port A’s vector will be used
during port output and Port B's will be used
during port input. Data is allowed out onto the
Port A bus only when ASTB is Low. The rising
edge of this strobe can be used to latch the
data into the peripheral.

é

1

H

{_aamaour  yee oaTA

*WR = RD » CE » C/D « IORQ

Figure 16. Mode 2 Bidirectional Timing
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Timing Bit Mode (Mode 3). The bit mode does not lines assigned as inputs. The input register
(Continued) utilize the handshake signals, and a normal contains data that was present immediately
port write or port read can be executed at any prior to the falling edge of RD. An interrupt is
time. When writing, the data is latched into generated if interrupts from the port are
the output registers with the same timing as the enabled and the data on the port data lines
output mode (Figure 17). satisfy the logical equation defined by the 8-bit
When reading the PIO, the data returned to mask and 2-bit mask control registers. How-
the CPU is composed of output register data ever, if Port A is programmed in bidirectional
from those port data lines assigned as outputs mode, Port B does not issue an interrupt in bit
and input register data from those port data mode and must therefore be polled.
LR TS
wl Uy
oard ST X oamwomor X oarawomoz X
- ) -
ione ./
= ____/
o007 { oram )—
*Timing Diagram Refers to Bit Mode Read zuu-olm PLACED ON Su8.
Figure 17. Mode 3 Bit Mode Timing
Interrupt Acknowledge Timing. During M1 IR RN Y
time, peripheral controllers are inhibited from ox
changing their interrupt enable status, permit-
- ting the Interrupt Enable signal to ripple - e
through the daisy chain. The peripheral with ~
1EI High and IEO Low during places oha \_l/ ot
a preprogrammed 8-bit interrupt vector on the et
data bus at this time (Figure 18). IEO is held L /
Low until a Return From Interrupt (RETI)
instruction is executed by the CPU while IEI is Ld
High. The 2-byte RETI instruction is decoded
internally by the PIO for this purpose. -
Figure 18. Interrupt Acknowledge Timing
Return From Interrupt Cycle. If a Z-80 per- IEO Low. This device is the highest-priority
ipheral has no interrupt pending and is not device in the daisy chain that has received an
under service, then its IEO = IEL If it has an interrupt acknowledge. All other peripherals
interrupt under service (i.e., it has already have IEI = IEO. If the next opcode byte
interrupted and received an interrupt acknowl- decoded is "4D," this peripheral device resets
edge) then its IEO is always Low, inhibiting its “interrupt under service” condition.
lower priority devices from interrupting. If it
has an interrupt pending which has not yet r w m o n w m ow s
been acknowledged, IEO is Low unless an ax ﬂmm
“ED"” is decoded as the first byte of a 2-byte
opcode (Figure 19). In this case, IEO goes &\ /
High until the next opcode byte is decoded, R
whereupon it goes Low again. If the second & 8 \__/ \ /
byte of the opcode was a “4D,” then the
opcode was an RETI instruction. -0 —(=) o)
After an “ED" opcode is decoded, only the ———————f
peripheral device which has interrupted and is Ll
currently under service has its IEI High and its - S
Figure 19. Return From Interrupt
8 Zilog Reprint
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Z-80 PIO 2-80A PIO Z-80B PIO!9)
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns) Comment
1 TeC Clock Cycle Time 400 (1) 250 (1} 165 (1)
2 TwCh Clock Width (High) 170 2000 105 2000 65 2000
3  TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TIC Clock Fall Time 30 30 20
§ —TrC —————— Clock Rise Time 30 30 20
6  TsCS(RI) CE, B/A, C/D to RD,
IORQ | Setup Time 50 50 50 61
7 Th Any Hold Times for Specified
Setup Time 0 0 0 0
8  TsRI(C) RD, TORQ to Clock 1 Setup
Time 118 118 70
9 —TdRI(DO) ——RD, TORQ ito Data Out Delay 430 380 300 12—
10 TdRKDOs) Fﬁ m 1 to Data Out Float
Delay 160 110 70
1 TsDI(C) Data In to Clock 1 Setup Time 50 50 40 CL = 50 pF s
12 TdIO(DOI) TORQ | to Data Out Delay :
(INTACK Cycle) 340 160 120 13 o
13 —TsM1(Cr) —— M1 | to Clock 1 Setup Tii 210 90 70
14 TsMICH M1_1 to Clock | Setup Time
(MI Cycle) 0 0 ] (8]
15 TdMI(IEO) M1 ! to IEO | Delay (Interrupt
Immediately Preceding M1 1) 300 190 100 57
16  TsIEKIO) IEI to IORQ | Setup Time
(INTACK Cycle) 140 140 100 7
17 —TdIEI(IEOf)—IEI | to IEO | Delay 190 130 120 5) —
CL = 50 pF
18  TdIEKIEOr)  IEI 1 to IEO 1 Delay (after ED
Decode) 210 160 160 (s}
19 TclO(C) TORQ 1 to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 200 170
20 —TdC(RDYr)—— Clock | to READY ! Delay —— 200 190 170 5] —
CL = 50 pF
21  TdC(RDYH Clock | to READY 1 Delay 150 140 120 IS
22 TwSTB STROBE Pulse Width 150 150 120 (4]
23 TsSTB(C) STROBE 1 to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 150 5]
24 —TdIO(PD)——TORQ 1 to PORT DATA Stable
Delay (Mode 0) 200 180 160 8]
25  TsPD(STB) PORT DATA to STROBE 1
Setup Time (Mode 1) 260 230 190
26  TdSTB(PD) STROBE | to PORT DATA
Stable (Mode 2) 230 210 180 [s)
27 —TdSTB(PDr)— STROBE ! to PORT DATA Float
Delay (Mode 2) 200 180 160 CL = 50 pF
28 TdPD(INT) PORT DATA Match to INT |
Delay (Mode 3) 540 490 430
29 TdSTB(INT)  STROBE ! to INT | Delay 490 440 350

lll = TwCh + TwCl + TrC + TIC.
1] lmﬂ-u TdRI(DO) by 10 ns for each S0 pF increase in load

max

13 incroase TAIO(DON by 10 s fo each 0 pF, incease in
loading up to 200 pF ma:

4) For Mode 2: TwSTB > TaPDISTE).

5] Increase these values by 2 ns for each 10 pF increase in
loading up to 100 pF maz.

[6) TsCS(RI) may be reduced. However, the time subtracted

irom TsCS(RI) will be added to TdRI(DO).

17} 2.5 TeC > (N-2)TAIENIEO) + TAMI(IEO) + TSIEKIO)
+ TTL Buffer Delay, if any.
181 W mun b. active for a minimum of two clock cycles to

19} ma Plo numbm are preliminary and subject to change.

80
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum with respect toGND. ... ...... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratt X This is a stress rating only; operation of the device at any
ngs Operating Ambient condition above those indicated in the operational sections
Temperature ................. As Specified in of these specifications is not implied. Exposure to absolute
Ordering Information maximum rating conditions for extended periods may affect
device reliability.
Storage Temperature. .. ..... -65°Cto +150°C
Test The characteristics below apply for the All ac parameters assume a load capacitance
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two
noted. All voltages are referenced to GND output signals assume a load difference of
(0 V). Positive current flows into the refer- 50 pF max.
enced pin. Available operating temperature
ranges are:
| S = 0°Cto +70°C,
+4.75V = Voo s +5.25V -
mE' = -40°Cto +85°C, "NGER Test
+4.75V=<Vecs +525V
@ M" = -55°Cto +125°C,
+45V=sVee=< +55V
*See Ordering Information section for package
temperature range and product number.
DC Symbol Parameter Min Max Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -03 +045 V
. Vine Clock Input High Voltage Vec-0.6 +5.5 v
! Vi Input Low Voltage -0.3 +08 v
Vi Input High Voltage +2.0 +55 v
VoL Output Low Voltage +0.4 v Iop = 20mA
Vou Output High Voltage +2.4 v Ioy = -250 yA
I Input Leakag= Current -10.0 +10.0 A 0<Vin<Vee
L 3-State Output/Data Bus Input Leakage Current  -10.0 +10.0 gA 0<Vin<Vee
Iec Power Supply Current 1000 mA Vou =1.5V
loup Darlington Drive Current -1.5 38 mA Rexr = 390 @
Over specitied temperature and voltage range.
Capacitance Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 10 pF Unmeasured
pins returned
(o™ Input Capacitance 5 pF to ground
Cout Qutput Capacitance 10 pF
Over specified temperature range: f = IMH,
)
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Z8430
Z80° CTC Counter/
Timer Circuit

%

Product
Specification

June 1982
Features ® Four ind dently progr: bl ® Selectable positive or negative trigger
counter/timer channels, each with a . initiates timer operation.
readable downcounter and a selectable ® Standard Z-80 Family daisy-chain interrupt
16 or 256 P’““'?"- Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
® Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington m Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the Z-80 SIO.
General The Z-80 CTC four-channel counter/timer each channel is programmed with two bytes; a
Description  can be programmed by system software for a third is necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently prog ble its time ically, and
channels of the Z-80 CTC satisfy common counting. Software timing loops are completely
microcomputer system requirements for event i ted. Interrupt pr ing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design is simplified because the CTC each channel.
connects directly to both the Z-80 CPU and the The 2-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and buffers may be  system clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC is straightforward: packaged in a 28-pin plastic or ceramic DIP.
] Dy CLKITRGy
ey D1 ZCITOp i
-ef0:
CPU | a—niD, CLKITRG fa— De
oals | =0 P N (— o E . - B ::
-y Ds SIGNALS e 3 » o
-fo cuaTne, fe— o e =B
g b zcmo, L ] ano s ] ssv
-*—’ :‘ CLKTRG, fo— "o E ¢ 280 CTC = : g
cre zemoy 7 2 [] cLotray
convaoL | —*] €& zemo, .m‘mnjcumm,
now § —et FESEY o zomon O 20 cumaa,
] o w6 [0 whes
Z80 CTC
T eoacre o O wf] cs
DAISY (— 1E v [ w [ meser
et | <+ e 0w 0] &
CONTAOL | w—o iNT W 5[] e
CLK +8V O!ID
Figure 1. Pin Functions Figure 2. Pin Assignments
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Functional
n

The Z-80 CTC has (our independent counter/
timer ch Each 1 is mdmdually

programmed with two words: a control word
and a time-constant word. The control word
selects the operating mode (counler or timer),
or disables the ch 1 interrupt, and
selects certain other operating If

a preset down-counter.

Thus, the time interval is an integral mul-
tiple of the clock period, the prescaler value
(16 or 256) and the time constant that is preset
in the down-counter. A timer is triggered auto-
mancally when its time constanl value is pro-

or by an CLK/TRG input.

the timing mode is selected, the control word
also sets a prescaler, which divides the system
clock by either 16 or 256. The time-constant
word is a value from 1 to 256.

During operation, the individual counter
channel counts down from the preset time con-
stant value. In counter mode operation the
counter decrements on each of the CLK/TRG
input pulses until zero count is reached. Each
decrement is synchronized by the system
clock. For counts greater than 256, more than
one counter can be cascaded. At zero count,
the down-counter is automatically reset with
the time constant value.

The timer mode determines time intervals as
small as 4 ps (Z-80A) or 6.4 us (2-80) without
additional logic or software timing loops. Time
intervals are generated by dividing the system
clock with a prescaler that decrements

Three channels have two outputs that occur
at zero count. The first output is a zero-
count/timeout pulse at the ZC/TO output. The
fourth channel (Channel 3) does not have a
ZC/TO output; interrupt request is the only
output available from Channel 3.

The second output is Interrupt Request
(INT), which occurs if the channel has its
interrupt bled during prog i When
the Z-80 CPU acknowledges Interrupt Request,
the Z-80 CTC places an interrupt vector on the
data bus.

The four channels of the Z-80 CTC are fully
prioritized and fit into four contiguous slots in
a standard Z-80 daisy-chain interrupt struc-
ture. Channel 0 is the highest priority and
Channel 3 the lowest. Interrupts can be
individually enabled (or disabled) for each of
the four channels.

Architecture

The CTC has four major elements, as shown
in Figure 3.
& CPU bus /O
@ Channel control logic
® Interrupt logic
8 Counter/timer circuits
CPU Bus I/0. The CPU bus /O circuit
decodes the address inputs, and interfaces the
CPU data and control signals to the CTC for
distribution on the internal bus.

DATA .

rroM : -+

ze0cPu o
‘CONTROL 1

Internal Control Logic. The CTC internal
control logic controls overall chip operating
functions such as the chip enable, reset, and
read/write logic.

Interrupt Logic. The interrupt control logic
ensures that the CTC interrupts interface prop-
erly with the Z-80 CPU interrupt system. The
logic controls the interrupt priority of the CTC
as a function of the IEI signal. If IEI is High,
the CTC has priority. During interrupt

Figure 3. Functional Block Diagram
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Architecture processing, the interrupt logic holds IEO Low,

(Continued)

which inhibits the interrupt operation on lower
priority devices. If the IEI input goes Low,
priority is relinquished and the interrupt logic
drives IEO Low.

If a channel is programmed to request an
interrupt, the interrupt logic drives IEO Low at
the zero count, and generates an INT signal to
the Z-80 CPU. When the Z-80 CPU responds
with interrupt acknowledge (M1 and IORQ),
then the interrupt logic arbitrates the CTC
internal priorities, and the interrupt control
logic places a unique interrupt vector on the
data bus.

If an interrupt is pending, the interrupt logic
holds IEO Low. When the Z-80 CPU issues a
Return From Interrupt (RETI) instruction, each
peripheral device decodes the first byte
(EDy¢). If the device has a pending interrupt,
it raises IEO (High) for one Ml cycle. This
ensures that all lower priority devices can
decode the entire RETI instruction and reset
properly.

INTERNAL BUS

COUNTER

CLUTAG o]

o

Figure 4. Counter/Timer Block Diagram

Counter/Timer Circuits. The CTC has four
independent counter/timer circuits, each con-
taining the logic shown in Figure 4.

Channel Control Logic. The channel control
logic receives the 8-bit channel control word
when the counter/timer channel is pro-
grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

® Interrupt enable (or disable)

& Operating mode (timer or counter)

® Timer mode prescaler factor (16 or 256)

® Active slope for CLK/TRG input

® Timer mode trigger (automatic or CLK/TRG
input)

® Time constant data word to follow

® Software reset

Time Constant Register. When the counter/
timer channel is programmed, the time con-
stant register receives and stores an 8-bit time
constant value, which can be anywhere from 1
to 256 (0 = 256). This constant is automatic-
ally loaded into the down-counter when the

/timer ch 1 is initialized, and subse-
quently after each zero count.

Prescaler. The prescaler, which is used only
in timer mode, divides the system clock fre-
quency by a factor of either 16 or 256. The
prescaler output clocks the down-counter dur-
ing timer operation. The effect of the prescaler
on the down-counter is a multiplication of the
system clock period by 16 or 256. The pre-
scaler factor is programmed by bit 5 of the
channel control word.

Down-Counter. Prior to each count cycle, the

down-counter is loaded with the time constant

register contents. The counter is then

decremented one of two ways, depending on

operating mode:

® By the prescaler output (timer mode)

® By the trigger pulses into the CLK/TRG
input (counter mode)

Without disturbing the down-count, the Z-80
CPU can read the count remaining at any time
by performing an I/O read operation at the
port address d to the CTC ch 1
When the down-counter reaches the zero
count, the ZC/TO output generates a positive-
going pulse. When the interrupt is enabled,
zero count also triggers an interrupt request
signal (INT) from the interrupt logic.

84
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Programming Each Z 80 CTC channel mu:t be pro-

Do-D, qo to the high-impodnnce state. All

d prior to
consists of writing two words to the /O port
that corresponds to the desired channel. The
first word is a control word that selects the
operating mode and other parameters; the
second word is a time constant, which is a
binary data word with a value from 1 to 256. A
time constant word must be preceded by a
channel control word.

After initialization, channels may be
reprogrammed at any time. If updated control
and time constant words are written to a chan-
nel during the count operation, the count con-
tinues to zero before the new time constant is
loaded into the counter.

1f the interrupt on any 2-80 CTC channel is

bled, the prog dure should
also include an interrupt vector Only one vec-
tor is d for all four ch

reprogrammed
after a hardware reset.

The software reset is controlled by bit 1 in
the channel control word. When a channel
receives a software reset, it stops counting.
When a software reset is used, the other bits in
the control word also change the contents of
the ch ] control register. After a sof
reset a new time constant word must be written
to the same channel.

If the channel control word has both bits D)
and Dg set to 1, the addressed channel stops
operating, pending a new time constant word.
The channel is ready to resume after the new
constant is programmed. In timer mode \f
D3 =0, is tri d
when the time constant word is loaded.

Ch 1 Control Word Programming. The

the interrupt logic automatically modifies the
vector for the channel requesting service.

A control word is identified by a 1 in bit 0.
A 1 in bit 2 indicates a time constant word is to
follow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bit 0.

Addressing. During programming, channels
are addressed with the channel select pins CS,
and CS,. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CS; CSg
0 0 0
1 0 1
2 1 0
3 1 1
Reset. The CTC has both hardware and soft-
ware resets. dware reset termi all

channel control word is shown in Figure 5. It
sets the modes and parameters described
below.

Interrupt Enable. D7 enables the interrupt, so
that an interrupt output (INT) is generated at
zero count. Interrupts may be programmed in
either mode and may be enabled or disabled
at any time.

Operating Mode. Dg selects either timer or
counter mode.

Prescaler Factor. (Timer Mode Only). Ds
selects factor—either 16 or 256.

Trigger Slope. Dy selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during
operation is equivalent to issuing an active
edge. If the trigger slope is changed by a con-
trol word update while a channel is pending
in timer mode, the result is the same

he
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, IEO reflects IEI, and

e uucrl FALLING EDGE
SELECTS RISING EDGE

mmmmmm
[r— L cournes onvesren
1 ENABLES INTERRUPT 0 = VECTOR
0 DIBABLES INTERAUPT 1 = CONTROL WORD
woon nasay
0 SELECTS TIMER MODE 0'= CONTINUED OPERATION
1 SELECTS COUNTER MODE 1= SOFTWARE RESET
PrascaLen vaLve: Tiee comsTANY
1 = VALUE OF 258 0'= NO TIME CONSTANT FOLLOWS
0 = VALUE OF 18 1 = TIME CONSTANT FOLLOWS
suecrion Timan rmicon:
o

as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.
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Programming
(Continued)

Trigger Mode (Timer Mode Only). Dj selects
the trigger mode for timer operation. When D3
is reset to 0, the timer is triggered automatic-
ally. The time constant word is programmed
‘during an I/O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay of one clock period.
The timer starts automatically (decrements) on
the rising edge of the second clock pulse (T7)
of the machine cycle following the write opera-
tion. Once started, the timer runs contin-
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

When Dj is set to 1, the timer is triggered
externally through the CLK/TRG input. The
time constant word is programmed during an
1/O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (T2) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge of clock is met. If this minimum is not
met, the delay is extended by another clock
period. Consequently, for immediate trigger-
ing, the CLK/TRG input must precede T, by
one clock cycle plus its minimum setup time. If
the minimum time is not met, the timex will
start on the third clock cycle (T3).

Once started the timer operates contin-
uously, without interruption or delay, until
stopped by a reset.

Time Constant to Follow. A 1 in D; indicates
that the next word addressed to the selected
channel is a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 0 in D, indicates no time constant word is
to follow. This is ordinarily used when the
channel is already in operation and the new
channel control word is an update. A channel
will not operate without a time constant value.
The only way to write a time constant value is
to write a control word with D set.

Figure 6. Time Constant Word

Software Reset. Setting D; to 1 causes a soft-
ware reset, which is described in the Reset
section.

Control Word. Setting Dg to 1 identifies the
word as a control word.

Time Constant Programming. Before a chan-
nel can start counting it must receive a time
constant word from the CPU. During program-
ming or reprogramming, a channel control
word in which bit 2 is set must precede the
time constant word to indicate that the next
word is a time constant. The time constant
word can be any value from 1 to 256 (Figure
6). Note that 00;¢ is interpreted as 256.

In timer mode, the time interval is controlled
by three factors:

® The system clock period (¢)

® The prescaler factor (P), which multiplies
the interval by either 16 or 256

® The time constant (T), which is programmed
into the time constant register

Consequently, the time interval is the pro-
duct of  xP x T. The minimum timer resolu-
tion is 16 x ¢ (4 us with a 4 MHz clock). The
maximum timer interval is 256 x ¢ x 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded.

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, it
can supply interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC must be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the 1/O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dg of the vector word is always zero, to
distinguish the vector from a channel control
word. D) and D3 are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel 0 has the
highest priority.

oo oo o o]
e l - = mTERRUPY vECTOR woRD
et = CONTROL WORD
CHANNEL IDENTIFIER
(AUTOMATI( Y
BvcTo)
0 0 = CHANNELO

1 1= CHANNEL3

Figure 7. Interrupt Vector Word
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1

CE. Chip Enable (input, active Low). When
bled the CTC control words, inter-

rupt vectors, or time constant data words from
the data bus during an /O write cycle; or
transmits the contents of the down-counter to
the CPU during an I/O read cycle. In most
applications this signal is decoded from the
eight least significant bits of the address bus
for any of the four /O port addresses that are
mapped to the four counter-timer channels.

CLK. System Clock (input). Standard single-
phase Z-80 system clock.

CLK/TRGy-CLK/TRG3. External Clock/Timer
Trigger (input, user-selectable active High or
Low). Four pins corresponding to the four Z-80
CTC channels. In counter mode, every active
edge on this pin decrements the down-counter.
In timer mode, an active edge starts the timer.

CS¢-CS). Channel Select (inputs active High).
Two-bit binary address code selects one of the
four CTC channels for an I/O write or read
(usually connected to Ag and A)).

Dg-Dy. System Data Bus (bidirectional,
3-state). Transfers all data and commands
between the Z-80 CPU and the Z-80 CTC.

EHEL

IEL. Interrupt Enable In (input, active High).
A High indicates that no other interrupting
devices of higher priority in the daisy chain
are being serviced by the Z-80 CPU.

IEO. Interrupt Enable Out (output, active
High). High only if IEI is High and the Z-80
CPU is not servicing an interrupt from any
2-80 CTC channel. IEO blocks lower priority
devices from interrupting while a higher
priority interrupting device is being serviced.
INT. Interrupt Request (output, open drain,
active Low). Low when any Z-80 CTC channel
that has been programmed to enable interrupts
has a zero-count condition in its down-counter.

IORQ. Input/Output Request (input from CPU,
active Low). Used with CE and RD to transfer
data and channel control words between the
Z-80 CPU and the Z-80 CTC. During a write
cycle, IORQ and CE are active and RD
inactive. The Z-80 CTC does not receive a
specific write signal; rather, it internally
generates its own from the inverse of an active
RD signal. In a read cycle, IORQ, CE and RD
are active; the contents of the down-counter
are read by the Z-80 CPU. If IORQ and M1 are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places its interrupt vector on
the Z-80 data bus.

ML Machine Cycle One (input from CPU,
active Low). When M1 and IORQ are active,
the Z-80 CPU is acknowledging an interrupt:
The Z-80 CTC then places an interrupt vector
on the data bus if it has highest priority, and if
a channel has requested an interrupt (INT).
RD. Read Cycle Status (input, active Low).
Used in conjunction with and CE to
transfer data and channel control words
between the Z-80 CPU and the Z-80 CTC.

RESET. Reset (input active Low). Terminates
all down-counts and disables all interrupts by
resetting the interrupt bits in all control
registers; the ZC/TO and the Interrupt outputs
go inactive; IEO reflects IEI; Dg-D7 go to the
high-impedance state.

ZC/TOy-2ZC/TO3. Zero Count/Timeout (output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.
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Timing

Read Cycle Timing. Figure 9 shows read
cycle timing. This cycle reads the contents of a
down-counter without disturbing the count.
During clock cycle Ty, the Z-80 CPU initiates a
read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CS) and CSp selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

\ T Twa T T

w i
€80, C8,, CE X cwannesaooness X

Figure 9. Read Cycle Timing

Write Cycle Timing. Figure 10 shows write
cycle timing for loading control, time constant
or vector words.

The CTC does not have a write signal input,
so it generates one internally when the read
(RD) input is High during T). During T
IORQ and CE inputs are Low. M1 must be
High to distinguish a write cycle from an inter-
rupt acknowledge. A 2-bit binary code at
inputs CS) and CSy selects the channel to be
addressed, and the word being written is
placed on the Z-80 data bus. The data word is

L
-
W,
-
DATA X v X

Figure 10. Write Cycle Timing

latched into the appropriate register with the
rising edge of clock cycle T3.

cLxTne LeAD

e
InTERNAL START TIMING
Tt

Figure 11. Timer Mode Timing

Timer Operation. In the timer mode, a
CLK/TRG pulse input starts the timer (Figure
11) on the second succeeding rising edge of
CLK. The trigger pulse is asynchronous, and it
must have a minimum width. A minimum lead
time (210 ns) is required between the active
edge of the CLK/TRG and the next rising edge
of CLK to enable the prescaler on the follow-
ing clock edge. If the CLK/TRG edge occurs
closer than this, the initiation of the timer
function is delayed one clock cycle. This cor-
responds to the startup timing discussed in the
programming section. The timer can also be
started ically if so prog d by the
channel control word.

2R

TERNAL <
COUNTER oo
zcmo N

Figure 12. Counter Mode Timing

Counter Operation. In the counter mode, the
CLK/TRG pulse input decrements the down-
counter. The trigger is asynchronous, but the
count is synchronized with CLK. For the
decrement to occur on the next rising edge of
CLK, the trigger edge must precede CLK by a
minimum lead time as shown in Figure 12. If
the lead time is less than specified, the count
is delayed by one clock cycle. The trigger
pulse must have a minimum width, and the
trigger period must be at least twice the clock
period.

The ZC/TO output occurs immediately after
zero count, and follows the rising CLK edge.
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Interrupt

Operation

The 2-80 CTC follows the Z-80 system inter-
rupt protocol for nested priority interrupts and
return from interrupt, wherein the interrupt
priority of a peripheral is determined by its
location in a daisy chain. Two lines—IEI and
IEO—in the CTC connect it to the system daisy
chain. The device closest to the +5 V supply
has the highest priority (Figure 13). For addi-
tional information on the Z-80 interrupt struc-
ture, refer to the Z-80 CPU Product Specifica-
tion and the Z-80 CPU Technical Manual.

ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan-
nel requesting an interrupt; the low-order bit
is always zero.

Interrupt Acknowledge Timing. Figure 14
shows interrupt acknowledge timing. After an
interrupt request, the Z-80 CPU sends an inter-
rupt acknowledge (M1 and IORQ). All chan-
nels are inhibited from changing their inter-

rupt request status when Ml is active—about
two clock cycles earlier than IORQ. RD is
High to distinguish this cycle from an instruc-

HIGHEST PRIORITY LOWEST PRIOMITY
pEvica o

.SV DEVICE 0 OEVICE 1 EVICE 2 DEVICE 3
" " " " "

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z-80 CTC, interrupt priority is
predetermined by channel number: Channel 0
has the highest priority, and Channel 3 the
lowest. If a device or channel is being serviced
with an interrupt routine, it cannot be inter-
rupted by a device or channel with lower
priority until service is complete. Higher
priority devices or channels may interrupt the
servicing of lower priority devices or channels.

A 2-80 CTC channel may be programmed to
request an interrupt every time its down-
counter reaches zero. Note that the CPU must
be programmed for interrupt mode 2. Some
time after the interrupt request, the CPU sends
an interrupt acknowledge. The CTC interrupt
control logic determines the highest priority
channel that is requesting an interrupt. Then,
if the CTC IEI input is High (indicating that it
has priority within the system daisy chain) it
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

DATA vecton )-
N/

Figure 14. Interrupt Acknowledge Timing

tion fetch.

The CTC interrupt logic determines the
highest priority channel requesting an inter-
rupt. If the CTC interrupt enable input (IEI) is
High, the highest priority interrupting channel
within the CTC places its interrupt vector on
the data bus when IORQ goes Low. Two wait
states (Twa) are automatically inserted at this
time to allow the daisy chain to stabilize. Addi-
tional wait states may be added.

Return from Interrupt Timing. At the end of
an interrupt service routine the RETI (Return
From Interrupt) instruction initializes the daisy
chain enable lines for proper control of nested
priority interrupt handling. The CTC decodes
the 2-byte RETI code internally and determines

hether it is i ded for a ch | being ser-
viced. Figure 15 shows RETI timing.

1t several Z-80 peripherals are in the daisy
chain, IEI settles active (High) on the chip
currently being serviced when the opcode
EDjg is decoded. If the following opcode is
4D)¢, the peripheral being serviced is released
and its IEO becomes active. Additional wait
states are allowed.
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Rbsolute Voltages on all inputs and outputs Su;:- greater than those listed under Absolute Maxi-
Maximum with respectto GND......... ..=0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Iy This is a stress rating only; operation of the device at any
o Op Ambient As Specified in dition above those indicated in the ional sections
Temperature ........... Ordering Inft of these is not‘lmpllod<_‘sxpovur:dt‘o ahoo‘l‘\;te
t xtended peri
Storage Temperature........ -65°Cto +150°C  device ,,nmﬁ?y, or periods may aifect
Tost The characteristics below apply for the *See Ordering Information section for package
Conditions  following test conditions, unless otherwise femperature range and product number.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- v
enced pin. Available op g temp b
ranges are: [ep—
"SNoAR TeRt
| S =0°Cto +70°C,
+475Vs Vo< 4525V - =
® E* = -40°Cto +85°C,
+4.75VsVees +5.25V T + =
| M = -55°Cto +125°C,
+45Vs Vs +55V
DC Symbol Parameter Min Max Unit Test Condition
Ch
istics Vie Clock Input Low Voltage -0.3 4045 V
Ve Clock Input High Voltage Vee-6 Vec+.3  V
Vi Input Low Voltage -0.3 +0.8 v
Vi Input High Voltage +20 Veo v
VoL Output Low Voltage +04 V oL = 2mA
Vou Output High Voltage +2.4 v Ion= 250 A
Icc Power Supply Current +120 mA
I Input Leakage Current +10  4A Vin = 0toVee
ILon 3-State Output Leakage Current in Float +10 A Vour = 2.4 to Ve
Iio 3-State Output Leakage Current in Float -10 rA Vour = 04V
Ioup Darlington Drive Current -1.5 mA Voy =15V
Rexr = 3900
Capacitance Symbol Parameter Max Unit Condition
CLK Clock Capacitance 20 pF Unmeasured pins
Cy Input Capacitance 5 pF returned to ground
Cour Output Capacitance 10 pF
Tp = 25°C,f = | MHz
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2-80 CTC Z-80ACTC  2-80B CTC
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns) Notes*
1 TcC Clock Cycle Time 400 (1) 250 (1} 165 (1)
2 TwCH Clock Width (High) 170 2000 105 2000 65 2000
3  TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TIC Clock Fall Time 30 30 20
5— TrC Clock Rise Time 30 30 20
6 Th All Hold Times 0 0 0
7 TsCS(C) CS to Clock 1 Setup Time 250 160 100
8 TsCE(C) CE to Clock 1 Setup Time 200 150 100
9  TslO(C) TORQ | to Clock ! Setup Time 250 115 70
10 — TsRD(C) —— RD | to Clock 1 Setup Time —— 240 115 70
11 TdC(DO) Clock ! to Data Out Delay 240 200 130 2)
12 TdC(DOz) Clock | to Data Out Float Delay 230 110 90
13 TsDI(C) Data In to Clock 1 Setup Time 60 50 40
14 TsMIC) M1 to Clock 1 Setup Time 210 %) 70
15 — TdMI(IEQ)— MI | to IEO ! Delay (Interrupt
immediately preceding M1) 300 190 130 3]
16 TdIO(DQOI) IORQ 1 to Data Out Delay 340 160 110 2
(INTA Cycle)
17 TdIEKIEOf) IEI | to IEO | Delay 190 130 100 3]
18 TdIEKIEOr) IEI 1 to IEO 1 Delay
(After ED Decode) 220 160 110 3]
19 TdC(INT) Clock 1 to INT | Delay (TcC +200) (TcC+140) TcC+120 14
20 — TdCLK(INT) — CLK/TRG 1 to INTI
tsCTR(C) satisfied (TcC +230) (TcC + 160) TcC + 130 6]
tsCTR(C) not satisfied (2TcC +530) (2TcC+370)  2TcC+280 5]
21 TeCTR CLK/TRG Cycle Time (2TcC) (2TcC) 2TcC s
2 TCTR CLK/TRG Rise Time 50 50 40
23 TICTR CLK/TRG Fall Time 50 50 40
24 TwCTRI CLK/TRG Width (Low) 200 200 120
25 — TwCTRh —— CLK/TRG Width (High) 200 200 120
26  TsCTR(Cs) CLK/TRG 1 to Clock ! Setup
Time for Immediate Count 300 210 150 (5}
21 TsCTR(CY) CLK/TRG 1 to Clock 1 Setup
Time for enabling of Prescaler
on following clock! 210 210 150 4]
28  TdC(ZC/TOr) Clock ! to ZC/TO 1 Delay 260 190 140
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay 190 190 140

[A) 25 TcC > (n-2) TAIEIIEO!) + TAMI(IEO) + TsIEKIO)
+ TTL buffer delay, If any.
[B] RESET must be active for a minimum of 3 clock cycles.

NOTES:
(1] TeC = TwCh + TwCl + TrC + TiC.
12) Increase delay by 10 ns for each 50 pF increase in loading,
200 pF maximum for data lines, and 100 pF for control lines.

[3) Increase delay by 2 ns for each 10 pF increase in loading.
100 pF maximum.

(4) Timer mode.

(5] Counter mode.

(6] RESET must be active for a minimum of 3 clock cycles.

* All timings are preliminary and subject to change.
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28440
Z80°SIO Serial
Input/Output Controller

Product
Specification

June 1982
Features ® Two independent full-duplex channels, with ® Synchronous protocols: everything
separate control and status lines for mod y for plete bit- or byte-oriented
or other devices. messages in 5, 6, 7 or 8 bits/character,
& Data rates of 0 to 500K bits/second in including IBM Bisync, SDLC, HDLC,
the x1 clock mode with a 2.5 MHz clock CCITT-X.25 and others. Automatic CRC
(2-80 SIO), or 0 to 800K bits/second with a generation/checking, sync character and
4.0 MHz clock (Z-80A SIO). zero insertion/deletion, abort genera-
. A h tocols: hi tion/detection and flag insertion.
sync rt;n{c:)\:s‘ protaco’s: sveryt ‘?ng 5, 6,7 ® Receiver data registers quadruply buffered,
or 8 bits/character. Includes variable stop transmitter registers doubly buffered.
bits and several clock-rate multipliers; ® Highly sophisticated and flexible daisy-
break generation and detection; parity; chain interrupt vectoring for interrupts
overrun and framing error detection. without external logic.
General The Z-80 SIO Serial Input/Output Control- bit-oriented, and performs all of the functions
Description  ler is a dual-channel data c -ation traditionally done by UARTs, USARTs and
interface with extraordinary versatility and synchronous communication controllers com-
capability. Its basic functions as a serial-to- bined, plus additional functions traditionally
parallel, parallel-to-serial converter/controller performed by the CPU. Moreover, it does this
can be programmed by a CPU for a broad on two fully-independent channels, with an
range of serial communication applications. exceptionally sophisticated interrupt structure
The device supports all common asyn- that allows very fast transfers.
chronous and synchronous protocols, byte- or Full interfacing is provided for CPU or DMA
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Figure 1. Z-80 S10/2 Pin Functions Figure 2. Z-80 SIO/2 Pin Assignments
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General

control. In addition to data communication, the

The Z-80 SIO is an n-channel silicon-gate

Description  circuit can handle virtually all types of serial depletion-load device packaged in a 40-pin
(Continued)  I/0O with fast (or slow) penpheral devices. plastic or ceramic DIP. It uses a single +5 V
While d asa ber of the power supply and the standard Z-80 family
Z-80 family, its versauli(y makes it well suited single-phase clock.
to many other CPU:
Pin Figures 1 through 6 illustrate the three pin CE. Chip Enable (input, active Low). A Low
Descripti figurations (bonding lable in level at this input enables the SIO to accept
the SIO. The of a 40-pin pack d or data input from the CPU during
make it impossible to bring out the Receive write cycle or to transmit data to the CPU
Clock ( ), Transmit Clock (TxC), Data Ter- during a read cycle.
minal Ready (DTR) and Sync (SYNC) signals CIK. S;
. System Clock (input). The SIO uses the
{:Zk?:hsﬁl:ﬂn::'&l;h;:::{:;Z‘:z;i}:nnel B standard Z-80 System Clock to synchronize
together in the three bonding options offered: internal signals. This is a single-phase clock.
x SYNCB CTSA. CTSB. Clear To Send (inputs, active
: ; z 2;8;? :ac:: DTREB Low). When programmed as Auto Enables, a
2 aci Low on these inputs enables the respective
m Z2-80 SIO/0 has all four signals, but TxCB transmitter. If not programmed as Auto
and RxCB are bonded together Enables, these inputs may be programmed as
. general-purpose inputs. Both inputs are
The first bot?qu option above (SIO/2) is the Schmitt-trigger buffered to accommodate slow
preferred version for most applications. The N N
pin descriptions are as follows: risetime signals. The SIO detects pulses on
- . these inputs and interrupts the CPU on both
B/KA. Channel A Or B Select (input, High logic level transitions. The Schmitt-trigger bui
selects Channel B). This input defines which fering does not guarantee a specified noise-
channel is accessed during a data transfer level margin.
between the CPU and the SIO. Address bit Ag -
from the CPU is often used for the selection Do-Dy. System Data Bus (bidirectional,
function. 3-s:iate). The ;ysl;t:\;n data :usct;%nsfe;s':m; o
— t -
C/D. Control Or Data Select (input, High SIO. Do is the least significant bit.
selects Control). This input defines the type of e e ) .
isformation transfer performed between the DCDA'LODCD?.L Dala‘Car!r er pelscl (inputs,
CPU and the SIO. A High at this input during active fW)h Sleé)e pins unchor;da; recAelver
a CPU write to the SIO causes the information Enables ! the s programbn; se?; uto
on the data bus to be interpreted as a com- nable; otherwise they m“B : as
mand for the channel selected by B/A. A Low gener.a PurposeLu?ut Eins oth pi ins are 1
at C/D means that the information on the data 5 xqgelr The SI O?ie octs pul sio
bus is data. Address bit A is often used for nsehme. signa's. Lhe tects pulses on
this function. these pins and interrupts the CPU on both
logic level transitions. Schmitt-trigger buffer
g [ S
AN o fe——
—o Teok e
/= B AR
-— :: WG e cnaANmEL A L=k »i]o,
iy (e 7o,
e L [ S wr]s » [ oW
o [ Seraes g ‘Bu
—a zeoson Eml— wmQe afes
J—g P wve =fm
—] 208 | WRETA (] 0 »n
contror | ——of 5% T [ a [ v BOOMON, ;.m
[0 -] pum—p 1208 e moa [ 12 af) v
] P— wE g n 2] noe
. —=— = g =B g
—l — ) cuanmmn. 8 m: - 5[ ros
WA [ v
ouey [ ——fw el | wocen :g " apem
wrome) % o fo— oxf »f
L
Figure 3. Z-80 SIO/1 Pin Functions Figure 4. 2-80 §10/1 Pin Assignments
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escription

Continued)

ing does not g
margin.
DTRA. DTRB. Data Terminal Ready (outputs,
active Low). These outputsYollow the state pro-
grammed into Z-80 SIO. They can also be pro-
grammed as general-purpose outputs.

In the Z-80 SIO/1 bonding option, DTRB is
omitted.

IEl. Interrupt Enable In (input, active High).
This signal is used with IEO to form a priority
daisy chain when there is more than one
interrupt-driven device. A High on this line
indicates that no other device of higher pri-
ority is being serviced by a CPU interrupt ser-
vice routine.

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing an interrupt from this
SIO. Thus, this signal blocks lower priority
devices from interrupting while a higher
priority device is being serviced by its CPU
interrupt service routine.

a specific noise-level

INT. Interrupt Request (output, open drain,
active Low). When the SIO is requesting an
interrupt, it pulls INT Low.

IORQ. /nput/Qutput Request (input from CPU,
active Low). IORQ is used in conjunction with
B/K, C/D, CE and RD to transfer commands
and data between the CPU and the SIO. When
CE, RD and IORQ are all active, the channel
selected by B/A transfers data to the CPU (a
read operation). When CE and IORQ are
active but RD is inactive, the channel selected
by B/A is written to by the CPU with either
data or control information as specified by
C/D. If IORQ and MI are active simultane-

ously, the CPU is acknowledging an interrupt
and the SIO automatically places its interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.

MI. Machine Cycle 2 (input from 2-80 CPU,
active Low). When M1 is active and RD is also
active, the Z-80 CPU is fetching an instruction
from memory; when Ml is active while IORQ is
active, the SIO accepts M1 and IORQ as an
interrupt acknowledge if the SIO is the highest
priority device that has interrupted the Z-80
CPU.

RxCA, RxCB. Receiver Clocks (inputs).
Receive data is sampled on the rising edge of
RxC. The Receive Clocks may be 1, 16, 32 or
64 times the data rate in asynchronous modes.
These clocks may be driven by the Z-80 CTC
Counter Timer Circuit for programmable baud
rate generation. Both inputs are Schmitt-
trigger buffered (no noise level margin is
specified).

In the Z-80 SIO/0 bonding option, RxCB is
bonded together with TxCB.

RD. Read Cycle Status (input from CPU,
active Low). If RD is active, a memory or I/O
read operation is in progress. RD is used with
B/A, CE and IORQ to transfer data from the
SIO to the CPU.

RxDA. RxDB. Receive Data (inputs, active
High). Serial data at TTL levels.

RESET. Reset (input, active Low). A Low
RESET disables both receivers and transmit-
ters, forces TxDA and TxDB marking, forces
the modem controls High and disables all
interrupts. The control registers must be
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Figure 5. Z-80 S10/0 Pin Functions

Figure 6. Z-80 SIO/0 Pin Assignments
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Pin rewritten after the SIO is reset and before data In the internal synchronization mode
De p is tted or ived (Monosync and Bisync), these pins act as out-
(Continued)  RTSK,RTSB. Request To Send (outputs, puts 'that are a?timve durinthhe gart of the
active Low). When the RTS bit in Write receive clock (RxC) cycle in which sync
Register 5 (Figure 14) is set, the RTS output characters are recognized. The sync c9ndxhon
goes Low. When the RTS bit is reset in the is not latched, so these outputs are active each
Asynchronous mode, the output goes High time a sync pattern ig recognized, regardless
after the transmitter is empty. In Synchronous of character b°““/d‘“ les. STNCE
modes, the RTS pin strictly follows the state of ~ In the 2.80 SIO/2 bonding option, SYN
the RTS bit. Both pins can be used as general- is omitted.
purpose outputs. TxCA. TxCB. Transmitter Clocks (inputs). In
TSR SVNER . asynchronous modes, the Transmitter Clocks
SYNCA. SYNCB. Synchronization (inputs/out- ma ,
5 y y be 1, 16, 32 or 64 times the data rate;
s, e Low). T s cn 05 v, o clck il o it
- L bl ter and the receiver must e same. The
]I;COdDe.' Iz'zi:mgu:‘;::;::i:;:i ‘:::” Transmit Clock inputs are Schmitt-trigger buf-
lines affect the state of the Sync/Hunt status f;;:?.‘?;;z’:;:dl:vj n;.: d !:li;tim ifi adl i)re-
bits in Read Register 0 (Figure 13), but have" Transmitter Clocks may ;g‘ drive nl by the 'z_go
no other function. In the External Sync mode,
these lines also act as inputs. When external gucd ivt:n;:);!::::’rncmun for programmable
synchronization is achieved, SYNC must be y =
driven Low on the second rising edge of RxC bol:d:l:;a'Z—BOthS IOv/v(i)l:gani%g option, TxCB is
after that rising edge of RxC on which the last ogether ) . )
bit of the sync character was received. In TxDA. TxDB. Transmit Data (outputs, active
other words, after the sync pattern is detected,  High). Serial data at 'l'l'l._l_%lelz. TxD changes
the external logic must wait for two full from the falling edge of TxC.
Receive Clock cycles to activate the SYNC W/RDYA. W/RDYB. Wait/Ready A, Wait/
input. Once SYNC is forced Low, it should be Ready B (outputs, open drain when pro-
kept Low until the CPU informs the ext: 1 d for Wait function, driven High and
synchronization detect logic that synchroniza- Low when pr d for Ready function).
tion has been lost or a new message is about to These dual-purpose outputs may be pro-
start. Character assembly begins on the rising grammed as Ready lines for a DMA controller
edge of RxC that immediately precedes the or as Wait lines that synchronize the CPU to
falling edge of SYNC in the External Sync the SIO data rate. The reset state is open
mode. drain.
___> SERIAL DATA
_$ CHANNEL A } camme crocs
CHANNEL A SYNC
SonTnor vt
STATUS
ths
- Il == T
DATA STATUS
siato INTERNAL 8US
CONTROL. . CHANNEL 8 e —
) Bl S
STATUS p—
INTERRUPT <——q INTERRUPT m‘
CONTROL ——=] CONTROL AND
LINES o STATUS 2 SERIAL DATA
$ cuanners  fSTT | cHanwe cuoos
=
Figure 7. Block Diagram
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13 ional The functional bilities of the Z-80 SIO the SIO offers valuable features such as non-
Description  can be described from two different points of vectored interrupts, polling and simple hand-
view: as a data communications device, it shake capability.
transmits and receives serial data in a wide Figure 8 illustrates the conventional devices
variety of data-communication protocols; as a that the SIO replaces.
2-80 family peripheral, it interacts with the The first part of the following discussion
2-80 CPU and other peripheral circuits, shar- covers SIO data-communication capabilities;
ing the data, address and control buses, as the second part describes interactions between
well as being a part of the Z-80 interrupt struc-  the CPU and the SIO.
ture. As a peripheral to other microprocessors,
icH
INTERFACE
e
N CTERFACE e o
= CMANNEL
 — L]
Figure 8. Conventional Devices Replaced by the Z-80 SIO
Data The SIO provides two independent full- interrupts allow fast servicing of error condi-
C i duplex ch Is that can be programmed for tions using dedicated routines. Furthermore, a
cation use in any common asynchronous or synchro- built-in checking process avoids interpreting a
Capabilities nous data-communication protocol. Figure 9 framing error as a new start bit: a framing

illustrates some of these protocols. The follow-
ing is a short description of them. A more
detailed explanation of these modes can be
found in the Z-80 SIO Technical Manual.

Y Modes. Tr ission and
reception can be done independently on each
channel with five to eight bits per character,
plus optional even or odd parity. The transmit-
ters can supply one, one-and-a-half or two stop
bits per character and can provide a break
output at any time. The receiver break-
detection logic interrupts the CPU both at the
start and end of a received break. Reception is
protected from spikes by a transient spike-
rejection mechanism that checks the signal
one-half a bit time after a Low level is detected
on the receive data input (RxDA or RxDB in
Figure 5). If the Low does not persist—as in
the case of a transient—the character assembly
process is not started.

Framing errors and overrun errors are
detected and buffered together with the partial
character on which they occurred. Vectored

error results in the addition of one-half a bit
time to the point at which the search for the
next start bit is bequn.

The SIO does not require symmetric transmit
and receive clock signals—a feature that
allows it to be used with a Z-80 CTC or many
other clock sources. The transmitter and
receiver can handle data at a rate of 1, 1/16,
1/32 or 1/64 of the clock rate supplied to the
receive and transmit clock inputs.

In asynchronous modes, the SYNC pin may
be programmed as an input that can be used
for functions such as monitoring a ring
indicator.

Synchronous Modes. The SIO supports both
byte-oriented and bit-oriented synchronous
communication.

Synchronous byte-oriented protocols can be
handled in several modes that allow character
synchronization with an 8-bit sync character
(Monosync), any 16-bit sync pattern (Bisync),
or with an external sync signal. Leading sync
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Data characters can be removed without interrupt- underrun occurs in the middle of a message,

Communi- ing the CPU. an external/status interrupt warns the CPU of

cation Five-, six- or seven-bit sync characters are this status change so that an abort may be

Capabilities detected with 8- or 16-bit patterns in the SIO issued. One to eight bits per character can be

(Continued) by overlapping the larger pattern across multi-  sent, which allows reception of a message with
ple in-coming sync characters, as shown in no prior information about the character struc-
Figure 10. ture in the information field of a frame.

CRC checking for synchronous byte- The receiver automatically synchronizes on
oriented modes is delayed by one character the leading flag of a frame in SDLC or HDLC,
time so the CPU may disable CRC checking on and provides a synchronization signal on the
specific characters. This permits implementa- pin; an interrupt can also be pro-
tion of protocols such as IBM Bisync. grammed. The receiver can be programmed to

Both CRC-16 (X16 + XI5 + X2 + 1) and search for frames addressed by a single byte to
CCITT (X16 + XI2 + XS + 1) error checking only a specified user-selected address or to a
polynomials are supported. In all non-SDLC global broadcast address. In this mode, frames
modes, the CRC generator is initialized to 0's; that do not match either the user-selected or
in SDLC modes, it is inilialized tol's. The SIO  broadcast address are ignored. The number of
can be used for i faci herals such dd: bytes can be extended under software
as hard-sectored floppy disk but it cannot control. For transmitting data, an interrupt on
generate or check CRC for IBM-compatible the first received character or on every
soft-sectored disks. The SIO also provides a character can be selected. The receiver
feature that automatically transmits CRC data automatically deletes all zeroes inserted by the
when no other data is available for (ransmxs transmitter during character assembly. It also
sion. This allows very high-speed Iculates and ically checks the CRC
under DMA control with no need for CPU to validate frame transmission. At the end of
intervention at the end of a message. When transmission, the status of a received frame is
there is no data or CRC to send in syn- available in the status registers.
chronous modes, the transmitter inserts 8- or The SIO can be conveniently used under
16-bit sync characters regardless of the pro- DMA 00“"'01 to provnde h|qh speed reception
grammed character length. In for le, the

The SIO supports synchronous bit-oriented SIO can interrupt the CPU when the first
protocols such as SDLC and HDLC by per- character of a message is received. The CPU
forming automatic flag sending, zero insertion then enables the DMA to transfer the message
and CRC i A special d can to memory. The SIO then issues an end-of-
be used to abort a frame in tremsmission A( frame interrupt and the CPU can check the
the end of a the SIO status of the received message. Thus, the CPU
transmits the CRC and trailing ﬂag when lhe is freed for other service while the message is
transmit buffer becomes empty. I being d

PANITY
ﬂiﬂl’ sTOP
== [ [ o [T omomee
ASYNCHRONOUS
[omc T oam | [ oama T cnc, [ caca |
MONOSYNCG
[Come T sme T oam | [ oara | eac, T oaca |
=+ i
[ | EEEECE!
REXTERNAL SYNC
[ rra [acomess | INFORMATION | cnei [ cne | runa |
SOLC/MDLCIX.28
Figure 9. Some Z-80 SIO Protocols
sBiTs
[ T [ owd | owe [ oon | oam [ own | oo ]
[
e
Figure 10.
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1/0 Interface
Capabilities

The SIO offers the choice of polling, inter-
rupt (vectored or non-vectored) and block-
transfer modes to transfer data, status and con-
trol information to and from the CPU. The
block-transfer mode can also be implemented
under DMA control.

Polling. Two status registers are updated at
appropriate times for each function being per-
formed (for example, CRC error-status valid at
the end of a message). When the CPU is
operated in a polling fashion, one of the SIO's
two status registers is used to indicate whether
the SIO has some data or needs some data.
Depending on the contents of this register, the
CPU will either write data, read data, or just
go on. Two bits in the register indicate that a
data transfer is needed. In addition, error and
other conditions are indicated. The second
status register (special receive conditions) does

CPU is interrupted by the transmit buffer
becoming empty. (This implies that the
transmitter must have had a data character
written into it so it can become empty.) The
receiver can interrupt the CPU in one of two
ways:

@ Interrupt on first received character

® Interrupt on all received characters

Interrupt-on-first-received-character is
typically used with the block-transfer mode.
Interrupt-on-all-received-characters has the
option of modifying the interrupt vector in the
event of a parity error. Both of these interrupt
modes will also interrupt under special receive
conditions on a character or message basis
(end-of-frame interrupt in SDLC, for example).
This means that the special-receive condition
can cause an mterrupt only if the interrupt-on-
hrsl- i or interrupt-on-all-

not have to be read in a polling
until a character has been received. All inter-
rupt modes are disabled when operating the
device in a polled environment.

Interrupts. The SIO has an elaborate interrupt
scheme to provide fast interrupt service in
real-time applications. A control register and a
status register in Channel B contain the inter-
rupt vector. When programmed to do so, the
SIO can modify three bits of the interrupt vec-
tor in the status register so that it points direct-
ly to one of eight interrupt service routines in
memory, thereby servicing conditions in both
channels and eliminating most of the needs for
a status-analysis routine.

Transmit interrupts, receive interrupts and
external/status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control, with Channel A hav-
ing a higher priority than Channel B, and with
receive, transmit and external/status mterrupls

d-ch mode is selected. In
interrupt-on-first-received-character, an inter-
rupt can occur from special-receive conditions
(exoepl parity error) after the first-received-
interrupt ( le: receive-overrun
interrupt).

The main function of the external/status
interrupt is to monitor the signal transitions of
the Clear To Send (CTS), Data Carrier Detect
(DCD) and Synchronization (SYNC) pins
(Figures 1 through 6). In addition, an exter-
nal/status interrupt is also caused by a CRC-

dition or by the d ofa
break sequence (asynchronous mode) or abort
sequence (SDLC mode) in the data stream.
The interrupt caused by the break/abort
sequence allows the SIO to interrupt when the
break/abort sequence is detected or ter-
minated. This feature facilitates the proper ter-
lmnahon of the current message, correct
lization of the next and the

prioritized in that order within each ch
When the transmit interrupt is enabled, the

accurate timing of the break/abort condition in
external logic.
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I/0O Interface In a Z-80 CPU environment (Figure 11), SIO
Capabilities interrupt vectoring is “automatic”: the SIO svsTem
(Continued)  passes its internally-modifiable 8-bit interrupt o
vector to the CPU, which adds an additional 8
bits from its interrupt-vector (I) register to form A R
the memory address of the interrupt-routine <::>
table. This table contains the address of the P \ oMA
beginning of the interrupt routine itself. The
process entails an indirect transfer of CPU T f——— W
control to the interrupt routine, so that the
next instruction executed after an interrupt o bl
acknowledge by the CPU is the first instruction L]
of the interrupt routine itself. pail
CPU/DMA Block Transfer. The SIO's block- o
transfer mode accommodates both CPU block e
transfers and DMA controllers (Z-80 DMA or 20m0, T —
other designs). The block-transter mode uses
the Wait/Ready output signal, which is
selected with three bits in an internal control o P
register. The Wait/Ready output signal can be ich "
programmed as a WAIT line in the CPU block- =1
transfer mode or as a READY line in the DMA ce
block-transfer mode. — ] e
To a DMA controller, the SIO READY output .o oma
indicates that the SIO is ready to transfer data !
to or from memory. To the CPU, the WAIT out- (:_—_> (::>
put indicates that the SIO is not ready to
transfer data, thereby requesting the CPU to
extend the I/O cycle.
Figure 11. Typical Z-80 Environment
Internal The internal structure of the device includes Register Functions
Structure a Z2-80 CFU interface, internal control and Reqd F
interrupt logic, and two full-duplex ch 1 RRO T /R buffer status, pi
Each channel contains its own set of control status and external status
and status (write and read) registers, and con- RR1  Special Receive Condition status
trol and status logic that provides the interface RR2 Modified interrupt vector (Channel B only)
to modems or other external devices.
The registers for each channel are desig- Write Register Functions
nated as follows: p— e " ;
: " ister pointers, initialize, initializa-
;ﬁ;oggg'z _R Wg(; Rgglsterg ?‘:};m\:}; 7 ﬁ:g oom:uosndl for the various modes, etc.
- — Read Registers 0 throug WR1 Transmit/Receive interrupt and data transfer
The register group includes five 8-bit control mode definition.
isters, two sync-character registers and tWo Ry Interrupt vector (Channel B only)
status registers. The interrupt vector is written WR3 Recei nd 1
into an additional 8-bit register (Write Register eceive parameters and control
2) in Channel B that may be read through WR4 T /R 1l
another 8-bit register (Read Register 2) in and modes
Channel B. The bit assignment and functional WRS  Transmit parameters and controls
grouping of each register is configured to WR6 Sync character or SDLC address field
simplify and organize the programming pro- WR? Sync character or SDLC flag
cess. Table 1 lists the functions assigned to
each read or write register.
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Internal

The logic for both channels provides for-

(Continued)

mats, synchr and v ion for data
transferred to and from the channel interface.
The modem control inputs, Clear To Send
(CTS) and Data Carrier Detect (DCD), are
monitored by the external control and status
logic under program control. All external
control-and-status-logic signals are general-
purpose in nature and can be used for func-
tions other than modem control.

Data Path. The transmit and receive data path

illustrated for Channel A in Figure 12 is iden-
tical for both channels. The receiver has three
8-bit buffer registers in a FIFO arrangement,
in addition to the 8-bit receive shift register.
This scheme creates additional time for the

CPU to service an interrupt at the beginning of
a block of high-speed data. Incoming data is
routed through one of several paths (data or
CRC) depending on the selected mode
and—in asynchronous modes—the character
length.

The transmitter has an 8-bit transmit data
buffer register that is loaded from the internal
data bus, and a 20-bit transmit shift register
that can be loaded from the sync-character
buffers or from the transmit data register.

D ding on the operational mode, i
data is routed through one of four main paths
before it is transmitted from the Transmit Data
output (TxD).

TO CHANNEL 8,
EXTERNAL STATUS LOGIC,
CONTROL LoaC, ETC.

Figure 12. Transmit and Receive Data Path (Channel A)
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Programming

The system program first issues a series of
commands that initialize the basic mode of
operation and then other commands that
qualify conditions within the selected mode.
For example, the asynchronous mode,
character length, clock rate, number of stop
bits, even or odd parity might be set first; then
the interrupt mode; and finally, receiver or
transmitter enable.

Both channels contain registers that must be
programmed via the system program prior to
operation. The channel-select input (B/A) and
the control/data input (C/D) are the command-
structure addressing controls, and are normal-
ly controlled by the CPU address bus. Figures
15 and 16 illustrate the timing relationships for
programming the write registers and transfer-
ring data and status.

Read Registers. The SIO contains three read
registers for Channel B and two read registers
for Channel A (RRO-RR2 in Figure 13) that can
be read to obtain the status information; RR2
contains the internally-modifiable interrupt
vector and is only in the Channel B register
set. The status information includes error con-
ditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WRO in
exactly the same way as a write register opera-
tion. Then, by executing a read instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRQ and RR1 are carefully
grouped to simplify status monitoring. For
example, when the interrupt vector i

WRO is a special case in that all of the basic
commands can be written to it with a single
byte. Reset (internal or external) initializes the
pointer bits Dg-D3 to point to WR0. This
implies that a channel reset must not be com-
bined with the pointing to any register.

CHARACTER AVAILABLE
b PENDING ( wu A Onen
Tx BUFFER B!

Tx IpERRNEON }
suseawin Euemarsians

Interruor

EGISTER 1t

[]
HE
=]
=]
%]
=]
1]

L i sewr
IFIELO BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
sYTE BYTE
100 o 3
910 ° .
110 ° s .
001 0 .
101 0 7
01 ] .
111 1 s
000 2 .
eanry Eanon Resiaue Data For Eght |
i Eanon o Busraracier Progammes !
CRCYRAMING EhROR
N5 OF Frane BoL0)

Usea Witn Special Recerve Condition Mode

READ REGISTER 2*

[:]0x]2a ]2, ou o, o oo

INTERRUPT
VECTOR

=

that a Special Receive Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

Write Registers. The SIO contains eight write
registers for Channel B and seven write
registers for Channel A (WR0-WR? in Figure
14) that are programmed separately to con-
figure the functional personality of the chan-
nels; WR2 contains the interrupt vector for
both channels and is only in the Channel B
register set. With the exception of WRO, pro-
gramming the write registers requires two
bytes. The first byte is to WR0 and contains
three bits (Dp-D2) that point to the selected
register; the second byte is the actual control
word that is written into the register to con-
figure the SIO.

s33sg53s

riable i “Status Aftecs

ar
Vector” 13 Programmed
(*CHANNEL B ONLY)

Figure 13. Read Register Bit Functions
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'WRITE REGISTER 0

C

d)

|G

i
H © REGISTERO
1
° 0 AEGISTER 2
o 1 REGISTER 3
1 ° ISTER
1 1 REQISTER S
1 O REQISTER &
1 1 TER
© 0 0 NULL COOE
9 0 1 SEND ABORT (8DLC)
10 uucv:xmnwsmum
1 1 CMANNEL RESET
0 0 ENABLE INT ON NEXT Ax CHARACTER
© 1 RESET Tx INT PENDING
1 0 ERROR RESET
1 1 RETURN FROM INT (CH-A ONLY)
0 0 NULL CODE
0 1 WESET Rx CAC
1 0 RESET Tx CAC GENERATOR
11 % UNI
'WRITE REGISTER 1

[e:[ou]o. . o [ea [0, o]
’ et enanie
x INT ENABLE
nnul AFFECTS VECTOR
(eH. BONLY)
o
1
°
1

4"06 ————

'WRITE REGISTER 2 (CHANNEL B ONLY)

[e:ToeTo, [0 [0 Jou o, T ]

=

INTERRUPT
VECTOR
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L=
Snc cnnmn LOAD INHIBIT
ADDRESS SEARCH MODE (SDLC)
Rx CRC ENABLE
ENTER HUNT PHASE
0 ENABLES.
0 0 RxSBITSICH
0 1 Rx7 BITSICHARACTER
10 Rx 6 BITSICHARACTER
1 HARACTER

—
Rx INT ON FIRST CHARACTER
INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR)
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT
VECTOR)
L WAIT/READY ON RIT *Oron
L ——gammaan o, oo
e WAIT/READY ENABLE Congion

‘WRITE REGISTER 4
[0 [0 Jos To. Tos o o, [

PARITY ENAI
] [ o o
° MODES ENABLE
1 1 8TOP BITICHARACTER
1 28TOP BITS/ICHARACTER

0
0
1
1

4,317 $Y0C CHARACTER
e

°
1 /NG CHARACTI
o 3beC MoDE U0 FLAG)
1 EXTERNAL SYNC M

%
H
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BB

L__v. cac EnasLE
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9 9 Irsansion LessycHARACTE!
© 1 Ta7 BITSICHARACTER
V0 TieomicuARACTER
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L om
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SYNC BIT 1
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[o:To0Jou o Jou Tou o, o
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10°0T111110" For Fiag Recogion

Figure 14. Write Register Bit Functions

Zilog Reprint

103



Timing The SIO must have the same clock as the internal interrupt-under-service latch.
CPU (same plhas: and (reguency relationship, Return From Interrupt Cycle. Figure 18
not necessarily the same driver). illustrates the return from interrupt cycle.
Read Cycle. The timing signals generated by Normally, the Z-80 CPU issues a RETI (Return
a Z-80 CPU input instruction to read a data or From Interrupt) instruction at the end of an
status byte from the SIO are illustrated in interrupt service routine. RETI is a 2-byte
Figure 15. opcode (ED-4D) that resets the interrupt-
Write Cycle. Figure 16 illustrates the timing “‘:de"set'("l::?hl"mh ‘:‘bde‘: SIO to ter:nn‘ra}:e lihe
and data signals generated by a Z-80 CPU out- interrupt as just been processe is is
put instruction to write a data or control byte the daisy chain
into the SIO in the following way.
" 4 . The normal daisy-chain operation can be
!::g an fx:t.::rupt-re‘quest sci;::‘frﬁ‘r:ne;r:‘es%v used to;ietect 2 TE::“Q interr;xpt; howeve:j, it
ot distinguis ween an interrupt under
(INT pulled Low), the Z-80 CPU sends an cann :
interrupt-acknowledge sequence (MI Low, and service and a pending unacknowled?‘ed inter-
TORO Low a few cycles later) as in Figure 17 rupt of a higher priority. Whenever “ED” is
The SIO oontaiz an in!er::al daisytg:ained. decoded, the daisy chain is modified by forc-
interrupt structure for prioritizing nested inter- ’;3 bHe‘g: :::nlfﬁ etj ;;g lll."‘:‘el;rm dﬁ:;: 2:1:;:
":xm :°:;:‘; :‘:"’:;Jf“nc"o';ds:; @ﬂ?hghan- identifies the device presently under service as
:n :xt;ml Ls::_‘éeﬁ;:;;';isy :ham":l'_“'m the only one with an IEI High and an IEO Low.
prioritizes several peripheral circuits. 1 the next opcode byte is "4D,” the interrupt-
The IEI of the highest-priority device is un_?: r-s?w;ce 'latchilsh\;ese : dai hai
terminated High. A device that has an inter- (bothef::‘l){ieq:r:l: fq; ar:: te}:em&w t;sil::gh n
rupt pending or under service forces its IEO y g0 o
Low. For devices with no interrupt pending or transitions) lxm{ts the number of dev'ices ‘hf‘t
under service, IEO = IEL can z Placed el; th:hdaisy c}llairk:. l;l]m;:e tin:)e
To insure stable conditions in the daisy can be improved with carry-look-ahead, or by
chain, all interrupt status signals are pre- extending ll?e mterr.upt'acknowledq_e cycle.
vented from changing while M1 is Low. When F or iurthert;qnlormr:g:n afb;:l !ec:ngq:cels for
is Low, the highest priority interrupt increasing the number of daisy-chain
requestor (the one with IEI High) places its devic;ls, '?fe' to the Z:80 CPU Prodluct
interrupt vector on the data bus and sets its Specification.
i LS Tw ™ A 1 T Tw Tw ™ T
croex s LML L
d 1
8, oid, MA X/ X w -—\.___l./——-—
]
[ L
L] !
T - 7\
i — N e / ————
OATA \fﬁ'\ DATA {vecton L,
Figure 15. Read Cycle Figure 17. Interrupt Acknowledge Cycle
" ™ . " " T T Hh W W THmTn o uTn
W_WLFLSL s JULULLATLILILIL
[} }
= - s\ VT
CE, c1d, wi X/ ’ | [
= e\
oG | 1
- ; 0wty — Gy
1 1
L |r w et \
- YEX - | —
Figure 16. Write Cycle Figure 18. Return from Interrupt Cycle
104 Zilog Reprint



Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respecttoGND. ......... -0.3Vio +7.0V  mum Ratings may cause permanent damage to the device.
This is a stress rating only; operation of the device at any
Ratings Operating Ambient As Specified in dition above those indicated in the 1 sections
Temperature ........... Ordering Information ~ of these Miu:::;i :l M‘imN::n»M EYW“_l:d:" Mau“:a
maxim raf lions for e 281 ma;
Storage Temperature. ....... -65°C to +150°C d,v;uu,':]i‘hm_ © Pe Y
Tost The characteristics below apply for the v
Conditions  following test conditions, unless otherwise -
noted. All voltages are referenced to GND —
(0 V). Positive current flows into the refer- wonest
enced pin. Available operating temperature o
ranges are: haled -
| S* = 0°Cto +70°C, i
+475V<sVees +5.25V B
®E' = -40°Cto +85°C,
+4.75VsVecs +5.25V
B M* = -55°Cto +125°C,
+45VsVeox +55V
*See Ordering Information section for package
temperature range and product number.
DC Symbol Parameter Min  Max Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -03 +045 V
Vise Clock Input High Voltage Voe-06 +55  V
Vi Input Low Voltage -0.3 +0.8 v
Vig Input High Voltage +20 +5.5 v
VoL Output Low Voltage +0.4 v Iop = 20mA
Vou Output High Voltage +24 v Ioy = -250 uA
I Input Leakage Current -10 +10 rA 0<ViN<Vee
I 3-State Output/Data Bus Input. Leakage Current -10 +10 rA 0<ViN<Vee
Isy SYNC Pin Leakage Current -40 +10 rA 0<Viy<Vee
Iec Power Supply Current 100 mA
Over specified temperature and voltage range.
Capacitance Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 40 pF  Unmeasured
Cny Input Capacitance 5 pF  pins returned
Cout Output Capacitance 10 pF  to ground
Over specified temperature range: { = IMH,
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AC

Electrical
Character-
istics
@ "
w {
‘i ®
- L
2-80 SIO Z-80A SIO  Z-80B SIO*f
Number Symbol Parameter Min Max Min Max Min Max
1 TeC Clock Cycle Time 400 4000 250 4000 165 4000
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000
3 TIC Clock Fall Time 30 30 15
4 TC Clock Rise Time 30 30 15
5 —TwCl Clock Width (Low) 170 —2000 ——105 — 2000 —— 70 —2000 —

6  TsAD(C) CE, C/D, B/A to Clock ! Setup Time

7 TsCS(C) TORQ. RD to Clock ! Setup Time

8  TdC(DO) Clock ! to Data Out Delay

9 TsDKC) Data In to Clock 1 Setup (Write or M1 Cycle)
10 — TdRD(DOz)— RD 1 to Data Out Float Delay

11 TdIO(DOI)  TORQ | to Data Out Delay (INTACK Cycle)
12 TsMI(C) MI to Clock 1 Setup Time

13 TSIE(IO) IEI to TORQ | Setup Time (INTACK Cycle)
14  TdMI(IEO) MI | to IEO | Delay (interrupt before M)

15 — TdIEKIEOr)— IEI 1 to IEO 1 Delay (after ED decode)

16  TdIEIIEOf)  IEI | to IEO | Delay

17 T4C(INT) Clock 1 to INT | Delay

18 TAIO(W/RWf) TORQ | or CE | to W/RDY | (Delay Wait Mode)
19 TdC(W/RR)  Clock 1 to W/RDY ! Delay (Ready Mode)
20 — TdC(W/RWz) - Clock | to W/RDY Float Delay (Wait Mode)

21 Th Any unspecified Hold when Setup is specified

160 145 60
240 115 60
240 220 150
50 50 30
230 110 90—
340 160 100
210 90 5
200 140 120
300 190 160
150 100 70—
150 100 70
200 200 150
300 210 178
120 120 100
150 130 10—
0 0 0

* Z-80 SIO timings are preliminary and subject to change.
1 Units in nanoseconds (ns).

106
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Electrical
Ck or- &Y, 5TB, sV
istics
{Continued)
N e N
@~
o X
WRBY -\-
W :
e
e N\,
S ®
[ v g |
o X X
WiRDY :
L 1
e
®
Z.80 SIO Z-80A SIO  2-80B SIO!
Number Symbol Parameter Min Max Min Max Min Max  Notest
1 TwpPh Pulse Width (High) 200 200 200 2
2 TwPl Pulse Width (Low) 200 200 200 2
3  TcTxC TxC Cycle Time 400 o 400 o 330 o 2
4 TwIxCl TxC Width (Low) 180 o 180 o 100 o 2
55— TwIxCh TxC Width (High) 180 — a0 —— 180 —— o0 ——— 100 — go ———— 2 ———
6  TdTxC(TxD)  TxC | to TxD Delay (x1 Mode) 400 300 220 2
7 TdTxC(W/RRf) TxC I to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3
8 TdTxC(INT)  TxC i toINT I Delay 5 9 5 9 5 9 3
9  TcRxC RxC Cycle Time 400 o 400 oo 330 o 2
10— TwRxCl RxC Width (Low) 180 — oo —— 180 — o0 ——100 — 2
11 TwRxCh RxC Width (High) 180 o 180 100 2
12 TsRxD(RxC)  RxDtoRxC 1 Setup Time (x! Mode) 0 0 0 2
13 ThRxD(RxC) RxC 1 to RxD Hold Time (x1 Mode) 140 140 100 2
14  TdRxC(W/RRf) BxC 1to W/RDY | Delay (Ready Mode) 10 13 10 13 10 13 3
15 TdRxC(NT)  RxC 1 toINT I Delay 10 13 10 13 10 13 3
16  TdRxC(SYNC) BxC1toSYNC ! Delay (Output Modes) 4 7 4 7 4 7 3
17 TsSYNC(RxC) SYNC ! to RxC 1 Setup (External Sync
Modes) -100 -100 100 2
NOTES:
1 In all modes, the System Clock rate must be at least five times 2. Units in nanoseconds (ns).
the maximum data rate. 3. Units equal to System Clock Periods.
1. Z:80 SIO timings are preliminary and subject to change.
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How the ROM Works

When power is first applied or the RESET button is pressed, the system
bank (Bank 0) is enabled by hardware and the Z80-A's program counter
is set to 0000H.

The first 8k of address space in the system bank consists of ROM sockets
U33-U36. An 820-Il with the ASCII keyboard will have 6k of ROM
occupying U33-U35 (6k). With the Low Profile keyboard, another 2k
ROM is added to U36 bringing the total system ROM size to 8k.

The firmware contained in the system ROMs will be referred to as the
ROSR (ROM Operating System Routines). The ROSR provides instructions
for the Z80-A to do several things at power-on. They are:

Do a checksum test of the firmware contained in the first 6k of
ROM.

Do confidence test on RAM memory that will be used by the ROSR
(FOOOH-FFFFH).

Initialize programmable devices and variable memory area
starting at address FFOOH.

Move resident portion of monitor to RAM starting at address
FOOOH.

Compute checksum of the ROM in socket U36; if correct, call the
first address of U36 (1800H).

Check type of disk controller daughter board that is installed and
load appropriate disk driver into high memory.

Provide an initial system command level for the user. This provides
such options as: Host terminal mode, Typewriter mode, Load
system, Dump memory, etc.

Additionally, ROSR provides character 1/0, disk I/0, and other hardware-
related services for the operating system and /or an application program.

One of the first things that the ROSR is responsible for is the initialization
of the programmable devices on the CPU board. These devices are: CTC
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(Counter Timer Circuit), PIOs (Parallel Input Output controllers), SIO
(Serial Input Output controller), and the Baud rate generator. At power
on, these devices are initialized as described below.

Counter Timer Circuit (CTC)

Base interruptvector = OH
Channel 0 Not initialized
Channel 1 Timer mode, no interrupts, period = 1 msec.
Channel 2 Timer mode, no interrupts, period = 8 msec.
Channel 3 Counter mode, interrupts enabled, down

counter value = 125.

Channel 0 of the CTC is not used by the system. Channel 1 isinitialized
but interrupts are not enabled until the screen print command is given
from the keyboard. At thistime, 1 msec. interrupts begin occurring until
the last character has been printed from the CRT's refresh memory.
Then, the interrupts from CTC-1 will be disabled. Channel 2 is initialized
as a timer also. Its job is to divide the system clock and to generate a
pulse to CTC-3 every 8 msec. Channel 3 isinitialized as a counter; it
counts pulses from CTC-2 and generates an interrupt to the system every
125 pulses (1 second).

System Parallel Input/Output Controller (P1O)
Base interrupt vector = 1AH
Port A Bit Mode Bits 0-5 input, Bits 6-7 output, interrupts
disabled
PortB Input Mode Interrupts enabled
Port A of the system PIO is used for the bank switching, floppy disk drive

and side selects, and CRT font selection. Port B is used as the keyboard
input channel.
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General Purpose Parallel Input/Output Controller (P1O)
Base interrupt vector = Notinitialized
Port A Output Mode Interrupts disabled

PortB Mode 3 Bits 0-3 output, bits 4-7 input, interrupts
disabled

The general purpose parallel PlO is initialized to provide an interface to a
Centronics-compatible parallel printer. Port A serves as the data channel
and port B bit 2 provides the strobe to the printer. Port B bit 4 is for
connection to the printer’s ready signal. The parallel interface option
connector (J11) must have jumpers installed between the following pins:
5-6,9-10, and 17-18. This selects the direction for the transceiver; that is,
between the PIO and the parallel I/O connector J8.

If the GP PIO is to be used for something other than a parallel printer, the
user can re-program the PIO and re-jumper J11 to suit the needs of the
application.

Serial Input/Output Controller (SI0)
Base interruptvector = 00

Channel A Asynchronous mode modem port
Interrupts disabled, 7 bits per character, x16
clock mode, 1 stop bit per character, even
parity enabled, Data Terminal Ready (DTR)
and Request To Send (RTS) outputs from the
SIO are active. Wired as RS-232 DTE (Data
Terminal Equipment).

Note: The 4.03 ROM initializes DTR and RTS outputs to an
inactive state.

Channel B Printer port
Interrupts disabled, 7 bits per character, x16
clock mode, 1 stop bit per character, even
parity enabled, Data Terminal Ready (DTR)
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and Request To Send (RTS) outputs from the |
SIO are active. Wired as RS-232 DCE (Data ‘
Communication Equipment). Hardware
handshake is available on pins 20 and 5.

Channel A Baud Rate Generator (Modem)

300 Baud

Channel B Baud Rate Generator (Printer)

1200 Baud
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MONITOR COMMANDS

The 820-11 and 16/8's resident monitor is capable of executing several
commands directly from the keyboard.

The table below summarizes the monitor’s command set. Under the
heading “Format”, the items enclosed in parentheses represent required
numeric parameters. The items in square brackets represent optional
parameters. Detailed information on each of the commands follows the

table.

Command

D(isplay memory)
M(odify memory)

X(tended memory test)

F(ill memory)
C(opy memory)

V(erify memory block)

G(oto)
l(nput)
O(utput)

L(oad from disk)
R(ead disk sector)
W(rite disk sector)

B(aud rate)
T(ypewriter)
H(ost terminal)
P(rinter protocol)

Device Initialization

Format

D [start addr] [end addr]

M (addr)

X (start addr) (end addr)

F (start addr)(end addr)(fill data)

C (start addr)(end addr)(dest addr)
V (start addr)(end addr)(with addr)

G (addr)[HL, DE, BC registers]
1 (16-bit port addr)
O (16-bit port addr)(8-bit data)

L [disk drive unit value]
R (drive unit)(track)(sector)(addr)
W (drive unit) (track) (sector) (addr)

B (baud rate)[channel]

T [baud rate]

H [ch.] [baud] [data bits] [par.] [stop bits]
P (Xon/Xoff)[status mask] [status value]
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1) D - DISPLAY MEMORY COMMAND

This command displays the contents of memory in hexadecimal and ASCII
representation. Each display line has the following format:

AAAADDDDDD DD DD DD DD DD DD DD DD DD DD DD DD DD CCCCCCCCCCCCCCCC

AAAA is the starting memory address of the line in hexadecimal, the
DD’s are the hex values of the 16 bytes of data starting at location AAAA,
and the C's are ASCII characters equivalent to each data byte. Bytes with
avalue less than 20 hex are displayed with their appropriate display
character codes as shown in the ASCII code chart. Bytes with a value
greater than 7F hex are displayed in low intensity. The display memory
command accepts one, two, or no address parameters. |f two addresses
are specified, the block of memory between those two locations will be
displayed. Entering only one address will display 256 bytes of memory
starting at the specified location. Entering D<return> with no
parameters will display the 256 byte block of memory starting one
location past the last address displayed.

The display can be stopped temporarily by touching the space bar.
Touching the space bar again continues the display.

2) M - MODIFY MEMORY COMMAND

The modify memory command allows the contents of individual memory
locations to be changed. This command accepts one parameter
representing the first memory address to modify or examine. The display
format is:

AAAA DD

AAAA is the current memory address and DD is the hexadecimal value of
the data in that location. After displaying the contents of a memory
location, the routine waits for one of the following parameters to be
entered from the keyboard:

® Touching <return> does not modify the memory data at the

currently displayed memory address, but will display the contents
of the next memory address.
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® Typing a minus sign has a similar effect, except the address is
decremented instead of incremented.

® Typing a hexadecimal number will replace the data at the
currently displayed address with the number entered. The new
data is stored as soon as the second digit is entered, with no
terminating character required. If only one digit is entered,
touching <return> will cause the single digit hex number to
replace the previous data.

® Typing a quote sign will cause the ASCIl value of the next key
typed to be stored at the currently displayed address.

® Typing any character other than <return>, a minussign, a
quote sign, or a hexadecimal digit will terminate the command.

3) X - EXTENDED MEMORY TEST COMMAND

This command tests the specified range of memory for errors. Any
portion of memory may be tested except the read/write area reserved for
ROSR (FOOO to FFFF hex). Atleast two parameters are required: the
starting address and the ending address.

Only the high-order eight bits of the addresses entered are actually used.
If no errors are detected, the test will display a plus sign. When errors are
detected an error line will be displayed in the following format:

AAAADD  should = X

4) F - FILL MEMORY COMMAND

The fill command allows blocks of memory to be filled with a fixed data
value. Three parameters are required: a starting address, an ending
address, and a fill-data value. Each location in the specified block of
memory has the constant written into it and then read back again to
check for memory errors. An error line (like the one described for the
Xtended Memory Test) is printed for any locations that fail to verify.
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5) C- COPY MEMORY COMMAND

The copy command allows blocks of data to be moved in memory. Three
parameters are required: a starting memory address, an ending address,
and a destination address. The contents of the block of memory in
between the first two addresses are copied to the block starting at the
third address. Like the Fill Memory command, a test is made to verify
that each byte of the destination block, when read back, is the same as
the corresponding byte in the source block.

6) V - VERIFY MEMORY BLOCK COMMAND

This command is similar to the Copy Memory command except that data
is not moved, but simply checked to see if it is the same as data located at
a different address in memory. Three parameters are required: a
starting memory address, an ending address, and the first address of the
memory block to be compared.

7) G - GO TO COMMAND

The go to command controls the CPU to start executing at a particular
memory location. It requires a single parameter, (the address at which to
begin execution). Three optional parameters may also be specified so
the HL, DE, and BC register pairs may be preset before execution begins.
Each of these optional parameters is a 16-bit (four-digit hexadecimal)
number. The optional parameters would be entered as:

G1000 AAFF DDEE BBCC

1000 is the hexadecimal address at which to begin execution, AA is
placed in the H register, FF is placed in the L register, DD is placed in the
D register, EE is loaded into the E register, BB is transferred to the B
register, and CCis put into the C register. In addition, FF (the value
specified for the L register) will also be placed into the A register. Thus, a
shortened command line (using only a single optional parameter) would
be entered as:

GFOOC 0024
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In the example, the hex value 24 will be loaded into both the L and A
registers before executing the CRT output driver at memory address FOOC
hex. (This example displays a ‘$’ on the screen.)

ROSR actually passes control to the specified address by simulating a
CALL instruction. This makes it possible for the external program to
return to ROSR by doing a RET, (assuming it does not re-load the stack
pointer or lose the return address to ROSR). After the routine returns,
ROSR displays the contents of the A register and the HL register pair.

8) - INPUT COMMAND

This command allows data to be read from input ports. It works very
much like the Modify Memory command, except input ports are being
examined instead of memory locations. A single parameter representing
a port number is required. Since many of the I/O ports are accessed using
the unique Z80-A I/0 instruction, the parameter can be a 16-bit port
address. The BC register pair is loaded with the parameter, and then an
IN A,(C) instruction is executed. An example of full parameter
specification would be:

IAAS5

AA represents the contents of the B register, which is placed on the high-
order address lines (A8-A15), and 55 represents the contents of the C
register, which is placed on the low-order address lines (A0-A7). Using
only an 8-bit parameter will place a zero in the B register.

Touching the space bar will display data from the same port address
again. The contents of adjacent ports can be examined by touching
<return> or the minus sign (like the Modify command). Typing any
other key terminates the command.

9) O - OUTPUT COMMAND

The output command allows a specified data value to be written to
output ports. Two parameters are required: a 16-bit port address (see
Input command), and an 8-bit data value that is to be written to that
port. After outputting the specified data to the port, the command
returns to ROSR instead of stepping to the next output port like the
input command. This makes it possible to use the output command to
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initialize Z80-A peripheral devices like the SIO, PIO, and CTC. Since a 16-
bit port address is specified, special ports such as the scroll port register
can be modified directly from ROSR. Some of these special ports require
that their "data"” value be placed on the high-order address lines. A
sample command to alter the scroll port register is:

O1014FF

10 represents the contents of the B register which is placed on the high-
order address lines and is the actual "data" that will be written to the
scroll port register. The 14 represents the value that is placed in the C
register and is output as the low-order address lines to actually select the
scroll port. The data value FF hex is output on the data lines, but the
data is not looked at by this type of special port.

10) L-LOAD FROM DISK

The load system command is used to read a one-sector program from
track 0, sector 1 of the specified disk drive. The load command accepts
one optional parameter to specify from which physical disk to load. If
this optional parameter is omitted, the load is from physical drive unit 0
(drive A). Floppy disk configurations have valid disk parameters of A
through D. The usual load-from-disk-command for floppy drives will be
L or LA, to load from drive A. Rigid disk configurations can have valid
disk parameters of A through H.

Note: The drive that is loaded from becomes logical drive
A. Thus, when the operating system is loaded from drive E
on the rigid (the LE command), physical disk E will be
referenced as A and the physical floppy A is referenced as
logical drive E.

The disk loader reads the first logical sector into memory at location 80h
and starts execution at that address. Normally, the program will be a
small loader thatin turn reads in a larger program. This two-level
bootstrap process makes the boot command application independent.
The only requirements are that the first sector of the disk be reserved for
aloader, the first byte of this loader not be an E5h, and the first 256
bytes of memory not be overwritten by the program being loaded.
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11) R - READ DISK SECTOR COMMAND

This command allows one physical sector to be read from the specified
disk drive to a designated address in memory (must be above 66H). The
drive unit is a number between 0 and F hex, with 0 corresponding to
physical drive A.

It should be noted that different disks may not have the same sector size.
The read sector command will always read one physical sector, no matter
what its length. Typically, single density disks will have 128-byte sectors,
and double density disks will have 256-byte sectors. The sector size for
rigid disk drives will always be 256 bytes or larger. Even though one
physical sector is read, 256 bytes will be displayed after the read. Thus,
when reading single density disks, only the first 128 bytes of the 256
bytes displayed on the screen are valid.

Physically, all floppy disks used with the 820-11 and 16/8 begin with sector
#1. However, when using the Monitor’s R command, the first physical
sector is accessed by specifying sector 0 in the command line.

12) W - WRITE DISK SECTOR COMMAND

A "W" and a <return> is required with the Write Disk Sector command
before parameters will be accepted. A second "W" and parameters and
a <return> is then required. The write disk sector command allows one
physical sector to be written to the specified disk drive from the
designated address in memory. The drive unit is a number between 0 and
F hex, with 0 corresponding to physical drive A.

Note that different disks may not have the same physical sector size. The
write sector command will always write one physical sector, no matter
what its length. In general, single density disks will have 128-byte
sectors, and double density disks will have 256-byte sectors. The sector
size for the rigid disk drive will also be 256 bytes.

Physically, all floppy disks used with the 820-11 and 16/8 begin with sector
#1. However, when using the Monitor’s W command, the first physical
sector on double density and rigid disks is accessed by specifying sector 0
in the command line.
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13) B - BAUD RATE COMMAND

This command sets the baud rate for the designated serial /0O channel,
(printer or communications port). An optional parameter is required to
change the baud rate from the default (1200-Printer, 300-Comm). If a
second optional parameter is not specified, then the baud rate is set for
the printer port (channel B). Specifying channel A will cause the
designated or default baud rate to be set for the communications port.
At power-on or reset, both serial ports are set for 7 data bits and even
parity with one stop bit. See also the Host Terminal Mode section.

14) T- TYPEWRITER COMMAND

In Typewriter Mode, any information typed on the standard 96-character
keyboard will be sent to the serial printer port.

To use Typewriter Mode, type the following parameters (in bold):

T or T#

T = Typewriter Mode
# = Baud Rate (1200)

For example:

T Typewriter Mode
5 Typewriter Mode 300 Baud (from Chart, Appendix K-1)

15) H - HOST TERMINAL

Host Terminal H (channel) (baud rate) (data bits) (parity)
(stop bits)

The Xerox 820-1i or 16/8 may be used as a terminal to a Host. By typing
an H at power-on, the firmware initializes software in ROM that permits
communication with a host computer.
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Options (default settings are bolded):

Channel A (communications port)
B (printer port)

Baud rate Channel A - 300
Channel B - 1200
(For other Baud Rate options, see Appendix K)

Data bits 7 or 8
Parity 0dd, Even, or None
Stop bits 1 or 2

For example, typing
H<space>B<space>8<space>None<{space>2<{return>

would put your system in Host Mode with 2 stop bits, no parity, 8 data
bits, at 1200 baud on the Printer port.

Options may be altered using the Monitor Output command before
typing an H <return> to load host terminal mode. Itisimportant to
note that these settings will remain in effect until the the system is
turned off, the RESET button in the rear is pressed, or a disk is loaded
that has had the CONFIGUR program run on it.

To change to odd parity:
006 04 meaning Output to the SIO Channel A control port
(06) selecting internal register 4 (04)

006 45 Output a 45h to the SIO Channel A control
port (06) which sets internal SIO register 4 to
enable odd parity

To change to no parity:

006 04 Output to the SIO Channel A control port
(06) selecting internal register 4 (04)
006 44 Output a 44h to the SIO Channel A control

port (06) which sets internal SIO register 4 to
enable no parity
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To change to 8 data bits (receiver and transmitter):

006 03 Output to the SIO Channel A control port
(06) selecting internal register 3 (03)
006 C1 Output a C1h to the SIO Channel A control

port (06) which sets internal SIO register 3 to
8 data bits for the receiver

006 05 Output to the SIO Channel A control port
(06) selecting internal register 5 (05)
006 EA Output an EAh to the SIO Channel A control

port (06) which sets internal SIO register 5 to
8 data bits for the transmitter

For example, to change to no parity, 8 data bits, and set the baud rate to
1200, the following parameters should be entered at power-on:

006 <space>04<return>

006 <space>4a4<return> sets no parity

006 <space>03<return>

006 <space>C1<return> sets 8 data bits receiver

006 <space>05<return>

006 <space>EA<return> sets 8 data bits transmitter
B<space>07 <space>A<return> sets 1200 baud, comm port
H<return> loads Host Mode with the above parameters
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Host Terminal Command Set

Host mode has a command set that can be used by pressing the <CTRL>
key and one of the Numeric Pad keys. Note: Scroll up and Scroll down
(1 and | ) do not require the <CTRL> key when using the 16/8.

<CTRL>

+

1

DEL

Line
Feed

(period)

Meaning

Scroll up. Up-arrow scrolls up text on the screen with
wrap around.

Scroll down. Down-arrow scrolls down text on the
screen with wrap around.

Enable local echo. Characters typed on the keyboard
are displayed on the screen and transmitted through
the serial port. Touching <CTRL> + DEL again
disables local echo mode.

Enable local auto line feed. When <return> is
touched, a line feed is sent to the local screen display
but not transmitted through the serial port. Touching
<CTRL> + LF again disables local line feed mode.

Enable remote echo. Characters received through
the serial port are echoed back to the transmitting
device. In this mode, the 820-Il or 16/8 may act as a
host to another terminal. Touching <CTRL> + 1
again disables remote echo mode.

Enable remote auto line feed. Carriage return codes
received through the serial port are echoed to the
remote device as carriage return/line feed codes.
Touching <CTRL> + 2 again disables remote auto
line feed.

Transmit BREAK. When <CTRL> and the period key
on the numeric keypad are touched, a break
condition is enabled on the serial port until:

1. <CTRL> +. istouched again

2. Any other character is typed.
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<CTRL> Meaning

“Toggling" the break function allows the length of
the break condition to be determined by the user.
Some host computers require a very short break
condition, while some communications control
devices require a long break condition.

ESC Exit Host Terminal Mode.

Note: In Host Mode, the 820-11 or 16/8 will respond to the
special Display Control Codes listed in-the CRT Control &
Interface section.

16) P - PROTOCOL COMMAND

The protocol command alters the method used to control the
transmission of characters to the printer (for different types of serial
printers). Normally, XON/XOFF protocol is enabled to allow efficient
communications with a Xerox 20 or 40 CPS printer. Since thisis a
"transparent” protocol, it will not interfere with printers that don't use
XON/XOFF.

The protocol command requires at least one parameter to enable or
disable the XON/XOFF protocol. P1 enables this protocol, while PO
disables it.

A second type of protocol is used for printers that control the
transmission of characters by means of “reverse channel” or other
hardware signals. Two signals may be used to control the transmission of
characters to the printer:

CTS (Clear To Send) Printer connector Pin 5

DTR (Data Terminal Ready) Printer connector Pin 20
Two parameters are used to specify how these signals will be used for
"hardware handshaking"; the first designates which signals are to be

checked, and the second indicates which logical state will be used to
enable the transmission of data.
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The most commonly-used modes are shown below. The voltage level is
the EIA RS- 232 level measured at the printer connector:
P1<space>28<space>28<return>
Check CTS and DTR, pins 5 and 20. If either changes to false (-12),
stop transmission.
P1<space>8<space>8<return>
Check DTR, pin 20. If false (-12), stop transmission.

P1<space>20<space>20<return>

Check CTS, pin 5. If false (-12), stop transmission.
The following examples show the values for some less-common printers
that require transmission be stopped with signals of the opposite sense.
Notice these examples also enable the XON/XOFF protocol by specifying
a1 as the first parameter.

P1<space>28<space>0<return>

Check CTS and DTR, pins 5 and 20. if either changes to true

(+ 12), stop transmission.

P1<space>8<space>0<return>

Check DTR, pin 20. If true (+ 12), stop transmission.

P1<space>20<space>0<return>
Check CTS, pin 5. If true (+ 12), stop transmission.
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Operating System Interface

The preferred method of accessing the resources of the 820-11 and 16/8 is
through one of the operating systems (CP/M-80, CP/M-86, or MS-DOS).
The operating system functions available are documented in the
manuals listed below.

CP/M-80 Interface Guide section of Digital Research’s CP/M 2.2
Operating System Reference Manual.

CP/M-86 Digital Research’s CP/M-86 User’s Guide, System
Guide, and Programmer’s Guide.

MsS-DOS MS-DOS Programmers Guide.

Accessing CP/M-80 and CP/M-86 BIOS

CP/M-80/CP/M-86 also provide a BIOS (Basic Input/Output System)
interface that is available to the programmer. The BIOS interface is
described in the following manuals:

CP/M-80 Alteration Guide section of Digital Research’s CP/M
2.2 Operating System Reference Manual.

CP/M-86 Digital Research’s CP/M-86 User’s Guide, System
Guide, and Programmer’s Guide.

CP/M-86 has an operating system function (#50) that provides access to
the CP/M-86 BIOS.

The BIOS interface for CP/M-80 version 2.2 is not supported as an
operating system function. An application program may call 16 of the 17
BIOS vectors; the first vector Cold boot may not be called. Because the
BIOS jump table is not anchored to any fixed memory locations,
application programs must not directly call any of the jump vectors
without first calculating the address of the desired vector. At address
0000H is a jump instruction to the second BIOS vector -wboot. The
application program should read the address stored at address 0001H
and 0002H, then add the offset of the desired BIOS jump vector and call
this “calculated” address.
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For example, suppose an application program needed to determine
whether or not the list device is busy. This is not supported with an
operating system function call under CP/M-80 2.2.

;Users program

call  biolsts ;get status of list device
or a ;resultis returnedina
;00 = notready
;else = ready
;Continue
Biolsts:
Id hl,(0001H) ;Get address of wboot
Id 1,15*3 ; 15th vector 3 bytes per vector
i (h)

The reason that the biolsts label was “called” from the main program is
to put a return address on the stack. Remember, all BIOS routines end
with a return instruction.

Additional BIOS Information
The following describes parameters for some of the BIOS functions that
are not described in the Alteration Guide.

Sectran - The sector translate vector is documented to receive a logical
sector number in the BC register pair, and the address of a logical-to-
physical translate table in the DE register pair, returning the physical
sector number from the table in the HL register. In the 820-1l and 16/8,
when a double density disk or a rigid disk is being accessed, the DE
register pair contains a 0000H indicating no logical-to-physical skew
table. When this occurs, the logical sector number is returned in the HL
register.

Seldsk - If bit 0 of the E register is 0, the BIOS recognizes this as a first-
time select of the disk and will request the physical disk driver to
determine the type of media currently in the drive.

Write - The Cregister contains the write type.

Write to an allocated data block
Write to directory

Write to an unallocated data block

1
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CP/M Logical - 820-11 Physical Device Mapping

The IOBYTE has been partially implemented in the 820-I| to enable
optional re-assignment of CP/M character devices (console and list) to
different physical devices on the 820-11 (CRT/keyboard, serial modem
port, serial printer port, and parallel printer port). This logical-to-
physical device mapping can be changed either under program control
or with CP/M’s transient command, STAT.

CP/M Logical Physical
device names device names

CON: TTY: CRT: BAT: UCt:
RDR: TTY: PTR: UR?1: UR2:
PUN: TTY: PTP:  UP1: UP2:
LST: TTY: CRT: LPT: UL1:

The chart above lists the CP/M logical device names in the left column
and the valid physical devices for each logical device is listed to the right
of the logical device name. For example the logical console device can be
mapped to the physical TTY:, CRT:, BAT:, or UC1:, but not PTR:.

The chart below shows the mapping of physical device names to physical
devices on the 820-I1.

CP/M physical  820-1l Physical
device names devices

BAT: Serial printer port
CRT: 820-11 CRT and keyboard
LPT: Serial printer port
PTP: Serial modem port
PTR: Serial modem port
TTY: Serial modem port
ucit: Serial printer port
UL1: Parallel printer port
UP1: Serial modem port
uP2: Serial modem port
UR2: Serial modem port
UR1: Serial modem port
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CP/M Logical - 16/8 Physical Device Mapping
The IOBYTE has been fully implemented on the 16/8. The tables below
describe the logical to physical device mapping for CP/M-80 and CP/M-86.

CP/M-80 Logical Physical
device names device names

CON: TTY: CRT: BAT: UCI:
RDR: TTY: PTR: UR1: UR2:
PUN: TTY: PTP: UP1: UP2:
LST: TTY: CRT: LPT: UL1:
CP/M-86 Logical Physical device

device name names

CON: TTY: CRT: BAT: UCI:
AXI: TTY: PTR: UR1: UR2:
AXO: TTY: PTP:  UP1: UP2:
LST: TTY: CRT: LPT: ULt

CP/M physical ~ 16/8 Physical
device names devices

BAT: Serial printer port

CRT: 16/8 CRT and keyboard

LPT: Serial printer port

PTP: 16/8 CRT and keyboard

PTR: 16/8 CRT and keyboard

TTY: Serial modem port

uci: Inter-processor communication channel
ULt: Parallel printer port

UP1: Serial printer port

UP2: Inter-processor communication channel
UR2: Inter-processor communication channel

UR1: Serial printer port
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In the 16/8 configuration, an application program running on the 8086

can communicate with an application program running on the Z80-A

through the inter-processor communication channel by changing the

I/OBYTE value and using console input and console output functions.

INPUT

A0 = Stop 8086
A1l = Start 8086
OUTPUT

A0,D7 = 1:Lock 8086
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1/0 PORT ASSIGNMENTS

Note: These input/output ports are accessible by the Z80-A only. The
8086 microprocessor on the 16/8 cannot access these /0 ports.

Port #  Assignment

(hex)
00 Channel A Baud Rate (Modem) (write only)
01 Channel A Baud Rate (Modem) (write only)
02 Channel A Baud Rate (Modem) (write only)
03 Channel A Baud Rate (Modem) (write only)
04 S0 Channel A (Modem) Data
05 SIO Channel B (Printer) Data
06 SI0 Channel A (Modem) Control
07 SI0 Channel B (Printer) Control
08 GP-PIO Channel A Data
09 GP-PIO Channel A Control
0A GP-PIO Channel B Data
0B GP-PIO Channel B Control
0cC Channel B Baud Rate (Printer) (write only)
oD Channel B Baud Rate (Printer) (write only)
OE Channel B Baud Rate (Printer) (write only)
OF Channel B Baud Rate (Printer) (write only)
10 Floppy Disk Controller Status/Command Register
Fixed Disk PIO Channel A Data
" Floppy Disk Controller Track Register
Fixed Disk PIO Channel A Control
12 Fixed Disk PIO Channel B Data
Floppy Disk Sector Register
13 Fixed Disk PIO Channel B Control
Floppy Disk Data Register
14 CRT Scroll Register (write only)
15 CRT Scroll Register (write only)
16 CRT Scroll Register (write only)
17 CRT Scroll Register (write only)
18 CTC Channel 0
19 CTC Channel 1

1A CTC Channel 2
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1/0 PORT ASSIGNMENTS continued
Port#  Assignment

(hex)

1B CTC Channel 3
1C System PIO Channel A Data
1D System PIO Channel A Control
1E System PIO Channel B Data (keyboard)
1F System Pio Channel B Control (keyboard)
(20-27 not used and not available)
28 Speaker cone push (write only)
29 Speaker cone pull (write only)
(2A-2F not used and not available)
30 Select Single Density
31 Select Double Density
(32-33 not used and not available)
34 Reset CRT Font Generator to ROM #1 (write only)
35 Reset CRT Font Generator to ROM #2 (write only)
36 Set Low-Light Video Mode (write only)
(37-67 not used and not available)
68 Asynchronous Communications (write only)
69 Synchronous Communications (write only)

80-9F Reserved

FE - FF Reserved

A0-A3 16/8 CPU Board

A4 - AF Reserved

BO - BF Reserved
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ROM Operating System Interface

The 820-1 and 16/8 also provide a series of ROM operating system jump
vectors that can be accessed by a program executing on the Z80-A for
other functions available on the 820-11 and 16/8. It is important to note
that these should be used only when the necessary service is not
provided by the operating system. Use of these ROM services makes the
program un-transportable to most other computers. Also, use of the
ROM operating system 1/O services may make the program inoperable
under the dual CP/M-80/86 system.

CRT Overview

The CRT functions involve the moving of characters to the CRT RAM and
character display. (The entry points described in this section are in the
Monitor; see IOBYTE, starting on page 167 for BIOS display-related calls).
CRTOUT simply displays a character at the cursor position and increments
the cursor. FASTCRT also displays a character at the cursor position, but
keeps track of and returns information about characters lost at the end
of a line, deleted characters, etc. SETCUR stores a CRT RAM address;
OUTCUR then stores a character at this address. CRTLDIR will move a
block of memory (or group of characters to or from CRT RAM).

CRT Output

Entry Point: FOOCH

Function(s) At the current cursor position, display the
character in register A or perform the special
function defined by the character sequence
supplied in consecutive calls to CRTOUT.

Arguments: (A) = thecharacter to display

Value(s) Returned: None

Registers Saved: All

Errors Returned: None
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Fast CRT Output

Entry Point: FOOFH

Function(s): At the current cursor position, display the
character in register C or perform the special
function defined by the character sequence
supplied in consecutive calls to FASTCRT.

Arguments: (CO) = the character to display

Value(s) Returned:
Normal display (A) = character under the cursor
character: (HL) = CRT RAM address of the cursor

The special functions will return the following:
Character Insert (A) = character that was lost off the end
1B51h of the line
Character Delete (A) = character that was deleted
1B 57h
Line Insert The line that was lost off of the bottom of the
1B 45h screen is moved to the Command Processor’s

line buffer. This buffer is located immediately
after the Time-of-Day clock variables, whose
address is obtained by calling F039.

Line Delete The line that was deleted is moved to the line
1B 52h buffer as in Line Insert.

Line Feed The A register returns a flag indicating

0Ah whether or not the line feed caused the top

line to be lost (scrolled) (A = 0-scrolied, A 0
- not scrolled). If so, the line may be found in
the line buffer as in Line Delete.

Registers Saved: None

Errors Returned: None

Set Direct CRT Cursor

Entry Point: FO2DH

Function(s): Store the address passed in registers HL for use
in successive calls to Direct CRT Display.

Arguments: (HL) = CRT RAM address

Value(s) Returned: None

Registers Saved: None

Errors Returned: None
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Direct CRT Display
Entry Point:
Function(s):

Arguments:

Value(s) Returned:
Registers Saved:
Errors Returned:

CRT Memory Block Move

Entry Point:
Function(s):

Arguments:

Value(s) Returned:
Registers Saved:
Errors Returned:
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FO30H

Store the character in Cin the CRT RAM at the
Direct Cursor location. The normal cursor is
unaffected. The direct cursor address is
incremented, however line/screen overflow is
not processed.

() = charactertodisplay

(HL) = CRT RAM address

None

None

None

FO33H

This entry point moves a memory block to/from
or within the alternate memory bank. It
functions like the Z80-A LDIR instruction
except that it also takes care of switching
memory banks. When data is transferred
between Bank 0 and Bank 1, source data is first
moved to the internal line buffer, then the
memory bank is switched and the data saved in
the internal buffer is transferred to its
destination. This sequence of operations is
repeated until all source data has been
transferred. When data is transferred within
the CRT RAM, there is no internal buffering
performed.

(HL) = source address

(DE) destination address
(BC) number of bytes to move
(A) type of move

0if move CRT RAM to CRT RAM
0 if move system RAM to CRT RAM
(i.e., A=FFH)

> 0if move CRT RAM to System RAM

(i.,e., A=1)

HL, DE, BC updated as in LDIR instruction
None
None

Auwnn i
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Execute Physical Driver
This entry point is the heart of the disk system. Upon entry, register HL
must point to a nine-byte block of memory called the Physical Driver
Request Block (PDRB) which must be formatted as shown below:

00:

db

ds
db
dw
dw
dw

command ;FF

1
Ldrive
Track
Sector
Addre:

= Select
;00 = Write
;01 = Read

;for system use
;Logical Drive for request (00 - OF)
;Track number for request
;Sector number for request
33 ;Address of sector buffer for request

The byte holding the Logical Drive (HL + 02) is used to select the
appropriate physical disk driver by indexing into the Select Table to
obtain the driver unit as well as the driver entry point address. Byte
(HL +01) is filled with the physical unit number for this physical driver,
then control is passed directly to the physical disk driver.

User-written disk drivers may be linked into the Select Table if these
drivers conform to the virtual interface described. The following

command values (HL + 00) must be supported by any user generated
physical driver.

Entry Point:
Function(s):

FO2AH

FF - Select Media Format - This command
causes the disk driver to identify the mediain
the physical unit. Registers HL return pointing
to a CP/M-compatible Disk Parameter Header if
the media was successfully identified.
Otherwise HL contains zero.

This command may cause several disk accesses
because it must determine the disk’s density
and the number of sides. Therefore, it should
not be issued repeatedly, or system
performance may be affected. Xerox's CP/M
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Note:

Arguments:

Value(s) Returned:
If SELECT command:

If READ or
WRITE command:

Registers Saved:

162

issues this command whenever a disk drive is
‘logged in’.
00 -- Write Sector - This command causes the
physical sector identified by bytes 03 through
06 of the PDRB to be written from the buffer
addressed by bytes 07 and 08. The acceptable
values for Track and Sector vary with different
physical disk drivers.
01 -- Read Sector - This command causes the
physical sector identified by bytes 03 through
06 of the PDRB to be read into the buffer
addressed by bytes 07 and 08. The acceptable
values for Track and Sector vary with different
physical disk drivers.
On read/write sector requests, the first physical
sector number on double density floppies is
actually 1; however, the PDRB must request
sector 0 for the first physical sector. The
second physical sector can be accessed with a
request for sector 1, etc. Single density
floppies access physical sector 1 by requesting
sector 1.
HL = address of Physical Driver Request
Block (PDRB)

HL = address of a CP/M-compatible Disk
Parameter Header if the media was
successfully identified

HL = 0 otherwise
(A) = 00ifnoerror
(A) = FFiferror
None
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Printer Overview

The Monitor printer entries SIOST, SIOIN, SIOOUT, and SIORDY are those
functions which check status and provide for input and output for SIO
Channel B, a serial printer. Printer protocols are processed only by the

S10 Channel B entries.

SI10-B Input Ready Status

Entry Point:
Function(s):
Arguments:
Value(s) Returned:

Registers Saved:
Errors Returned:

S10-B Input Data
Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

S10-B Output Data
Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

FO12H
Get SIO Channel B input ready status.
None

(A) = 00if nodata available
(A) = FFifdataavailable
All except AF

None

FO15H

Get SIO Channel B input character. If an input
character is not ready, IDLE is called repeatedly
until one is ready.

None

(A) = character
All except AF
None

FO18H

Wait until the SIO Channel B transmitter is
ready (by calling SIORDY), then transmit the
character in (A). IDLE is called while the
transmitter is not ready.

(A) = character to transmit

None

None

None
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S10-B Output Ready Status

Entry Point: FO3FH

Function(s): Determine if the device connected to SIO
Channel B is ready to receive data. SIORDY
supports the configured printer protocol and
the DC1/DC3 (XON/XOFF) sequence.

Arguments: None

Value(s) Returned: (A) = 00if notready
(A) = FFifready

Registers Saved: All except AF

Errors Returned: None
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Communications Overview

Monitor entries for status and input/output are also provided for SIO
Channel A, which is generally used as a communications port. These
entries are COMINS, COMINP, COMOUT, AND COMOTS.

Communications Input Ready Status

Entry Point: FOSAH
Function(s): Get the SIO Channel A input ready status.
Arguments: None
Value(s) Returned: (A) = 00if notready
(A) = FFifready
Registers Saved: All except AF
Errors Returned: None

Communications Input Data

Entry Point: FOSDH

Function(s): Input character from SIO Channel A.
Arguments: None

Value(s) Returned: (A) = character

Registers Saved: None

Errors Returned: None

Communications Output Status

Entry Point: FO60H

Function(s): Determine if the SIO Channel A transmitter is
ready to accept data.

Arguments: None

Value(s) Returned: (A) = 00ifready

Registers Saved: All except AF

Errors Returned: None

Note: IDLEis not called by the Channel A drivers. Therefore, these
entries may be called by a user-written IDLE procedure. In this
manner, you may drive Channel A while other I/0 (disk, printer,
etc.) is pending.
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Keyboard Overview

The Monitor keyboard entries, KBDST and KBDIN, provide for keyboard
status and input. A 16 (decimal) key type-ahead FIFO is maintained for
the keyboard on an Etch 2 CPU.

Keyboard Status
Entry Point:
Function(s):
Arguments:

Value(s) Returned:

Registers Saved:
Errors Returned:

Keyboard Input
Entry Point:
Function(s):

Arguments:

Value(s) Returned:

Registers Saved:
Errors Returned:
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FOO6H
Determine if a keystroke is available.
None

(A) = 00ifno character available
(A) = FFifcharacter available

All except AF

None

FOO9H

Wait for keyboard input data. IDLE is called
while input is not available.

None

(A) = character
All except AF
None
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IOBYTE Directed /O

The IOBYTE function allows for physical-to-logical device mapping. This
mapping capability provides flexibility and device isolation for the user.
If IOBYTE-directed I/O is used, a program does not have to know which
devices are currently active; the Operating System will perform the
logical-to-physical I/0 mapping.

The mapping is based on the contents of IOBYTE, location 0003, which
defines the assignment of devices to the CONSOLE, READER, PUNCH, and
LIST devices. Monitor entries IOCONS, IOCONI, and IOCONO provide for
status of and input/output to the CONSOLE device. IOLIST and IOLSTS
provide for status of and output to the LIST device. In addition, the BIOS
has entries PUNCH and READER to access the Communications Channel.

Console Status through IOBYTE
Entry Point: FO4BH
Function(s): Get status of the assigned CONSOLE device by
dispatching request based upon the current
(bit) values of IOBYTE as follows:
00 - Comins

01 - Kbdst
10 - Siost
11 - Siost
Arguments: None
Value(s) Returned: (A) = 00if not ready
(A) = FFifready
Registers Saved: None
Errors Returned: None

Console Input through IOBYTE

Entry Point: FO4EH

Function(s): Get input from the assigned CONSOLE device
by dispatching request based upon the current
(bit) values of IOBYTE as follows:

00 - Cominp
01 - Kbdin
10 - Sioin
11 - Sioin

Arguments: None

Operating System Interface 167



Value(s) Returned:
Registers Saved:
Errors Returned:

(A) = character
None
None

Console Output through IOBYTE

Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

FO51H

Send output to the assigned CONSOLE device
by dispatching request based upon the current
(bit) values of IOBYTE as follows:

00 - Comout
01 - Fastcrt
10 - Sioout -
11 - Comout
(C) = characterto transmit
None
None
None

Printer Output through I0BYTE

Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

168

FO54H

Send output to the assigned LIST device by
dispatching request based upon the current
(bit) values of IOBYTE as follows:

00 - Comout

01 - Fastert

10 - Sioout

11 - Pioout (parallel printer)
(C) = characterto transmit
None
None
None
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Printer Status through IOBYTE

Entry Point:
Function(s):

Arguments:

Value(s) Returned:

Registers Saved:
Errors Returned:

FOS57H

Get status of the assigned LIST device by
dispatching request based upon the current
(bit) values of IOBYTE as follows:

00 - Comots
01 - Return ready
10 - Siordy

11 - Piosto (parallel printer)
None
(A) = 00if not ready
(A) = FFifready
All except AF
None
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Programmable Functions

The following are system exit points. They are provided to allow
application-specific activities on a 1-second interrupt, when an /O
request is pending or when a soft disk error occurs.

In order for the ROSR Monitor to call these functions, the address of your
routine must be patched into the appropriate Monitor vector table
entry. A vector table entry is in the following format (LSB/MSB means
Least/Most Significant Byte of address):

Byte 1 Byte2 Byte3
Jump Instruction  LSB MsB

For example, a jump to location F048H would look like:

Byte 1 Byte 2 Byte 3
c 48 FO

The application must first retrieve and save the address portion of the
appropriate vector table entry. (The saved address must be restored
when the application terminates.) After the vector table contents are
saved, the application must store the address of its programmed
function into the vector table entry (overwriting the previous contents).
You must be careful to replace only the address portion of the jump
instruction and to put the address bytes in the proper order.
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A sample code sequence for patching (using Z80-A assembly language):

Example
280
Secvec equ 0f048h ;accessible 1-second interrupt vector
Commrm equ 0c000h ;start of common memory
Syspio equ 1ch ;System piodata
Banksw equ 7 ;bank switch bit
aseg
org 100h
5 Initialization
3
Start: 1d hl,6) ;get highest available address under bdos
1d de,usrrou + usrsiz
or a
sbe hl,de ;if end of driver > highest available address
ip c,erext ;then exit with error message
1d hl,usrst ;if there is enough space, move user’s routine
1d de,commrm ;to common memory.
1d be,usrsiz
1dir
call swap ;swap clock vector with value at swpvec

;- Now the accessible 1-second interrupt has been changed

B to jump to the routine contained in the application program.

H The remainder of the application program would be here branching
B to the exit routine when it is time to go back to the operating

H system.

;
. *
H

;*  Your Program goes here *

M *

H

- On exit, swap clock vector again to restore original value.
Exit: call swap ;swap vectors back
ip 0 ;return to operating system
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Erext:

Usrst

Usrrou:

Usrsiz
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1d
1d
call

ip
equ

.phase

de,ermsg
c,9

5

0

commrm

;give error message
;print string function

This routine is executed as part of the 1-second interrupt,

service routine. It is possible for the CRT bank to be

enabled; this routine forces the RAM bank to be selected.
Also, because thisis executed as part of an interrupt service
routine, the interrupts do not need to be disabled during bank

switching.

in a,(syspio)
push af

res banksw,a
out (syspio),a
id hl(clkval)
inc hl

id (clkval),hl
1d hl(swpvec)
pop af

out (syspio),a
ip (hl)
.dephase

equ $-usrst

;read current value of system port
;& save current value away
sforce bank switch to ram bank

;get current value of clkval
;sincrement & save new value

;hl = previous address of clock vector

;get previous value of system port

;& restore it

;instead of returning so clock routines can
;be chained

Swap address at location Swpvec with address in jump vector

hl,secvec+1
be,(swpvec)

e,(hl)
(h),c
hl

d,(hD)

;point hl to one second vector
;bc = address new value for clock vector
;disable interrupts while changing vector
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1d (hl),b ;Clock vector = users Clock routine

1d (swpvec),de ;Save original vector for exit

ei sinterrupts ok now

ret
Clkval: dw 0 ;Flag to be checked by program
Swpvec: defw usrrou ;Save system’s 1-second vector here for exit
Ermsg: db "Not enough Space in common memory for program$’

end
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Accessible 1-second interrupt

Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

FO48H

This exit point is called by the real time clock
interrupt service routine once each second.
This user-programmed function must follow
the rules of interrupt service processing. Only
registers HL and AF may be used. Any other
registers must be saved/restored on the five
level stack provided. The address of your 1-
second interrupt processing routine must be
patched at FO49-FO4A. Your routine should
terminate with a jump to the address that was
in this vector table entry (F049-F04A) prior to
patching.

Currently, this function simply returns.

HL = 16-bit seconds counter

N/A

The service routine must preserve all registers
N/A

Processing While 1/0 Pending

Entry Point:
Function(s):
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FO66H

This exit point is called by SIOIN, SIOOUT,
KBDIN, and by the WD1797 and SA1403 disk
drivers when an I/O request cannot be satisfied
because the device is busy or not ready. It
provides the capability of performing other
activities while waiting for I/0. This entry must
function as an interrupt service routine. That
is, it must: switch to alocal stack (no system
stack space may be used), save ALL modified
registers (including flag register), perform its
function, restore all saved registers, and enable
interrupts.

The address of the idle processing routine must
be patched at FO67- F068. (When complete,
the idle processing routine should jump to the
contents of the vector table entry, FO67-F068,
prior to patching. This has effect of chaining
all idle processors together and ensures that
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each one has an opportunity to execute.) The
original contents of this vector should be
restored when the application completes.
Currently this function simply returns.

Arguments: N/A
Value(s) Returned: N/A
Registers Saved: You must save all registers
Errors Returned: N/A
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Soft Error Recording
Entry Point:
Function(s):

Arguments:

Value(s) to be
Returned by You:

Registers Saved:
Errors Returned:
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FO69H

This exit point is called by the WD1797 and
SA1403 disk drivers when a soft error occurs. It
provides you with the opportunity to record
and/or process occurrences of soft errors. The
address of your soft error processing routine
must be patched at FO6A-FO6B.

The address of the idle processing routine must
be patched at F067- F068. (When complete,
the idle processing routine should jump to the
contents of the vector table entry, FO67-F068,
prior to patching. This has the effect of
chaining all idle processors together and
ensures that each one has an opportunity to
execute.)

The original contents of this vector must be
restored when the application completes.
Currently this entry returns a non-zero
condition.

For WD1797:

HL = address of Physical Driver Request
Block (for Xqdvr)

(B) = currentretry down counter

For SA1403:

HL = address of Physical Driver Request

Block (for Xqdvr) command block + 1

(B) = currentretry down counter
(B) = number of retries desired
If (B) = 1(nomoreretries)

(A) = 00and Z(ero) Flag Set

no error returned to CP/M
=  FFand Z(ero) Flag Reset
error returned to CP/M
Currently, (B) is unchanged
(A) = FFand Z(ero) Flagis Reset
All except AF
None
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Miscellaneous Functions

Other Monitor entries are COLD which provides a software reset and
WARM which is an exit point from the system. GETSEL will return the
address of the logical-to-physical disk mapping table. DAYTIM returns
the address of the timer variables. CONFIG returns the system
configuration. SSP will initiate a screen print.

Cold Start
Entry Point:
Function(s):

Arguments:
Value(s) Returned:
Registers Saved:
Errors Returned:

Warm Start
Entry Point:
Function(s):

FOOOH

This entry point may be called at any time to
cause a Software Reset. The system is reloaded
from ROM and all I/O devices are re-initialized.
None

None

SP, HL, (SP) are saved at FFEO in RAM

No Return

FOO3H

This system exit point is called by the keyboard
interrupt service routine when <CTRL> +
<ESC> is touched. When executing the
power-on commands, (Typewriter, Host
Terminal, etc.), this exit point is set to the
address of the Command Processor Line
Scanner. Thus, <CTRL> + <ESC> isusedto
exit the various command processors. When
the L(oad) command enters the boot loader, it
directs the exit point to the Cold Start entry
point. Thiscauses <CTRL> + <ESC> to act
similar to pressing the RESET button.

You may load the address of your own
software-abort routine into locations F004-
FOO5. This routine must be located in the
upper 16k of RAM (above C000). Only the HL,
BC, and AF registers are available for use if the
routine RETurns to the keyboard interrupt
driver. Any other registers used must be saved.
Only five levels of stack space are available. All

Operating System Interface 177



rules of interrupt service processing must be
followed. For example, no calls may be made
to the system 1/O drivers. Typically, a routine
will set an abort flag that is monitored by the
application and then exit with a return
instruction. When the application sees the flag
set, it should proceed with its own abort
sequence.

To disable this function, simply patch a return
instruction at location F003 (overwriting the
jump operation code). The original contents
of this vector should be restored when your
application completes.

Arguments: N/A
Value(s) Returned: N/A
Registers Saved: N/A
Errors Returned: N/A
Get Disk Map Table Address
Entry Point: FO36H

Function(s):
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The address of the Logical to Physical disk
mapping table (see Appendix C) is returned in
registers HL. If register H is non-zero on entry,
the table address is stored in the two-byte
variable pointed to by HL. This allows easy
access by high level programming languages.
The table consists of two sections. The first
section contains sixteen two byte entries - one
for each logical CP/M drive. The first byte of
each pair indicates which physical disk driver to
activate for an I/O request; the second byte
specifies which physical unit within that
physical driver to access. These byte pairs may
be carefully rearranged with other byte pairs
in the table. They may even be removed or
overwritten, but they must not be duplicated
elsewhere in the table. The second part of the
table holds the addresses of eight physical disk
driver entry points. By convention, driver
number 0 always returns an error. Itis used to
force Select Errors on undefined logical drives.
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Arguments:

Value(s) Returned:

Registers Saved:
Errors Returned:

Driver number 1 controls all of the standard
disk systems. Additional virtual disk drivers
linked into this table, with appropriate values
in the first section, may be accessed through
the normal CP/M disk I/0 facilities.

H =0
-OR-
HL = address of integer variable where the

disk map table address will be stored

HL = address of the disk map table
If the H register was non-zero on
entry, the address of the disk map
table will also have been stored in the
address contained in HL on entry to
GETSEL.

None

None
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Get Address of Time-of-Day Variables

Entry Point: FO39H

Function(s): This entry is used to gain access to the timer
variables maintained by the system. Asin
GETSEL, if register H is non-zero on entry, it is
used as the address of an integer variable in
which to store the result. In any case, HL holds
the timer address on exit. The return address
points into the following structure (numbers
are decimal):

Milsec: ds 2 ;Location incremented by CTC1
; interrupt (if enabled)
ds 2 ;(unused)
Ticker: ds 2 ;Increments once per second
Steprt: ds 1 ;WD1797 step rate
Motor: ds 1 ;Disk Motor/Select timeout (1Hz)
HL- Day: ds 1 ;01-31
Month: ds 1 ;01-12
Year: ds 1 ;80-99
Hour: ds 1 ;00-23
Minute: ds 1 ;00-59
Second: ds 1 ;00-59
Linbuf: ds 80 ;Line buffer referred to in
; FASTCRT and CRTLDIR
Arguments: H =0
- OR -
HL = address of integer variable where the
address of the time of day variables
. will be stored
Value(s) Returned: HL = address of the time of day variables
If the H register was non-zero on
entry, the address of the time of day
variables will also have been stored in
the addressed contained in HL on
entry to DAYTIM.
Registers Saved: None
Errors Returned: None
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Get Configuration Status

Entry Point: FO3CH

Function(s): This entry point returns current configuration.
This function should be used to get the system
Revision level and status information such as:
what kind of disk system is present, the current
keyboard mask state, or other variable
information concerning the 820-11 or 16/8.
Only four status bits are currently defined (all
zero bits are reserved for system use), but more
may be added in later releases.

Arguments: H =0

-OR-

HL = address of integer variable where the
address of the configuration status
will be stored

Value(s) Returned: H = dvvvvvvy (Revision level)*100 - 400

d = 1 means CP/M-86 is loaded

0 means CP/M-86 is not loaded
For example: vvvvvvy is ROM Version # -400; i.e., 4.03 ROM
returns the value 3 in bits 0-6

Monitor level 4.03 (H) = (4.03)*100-400 = 3
= kddfLO0O where:
k = 0 7-bitkeyboard data
=1 8-bit keyboard data
dd = 00 Rigiddisk not present
= 10 8" 8-megabyte rigid disk present
f = 0 8" floppies present
=1 51" floppies present
L =1 Low Profile keyboard present
= 0  ASCll keyboard present
H = (revision level)*100 - 400
L = configuration status
If the H register was non-zero on
entry, the configuration status will
also have been stored in the address
contained in HL on entry to CONFIG.
Registers Saved: None
Errors Returned: None
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Start Screen Print
Entry Point:
Function(s):

Arguments:

Value(s) Returned:

Registers Saved:
Errors Returned:

FO45H

This entry point initiates background screen
print. Don’t change the screen during printing
or the printout won't be what you expect.
None

None

None

None

Documented System Storage and Structures

The documented system variables and structures include keyboard FIFO,
available memory pointers, disk mapping and driver selection tables, disk
command block and timer and clock variables. A listing of each of these
variables and structures is provided in Appendix C.
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SYSTEM DISPLAY

Modes of Operation
The display has two modes of operation, Display Character Mode and
Graphics Mode.

The CPU Board is equipped with a CRT display controller for use with a
video monitor as the system console output device. The refresh memory
for the CRT is bank-switchable from the system’s 64k byte memory space
and includes a hardware address translation circuit for high speed
scrolling. The Character Mode contains an output driver routine for the
CRT that emulates the characteristics of a typical stand-alone video
terminal. All character codes between 00 and 7F hex are directly
displayable on the screen. Each character is formed in a 5x8 dot matrix.
When the most significant bit of the character is set to " 1", the attribute
function is turned ON. One of three attributes may be chosen: Blink,
Low Intensity, or Inverse Video. Only one attribute can be displayed at a
time, and only those characters with the most significant bit set will show
the selected attribute.

To display an up arrow (09h) with an attribute, output a 09h character
using the CP/M function "Direct I/0” #6. A low-intensity up arrow (89h)
is displayed like all the other codes described above.

For more information on the CRT, see pages 15 to 17.
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Text Character set
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Graphics Character Set
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Programming Considerations

Display Character Mode

New characters are stored on the screen at the locations occupied by the
cursor. The cursor is then moved one space to the right. If the cursor is
positioned at a screen location occupied by a non-blinking character, the
presence of the cursor will be indicated by making the overlaid character
blink. If aline feed (0Ah = LF) is output when the cursor is on the
bottom line of the screen, the entire display is scrolled up one line and a
new blank line is created on the bottom. If the displayed character is
output when the cursor is in the right-most column of the screen, an
automatic carriage return and line feed are generated.

All characters codes between 20h and 7Fh are directly displayable on the
screen. All character codes between 00h and 1Fh are interpreted as

control characters. The video display may be controlled by these control
codes and escape sequences to perform screen manipulations.

Display Manipulation through CTRL codes

CONTROL SEQUENCES

Code Function

(hex)

05 Set cursor character as next character
06 Restore previous attribute mode
07 Bell

08 Backspace or cursor left

09 Horizontal tab

0A Line feed or cursor down

0B Cursor up

0cC Cursor right

0D Carriage return

" Clear to end of screen

18 Clear to end of line

1A Clear screen and home cursor

1B Escape

1E Home

1F Display next character direct
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DISPLAY CODE DESCRIPTION

The display control codes of the 820-1l and 16/8 PCs are downwardly
compatible with the original 820 with several advanced editing features
added. The following summarizes the effect of each of the display

codes.

05h

06h

07h

08h

09h
0Ah
0Bh

0Ch

CONTROL CODES

Set cursor character. After receiving this code, the next
character is interpreted as the code to be used as the
cursor. Only codes between 0 and 20 hex will be
accepted. The normal cursor code is 02h. The "space”
character (20h) is a special case used to eliminate the
display of a cursor. This is useful for displaying a screen
without a large, visibly-moving cursor for special effects.
Restore previous attribute mode. Whenever the
attribute mode is changed, the previous mode is
remembered. In this way, a program can set its own
attributes for unique display requirements, and then
restore the mode that was in effect before the program
was run. Since the user may set a default attribute mode
with CP/M’s CONFIGUR program, it is desirable to restore
the default mode after if has been temporarily changed.
Bell. This code will sound a short tone to alert the
operator.

Backspace or cursor left. Moves the cursor one column
position to the left without altering the character under
the cursor.

Horizontal tab. Moves the cursor to the next tab stop.
Tabs are pre-set for every eighth column.

Line feed or cursor down. Moves the cursor down one
row without affecting the current column position.
Cursor up. Moves the cursor up one row without
affecting the current column position.

Cursor right. Moves the cursor one column position to
the right without altering the character under the cursor.
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0Dh

11h

18h

1Ah

1Bh

1Eh

1Fh

188

Carriage return. Returns the cursor to the first column
position of the current row.

Clear to the end of the screen. Changes all characters to
spaces beginning with the current cursor position to the
end of the screen. The position of the cursor remains
unchanged. Characters before the cursor remain
unchanged.

Clear to the end of line. Changes all characters from the
current cursor position to the end of the current line to
spaces. The cursor position is unchanged. Characters
before the cursor are unchanged.

Clear screen and home cursor. Clears the entire screen
and places the cursor in the home position (column 0,
row 0).

Escape. The first character of an escape sequence. These
sequences are explained on this page and the next.
Home Cursor. Moves the cursor to the home position
(column 0, row 0) without otherwise affecting the screen
display.

Display next character direct. After receiving this code,
the next character is displayed directly on the screen
without interpreting it as a special display function code.
This code is usually used to display control characters that
are not normally displayed by the ROSR.
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Display Manipulation through ESC codes

Listed below is a summary table of the multi-character sequences used to
manipulate the display. Each sequence’s effect is more fully described in
the text following the table. Note that all of these sequences are all
preceded by the escape character 1Bh.

ESCAPE SEQUENCES
<ESC> Function
followed by
28h Disable attribute display
29h Enable attribute display
2Ah Clear screen
30h Pass 7-bit keyboard data
31h Pass 8-bit keyboard data
34h Set blink attribute mode
35h Set graphics attribute mode
36h Set blink attribute mode
37h Set inverse video attribute mode
38h Set low intensity attribute mode
3Dh XY cursor position lead-in
45h Line insert
51h Character insert
52h Line delete
57h Character delete
28h Disable attribute display. Will cause all succeeding

characters displayed on the screen to unconditionally
have the upper bit reset, so that the selected attribute
mode will not be displayed. Display will continue in this
mode until changed by the <ESC> 29h sequence code.

29h Enable attribute display. Setting this mode will cause all
following characters displayed on the screen to
unconditionally have the upper bit set, thereby causing
the selected attribute mode to be displayed. This mode
will continue in effect until the <ESC> 28h code disables
it.
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2Ah

30h

31h
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Clear screen. This function clears the screen to spaces
with the cursor at the home position.

Pass only 7 bits of data from the keyboard. This is the
default setting at power-on (or reset), and is compatible
with the 820. This mode of operation does not allow
many of the unique codes generated by the keyboard to
be used by applications software. A corollary effect is
also automatically engaged in the 7-bit mode. Only 7 bits
of data will be passed to the video display screen. ASCI|
characters with the upper bit set will normally cause one
of the four attributes to be displayed (blink, lowlight,
inverse video, or graphics characters). The <ESC> 30h
code prevents this sometimes undesired feature.

Pass the upper bit of data from the keyboard. Using the
< CTRL> key along with certain keys will set the upper
(eighth) bit of that key, allowing these codes to be
processed as special function keys by applications
programs. The following 30 keys produce unique codes.

Ctrl + Key Numeric Pad
(hex)

0 BO

1 B1

2 B2

3 B2

4 B4

5 BS

6 B6

7 B7

8 B8

9 B9
period AE
plus sign AB
minus sign AD
up arrow 81
down arrow 82
right arrow 83
left arrow 84
line feed 8A
DEL FF Reserved
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34h or 36h

35h
37h
38h

3Dh

Ctrl +Key Main Keyboard
(hex)

91

92

93

94

95

96

97

98

99

9A

backspace 88 Reserved
tab 89

return 8D  Reserved

PO NOUAWN =

Set blinking attribute mode. This code will not actually
begin displaying blinking characters on the screen.
Note: All the “set attribute mode” code sequences work
in the same manner. An <ESC> 29h sequence is used to
enable the display of the attribute characters, or storing
characters on the screen with the upper bit set, as
described above. Thus, any of the different attribute
modes can be selected without affecting the screen
display as long as there are NO characters on the screen
with the upper bit set. If there ARE characters displayed
on the screen with upper bit set, changing attribute
modes will cause an IMMEDIATE change in the way the
upper bit characters are displayed, depending on the
attribute mode selected.

Set graphic character attribute mode. See Note: above.
Set inverse video attribute mode. See Note: above.

Set low intensity attribute mode. See Note: above.

It should be noted that low intensity is the default
attribute mode. The CP/M CONFIGUR program allows
you to select your own default attribute mode.

Position the cursor to the location indicated by the
following two row and column codes. The “home"
position is designated as row 0, column 0. An offset of 20
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45h

51h

52h

57h
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hex must be added to the X and Y position codes. The
positioning formula is:

ESC = (X +20h) (Y + 20h)

where legal X (row) values are between 0 and 23 and
legal Y (column) values are between 0 and 79.

Line insert. Will move the entire line on which the cursor
resides down one line, filling the cursor line with spaces,
and causing the line on the bottom of the screen to
disappear. (It is actually moved to the internal command
line buffer for the monitor so that applications programs
wishing to preserve the bottom line are able to do so.)
The actual position of the cursor will not change.
Character insert. Will insert a space at the current cursor
position, causing the character under the cursor and all
characters after the cursor to be shifted one position to
the right. The last character on the line will disappear.
The cursor position will remain unchanged and the
character under the cursor will be the inserted space. No
other lines will be affected. The character that was "lost”
at the end of the line will actually be placed into the A
register and the HL register will be pointing to the
current cursor position upon return from the Fast CRT
jump vector entry point (OFO0Fh) so that applications
programs can preserve this character.

Line delete. Similar to the line insert function except that
the line on which the cursor resides will be deleted from
the screen (and moved to the line buffer as described
above), and all lines below it will be moved up one line.
The position of the cursor will be unchanged.

Character delete. This function will delete the character
under the cursor and cause all characters to the right of
the cursor to move one position to the left. The last
character position of the line will be replaced by a space.
The cursor position will be unchanged and the character
under the cursor will now be the character that was to
the immediate right of the cursor before the character
delete operation. The deleted character will be placed
into the A register and the HL register will be pointing to
the current cursor position upon return from the Fast CRT
jump vector entry point (OFO0Fh) so that applications
programs can preserve this character.
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54h Clear to End of Line. Changes all characters from the
current cursor position to the end of the current line to
spaces. The cursor position is unchanged. Characters
before the cursor position are unchanged.

59h Clear to End of Screen. Changes all characters to spaces
beginning with the current cursor position to the end of
the screen. The position of the cursor remains
unchanged. Characters before the cursor position
remain unchanged.
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ASCIl Keyboard

Main Key Array: 50 keys plus 3 modifier keys

(Alpha Lock, Shift, and Control)
Numeric Key Pad: 20 keys to the right of the main array
Cursor Keys: 4 keys on numeric key pad
Interface U.S. ASClI-Coded Parallel Interface
Engraving: U.S. Standard ASCII Keycaps

The electronic keyboard uses a standard 96-character ASCll keyboard. A
ten-key numeric pad is included for typing statistical material. Parallel
output is standard. A list of the output codes (in hex) for the Unshifted,
Shifted, and CTRL + sequences for this keyboard begins on page 198.

Auto-Repeat

When an auto-repeat key is pressed, the following will be generated:
® internal code output
® pause of 0.5(% 0.1) seconds
® repeat code output at rate of 16 (+ 1) characters per second
® code output terminates immediately upon release of key

Repeat Keys Keystation
- (minus) 12
= (equal) 13
backspace 14
delete 15
return 50
line feed 51
up arrow 52
X 58
. (period) 65
/ (slash) 66
left arrow 68
down arrow 69
right arrow 70
space bar 74
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Function Key Priority

When more than one function key is pressed, the output will use the
function key with the highest priority. The priority of the function keys
in descending order is: Shift, CTRL, Lock, Unshifted.

Function Key Uses
The Shift function (keystations 56 and 57) causes production of shift-key-
codes. Affected keystations are:

Key Keystation Key Keystation
1 2 A 39
2 3 S 40
3 4 D 41
4 5 F 42
5 6 G 43
6 7 H a4
7 8 J 45
8 9 K 46
9 10 L 47
0 " ; (semi-colon) 48
- (minus) 12 ' (apostrophe) 49
= (equal) 13

' z 57
Q 21 X 58
w 22 C 59
E 23 Vv 60
R 24 B 61
T 25 N 62
Y 26 M 63
u 27 , (comma) 64
| 28 . (period) 65
(o] 29 I (slash) 66
P 30
[ 31
] 32
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Alpha Lock

The Alpha Lock key (keystation 38) mechanically locks in the down

position when first pressed and releases when pressed a second time.
The Alpha Lock key activates the Shift key function for the keystations

listed below.

A
()
<

OVwPIVO~-C<—HIMZO

CTRL

The CTRL key (keystations 73 and 75) allows almost every key on the

Keystation

21
22
23
24
25
26
27
28
29
30
39
40
41

A
()
<

ZZW<AXNCrAR-TQ™

Keystation

42
43
44
45
46
47
57
58
59
60
61
62
63

board to have a second or third output code. The CTRL key is used in
conjunction with the alphabetic keys as function keys and to access the

complete set of ASCll codes.

The chart beginning on the next page lists the output codes in hex for
the Unshifted, Shifted, and CTRL + sequences for the ASCII keyboard.

Bolding indicates a Reserved key.
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Key # Unshifted Shifted CTRL +

Help 01 1E 1E 9E
1 02 31 21 91
2 03 32 40 92
3 04 33 23 93
4 05 34 24 94
5 06 35 25 95
6 07 36 SE 96
7 08 37 26 97
8 09 38 2A 98
9 10 39 28 99
0 " 30 29 90
- (Minus) 12 2D SF 1F
= (Equal) 13 3D 2B 9A
Backspace 14 08 08 88
Del 15 7F 7F FF
- (Minus - pad) 16 2D 2D AD
7 (pad) 17 37 37 B7
8 (pad) 18 38 38 B8
9 (pad) 19 39 39 B9
Tab 20 09 09 89
q 21 7" 51 "
w 22 77 57 17
e 23 65 45 05
r 24 72 52 12
t 25 74 54 14
y 26 79 59 19
u 27 75 55 15
i 28 69 49 09
o 29 6F 4F OF
p 30 70 50 10
[ 31 58 78 1B
] 32 5D 7D 1D
ESC 33 1B 1B 98
+ (Plus - pad) 34 28 2B AB
4 (pad) 35 34 34 B4
5 (pad) 36 35 35 BS
6 (pad) 37 36 36 B6
Lock 38 --- -
a 39 61 41 01
s / 40 73 53 13
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Key ) # Unshifted Shifted CTRL +

d 41 64 44 04
f 42 66 46 06
g 43 67 47 07
h 44 68 48 08
j 45 6A aA 0A
k 46 68 4B 0B
| 47 6C 4c 0C
; (Semi Colon) 48 3B 3A 7E
' (Apostrophe) 49 27 22 60
Return 50 oD 0D 8D
Line Feed 51 0A 0A 8A
Up Arrow 52 81 81 01
1 53 31 31 B1
2 54 32 32 B2
3 55 33 33 B3
Left Shift 56 - - -
z 57 7A 5A 1A
X 58 78 58 18
C 59 63 43 03
v 60 76 56 16
b 61 62 42 02
n 62 6E 4E OE
m 63 6D 4D (1]>]
.(Comma) 64 2C 3C 1C
. (Period) 65 2E 3E 7C
/(Slash) 66 2F 3F 5C
Right Shift 67 - - -
Left Arrow 68 84 84 04
Down Arrow 69 82 82 . 02
Right Arrow 70 83 83 03
0 71 30 30 BO
. (Period - pad) 72 2E 2E AE
Left CTRL 73 - - -
Space 74 20 20 00
Right CTRL 75

--- = Function key
Bolding = Reserved key
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Low Profile Keyboard

Main Key Array: 50 keys plus 3 modifier keys
(Alpha Lock, Shift, and Control)

Numeric Key Pad: 18 keys to the right of the main array

Function Keys 12 keys above main array key pad labelled F1
through F12

Cursor Keys: 5 keys to the right of the main array including
Home key

Other Keys: 7 keys to the right of main array such as Help,
Accept, Delete, etc.

Interface U.S. ASClI-Coded Parallel interface

Engraving: U.S. Standard ASCII Keycaps

The electronic keyboard uses 97 key positions, follows the standard 96-
character ASCll keyboard layout, and has one level of position-encoding.
All keys generate their own unique position code on both the up and
downstroke. Two bytes of data, command status and position, are
output for each unique key motion. Parallel output is standard.

The standard output is two bytes of serial data. (A third byte will be used
for mouse data.) Each byte is composed of a start bit, eight data bits, and
astop bit. The bytes are spaced 700 (+ 150) microseconds apart. The
first byte, or command status word, defines the status of the keyboard
and the meaning of the data in the next byte. The second byte, or
position word number one, defines the position of the key. If mouse
data is present, this byte defines the X movement of the mouse. The
third byte, or position word number two, defines the Y movement of the
mouse. Note that the third byte is present only for mouse data.

Data Format

Command Status Word

Bit0 Alpha Lock

Bit 1 Shift - Left or Right
Bit2 Control - Left or Right

Bit3 Mouse Data

Bit4 -Xifset; +Xor0if notset

Bit5 -Yifset; +YorQif notset

Bit6 Up/Downstroke (up = set)

Bit7 Always Set (indicates command staus word)
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Data Format continued

Position Word Number One

Bit0-6 XY position or mouse travel (AX Magnitude)
Bit7 Never Set - Indicates Data Word

Position Word Number Two (Only if mouse data)
Bit0-6  Mouse Travel (AY Magnitude)
Bit7 Never Set - Indicates Data Word

Keyboard Handler

The 16/8 operating system comes standard with the ASCII keyboard
handler. This handler is not compatible with the optional position-
encoded Low Profile Keyboard. The position-encoded keyboard handler
and translation tables are located in the fourth ROM. The 16/8 system,
when booting, identifies the position-encoded keyboard by checking the
presence of the fourth ROM. If detected, a subroutine call is made to the
fourth ROM to move the position-encoded keyboard handler and
translation tables to RAM.

The position-encoded keyboard handler inputs the keyboard command
bytes and key-station codes. The command bytes identify the required
action to be taken by the handler, and the valid keystation codes are
used to index into the translation tables to recover the translated
hexadecimal codes. The position-encoded handler returns the translated
code to the ASCIl keyboard handler to queue.

The keyboard handler has three keyboard translation tables. Each table
consisits of 102 decimal bytes. The tables are RAM resident, and define
the unshifted, shifted, and control + sequence states. The output codes
for these three states begin on the next page (bolding indicates a
Reserved key). The position-encoded keyboard handler listing can be
found in Appendix J.

The exception tables identify the repeat keys, inhibited keys, shift-lock
status, additional alpha lock codes, and mouse status. The mouse
interrupt handler translates the mouse movement into display
coordinates. The repeat key interrupt handler provides the timing for
the repeat key functions. The default keyboard table recovery restores
the ROM keyboard tables to RAM. The ROM tables contain only the U.S.
ASCIl translation codes.
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Key # Unshifted Shifted CTRL +

ESC 01 1B 18 98
1 02 31 21 91
2 03 32 40 92
3 04 33 23 93
4 05 34 24 94
5 06 35 25 95
6 07 36 SE 96
7 08 37 26 97
8 09 38 2A 98
9 10 39 28 99
0 1" 30 29 90
- (Minus) 12 2D SF 1F
= (Equal) 13 3D 2B 9A
Backspace 14 08 08 88
Tab 15 09 09 89
q 16 1Al 51 "
w 17 77 57 17
e 18 65 45 05
r 19 72 52 12
t 20 74 54 14
y 21 79 59 19
u 22 75 55 15
i 23 69 49 09
o 24 6F 4F OF
p 25 70 50 10
[ 26 58 78 1B
] 27 5D 7D 1D
Return 28 oD oD 8D
Left CTRL 29 --- --- -—-

30 61 41 01
S 31 73 53 13
d 32 64 44 04
f 33 66 46 06
g 34 67 47 07
h 35 68 48 08
] 36 6A 4A 0A
k 37 6B 4B 0B
| 38 6C 4c 0ocC
; (Semi Colon) 39 3B 3A 7E
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Key
‘' (Apostrophe)
Line Feed

Left Shift
. (Period 10-key)

J0< N XN

m
. (Comma)
. (Period)
/(Slash)
Right Shift
Help

Right CTRL

Space
Lock

F1
F2
F3
F4
F5
F6
F7

, (Comma)
4
5

Keyboards

Unshifted

27
0A

2E
7A
78
63
76
62
6E
6D
2C
2E
2F

1E

Shifted

22
0A

2E
5A
58
43
56
42
4k
4D
3C
3E
3F

1E

CTRL +

60
8A

AE
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Key # Unshifted Shifted CTRL +

6 77 36 36 B6
Enter 78 oD 0D 3D
1 79 31 31 B1
2 80 32 32 B2
3 81 33 33 B3
0 82 30 30 BO
Next 83 E7 E7 c7
Down Arrow 84 82 82 02
Left Arrow 85 84 84 04
Right Arrow 86 83 83 03
Home 87 80 80 1E
Up Arrow 88 81 81 01
Prev 89 E6 E6 Cé
Accept 90 FD FD DD
Del 91 7F 7F FF
+ (Plus) 92 2B 2B AB
- (Minus) 93 2D 2D AD
x (Multiply) 94 2A 2A AA
+ (Divide) 95 2F 2F AF
Blank Key 96 FO FO DO
Undo 97 18 18 DE
Mouse:

Switch 1 98 8E 8E 8E
Switch 2 99 8F 8F 8F

--- = Function key
Bolding = Reserved key

Note: Approximately 1,000 of the first-issued Low Profile keyboards
will generate a unique code for the Enter key (10-key pad).
These keyboards can be identified by reading the ROM sign-on
message when you turn on the display. If your monitor
displays a (V13) message you have one of the first 1,000 units
and the Enter key output codes are BDh, BDh, and FEh. With
(V16) and higher ROM levels, the Enter Key generates the
codes listed above.
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Auto-Repeat

When an auto-repeat key is pressed, the following will be generated:
® internal code output
® pauseof 0.5(% 0.1) seconds
® repeat code output at rate of 16 (* 1) characters per second
® code output terminates immediately upon release of key

Repeat Keys Keystation
- (minus) 12
= (equal) 13
backspace 14
return 28
line feed 41
X 45
. (period) 52
/ (slash) 53
space bar 57
down arrow 84
left arrow 85
right arrow 86
up arrow 88
delete 91

Function Key Uses

The Shift function (keystations 42 and 54) causes production of shift-key-
codes. Since every keystation is position-encoded, almost all keys output
a unique hex code. For a complete list, refer to the Low Profile Keyboard
Keystation chart beginning on page 202.

The Alpha Lock key (keystation 58) locks in the down position when first
pressed (the red led light comes on), and releases when pressed again.
The Alpha Lock key activates the Shift key function for the keystations
listed in the chart on the next page.
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Key Keystation Key Keystation
Q 16 F 33
w 17 G 34
E 18 H 35
R 19 J 36
T 20 K 37
Y 21 L 38
U 22 z 44
| 23 X 45
o 24 C 46
P 25 \ 47
A 30 B 48
S 31 N 49
D 32 M 50

The CTRL keys (keystations 73 and 75) allow almost every key on the
board to have a second or third output code. The CTRL keys are used in
conjunction with the alphabetic keys as function keys and to allow access
to the complete set of ASCH codes.
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Disk Drive Specifications

SA400L (51" Single-sided floppy)

Single
Density
Capacity
Unformatted 125 k bytes
Formatted 90 k bytes
Usable 81 k bytes
Transfer Rate 125 k bits/sec
Latency (average) 100 Ms
Access Time
Track to Track 20 Ms
Average 275 Ms
Settling Time 20 Ms
Rotational Speed 300 RPM
Recording Density 2768 BPI
Flux Density 5536 FCI
Track Density 48 TPI
Tracks 40
R/W Heads 1
Physical Sectors per track 18
Bytes per Sector 128
Encoding Method FM

DC Voltage Requirements
+12Vdc * 5% @1.80A Maximum, 0.9A Typical
+5Vdc * 5% @0.70A Maximum, 0.5A Typical

Power Dissipation

13.3 Watts (45.3 BTU/Hr) Continuous (Typical)
7.3 Watts (24.9 BTU/Hr) Standby (Typical)

Disk Drive Specifications

Double
Density

250 k bytes
168 k bytes
155 k bytes

250 k bits/sec
100 Ms

20 Ms
275 Ms
20 Ms
300 RPM
5536 BPI
5536 FCI
48 TPI
40

1

17

256
MFM
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SA450 (51" Double-sided floppy)

Single Double
Density Density
Capacity
Unformatted 250 k bytes 508 k bytes
Formatted 180 k bytes 338 k bytes
Usable 172k bytes 322 k bytes
Transfer Rate 125 k bits/sec 250 k bits/sec
Latency (average) 100 Ms 100 Ms
Access Time
Track to Track 20 Ms 20 Ms
Average 275 Ms 275 Ms
Settling Time 15 Ms 15 Ms
Rotational Speed 300 RPM 300 RPM
Recording Density 2938 BPI 5876 BPI
Flux Density 5876 FCl 5876 FCI
Track Density 48 TPI 48 TPI
Tracks 40 40
R/W Heads 2 2
Physical Sectors per track 18 17
Bytes per Sector 128 256
Encoding Method FM MFM

DC Voltage Requirements
+12Vdc + 5% @1.80A Maximum
+5Vdc * 5% @0.70A Maximum

Power Dissipation

11.5 Watts (40 BTU/Hr) Continuous (Typical)
7.3 Watts (25 BTU/Hr) Standby (Typical)
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SA800 (8" Single-sided floppy)

Capacity
Unformatted
Formatted
Usable

Transfer Rate
Latency (average)
Access Time
Track to Track
Average
Settling Time
Head Load Time
Rotational Speed
Recording Density (inside track)
Flux Density
Track Density
Tracks
R/W Heads
Physical Sectors per track
Bytes per Sector
Encoding Method

AC Power Requirements
60Hz + 0.5Hz

Single
Density

400 k bytes
250 k bytes
241 k bytes

250 k bits/sec
83 Ms

8 Ms
210 Ms
8 Ms
35Ms
360 RPM
3268 BPI
6536 FCI
48 TPI
77

1

26

128

FM

115V ac 85t0 127V @ 0.4 A typical

DC Voltage Requirements

+24Vdc * 5% 1.3 Atypical

+5Vdc * 5% 0.8 A typical
-5Vdc * 5% 0.5A typical

Heat Dissipation = 274 BTU/hr typical (80 watts)

Disk Drive Specifications

Double
Density

800 k bytes
497 k bytes
482 k bytes

500 k bits/sec
83 Ms

8 Ms
210 Ms
8 Ms
35Ms
360 RPM
6536 BPI
6536 FCI
48 TPI
77

1

26

256
MFM
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SA850 (8" Double-sided floppy)

Capacity
Unformatted
Formatted
Usable

Transfer Rate
Latency (average)
Access Time
Track to Track
Average
Settling Time
Head Load Time
Rotational Speed
Recording Density (inside track)
Flux Density
Track Density
Cylinders
Tracks
R/W Heads
Physical Sectors per track
Bytes per Sector
Encoding Method

AC Power Requirements
60Hz * 0.5Hz

115V ac 85t0 127 V@ 0.35 A Max

DC Voltage Requirements
+24Vdc * 10% 1.0 A Max
+5Vdc * 5% 1.1 A Max

Single
Density

800 k bytes
500 k bytes
490k bytes

250 k bits/sec
83 Ms

3 Ms

91 Ms
15 Ms
50 Ms
360 RPM
3408 BPI
6816 FCi
48 TPI
77

154

2

26

128

FM

Heat Dissipation = 200 BTU/hr typical (60 watts)

210

Double
Density

1.6 M bytes
1 M byte
980 k bytes

500 k bits/sec
83 Ms

3 Ms

91 Ms
15Ms
50 Ms
360 RPM
6816 BPI
6816 FCI
48 TPI
77

154

2

26

256
MFM

Disk Drive Specifications



SA1004 (8" Rigid)

Capacity
Unformatted
Formatted
Usable

Transfer Rate
Latency (average)
Access Time
Track to Track
Average
Maximum
Settling Time
Rotational Speed
Recording Density
Flux Density
Track Density
Tracks
Cylinders
R/W Heads
Physical Sectors per track
Bytes per Sector

AC Power Requirements
60Hz + 0.5 Hz

10.67 M bytes
8.4 M bytes
8.192 M bytes

4.34 M bits/sec
9.6 Ms

1 Ms

52 Ms
132 Ms
18 Ms
3125 + 3% RPM
6270 BPI
6270 FCI
172 TPI
1024
256

4

32

256

115V ac 90to 127V @ 1.1 A typical

DC Voltage Requirements

+24Vdc t 2.4V 2.8A Typical 3.3A Maximum 1000mv ripple P-P
-24Vdc * 2.4V 2.8A Typical 3.3A Maximum 1000mv ripple P-P
+5Vdc * 0.25V 2.0A Typical 2.5A Maximum 50mv ripple P-P
-5Vdc £ 0.25V .20 A Typical .25A Maximum 50mv ripple P-P

Heat Dissipation = 321 BTU/hr typical (94 watts)
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Floppy Disk Parameter Header (DPH)

When the physical disk driver is requested to identify the type of media
presently installed in the disk drive, it returns the address of a CP/M 2.2-
compatible disk parameter header in the HL register if the identification
was successful. The first word (address) of this data structure is the
address of the sector translate table. If the media is a single density disk
there will be an address in the first field; if the media type is double
density (or a rigid disk), the sector translate field of the disk paramater
header will be 0000. This is because the sectors are physically skewed on
the disk and the translate table is not necessary.

Single Density Logical/Physical Translate Tables

51" Single density

1,6,11,16,3,8,13,18,5,10,15,2,7,12,17,4,9,14

8" Single density

1,7,13,19,25,5,11,17,23,3,9,15,21,2,8,14,20,26,6,12,18,24,4,10,16,22
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The Disk Parameter Block (DPB)
The sixth address field in the disk parameter header (DPH) is the address

for a disk parameter block to describe the physical disk. Listed below are
the disk parameter blocks.

51" Single-Sided Single Density

Sectors Per Track (SPT) 18
Block Shift Factor (BSH) 3
Max. Rec. # in blk (BLM) 7
Extent Mask (EXM) 0
Total Storage capacity (DSM) 82
Total # of directory entries (DRM) 31
Allocation mask (ALO) 80H
Allocation mask (AL1) 0
Size of dir check vector (CKS) 8
Reserved tracks (OFF) 3

51" Single-Sided Double Density

Sectors Per Track (SPT) 34
Block Shift Factor (BSH) 3
Max. Rec. # in blk (BLM) . 7
Extent Mask (EXM) 0
Total Storage capacity (DSM) 156
Total # of directory entries (DRM) 63
Allocation mask (ALO) COH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 16
Reserved tracks (OFF) 3
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51" Double-Sided Single Density

Sectors Per Track (SPT) 18
Block Shift Factor (BSH) 3
Max. Rec. # in blk (BLM) 7
Extent Mask (EXM) 0
Total Storage capacity (DSM) 172
Total # of directory entries (DRM) 31
Allocation mask (ALO) 80H
Allocation mask (AL1) 0
Size of dir check vector (CKS) 8
Reserved tracks (OFF) 3

51" Double-Sided Double Density

Sectors Per Track (SPT) 34
Block Shift Factor (BSH) 4
Max. Rec. # in blk (BLM) 15
Extent Mask (EXM) 1
Total Storage capacity (DSM) 162
Total # of directory entries (DRM) 63
Allocation mask (ALO) COH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 16
Reserved tracks (OFF) 3

8" Single-Sided Single Density

Sectors Per Track (SPT) 26
Block Shift Factor (BSH) 3
Max. Rec. # in blk (BLM) 7
Extent Mask (EXM) 0
Total Storage capacity (DSM) 242
Total # of directory entries (DRM) 63
Allocation mask (ALO) COH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 16
Reserved tracks (OFF) 2

Disk Parameter Headers 215



8" Single-Sided Double Density

Sectors Per Track (SPT)

Block Shift Factor (BSH)

Max. Rec. # in blk (BLM)

Extent Mask (EXM)

Total Storage capacity (DSM)
Total # of directory entries (DRM)
Allocation mask (ALO)

Allocation mask (AL1)

Size of dir check vector (CKS)
Reserved tracks (OFF)

8" Double-Sided Single Density

Sectors Per Track (SPT)

Block Shift Factor (BSH)

Max. Rec. # in blk (BLM)

Extent Mask (EXM)

Total Storage capacity (DSM)
Total # of directory entries (DRM)
Allocation mask (ALO)

Allocation mask (AL1)

Size of dir check vector (CKS)
Reserved tracks (OFF)

8" Double-Sided Double Density

216

Sectors Per Track (SPT)

Block Shift Factor (BSH)

Max. Rec. # in blk (BLM)

Extent Mask (EXM)

Total Storage capacity (DSM)
Total # of directory entries (DRM)
Allocation mask (ALO)

Allocation mask (AL1)

Size of dir check vector (CKS)
Reserved tracks (OFF)

52
15
242
127
COH

32

26
15
246
127
COH

16

52
31
246
127
COH

32
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8" 8 Mb Rigid - Partition 1 - 4Mb

Sectors Per Track (SPT) 512
Block Shift Factor (BSH) 5
Max. Rec. # in blk (BLM) 31
Extent Mask (EXM) 1
Total Storage capacity (DSM) 3EFH
Total # of directory entries (DRM) 511
Allocation mask (ALO) FFH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 0
Reserved tracks (OFF) 1

8" 8 Mb Rigid - Partition 2 - 2Mb

Sectors Per Track (SPT) 512
Block Shift Factor (BSH) 5
Max. Rec. # in blk (BLM) 31
Extent Mask (EXM) 1
Total Storage capacity (DSM) 1EFH
Total # of directory entries (DRM) 511
Allocation mask (ALO) FFH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 0
Reserved tracks (OFF) 41H

8” 8 Mb Rigid - Partition 3 - 1Mb

Sectors Per Track (SPT) 512
Block Shift Factor (BSH) 5
Max. Rec. # in blk (BLM) 31
Extent Mask (EXM) 1
Total Storage capacity (DSM) EFH
Total # of directory entries (DRM) 511
Allocation mask (ALO) FFH
Allocation mask (AL1) 0
Size of dir check vector (CKS) 0
Reserved tracks (OFF) 61H
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8" 8 Mb Rigid - Partition 4 - 1Mb

218

Sectors Per Track (SPT)

Block Shift Factor (BSH)

Max. Rec. # in blk (BLM)

Extent Mask (EXM)

Total Storage capacity (DSM)
Total # of directory entries (DRM)
Allocation mask (ALO)

Allocation mask (AL1)

Size of dir check vector (CKS)
Reserved tracks (OFF)

512
31
EFH

511
FFH

71H
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Floppy Disk Physical Format

54" Single Density floppy disk track format.

Number Hex Value of
of bytes byte written
22 FF

00

FE (I.D. Address Mark)
Track Number

Side Number (00 or 01)
Sector Number

00 (Sector length)

F7 (2 CRC's written)

FF

0

FB (Data Address Mark)
E5 (Data field)

F7 (2 CRC's written)

FF

FF

m_.:;_.m_._._._._._._.;
sy
©

—_
o
purd

* This field is repeated 18 times.
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51" Double Density floppy disk track format.

Number
of bytes

50

N

[N N TT R

- N
NN

e

256

32
284

Hex Value of
byte written

4E

00

F5 (Writes A1)

FE (I.D. Address Mark)
Track Number

Side Number (00 or 01)
Sector Number

01 (Sector length)

F7 (2 CRC's written)

4E

0

FB (Data Address Mark)
ES5 (Data field)

F7 (2 CRC's written)

4E

4E

* This field is repeated 17 times.
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8" Single Density floppy disk track format.

Number Hex Value of
of bytes byte written
40 FF
6 00
1 FC (Index mark)
26 FF
00

FE (1.D. Address Mark)
Track Number

Side Number (00 or 01)
Sector Number

00 (Sector length)

TR O )

L p— F7 (2 CRC's written)
1 FF
0
FB (Data Address Mark)
128 ES (Data field)
1 F7 (2 CRC's written)
27 FF
247 FF

* This field is repeated 26 times.
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8 " Double Density floppy disk track format.

Number
of bytes

VI = W =0
o N O

N

UT = N = W N s o e a e ea W =
H g NN

247

Hex Value of
byte written

4E

00

F6 (Writes C2)
FC (Index mark)
4E

00

F5 (Writes A1)

FE (1.D. Address Mark)
Track Number

Side Number (00 or 01)
Sector Number

01 (Sector length)

F7 (2 CRC's written)

4E

0

F5 (Writes A1)

FB (Data Address Mark)
ES (Data field)

F7 (2 CRC's written)

4E

FF

* This field is repeated 26 times.
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Physical Disk Interleave

All double-density CP/M-formatted floppy disks have Track 0, Side 0
formatted in single density. Also, double density floppies have the
sectors physically skewed on the disk. This is done when the disk is
formatted with the CP/M-80 program INIT.COM. Listed below are
various physical sector placements for different system configurations
and different options formatted with the INIT program. MS-DOS format
information is listed on the next page.

1" Single Density
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 16, 17, 18

51" Double Density
1,7,13,2,8,14,3,9,15,4,10, 16,5, 11, 17,6, 12

8" Single Density
1,2,3,4,56,7,8,9,10,11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26

8" Double Density (820-11 option with WD1797 disk controller)
1,14,8,21,2,15,9,22,3,16,10,23,4,17, 11, 24,5, 18, 12, 25, 6, 19, 13,
26,7,20

8" Double Density (16/8 option with WD1797 disk controller)
1,22,17,12,7,2,23,18,13,8,3,24,19, 14,9, 4, 25, 20, 15, 10, 5, 26, 21,
16,11,6

8” Double Density (820-11 option with SA1403D disk controller)
1,10,19,2,11,20,3,12,21,4,13, 22,5, 14, 23,6, 15, 24,7, 16, 25, 8, 17,
26,9, 18

8” Double Density (16/8 option with SA1403D disk controller)

1,7,13,19,25, 2,8, 14, 20, 26, 3,9, 15, 21,4, 10, 16, 22, 5, 11, 17, 23, 6,
12,18, 24
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When the disk is formatted under the MS-DOS operating system, the
gaps and skews apply to both single- and double-sided disks.

51" IBM PC Format
512 bytes per sector x 8 sectors per track

GAP1
GAP2
GAP3

50
22
96

Interleave = 1:1
(1l 2l 31 4! 5' 61 7l 8)

51" IBM XT Format
512 bytes per sector x 9 sectors per track

GAP1
GAP2
GAP3

50
22
96

Interleave = 1:1
(1,2,3,4,5,6,7,8,9)

8” Microsoft Format
256 bytes per sector x 26 sectors per track

GAP1 = 50
GAP2 = 22
GAP3 = 24

Interleave = 1:2
(1,14,2,15,3,16,4,17,5,18,6, 19, 7, 20, 8, 21,9, 22, 10, 23, 11, 24,
12,25, 13, 26)
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Configuration Sector

The CONFIGUR.COM program writes the information listed below on
track 0 of double density disks only.

8" floppy: Track 0, Sectors 2 and 3

53" floppy: Track 0, Sectors 2 and 3

8" rigid: Track 0, Sector 204¢

8" rigid (2nd copy): Track 0, Sector 40¢¢

Byte offset
- 00-0e Partition 1 (E:) DPB

of 01H (256 byte/sector)

10-1e Partition 2 (F:) DPB

1f 01H (256 byte/sector)

20-2e Partition 3 (G:) DPB

2f 01H (256 byte/sector)

30-3e Partition 3 (G:) DPB

3f 01H (256 byte/sector)

40-de (Reserved for Rank Xerox language
use)

df Screen Attributes: 35h = Graphics, 36h =Blink,
37h = Inverse, 38h = Hi/lo Light

e0 Disk Head Step Rate:  0=3 msec, 1 =6 msec, 2= 10 msec,
3=15msec (msec x2if 53"

el 83h

e2 Keyboard bit mask 30h = 7-bit, 31h = 8-bit

e3-e7 CommPIOcommand 08 06 00 18 03

e8 Comm Rec. Wd Length  41h = 7-bit, c1h = 8-bit

e9 04
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ea

eb
ec

ed-f1
2
3
4

226

Stop Bit & Parity

05
Comm Transmit

Printer PIO Table
Receive

04

Stop Bit & Parity

05
Transmit

Clear-to-Send
80

Carrier Detect
81

Protocol

82

Comm Baud

Printer Baud

IOBYTE (280-A)

xx = List Device
yy = Console

0100 xxyy xx

yy

1xx01010  xx

T1
DTR CTS

08 07 00 18 03

=01
=11
=00
=01
=10
=11

=01
=1

1 stop bit

2 stop bits
no parity
odd parity
no parity
even parity

7 bit
8 bit

41h =7 bit, ¢1h = 8 bits/character

0100 xxyy xx

yy

1xx01010 xx

=01
=1
=00
=01
=10
=11

=01
=11

1 stop bit

2 stop bits
no parity
odd parity
no parity
even parity

7 bit
8 bit

00 =Ignore, 01 = Low, 10 =High

00 =Ignore, 01 = Low, 10 = High

ca =none, 00 = Xon/Xoff

Oxh (x = baud rate, see Appendix K

for complete list)

Oxh (x = baud rate, see Appendix K

for complete list)

xx 0000 yy
Default 00 01 10 11
LPT -~ CRT LPT -

CRT TTY CRT
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20 CPS Printer

The 20 CPS Printer (Diablo 620) is a serial printer designed for low-speed,
low-to-moderate output requirements of standalone word and data
processing business systems. The printer uses conventional data
interchange techniques and protocol at speeds up to 1200 Baud.

This printer produces a “typewriter” quality output of fully-formed
characters at a maximum of 20 Characters Per Second when printing
average English (Shannon) text at 10 pitch. Itincludes operating
features such as page formatting, graphics, positive and negative full
and half line feed, absolute horizontal and vertical tabbing, as well as 12
and 15 pitch and proportional spacing.

The 20 CPS printer features a new 98-character plastic printwheel with
automatic recognition of printwheel type and language. A “drop-in”
printwheel exchange system is also featured (printwheels may be
exchanged without removing the ribbon cartridge). The 20 CPS printer
features quick-change film ribbon cartridges and has printwheels
available in many languages and type styles.

Set the Switches Under the Front Cover

Check to be sure that the operating mode switches have been properly
set for use. These switches set the printer parameters when printer
power is turned on. If the switch settings are changed with the printer
turned on, the changes will not have any effect until the power to the
printer is turned off and then on again.

The switches are located to the left of the external control panel and are
covered when the front cover is in place. These switches control
operating modes and ordinarily do not require attention once they have
been set.

When using a 20 CPS Printer with your personal computer, all the

operating mode switches should be positioned to the right (off) except
for switch #8. It should be positioned to the left (on).
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Note: When using single strike ribbons, the 20 CPS Printer single strike
mode must be enabled. If single strike mode is not enabled, the print
quality will be unacceptable. See the Xerox 620 Printer (20 CPS) 630
Printer (40 CPS) Operators Guide, Order #610P72115, page 13, for
instructions on using single strike ribbons.

Using the Control Panel Switches

These four switches are located to the right of the Control Panel where
they are accessible to the operator with all covers on the machine.
These are momentary-action switches activated by a touch of the finger.

RESET: This switch will clear an “error” indication and return the printer
to operation. It will also return the printer to operation following a
PAUSE command.

PAUSE: Touching this switch will cause the printer to stop printing
without any loss of data, and the power indicator will go out. Printing is
continued by pressing the RESET switch.

LINE FEED: Touching this switch initiates a single line feed. Actioniis
repeated if the switch is held activated longer than 1/2 second. A line
feed code will not, however, be transmitted.

FORM FEED: Touching this switch initiates a form feed to the next top-
of-form position. A form feed code is not, however, transmitted.

The POWER Indicator
The power indicator glows whenever power is turned on to the printer
and will flash for the following conditions:

® A parity error was detected with the PARITY switch on.
® The printer buffer (memory) has overflowed.

® The printer didn’t receive a "Data Set Ready" signal.
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Operating Mode Switches
The following information is a brief explanation for each of the 20 CPS
Printer operating mode switches.

SWITCH
1

20 & 40 CPS Printers

EXPLANATION

110-300 BAUD: This switch selects 110 or 300
Baud as the speed at which the printer will
receive and transmit data. If 1200 Baud is
selected (#8 1200/0OPT switch ON), switch #1
doesn’t have any effect.

PARITY ODD-EVEN: Thisis used in conjunction
with Parity ON-OFF to determine the nature of
parity information handling.

PARITY ON-OFF: This switch enables parity
checking and parity information transmission
when on.

DC1/DC3: This switch is used to allow the
printer to operate with much faster host
systems without loss of data. When ON, special
characters (DC1/DC3) are transmitted between
the printer and the host automatically
whenever the print buffer (512 bytes) is either
nearly empty (DC1) or nearly full (DC3).

SELF TEST: If this switch is in the ON position
when the printer is turned on, the printer will
enter a self test mode and begin sequencing
through its self test program. The Control
Panel PAUSE and RESET switches may be used
to interrupt the self test sequence. To exit the
mode, the SELF TEST switch must be moved to
OFF and the power to the 20 CPS must be
turned off momentarily.

AUTO/LF: When ON, this switch enables the
printer to automatically advance the paper
one line with each carriage return. This
relieves the host system of the need to send a
line feed command with each carriage return
command.
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SWITCH EXPLANATION

7 PAGE SIZE: This switch enables setting page
size, used in the Top Of Form/Form Feed
function, to either the US standard 11" or the
European standard 12" page length.

8 1200/OPT: This switch, when ON, enables the
printer to receive and transmit data at a speed
of 1200 Baud.

Horizontal Motion Index (HMI)

/Vertical Motion Index (VMI)

Horizontal Motion Indexing refers to the horizontal distance that the
carriage moves for each character (or space) print command. Each
increment s 1/120" and standard HMI values for 10, 12, and 15 pitch are:

10-Pitch = 12/120"  12-Pitch = 10/120"  15-Pitch = 8/120"

Vertical Motion Indexing (VMI) refers to the vertical distance that the
paper moves for each line feed command. Each increment is 1/48".

Proportional Space provides its own HMI on a character to character
basis as shown in the following example:

HMI ESCUS (n)

VMI = ESCRS(n)
In the example above, (n) is the decimal value of an ASCII character
selected from the chart to produce the desired index value of (n-1). The
minimum index value is 0 and the maximum index value is 125 in either
the horizontal or vertical direction.

20 CPS Printer Operating Codes

The 20 CPS Printer uses two types of code to control the exchange and
storage of information and the format of the printout. They are escape
(ESC) codes, and control (CTRL) codes.

The ESC code (character) is used to pre-condition the printer logic to

recognize the characters following the ESC code and preceding a
carriage return as a command rather than print data.
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20 CPS Printer Command Codes

MARGINS AND FORMATTING

Set Top Page Margin ESC T (n)
(at current position)**
Set Left Margin ESC 9
(at current position)**
Set Right Margin ESC O
(at current position)**
Set Lines Per Page to (n)* ESC FF (n)
Set Bottom Page Margin ESC L
(at current position)**
Clear Top and Bottom Margins ESC C
Set Horizontal Motion Index to (n- 1)* ESC US (n)
Set Vertical Motion Index to (n - 1)* ESC RS (n)

Return HMI control to internal program  ESC S

CARRIAGE MOVEMENT

Absolute HT to print column (n)* ESC HT (n)
Enable Auto Backward Printing ESC /
Disable Auto Backward Printing ESC \
Forward Print Mode ON ESC 5
Backward Print Mode ON ESC 6

(Forward Print Mode OFF) (clear with <return>)

PAPER MOVEMENT

Absolute VT to line (n)* ESC VT (n)
Perform Negative Line Feed ESC LF
Perform Half-Line Feed ESC U
Perform Negative Half-Line Feed ESC D

Note: the bolded characters indicate a control code. See ASCII Chart,
page 234.

* (n) represents the decimal value of an ASCll character.

**  The Left and Right Margin positions must be set by using
SPACE and BACKSPACE commands from the Carriage Home
(RESET) position. The Top and Bottom Margin positions must
be set by using Line Feed commands or <return> from the
manually-set Top of Form postion.
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20 CPS Printer Command Codes continued

PRINTING
Graphics Mode ON (clear w/<return>) ESC 3
Graphics Mode OFF ESC 4
WORD PROCESSING COMMANDS
Proportional Space ON ESC P
(clear with <return>)
Proportional Space OFF ESC Q
Program Mode ON (clear with ESC X orSl) ESC SO M
Program Mode OFF ESC X
MISCELLANEOUS COMMANDS
Initiate Remote RESET ESC <ret> P
Print, Printwheel Character 20h ESC Y
Print, Printwheel Character 7Fh ESC 2
Print, Printwheel Character 80h ESC a
Print, Printwheel Character 81h ESC b
Print, Printwheel Character 82h ESC ¢
Print, Printwheel Character 83h ESC d
Enable Download of ESC SO DC2
Printwheel Conversion Table
Enter Remote Diagnostic Mode ESC SUB (enter option)

(see next page also)
When selecting the remote diagnostic mode, enter one of the
following options:
Remote Initialization |
Remote Error Reset R

STATUS 1 Request 1
RAM/ROM TEST SO
Enter TEST MODE ENQ

Note: the bolded characters indicate a control code. See ASCIi Chart,
page 234.
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Remote Diagnostics

Status 1 "Word"
0 - (unassigned)
1-10 Pitch

2 - (unassigned)

3 - (unassigned)

4 - (unassigned)

5 - Printer idle**

6 - (unassigned)

7 - UART Parity Bit

RAM/ROM Test "Word"
0-8041 RAM is bad
1-8041ROM is bad
2-6803 RAM is bad
3-6803 ROM is bad
(upper half 4K)
4-6803 ROM is bad
(lower half 4K)

5 - (unassigned)

6 - (unassigned)

7 - UART Parity Bit

Test Mode “"Word"

@, data byte
-8041 RAM data *

A - Perform RAM/ROM
check

B-Print 1 line swirltest

C-Print swirltest
continuously

D - Stop printing swirltest

$40, data byte- 6803 RAM
data*

DEL - Exit Test Mode

*  The Data Byte defines the RAM data address in ASClI code. The
response is two bytes: 1) STX, ($02); and 2) contents of the RAM

address requested.

**Print buffer empty and all printer motion complete.

20 & 40 CPS Printers
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234

COMMAND

ACK
BEL
BS
CAN
CR
DC1
DC3
DC4
DEL
DLE
EM
ENQ
EOT
ESC
ETB
ETX
FF
FS
GS
HT
LF

CONTROL CODE
CTRL F

CTRL G

CTRL BACKSPACE or H
CTRL X

CTRL <return>orM
CTRL Q
CTRL S

CTRL T

CTRL DEL
CTRL P

CTRL Y

CTRL E

CTRL D
CTRL  $or|
CTRL W
CTRL C

CTRL L

CTRL \

CTRL ¢

CTRL TABorl
CTRL LForl
CTRL U

CTRL 1-8
CTRL =
CTRL O
CTRL N

CTRL A

CTRL <space>
CTRL B

CTRL Z

CTRL V

CTRL -

CTRL K

CTRL 9

CTRL O

CTRL ¢

CTRL .

CTRL ;

CTRL /

CTRL

EQUIV. HEX CODE
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Specifications

Print Speed:

Character Set:

Printwheels:

Character Spacing:

Column Spacing:

Print Line:

Print Buffer:
Paper Width:

Carriage Speed:

Tabulation:

Line Spacing:
Paper Feed:
Paper Thickness:

Sensors:
Other Features:

20 & 40 CPS Printers

Up to 20 characters per second printing average
English (Shannon) text at 10 pitch.

98 character spaces consisting of 82 standard or
common character segments. The printer
supports several English and several foreign
language printwheels.

Plastic 98 character ASCl| Xerox. The printer will
automatically recognize printwheel pitch and
language requirements.

10-pitch = 10 characters/inch (3.94 ch/cm)
12-pitch = 12 characters/inch (4.72 ch/cm)
15-pitch = 15 characters/inch (5.91 ch/cm)

1/120 inch (.21mm) minimum.

13.2 inches (335.3mm)
132 columns 10 pitch
158 columns 12 pitch
197 columns 15 pitch

512 bytes.

13.2 inches (387.4mm) maximum - friction feed
platen.

1.7 seconds maximum for 13.2 inches (332.77mm)
of motion.

Left or right.
1/48 inch (.53mm) minimum.
Bidirectional.

1to 5 part forms; maximum overall thickness
.024" (.61mm).

End of ribbon, paper out, and cover open.

Self test; host program control through escape
sequences; data receive/transmit speed selection.
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Power Operation from nominal 120/220-240 volt AC
Requirements: inputs, 50-60 Hz. 120W maximum power
consumption. Check your printer’s serial plate for
proper input power.

Cabling Requirements

A standard RS-232-C interface cable is required for connection between
the screen and the printer. This cable must be equipped with DB-25P
connectors with the following pins connected:

PIN CCTT TELCO

NO. DESIG. DESIG. DESCRIPTION
1 101 AA Protective Ground
2 103 BA Transmitted Data
3 104 BB Received Data
4 105 CA Request To Send
6 107 cC Data Set Ready *
7 102 AB Signal Ground
20 108 cD Data terminal Ready

* Pin 6 must be HI to receive or transmit data.
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40 CPS Printer

The 40 CPS Printer (Diablo 630) is a medium-speed, daisy wheel serial
printer. The 40 CPS printer is capable of producing typewriter quality
output at speeds up to 40 characters per second with 88, 92, or 96
character metal printwheels (or 96 character plastic printwheel). The
version sold by Xerox Corporation for use with the 820-1l or 16/8 is a
Model 630R132 which has the HPRO5 PWA interface.

40 CPS Printer Versions

The 40 CPS Printer has three versions: Basic, Expanded, and Word
Processor. The feature differences among the three versions of the
HPROS terminal are primarily a function of the firmware installed on the
HPROS circuit board in the form of the programmed ROM (Read Only
Memory) devices and a nonvolatile RAM (Random Access Memory). The
version offered by Xerox for use with the 820-1l and 16/8 product uses the
basic configuration of the HPROS since printer control is taken by the
820-11 and 16/8 system software for such applications as Word Processing.

HPRO5 Communications Protocol
DC1/DC3 (XON/XOFF) protocol transmit a DC3 control code character
from the 40 CPS Printer under any of the following conditions:
® Print buffer (2688 bytes) nearly full (within 64 bytes)
Cover Open
Paper Out (only when printing is attempted)
End of Ribbon (only when printing is attempted)
Printer in CHECK condition
PAUSE switch depressed

A NAK character will be transmitted (in addition to the DC3) for: Cover
Open, Paper Out, End of Ribbon, and CHECK condition if the HPROS
firmware is level -03 or later, and if both DC1/DC3 and EXT/ACK are
enabled. The NAK character thus distinguishes the “error" condition
from Buffer Full and PAUSE. NAK is also sent when a parity error is
detected if parity checking is enabled. The error condition with the NAK
can be cleared by pressing RESET.
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The BUFFER FULL DC3 control character when transmitted by the 40 CPS
Printer will be followed by a DC1 control character when the printer
buffer (2688 bytes) is nearly empty (within 64 characters).

Setting the Switches Under the Access Cover
Check to be sure the printer has been set to the proper switch positions
for use with a Xerox Personal Computer.

®  Printwheel Select Switch. Set this switch to match the
particular type of printwheel being used. This ensures your
text will print correctly and prevents possible printwheel
damage or excessive wear.

Check your printwheel to determine if it’s plastic or metal and which
pitchitis. The available printwheel settings are:

88 Metal

92 Metal

96 Metal

96D Metal

APL Metal

APL Plastic

Plastic (Normally shipped with the printer)
Optional

ONourwNO

®

®  Spacing Select Switch. This switch selects the horizontal
spacing for character printout. Set this switch to 1 for 10
Pitch or 2 for 12 Pitch.

The available spacing settings are:

0: Proportional
1: 10 (Normally shipped with the printer)
2: 12
3: 15
4-9:  Self Test

®  Operating Mode Switches. When connecting the printer to a
Xerox Personal Computer, the switches to the right of the
Printwheel and Spacing switches should be positioned toward
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the front of the printer, except for the BAUD switch marked
120. It should be positioned toward the back of the printer.

The Power Indicator

The power Indicator should glow; the carriage should move to the left
slowly, and then back to the right, to stop at the first print position; the
printwheel should rotate and stop at its “home” position (i.e., the
“flag” on metal printwheels should be at the top if the Printwheel
Select switch - under the access cover - has been properly set). This
entire process is called the INITIALIZATION, RESET, or RESTORE
sequence. It clears all volatile memory, resets all position counters, and
sets the printer to print the first character.

Using The Operating Switches

These six switches are located in the right-hand area of the control panel
where they are accessible to the operator with all covers on the
machine. These are membrane-type, momentary-action switches
activated by a touch of the finger.

RESET Switch - This switch will restore the printer to normal operating
status following a printer check or an error condition, and clears all error
indicators.

SCROLL Switch - Touching this switch advances the paper a small amount
to give the operator a clear view of the last printed line. The paper is
automatically returned to the last printing position when the switch is
released.

LINE FEED Switch - Touching this switch initiates a single or a double line
feed operation, as selected by the DOUBLE L.F. MODE SWITCH. Action is
repeated if the switch is held activated longer than 600 msec. A line feed
code is not transmitted.

FORM FEED Switch - Touching this switch initiates a form feed to the
next top-of-form position. A form feed code is not transmitted.

HERE IS Switch - Touching this switch causes a special "Here s . .
message of up to 31 characters to be transmitted over the
communications link when operating in remote ASCIl mode with the
fully featured HPROS option installed. This is not used with the 820, 820-
II, or the 16/8.
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BREAK Switch - Touching this switch causes a break (250 msec space) to
be transmitted over the communications link when operating in remote
mode.

Reading The Control Panel Indicators
POWER - Indicates that AC power is applied to the 40 CPS Printer.

PRINT CHK* - Indicates that a print operation has been called for while
the printerisin a "check" condition. A check condition occurs when a
printwheel or carriage movement command has been received but
cannot be successfully completed due to a malfunction. This condition
disables the printer until a restore sequence clears the check condition.

RESET - Note that if the problem causing the check condition has not
been corrected when a restore sequence has been initiated, the check
will reappear as soon as printing is attempted.

PARITY - This indicator functions only if the PARITY ENABLE switch
(under the access cover) is ON. Itindicates detection of any of the
following types of errors:

® Incorrect parity sensed on received character.

®  Aframing error (no stop bit) detected on a received non-break
character.

®  Aserial data character detected with an excess number of bits.

When a parity error is detected, a DEL character is substituted for the
erroneous character.

OVERFLOW?* - Indicates that the printer’s print input memory (buffer) is
too full (has overflowed). Protocol has not been used properly.

RIBBON/PAPER* - Indicates end of ribbon has been reached or that the
printer is out of paper, and printing has been attempted.

COVER* - Indicates that printing was attempted with the cover open.
* These errors cause a break to be transmitted when the 40 CPS

Printer is in Remote mode if DC1/DC3 protocol has not been
selected.
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Horizontal Motion Index (HM1)

/Vertical Motion Index (VMI)

Horizontal Motion Indexing refers to the horizontal distance that the
carriage moves for each character (or space) print command. Each
increment is 1/120" and standard HMI values for 10, 12, and 15 pitch are:

10-Pitch = 12/120"  12-Pitch = 10/120"  15-Pitch = 8/120"

Vertical Motion Indexing (VMI) refers to the vertical distance that the
paper moves for each line feed command. Eachincrement is 1/48".

Proportional Space provides its own HMI on a character to character
basis as shown in the following example:

HMI = ESCUS (n)

VMI = ESCRS(n)
In the example above, (n) is the decimal value of an ASCII character
selected from the chart to produce the desired index value of (n-1). The
minimum index value is 0 and the maximum index value is 125 in either
the horizontal or vertical direction.

40 CPS Printer Operating Codes

The 40 CPS Printer uses two types of codes to control the exchange and
storage of information and the format of the printout. They are escape
(ESC) codes, and control (CTRL) codes.

The ESC code (character) is used to pre-condition the printer logic to
recognize the characters following the ESC code and preceding a
carriage return as a command rather than print data.

The CTRL key is used simultaneously with another key to generate an

ASCIl control signal to be used either internally or transmitted to the
receiving system.
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40 CPS Printer Command Codes

MARGINS AND FORMATTING

Set Top Page Margin ESC T
(at current position)**
Set Left Margin ESC 9
(at current position)**
Set Horizontal Tab Stop (HT) ESC 1
(at current position)**
Set Right Margin ESC 0
(at current position)**
Set Vertical Tab Stop (VT) ESC -
(at current position)**
Set Lines Per Page to (n)* ESC FF  (n)
Set Bottom Page Margin ESC L
(at current position)**
Clear Top and Bottom Margins ESC C
Clear Horizontal Tab Stop (HT) ESC 8
(at current position)**
Clear all HT and VT stops ESC 2
Set Horizontal Motion Index to (n - 1)* ESC US (n)
Set Vertical Motion Index to (n - 1)* ESC RS (n)

Return HMI control to internal program  ESC S

CARRIAGE MOVEMENT

Absolute HT to print column (n)* ESC HT (n)
Enable Auto Backward Printing ESC /

Disable Auto Backward Printing ESC \

Reverse Printing Mode ESC <
Normal Printing Mode ESC >
Forward Print Mode ON ESC 5
Backward Print Mode ON ESC 6

(Forward Mode OFF) (clear with <return>)

Note: the bolded characters indicate a control code. See page 245.

242

* (n) represents the decimal value of an ASCIl character.

**  The Left and Right Margin positions must be set by using
SPACE and BACKSPACE commands from the Carriage Home
(RESET) position. The Top and Bottom Margin positions must
be set by using Line Feed commands from the manually-set
Top Of Form position.
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40 CPS Printer Command Codes continued

PAPER MOVEMENT
Absolute VT to line (n)* ESC VT (n)
Perform Negative Line Feed ESC LF
Perform Half-Line Feed ESC U
Perform Negative Half-Line Feed ESC D
PRINTING
Graphics Mode ON (clear with <return>) ESC 3
Graphics Mode OFF ESC 4
WORD PROCESSING COMMANDS
Proportional Space ON (clear with ESCS) ESC P
Proportional Space OFF ESC Q
Auto Underscore ON ESC E
Auto Underscore OFF ESC R
Bold Print ON (clear with <return>) ESC O
Shadow Print ON (clear with <return>) ESC W
Bold/Shadow Print OFF ESC &
Backspace 1/120" ESC BS
Program Mode ON (clear with SI) ESC SO ™M
Program Mode OFF ESC X
MISCELLANEOUS COMMANDS
Initiate Remote RESET ESC <ret> P
Print, Printwheel Character 20h ESC Y
Print, Printwheel Character 7Fh ESC 2Z
Print, Printwheel Character 80h ESC a
Print, Printwheel Character 81h ESC b
Print, Printwheel Character 82h ESC ¢
Print, Printwheel Character 83h ESC d
Enable Download of ESC SO DC2
Printwheel Conversion Table
Enter Remote Diagnostic Mode ESC  SUB (enter option)

(see next page)

Note: the bolded characters indicate a control code. See page 245.

20 & 40 CPS Printers 243



When selecting the remote diagnostic mode, enter one of the

following options:

Remote Initialization
Remote Error Test

Remote STATUS 1 Request
Remote RAM/ROM TEST
Remote TEST MODE

Note: the bolded characters indicate a control code. See page 245.

Status 1 "Word"

0 - (unassigned)
1-10 Pitch

2 - (unassigned)

3 - (unassigned)

4 - (unassigned)

S - Printer idle**
6 - (unassigned)

7 - UART Parity Bit

RAM/ROM Test “Word"

0-8041 RAM is bad
1-8041 ROM is bad
2-6803 RAM is bad
3-6803 ROM is bad
(upper half 4K)
4-6803 ROM is bad
(lower half 4K)

5 - (unassigned)

6 - (unassigned)

7 - UART Parity Bit

Test Mode "Word"

@, data byte
- 8041 RAM data *

A - Perform RAM/ROM
check

B-Print 1 line swirltest

C-Print swirltest
continuously

D - Stop printing swirltest

$40, data byte- 6803 RAM
data*

DEL - Exit Test Mode

*  The Data Byte defines the RAM data address in ASCll code. The
response is two bytes: 1) STX, ($02); and 2) contents of the RAM

address requested.

**Print buffer empty and all printer motion complete.
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COMMAND

ACK
BEL
BS
CAN
CR
DC1
DC3
DC4
DEL
DLE
EM
ENQ
EOT
ESC
ETB

20 & 40 CPS Printers

CONTROL CODE

CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL

E
G

BACKSPACE or H

X

<return>orM

mOOVWR'INWADPZO

~ ..

space>

EQUIV. HEX CODE

06
07
08
18
oD
1"

13
14
7F
10
19
05
04
18
17
03
0cC
1C
1D
09
0A
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Electrical interface Xerox 40 CPS Printer

EIA Interface Connector Pin Assignments

Pin # Signal

1 Chassis
Ground

2 -Transmitted
Data

3  -Received
Data

4 + Request to Send
5 + Clear to Send
6 + Data Set Ready

Signal to Ground
+ Carrier
Detect

o~

11 +Printer
Ready

246

Meaning
Connects to chassis ground within the 40 CPS

printer.

This connector is the serial ASCll-coded digital
data being transmitted by the 40 CPS printer.
This signal is in the "mark"” state (LOW)
between characters, rises for logic 0 and drops
for logic 1. )

This connector is the serial ASCll-coded digital
data being received by the 40 CPS printer. This
signal must be held in "mark" state (LOW)
between characters. It should go HIGH for
logic 0, and LOW for logic 1.

Held HIGH ( + 12vDC) whenever power is ON.
(unused)

This connector must be ON (HIGH) for 40 CPS
printer operation in Remote Mode. If OFF
(LOW), no data can be received.

Ground reference for all interface signals.

The ON state of this signal is presented to the
40 CPS printer when the data communication
equipment (DCE) is receiving a carrier signal
suitable for demodulation. The OFF state
indicates that no signal is being received by the
DCE, or that the received signal is unsuitable
for demodulation. In its present design, the 40
CPS printer ignores the Carrier Detect input
signal.

Goes LOW if any of the following conditions
occur:

e Print Buffer (2688 bytes) nearly full (within
64 bytes)

Cover Open

Paper Out

End of Ribbon

Printer in CHECK

Pause switch depressed

® e & ¢ O
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Pin # Signal Meaning
With Paper Out or End of Ribbon, + Printer
Ready goes LOW only if printing is attempted.
It returns HIGH when the buffer becomes
nearly empty, and/or conditions have been
corrected.

20 +Data ON (HIGH) whenever power is ON.

Terminal Ready

HPRO5 Circuit Board Jumpers
Dipswitch Module A

# Function Meaning

1 Double Line Feed ON- Gives double line feed on every line feed
command, and on every carriage return
if switch 3is ON.

OFF- Givessingle line feed on every line feed
command, and on every carriage return
if switch 3is ON.

2 (Unused)

3 Autoline Feed ON- Gives automatic line feed (single or
double on every carriage return.

OFF- No line feed on carriage return. Line
feed occurs only on separate line feed
command.

(Unused)

Uppercase Only ON- Converts all lowercase alpha characters
(a-2) entered from the keyboard to
uppercase.

OFF- Both uppercase and lowercase character
selection, through the use of the shift
key.

v b

6 (Unused)

7 Message Load ON- Enables keyboard entry of “Here Is..."
message into non- volatile memory.
(Functional only on expanded printer
configuration with jumper A60 (3-4)
installed on HPRO5 PCB)

8 (Unused)
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Function
Full Duplex

Parity Enable

BAUD

(Unused)
Parity

Dipswitch Module B

Meaning
ON  Operates in full-duplex mode.
OFF Operates in half-duplex mode.
ON  Enables parity checking and parity
transmission.
3 5 Baud Rate

on on 110
on off 300
off on 1200
off off Option Baud Rate

per switches 3,4, &5
on HPRO5 PCB.

This switch is used in conjunction with the

parity enable switch.

ON  Selects Even parity check and
transmission

OFF Selects Odd parity check and
transmission

Paper Out Defeat ON  Paper Out sensing ignored.

(Unused)
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# Function

1 ETX/ACK
2 DC1/DC3
3, BAUD

4[

5

20 & 40 CPS Printers

A66 Control Switch Functions

Meaning

When this switchin ON, an ACK character will
be transmitted whenever an ETX character is
encountered in the print buffer. ETX
characters are not printed. When the switch is
OFF, ETX characters are ignored.
When this switch is ON, a DC3 code will be
transmitted through the interface if printing is
attempted.
These three switches set the optional baud
rate. When the two BAUD switches on the
operator control panel are set to OFF, the baud
rate selected by switches 3, 4, & 5is used as the
data communication speed. To prevent print
buffer overflow, when operating at rates
above 300 baud, the system must use DC1/DC3
or ETX/ACK protocol, or must monitor and
respond to the Printer Ready interface line.

3 4 5 Baud Rate

off off off 150
on off off 600
off on off 1800
on on off 2000
off off on 2400
on off on 4800
off on on 7200
on on on 9600
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#

'

6
7
8

250

Function
Font

A66 Control Switch Functions continuea

Meaning

These switches condition the printer to
recognize a particular language font for data
being received through the communications
interface. Language font selection, whether
by these three switches or by keyboard
configuration, can be temporarily overridden
by the sequence ESCSYN (n).

6
off

on
off
on
off
on
off
on

7
off

off
on
on
off
off
on
on

8
off

off
off
off
on
on
on
on

Meaning

Default Typewriter
Paired

Typewriter Paired
Logical Bit Paired
APL

French AZERTY
German
Scandinavian
NORSK
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Specifications

Print Speed:

Character Set:

Printwheels:

Character Spacing:

Column Spacing:

Print Line:

Print Buffer:
Paper Width:

Carriage Speed:

Tabulation:
Line Spacing:
Paper Feed:

20 & 40 CPS Printers

Up to 40 characters per second with metalized
printwheels.

88, 92, or 96 printable characters per printwheel.
Switch-selectable program support for APL and
all English language printwheels.

88, 92, 96 character Xerox - Metal
96 character Diablo - Plastic

10-pitch = 10 characters/inch (3.94 ch/cm)
12-pitch = 12 characters/inch (4.72 ch/cm)
15-pitch = 15 characters/inch (5.91 ch/cm)
Proportional Space (PS) - see HMI, page 241.

1/120 inch (.21mm) minimum.

13.2 inches (335.3mm)
132 columns 10-pitch
158 columns 12-pitch
198 columns 15-pitch

2688 bytes.

16.53 inches (419.9mm) maximum

- friction feed without Top Paper Out switch.
16.00 inches (406.4mm) maximum

- friction feed with Top Paper Out switch.
15.25 inches (387.4mm) maximum

- full width with optional forms tractor (14.75
inches/-374.7mm between holes). 3.25 inches
(82.55mm) minimum with forms tractor (2.75
inches/69.85mm between holes).

400 msec maximum for 13.1 inches (332.77mm) of
maotion.

Left or right.
1/48 inch (.53mm) minimum.

Bidirectional, except with unidirectional forms
tractor and unidirectional pin feed platen.
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Paper Feed Speed: 4 inches (101.6mm) per second plus 40 msec
(typical) settling delay time.

Paper Thickness: .000-.010inch (.254mm) at low setting (1-3 part
forms)
.010-.027 inch (.254 - .686mm) at high setting (4-
6 part forms).

Sensors: End of ribbon, paper out, and cover open.

Other Features: Self test; host program control through escape
sequences; data receive/transmit speed selection.

Power Strappable for operation from nominal 100, 120,

Requirements: 220, or 240 volt (+ 10%/-15%) AC inputs, 49-61

Hz. 350W maximum power consumption.
Factory preset for 120 VAC. Check your printer’s
serial plate for proper input power.

Cabling Requirements

A standard RS-232-C interface cable is required for connection between
the screen and the printer. This cable must be equipped with DB-25P
connectors with the following pins connected:

PIN CCITT TELCO

NO. DESIG. DESIG. DESCRIPTION
1 101 AA Protective Ground
2 103 BA Transmitted Data
3 104 BB Received Data
4 105 CA Request To Send
6 107 ccC Data Set Ready *
7 102 AB Signal Ground
20 108 CcD Data terminal Ready

* Pin 6 must be HI to receive or transmit data.
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1.0 INTRODUCTION

The SA1403D Controller consists of a micrprocessor based controller with-on-board data separator logic
and is able to control a maximum of four drives. The drives can be any combination of Shugart SA1000 fixed
disk drives, SA800 floppy disk drives, or SA850 floppy disk drives. The floppy disk track formats are compati-
ble with IBM 1D/2D track formats. The SA1403D can be mounted on the SA1000 drive.

Commands are issued to the controller over a bidirectional bus connected to the host computer. The data
separator/*‘serdes" logic serializes bytes and converts to FM/MFM data, and deserializes FM/MFM data in-

to 8-bit bytes.

Due to the microprogrammed approach utilized in the controller, limited diagnostic capabilities are im-
plemented. This methodology increases fault isolation efficiency and reduces system down time. Error
detection and correction will tolerate media imperfections up to 4-bit burst errors.

NOTE: This device utilizes neaative logic (i.e., OV = logical 1)

1.1 SA1403D CONTROLLER FZATURES

OVERLAPPED SEEK

AUTOMATIC SEEK
AND VERIFY

FAULT DETECTION

AUTOMATIC HEAD
AND CYLINDER
SWITCHING

DATA ERROR
SENSING AND
CORRECTION

LOGICAL TO
PHYSICAL DRIVE
CORRELATION

ON BOARD SECTOR
BUFFER

EFFICIENT HOST
INTERFACE
PROTOCOL

SECTOR
INTERLEAVE

QDD PARITY

FIXED SECTOR SIZE

In multiple drive configurations the host can issue seeks to different drives
without waiting for the first drive to complete its seek.

A seek command is implied in every data transfer command (READ, WRITE
CHECK, etc.). If the heads are not positioned over the correct cylinder, a seek
is initiated and a cylinder verification is performed after the seek completes.

Three classes of fault detection are provided for fault diagnosis:

1) Disk related faults.

2) Controller related faults.

3) Host command or 1/O timing faults.

Fault detection is available from the interface as a status message and is also
visibly displayed on a row of status LED's on the controller PCB.

If during a multi-block data transfer the end of a track is reached, the con-
troller automatically switches to the next track. If the end of a cylinder is
reached, the controller issues a seek and resumes the transfer.

If a data error 1s detected during a disk data transfer, the controller indicates
whether or not it is correctable. If correctable, it can be automatically
corrected. (This applies to the SA1000 only. CRC error detection is used

on floopy disc drives.)

Logic2: Unit Number (LUN's) are independent of physical port numbers. All
accesses specify LUN's.

A sector buffer is provided on the controller to eliminate the possibility of data
overruns during a data transfer.

A bidirectional bus between the controlier and host provides a simple, yet effi-
cient communication path. In addition, a high level command set permits
effective command initiation.

Sector interleaving is programmable with up to a 16 way interleave.

The 8 data bits on the interface bus can have odd parity. Depending on user
preference, parity can be disabled.

The sector size is fixed at 256 bytes of data for the SA1000.
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NUMBER OF The controller will connect to a maximum of four (4) drives. The drives can be
DRIVES any combination of SA1000's and/or SA850's and/or SA800's

1.1.1 OPTIONAL FEATURES

MICRO DIAGNOSTICS A set of diagnostic PROM's are available to allow stand alone diagndstic test-
ing of both drive and controller. Reference Appendix A.

1.1.2 SYSTEM CONFIGURATION

The controller and data separator comprise a single PCB that can be mounted onto the SA1000 drive. A max-
imum of four (4) drives may be connected as shown in Figure 2.

1.2 TRACK FORMATS AND CAPACITY

A) 32 sectors of 256 bytes per sector (SA10000nly).
C) 26 sectors of 256 bytes per sector (Floppy only).
D) 26 sectors of 128 bytes per sector (Floppy only.)

IBM 1D/2D Track format for Floppy Disk drives can be selected under program control
TRACK FORMAT in real time. The track formats are:

1) Single density, single sided

2) Single density, double sided

3) Double density, single sided

4) Double density, double sided

26 SECTOR 32 SECTOR
SA800 2001 N/A
SA850 4003 N/A
SA1002 N/A 16383
SA1004 N/A 32767
TABLE I

Formati/Capacity Relationship
Maximum Logical Sector Address Shown

2.0 SPECIFICATION SUMMARY
2.1 ENVIRONMENTAL LIMITS

Operating Storage
Temperature F/IC 32%0° to 1319/55° -40°-40° to 167975°
Max. Wet Bulb 85°F non condensing
Relative Humidity 10% to 95% 10% to 95%
Altitude Sea level to 10,000 ft Sea level to 15,000 ft
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2.2 POWER REQUIREMENTS

Three power supply voltages are required for the SA1400 series controllers. The maximum current re-
quirements are as follows:

+5VDC + 5% at 4.6 Amps

-5VDC + 5% at 0.5 Amps

+24VDC + 10% at 0.1 Amps
Power is applied to the SA1400 series controller via J10 which is a 6 pin AMP Mate-N-Lok connector (P/N
1-380999-0) mounted on the component side of the board. The recommended mating connector, P10, is an
AMP P/N 1-480270-0 utilizing AMP pins P/N 60619-1. The J10 pins are labeled on the connector. Figure 1
shows the pin assignments.

+ 24V RETURN—9 @ @ —+ 24 VOC
-5vDC—] @ @ -5V RETURN
+ 5V RETURN—>] @ @ svoC

FIGURE 1. J10 DC POWER CONNECTOR

2.3 PHYSICAL PARAMETERS

Length: 13.7 inches (34.8cm) = .030" (.076 cm)
Width: 8.25 inches (21cm) = .010" (.025 cm)
Height: 0.5 inches (1.3cm) = .030"* (.076 cm)
Weight: 1.12 Ibs (0.5Kg) = .010 Ibs (0.25 g)

3.0 SA1403D DISK DRIVE INTERFACE

Shugart SA1000 and SAB00/850 disk drives are interfaced to the controller via J1, J2, J3, J4 and J5. Refer to

Figure 2 for connection block diagram.

SA1403D SERIES
CONTROLLER

3
%0 ogg <Fonmoumu SA1000/SAB00/SA850

zngm o
DATA  SA1000
EX Ty

oSt mierrace O so e B koL
20 PIN DATA
SOCKET  SOCKET | “~r—1 5:70-0:\> ShB00
L2210 .
v
Ja e
20PIN K DATA ]
SOCKET | Sy=—= |
[
510 FLI JPog S el 3
DC POWER 6 PIN 20pfn kT pata g
SOCKET ~ SOCKET \q-i :
I [Hon——
H SA1000
“/

LERIVE 4
FIGURE 2.  SA1403D INTERCONNECT DIAGRAM
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NOTE: The last physical device on the control cable (drive to be terminated) must be an SA1000.

J1 is a 50 pin edge type connector which connects all drives in a daisy chain configuration. This connector
carries control and data information for the floppy disk drives and control information only for the SA1000
disk drive. Maximum cable length should not exceed 20 feet (6 meters).

The recommended mating connector for J1 is a 3M Scotchfiex ribbon connector P/N 3415-0001.

J2 through JS are 20 pin socket type connectors used to radially connect the SA1000 data lines to the con-
troller. Maximum cable length should not exceed 20 feet (6 meters).

The recommended mating connector for J2 through J5 is a 3M Scotchflex P/N 3421-3000. Figure 3 shows
the pinouts for J1 and J2 through J5.

256

J SA1000 SAB00 SA850
——
112 | -1wswITCH - IW SWITCH
4
6
8 | - SEEK COMPLETE
10 - TWO SIDED
12
14 | - HEAD SEL 2° - SIDE SEL
16
18 | - HEAD SEL 2 - HEAD LOAD - HEAD LOAD
20 | - INDEX - INDEX - INDEX
22| - READY - READY - READY
24
26 | - DRIVE SEL 1 - DRIVE SEL 1 - DRIVE SEL 1
28 | - DRIVE SEL 2 - DRIVE SEL 2 - DRIVE SEL 2
30| - DRIVE SEL 3 - DRIVE SEL 3 - DRIVE SEL 3
32 | - DRIVE SEL 4 - DRIVE SEL 4 - DRIVE SEL 4
34 | - DIRECTION SEL - DIRECTION SEL - DIRECTION SEL
36| -STEP - STEP - STEP
38 - WRITE DATA - WRITE DATA
40 | - WRITE GATE - WRITE GATE - WRITE GATE
42 | - TRACK 000 - TRACK 00 - TRACK 00
44 | - WRITE FAULT - WRITE PROTECT - WRITE PROTECT
46 - READ DATA - READ DATA
48
49|50
L_l_ J2 THROUGH J5
- DRIVE SELECTED| 1| 2| GRQUND
3] 4
5! 6l
7} 8 GROUND
+TIMING CLOCK | 9 | 10| - TIMING CLOCK
GROUND |11 | 12} GROUND
+MFM WRITE DATA |13 | 14 - MFM WRITE DATA
GROUND |15 | 16] GROUND
+MFM READ DATA - MFM READ DATA
GROUND GROUND

FIGURE 3. SA1403D DRIVE CONNECTOR PINOUTS
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3.1 CABLE TERMINATION

The last physical drive at the end of J1 (50 pin) cable must be properly terminated. Termination networks are
provided on the drives (refer to SA1000, SA800 or SAB50 OEM manuals for location of termination networks).
Termination networks must be removed from all drives except the last drive on the cable to avoid multiple
termination.

NOTE: If a combination of fixed and floppy drive are used..the last drive at the end of the control cable must
be an SA1000.

4.0 HOST CPU INTERFACE

The SA1400 series controller interface is a general purpose 8 bit parallel DMA.

The Host CPU is interfaced to the controller via connector J6, J6 is a 50 pin socket type connector. The
recommended mating connector for J6 is a 3M Scotchfiex ribbon connector P/N 3425-3000. The J6 interface
cable should not exceed 20 feet (6 meters).

4.1 HOST CPU ELECTRICAL INTERFACE

All Host CPU interface signals are negative true. The signals are “‘Asserted’’ at 0 VDC to 0.4 VDC. The
signals are "‘Deasserted’’ or inactive at 2.5 VDC to 5.25 VDC.

4.1.1 HOST CPU INTERFACE TERMINATION

All Host CPU interface timing lines are terminated with a 220/330 ohm network. The Host CPU adapter
should be terminated in a similar fashion (see Figure 4).

The devices driving the controlier inputs should be open collector devices capable of sinking at least 48
milliamps to a voltage level of less than 0.5 VDC (7438 or equivalent).

The devices receiving the controller outputs should be of the SCHMITT trigger type to improve the noise
margin (74LS240, 74LS14, or equivalent). The Host adaptor should not load the bus with more than 1 stan-
dard TTL input load per line.

SA1403D CONTROLLER TYPICAL HOST ADAPTOR
w5 BIDIRECTIONAL s
7438 \ TYPICAL L 7438
2200 2 DATA BUS LINE :: 2200
3 N 3 o
\X
p— 3 —
am $ Q> 330
N\
- Y =
7415240, = = 7415240
74L514 OR +5 74LS14 OR
EQUIVALENT 0 L EQUIVALENT
T
TYPICAL OUTPY 3 220 ra14
N
\\ B4
- b3
N\ > 3300
= Ve
+5 -
s 7438
e 20 S TYPICAL INPUT f——
N
ALY
300 S
N\

W e

FIGURE 4. HOST ADAPTOR BUS TERMINATION
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4.1.2 HOST CPU SIGNAL INTERFACE

The Host CPU signais are interfaced via J6. See figure 5 for J6 pinouts.

J6
GROUND
1| 2 | -DATABITO (DBO)

4 1
6 2
8 3
10 4
12 5
14 6
16| - DATABIT7 (DB7)
18 | - PARITY BIT
20
22
24
26 FOR FUTURE USE
28
30
32
34
361 - BUSY (BSY) ————— OUTPUT
38| - ACKNOWLEDGE (ACK) <———— INPUT
40| - RESET (RST) < INPUT
42| - MESSAGE (MSG) —————— OUTPUT
44| - SELECT (SEL) <€———— INPUT
46| - CONTROL/DATA (C/ID)y ————> OUTPUT
48] - REQUEST (REQ) =~=————— OUTPUT

49150 | - INPUT/OUTPUT 10y  =———— OUTPUT

GROUND

NOTE: ALL SIGNALS ARE TTL NEGATIVE TRUE

FIGURE 5. J6 HOST INTERFACE CONNECTOR PINOUT

4.2 SA1403D HOST BUS
4.2.1 THEORY OF OPERATIONS

Disk commands are issued to the SA1403D via the host bus following a defined protocol. The host initiates a
command sequence by selecting the controller on the bus. If the controller is not busy, it requests command
bytes from the host for task execution. (Command structure is described in 4.5). Depending on the type of
command, the controller will request either 6 or 10 bytes. Upon reception of the last command byte, the con-
troller begins execution of the command.
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For the data transfer commands. a check is performed on the disk address and status flagged if it exceeds
the drive limits. The data is stored in a sector buffer before transfer to the host or disk drive. This buffer
eliminates any possibility of data overruns between the host and the disk.

Upon completion of the command, the controller will send completion status to the host. Further delineation
of the completion status may be requested by issuing the appropriate sense commands.

Odd parity is generated by the SA1403D for all information that it puts on the I/O bus. If enabled, the
SA1403D checks all information that it receives for odd parity.

4.3 SIGNAL DEFINITION
Unidirectional Signals Driven By Controller

110 Input/Output. When asserted, the data on the bus is driven by the controller; when
deasserted, the data on the bus is driven by the host adapter. The host adapter will use this
line to enable its drivers onto the data bus.

C/D Control/Data. When asserted the data transmitted across the bus will be the command or
status bytes; when deasserted the data will be the disk data bytes.

BUSY This bit is asserted as a tesponse to the SEL line from the host adapter and to indicate that
the host bus is currently in use.

MSG Message. When asserted indicates that the command is completed and status has been
transferred. The assertion of this bit is always followed with the assertion of I/0, and the
assertion of REQ, to cause a message byte transfer.

REQ Request. This bit operates in conjunction with 1/O, C/D, & MSG. When asserted and I/O is
asserted, REQ will mean that the data on the host bus is driven by the controller. When
asserted and /O is deasserted, REQ will mean that the data is driven by the host adaptor

(HIA).
[[[e] C/D | MSG Meaning
d a d Get command from H/A
d d d Get data from H/A
a d d Send data to H/A
a a d Send status byte to H/A
a a a Command done to H/A

TABLE 2.

a = asserted, d = deasserted, H/A = host adaptor

4.4 UNIDIRECTIONAL SIGNALS DRIVEN BY HOST ADAPTOR
ACK Acknowledge. This bit is asserted as a response to REQ from the controller. Tre timing re-

quirements on this signal with respect to the data is cescribed in REQuest section. ACK
must be returned for each REQ assertion
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RST Reset. Assertion by the Host causes the controlier to cease all operations and return to an
idle condition. This signal is normally used during a power up sequence. A reset during a
write operation would cause incorrect data to be written on the selected disk. The con-
troller may take a maximum of 2 seconds to respond to the select sequence following
deassertion of the RESET line.

SEL Select. When asserted indicates the beginning of the command transaction. The H/A
asserts SEL to gain the attention of the controller. Data bit zero on the host bus must also
be asserted during SEL time to select the controller address. The controller will return
BUSY within approximately 1ps.

4.4.1 DATA BUS BITS 0-7 (DB)

These bidirectional data lines are used to transfer 8 bit parallel data to/from the Host adaptor. Bit 7 is most
signifant bit. NOTE: All I/F lines utilize negative logic.

4.4.2 PARITY BIT

This bit is asserted to maintain odd parity on ail data and status information transfered to the Host. If enabl-
ed, the controller will test for odd parity on all command and data information transfered to the controller
(see section 91).

4.5 HOST INTERFACE PROTOCOL

There are 4 sequences required to initiate and complete a command to the SA1403D series controller:
1) Controller Selection Sequence

2) Command Transfer Squence

3) Data Transfer Sequence

4)  Status and Message Transfer Sequence

4.5.1 CONTROLLER SELECTION SEQUENCE

In order to gain the attention of the controller it is necessary to perform a selection sequence. Refer also to
Figure 6.

The Host must first test BSY to determine if the controller is available. If BSY is deasserted, the Host will
assert data bit O (controller ID) and then assert SEL. The controller will then respond by asserting BSY. At
this point the Host must deassert SEL and data bit 0. I/O will remain deasserted throughout the selection se-
quence.

4.5.2 COMMAND TRANSFER SEQUENCE

Following the selection sequence the controller will assert REQ (see Figure 6). The Host will then place the

- first byte of the command descriptor block (see section 5.0) on the data bus. The Host will then assert ACK (if
ACK is not asserted within 256 microseconds after the assertion of REQ, the controller will abort the com-
mand transfer sequence and attempt to transfer a status byte). The controller will respond by reading the
byte on the data bus and then deasserting REQ. The Host then must deassert ACK to begin the next
REQ/ACK handshake. This handshake must be completed to assure that all command and data bytes are *
transferred.

260 SA 1403D Controller Reprint
Rev.-A



I

- RST

oo oero 5 G )
100 NS MAX —|  fa— | 100 NS Max —|  |ed L—'WNSM'N
—

Tus TYP

— | 460 ns min (voTE 1)
BUSY :l

690 NS MIN =] | [a—

N

2us MAX
o0 NS Min—m] | fam 208 X | —] |— 460 s Min m
kl MIN
-REQ

—Dl ft— 0 NS MIN
» ___I—r—_.
O NS MIN l NO Max

NO MAX

NOTE 1 - 2 SEC IMMEDIATELY AFTER RESET

FIGURE 6. SELECT SEQUENCE TIMING

4.5.3 DATA TRANSFER SEQUENCE

Following the command transfer sequence, the controller will respond on one of four ways:

1) Begin seeking the drive.

2) Begin accepting write data from the Host.

3) Begin transferring read data to the Host.

4)  Return status to the Host.

If the command sent to the controller involves a data transfer (see Figure 7), the controller will deassert the
C/D line to indicate a data transfer. If the data transfer is from the Host to the controller (write data) the /O
line will be deasserted. If the data transter is from the controller to the Host (read data) the 1/O line will be
asserted. The controller will then set-the REQ line to request a byte transfer. The Host will respond by
transferring a byte across the data bus and then asserting ACK (if ACK is not asserted within 256
microseconds after the assertion of REQ, the controlier will abort the data transfer sequence and attempt to

transfer a status byte - see section 4.5.4). The Host will then deassert ACK and wait for the next assertion of
REQ. This handshake continues until all data has been transferred
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READ DATA TRANSFER SEQUENCE (CONTROLLER TO HOST)
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[T
- U0

-0BO7

i _L o 1 [ L L
o ==

NO MAX

ack [- 1 ] | | |
— 0 wax

WRITE DATA TRANSFER SEQUENCE (HOST TO CONTROLLER)
FIGURE 7. DATA TRANSFER SEQUENCE TIMING

4.5.4 STATUS AND MESSAGE TRANSFER SEQUENCE

Following a command transfer or data transfer, the controller will initiate a status byte and completion
message transfer.

When a status byte transfer is required, the controller will assert C/D and I/O (see Figure 8). The controller
will then assert REQ. The Host must then read the status byte on the data bus and then assert ACK (if ACK is
not asserted within 256 microseconds after the assertion of REQ, REQ will be deasserted. REQ will then be
asserted again).The controller will then deassert REQ. The host will then deassert ACK.

Following the status byte transfer, a completion message byte of all zero's will be transfered to indicate
operation complete. The controller will assert the MSG line (along with I/O and C/D) and then assert REQ.
The Host may read the completion message byte on the data bus and assert ACK (if ACK is not asserted
within 256 microseconds, the controller will deassert the MSG line and attempt to transfer a status byte).
The controller will respond by deasserting REQ. The Host will then deassert ACK. At this point BSY and all
other controller I/O lines will be deasserted and the controller will return to an IDLE LOOP awaiting the next
selection sequence.
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- BUSY |

FIGURE 8. STATUS AND COMPLETION SEQUENCE TIMING

5.0 CONTROLLER COMMAND DESCRIPTOR BLOCK

Following the controller selection sequence the controller will request a command descriptor block (CDB)
which, depending on the class of command, may be either 6 or 10 b¥tes in length. The first byte of the CDB
contains the command class and the command operation code. The remaining bytes specify the drive
logical unit number (LUN), logical sector address, number of sectors to be transfered or a destination device
(Copy Command), and a control field byte.

Commands are categorized into four classes as indicated:

Class 0 - Utility, Data Transfer and Status Commands
Class 1 - Disk Copy Commands

Class 2-5,7 - Reserved

Class 6 - Floppy Disk Track Format Selection

The command descriptor blocks in Command Class 0 and 6 are 6 bytes long, and those in Class 1 are 10
bytes long.

The controller will check all incoming command descriptor blocks for validity and will also check (if enabled)
all CDB'’s and data for odd parity (see section 9.1). A parity error will cause an immediate halt of the com-
mand or data transfer. This will not cause incorrect data to be written because the write does not occur until
the sector buffer has been filled. An error in the command structure will cause a status byte transfer to occur
upon completion of the CDB transfer.
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5.1 COMMAND DESCRIPTION (CLASS 0)

**WARNING!**

Commands READ and WRITE require that the floppy diskette used be formatted. If unformatted, the con-
troller will appear to *'hang’’ - i.e., continue waiting for a data address mark. (Reset to clear this condition if it
should occur).

Opcode

(Hex) Description

00 Test drive ready - Selects the drive and verifies drive ready. The ready condition is in-
dicated by the status byte. A not-ready drive will cause bit 1 of the status byte to be set.

o1 Recalibrate. Positions the R/W of selected drive arm to Track 00, clears error status in the
drive.

02 Request Syndrome - returns two bytes of error offset and syndrom to the Host System for
Host error correction capability (see Table 3). The first byte is offset in the data field of the
error location. The most significant 3 bits of the second byte point to the beginning of the
error location. The least significant 4 bits of the second byte are the syndrome which is a
data correction mark to be exclusive or’ed with the faulty data. This command is only valid
of the automatic data correction has been disabled.

MSB LSB
7lels]a]s] 2]1]o
BYTE 1 BYTE OFFSET
BYTE 2 BIT OFFSET l 0 I SYNDROME
TABLE 3
03 Request Sense. This command must be issued immediately after an error. It returns 4 bytes
of drive and controller sense for the specified LUN. (See copy block for exception)
04 Format Drive. Formats all blocks with ID field set according to interleave code. The data
field contains E5 Hex.

05 Spare.

06 Format Track. *Formats the specified track with bad block flag cleared in all blocks of that
track. Writes E5 Hex in the data fields.
07 Format Bad Track *(bad block flag). Formats the specified track with bad block flag set in
the 1D fields (bit 7 of the Head Address byte set). Writes E5S Hex in the data fields.

08 Read. Reads the specified number of blocks starting from initial block address given in the
CDB. (See Warning above!)

09 Reserved.

0A Write. Writes the specified number of blocks starting from initial block address given in the
CDB. (See Warning above!)

0B Seek. Initiates seek to specified block and immediately returns completion status before the

seek is complete for those drives capable of overlap seek.

The track is addressed via the logical sector address, which may be any address within the desired track.
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5.1.2 COMMAND DESCRIPTION (CLASS 1)

Opcode
(Hex) Description
00 Copy Blocks. Copies the specified number of blocks from Source LUN starting at the

specified Logical address to Destination LUN starting at the specified Logical address. The
number of sectors transferred may be from 1 to 256. The completion status byte will in-
dicate the source LUN. If an error occurs, a Request Sense command is issued to the
source LUN. The sense will indicate the type of error for the appropriate LUN. Note the
data in the blocks will be truncated or appended with undefined data if the Source and
Destination block sizes are not the same (e.g. Source block size - 128 bytes/sector, and
Destination block size - 256 bytes/sector).

5.1.3 COMMAND DESCRIPTION (CLASS 6)

Opcode

(Hex) Description

00 Define Floppy Disk Track Format. The Track format code in byte 6 of the CDB defines the
track format for the LUN. The Track Format Codes are as follows:

Track Format

Code (Hex) Description

00 Single Density, Single Sided. All tracks - FM recording, 128 bytes/sector, 26
sectors/track.

o1 Single Density, Double Sided. All tracks - FM recording, 128 bytes/sector, 26
sectors/track.

02 Double Density, Single Sided. Side 0, Cylinder 0 - FM Recording, 128
bytes/sector, 26 sectors/track. All other tracks - MFM recording, 256
bytes/sector, 26 sectors/track.

03 Double Density, Double Sided. Side 0, Cylinder 0 - FM recording, 128
bytes/sector, 26 sectors/track. All other track - MFM recording, 256 bytes/sec-
tor, 26 sectors/track.

NOTE: If track format information for floppy is not specified after each reset or power-on, the

default mode will be taken from the drive type selection dipswitch as follows:

Switch
Setting Mode

OFF-ON Single density, single sided (same as track format code 00)
OFF-OFF  Single density, double sided (same as track format code 01)
Refer to Section 9.2 for switch setup instructions.

5.2 COMMAND FORMAT
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5.2.1 CLASS 0 COMMANDS

T T 111
byte #1 000 opcode
byte #2 LUN logical adr2**  (MS)
byte #3 logical adr1**
byte #4 logical adr0** (LS)
byte #5 number of blocks *
byte #6 control***

* Interleave factor for Format, Check Track Format commands.
**Refer to Section 5.5 Logical Address.
***The control field is defined as follows:

L folslefsf2]i]o]
| [} ) ) [} 1 ¢ lspare(setrozero)

disable data error correttion = 1
disable retry = 1

CONTROL FIELD

6.2.2 CLASS 1 COMMANDS

7 6 5 4 | 3 [ 2 I 1 J 0
byte #1 0 0 1 opcode
byte #2 0 LUN/s logical adr2/s*  (MS)
byte #3 logical adr1/s*
byte #4 logical adrO/s* (LS)
byte #5 number of blocks
byte #6 0 l LUN/d logical adr2/d* (MS)
byte #7 logical adrt/d*
byte #8 logical adr0/d* (LS)
byte #9 spare
byte #10 control (section 5.2.1)

where ‘s’ indicates the source device and ‘d’ indicates the destination device.
*Refer to Section 5.5 Logical Address

266 SA 1403D Controller Reprint



6.2.3 CLASS 6 COMMANDS

7 6 5 ) I 3 [ 2 l 1 [ 0
byte #1 1 1 0 opcode
byte #2 LUN NIA
byte #3 N/A
byte #4 N/A
byte #5 N/A
byte #6 Track Format Code

NOTE: See Class 6 Command Description for more information and default modes for floppy drives.

6.3 STATUS FORMAT

5.3.1 Completion Status Byte Format

At the normal termination of a command or following a fatal error, the controller will cause a status byte to
be transferred from the controller to the Host. Bit 0, the least significant bit of the status byte, will be set
equal to 1 if the controller detects a parity error during a command or data transfer to the controller. Bit 1 will
be set = 1 if the controller detects an error condition. Bits 5 and 6 represent the LUN of the device where
the error occured. If no error occurs, bit 0 - 4 will be set equal to 0.

Following the transfer of the status byte, the MSG line will be asserted to indicate a completion message. At
this time the message consists of a single byte transfer with all bits set = 0.

Prior to an error condition the controller, unless diabled (see section 5.2.1 Control Field), will retry 3 times
before posting the error.

7 6|5 4I3r2|1|0|

0 MS LS spare |
LUN (set = 0)
Parity error

Error

Bit 0 Parity error during transfer from host to controller.
Bit 1 Error occured during command execution.

Bit 2-4 Spare (set to zero).

Bit 5-7 Logical unit number of the drive.

SA 1403D Controller Reprint 267



6.3.2 DRIVE AND CONTROLLER SENSE BLOCK

Following an error indication from the status byte, the Host may perform a REQUEST SENSE command to
obtain more detailed information about the error.

The REQUEST SENSE command will transfer a block of 4 bytes to the Host system.

byte#1[7|6|5l4 3|2|1|0

[ I Error code
Error type

spare (set to zero)

Block address valid

7l6|5 4I3I2I1|0

byte #2 LUN logical adr2*
byte #3 logical adr1*
byte #4 logical adr0*

*Refer to Section 5.5 Logical Address

5.4 ERROR CODES
5.4.1 TYPE 0 (DRIVE) ERROR CODES

No error

No Index signal

No Seek Complete

Write Fault (SA1000 only)

Drive not ready

Drive not selected (SA1000 only)
No Track 00

4.2 TYPE 1 (CONTROLLER) ERROR CODES

1D read error. ECC or CRC (floppy) error in the 1D field (uncorrectable).
Uncorrectable data error during a read.

1D Address Mark not found (possibly unformated disk).

Data Address Mark not found.

Record not found. Found correct cylinder and head but not sector.

Seek error. R/W head positioned on a wrong cylinder and/or selected a wrong head.
DMA Data time out error. No Host acknowledge within 256s.

Write protected. (SA800/850 only)

Correctable data field error. ECC error (automatic correction if not disabled).

Bad track found

Format Error. The controller detected that during the Check Track command, the format on
the drive was not as expected.

POONONBWN=O o OUAEWN—=O
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5.4.3 TYPE 2 (COMMAND) ERROR CODES

0 Invalid Command received from the host.

1 Illegal logical sector address. Address is beyond the maximum address for the type of
drive.

2 Illegal function for the specified drive.

5.5.4 TYPE 3 (MISC) ERROR CODES
0 RAM error. Data error detected during Sector buffer RAM diagnostic.
5.5 LOGICAL ADDRESS
The logical address is computed as follows:
Logical adr = (CYADR * HDCYL + HDADR) * SETRK + (SEADR)
Where: CYADR = cylinder address
HDADR = head address
SEADR = sector address
HDCYL = number of heads per cylinder
SETRK = number of sectors per track

Bit 0 of Logical adr 0 = the least significant bit.
Bit 4 of Logical adr 2 = the most significant bit.

Note: All addresses begin with 00.
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6.0 SECTOR INTERLEAVE CODES

In order to tailor host system data transfer speed to the disk rotational speed, sector interleaving is offered.
Sixteen interleave codes are offered numbered 1 to 16. Not all interleave codes will result in optimum sector
interleave, therefore the interleave should be chosen carefully. In order to maintain IBM floppy disk com-
patibility in interleave code of 1 should be used. This will result in a non-interleave condition.

6.1 SELECTING THE RIGID DISK INTERLEAVE CODE

The interieave code given during the format command is used to calculate the logical sector number for the
rigid disk as follows: Logical Sector = (Physical Sector X Interieave code) (mod 32). Note: when the logical
sector number exceeds 31 the next logical sector is the lowest available physical sector. This does not
always create a true modulo function.

Two examples of interleave codes are shown:

Interleave code of 2:

Physical: 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Logical: 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Physical: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Logical: 1 3 § 7 9 11 13 15 17 19 21 23 25 27 29 31

Interleave code of 11:

Physical: o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Logical: 0O 112 1 12 23 2 13 24 3 14 25 4 15 26 5
Physcial: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Logical: 16 27 6 17 28 7. 18 29 8 19 30 9 20 3t 10 21
Minimum Number
Number of Disk Time to Transfer one of Idle Sectors
Code Regquired to Read One Track | Byte of Data time) | B Reads
1 3 4.7us 2
8 L 7.0us 3
6 6 . ’9.4us 4
5 7 11.7us 5
4 8 16.4us 7
3 1n 23.4us 10
2 16 35.1us 15
1 32 72.5p5 31

o {for SA1400 series controllers operating with SA1000 series drives - double density. 32 sectors. 256 bytes/sector.)
Note: Other codes will work. but require more revolutions of the disk to read all sectors of one gack.

TABLE 3. INTERLEAVE CODE SELECTION CHART*
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7.0 DIAGNOSTIC PHILSOPHY
7.1 BOARD RESIDENT MICRODIAGNOSTIC

Fault Isolation Microdiagnostic (Optional)

The controller can be further checked out off-line by initiating explicit microdiagnostic routines via optional
firmware diagnostic sets. The routines are initiated by aset of control switches. Errors will be dislayed in a
set of LED's. Each microdiagnostic checks the funtionality of a particular section of the controller and is
able to isolate failures in the following major categories:

ALU
Registers
Sector Buffer
ECC Logics

Fault-isolation techniques can be concentrated on the failing section.
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8.0 STATUS LED ERROR INTERPRETATION

Drive/controller error conditions are displayed on the 8 LED display lights provided near the J10 DC power
connector (see Figures 11). The following list of hexadecimal numbered error codes describe error mean-
ings. Note that these error codes do not necessarily match the request sense block error codes. LED
number 7 is the MSB.

01
02
03
04
0s
06
07
08
09
0A
oB
ocC
oD
OE
OoF
10
1
12
13
14
15
16
17
18
19-1F
20
21
22

272

No Index Detected

No Track Zero Detected

Illegal Logical Sector Address - beyond maximum sectors available for type of drive
Drive Not Selected (SA1000 only)

No Seek Complete Detected

1D Address Mark Not found (unformatted)

Data Address Mark Not found

Seek Error - R/W head not positioned on correct track

Record Not found - found correct cylinder and head but not sector

ID ECC or CRC error (uncorrectable)

DMA Timeout Error - no Host acknowledge within 256usec after request.
Invalid Command Received from Host

Incorrect Data Address Mark

Incorrect ID Address Mark

Incorrect Cylinder Address

Incorrect Sector Address

Incorrect Head Address

Uncorrectable Data Field ECC or CRC error

Correctable Data Field ECC error

Drive Not Ready

Write Fault (SA1000 and SA4000/4100 only)

Spare

Write Protected (SA800/850 only)

RAM Diagnostic Error :

Spare

Parity Error

Bad Sector found - a sector within a track that has been flagged bad has been found.
Invalid function for this drive type.
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9.0 CONTROLLER OPTION SELECTION
9.1 PARITY SELECT JUMPERS

0Odd parity may be used by the Host system for data integrity verification. The controller will always output
odd parity to the Host system.

Odd parity checking by the controller may be allowed or inhibited by moving a 3 position jumper plug at W2
located near the J6 Host connector (see Figure 11). With jumper at position A + B the controller will test for
odd parity on all data input to the controller. With jumper at positon B + C the controller will not check for
parity (normally shipped in A + B).

9.2 DRIVE TYPE SELECTION DIPSWITCH

The dipswitch settings for various types of drives for the SA1403D are shown below:

Prom Set AS30 — |, I, III, IV CUSTOMER FIRMWARE: (DIP SWITCH set-up procedure)
Location: 2H
Switch Bits 8 7 5 4 3 2 1
Field LUNO LUN1 LUN2 LUN3 )
- Drive Drive Drive Drive F
Definition Type Type Type Type F
(0]
N
Drive Switch
Setting .
Type Description
P Even Odd
0 on on SA1002 2 heads, 256 cylinders
1 on off SA1004 4 heads, 256 cylinders
2 off on SA800 1 head, 77 cylinders
3 off off SA850 2 heads, 77 cylinders
EXAMPLE: 8 7 6 4 3 2 1
LOCATION: 23 LUN O LUN 1 LUN 2 LUN 3 0
Drive Drive Drive Drive F
Type Type Type Type F
o]
on on off on on off off off N
Drive 0 is set up for 3A1002
Drive 1 is set up for SA800
Drive 2 is set up for SA1004
Drive 3 is set up for SA850
SA 1403D Controller Reprint
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10.0 TRACK FORMAT DESCRIPTION

10.1 26 SECTOR FORMAT

The 26 sector format is an IBM compatible format which employes FM single density encoding on all tracks
of the single density format (IBM 3740 compatible) and on track 0, side O of the double density format. This
format yields 26 sectors of 128 bytes per sector.

The remainder of the tracks on the double density formats are encoded with MFM double density which

yields 26 sectors of 256 bytes per sector (IBM system 34 compatible). Figure 9 shows the two type of en-
coding utilized.

11 ML

REPEATED 26 TIMES (188 BYTES) _—
PRE
INDEX {INDEX[INDEX|  GAP 1
GaP_ [svnc] Am

HEX OATA|  FF w | ¢ R

SEC DATA|OATA|  DATA
LEN. Jcrc| oap2 Jsvncl am | FEwo | cre| aap3 GAPY

o x FF 00 L] X x FF FF
wumorevtes] w0 |6 | 2 v |2 n | \ 1 2 247
M » i NOM)

WRITE UPDATE r I

FM FORMAT 1BM 3740

S REPEATED 26 TIMES (372 BYTES) _——
PRE PRE PRE PRE
INDEX GAP | 10 10 10 SEC GAP DATA DATA GAP
GAp [syNC| A | AM | 1 |svnc| AM | Am | TAk | M [ sec | LeN|cac | 2 |SYncl A | M | FIELD  fcRc] 3 | aape
HEX DATA 4E 00 A FC L3 00 Al FE x x x o1 x 3 00 A 8 x X 4E 3
NUM.OF BYTES| 80 23 f sl s vl v ]af2f2 3 256 2 | se ] o

WRITE UPDATE J L__—

MFM FORMAT I8M SYSTEM 34

FIGURE 9. 26 SECTOR FORMAT - SA800/850

10.2 32 SECTOR FORMAT

The 32 sector format employs MFM encoding on all tracks of the SA1000. This format yields 32 sectors of
256 bytes per sector. Figure 10 shows the 32 sector format.

11 [

32 TIMES (316 BYTES)
PRE PRE
GAP1  [SYNC| 1D | ID | CYL| H. |SEC| ECC| GAP2 [DATA|DATA DATA ECC| GAP3 GAP 4
AM | AM AM_| AM FIELD
HEX DATA 4 oo | a|FeE| x |'x | x| x |oo]|oo| an|Frs X x | oo | oo 4€
NUM.
OF BYTE! 16 3] RN E IHERERERIE 1 256 3|2 |15 (,33.’,_,

WRITE UPDATE

FIGURE 10. 32 SECTOR FORMAT - SA1000
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11.0 DRIVE JUMPER SETTINGS
11.1 JUMPER SETTINGS FOR SA800/801 FLOPPY

The following information is contained in the SA800/801 Diskette Storage Drive OEM Manual, Shugart

Associates, 1977.

Jumper Name F ion (Enabled if Jumper | led)

A Install enable DRSEL to drive selection

B Install, Head Load on Drive Select

C Remove, Drive Select loads heads

D Remove, In Use to LED is disabled

bC Remove, Disable Disk Change to return to controller

DS Install enable stepper on Drive Select

DS1-4 Install one only, DS1 = LUN 0O (Drive Select)

HL Remove, Head load on Drive Select

L Jumper for -5V (remove for -15V), controller requires -5V only
’ T Remove, Head Load terminator

T2 Install, Pullup for Drive Select lines

T3 Install, Direction terminator

T4 Install, Step terminator

T5 Install, Write Data terminator

T6 Install, Write Gate terminator

Install, Head Load Enable
Remove, Disable Hdld from driving LED

z Install drive select drives in use LED
800 Install, enabies 800 index only operation
801 Remove, disables 801 mode operation

11.2 JUMPER SETTINGS FOR SA850/851 FLOPPY

Jumper Name F ion (Enabled if Jumper | lled)

Controller is compatible with the factory jumper configuration. See SA850/851 OEM Manual.
Note: Jumpers must be set for SA850, not SA851
11.3 JUMPER SETTINGS FOR SA1000 WINCHESTER

Jumper Name  Function (Enabled if Jumper installed)

Controller is compatible with the factory jumper configuration. See SA1000 OEM Manual.

SA 1403D Controller Reprint

275



3.95"

0.24"
j+—0.53 CM
(2 PLCS)

1.35"
3.42CM

6.87"
17.45 CM

9.90 CM
{3\
7
1349 | 15
34.26 CM 38 CM ®
B | T
34.8 CM|
DRIVE OPTION
DIPSWITCH
(@H)
COMPONENT SIDE
(PARITY) °
6.52" w1 o
16.56 CM| o
STATUSQ
LED'S
3 o
0.24" . o
0.6 L ] [ J6 ] @
CM‘ [ ]
410
® 5 6
3 4
L a2
1 L— a
021"
053CM ]

8.25"
20.95CM

276

ALL TOLERANCES =+ .003”
FIGURE 11. SA1403D DIMENSIONAL DRAWING
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FIGURE 12. SA1403D FUNCTIONAL BLOCK DIAGRAM
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WESTERN DIGITAL
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FD179X-02
Floppy Disk Formatter/Controller Family

FEATURES

TWO VFO CONTROL SIGNALS — RG & VFOE
SOFT SECTOR FORMAT COMPATIBILITY
AUTOMATIC TRACK SEEK WITH VERIFICATION
ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS

1BM 3740 Single Density (FM)

1BM System 34 Double Density (MFM)

Non IBM Format for Increased Capacity
READ MODE
Single/Multiple Sector Read with Automatic Search or

* PROGRAMMABLE CONTROLS

Selectable Track to Track Stepping Time

Side Select Compare

INTERFACES TO WD1691 DATA SEPARATOR
* WINDOW EXTENSION

« INCORPORATES ENCODING/DECODING AND
ADDRESS MARK CIRCUITRY

FD1792/4 IS SINGLE DENSITY ONLY

FD1795/7 HAS A SIDE SELECT OUTPUT

179X-02 FAMILY CHARACTERISTICS

Entire Track Read FEATURES 1791 | 1762 | 1793 | 1794 | 1795 | 1797
Selectable 128, 256, 512 or 1024 Byte Sector Lengths Single Density (FM) X X X1 X X X
* WRITE MODE Double Den: X X X X
Single/Multiple Sector Write with Automatic Sector True Data B::y (MFM) X X X
Search -
Entire Track Write for Diskette Formatting Databus | X | X X
* SYSTEM COMPATIBILITY Write Precomp X X X X X X
Double Buffering of Data 8 Bit Bi-Directional Bus for Side Sel Output X X
Data, Control and Status
DMA or Programmed Data Transfers APPLICATIONS
All Inputs and Outputs are TTL Compatible 8" FLOPPY AND 5% " MINI FLOPPY CONTROLLER
On-Chip Track and Sector Registers/Comprehensive SINGLE OR DOUBLE DENSITY
Status Information CONTROLLER/FORMATTER
N— AAWREAD
DATA (8)
[T N 0] vpp1+ 12w ‘ noe
wtdaz 3917 NTRO A0 RG/SSO
[ s ) 387 oro c A1 LATE
L= 1} )y ooen--- o & EARLY :
s 36| wWeAT '] 3 WD o
A ds s ® P 3 +5 4
wwmwd ) v ] v
oaci ] e 3 WFIVFOE E L 179X 1ok
oAz 9 32} ReaoY R FLOPPY DISK WFIVFOE ?
5AT3 (1o nfwo , ComTTER WPRY M
bats g1 ) we N WG X
DATS (] 12 291 TGa3. T +5v = '
BATE (] 13 20 no E I ¥
A7 ] e 21} mAwRERD " 1100 M
stee 15 203 ACLK a tox 4,“’" READY R
owc 16 = c bS 1643 "
EARLY ({17 241 ek € 0RO STEP g
LATE (18 23 Wt INTRO DIRC
w& ] 22h TEsT CLK.
(GND) Vgg ] 20 21[3 Ve sV
E 2 5V
R =1
'SS Vop vcc
PIN DESIGNATION = J_ I 1
N +5V
T 42 asv
FD179X SYSTEM BLOCK DIAGRAM
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PIN OUTS

PIN
NUMBER

SYMBOL

FUNCTION

21

COMPUTE!

56

714

24

15
16

17

18

NO CONNECTION

MASTERRESET

POWER SUPPLIES

R INTERFACE:
WRITE ENABLE

CHIP SELECT
READ ENABLE

REGISTER SELECT LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

INTERRUPT REQUEST

FLOPPY DISK INTERFACE:

STEP
DIRECTION

EARLY

LATE

NC

8 & §F

a

DALO-DAL7

CLK

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

Pin 1 is intemally connected to a back bias generator and
must be left open by the user.

A logic low (50 microseconds min.) on this input resets the
device and loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive.
Also, HEX 01 is loaded into sector register.

Ground
+5V 5%
+12V £5%

A logic low on this input gates data on the DAL into the
selected register when CS is low.

A logic low on this input selects the chip and enables
computer communication with the device.

A logic low on this input controls the placement of data from a
selected register on the DAL when CS is low.

These inputs select the register to receiveitransfer data on the
DAL lines under RE and WE control:

CS A1 A0 RE WE

0 0 0 Status Reg Command Reg

0 ] 1 Track Reg Track Reg

0 1 0 Sector Reg Sector Reg

o 1 1 Data Reg Data Reg
Eight bit Bidirectional bus used for transfer of data, control,
and status. This bus is receiver enabled by WE or transmitter
enabled by RE. Each line will drive 1 standard TTL load.
This input requires a free-running 50% duty cycle square wave
clock for intemal timing reference, 2 MHz + 1% for 8” drives,
1MHz + 1% for mini-floppies.

This open drain output indicates that the DR contains
assembled data in Read operations, or the DR is empty in
Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write
operations, respectively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion of any com-
mand and is reset when the STATUS register is read or the
command register is written to. Use 10K pull-up resistor to
+5.

The step output contains a pulse for each step.

Direction Output is active high when stepping in, active low
when stepping out.

Indicates that the WRITE DATA pulse occuring while Early is
active (high) should be shifted early for write precom-
pensation.

Indicates that the write data pulse occurmring while Late is
active (high) should be shifted late for write precompensation.
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PIN NAME

SYMBOL

FUNCTION

27

3

TEST

HEAD LOAD TIMING

READ GATE
(1791, 1792, 1793, 1794)

SIDE SELECT OUTPUT
(1795, 1797)

READ CLOCK

RAWREAD
HEAD LOAD

TRACK GHEATER THAN 43

WRITE GATE

WRITE DATA

READY

WRITE FAULT

VFO ENABLE

TRACK 00

TEST

HLT

RAW READ
HLD

TG43

WG

WD

READY

WF/VFOE

TROO

This input is used for testing purposes only and should be tied
to + 5V or left open by the user unless intertacing to voice coil
actuated steppers.

When a logic high Is found on the HLT input the head is
to be engaged. It is typically derived from a 1 shot
triggered by HLD.

This output is used for synchronization of external data
separators. The output goes high after two Bytes of zeros in
single density, or 4 Bytes of either zeros or ones in double
density operation.

The logic level of the Side Select Output is directly controlled
by the ‘S’ flag in Type il or Il commands. When U = 1,SSO is
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO
is compared with the side information in the Sector I.D. Field.
If they do not compare Status Bit 4 (RNF) is set. The Side
Select Output is only updated at the beginning of a Type Il or
11l command. It is forced to a logic 0 upon a MASTER RESET
condition.

A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity
(RCLK high or low) is not.

The data input signal directly from the drive. This input shall
be a negative pulse for each recorded flux transition.

The HLD output controls the loading of the Read-Write head
against the media.

This output informs the drive that the Read/Write head is
positioned between tracks 44-76. This output Is valid only
during Read and Write Commands.

This output is made valid before writing is to be performed on
the diskette.

A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition.
WD contains the unique Address marks as well as data and
clock in both FM and MFM formats.

This input indi disk i and is pled for a logic
high before Read or Write commands are performed. If Ready
is low the Read or Write operation is not performed and an
i pt is Type | i are pel d
regardless of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7.

This is a bi-directional signal used to signify writing faults at
the drive, and to enable the external PLO data separator. When
WG = 1, Pin 33 functions as a WF input. If WF = 0, any write
d will i I be i When WG = 0, Pin
33 functions as a VFOE output. VFOE will go low during a read
operation after the head has loaded and settled (HLT = 1). On
the 179577, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1791/3, VFOE will remain low until the end of the
Data Field. This pin has an internal 100K Ohm pull-up resistor.

This input informs the FD179X that the Read/Write head is
positioned over Track 00.
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PIN NUMBER PIN NAME SYMBOL FUNCTION

35 INDEX PULSE P This input informs the FD179X when the index hole is en-
countered on the diskette.

36 WRITE PROTECT WPRT This input is samp aWrite C is ived.
A logic low terminates the command and sets the Write
Protect Status bit.

37 DOUBLE DENSITY DDEN This input pin selects either single or double density
operation. When DDEN = 0, double density is selected. When
DDEN = 1, single density is selected. This line must be left
open on the 1792/4.

GENERAL DESCRIPTION

The FD179X are N-Channel Silicon Gate MOS LS|
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The FD179X, which can be considered the end result
of both the FD1771 and FD1781 designs, is IBM 3740
compatible in single density mode (FM) and System 34

compatible in Double Density Mode (MFM). The
FD179X ins all the fi of its p or the
FD1771, plus the added features necessary to

read/write and format a double density diskette. These
include address mark detection, FM and MFM encode
and decode logic, window extension, and write precom-
pensation. In order to maintain compatibility, the
FD1771, FD1781, and FD179X designs were made as
close as p with the p i , instruc-
tion set, and /O registers being identical. Also, head
load control is identical. in each case, the actual pin
assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8bit bi-direc-
tional bus for data, status, and control word

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the
DAL under processor control.

Track Register — This 8bit register holds the track
number of the cument ReadMWrite head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents of
the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL This Register should
not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the ID
field during disk Read or Write operations. The Sector
Register contents can be loaded from or transferred to the
DAL. This register should not be loaded when the device is
busy.
Py

The FD179X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and
outputs. The outputs will drive ONE TTL load or three
LS loads. The 1793 is identical to the 1791 except the
DAL lines are TRUE for systems that utilize true data
busses.

The 179577 has a side select output for controlling
double sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793 respec-
tively. On these devices, DDEN must be left open.

ORGANIZATION
The Floppy Disk F block di is il d

on page 5. The primary sections include the parallel
processor interface and the Floppy Disk interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RAW READ)
during Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register — This 8-bit register is used as a
holding register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations in-
formation is transferred in parallel from the Data
Register to the Data Shift Register.

Regi: (CR) — This 8bit register holds the
command presently being executed. This register should
not be loaded when the device is busy unless the new
is a force interrupt. The register can
be loaded from the DAL, but not read onto the DAL.
Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL
CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomial is:
G(X) = X" + X2 4 x* + 1.
The CRC includes all information starting with the address
mark and up to the CRC characters. The CRC register is
preset to ones prior to data being shifted through the
circuit.
Arithmetic/Logic Unit (ALU) — The ALU is a serial com-
parator, ir and and is used for
register i and with the disk
recorded ID field.
Timing and Control — All computer and Floppy Disk In-
terface controls are generated through this logic. The in-
temal device timing is generated from an external crystal
clock.
The FD179X has two different modes of operation ac-
cording to the state of DDEN. When DDEN = 0 double
density (MFM) is assumed. When DDEN = 1, single
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density (FM) is assumed. 1792 & 1794 are single density Al - AO READ (RE) WRITE (WE)
only- 0 o0 Status Register Command Register
AM Detector — The address mark detector detects ID, data o 1 Track Register Track Register
and index address marks during read and write operations. 1 0  SectorRegister Sector Register
1 1 Data Register Data Register

PROCESSOR INTERFACE

The i tothep is p d through the
eight Data Access Lines (DAL) and associated control
signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the FD179X. The DAL are three
state buffers that are enabled as output drivers when Chip
Select (CS) and Read Enable (RE) are active (low logic state)
or act as input receivers when CS and Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller is

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD179X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1
during Read and Write operations.

On Disk Read operations the Data Request is activated (set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cieared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read

required by the host the device addi is
decoded and CS is made low. The address bits A1 and AO,
‘combined with the s1gnals RE dunng a Read op or
WE during a Write ¢ are P as selecting
the following reglsters

P ) i until the end of sector is reached.

On Disk Write operations the data Request is activated
when the Data Register transfers its contents to the Data
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Shift Register, and requires a new data byte. It is reset
when the Data Register is loaded with new data by the
processor. If new data is not loaded at the time the next
serial byte is required by the Floppy Disk, a byte of zeroes
is written on the diskette and the Lost Data bit is set in the
Status Register.

At the ion of every an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition, INTRQ is generated if a Force
Interrupt command condition is met.

The 179X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, single density is
selected. In either case, the CLK input (Pin 24) is at 2 MHz
However, when interfacing with the mini-floppy, the CLK
input is set at 1 MHz for both single density and double
density.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should be
placed to a logical “0."” Sector lengths are determined at
format time by the fourth byte in the “ID” field.

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

*1795/97 may vary — see command summary.

The number of sectors per track as far as the FD179X is
concerned can be from 1 to 255 sectors. The number of
tracks as far as the FD179X is concerned is from 0 to 255
tracks. For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector with 26
sectorsitrack; or lengths of 1024 bytes/sector with 8
sectors/track. (See Sector Length Table)

For read operations in 8” double density the FD179X
requires RAW READ Data (Pin 27) signal which is a 200 ns
pulse per flux transition and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26) signal
is provided by some drives but if not it may be derived
externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided as
an output (Pin 25) on 1791/92/93/94 which can be used to
inform phase lock ioops when to acquire synchronization.
When reading from the media in FM. RG is made true when
2 bytes of zeroes are detected. The FD179X must find an
address mark within the next 10 bytes; otherwise RG is
reset and the search for 2 bytes of zeroes begins all over
again. If an address mark is found within 10 bytes, RG
remains true as long as the FD179X is deriving any useful
information from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00" or “FF"" are detected. The
FD179X must find an address mark within the next 16
bytes, otherwise RG is reset and search resumes.

During read operations (WG = 0), the VFOE (Pin 33) is
provided for phase lock loop synchronization. VFOE will go
active low when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The 179X is inspecting data off the disk
If WF/VFOE is not used, leave open or tie to a 10K resistor
to +5.
GENERAL DISK WRITE OPERATION
When writing is to take place on the diskette the Write Gate
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the FD179X before the
Write Gate signal can be activated.
Writing is inhibited when the Write Protect input is a logic
low, m which case any Write command is immediately

ani is d and the Write Protect

status bit is set. The Write Fault input, when activated,
signifies a writing fault condition detected in disk drive
electronics such as failure to detect write current flow
when the Write Gate is activated. On detection of this fault
the FD179X terminates the current command, and sets the
Write Fault bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate output
becomes inactive.
For write operations, the FD179X provides Write Gate (Pin
30) and Write Data (Pin 31) outputs. Write data consists of a
series of 500 ns pulses in FM (DDEN = 1) and 200 ns
pulses in MFM (DDEN = 0). Write Data provides the unique
address marks in both formats.
Also during write, two additional signals are provided for
write precompensation. These are EARLY (Pin 17) and
LATE (Pin 18). EARLY is active true when the WD pulse
appearing on (Pin 30) is to be written EARLY. LATE is active
true when the WD pulse is to be written LATE. If both
EARLY and LATE are low when the WD pulse is present,
the WD pulse is to be written at nominal. Since write
precompensation values vary from disk manufacturer to
disk manufacturer, the actual value is determined by
several one shots or delay lines which are located external
to the FD179X. The write precompensation signals EARLY
and LATE are valid for the duration of WD in both FM and
MFM formats.
READY
Whenever a Read or Write command (Type Il or ill) is
received the FD179X samples the Ready input. If this input
is logic low the command is not executed and an interrupt
is generated. All Type | commands are performed re-
gardless of the state of the Ready input. Also, whenever a
Type Il or {ll command is received, the TG43 signal output
is updated.

COMMAND DESCRIPTION
The FD179X will ac®pt eleven commands. Command
words should only be loaded in the Command Register
when the Busy status bit is off (Status bit 0). The one
exception is the Force Interrupt command. Whenever a
command is being executed, the Busy status bit is set.
When a command is completed, an interrupt is generated
and the Busy status bit is reset. The Status Register
whether the p command encountered
an error or was fault free. For ease of discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.
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TABLE1. COMMAND SUMMARY

A. C for Models: 1791, 1792, 1793, 1794 B. C for Models: 1795, 1797
Bits Bits
[Type C: 7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
| Restore [} 0 0 0 h v n m|o 1) 0 0 h v n
| Seek [} o 0 1 h v 1 n{o0 [} 0 1 h v 1
| Step 0 [} 1 T h v 1 mj]o 0 1 T h v n 1
| Stepin 0 1 [} T h v 1 mjo 1 0 T h v n 1
| Stepout 0 1 1 T h v n ] o 1 1 T h v n 0
I Read Sector 1 0 0o m S8 E C Of(1 0 O m L E U O
Il Write Sector 1 0 1 m S E C a1 0 1 m L E U a
it Read Address 1 + 0 0o o E ©0 oO0f1 1+ 0 O O E U O
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0
I Write Track 11 1 1 0 E 0 O} 1 1 1 1 0 E U 0
IV Force Interrupt 11 0 1 1B k2 K% |1 1 0o 1 13 12 1 I
FLAG SUMMARY TABLE 2. FLAG SUMMARY
Command Bit
Type No(s) Description
| 0,1 170 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag|V = 0, No verify
V = 1, Verify on destination track
1 3 h = Head Load Flag h = 1, Load head at beginning
h = 0, Unload head at beginning
[} 4 T = Track Update Flag T = 0, Noupdate
T = 1, Update track register
[} 0 a0 = Data Address Mark ag= 0, FB(DAM)
ag = 1, F8(deleted DAM)
[[] 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
nam 1 U = Update SSO U = 0,Update SSOto 0
U = 1,Update SSOto 1
n&m 2 E = 15MS Delay E = 0,No 15MS delay
E = 1,15MS delay
] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
= LSB’s Sector Length in ID Field
" 3 L = Sector Length Flag 00 01 10 "
L=0 256 512 1024 128
L =1 128 256 512 1024
n 4 m = Multiple Record Flag m = 0, Single record
m = 1, Multiple records
v 03 Ix = Interrupt Condition Flags
10 = 1NotReady To Ready Transition
h = 1Ready To Not Ready Transition
2 = 1Index Pulse
13 = 1immediate Interrupt, Requires A Reset
1310 = 0 Terminate With No Interrupt (INTRQ)
*NOTE: See Type IV C d Description for further i
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TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-in, and Step-Out commands. Each of the Type |
Commands contains a rate field (f0 1), which determines
the stepping motor rate as defined in Table 3.

A 2 us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one

Head Load timing (HLT) is an input to the FD179X which is
used for the head engage time. When HLT = 1, the FD179X
assumes the head is completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The low to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the FD179X.

track ion in a i by the
output. The chip will step the drive in the same direction it
last unless the i
The Direction signal is active high when stepping in and
low when stepping out. The Direction signal is valid 12 us
before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK  2MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN o 1 o 1 x x
R1RO TEST=t TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

00 3ms 3ms 6ms 6ms 184us 368us
01 6ms 6ms 12ms 12 ms 190us  380us
10 10ms 10ms 20ms 20ms 198us  396us
11 15ms 15ms 30ms 30ms 208us  416us

After the last directional step an additional 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
a 1 MHz clock. If TEST = 0, there is zero settling time.
There is also a 15 ms head settling time if the E flag is setin
any Type It or Il command.

When a Seek, Step or Restore is an

HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will then
read from or write to the media. The “and” of HLD and HLT
appears as status Bit 5 in Type | status.

In summary for the Type | commands: if h = 0and V = 0,
HLD is reset. f h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampied nor is
there an intemal 15 ms defay. If h = 0and V = 1, HLD is
set near the end of the command, an internal 15 ms occurs,
and the FD179X waits for HLT tobe true. If h = 1and V =
1, HLD is set at the beginning of the command. Near the
end of the command, after all the steps have been issued,
an internal 15 ms delay occurs and the FD179X then waits
for HLT to occur.

For Type Il and Il commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 15 ms delay occurs and then HLT
is until true.

optional verification of Read-Write head position can be
performed by settling bit 2 (V = 1) in the command word to
alogic 1. The verification operation begins at the end of the
15 millisecond ®ettling time after the head is loaded against
the media. The track number from the first encountered ID
Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is cormect, the verify
operation is complete and an INTRQ is generated with no
enors. If there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered ID
field is read from the disk for the verification

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO) input is
sampled. If TROO is active low indicating the Read-Write
head is positioned over track 0, the Track Register is loaded
with zeroes and an interrupt is generated. f TROO is not
active low, stepping pulses (pins 15 to 16) at a rate specified
by the 1 70 field are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 255 stepping puises, the FD179X terminates

The FD179X must find an ID field with comrect track number
and correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is

pts, and sets the Seek emor status bit,
providing the V flag is set. A verification operation also
takes place if the V flag is set. The h bit aliows the head to
be loaded at the start of command. Note that the Restore

IfV = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
ginning of a Type | ifthe hflagis set(h = 1),at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type Il or lll command. Once HLD is
active it remains active until either a Type | command is
received with (h = 0 and V = O); or if the FD179X is in an
idle state (non-busy) and 15 index pulses have occurred.

is d when MR goes from an active to an
inactive state and that the DRQ pin stays low.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The FD179X will update the Track register and
issue stepping pulses in the appropriate direction until the
contents of the Track register are equal to the contents of
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SET BUSY AESET CAC
SEEK ERROR. DRQ. INTRO

RESET WD

Vs

TYPE | COMMAND FLOW

the Data Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An interrupt
is at the of the c« Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.
STEP

Upon receipt of this command, the FD179X issues one
stepping puise to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the 170 field, a verification
takes place if the V flag is on. If the U flag is on, the Track
Register is updated. The h bit allows the head to be loaded

at the start of the An i pt is at
the completion of the command.
STEP-IN

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 76. If the U

TYPE | COMMAND FLOW

flag is on, the Track Register is incremented by one. After a
delay determined by the "0 field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at

the start of the An i pt is gt at the
completion of the command.
STEP-OUT

Upon receipt of this command, the FD179X issues one

ping pulse in the directi track 0. If the U flag
is on, the Track Register is decremented by one. After a
delay determined by the 10 field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

EXCEPTIONS

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an intemal side compare
does not take place when the (V) Verify Flag is on.

Western Digital Reprint
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VERIFY
SEQUENCE

woTE L TEET = 0 Teknt 1 No 1w pELAY
L4 = VAND CLK = 1 MH2, THERE IS A J0MS DELAY

TYPE | COMMAND FLOW

TYPE Il COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Command
into the Command Register, the computer must load the
Sector Register with the desired sector number. Upon
receipt of the Type It command, the busy status Bit is set. If
the E flag = 1 (this is the normal case) HLD is made active
and HLT is sampled after a 15 msec delay. If the E flag is 0,
the head is loaded and HLT sampled with no 15 msec
delay. The D field and Data Field format are shown on page
13.

When an ID field is located on the disk, the FD179X
compares the Track Number on the ID field with the Track
Register. If there is not a match, the next tered ID

then located and will be either written into, or read from

ing upon the The FD179X must find an

1D field with a Track number, Sector number, side number,

and CRC within four { of the disk; ot ise, the

Record not found status bit is set (Status bit 3) and the
dis inated with an i

'SET BUSY RESEY DRO LOST
DATA T FOUND &
STATUS BITS § & 6 INTRQ

“NOTE ;v T = 0. THERE 1S NO 15MS DELAY
T2 NG TR £ e TwERE 15 30w DELAY

TYPE 1| COMMAND
Each of the Type Il Commands contains an (m) flag which

field is read and a comparison is again made. If there was a
match, the Sector Number of the ID field is compared with
the Sector Register. If there is not a Sector match, the next
encountered ID field is read off the disk and comparisons
again made. If the ID field CRC is correct, the data field is

if multiple records (sectors) are to be read or
written, ing upon the If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next
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record. The FD179X will continue to read or write mulitiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
i the cc and g an it pt.
For example: if the FD179X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-
ceeds the number available. The FD179X will search for 5
disk revolutions, interrupt out, reset busy, and set the
record not found status bit.

The Type Il commands for 1791-94 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S) flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the FD179X continues with
the ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

INTRO_ RESET BUSY
SET RECORD-NOT FOUND)/

TYPE | COMMAND

The Type Il and Il commands for the 1795-97 contain a side
select flag (Bit 1). When U = 0, SSO is updated to 0.
Similarly, U = 1 updates SSO to 1. The chip compares the
SSO to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

The 17957 READ SECTOR and WRITE SECTOR com-
mands include a ‘L’ flag. The ‘L’ flag, in conjunction with
the sector length byte of the ID Field, allows different byte
lengths to be implemented in each sector.’For IBM
compatability, the ‘L’ flag should be set to aone.

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, correct
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address

READ SECTOR
SEQUENCE

@

TYPE 1l COMMAND

INTRO RESET BUSY
SEY CAC ERROR

Western Digital Reprint
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WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP.

DELAY 8 BYTES OF GAP.

ves

DELAY 1 BYTE OF GAP

TURN ON WG 8 WAITE
6 BYTES OF Z€ROS DELAY 11 BYTES

i 1

TURN ON WG 8 WRITE
12 BVTES OF 2EROS.

TYPE Il COMMAND
Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last ID
field CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark search. if
after 5 revolutions the DAM cannot be found, the Record
Not Found status bit is set and the operation is terminated.
When the first character or byte of the data field has been
shifted through the DSR, it is transferred to the DR, and
DRQ is generated. When the next byte is accumulated in
the DSR, it is transferred to the DR and another DRQ is

STATUS

BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. When an
ID field is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The FD179X counts off 11 bytes
in single density and 22 bytes in double density from the
CRC field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e.,, the DR has been loaded by the
computen). if DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
2zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the a0
field of the command as shown below:

ag Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates DRQ's
to the computer. If the DRQ is not serviced intime for
continuous writing the Lost Data Status Bit is set and a
byte of zeroes is written on the disk. The command is not
terminated. After the last data byte has been written on the
disk, the two-byte CRC is computed intemally and written
on the disk followed by one byte of logic ones in FM or in
MFM. The WG output is then deactivated. For a 2 MHz
clock the INTRQ will set 8 to 12 usec after the last CRC byte
is written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the
chip fill the zeroes, errors may be masked by the lost data
status and improper CRC Bytes. '

TYPE Il COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The next
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for each
byte. The six bytes of the ID field are shown below:

generated. If the Computer has not read the previous
contents of the DR before a new is

that character is lost and the Lost Data Status bit is set.
This e i until the data field has
been inputted to the computer. If there is a CRC error at the
end of the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown:

TRACK SIDE SECTOR | SECTOR | CRC [CRC
d ADDR NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 5 6

Although the CRC characters -are transferred to the
computer, the FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector
register so that a comparison can be made by the
user. At the end of the operation an interrupt is
generated and the Busy Status is reset.
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READ TRACK

Upon receipt of the READ track command, the head is
loaded, and the Busy Status bit is set. Reading starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse. All Gap, Header, and
data bytes are assembled and transferred to the data
register and DRQ's are generated for each byte. The ac-

of bytes is sy 1to each mark
encountered. An interrupt is generated at the completion of
the command.

This command has several characteristics which make it
i for di { They are: the Read Gate

is not activated during the no CRC g is
performed; gap information is included in the data stream;
the intemnal side compare is not performed; and the ad-
dress mark detector is on for the duration of the command.
Because the A.M. detector is always on, write splices or
noise may cause the chip to look for an A.M. If an address
mark does not appear on schedule the Lost Data status fiag
is set.

The ID A.M,, ID field, ID CRC bytes, DAM, Data, and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read i ly during write-splice time b of

TR
RESET BUSY

(NTRO RESET
BUSY SET WPRT

SETINTRG
LOST DATA
RESET BUSY

30 M8 1F CLOCK
-1

synchronization.

ves @

WRITE 2 CRC
CHARS UK = FF

WAITE FO.FE OB
FaB Cuk = C7
INITIALIZE CRC

WAITE
BYTE OF ZEROS
SEY DATA LOST

WAITE A1 N MM
\TH MISSING CLOCK]
INITIACIZE CRC

WAITE C2° IN MFM
with MissinG CuocK]

TYPE lil COMMAND WRITE TRACK

TYPE Ill COMMAND WRITE TRACK
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CONTROL BYTES FOR INITIALIZATION

DATA PATTERN

FD179X INTERPRETATION

FD1791/3 INTERPRETATION
IN MFM (DDEN = 0)

F8 thru FB
FC Write FC with Clk = D7

IN DR (HEX) IN FM (DDEN = 1)
00 thru F4 Write 00 thru F4 with CLK = FF
F5 Not Allowed
F6 Not Allowed
F7 Generate 2 CRC byt

es
Write F8 thru FB, Clk = C7, Preset CRC

FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Clk = C7, Preset CRC Wirite FE in MFM
FF Write FF with Clk = FF Write FF in MFM

Write 00 thru F4, in MFM

Write A1* in MFM, Preset CRC
Write C2** in MFM

Generate 2 CRC bytes

Write F8 thru FB, in MFM
Write FC in MFM

*Missing clock transition between bits 4 and 5

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type Il commands for flow diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under DMA
with a large amount of memory. Data and gap information
must be provided at the p interface. F ing the
disk is accomplished by positioning the RW head over the
desired track number and issuing the Write Track com-
mand.

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data Request is activated im-

i upon receiving the 1d, but writing will not
start until after the first byte has been loaded into the Data
Register. If the DR has not been loaded by the time the
index pulse is the ion is i
making the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next
index mark. Normally, whatever data pattemn appears in the
data register is written on the disk with a normal clock
pattern. Howevér, if the FD179X detects a data pattem of
F5 thru FE in the data register, this is interpreted as data
address marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern will
generate two CRC characters in FM or MFM. As a con-
sequence, the patterns F5 thru FE must not appear in the
gaps, data fields, or ID fields. Also, CRC's must be
generated by an F7 pattem.

Disks may be formatted in IBM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to in-

**Missing clock transition between bits 3 & 4

sure Type | status in the status register. This command can
be loaded into the command register at any time. If there is
a current command under execution (busy status bit set)
the command will be terminated and the busy status bit
reset.

The lower four bits of the command determine the con-
ditional interrupt as follows:

10 = Not-Ready to Ready Transition
1 = Ready to Not-Ready Transition
12 = Every Index Pulse

13 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3 - 0) are set to
a 1. Then, when the condition for interrupt is met, the IN-
TRQ line will go high signifying that the condition specified
has occurred. If 13 - 10 are all set to zero (HEX DO), no in-
terrupt will occur but any command presently under
execution will be immediately terminated. When using the
immediate interrupt condition (I3 = 1) an interrupt will be
immediately generated and the current command ter-
minated. Reading the status or writing to the command
register will not automatically clear the interrupt. The HEX
DO is the only command that will enable the immediate
interrupt (HEX D8) to clear on a subsequent load command
register or read status register operation. Follow a HEX D8
with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2).
Loading a new command sooner than this will nullify the
forced interrupt.

Forced interrupt stops any command at the end of an in-
termal micro-instruction and generates INTRQ when the
specified condition is met. Forced interrupt will wait until
ALU i in  prog are (CRC

calculations, compares, etc.).

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (11 = 1)
and the Every Index Pulse (2 = 1) are both set, the
resultant command would be HEX "DA™. The “OR" func-
tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.

