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1.0

Perspective

1.1

INTRODUCTION

The Osborne 1 computer is a completely integrated computer unit. Designed
to be portable, the entire computer weighs 24 pounds including a weather-
resistant case and handle which facilitate moving it from one location to
another.

The primary hardware components of the Osborne 1 are:

1. Dual 5 1/4-inch disk drives

2. Built-in 5” black and white monitor

3. Single-board computer

4. Z80A central processor

5. 64K bytes

6. 4K bytes ROM

7. Floppy disk interface

8. IEEE-488 interface

9. RS-232C interface
10. Modem (communications) interface option
11. 32 x 128 character memory-mapped video
12. Battery-pack option
13. 69-key detachable keyboard/numeric keypad
14. Lightweight, switching power supply

The design philosophy used in creating the Osborne 1 was twofold: 1) get all
of the user controls and interface options up front where the user can see and
manipulate them; and 2) make sure all of the components are integrated in
such a way so that the case becomes a protective shell when the unit is closed
up for traveling.

Upon receiving an Osborne 1, the user merely lays the unit on a flat surface,
plugs it in, unlocks two latches to pull the keyboard unit from the rest of the
computer, then begins using the computer. In normal operation, the main
computer housing is propped onto the back lip of the keyboard, so the video
display is tilted at a comfortable working angle.
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1.2

1.3

POWER ON

When the Osborne 1 is powered ON, a sign-on message is displayed on the
video monitor prompting the user to insert a diskette and press the RETURN
key. This same message is displayed immediately following the depression of
the RESET button located on the front panel of the Osborne 1.

The current revision of the monitor ROM is identified within the box under
“OSBORNE 1” in the sign on message. There have been a number of hard-
ware and software modifications during the ongoing refinement of the com-
puter. Improvements have been made and features have been added in four
distinct catagories; the main logic board, the disk interface board, the monitor
ROM, and BIOS. Also, the latest Osborne 1 has a blue injection-molded case
with a covered vent and fixed lid that covers the power well.

VARIATIONS IN DESIGN

Since there are some subtle differences between the various releases of the
Osborne 1, this manual attempts to point out discrepancies between these
versions whenever possible. For instance, as of this writing, there are current-
ly six revisions of the main assembly logic board (A-F) which is further
complicated by eight revisions of the board with components (A-H). There
have also been numerous revisions of the disk interface board, four revisions
of the monitor ROM (A, 1.2, 1.3, 1.4), and five revisions of BIOS (A,1.2,1.21,
1.3, 1.4). Version A software (ROM and BIOS) were upgraded to 1.2 free of
charge by Osborne Computer Corp in November of 81.

The ROM monitor, which takes control of the machine at power on and reset
(and displays the “Insert Disk” message described earlier), contains the disk-
ette boot loader and extensions to the CP/M BIOS routines. There are no
machine-level byte entry, examination, or modification routines in the ROM
monitor. Such routines are unnecessary, given the utility software supplied
with the Osborne 1.

Single density versions of the Osborne 1 prior to the 1.3 ROM and BIOS
include a set of built-in diagnostics which are accessible by pressing D when
the sign-on message is displayed.

Further discussion of the main hardware and software will be found in the
following detailed descriptions of each module.
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2.0

Logic Board And CPU

2.1

2.2

[

OSBORNE 1 MAIN LOGIC BOARD

The main logic board—as already described—contains all of the electronics
necessary to provide a 64K, Z80A-based computer, including the additional
interfaces required to run the disk drives, video display, and external commu-
nications ports.

BOARD REVISIONS

Six revisions of the bare main logic board have been made:

Revision A — prototype, not released

Revision B — first release, requires wiring changes

Revision C  — incorporates all wiring changes, requires additional
changes to correct layout problems

Revision D — requires no wiring changes

Revision E ~ — complete relayout of board

Revision ' — revision E board with clock modification added

Boards at levels B through Fare in the field. Current production (15 June 1982)
is at the Revision F level.

Boards loaded with parts are -given a separate revision level:

Revision A — prototype, not released

Revision B — memory

Revision C  — first revision shipped, Revision B bare board

Revision D — incorporates rework required by Revision C bare board

Revision E — same as Revision D loaded board, but assembled with-
out rework

Revision F — first incorporation of Revision E bare board, not
released

Revision G — primary production board through 3 November 1981,

incorporates Revision E bare board
Revision H-N — released

NOTE

As of 9/82 a multilayer main logic PC Board which conforms to F.C.C.
regulations is in production.
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2.3

2.4

Beginning in January 1982, an international version of the Osborne 1 was in
production. The difference in this international version is the character gen-
erator ROM and the primary power supply which is configured to accomo-
date the international voltages being used.

Also, future Osborne 1’s which have been upgraded to double density, feature
a 1.4 ROM. The double density option includes a small add-on component

board mounted above the main logic board. This option will be described
more thoroughly, later in this manual.

BOARD LAYOUT

The layout for the current revision and future multilayer main logic board are
both shown in Figure 2.3:

CENTRAL PROCESSOR

The central processor used is the NEC C780C, which is equivalent to the Zilog
Z80A.

The CPU uses a clock of 4-megahertz, generated from a 15.9744-megahertz
crystal run through a 74LS161 binary counter.
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3.0

Osborne 1 Memory
Scheme

3.1

3.2

MEMORY BANKS

Four rows of eight 4116 dynamic RAM chips provide the Osborne 1 with 64K
of main memory. The memory on the Osborne 1 main logic board is mapped
into three logical banks. The first bank of memory is 64K by 8 bits of dynamic
RAM (4116 chips). The second bank of memory consists of 4K of ROM
(currently a 2732 chip; formerly two 2716 chips), 16K of RAM, and memory-
mapped I/O . A “mimicking” of the first bank’s dynamic RAM provides the
top 48K. The third bank of memory is 16K by 1 bit worth of dynamic RAM
memory used for storing the dim character video attribute. Figure 3.1 below
shows the Osborne 1 memory map:

The addresses shown on this memory map pertain to the 1.4 ROM and BIOS.
Software released prior to 1.4 has different addresses for BIOS, BDOS, and
CCP. Consult the Software section for more information.

CP/M MEMORY ALLOCATION

0000 - 0002
0003
0004

Jump to BIOS warm start entry
IOBYTE
Drive number/current user

0005 - 0007
0008 - 0037
0038 - 003A
003B - 003F
0040 - 004F
0050 - 005B
005C - 007C
007D - 007F
0080 - OOFF
0100 - CEFF
CB00 - EOFF
E100 - EFFF
F000 - FFFF

Jump to BDOS entry
Reserved for interrupts

RST7 (used by DDT)
Reserved for interrupts
Scratch area used by BIOS
Not used

File control block

Random record position
Default DMA buffer area
Transient program area
CCP/BDOS (CP/M)

BIOS and Osborne buffer area
Memory mapped video display

Note: 1.2 and 1.3 software have CCP/BDOS located from CF00 to E4FF and
BIOS from E500 to EFFE.
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FFFF

Fooo

EA80

E100

CBO00

4000

3000

2000

1000

0000

Normal mode

Shadow mode

Video with dim bit

bank 1 bank 2 bank 3
video video video
display display attributes
128 x 32 128 x 32 4k x 1
BMRAM BMRAM
BIOS BIOS
BDOS/CCP BDOS/CCP
RAM RAM not used
used for used as
programs buffer
not used
I/0 ports
not used
ROM
bank 1 bank 2 bank 3

Figure 3.1 Osborne 1 Memory Map




3.3

3.4

3.5

CHAPTER THREE OSBORNE 1 MEMORY SCHEME

MAIN MEMORY

Bank 1 of memory is used mainly for programming. CP/M, for instance, loads
itself into the uppermost free area—just below the video display memory—
with the Basic Input Output System (BIOS), the Basic Disk Operating System
(BDOS) and the Console Command Processor (CCP). As with all CP/M
systems, the memory area from 0000 hex to 0100—commonly referred to as
“page 1” of memory—is reserved for use by CP/M. Overall, about 51K bytes
of usable memory are available to the programmer.

As you can see from Figure 3.1, the primary bank of memory is divided into
60K of user memory and 4K of video display memory. The video display
memory layout is discussed in an upcoming section.

MEMORY-MAPPED I/O

The second bank of memory consists of the monitor ROM and memory-
mapped I/0O. Specifically, the serial/modem port, IEEE-488 port, disk inter-
face, and keyboard are all addressed through the memory-mapped I/O
section. The memory-mapped 1/O is detailed in Figure 3.4 and 3.4.1.

Use of each of the I/O memory locations will be discussed in conjunction
with the specific peripheral being addressed.

MEMORY ACCESS TIME

The memory access time is 250 nanoseconds for programmable memory and
350 nanoseconds for the read-only memory. Programs in read-only memory
execute without delay, while programmable memory has delay times added
as follows:

First M1 cycle — 188 nanoseconds
Subsequent consecutive M1 cycles — 0 nanoseconds
Non-M1 cycles — 375 nanoseconds
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2C04
2C03

2C00
2BFF

2A02
2A01
2A00
29FF

2904
2903

2900
28FF

2281
2280
2201
2200
2104
2103
2100

20FF

2000

Figure 3.4 1/0 memory map

BANK 2
Memory-Mapped /0

VIDEO PIA

SERIAL

488 PIA

KEYBOARD

DISK




CHAPTER THREE

OSBORNE 1 I/0 Port Assignment (Shadow Mode)

Address Read Write

2100 Status Register Control Register
= 2101 Track Register Track Register
[a) 2102 | Sector Register Sector Register

2103 Data Register Data Register

2201 Row 0

2202 Row 1
o 2204 Row 2
8| 2208 |Rows3s.
2] 2210 |Row4
X 2220 Row 5

2240 Row 6

2280 Row 7
< 2900 Port A Direction/Data Port A Direction/Data
a 2901 Port A Control Register
3 2902 Port B Direction/Data Port B Direction/Data
N 2903 Port B Control Register
g 2A00 | Status Register Control Register
3 2A01 Receive Buffer Transmit Buffer
< 2C00 Port A Direction/Data Port A Direction/Data
% 2C01 Port A Control Register
3 2C02 Port B Direction/Data Port B Direction/Data
> 2C03 Port B Control

Figure 3.4.1 170 Port Assignments In Bank 2

OSBORNE 1 MEMORY SCHEME

11
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4.0

Osborne 1 Interface
Design

4.1

4.1.1

IEEE-488 INTERFACE

The IEEE-488 interface is created using a 6821 PIA. The IEEE-488 implementa-
tion, as described in the Osborne 1 User Guide’s Appendix, is a subset of the
complete IEEE specification. Specifically, no provision has been made for
controlling multiple devices on the interface.

IEEE-488 Signal Direction

The Osborne 1 IEEE-488 signal directions are provided here:

Osborne 1 IEEE Device
REN >
IFC
ATN <
SRQ |
NRFD
DAV
EOI
NDAC
a0 oo
DATAO |< >
DATA1 |< >
DATA2 |< >
DATA3 |< >
DATA4 |< >
DATAS |< >
DATAG |< >
DATA7 |< >

Figure 4.1.1 IEEE-488 Signal Direction

13
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4.1.2

14

IEEE-488 Pinouts

Any IEEE 488-compatible device can connect to the Osborne 1 through the
IEEE connector. Because this port is used for more than just IEEE 488 signals,
we’ve declined to use a standard IEEE connector. The following table shows
the pin assignments for both the IEEE standard connector and the Osborne 1

edge connector:

IEEE OSBORNE SIGNAL NAME
1 1 Data bit 1 (DIO1)
2 3 Data bit 2 (DIO2)
3 5 Data bit 3 (DIO3)
4 7 Data bit 4 (DIOA4)
5 9 End or Identify (EOI)
6 11 Data valid (DAV)
7 13 Not ready for data (NRFD)
8 15 No data accepted (NDAQ)
9 17 Interface clear (IEC)
10 19 Service request (SRQ)
11 21 Attention (ATN)
12 23 Cable shield + GND (SHIELD)
13 2 Data bit 5 (DIOS5)
14 4 Data bit 6 (DIO6)
15 6 Data bit 7 (DIO7?)
16 8 Data bit 8 (DIOS)
17 10 Remote enable (REN)
18 12 Signal ground (DAV)
19 14 Signal ground (NRFD)
20 16 Signal ground (NDAC)
21 18 Signal ground (IFC)
22 20 Signal ground (SRQ)
23 22 Signal ground (ATN)
24 24 Signal ground (Logic)

The pinouts for the signals described above are as follows:

26232119171513119 75 3 1

252422201816141210 8 6 4 2
26-pin edge connector, looking at front of Osborne 1. Pins 25 and 26 are not
used, but provided for compatability.

Figure 4.1.2 |IEEE-488 Pinouts



4.1.3

4.1.4

CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

TIEEE-488 Jump Vectors

To provide easier access to the routines necessary to use the IEEE-488 inter-
face, the CP/M BIOS jump table has been extended to provide a series of extra
jumps specifically for the IEEE-488 programmer. The IEEE-488 routines are
offset from the starting address of BIOS as follows:

BIOS + 3FH Control out

BIOS + 42H Status in

BIOS + 45H Go to standby

BIOS + 48H Take control

BIOS + 4BH Output interface message
BIOS + 4EH Output device message
BIOS + 51H Input device message
BIOS + 54H Input parallel poll message

IEEE-488 Communication Protocol

IEEE-488 commands use no RAM other than the stack. Each command rou-
tine in BIOS determines status of the port by reading the status of the 6821
PIA chip. The PIA transmits signals in both directions, so to reduce the
overhead in determining the current direction the PIA is attempting to
communicate, it is always left in one of two modes:

the source handshake mode
or
the acceptor handshake mode

(The PIA specification sheet will be help-
ful in determining these modes.)

Several of the IEEE commands require that the PIA be in the source hand-
shake mode when called. The PIA is normally in the source handshake mode
following the completion of any IEEE- bus information transfer, so this is not
a major restriction. For instance, both the Status In and the Parallel Poll
commands require that the PIA be in the source mode, which means that you
can perform the detection-of-device request using either serial poll or parallel
poll only when the interface is idle.

To send data to a device on the IEEE bus, the controller makes the device a
LISTENER, assumes the role of TALKER, and sends the data. To receive data
from an external device, the controller must first make the device a TALKER
and then assume the role of LISTENER. After this, the controller goes on
“standby’” and allows the two devices to communicate at their own rate.

The controller can regain control asynchronously by setting the ATN signal

to true. But if a device-dependent message is true at the same time when ATN
becomes true, other devices on the IEEE bus can misinterpret the interrupted
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16

4.1.5

byte as an interface message and produce chaos. Avoid the problem by taking
control synchronously. If high-speed transfer of data between devices is not
required and the computer can be tied up during the transfer, it is better to
make the controller listen to the transfer while discarding the data. This
procedure allows the controller to count transfers, look for EOI signals, or
“time out” the TALKER before regaining control.

The IEEE commands are detailed in the User’s Guide’s Appendix, with sam-
ple programs included to help decipher how we’ve put the BIOS jumps into
effect for the IEEE bus. A listing of the 6821 registers and instruction set is
provided as Appendix B of this manual for those who wish to make direct use
of the PIA for controlling the IEEE-488 port.

IEEE-488 As A Parallel Port

The IEEE-488 can also be used as a standard parallel port, and software has
been added to the BIOS section of CP/M so that users of a Centronics-
compatible printer may use their printer as the list device under CP/M. By
setting the CP/M IOBYTE equal to BAT:, UR1:, UP1:, or LPT:, the IEEE-488
port is reconfigured by BIOS to be a simple 8-bit parallel input/output port
with the following pinouts:

Osborne Centronics-
IEEE Edge Compatible
Connector Connector

pin 1 data 0 2

2 data 4 6
3 data 1 3
4 data 5 7
5 data 2 4
6 data 6 8
7 data 3 5
8 data 7 9
11 out strobe 1
12 ground 19
15 busy 11
16 ground 29
19 select 13

Figure 4.1.5 IEEE-488 Parallel Interface



4.2

CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

To use a parallel printer connected to the IEEE interface, you must employ the
SETUP program to configure the appropriate protocol for the printer. You
need do this only once for each diskette. Alternatively, if you have two
printers hooked up, or wish to change the printer being used from within a
program, you can reset the IOBYTE as described later.

SERIAL RS232 INTERFACE

The serial port is configured as a R5-232C-compatible port, though certain of
the RS-232C signals are held at +5 volts since they are not needed to control
the Osborne 1. A 6850 ACIA chip controls the serial port.

The RS232 status port address is located at 2A00H and the data port at 2A01H
in the shadow mode. RS$232 status bit assignments are detailed in the follow-
ing diagram:

7 6 5 4 3 2 1 0 -<«—BitNo.
r I R J R I T I R |<—Status register
Ar A A A 4 |

| L
RDRF, Receive Data register is full

TDRE, Transmit Data register is empty

—DCD, Data Carrier Detect signal status

CTS, Clear To Send signal status

FE, Framing Error

OVRN, Receive overrun error

PE, Parity Error

IRQ, Interrupt request
NOTE: See pages 9-59 and 9-60 in Volume 2 of An Introduction To Micro
computers by Adam Osborne/McGraw-Hill or the 6850 Data sheet for a

complete description.

Figure 4.2 RS-232 Status Bit Assignments
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4.2.1 RS232 Signal Direction

The serial port is configured as a DTE device. The following signals apply:

Osborne 1 RS-232 device

GND ND

TXDATA < TXDATA

RXDATA >| RXDATA
RTS > RTS
CTS |+5 volts< CTS
DSR |+5 volts >| DSR

CARR DET |+5 volts< CARR DET

DTR K DTR

Figure 4.2.1 RS-232 Signal Direction

4,2.2 RS232 Pinouts

Below are the pin assignments for the RS-232 serial interface:

DB-25S RS-232 Pin Definition

1 AA Frame ground (optional)
2 BA Transmitted data (low=1)
3 BB Received data (low=1)
4 CA Request to send (high or no connection enables)
5 CB Clear to send (always high on OCC 1)
6 CC Data set ready (always high on OCC 1)
7 AB Signal ground
8 CF Received line signal detected (always high)
20 CD Data terminal ready (high or no connection enables)

13 12 11 10 9 8 7 6 5 4

3 2 1
©O 0O 0O 0O 0O0O0O OO O 0O OO0
O 0 OO OO OO0 OO0 OO

% 24 28 22 21 20 19 18 17 16 15 14

9,10,11,12,13,14,15,16,17,18,19,21,22,23,24,25 no connections

Figure 4.2.2 RS-232 Serial Pinouts
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4.3.1

4.3.2

CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

MODEM

A close look at the circuitry in the Osborne 1 schematics will show that the
modem and RS-232 interfaces are basically one and the same. In addition to
the serial port, TTL-level signals may be directly input into the 6850 ACIA"
using the modem port connection. To read to and from the modem or serial
port use the CP/M IOBYTE function.

Modem Signal Direction

The following signals apply to the Modem Port:

Osborne 1 Modem Device
GND GND
TXDATA >] TXDATA
RXDATA |< RXDATA
MSB |< MSB
CTS |< CTS
MCB >| MCB
+12 >| POWER IN
Rl < CD

Figure 4.3.1 Modem Signal Direction

Modem Pin Connections

The pin connections on the modem port are as follows (all use the standard
numbering of the DE-9P connector).

DE-9P Osborne Modem Definition:

1 GND - Signal ground

2 TXD - Transmitted data — TTL logic, 1=high

3 — Not used

4 MSB - Modem status bit— open collector, 50ua sink =inactive
5 CTS - Clear to send

6 RXD — Receive data — bipolar input, -0.5v-10v=1

7 +12v  — Connected to power supply through 22 ohms

8 MCB — Modem control bit — TTL, low suppresses output

9 RI — Ring indicator — TTL, high-to-low sets flag

19
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1. 2 3 4 5
0O 0 0 o o
© o o o
6 7 8 9

Figure 4.3.2 Modem Pinouts

NOTE: all signals are TTL-level and thus this interface is extremely vulner-
able to damage through misuse.

Early versions of the main PC board have a reversal of the modem signals
described in this document; the original design called for a female modem
socket. Consult the User’s Guide which accompanied your Osborne 1 for the
applicable modem pinouts. A special cable is required with the Osborne
Modem to compensate for the configuration of these earlier connectors.

If you have a modem that uses an RS-232C connector, you may have to use an
external adapter box to properly institute all the modem functions. Connect-
ing a modem without using an external adaptor may damage your Osborne 1,
as pins 4 and 5 are open collectors and are sensitive to signal-edge transitions.
If pin 4 is not connected to the modem, make sure that nothing is connected to
pin 4 at the Osborne end; otherwise, adjacent signals may be received inad-
vertently.

Modem Status

You can determine the output status of the modem port by using the BIOS call
LISTST located at 0E12D hex. A value of OFF hex indicates that the list device is
ready; 00 indicates busy.

To find the input status of the modem port, you must first switch to bank 2 of
memory and then look at memory location 2A00 hex. To change the status of
the modem or serial device directly, you use the same memory location and
write a special “control” byte as dictated in the 6850 specification sheet.
Memory location 2A01 hex in bank 2 is the data buffer: you read information
from external devices by moving the byte to one of the CPU internal registers,
you send information to the external device by moving data from the CPU
register to the memory location.



4.4

CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

BAUD RATE

Baud rates for the serial and modem ports is software-selectable between 300
or 1200 (use the SETUP program to change the baud rate from 1200 that BIOS
assumes to 300). If necessary, the baud rate may be increased (on Revision
level E boards and latter) from the 300/1200 baud normally used on the
Osborne 1 to 600/2400 baud. To Switch baud rates remove the two-pin jumper
from the position “J1” (See Fig. 2.3) on the logic board. Earlier versions
require soldering and cutting of traces.

An even faster Baud rate of 1200/2400 or 2400/9600 can be attained with the
addition of a few routing wires. The Osborne 1 cannot handle terminal
functions above 2400 baud due to the limitation of system calls. However,
communication to an external terminal, printer or another computer can be
maintained at these higher rates of transmittion.

Note: We are making the procedure for increasing Baud rate available because
we are convinced that certain parties are using it successfuly. Osborne Com-
puter Corporation does not officially support these higher Baud rates because
the 6850 support driver is potentially unreliable at high speeds. Also, be
forwarned that any tampering within the computer will void your waranty.

Here is the procedure for increasing the Baud rate to either 1200/2400 or
2400/9600. Refer to the Figure 2.3 of the main logic board and the illustration
below the instructions for more details:

1. Remove LS161/163 from C3 and repace it with a 16 pin socket.

2. Bend up pins 2, 3, 7, and 10.

3. Route a wire between pins 3 and 4, another between pins 4 and 7, and
another wire between pins 7 and 10.

4. Place the modified pack in the socket. The modification so far will
provide 1200/4800 Baud capability.

5. For 2400/9600 Baud you must connect an extra wire from pin 2 to the
middle contact of J2 as illustrated in Figure 4.4.

For those who wish to control the 6850 ACIA directly, Appendix C contains a
listing of the registers and instructions the 6850 chip utilizes.
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J2
o
- 'LS74 1793
B6 Vs B7
2 D)
J3

\
E 1 LS161/ 16 AN

~

L5163 \
FOR 9600/2400 BAUD 2 @ 15 2 \, FOR 4800/1200 BAUD

c3 y

Ve

___/
3 14 e

EpEpEgEEEEN

1101

J1
7 10 D
4 _ DON'T CARE

]

300/1200 NO MOD - J1 IN

600/2400 NO MOD - J1 OUT
1200/4800 MOD W/O PIN 2 (J1 = X)
2400/9600 MOW W/PIN 2 (J1 = X)

—

SPEED SELECTED W/IN 6850

Figure 4.4 Baud Rate Hardware Modification
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5.0

Video Attributes

5.1

5.2

VIDEO DISPLAY

The video display probably has the trickiest design of any of the modules on
the main logic board. A 6821 PIA chip is used to control portions of the video
display circuitry, while the video display circuitry itself is used to refresh the
main memory dynamic RAM. A 2716 ROM is used as a character generator,
and an extra 4116 chip is used to store the dim video attribute.

VIDEO MEMORY

Memory from 0F000 hex to OFFFF hex is used for the video memory map. That
memory is considered to be 32 rows of 128 characters, even though only 24
rows of 52 characters are actually displayed on the monitor screen at a time.
The character matrixis7 X 9in an 8 X 10 box. The following bits are used to
encode the character to be displayed:

8 7 6 5 4 3 2 1 0  bit number

* ASCII character

underline attribute

dim attribute

23
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5.3 CHARACTER GENERATION

All characters are defined using a dot matrix that is 8 columns wide by 10
rows high. Within the character generator ROM, 128 characters are defined.
The top row of each character is defined in the first 128 bytes of the character
generator ROM. The second row is subsequently defined in the second 128
bytes, and so on. This is illustrated as follows:

Character represented
by this ASCIl code

ASCII 00
ASCII 01
SCll 02

ASCII 40
ASCII 41
ASCII 42
ASCII 7D
ASCII 7E
ASCII 7F

Row 1: 0000-007F
Row 2: 0080-00FF
Row 3: 0100-017F
Row 4: 0180-01FF
Row 5: 0200-027F
Row 6: 0280-02FF
Row 7: 0300-037F
Row 8: 0380-03FF
Row 9: 0400-047F
Row 10: 0480-04FF

\"\N

Row memory
addresses

Byte
Address
0041

00CH1
0041
01C1
0241
0241
0341
03CH1
0441
04C1

~

olojojolo o jo jo (o o

ASCIl 4/16 = “A”

“A’” is encoded in
eight bytes as

follows: ———»<

O ja || |j= | jOo o |o
O |2 ||t | | | |2 O |O
Qoo |~ |2 |O|Q = |= |O
Ol jala|aja lalalo lo
Oja | |a|aja |a|jo o |o
O O |00 O |O |0 |Oo |o |o

QIO O |- |= OO |- |u |O

/

Figure 5.3 Character Generator Encoding
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5.5
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DISPLAY LOGIC

In order to create displays, ASCII codes are written into screen RAM. Display
logic fetches the code in each screen RAM location and displays the character
from the character generator ROM corresponding to the screen RAM ASCII
code. This may be illustrated as follows:

CHARACTER GENERATOR ROM

- - — — — 1
; |
1
1 |
———— - > i
THREE CHARACTERS'IN
| |
| ? | SSA:ARACTER GENE|RATOR
—— e _.’ _____ - —
| | | | | |
| | | | ! |
| | | | | |
| SCREEIN RAM _ I I DISF!’LAY |
l | r | | |
X1 X2 X3
THREE ASCli CODE ADDRESSES THREE DISPLAYED CHARACTERS

PROVIDED BY THE CHARACTER
GENERATOR ROM

Figure 5.4 Display Logic Diagram

BLOCK GRAPHICS

The first 32 character values (00 hex through 1F hex) are not displayable
ASCII characters and are thus used for block graphics characters on the
Osborne 1. The following graphic characters are available:

25
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Hexa

ASCIl

Binary

Decimal

®s

< ¢ ¢ <€ < ¢ < < <

R N AN

Or-roOoOTr~ O™ O™ OoOTr o
OO ™~ "™ OO T™Y¥ T "Tr@ oo
OO0 T ™ T*rTr T OOoOOo
OO0 000000 ™™

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

< < ¢

<

< < ¢ <«

1
0 0 0 O

0
0
0
0
0

< < <

<

<

0 0 O

1

MOQ WL DY JdJ35SZ200adxw kD> X >N

< <

ESC

NOTE

Graphic characters must be accessed through an application program. ESC g
enters graphic mode. The hex equivalent of each graphic character accesses

and displays the graphic character.

Figure 5.5 Graphic Character Chart
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5.6.1

CHAPTER FIVE VIDEO ATTRIBUTES

VIDEO SIGNALS AND PINOUTS

The video signals are either directed to the built in monitor, or to an external
monitor depending on what’s plugged into the PC edge connector on the
front panel of the Osborne 1. Normally, a shunt plug connects here which
directs the video signals from the bottom of the PC board to the monitor
connections on the top edge of the PC board. The following PC board pinouts

apply:

19171513119 75 3 1

201816141210 8 6 4 2

pin 2 Ground

4  Brightness high
6  Brightness low  Brightness potentiometer
8  Brightness arm

10  Ground

12 Horizontal sync

14  +12 volts

16  Video out

18  Vertical sync

20 Ground

Figure 5.6 PC Edge Video Pinouts

Video In-line Connector

Normally, the shunt connects each of the above signals to the top side of the
PC board, meaning that pin 2 connects to pin 1, pin 4 to pin 3, etc. In addition,
asingle inline connector located inside the Osborne 1 on the main logic board
becomes active when the shunt is in place. This single in-line connector
provides the signals and power to the internal video display monitor. The
pinouts for this internal connector are as follows:

Ground

Brightness high

Brightness low  Brightness Potentiometer
Brightness arm

Ground

Horizontal sync

+12 volts 8 video out

Vertical sync

Ground

pin

CONISNU B WN =

ot

Figure 5.6.1 Video In-line Pinouts
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5.7 VIDEO CONNECTIONS AND

CIRCUITRY

Figure 5.7A shows the connections between the top and bottom of the PC
connector (P9) and the single In-line internal connector (P5):

TO VIDEO DRIVE
CIRCUITRY PC EDGE (P5)

q I BOTTOM

12

TOP

SINGLE
INLINE

11

17

20

19

TO 5" MONITOR

(P9) I D

BRIGHTNESS HIGH

BRIGHTNESS ARM

BRIGHTNESS LOW

HORIZ. SYNC.

VERT. SYNC.

+ 12V CRT

VIDEO OUT

GND

GND

GND

Figure 5.7A PC edge to Single Inline connections
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CHAPTER FIVE

VIDEO ATTRIBUTES

The following diagram illustrates the applicable circuitry connected to this

single inline connector:

+5V
220
D 0.C.
A'A'A'
47
+5V
oV
1000 ,F
+5V
+12vDC
1000
O.C.
I k Cw
1000 I
500
I ) o.C. CONTRAST
oV
Ccw

100K <
BRIGHTNESS $

6 HORIZONTAL

1 HORIZONTAL GROUND
9 VERTICAL

7 POWER

8 VIDEO

10 VIDEO GROUND

5 GND

2 BRIGHTNESS HIGH
4 BRIGHTNESS ARM
3 BRIGHTNESS LOW

Figure 5.7B Video Drive Circuitry

29



OSBORNE 1 TECHNICAL MANUAL

5.8 VIDEO TIMING

The following illustrations show the horizontal (5.8A) and vertical (5.8B)
timing used in the video display interface:

et 64 uSEC L

- 32 uSEC —‘

HORIZ. | —— START RETRACE

R 12 uSEC d 52 uSEC

. [ WHITE
VIDEO. |]|| VIDEO | GREY
BLACK

—-’”k 0.125 «SEC MIN. DOT DURATION

Figure 5.8A Horizontal Timing Diagram

fe——-—— START AETRACE
260 SCAN LINES
i 16.640 «SEC — -

— ‘4 e 1.28 MSEC
| }4— 1.28 MSEC | ot ———— O MSEC

VIDEO. VIDEO

VERT.

240 SCAN LINES NON-INTERLACED
Figure 5.8B Verticle Timing Diagram

Warning: The video connectors contain TTL-level signals along with +12
Volts, and are quite vulnerable to damage by accidental misconnections. Be
careful when you attach anything to either video connector.

The internal monitor is a P4 phosphorous monitor with an image area of 3.55

inches horizontally and 2.63 inches vertically. Rated linearity is 10% for
adjacent characters, 15% overall.
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6.0

Power Specifications

6.1

6.2

POWER SUPPLY

The power supply for the Osborne 1 is an Astec switching power supply
providing the following voltages and amperages:

+5 volts 25 amps
+12 volts  2.05 amps

Earlier versions of the power supply may be wired for 115v or 230v operation.
To switch from one voltage to another, the wire with the bright orange tag
indicating the current voltage setting must be removed from the pin it is
currently connected to and attached to the adjoining pin. (See Figure 6.3)

SWITCHING VOLTAGE

Osborne 1 computers with the new blue case can operate at the 110V and
220V. Adapting the system for one of these voltages requires rotation of a fuse
card accessable through the rear power well. The circuit breaker button has
been replaced by this fuse and fuse card. Here is the procedure for switching
from one voltage to another:

1. Disconnect the AC power cord from the power panel.

2. Slide open the transparent fuse box door in the AC power panel. Flip
the fuse pull to remove the fuse.

3. The fuse card is located underneath the fuse mounting. The current
AC voltage setting of the system is visible as a number printed on the
card (100, 120, 220, or 240).

4. If you wish to change the indicated voltage setting, use needle-nose
pliers to pull the fuse card from the fuse box.

5. Turn the card and replace it in the fuse box so that the desired voltage
rating is the only number visible.

6. Replace the fuse and close the fuse box cover.

7. Reconnect the AC power cord to the power panel.
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6.3 POWER BOARD LAYOUT

Here is the layout of the power supply board with the 115v and 230v pins
identified:

CAP 115V

CAP 230V

TRANSFORMER
DC HARNESS

' DIODES
‘ A
CONNECTORS (2)

.
3 o@

N
= 4‘ ;
R SK2
INTERCHANGEABLE f‘ .’
PIN GONNECTORS

FUSE SK1

GROUND CONNECTOR
S5K4

Figure 6.3 Power Board Layout
Pins 1 and 2 on the SK1 connector provide neutral and live in that order. The
three connectors SK2, SK3, and SK4 are identical, and are laid out as follows

when looked at from above:

power supply

P1 —12 |- >
P2 ST R — >
P3 COM  |----- >
P4 +5 |-memn >

The power supply is fused. If this fuse burns out, replace it with another fuse

of the same type (T2A250V).
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7.0

Disk Drives

7.1

7.2

DRIVES USED

Two types of disk drives are used in the Osborne 1. The type supplied with
your computer depends on when your Osborne 1 was made. Both Siemens
and MPI disk drives are used, with the manufacturer-supplied electronics
replaced with a Osborne-designed electronics board.

DISK DRIVE INTERFACE BOARD

As stated earlier, there have been numerous revisions on the disk drive
interface board as described below:

Rev A — Original release

Rev B — Added jumper to U3 to stabilize erase current
Rev C — RN2 substituted with discrete resistors

Rev D — Added snubbing resistor and bypass capacitor
Rev E — Incorporation of all changes

Rev F — RNB8 jump increases current through index LED

Rev G-J] — Snubbing capacitor (R39), discrete resistor (C5) eliminated
Boards currently being shipped are designated Rev B which is
distiguished from the earlier Rev B by a new part number
1B10081. Changes between Rev G and the new Rev B disk
board are:

* Read filter was optimized for group delay response.

* Servo circuitry optimized and top-adjust speed control pot added.

* Stepper power-down option added.

* Tantallum capacitors and bypass capacitors were added to reduce board
noise.

The layout of the disk drive board is shown in Figure 7.2.
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7.3

CHAPTER SEVEN DISK DRIVES

DISK CONTROLLER AND PINOUTS

- The disk controller chip used on the main logic board is the Fujitsu 8877,

equivalent to the Western Digital 1793. The following pinouts apply to the
disk cable connector on the main logic board:

pin 1 GND
2 GND
3 GND
4 GND
5 GND
6 GND
7 GND
8 INDEX
9 GND )
10 DRIVE SELECT 1
11 +12 volts
12  DRIVE SELECT 2
13 +12 volts
14 NC
15 +12 volts
16 4mhz clock
17 +12 volts

18 DIR

19 GND

20 STEP

21 +5 volts

22  WRITE DATA
23 +5 volts

24  WRITE GATE
25 +5 volts

26 TRACK 00

27 GND

28  WRITE PROTECT
29 GND

30 READ DATA
31 GND

32 SIDE SELECT
33 GND

34 LATE

Figure 7.3 Main Board Disk Cable Connector Pinouts
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38

7.4

7.5

7.6

CP/M BIOS DISK ADDRESSING

You can address the disk interface directly, although we strongly discourage
this practice. If you must control the disk drives directly, do so through the
standard CP/M BIOS calls:

BIOS + 18 Move head to track 0 on selected drive
BIOS + 1B  Select disk-drive number

BIOS + 1E  Set track number

BIOS + 21  Set sector number

BIOS + 24  Set the DMA address

BIOS + 27 Read the selected sector

BIOS + 2A  Write the selected sector

BIOS + 30 Translate the sector

NOTE

These calls are addressed with an offset from the start of BIOS for the
particular revision of software being used.

If you're familiar with the way CP/M handles disk I/O, you also know that
“BDOS functions” are accessible through memory location 0005 hex.

DISK INTERFACE

The Osborne 1 does not allow transfers of data directly to memory in the first
16K of memory space because the ROM and I/O in the second bank reside
there. Instead, transfer information involving the first 16K of memory by first
buffering the information in high memory (above BIOS) and then moving it
into position. The opposite procedure occurs when you write information to
the diskette from the initial 16K of memory. Use of the Z80 block-memory-
move instruction makes this buffering transparent to users, and almost com-
pletely cancels any speed penalty involved.

DISK DRIVE SPECIFICATIONS

« maximum seek time 20 milliseconds track to track
« head load time 0 milliseconds rotation time 200 milliseconds
» utilizes standard FM recording
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CHAPTER SEVEN DISK DRIVES

DISK FORMAT

The first track used for data is track 4 which contains the directory. Each entry
consists of the standard CP/M format: one byte to indicate deletion, 11 bytes
for the file name, and 20 bytes representing the “groups” assigned to the file.

There are two unusual aspects of the Osborne 1’s use of the disk system. First,
even though information is stored on the diskette in 10 sectors, to CP/M there
are 20 sectors of 128 bytes each on the diskette. In other words, if you are using
the Osborne 1 ROM routines, as documented, you’ll be working with 10
physical sectors of 256 bytes, but if you're working with CP/M BIOS or BDOS
routines, you'll be dealing with 20 logical sectors of 128 bytes each.

The disk medium used is the single-sided, single-density, soft-sectored 5 1/4-

inch diskette. Data is stored on the diskette in 40 tracks of 10 256-byte sectors
each, resulting in 102K of data storage per diskette. The Osborne double
density option involves the addition of a small electronics board that inter-
faces between the main logic board and the disk drives. With the double
density option installed, the Osborne 1 stores data in a multitude of different
formats, including:

40 tracks 10 256-byte sectors (Osborne single density)
40 tracks 5 1024-byte sectors (Osborne double density)
40 tracks 8 512-byte sectors (IBM Personal Computer)
40 tracks 18 128-byte sectors (Xerox 820 Computer)

40 tracks 9 512-byte sectors (DEC 1820 double density)

CP/M File Control Block

Each file being accessed through CP/M must have a corresponding “File
Control Block” which provides the name and allocation information for all
subsequent file operations. The default FCB is located at BIOS + 05¢ hex and
consists of 36 bytes of information:
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40

5C  drive code (0=current, 1=A, 2=B)

5D
5E
5F
60
61
62
63
64

Filename

65
66 » File Type
67

68  Current extent number
69  Reserved
6A =0 on BDOS call to open, make, or search

6B  extent record count
6C
6D
6E

Disk record map

77
78
79

7A
7B » Random record number
7C

Figure 7.7.1 File Control Block

File Control Blocks are stored in the directory area of the disk and are brought
into main memory when a file operation begins. The FCB in memory is
updated as file operations occur and its attributes are recorded permanently
when the file operation is completed.
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8.0

Keyboard

8.1

8.2

THE KEYBOARD

The Osborne 1 keyboard contains no electronics--it consists of a column /row
matrix of keyswitches which are converted into data and addresses by a
81LS95 and two 74LS05 chips. The data and addresses are then converted into
ASCII key sequences by the monitor ROM, which uses a three-key rollover
routine and maintains a lookup table for the conversion process.

KEYBOARD PINOUTS

. The pinouts on the keyboard are as follows:

pin 1 ground
2 row 4
3 row 0
4 row3
5 row 6 used for address
6 row 2
7 row)
8 row 1
9 row 7
10 col 0
11 col 1l
12 col 2
13 col 3 used for data
14 col 4
15 col5
16 colé6
17 col 7

18 no connection
19 no connection
20 ground

Figure 8.2 Keyboard Pinouts
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8.3 KEYBOARD LAYOUT

The keys are laid out as follows (graphic characters are also shown):

Figure 8.3 Osborne 1 Key Layout

8.4 KEYSWITCH MATRIX

The matrix used to convert the keyswitches to ASCII is as follows:

P1

AO| 3 |Esc|TAB|CTRL SHIFT Ef; :
Al 81122334455667788
ps| 7 |(3<4l =" | % | P 1O %
A2l 6 QW/E R T YU I
a3l 4 \A|SDFGHJK
ae| 21ZIXIC/V|BIN M
as| s O - 7] VL]
A7| 9 Lock™

GND|14, 10 11 12 13 14 15 16 17

GND DO D1 D2 D3 D4 D5 D6 D7

Y,

RFI AND
STATIC SHIELD

Figure 8.4 Key Switch Matrix
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CHAPTER EIGHT KEYBOARD

PROGRAMMABLE KEYS

In addition to the normal ASCII keystrokes allowed, 14 programmable keys
have been added to the Osborne 1. These keys (<0 through «9, and the four
arrow keys) are converted by a routine in BIOS to any series of keystrokes up
to 96 (for all 14 keys). The function keys (0-9) are programmed through the
SETUP program located on the System program diskette.
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9.0

Assembly And
Disassembly

9.1

9.2
9.2.1

- VARIATIONS IN DESIGN

This section provides the instructions needed to dismantel the Osborne 1 into
its various components and re-assemble it. The case in which the computer is
currently being shipped has been redesigned. The following instructions
pertain to both the original and the new case; except where a slight deviation
in procedure or extra step need be noted. Two sections on the Bezel/Chasis
and the Video Monitor are provided since the difference between the two
cases with regard to these items is substantial enough to warrant separate
descriptions. Information in this section was extracted from the Osborne
Field Service Manual.

KEYBOARD
Keyboard Disassembly:

CAUTION: Identify connector orientations before detaching any cable.
1. Disconnect computer from power source.

2. Disconnect the keyboard cable from the front Bezel by spreading the
~latches of the keyboard connector.

3. Using a pad or soft material to protect the keyboard, turn the key-
board assembly over so the keys face down.

4. Remove the 6/32 Phillips screw located at each latch end of the
keyboard case.

5. Remove the keyboard case from the keyboard and keyboard bezel
assembly.

6. Carefully remove the keyboard harness from the double back tape
located on both the keyboard Bezel and keyboard. (There is no tape on
the blue case).

7. Carefully remove the keyboard harness from the keyboard connector.
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NOTE

The keyboard harness is aligned with Pin 1 of the keyboard connec-
tor. Looking at the underside of the keyboard with the numeric row
of keys to the top, Pin 1 is the upper right Pin.

8. Remove four 8/32 Phillips screws which secure the keyboard to the

standoffs.

9. Remove the keyswitch array from the keyboard Bezel.

9.2.2 Keyboard Assembly:

46

Place the keyboard Bezel onto a Pad or Soft material (to protect the
keyboard), standoffs facing up.

Align the keyswitch array face down with cutouts on keyboard Bezel.

Install four 8/32 Phillips screws to secure the keyboard to the bezel
standoffs.

(This step does not apply to the blue case). Locate the notch on the
long edge of the keyboard Bezel furthest from the “space” bar. There
should be a 1 1/2 - 2 inch length of double-backed tape on the
underside of the Bezel at this notch. Affix tape if necessary.

(This step does not apply to the blue case). Check that there isalsoa 1
1/2 - 2inch length of double-backed tape near the keyboard connector
on the underside of the keyboard. Affix tape if necessary.

Connect Pin 1 (black stripe or thick ground wire) on the keyboard
harness to Pin 1 of the keyboard connector on the underside of the
keyboard.

NOTE

To locate Pin 1 of the keyboard connector, position the keyboard
with the numeric row of keys to the top. Facing the underside of the
keyboard, Pin 1 is in the upper right corner of the keyboard connec-
tor. On the keyboard Harness, Pin 1 is identified by a black stripe.
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7. Position the keyboard harness in the notch on the long edge of the
keyboard bezel and press it flat against both lengths of tape. (No tape
on blue case).

8. Lower the keyboard case onto the keyboard and keyboard Bezel as-
sembly so the Case and Bezel are flush.

9. Install the 6/32 Phillips screw located on each latch end of the key-
board case to secure it to the keyboard assembly.

10. Turn keyboard face up and connect the keyboard cable to the key-
board connector below the CRT screen.

9.3 ORIGINAL AND NEW BEZEL/CHASSIS
9.3.1 Original Bezel And Chasis Disassembly

1. Disconnect computer from power source.

2. Disconnect the keyboard cable from the front bezel by spreading the
latches on the keyboard connector.

3. Remove all external cables (ie. RS-232, Modem, External Video, etc.).

4. Using a 1/20 inch Allen wrench, remove the video knobs.

5. Remove the 6/32 x 1/4 inch Phillips screws surrounding the bezel.

6. Placing thumbs below CRT screen and fingers in the disk storage
pockets, apply a slight pressure inward with fingers, and pull bezel

straight forward.

7. With the Osborne 1 resting flat on its rubber feet, turn it so the A/C
power panel faces you.

8. Remove the two 6/32 x 1/4 inch Phillips screws from above and
below the handle. Mark these screws FOR HANDLE and set aside.

NOTE

Using an incorrect screw may puncture the Disk harness running
behind the handle assembly.
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10.

11.

12,

13.

Remove the six 6/32 Phillips screws securing the A/C Power panel to
the case. Note that the two upper screws have washers. Mark these
two screws FOR A/C POWER PANEL and set aside. Using an incor-
rect screw may puncture the Drive harness.

With the Osborne 1 resting flat on its rubber feet, turn it so the CRT
screen faces you.

Remove either the two or the four 8/32 x 1/2 inch Phillips screws
which hold the chassis to the case. These are located on the left and
right inside forward edges of the chassis.

Grasp the chassis assembly between the CRT and the Logic board. Lift
the assembly slightly and pull it straight forward. Be careful when
removing the chassis from the case. The A/C power panel will be
dragging behind the chassis by wires only.

Pull remaining power cord through case.

9.3.2 Original Case Assembly:
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Position the chassis assembly with disk drives on top, CRT screen
facing you.

Place the case behind chassis assembly, AC power panel recess to the
rear right.

Pull power cord through case until DC harness is taut or AC power
panel is at case recess.

Grasp the chassis assembly between the CRT and the logic board. Lift
the assembly slightly and push it straight back into the case. Be sure
the AC Power panel is positioned correctly in its case recess.

NOTE

When installing chassis into case be sure not to pinch, trap or rip
harness assemblies.

Install either two or four 8/32 x 1/2 inch Phillips screws on the left
and right inside front edges of the chassis to secure it to the case.
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6. Keeping the Osborne 1 flat on its rubber feet, turn it so the A/C power
panel faces you.

7. Install six 6/32 Phillips screws to secure the A/C power panel to the
case. The two upper screws MUST be 6/32 x 1/4 inch with washers.
These were marked FOR A/C POWER PANEL. An incorrect upper
screw may puncture the drive harness.

8. [Install the two 6/32 x 1/4 inch Phillips screws above and below the
handle. These screws were marked “FOR HANDLE". Using an incor-
rect screw may puncture the disk harness behind the handle
assembly.

9. Keeping the Osborne 1 flat on its rubber feet, turn it so the CRT screen
faces you.

10. Grasping bezel with thumbs below CRT screen cutout and fingers in
the disk storage pockets, slide bezel completely into case.

11. Install the 6/32 Phillips screws surrounding the bezel to secure it to
the case.

12. Using a 1/20 inch Allen wrench, install the brightness and contrast
knobs onto their shafts.

13. With the keyboard assembly in front of the Osborne 1, connect the
keyboard cable to the keyboard connector below the CRT screen.

9.3.3 New Case Disassembly:

CAUTION

The interior of the case is coated with a special metallic paint. Avoid
scratching this coating.

1. Disconnect computer from power source.

2. Disconnect the keyboard cable from the front bezel by spreading the
latches on the keyboard connector.

3. Remove all external cables (RS-232, modem, external video, etc.).

4. Pull the video contrast and brightness knobs off their shafts.
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10.

11.

12.

13.

14.

Remove the 6/32 x 1/4 inch Phillips screws surrounding the bezel.
Placing thumbs below CRT screen and fingers in the disk storage
pockets, apply a slight pressure inward with fingers to loosen the

bezel.

Grasp the bezel near the carrying-case latches and carefully pull it
straight forward until it is free.

Remove the AC power cord from the power cord compartment.
Carefully turn the unit over so ventilation slots are on the bottom.

Remove five long 6/32 Phillips screws holding the two halves of the
carrying case together.

Hold down the carrying handle plate and the power cord compart-
ment and lift the upper half of the case free of the unit.

NOTE

The logic board and the power supply unit can be replaced at this
point without further disassembly of the chassis. To further disman-
tle the unit, proceed as follows:

Slide the carrying handle plate out of the lower part of the case. Note
that the broad area of the plate is below the handle at this point.

Lift the power cord compartment slightly and detach the door.
Place one hand under the front of the video monitor and the other at

the back of the monitor and lift the chassis out of the case. Be sure that
the AC power cord compartment lifts freely with the chassis.

9.3.4 New Case Assembly:

1.
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Position the chassis assembly so the logic-board is up, CRT screen
facing technician.

Place the top half of the carrying case (the part with the ventilation
slots) upside down with latches closest to you.

Place one hand under the front of the video monitor and the other at
the back of the monitor and lift the chassis into the top half of the
carrying case.



10.

11.

12.

13.

14.

15.

CHAPTER NINE ASSEMBLY AND DISASSEMBLY

NOTE

When installing the chassis into the case, be careful not to pinch,
trap, or rip harness assemblies.

Align screw holes in the chassis with the five mounting standoffs in
the case.

Position the video harness and DC cables in the tab on the “B” drive
shield.

Slide the AC power cord compartment into the case, fuse at the top
and facing out.

Attach the power cord compartment door.

Slide the carrying handle plate into the case. The broad area of the
plate is below the handle at this point.

Place the lower half of the case onto the chassis assembly. Be sure that
the AC power compartment, carrying handle plate, and upper and
lower halves of the case align properly.

Install five long 6/32 Phillips screws which hold both halves of the
case together. Tighten these screws until they are snug. Do not

overtighten!

Turn the unit over so the ventilation slots are on top and CRT screen
facing you.

Placing thumbs below CRT screen cutout and fingers in the disk
storage pockets, slide the bezel into the chassis.

Install the 6/32 Phillips screws which secure the bezel to the front of
the chassis. Do not overtighten these screws!

Carefully push the video control knobs onto their shafts.
With the keyboard assembly in front of the unit, connect the key-

board cable to the keyboard connection below the CRT screen. Facing
the screen, the cable connects from the left.
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9.4 LOGIC BOARD
9.4.1 Logic Board Disassembly:

1.

52

Position the chassis assembly with the logic board facing up and the
CRT screen facing you.

Remove the 6/32 Phillips screw at each corner of the logic board. The
screw in the right front corner of some logic boards has a nylon
insulation washer.

Lift the logic board by the front edge and hold it perpendicular to the
chassis, video control shafts pointing straight up. Make note of all
connector orientations while still connected.

Remove the DC harness connector located in the extreme lower left
corner of the logic board. The DC harness connector is not keyed. The
RED wire on the harness must go to the left. (On the blue case, the
connector is keyed by the “lip” on one side. 5. Remove the disk
harness connector located in the lower left corner of the logic board at
the right of the DC harness connector. Grip the connector and CARE-
FULLY detach it, being sure not to bend any pins.)

NOTE

The disk drive harness connector is not keyed. The RED stripe on
the harness must go to the right.

Remove the video harness connector located in the upper left corner
of the logic board to the right of the reset button.

NOTE

The Video harness connector is not keyed. The RED wire on the
harness must go to the left.

Remove external video plug located between the reset button and
video contrast shaft on the front edge of the logic board.

Remove the logic board.
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9.4.2 Logic Board Assembly:

1.

Position the chassis assembly with its logic-board side up, and CRT
screen facing you.

Hold the logic board perpendicular to the chassis, component-side
facing you, video control shafts pointing straight up.

Connect the external video plug to the connector on the edge of the
logic board between the reset button and video contrast shaft.

With the video harness running below the logic board, attach the
video harness connector to the 10-Pin connection on the logic board
between reset button and the contrast shaft, RED WIRE TO THE LEFT.

With the DC harness running below the logic board, attach the DC
harness connector to the 7-Pin connection in the extreme left lower
corner of the logic board, RED WIRE TO THE LEFT.

With the disk harness running below the logic board, attach the disk
harness connector to the 34 Pin connection located at the lower left, of
the logic board’s to the right of the DC harness. RED STRIPE TO THE
RIGHT.

Lower the logic board onto its chassis mounting blocks.
Install a 6/32 Phillips screw with star washer at each corner of the

logic board. The screw in the right front corner of some older logic
boards has a nylon insulation washer to protect the trace.

9.5 ORIGINAL AND NEW VIDEO MONITOR
9.5.1 Original Monitor Disassembly:

Disassemble the chasis and bezel following earlier instructions.

Position the chassis assembly with the logic-board side up and CRT
screen facing you.

Remove the four 6/32 Phillips screws securing the monitor to the
chassis.

Grasp the left and right sides of the chassis assembly and carefully lift
away to expose the underside of the monitor.
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5.

Remove the video harness connector located at the top rear of the
video PC board. This is a keyed connector.

9.5.2 Original Monitor Assembly:

1.

Position the chassis assembly vertically with handle on work bench
and drive shields facing you.

If the video harness has been removed, insert the small end-connector
of the harness through the left rear slot of the video shield from the
inside.

Place the video monitor in front of chassis assembly, CRT screen
facing you and keyed PC board connection at top rear.

Connect the keyed large end-connector of the video harness to the
rear of the monitor PC board.

Grasp the left and right sides of the chassis assembly. Lift the chassis
and carefully lower it onto the video monitor.

Align the monitor with the four screw holes in the chassis. install four
6/32 Phillips screws to secure the monitor to the chassis.

9.5.3 Blue Case Monitor Disassembly:
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L.

Position the chassis assembly with its logic-board side up and CRT
screen facing you.

Slip the video harness cable from its tab on the chassis.

Disconnect the slip-on ground wire from its connection at the back of
the video monitor shield.

Remove the disk drive from the four fasteners holding it to the back
of the video shield.

Remove the video harness connector located at the top rear of the
video PC board. This is a keyed connector.

Remove four 6/32 Phillips screws securing the monitor to the chassis
assembly.

Remove the video monitor from its shield.

Remove the transparent face plate from the monitor screen.
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9.5.4 Blue Case Monitor Assembly:

1. Position the video monitor in front of the chassis assembly, CRT
screen facing you and keyed video PC board connection at top rear.

2. Lower the video monitor shield onto the monitor and align the moni-
tor and monitor shield screw holes.

3. Connect the keyed, large end-connector of the video harnesss to the
rear of the monitor PC board.

4. Grasp the left and right sides of the chassis assembly. Lift the chassis
and carefully lower it onto the video monitor. Do not crimp any wires.

5. Align the monitor with the four screw holes in the chassis. Install four
6/32 Phillips screws to secure the monitor to the chassis.

6. Attach the slip-on ground connector to the connection at the rear of
the video monitor shield.

7. Slip the disk drive harness into the four fasteners on the back of the
video monitor shield.

8. Replace the transparent face plate on the monitor screen.

9.6 POWER SUPPLY
9.6.1 Power Supply Disassembly:

WARNING

Working with Power Supplies is DANGEROUS. Power Supplies
can hold an electrical charge for long periods of time. Be careful not
to touch any components unnecessarily!

1. Disassemble the Osborne-1 chasis and bezel as described earlier.

2. Position the chassis assembly logic-board-side-up and CRT screen
facing away from you.

3. Remove the 6/32 Phillips screw from each corner of the power supply
unit.
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With the wires still attached, carefully lift the power supply out of the
chassis.

Turn the power supply over left-to-right so the components face you
and the five large capacitors are in the lower left corner.

Remove the DC harness connector from the power supply. This keyed
connector is attached to one of the three identical male connectors on
the left side of the power supply.

Remove the ground wire connector from the power supply. This is a
slip-on connector located in the upper left corner of the power supply.

Remove the AC input connector from the power supply. This is a
keyed connector located left of the fuse on the upper side of the power

supply.

(This step applies only to the blue case). Remove both interchange-
able pin connectors from the 115V and 230V pins on the power

supply.

9.6.2 Power Supply Assembly:
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NOTE

Power Supply procedures are with DC harness installed in Chassis.

Position the chassis assembly with its logic-board side up and handle
facing you.

Turn the power supply so the components face you and the five large
capacitors are in the lower left corner.

Attach the AC input connector to the keyed connector located left of
the fuse on the power supply.

Attach the slip-on ground wire connector to the ground connection in
the upper left corner of the power supply.

Attach the keyed DC harness connector to one of the three identical
male connectors on the left side of the power supply.
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6. With the wires attached, turn the power supply over, from right to
left, so the DC connector is to the right. Carefully insert the power
supply into chassis.

7. Align the screw holes on the power supply PC board with the chassis
assembly standoffs.

8. Install a 6/32 Phillips screw and washer in each corner of the power
supply. Use a metal star washer in the upper right corner. Use nylon

washers on the other three corners.

9. (This step applies only to the blue case). Slip the power supply har-
ness into its tab on the chassis.

9.7 DISK DRIVES
9.7.1 Disk Drive Disassembly:

NOTE

The A drive has an 8-pin 150-OHM Terminator resistor pack. B
DRIVE DOES NOT.

1. Disassemble the Osborne 1 chasis and bezel as described earlier.

2. Position the chassis assembly with its logic-board side up and handle
facing away from you.

3. Remove the four 6/32 Phillips screws holding the “A” drive to the
chassis assembly.

NOTE
Disk drive A is the drive closest to the power supply.

4. With the wires still connected, pivot the shielded drive horizontally
to the right 90 degrees from its original position.

5. (This step applies only to the blue case). Remove the disk harness

connector and the ground connector from drive. The disk harness
connector is at the rear of the drive PC board. The slip-on ground
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10.

connector is located at the rear of the drive either on the drive frame
or the drive shield.

Remove the two 6/32 Phillips screws which hold the shield to the
drive. These screws are located on the left and right sides of the drive.

Hold the drive shield down and lift the drive up enough to access the
rear of the drive.

Remove the disk harness connector and the ground connector from
drive. The disk harness connector is at the rear of the drive PC board.
The slip-on ground connector is located at the rear of the drive either
on the drive frame or the drive shield.

NOTE

The disk drive harness is not keyed. Facing the back of the drive
with the strobe wheel side up, the harness is always connected RED
STRIPE to the RIGHT.

Remove drive from shield.

If drive A is being replaced with another, remove the 8 pin terminator
from the drive PC board and KEEP IT for installation on the new
drive. The terminator is located at position RN3 on the right rear
corner of the PC board.

9.7.2 Disk Drive Assembly:

Install terminator resistor pack at position RN3 of PC board. (for
Drive A)

Place drive in shield with PC board facing down.

Position the chassis assembly with its logic-board side up and handle
facing away from you.

Place shielded drive next to chassis assembly, strobe wheel facing up,
drive door facing away from chassis.

Hold the drive shield down and move the drive enough to access the
rear of the drive.
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Insert the broad drive connector on the end of the drive harness
through the rectangular slot at the rear of the drive shield. Connect
the drive connector to the rear of the PC board, RED STRIPE on
harness edge closest to you.

Connect the narrow slip-on ground connector to the male tab located
at the rear of the drive either on the drive frame or the drive shield.

Align drive with screw holes in the drive shield. Install one 6/32
Phillips screw with star washer in each side of the drive.

Slide drive under chassis assembly with drive door facing you. Install
the four 6/32 Phillips screws which secure the “A” drive to the
chassis.

9.8 POWER PANEL

Figure 9.8 identifies the DC harness and its connectors:

9.8.1

Power Panel Disassembly:

1.

Disassemble the Osborne 1 chasis and bezel as discribed earlier.
Remove the ground wire to the video monitor shield.
Remove the ground wire from each disk drive shield.

Remove the thermal relay from its clip on the chassis. The AC power
panel should now be completely disconnected from the chassis.

Remove the screws which hold the AC power panel to the back of the
power panel compartment.

Position the AC power panel with connections facing the technician,
switch assembly in lower left corner, ground wires in lower right

corner.

Disconnect the five-wire slip-on ground connector from the lower
right corner of the power panel.

Disconnect both interchangeable pin connectors from pins “C” and
“D” of the power panel.
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Video Monitor Ground

Interchangeable Thermal Cutout
Connectors

Figure 9.8 DC Power Harness
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9. Disconnect both lower wires from the switch assembly in the lower
left corner of the power panel. Do not disconnect the upper wires.

10. Detach the thermal relay from the wire harness.

9.8.2 Power Panel Assembly

1. Connect two slip-on connectors, I and J, to the thermal relay.

2. Position the AC power panel with connectors facing you, switch
assembly in lower left corner, and ground wire connnection at lower
right.

3. Connect the five-wire ground cable B to the connector in the lower
right corner of the power panel.

4. Connect the AC output wires E and F to the lower connectors on the
power panel switch assembly. Connect F, which runs to the thermal
relay, to the right of E.

5. Connect two interchangeable pin connectors, C and D, to pins “C”
and “D” of the power panel.

6. Align the power panel with the screw holes on the rear of the power
panel compartment. Position the fuse box furthest from the door

hinge cutouts on the power panel compartment.

7. Install four 6/32 Phillips screws which secure the power panel to the
back of the power panel compartment.

8. Fasten the thermal relay to its chassis mounting clip beneath the
power supply unit.

9. Place the thermal relay wires I and J in their notch on the chassis. This
prevents pinching of the wires between chassis and case.
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10.0 Osborne 1 Software

10.1

SOFTWARE REVISIONS

Following are the monitor ROM and BIOS revision levels to date, and a
summary of the modifications that have been made:

ROM revisions

REV A — contains diagnostics, limits boot to one fixed address. This version
was subsequently upgraded.

REV 1.2 — supports configurable CP/M system through MOVCPM, adds
three key rollover. '

REV 1.3 — Clock removed, disk drivers modified.

REV 1.4 — allows multi-density format, I/O functions moved from BIOS to
ROM, graphics offset added, and increased size of BMRAM.

REV 1.4.1 — fixes reset jump
BIOS revisions
Rev A — original BIOS; subsequently upgraded.

Rev 1.2 — supports parallel IEEE, adds function keys and printer protocals
(XON/XOFF, ETX-ACK).

Rev 1.3 — allows WordStar to run from serial terminal, fix of XON/XOFF and
timing of serial port.

Rev 1.4 — adds printer initialization string, IEEE device addressing, BIOS
modified to preserve IX and IY registers, added ability for recognition of
different disk formats.

Since improvements to ROM and BIOS and subsequent release of this soft-
ware were made in tandem, both have the same revision numbers. You can
determine the address of BDOS and CCP for any version by using the starting
address of BIOS for each release shown below:
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Version # start of BIOS address
Rev A EA00
Rev 1.2 E600
Rev 1.2.1 E500
Rev 1.3 E500
Rev 1.4 E100

THE MONITOR ROM

The monitor ROM consists of 10 assembly language source modules:

* ROM inijtialization and startup

« CP/M boot routines

¢ Console routines

e PIA routines

¢ ACIA routines

¢ Disk routines

« Diagnostic routines (not after 1.2)
 Formatting routines

o Utilities '

* RAM linkages

The initialization routines set the computer into a known state, display a
message to the user, then wait for the user’s response. Three responses are
allowed:

RETURN  boot from disk drive A
" boot from disk drive B
N homes screen

In addition, a jump table is located at location 0100 hex which parallels the
jump table of BIOS.

The bootstrap loader in ROM loads CP/M from the diskette using the follow-
ing assumptions:

Pre-1.4 ROM single density

track 0 sectors 1-8 CCp
sectors 9-10 BDOS

track 1 sectors 1-10 BDOS

track 2  sectors 1-2 BDOS
sectors 3-10 BIOS
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1.4 ROM
track 0

track 1

CHAPTER TEN OSBORNE 1 SOFTWARE

sectors 1-2 CCP

sectors 3-5 BDOS
sectors 1-15 BDQOS
sectors 1.5-25 BIOS

The boot routines in BIOS are responsible for displaying the sign-on message
(if any), and for setting up the base page parameters.

Console Routines

The console routines include the special commands which the Osborne 1
recognizes as terminal control functions. In particular, the Osborne 1 emu-
lates many of the functions which control the TeleVideo 912 and 920

terminals:
ASCII

Hex Control
Sequence Code Description of Action
07 G rings the bell
0B K moves cursor up
0A ) moves cursor down
0C L moves cursor right
08 “H moves cursor left
1A " clears screen and homes cursor
1E homes cursor
1B 23 ESC # locks keyboard
1B 22 ESC " unlocks keyboard
1B 3D ESC = cursor XY positioning
1B 53 ESC S screen XY positioning
1B 51 ESC Q insert character
1B 57 ESC W  delete character
1B 45 ESC E insert line
1B 52 ESC R delete line
1B 54 ESCT clear to end of line
1B 29 ESC ) start half intensity display
1B 28 ESC ( end half intensity display
1B 4C ESC L start underline display
1B 4D ESCM  end underline display
1B 67 ESC g start graphics display
1B 47 ESC G end graphics display
1B 5B ESC [ homes screen

The console routines are responsible for keyboard input, console output, bell
ringing, updating the real-time clock, and checking to see if the disk drive
should be deactivated.

65



OSBORNE 1 TECHNICAL MANUAL

10.2.2

10.2.3

Other Interface Routines

The parallel, serial, and disk interface routines directly control the 6821, 6850,
and 1793 chips through memory-mapped I/O.

Diagnostics for the keyboard, memory, and diskette are provided in the
ROM, as well as routines to bootstrap from either disk drive, and to load
special test programs via the serial port if the disk drives are not functioning.
These diagnostics have been removed from the 1.4 ROM and Osborne Com-
puter Corporation will be providing an optional system test to replace the
missing diagnostics in the near future.

ROM Listings

The current ROM was coded by several different organizations under the
direction of Osborne Computer Corporation. Nevertheless, all maintanence
and modification of the ROM is performed by the software department at
Osborne Computer Corporation. The listings that follow were created with
the Sorcim ACT I assembler and fully utilize Z80 code.

Listings for the 1.3 Monitor ROM, followed by the most current 1.4 Monitor
ROM are included at the back of this manual.

10.3 BDOS CALLS

66

Function Entry Return
Number Description Values Values

0 system reset

1 console read A=character
2 console write E=character

3 reader read A=character
4 punch write E=character

5 list write E=character

6 direct 1/O E=type* A=0 if busy
7 get IOBYTE A=IOBYTE

8 set IOBYTE E=IOBYTE

9 print string DE=address

10 read console buffer =~ DE=address

11 get console status A=status

12 get version number HL=version #
13 reset disk

14 select disk E=drive A=found ***
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Function Entry Return
Number Description Values Values
15 open file E=drive A=found ***
16 close file DE=FCB address A=found ***
17 search for file DE=FCB address A=found ***
18 search for next A=found ***
19 delete file DE=FCB address A=found ***
20 read next record DE=FCB address A=found ***
21 create file DE=FCB address A=found ***
22 create file DE=FCB address A=found ***
23 rename file DE=FCB address A=found ***
24 get login vector HL=drive
25 get disk number A=drive
26 set DMA address DE=DMA address
27 get allocate vector HL=allocation
28 write protect
29 get R/O vector HL=R/O vector
30 set file attributes DE=FCB address A=found ***
31 get disk header address HL =address
32 set/get user number D=FF (get) A=user #
code (set)
33 read random DE=FCB address A=error ***
34 write random DE=FCB address A=error ***
35 compute file size DE=FCB address A=record
36 set random record DE=FCB address A=record
37 reset drive DE=drive vector A=0
38 write random zero fill DE=FCB address A=error ***

coded in C register
*type: FE=input from console

all clse=character to output to console

**status:

***found:

00=not ready
FF=ready

FF=not found
00=valid entry

****error:

1=reading unwritten data
3=cannot close current extent
4=seek to unwritten extent
5=directory overflow

6=seek past physical end of disk

Drive numbers are coded: 0=A 1=B

You must set the random

writing random records.

NOTE

record position (7D-7F hex) before reading or
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OSBORNE 1 BIOS ROUTINES

The BIOS routines supplied by Osborne Computer Corporation include sev-
eral additional functions to the standard BIOS CP/M expects.

The IOBYTE

The IOBYTE is a reserved memory location (0003 hex) which defines the
current assignment of physical to logical devices. The IOBYTE is divided into
four distinct fields for the four logical devices recognized by CP/M. The
logical device names are now obsolete (i.e., do not match Osborne physical
device names) and are used only for the sake of maintaining the standard
CP/M nomenclature. There are four logical devices each of which takes up
two bits as follows:

Bit Bit Bit Bit Bit Bit Bit Bit
7 6 5 4 3 2 1 0
N~ v/\_’-\/‘/’\'\/s/
LIST PUNCH READER CONSOLE

Avalue in the range 00 to 11 hex (0 to 3 decimal) determines the assignment of
each logical device as follows:

Logical Value CP/M Osborne
Device Physical Physical
Console 00 TTY: Keyboard + Screen
(CON:3) 01 CRT: Serial Port
10 BAT: Parallel Port
11 UCL: IEEE Port
Reader 00 TTY: Keyboard + Screen
(RDR:) 01 PTR: Serial Port
10 URI: Parallel Port
11 UR2: IEEE Port
Punch 00 TTY: Keyboard + Screen
(PUN:) 01 PTR: Serial Port
10 UP1: Parallel Port
11 UP2: IEEE Port
List 00 TTY: Keyboard + Screen
(LST:) 01 CRT: Serial Port
10 LPT: Parallel (Centronics)
11 ULL: IEEE Port
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Besides fully implementing the CP/M IOBYTE, routines are provided to
drive printers which require XON/XOFF or ETX/ACK protocols. Automatic
horizontal scrolling, screen size for word wrap, default baud rate and pro-
gramming of the function keys are maintained by the BIOS.

BIOS Listings

The BIOS listings are included at the end of this manual.

69






Theory Of
Operations



11.1 INTRODUCTION 71

11.2 ‘FUNCTIONAL OPERATION 71
11.3 MNEMONIC CODES 72

11.4 BASIC TIMING 73

11.5 ROM 75

11.6 RAM 77
11.6.1 Address Lines 77
11.6.2 RAM Data Output 77
11.6.3 RAM Refresh Operation 77
11.6.4 Write Enable Signal WE* 77
11.6.5 CPU Write Operations 78
11.6.6 Memory Multiplexing 78

11.7 CHARACTER GENERATOR 78

11.8 I/O SERIAL PORT 79

11.9 VIDEO DISPLAY 79

11.10 VIDEO SCAN GENERATOR 80

11.11 KEYBOARD AND ASSOCIATED BUFFERS 81

11.12 DISK DRIVE AND DISK CONTROLLER 81
11.12.1 Disk Drive Controller 81
11.12.2 Disk Drive 81
11.12.3 Disk Drive Electronics 82
11.12.4 Disk Format 82

11.13 RESET AND NMI 83



11.0 Theory of Operations

11.1

11.2

INTRODUCTION

This chapter provides a functional description of the Osborne 1 Computer
functions. To understand this chapter, an understanding of digital Logic and
TTL (transistor-transistor-Logic) is required.

FUNCTIONAL OPERATION

The major functional areas of the Osborne 1 Computer as shown on Figure
11.2 are: Basic Timing, CPU, ROM, RAM, Video System, Parallel I/O, Serial
I/0, Keyboard, and Disk System.

The basic timing originates with a 16 MHz crystal oscillator. The 15.9744 MHz
signal is divided down to provide nominal 8, 4, 2, and 1 MHz signals to
control other circuits of the system.

The (CPU) Central Processor Unit controls and communicates with the re-
mainder of the system through an 8-bit data bus and a 16-bit address bus. In
addition to the two busses shown on the diagram, the CPU has several
additional inputs and outputs that are not shown on the block diagram. These
inputs and outputs are control functions and will be described later.

The (ROM) Read Only Memory is a 4 kilobyte Read-Only Memory with tri-
state outputs connected to the data bus. When the ROM is enabled, data
stored at the address on the address bus is put on the data bus.

The Random Access Memory (RAM) is a 64 kilobyte dynamic memory. The
RAM data outputs are tied to the data bus through a gate that is enabled only
when the CPU accesses RAM. The RAM can be accessed by the video logic
also. RAM output for the video display is latched, then fed into the address
inputs of a two kilobyte EPROM, called the character generator. This EPROM
has dot patterns stored in it and is not connected with the CPU data or address
busses. Its outputs go to a shift register where the dot pattern is shifted out
(one at a time) to the video interface, and then to the CRT.

The disk system consists of a disk controller and two disk drives. It receives

and transmits data on the CPU data bus and is addressed by the address bus.
The disk system uses single density Osborne disks.
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Figure 11.2 — Functional Block Diagram

The Osborne 1 can interface with IEEE 488 and RS-232-C standard external
busses. There is also a MODEM port. The RS-232-C serial data communica-
tions port uses a universal asynchronous receiver/transmitter (UART). The
UART can send and receive, through an external MODEM (MOdulator/
DEModulator), over telephone lines.

Another connector on the front panel is for an optional larger monitor; the
last connector is for connecting an optional battery pack for operating the
computer where no commercial power is available.

MNEMONIC CODES:

Mnemonic Description Function

CAS Column Address Strobe Strobes RAM column
address

DOT CLK Dot clock Used in conjunction with
the Character Generator
and video logic to
produce dot patterns on
display

NMI Non Maskable Interrupt Restarts ROM program

RAS Row Address Strobe Stobes RAM row address
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BASIC TIMING

Crystal controlled oscillator X1 operates at 15.9744 MHz. The oscillator output
is buffered by UB13. The oscillator circuit output at a nominal 16 MHz is used
as 62 NSEC timing signal and is also used to clock 4-bit synchronous counter
UBL1 (on the positive edge of the clock) to develop additional timing signals
of 8, 4, 2, and 1 MHz (Figure 11.4).

The 8 MHz is inverted by UA11 and becomes the dot clock (DOT CLK). One
of the destinations of DOT CLK is Shift Register UA14 (Sheet 4 of the Schema-
tic); UAl4 is positive edge sensitive which is the reason for inverting DOT
CLK. The active edge of DOT CLK is also the active edge of signals that follow
at lower frequencies or lower rates. UA14 will load synchronously with the
rising edge of DOT CLK when a load pulse (H COUNT*) Active low is
indicated by (*). is applied. H COUNT* is generated by decoder UB1 (Sche-
matic, Sheet 2). UB1 Pin 9 will be active during the counts E to F of counter
UB11 which generates H COUNT?*.

The Memory Counter is UD3. During the time H COUNT* is active synchro-
nous with the rising of the 8 MHz clock, Shift Register UA14 will load new
data from the video circuitry. The character on the screen is bracketed by the
H COUNT* pulse which sets an inflexible limit in timing. A horizontal
display line consists of 64 pulses including video retrace blanking which
leaves 52 characters visible. Each character time is very nearly 1 microsecond,
so that the vertical frame rate is in full synchronization with the AC line (60
cycles).

At the decoder UB1 (Schematic, Sheet 2), there is an active low CHAR CLK* at
Pin 15. CHAR CLK is inverted by UE12 (Schematic, sheet 8). The other two

1 2 3 4 5 ] 7 8 9 A

62NSEC
(16 MHg) I | l l l | l | l I I | I | l | I | I | I | l | I | I | I l '
i

CPUCLOCK
(4 MH3)

MEMORY
CLOCK
(2 MHg)

I
|
|
DOT CLOCK _"
(8 MHg) ‘
|
|
I
|
i
7

a
|
]

CHARACTER
CLOCK
(1 MHg)

]

Figure 11.4 — Basic System Timing
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inputs to the decoder are CPU CLK and MEM CLK. CPU CLK is a 4 MHz
signal that will change synchronous with the low to high transition of DOT
CLK. MEM CLK and CHAR CLK also have transitions on the rising edge of
the DOT CLK, (the active times that are decoded for the operation of the
machine state or the logic timing synchronizing circuits). CARRY is a 62
nanosecond pulse which is fed to a chain of synchronous counters which are
clocked with the 62 NSEC clock so that the pulse must be just that long in
order to allow for one advance. The CARRY output occurs only during the F
count of counter UB11.

The address decoder UB1 (Schematic, Sheet 2) decodes address lines 13 and 14
and the added conditions to UE5 of ROM MODE* and address 15. ROM
MODE* comes from a sequence of flip-flops set by various interrupt condi-
tions, by a power-on-reset, or by a particular I/O reference. If ROM MODE* is
active (low), address 15 is low, address 14 is low and address 13 is high
indicating the second 8K of memory, then one of the UB1 outputs (Y1) will be
active. In the bottom 8K of memory with address 13, 14, and 15 all low, YO will
be active. This output is ROM CE* (chip enable) which allows ROM access.

MREQ* is ANDed in UE11 with RD* to produce ROM RD*. Note that the
MREQ* is delayed from the Z80’s MREQ* and is not present when a refresh is
occurring; MREQ* is different from the MREQ* normally associated with a
Z80. ROM RD* enables the ROM output, therefore, ROM access is developed
from Chip Enable (address 13, 14, and 15 low together with ROM MODE*
low) and the ROM Output Enable going active when MREQ* goes active (as
long as read is present). There is no RAM access under these conditions.

If ROM MODE* is not active, decoder UB1 will not have any output low. If
ROM MODEF* is active, and address 14 or 13 is high (in the ROM MODE but in
the upper 3/4 of memory), Y2 or Y3 will be low or no output will be low. This
is the condition for a RAM access.

If either of the inputs on pins 4 or 5 of UD1 is low, pin 6 will be high which
will prevent a RAM RQ* from being issued from UA4, pin 3. On the other
hand, if UD1 pins 4 and 5 are high, pin 6 will be low permitting a RAM
request. On an MREQ* signal, a RAM request will be issued. RAM RQ*" is
applied to gate UC2, pin 12 where it will pass thru if the Memory Counter
UD3 is in a finished condition (low output on pin 11). The Memory Counter
will lock up in the finished condition because of the UB3 inversion applied to
UD3 pin 3 which causes the counter not to count. The Memory Counter will
count up to 8 and stop with QD high. If UD3-QD is locked high, then UD2-8 is
high which results in a low output (UD2-10) permitting the RAM RQ* to pass
thru UC2. It will be the OR’d thru UC1 and applied as a WAIT* to pin 24 of
the Z80. This means that if the Memory Counter (UD3) is in the finished state,
the RAM request will immediately result in a WAIT* request to the CPU. In
order to leave this state, the other destination of RAM RQ* from UA4-3 must
be examined.
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The timing conditions at UC1-8 are as follows:

(1) Count 8 to 9 from counter UB11 via decoder UB1
(2) Condition of UB1-10, count C to D

(3) M1* which comes direci from the CPU

The M1 memory timing sequence from the Z80 is shorter than the non-M1
memory sequence. Two possible openings for M1 access are allowed, but only
one possible opening is allowed for a non-M1 timing sequence. Therefore,
either M1 and C-D or 8-9 are the possible times RAM request will be gated
thru UC2-8. The output of UC2-8 is called RAM LOAD* which is applied to
UD1-12 where it is ORed with C-D from decoder UB1. This means that even if
a RAM request is not issued, C-D time will cause Memory Counter UD3 to
load. If the Memory Counter is finished counting, a high active signal is
applied to UD1-9. Therefore, if a RAM request is not issued on C-D time,
UD1-9 will cause the Memory Counter to load. UD3 inputs A, B and C
determine what is loaded into the memory counter. Input D will always load
to a zero, and the count will start. Bit C indicates no RAM request and the load

came from C-D of decoder UBL. This will cause a video access cycle of RAM.

Video timing must allow for video access thru memory and to the Video
Latch UA18 (Schematic, Sheet 4). The data must be presented to the latch and
to Character Generator UA15 in time for the propagation delay (415 nano-
seconds). The video deadline is 450 nanoseconds in advance of the H
COUNT™ load signal to Shift Register UA14 which is the end of the zero
count state on Video Counter UBI. Video access will count from 4 to 8 in the
Memory Counter. QC will be high and remain high until the count reaches 8.
Active low constitutes CPU access. UD3-13 starts at zero and will remain zero
for the first count based on the 125 nanosecond dot clock. It will go high for
two counts, then it will go low as CPU time changes low. At that point, QD
will go high and a finished condition will exist.

ROM (Read Only Memory)

The ROM (See Figure 11.5) is a device with information pre-written into its
memory slots. The contents of the ROM within the Osborne 1 cannot be
changed. There are 12 address inputs and 8 data outputs, which means that
the ROM has a capacity of 4 kilobytes.

The ROM has tri-state outputs. When pin 20 (Output Enable*, or OE*) is high,
the output pins present a high impedance to the data bus lines, permitting
other devices to use the lines when ROM is not in use. When pin 20 is high,
no information is put on the data bus by the ROM and the address lines have
no effect. When pin 20 is low, the data stored in the ROM is connected to the
data bus, and the bus will see whatever is stored in the location being
addressed at that time.
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Figure 11.5 — ROM Pinout

Operation of the ROM (Schematic, Sheets 2 and 5) is basically controlled by
pin 18 (Chip Enable) and pin 20 (Output Enable). ROM CE* (Chip Enable)
and ROM RD* (read) are applied to pins 18 and 20 respectively. ROM CE* and
ROM RD* are generated as briefly described below. A detailed discussion is
provided under the Timing Function.

ROM CE*: ROM CE* is generated by 2-to-4 line decoder UB1 which is
under control of ADR 13, 14, and 15 and ROM MODE*. Address lines 13 thru
15 are used by the CPU to select the ROM chip rather than another device on
the bus. The ROM MODE?* signal is available to ensure no bus conflict will
occur when ROM data is using the bus (UA4 and UBI1 act in concert to ensure
that RAM and ROM cannot be selected simultaneously.

ROM RD*: ROM RD* (which is active low) is generated by UE11 which
allows the ROM (UD11) to access the bus via its tri-state outputs only after
causing the RAM to wait.
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RAM (Random Access Memory)

The RAM is a dynamic 64K by 8 bit memory. It is physically structured as a
4 X8 matrix (UA20 thru 27, UB20 thru 27, UC20 thru 27, and UD20 thru 27) of
integrated circuits (IC), each IC being a 16K by 1 bit RAM. This arrangement
results in a 64K by 8 bit memory.

Address Lines

Fourteen address lines are required to specify 1 of 16,348 memory cells. Since
the RAM ICs have 7 address inputs, addresses are strobed into the chip seven
bits at a time. To read from the RAM, seven row address bits are set up on
input addresses A0 through A6, then latched into the chip by a Row Address
Strobe (RAS*). Then seven column bits are set up on A0 through A6 and
latched in by the Column Address Strobe (CAS*). After both RAS* and CAS*
are low, the data output of the cells addressed becomes valid.

RAM Data Output

The outputs are tri-state. Except during a memory cycle by RAS* and CAS*,
the outputs present a high impedance to the data lines.

RAM Refresh Operation

It is the nature of this type of memory that the stored data will deteriorate
rapidly; therefore, a refresh operation must be performed by applying a RAS*
strobe to each row address every 2 milliseconds, or more often. In the Os-
borne 1 the RAM is refreshed during each video cycle by reading display data
from the RAM.

The A0 through A6 pins on all the RAM chips are tied together; that is all pins
5 (A0Q) are together, all 7 (A1) and so on, so that whatever is on the RAM
address bus is applied to all 32 chips. Likewise, all the DI (data in) pins are
paralleled. The DO (data out) pins are also tied together.

Write Enable Signal WE*

Write Enable from OR gate UE5 enables data to be put onto the bus. Write
Enable is a function of the CPU delayed access input at UE5 pin 2 and the RD*
signal. RAM bus access is also controlled by the tri-state line driver UA19, the
state of which is controlled by UE5 output pin 11. The output of UE5 is a
function of READ*, pin 12, and CPU delayed access, pin 13. The generation
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and access will be discussed as part of the timing function. Addresses are set
on A0 through A6 by the address multiplexers UE15, UE16, UE17, and UE18
and through buffers UE19. The gate inputs to the buffers are tied low, thus the
buffer outputs are always enabled. The DO (data out) pins to the RAMs are
connected to the data bus through the read buffer UA19. This driver is a tri-
state output device gated by UES.

CPU Write Operations

When RD* and CPU TIME* are low, RAM data outputs are gated out on the
data lines. When CPU TIME* is high, the RAM is (probably) in a video cycle
and RAM outputs go to the video circuits. The CPU TIME* and RD* signals
switch RAM output to the CPU data lines.

To read a memory cell it is necessary to set up address bits A0 through A6 with
a row address, strobe with RAS*, set up a column address, strobe with CAS*,
and while the RAS* and CAS* strobes are low, data appears at the outputs.

Memory Multiplexing

Memory multiplexing (Schematic, Sheet 4) is done by four ICs, UE15 thru
UE18. Pins 14 and 2 (SO and S1) switch between CPU and video, and between
rows and columns, as determined by ACCESS, CPU TIME*, and the 62 NSEC
clock. The addressing, reading, writing, and strobing the memory with ap-
propriate delays are a separate function. The paragraphs on timing describe
the timing and sequence of these signals.

CHARACTER GENERATOR

The character generator EPROM is a part of the video section that performs a
translation on the character data as it comes out of the RAM, to the data as it is
displayed on the screen. The data in RAM is generally stored using the ASCII
code (American Standard Code for Information and Interchange) which is a
table of 128 bit patterns that relate to typical characters and control characters
from the keyboard. The Character Generator EPROM is entirely separate
from the Program ROM and performs a different function. The Character
Generator EPROM converts the character code in RAM to a pattern of dots for
the display.

When a key is pressed on the keyboard, it has to get into the Character
Generator EPROM, since that is the path it has to take in order to be displayed
in the screen. When it comes from the keyboard, it is read by the processor
and temporarily stored in the RAM. The processor reads the RAM to deter-
mine the next action. It looks through a table in the EPROM that contains the
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keyboard decoding table. A part of the table information resides in the RAM
so the user may change the coding of the keys. The numeric keys with the
control key pressed down result in reference to this table in RAM.

I/O SERIAL PORT

Divider UC3 (Schematic, Sheet 7) is a divide-by-13 counter that operates from
a 2 or 4 microsecond signal that is obtained from the video counter UA13. This
works out to a 26 or 52 microsecond clock period. The software registers in
UC4 chip can be set to divide by 16 or 64 as necessary. This results in a 1200
baud bit rate or a 300 baud bit rate for the 6850.

VIDEO DISPLAY

There are 52 microseconds for display across the screen divided into 52
character elements. There are 24 text lines vertically, each line consisting of 10
elements vertically and 8 horizontal dots; the display matrix is therefore
8X10 dots.

The Character Generator outputs an 8-bit element based on the character code
from RAM and a line scan number (0-3) from UB15 divider that indicates
which line of the character is being displayed. Every time the retrace returns
to the beginning and starts a new scan line, the scan counter increments. It
starts at 0 and resets to 0 after the count of 9. The resultant line of text, has text
address TXADR.

In terms of the actual data coming out of memory, there are 24 text lines, and
Counters UD17 and UD18 count from 0 to 23 (24 lines). There are two text line
times that are not seen. The 24th and 25th lines occur during the vertical
retrace. The visible size of the display is 24 lines. Horizontally, Character
Counters UD15 and UD16 keep track of which character is being displayed at
a particular location on the screen. The display can be scrolled vertically and
horizontally in hardware. This means that the starting point of each of those
lines, horizontal and vertical, can be changed.

Registers contain the values of the first horizontal count in memory that will
be accessed, and the value of the first vertical count. Any changing if these
two reference values will cause the display to appear to move on the screen.
This action is implemented as part of a large scale integration (LSI) parallel
interface adapter (PIA) that is a 6821 chip. These reference numbers are
latched into the PIA from the CPU.

This indicates that there is a horizontal and vertical set of pointers that can be
manipulated by manipulating data as presented by the 6821 chip and results
in changing the positioning of the display screen relative to the RAM
memory.

79



OSBORNE 1 TECHNICAL MANUAL

11.10

80

As previously described, a text line in RAM can go out to a width of 128
characters. The screen displays only 52 characters at any given moment. The
portion of the 128 characters to be displayed is determined by the horizontal
offset.

VIDEO SCAN GENERATOR

The video display timing starts with the horizontal timing signal (CHAR
CLK) developed by 4-bit Counter UB1-11. CHAR CLK is inverted by UE12
(CHAR CLK*) and is applied to Decoder UB1. UB1 output count of E-F results
in H COUNT* which is applied to the Scan Generator input at UA13-1. The
input to UA13-1 is divided down to provide 2, 4, 8 and 16 microsecond
outputs. The 2 msec and 4 msec outputs are applied to the baud rate generator
UC3 which is part of the I/O serial port. The 16 microsecond output is applied
to UA13 where it is further divided down to provide two 64 microsecond
outputs. One of the 64 microsecond outputs UA13-10 is inverted through
UE23D and routed to the external monitor connector. This is the horizontal
sync pulse. The other 64 msec output is inverted by UA11 and applied to
UA12. The flip-flop formed by two sections of UA12 develops the horizontal
blanking pulse.

Flip-flop UD14 develops a one character wide pulse. The Q output (UD14-7)
advances Scan Counter UB15, resets Horizontal Counter UA13, and also
increments Text Line Counters UD17 and UD18.

The Q* output (UD14-6) reloads Character Counters UD15 and UD16 with
the horizontal offset.

Divider UB15 develops the SCAN 0 to 3 signals. The SCAN 0 and SCAN 3
signals are applied to the inputs of AND gate UB13 that increments the text
address counters (UB17 and UB18) by one each time scan number nine occurs.
The audio alarm is enabled by the PB5 output of parallel interface adapter
(PIA) UC15 and is modulated by SCAN 2 (UB15-7).

The QD output from UB15 (SCAN 3) clocks a line counter formed by UB15
and UB14. This line counter develops the vertical blanking and sync signals.

The vertical blanking pulse output from AND gate UB13 is also routed to the
external monitor connector through inverter buffer UE23. Vertical blanking
is also applied to another section of inverter buffer UE23, mixed with the
horizontal blanking output from UE23, and applied to gates UE22. The out-
puts from the two gates (UE22) are inverted by buffer UE23 and applied to the
CRT video via video contrast control R44.

Flip-flop UE21 is used to insert the cursor signal and DIM* level via gate UE22
onto the CRT video line along with the video signal that originates from the
video display shift register UA14.
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The outputs of counters UD15 and UD16 (CHADR 0 to 6) and UD17 and
UD18 (TXADR 0-4) are routed to the RAM address multiplexer circuits.

KEYBOARD AND ASSOCIATED
BUFFERS

Input to the Osborne 1 is made via the keyboard unit. The keyboard is
comprised of a series of 69 key switches which connect columns (COL 0 to 7)
and rows (ROW 0 to 7).

The keyboard circuitry is an 8 X8 matrix with a key switch located at the
junction of each pair of lines. The circuitry is enabled when ADR 9 line is set
high, I/O SEL* is set low, and RD* line is also set low. This results in enabling
UEI12 tri-state buffers that transmit the COL 0 through COL 7 levels via the
data lines (DATA 0 through DATA 7) to the CPU.

Pressing a key connects the associated ROW and COL lines. The voltage level
from the ADR line is transferred to the ROW line via Inverter UE13 or UE14.
The keyswitch passes this level to the COL line, and it is then routed through
enabled tri-state buffers of UE12 to the data lines to the CPU.

DISK DRIVE AND DISK CONTROLLER

There are two 5-1/4" Disk Drives provided as an integral part of the Osborne
1. The two units permit recording and playing back information on single
sided, single density, soft sectored diskettes and transferring this information
from or to RAM.

Disk Drive Controller

The disk drive controller circuit is a 1793 LSI chip. that provides all the
necessary control of the two disk drive units (1 and 2). The disk drive control-
ler (UB7) is a serial interface that is under software control. The 1793 inter-
faces with the disk drive electronics via buffer interface gates UA8 thru UA10.

Disk Drive

The Osborne 1 contains two disk drive units that store information on a
floppy disk. Each disk has 40 tracks capable of storing 102K bytes for a total of
80 tracks (204K bytes) with two drives. The disks when operating rotate at 300
rpm that results in 200 millisecond period of rotation. The head can move
across the 40 tracks taking approximately 20 milliseconds per track step time.
The recorded data is retrieved as a serial data stream. This data is examined by
the disk controller to decipher which sector is being read.
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Disk Drive Electronics

The disk drive electronics board on each drive provides the following
functions:

1. Read amplification to amplify signals received from the magnetic
read heads

2. Write drive control that is used to drive the recording head

3. Motor control electronics used to maintain the disk drive motor run-
ning at a constant speed

4. Stepper motor control used to activate the stepping motor and move

the head across the disk to the proper track in response to step

commands from the disk controller

Track 0 sensors

6. Write protect that detects if a tab has been placed over a notch in the
disk envelope prohibiting the ability to write on the disk

7. Index sensing that senses a hole in the disk to provide an index point

@

Disk Format

The disk track format is such that it provides the writing and reading of
magnetic flux densities along a disk track. An electrical pulse, applied to a
write head, will result in polarizing the magnetic particles in the disk at a
specific spot. During the read process, the spot will cause an electrical read
pulse to be developed. These pulses when written, will normally occur at 4
microsecond intervals.

To be assured that the correct pulse train versus noise is read, the pulse is
gated with a 4 microsecond clock pulse generated by a counter. In this man-
ner, noise transient effects will be minimized.

The index timing pulse occurs once each rotation of the disk. With a disk
present in the drive assembly and the drive door closed, the index sensor
optically detects the presence of a disk hole. Only one hole is permitted per
disk to identify the beginning of sector 1. Disks that contain additional holes
(hard sectored disks) will not operate correctly in the disk drives.

To verify a good recording, the information writing operation must be com-
pleted before the second index pulse occurs. A second index pulse will termi-
nate the operation and will cause an error indication to occur. The index pulse
received by the 1793 disk drive controller is a significant indicator of oper-
ational status.



11.13

CHAPTER ELEVEN THEORY OF OPERATIONS

RESET AND NMI

Reset and NMI are two signals generated separately that produce similar
results.

NMI: Pressing the Reset Switch S1 on the front of the Computer will cause
the non-maskable interrupt (NMI) to be generated from the debounce buffer
UE20 (Schematic, Sheet 1). The NMI or reset signal causes ROM to be ad-
dressed (at location zero) as explained later. When Reset switch S1 is pressed,
the following sequence occurs:

1. NMl s applied to the D input of UB6 and to pin 4 of AND gate UA4
(Schematic, Sheet 3).

2. The M1* output of the CPU is inverted by UB12 and clocks flip-flops
UB6 and UB4. The Q output of UB6 goes low, and this signal, ANDed
with switch signal, applies NMI* to the CPU.

The next M1* pulse switches the Q output of UB4 low, and the pulse after that
sets the Q output of UB4 (ROM MODE*) low. The active low Q* output of
UB4B prevents further clocking of UB1 and UB4 via OR gate UB4UAA4.

UDI10B functions as an I/O write cycle decoder. The low active outputs of
UDI10A perform as follows:

1. YO clears flip-flop UB4 and ROM MODE* becomes low active.

2. Y1 presets UB4 and ROM MODE* goes high which enables RAM if
MEM REQ* is low.

3. Y2 causes BIT 9 to go high. UEI0A serves as a latch so that BIT 9
remains high until Y3 goes low, setting BIT 9 low.

Reset: Before the computer power supply is turned on, Capacitor C12 (Sche-
matic, Sheet 1) is completely discharged. Turning the power supply on results
in the Capacitor (C12) being charged to 5V. This charging does not occur
instantaneously. The time it takes depends on Resistors R1, R6 and Capacitor
C12. While C12 is charging, the input to UB3A is in the low state (between 0
and 2.0 Volts) and this results in the output of UB3B, which is the reset signal,
being low. Reset is routed to:

Z80 CPU UC11

The parallel port interface chip UC7
Interface chip UC15 (Figure 5)
Clear input of flip-flop UB4

Ll s

The reset signal resets the parallel port interface and the video interface chip.
The effect of the reset signal on the CPU and on flip-flop UB4 is the same as
the NMI signal.
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12.0 Osborne 1 Schematics

12.1 MAIN LOGIC BOARD SCHEMATICS

Following are the schematics for the main logic printed circuit board:
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ITTEM | PART NO. 1 QTY 1 UM | TITLE |REFERENCE DESIGNATORS!
@75 | 7PS21@4-0@ | @205 | EA IRES,FXD,1/4W 5S4 10@@K IR14,R15,R16,R17,R18 |
@76 | 7P52181-0@ | 2@l | EA IRES,FXD, 1/4W S% 18@& OHM IR24 |
@77 | 7P3zZez@-@@ | @@d2 | EA IRES,FXD, 1/74W 5% 22 OHM IRZ, R21 |
@78 | 7P5zE21-@@ | @22 | EA IRES,FXD, 1/4W 5% 2z@ OHM IR8, R4@ !
1273 | 7pS2eee-a@ | @v3 | EA IRES,FXD, 1/4W 5% 2.2K IR22, R23, R33 I
la8@ | 7P5zE23~0@ | @21 | EA IRES,FXD, 1/4W S% 22K IR1 1
lagl | 7P52330-@@ | @@l | ER IRES,FXD,1/4W 5% 33 OHM IR7 I
a8z | 7PSE331-0@ | @@3 | EA JRES,FXD, 1/4W S% 33@ OHM IR3, R1@, R12 |
@83 | 7PSE332-00 | Q@2 | EA IRES,FXD, 1/4W S% 3. 3K IR29, R4E I
1284 | 7PS2470-@@ | Q@1 | EA IRES,FXD, 1/4W 5% 47 0OHM IR41 |
1285 | 7PS2471-2@ | @22 | EA IRES,FXD, 1/4W 5% 470 OHM IR6, R4 ]
la8e | 7PGE472-02 | @01 | EA IRES,FXD, 1/4W S% 4.7K IR13 !
f@87 | 7P52473-00 | @04 | EA IRES,FXD, 1/4W S% 47K IR11,R25, R27, R28 |
88 | 7P611@&-2@ | Q@1 | EA ISWITCH, DRPDT, MOMENTARY, ACTION 151 I
@89 | 7P611@3-2@ | @21 | EA ISWITCH BUTTON 1 (81) I
1a%9@ | 7PeIu@-@2 | Q@4 | EA ICONN, SHUNT,2 PIN 4J1), (J3), (J4), (JS) |
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Appendix A
Z80 Instruction Set

Presented here is the Z80A instruction set:
Z80 Instruction Set

Register Layout:

Main Register Set Alternate Registers
Accumulator Flags Accumulator’ Flags'
B C | B C
D E D’ E
H L H L
interrupt vector I memory refresh R

index register IX

index register IY

stack pointer SP

program counter PC

nnnn = hexadecimal 16-bit value

- dd

nn = hexadecimal 8-bit value
= 8-bit signed displacment

r = register

b = single bit
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Z80 instruction

ADC A,(HL)
ADC A[(IX+dd)
ADC ALY +dd)
ADC Ar

ADC A,nn
ADC HL,BC
ADC HL,DE
ADC HL,HL
ADC HL,SP
ADD A,(HL)
ADD A,(IX-+dd)
ADD A, (IY+dd)
ADD A,r

ADD A,nn
ADD HL,BC
ADD HL,DE
ADD HL,HL
ADD HL,SP
ADD IX,BC
ADD IX,DE
ADD IXIX
ADD IX,SP
ADD 1Y,BC
ADD 1Y,DE
ADD IYIY
ADD 1Y, SP
AND (HL)
AND (IX+dd)
AND (IY+dd)
AND r

AND nn

BIT b,(HL)

BIT b,(IX-+dd)
BIT b,(IY+dd)
BIT b,r

CALL nnnn
CALL C,nnnn
CALL M,nnnn
CALL NC,nnnn
CALL NZ,nnnn
CALL P,nnnn
CALL PE,nnnn
CALL PO,nnnn
CALL Znnnn
CCF

CP (HL)

CP (IX+dd)

CP (IY+dd)
CPr

CP nn

CPD

8080 instruction

ADC M
none
none
ADCr
ADI nn
none
none
none
none
ADD M
none
none
ADD r
ADI nn
DAD B
DAD D
DAD H
DAD SP
none
none
none
none
none
none
none
none
ANA M
none
none
ANAr
ANI nn
none
none
none
none
CALL nnnn
CC nnnn
CM nnnn
CNC nnnn
CNZ nnnn
CP nnnn
CPE nnnn
CPO nnnn
CZ nnnn
CMC
CMP M
none
none
CMP r
CPI nn
none

description

adds byte at HL to A

adds byte indexed by X to A
adds byte indexed by Y to A
adds value in register to A
adds value to A

adds BC to HL

adds DE to HL

doubles HL

adds stack pointer to HL
adds byte at HL to A

adds byte indexed by X to A
adds byte indexed by Y to A
adds value in regsiter to A
adds value to A

adds BC to HL

adds DE to HL

doubles HL

adds stack pointer to HL
adds BC to X index

adds DE to X index

doubles X index

adds stack pointer to X index
adds BC to Y index

adds DE to Y index

doubles Y index

adds stack pointer to Y index
logical AND with byte and A
logical AND with index and A
logical AND with index and A
logical AND with register and A
logical AND with value and A
test bit of byte at HL

test bit of byte at index X
test bit of byte at index Y
test bit of regsiter value
subroutine call to location
subroutine call if carry
subroutine call if sign
subroutine call if carry reset
subroutine call if zero reset
subroutine call if sign reset
subroutine call if parity
subroutine call if parity reset
subroutine call if zero
complement carry flag
compare byte at HL to A
compare byte at X index to A
compare byte at Y index to A
compare register value to A
compare value to A

compare byte at HL and decrement BC



Z80 instruction

CPDR

CPI
CPIR

CPL

DAA

DEC (HL)
DEC (IX+dd)
DEC (IY+dd)
DEC r

DEC BC

DEC DE
DEC HL
DEC SP

DEC IX

DEC IY

DI

DJNZ dd

EI

EX (SP) HL
EX (SP),IX
EX (SP),IY
EX AF,AF
EX DE,HL
EXX

HALT

IM 0

M1

IM 2

IN r,(C)

IN A,(nn)
INC (HL)
INC (IX+dd)
INC (IY+dd)
INCr

INC BE

INC DE

INC HL

INC SP

INC IX
INCIY

IND

INDR
INI
INIR

JP (HL)
JP (IX)

APPENDIX A

8080 instruction

none

none
none

CMA
DAA
DCR M
none
none
DCR r
DCX B
DCX D
DCX H
DCX SP
none
none
DI
none
EI
XTHL
none
none
none
XCHG
none
HLT
none
none
none
none
IN nn
INR M
none
none
INR r
INX B
INX D
INX H
INX SP
none
none
none

none
none
none

PCHL
none

description

compare byte
repeat

Z80 INSTRUCTION SET

at HL, decrement and

compare byte at HL, increment BC

compare byte
repeat
complement A

at HL, increment and

decimal adjust A
decrement byte at HL
decrement byte at index X
decrement byte at index Y
decrement register

decrement BC
decrement DE
decrement HL

decrement stack pointer
decrement X index

decrement Y index

disable interrupts

decrement B and jump relative
enable interrupts

exchange stack pointer with HL
exchange stack pointer with X index
exchange stack pointer with Y index
exchange AF register sets
exchange DE and HL

exchange BC,DE,HL register sets
suspend operation

set interrupt mode 0

set interrupt mode 1

set interrupt mode 2

input byte from C port to register
input byte from por to A
increment byte at HL

increment byte at X index
increment byte at Y index
increment byte in register

increment BC
increment DE
increment HL

increment stack pointer

increment X index

increment Y index

input from C port to HL byte, decre-
ment B, increment HL

input from C port to HL byte, decre-
ment B, increment HL, repeat

input from C port to HL byte, decre-
ment B, decrement HL

input from C port to HL byte, decre-
ment B, decrement HL, repeat

copy HL to PC then jump to it

copy X index to PC then jump
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Z80 instruction

JP (1Y)

JP nnnn

JP C,nnnn

JP M,nnnn

JP NC,nnnn
JP NZ,nnnn
JP P,nnnn

JP PE,nnnn
JP PO,nnnn
JP Z,nnnn

JR dd

JR C,dd

JR NC,dd

JR NZ,dd

JR Z,dd

LD (BC),A

LD (DE),A

LD (HL),r

LD (HL),nn
LD (IX-+dd)r
LD (IX+dd),nn
LD (IY+dd),r
LD (IY+dd),nn
LD (nnnn),A
LD (nnnn),BC
LD (nnnn),DE
LD (nnnn) HL
LD (nnnn),IX
LD (nnnn),IY
LD (nnnn),SP

LD A,(BC)
LD A,(DE)
LD A

LD AR

LD LA

LD RA

LD r,(HL)

LD r,(IX+dd)
LD r,(IY+dd)
LD rr

LD rnn

LD A,(nnnn)
LD BC,(nnnn)
LD DE,(nnnn)
LD HL,(nnnn)
LD BC,nnnn
LD DE,nnnn
LD HL,nnnn
LD SP,nnnn
LD IX,nnnn
LD IY,nnnn
LD IX,(nnnn)

8080 instruction

none
JMP nnnn
JC nnnn
JM nnnn
JNC nnnn
JNZ nnnn
JP nnnn
JPE nnnn
JPO nnnn
JZ nnnn
none
none
none
none
none
STAX B
STAX D
MOV M,r
MVI M,nn
none
none
none
none

STA nnnn
none
none
SHLD nnnn
none
none
none

LDAX B
LDAX D
none

none

none

none

MOV rM
none

none

MOV rr
MVI r,nn
LDA nnnn
none

none

LHLD nnnn
LXI B,nnnn
LXI D,nnnn
LXI H,nnnn
LXI SP,annn
none

none

none

description

copy Y index to PC then jump
jump to location

jump if carry

jump if sign

jump if no carry

jump if not zero

jump if sign reset

jump if parity

jump if parity reset

jump if zero

jump relative using value
jump relative if carry
jump relative if no carry
jump relative if not zero
jump relative if zero
move A to byte at BC
move A to byte at DE

move byte in register to byte at HL.

move value to byte at HL
move byte into byte at indexed
move byte into byte at indexed
move byte into byte at indexed
move byte into byte at indexed
move A to location

location
location
location
location

move BC to location and location + 1
move DE to location and location + 1
move HL to location and location + 1
move IX to location and location + 1
move IY to location and location + 1
move stack pointer to location and lo-

cation + 1
move byte at BC to A
move byte at DE to A

move interrupt vector register to A
move memory refresh register to A
move A to interrupt vector register
move A to memory refresh register

move byte at HL to register
move byte at IX to register
move byte at IY to register

move byte from register to register

move value to register
load A from location
load BC from locations
load DE from locations
load HL from locations
load BC with value
load DE with value
load HL with value
load stack pointer with value
load IX with value
load IY with value
load IX from locations



Z80 instruction

LD IY,(nnnn)
LD SP,(nnnn)
LD SP,HL
LD SPIX

LD SPIY
LDD

LDDR

LDI

LDIR

NEG

NOP

OR (HL)
OR (IX+dd)
OR (IY+dd)
ORr

OR nn
OTDR

OTIR

OUT (O),r
OUT (nn),A
OUTD

OUTI

POP AF
POP BC
POP DE
POP HL
POP IX
POP 1Y
PUSH AF
PUSH BC
PUSH DE
PUSH HL
PUSH IX
PUSH IY

RES b,(IX+dd)
RES b,(IY+dd)

RES br
RET

8080 instruction

none
none
SPHL
none
none
none

none

none

none

none
NOP
ORA M
none
none
ORAr
ORI nn
none

none

none
OUT nn
none

none

POP PSW
POP B
POP D
POP H
none
none
PUSH PSW
PUSH B
PUSH D
PUSH H
none
none
none
none
none
RET

APPENDIX A

description

load IY from locations
load stack pointer from locations
load stack pointer from HL
load stack pointer from IX
load stack pointer from IY
move byte at HL to DE location,
ment BC, decrement HL
and DE
move byte at HL to DE location,
ment BC, decrement HL
and DE, repeat
move byte at HL to DE location,
ment BC, increment HL
and DE
move byte at HL to DE location,
ment BC, increment HL
and DE, repeat
two’s complement of A
no operation
logical OR of A and byte at HL
logical OR of A and byte at IX
logical OR of A and byte at I'Y
logical OR of A and register
logical OR of A and value
output byte at HL to port C,
decrement B, decrement HL,
repeat
output byte at HL to port C,
decrement B, increment HL,
repeat
output byte in register to port C
output value to port A
output byte from HL to port C,
decrement B, decrement HL
output byte from HL to port C,
decrement B, increment HL
restore AF from stack
restore BC from stack
restore DE from stack
restore HL from stack
restore IX from stack
restore 1Y from stack
store AF on stack
store BC on stack
store DE on stack
store HL on stack
store IX on stack
store IY on stack
reset bit in byte at IX
reset bit in byte at IY
reset bit in register
return from subroutine

Z80 INSTRUCTION SET

decre-

decre-

decre-

decre-
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Z80 instruction

RET C

RET M

RET NC

RET NZ

RET P

RET PE

RET PO

RET Z

RETI

RETN

RL (HL)

RL (IX+dd)
RL (IY-+dd)
RL r

RLA

RLC (HL)
RLC (IX+dd)
RLC (IY+dd)
RLC r

RLCA

RLD

RR (HL)

RR (IX+dd)
RR (IY+dd)
RRr

RRA

RRC (HL)
RRC (IX+dd)
RRC (IY+dd)
RRC r

RRCA

RRD

RST 00h

RST 08h

RST 10h

RST 18h

RST 20h

RST 28h

RST 30h

RST 38h

SBC A,(HL)
SBC A(IX+dd)
SBC A,(IY+dd)
SBC A,r

SBC Ann
SBC HL,BC
SBC HL,DE
SBC HL HL
SBC HL,SP
SCF

SET b,(HL)
SET b,(IX+dd)
SET b,(IY+dd)

8080 instruction

RC
RM
RNC
RNZ
RP
RPE
RPO
RZ
none
none
none
none
none
none
RAL
none
none
none
none
RLC
none
none
none
none
none
RAR
none
none
none
none
RRC
none
RST 0
RST 1
RST 2
RST 3
RST 4
RST 5
RST 6
RST 7
SBB M
none
none
SBB r
SBI nn
none
none
none
none
STC
none
none
none

description

return if carry

return if sign

return if no carry

return if not zero

return if sign reset

return if parity

return if parity reset

return if zero

return from maskable interrupt
return from nonmaskable interrupt
rotate byte at HL left with carry
rotate byte at IX left with carry
rotate byte at IY left with carry
rotate byte in register left with carry
rotate byte in A left with carry
rotate byte at HL circularly left
rotate byte at IX circularly left
rotate byte at IY circularly left
rotate byte in register circularly left
rotate byte in A circularly left
rotate 12 bits n HL 4 bits at time left
rotate byte at HL right with carry
rotate byte at IX right with carry
rotate byte at I'Y right with carry
rotate byte in register right with carry
rotate accumulator right

rotate byte in HL circularly right
rotate byte in IX circularly right
rotate byte in IY circularly right
rotate byte in register circularly right
rotate byte in A circularly right
rotate 12 bits in HL 4 bits at time right
first restart location

second restart location

third restart location

fourth restart location

fifth restart location

sixth restart location

seventh restart location

eighth restart location

subtract byte at HL from A

subtract byte at IX from A

subtract byte at IY from A

subtract byte in register from A
subtract value from A

subtract BC from HL

subtract DE from HL

subtract HL from HL

subtract SP from HL

set carry flag

set big in byte at HL

set bit in byte at IX

set bit in byte at IY



Z80 instruction

SET b,r

SLA (HL)
SLA (IX+dd)
SLA (IY+dd)
SLAr

SRA (HL)
SRA (IX+dd)
SRA (IY+dd)
SRA r

SRL (HL)
SRL (IX+dd)
SRL (IY+dd)
SRL r

SUB (HL)
SUB (IX+dd)
SUB (IY+dd)
SUB r

SUB nn

XOR (HL)
XOR (IX+dd)
XOR (IY+dd)
XOR r

XOR nn

APPENDIX A

8080 instruction

none
none
none
none
none
none
none
none
none
none
none
none
none
SUB M
none
none
SUBr
SUI nn
XRA M
none
none
XRA r
XRI nn

Z80 INSTRUCTION SET

description

set bit in byte in register

arithmetic shift left on byte at HL
arithmetic shift left on byte at IX
arithmetic shift left on byte at IY
arithmetic shift left on byte in register
arithmetic shift right on byte at HL
arithmetic shift right on byte at IX
arithmetic shift right on byte at IY
arithmetic shift right on byte in register
logical shift right on byte at HL
logical shift right on byte at IX
logical shift right on byte at IY
logical shift right on byte in register
subtract byte at HL from A

subtract byte at IX from A

subtract byte at IY from A

subtract byte in register from A
subtract value from A

XOR HL register

XOR IX register

XOR 1Y register

XOR register

XOR value with A
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Appendix B
6821 PIA Registers/
Instructions

The following specifications on the 6821 PIA were furnished in full by
Motorola, Inc:
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OTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

MC6821
(1.0 MHz)

MO et
MC68B21
(2.0 MHz)

PERIPHERAL INTERFACE ADAPTER (PIA)

The MC6821 Peripheral Interface Adapter provides the universal
means of interfacing peripheral equipment to the M6800 family of
microprocessors. This device is capable of interfacing the MPU to
peripherals through two 8-bit bidirectional peripheral data buses and
four control lines. No external logic is required for interfacing to most
peripheral devices.

The functional configuration of the PIA is programmed by the MPU
during system initialization. Each of the peripheral data lines can be pro-
grammed to act as an input or output, and each of the four con-
trol/interrupt lines may be programmed for one of several control
modes. This allows a high degree of flexibility in the overall operation of

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

PERIPHERAL INTERFACE
ADAPTER

the interface. 9 L SUFFIX
® 8-Bit Bidirectional Data Bus for Communication with the b CERAMIC PACKAGE
CASE 716
MPU
® Two Bidirectional 8-Bit Buses for Interface to Peripherals
® Two Programmable Control Registers
® Two Programmable Data Direction Registers S SUFFIX
e . CERDIP PACKAGE
® Four Individually-Controlled Interrupt Input Lines; Two CASE 734
Usable as Peripheral Control Outputs
® Handshake Control Logic for Input and Output Peripheral
Operation
® High-Impedance Three-State and Direct Transistor Drive P SUFFIX
Peripheral Lines PLASTIC PACKAGE
CASE 711

® Program Controlled Interrupt and Interrupt Disable Capability
® CMOS Drive Capability on Side A Peripheka| Lines

® Two TTL Drive Capability on All A and B Side Buffers

® TTL-Compatible

® Static Operation

PIN ASSIGNMENT

vsslli @ 1 CA1
PAO([] 2 39{]cA2
MAXIMUM RATINGS PAI3 38f1IRQA
- PA2[] 4 37{1IRQB
Characteristics Symbol Value Unit PA3
Supply Voltage Vee |-03w+70 ] v gs 36 [IRSO
Input Voltage Vin -03t0+70 | V PA4[l6 35[RS1
Operating Temperature Range TLto TH PAS[] 7 34[IRESET
MC6821, MC68A21, MC68B21 Ta 0 to70 °C
MC6821C, MC68A21C, MC68B21C —40 to +85 PAB0 8 33{1D0
Storage Temperature Range Tstg -651t0 +150 | °C PA7[]9 3201
PBO[} 10 D2
THERMAL. CHARACTERISTICS P11 30[D3
Characteristic Symbol Value Unit 212 29104
Thermal .ffesistance pe3f]i3 105
Ceramic 0 50 oC/W
Plastic JA 100 pPBaf]14 27{106
Cerdip ' 60 PB5[15 26[1D7
PB6[16 2500 E
This device contains circuitry to protect the inputs against damage due to high PB7[Q17 24f1Cst
static voltages or electric fields; however, it is advised that normal precautions ce1lls 23[1CS2
be taken to avoid application of any voltage higher than maximum-rated
voltages to this high-impedance circuit. Reliability of operation is enhanced if ce2lj19 22[1cso
unused inputs are tied to an appropriate logic voltage (i.e., either Vgg or Vce). veell2o 21R/W

©MOTOROLA INC., 1981 DS9435-R2
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POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Ppeoya) (1
Where:

T =Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT + PPORT
PINT=ICcC x Vce, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may becorme significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(Ty+273°C} (2)
Solving equations 1 and 2 for K gives:
K = Ppe(T A+ 273°C) + 0 A*PD2 3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc +5%, Vss=0, TA=T to TH unless otherwise noted).

L Characteristic TSymbol | Min [ Typ | Max__| Unit
BUS CONTROL INPUTS (R/W, Enable, RESET, RS0, RS1, CS0, CS1, CS2)
Input High Voltage VIH Vss+20 ] ~— vce Vv
Input Low Voltage ViL Vss—-0.3 - Vgs+0.8 Vv
Input Leakage Current (Vjn=0 t0 5.256 V) lin - 10| 256 A
Capacitance (Vin=0, Tao=26°C, f=1.0 MH2) Cin - - 7.5 pF
INTERRUPT OUTPUTS (IRQA, 1RQB)
Output Low Voltage (I pad=3.2 mA) VoL - — |Vgs+04| V
Three-State Output Leakage Current loz - 1.0 10 pA
Capacitance (Vin=0, TA=25°C, f=1.0 MH2) Cout - - 5.0 pF
DATA BUS (D0-D7)
Input High Voltage ViH Vgs+20 | - vee \
Input Low Voltage ViL Vgg—-03 | -~ Vgs+0.8 \
Three-State Input Leakage Current (Vin=0.4 t0 2.4 V) iz - 20 10 pA
Output High Voltage (I gag= — 206 pA) VOH Vgg+24 | - - \
Output Low Voltage (I gad=1.6 mA) VoL - - Vgs+0.4 v
Capacitance (Vin,=0, TA=26°C, f=1.0 MH2) Cin - - 12.6 pF
PERIPHERAL BUS (PA0-PA7, PBO-PB7, CA1, CA2, CB1, CB2)
Input Leakage Current R/W, RESET, RS0, RS1, €S0, CS1, CSZ, CA1, " _ 1.0 25 A
{(Vin=0105.25V) CB1,Enable| : : s
Three-State Input Leakage Current (Vi =0.4t0 2.4 V) PBO-PB7, CB2 Wz - 2.0 10 pA
Input High Current (Vi =2.4 V) PAO-PA7, CA2 H - 200 —400 - pA
Darlington Drive Current (Vo =1.5V) PBO-PB7,CB2| IOH -1.0 - -10 mA
Input Low Current (V| =0.4 V) ’ ] PAQO-PA7, CA2 L - -1.3 -24 mA
Output High Voltage
(I pad = — 200 pA) PAQO-PA7, PBO-PB7, CA2,CB2| VOH Vss+24 | — - \
(ILoad= — 10A) PAO-PA7, CA2 Vee-10] - -
Output Low Voitage (I| gad=3.2 mA) VoL - — [ Vss+04} V
Capacitance (Vi =0, TA=25°C, f=1.0 MHz) Cin - - 10 pF
POWER REQUIREMENTS )
[ Internal Power Dissipation (Measured at Tp = T|) I PINT - I - [ 550 I mw
e

@ MOTOROLA Semiconductor Products Inc.
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2)
Jﬂ:_‘n;;r ! Characteristic Symbol _IW“:\ C68|3I1ax hhﬂ/li:GBl:ﬂZ;lx m:‘:’“:ﬁx Unit
1 Cycle Time teye 1.0 | 10 J0o67 | 10 |05 | 10 us
2 Pulse Width, E Low PWEL |430 | — | 280 | — 210 | — ns
3 Pulse Width, E High PWEH (480 | — | 280 | — [220 | — ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 - 20 ns
9 Address Hold Time tAH 10 - 10 - 10 - ns
13 Address Setup Time Before E tAS 80 - 60 - 40 - ns
14 Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns
15 Chip Select Hold Time tCH 10 — 10 - 10 - ns
18 Read Data Hold Time tDHR 20 50" | 20 50" | 20 50*| ns
21 Write Data Hold Time tDHW 10 - 10 - 10 - ms
30 Output Data Delay Time tDDR - 1290 | - 180 | -~ 150 { ns
31 Input Data Setup Time tpsw | 165 - 80 - 60 - ns

*The data bus output buffers are no longer sourcing or sinking current by tpHrmax (High Impedance).

FIGURE 1 — BUS TIMING

1. Voltage levels shown are V| <04 V, V, .=
2. Measurement points shown are 0.8 V a

2.4 V, nisss otherwise specified.
2.0V, uniess otherwise specified.

3
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e XXXXXX XXX
(Non-Muxed) /Y y)& 4
‘13; % >
%€ {14 }
s / N :
- L}
~—@— <
Read Data = | : MPU Read Data Non-Muxed
Non-Muxed
(1) <—@—>
Write Data =™ % MPU Write Data Non-Muxed } <
Non-Muxed 4 { t—
!
21
Notes:
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PERIPHERAL TIMING CHARACTERISTICS (Vcc=5.0V +5%, Vgs=0V, TA=T¢ to TH unless otherwise specified)

Characteristic Symbol MhiI:‘CGBalax mg&ﬁ:x mgm?ﬂx Unit R.:}Le.r%n: °
Data Setup Time tPDS 200 | — 136 | — 100 - ns 6
Data Hold Time tPDH 0 - 0 - 0 - ns 6
Delay Time, Enable Negative Transition to CA2 Negative Transition tCA2 - 1.0 — 0670 ~ |0B500 | s | 3,7,8
Delay Time, Enable Negative Transition to CA2 Positive Transition TRS1 - 1.0 — |0.670| — (0500 | us 3,7
Rise and Fall Times for CA1 and CA2 Input Signals tr, tf — 1.0 - 1.0 - 1.0 | us 8
Delay Time from CA?1 Active Transition to CA2 Positive Transition tRS2 - 20 - |13 - 1.0 | ps 3,8
Delay Time, Enable Negative Transition to Data Valid tPDW - 1.0 — |o670] — 05 [ws| 3.9,10
Dellaxlogrxgl,' !(E:r:z;le Negative Transition to CMOS Data Valid temos | - 20 _ 113l - 10 |us| 49
Delay Time, Enable Positive Transition to CB2 Negative Transition tCB2 - 101 — |0670f — | 05 | pus | 3, 11,12
Delay Time, Data Valid to CB2 Negative Transition tpc 20 - 20 - 20 - ns 3. 10
Delay Time, Enable Positive Transition to CB2 Positive Transition tRS1 - 1.0 - 10670 — 05 | us 3,1
Control Output Pulse Width, CA2/CB2 PWeT | 800 | — | 376 — [ 280 — ns N
Rise and Fall Time for CB1 and CB2 input Signals tr, tf - 1.0 - 1.0 - 1.0 M 12
Delay Time, CB1 Active Transition to CB2 Positive Transition tRS?2 - 2.0 - | 135] - 1.0 | us 3,12
Interrupt Release Time, TRQA and IRQB YR - |160] — |110] — |08 | us| 5 14
Interrupt Response Time tRS3 - 1.0 - 1.0 - 1.0 | us 5,13
Interrupt Input Pulse Time PW) 500 - 500 — 500 - ns 13
AESET Low Time* tRL 10| - Joes| — |06} — | us 16
*The BESET line must be high a minimum of 1.0 us before addressing the PIA.
FIGURE 3 — TTL EQUIVALENT
FIGURE 2 — BUS TIMING TEST LOADS TEST LOAD
(bo-o7) 5.0V (PAO—-PA7, PBO—PB7, CA2, CB2)
RL=2.4 kO 50V
Test Point MMD6150 RL=1.25 k@
or Equiv. -— MDB150
c R Test Point .
v or Equiv.
130 pF 1.7 k0 MMD7000 :
or Equiv. [ R
MMD7000
= = or Equiv.

FIGURE 4 — CMOS EQUIVALENT
TEST LOAD

(PAO-PA7, CA2)

Test Point o———j

30 pF

—

@ MOTOROLA Semiconductor Products Inc.

C=30pF, R=12k

FIGURE 5 — NMOS EQUIVALENT
TEST LOAD

(TRQ Only)
5.0V

3ka

Test Point

100 pF I
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FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES
(Read Mode)

PAO-PA7
PBO-PB7
—_

PDS

~—tPDH

Enable

FIGURE 8 — CA2 DELAY TIME
{Read Mode; CRA-5=1, CRA-3=CRA-4=0)

Enable
/L
7/
L, ™= tr.tf
7/
CA1
-
= tCA2 tRS2 =
CA2

FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES
(Write Mode; CRB-5=CRB-3=1, CRB-4=0)

Eae O\ s

tPOW

PBO-PB7

~toc-—-1
cB2* \

*cp2 goes low as a result of the
positive transition of Enable.

FIGURE 12 — CB2 DELAY TIME
(Write Mode; CRB-5=1, CRB-3=CRB-4=0)

Enable
— \.7/L
/e

a - -ty t¢
7/
ce1
/L.
4
latcB2 RS2 '——‘
cBe2

* Assumes part was deselected during
any previous E puise.

@ MOTOROLA Semiconductor Products Inc.

FIGURE 7 — CA2 DELAY TIME
(Read Mode; CRA-5=CRA3=1, CRA-4=0)

Enable

tca2 ft—

I‘—‘RS1 *
PWer T

CA2

* Assumes part was deselected during
the previous E pulise.

FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES
(Write Mode; CRA-6=CRA-3=1, CRA-4=0)

Enab.e_\ / \

tCMOS-»f
tpPwD| I ------- Vee -30% Veg

PAO-PA7,
CA2

FIGURE 11 — CB2 DELAY TIME
(Write Mode; CRB-5=CRB-3=1, CRB-4=0)

Enable

f=—tCB2 tRs1*

|a———— PWeT ———n]

cB2

*Assumes part was deselected during the
previous E pulse.

FIGURE 13 — INTERRUPT PULSE WIDTH AND TRQ RESPONSE

PW,

1
~
CA1,2 'L

cB1,2

IRQA/B. N

trsa® {

* Assumes Interrupt Enable Bits are set.

Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, uniess otherwise noted.
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FIGURE 14 — TRQ RELEASE TIME FIGURE 15 — RESET LOW TIME
' RL .
Enable I —
RESET \ {
YR
el — *The RESET line must be a Vi for a minimum of
1.0 us before addressing the PIA.

Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.

FIGURE 16 — EXPANDED BLOCK DIAGRAM

TROA 36 — 40 cal
j_'__.' Interrupt Status
Control A 39 CA2
Control
Register A
DO 33 --— (CRA) I
D1 32 -a— l N] Data Direction
D2 31 l/ Register A
l l i (DDRA)
D3 30 -«——s Data Bus
Buffers <
D4 29 -—» (DBB) Output Bus <7
D5 28 -w—&-
D6 27 ~a— [« 2 PA0
D7 26 Ogtput ra—a 3 PA1
- . Register A PA2
(ORA) 4
Peripheral t—w 5 PA3
lnterAface —w 6 PA4L
g (g— 7 PAS
Bus Input’ o
Register ] 8 PA6
(BIR) g- l—» 9 PA7
Ve = Pin 20 |«—» 10 PBO
Vgsg - Pin 1
E> Qutput lt—»= 11 PB1
Register B > j— 12 P
B2
(ORB) .
cso 22 - >~ Peripheral la—= 13 PB3
| f -
cS1 24 —» nteé ace lg—> 14 PB4
CS2 23 —~ Chip lt— 15 PB5
RSO 36 —a  Select l«—» 16 PB6
RS1 35 —— R/W lt— 17 PB7
R/W 21 R Control Ay
Enable 25 —~
RESET 34 ——
L——] ‘__ Data Direction
Control Register B
) Register B (DDRB)
(CRB) -
- {.a—— 18 CB1
interrupt Status
iRGB 37 - Control B la—»- 19 CB2

@ MOTOROLA Semiconductor Products Inc.
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PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces to the M6800 bus with an 8-bit bidirec-
tional data bus, three chip select lines, two register select
lines, two interrupt request lines, a read/write line, an enable
line and a reset line. To ensure proper operation with the
MC6800, MC6802, or MC6808 microprocessors, VMA
should be used as an active part of the address decoding.

Bidirectional Data (D0-D7) — The bidirectional data lines
(DO-D7) allow the transfer of data between the MPU and the
PIA. The data bus output drivers are three-state devices that
remain in the high-impedance (off) state except when the
MPU performs a PIA read operation. The read/write line is in
the read (high) state when the PIA is selected for a read
operation.

Enable () — The enable pulse, E, is the only timing
signal that is supplied to the PIA. Timing of all other signals
is referenced to the leading and trailing edges of the E pulse.

Read/Write (R/W) — This signal is generated by the
MPU to control the direction of data transfers on the data
bus. A low state on the PIA read/write line enables the input
buffers and data is transferred from the MPU to the PIA on
the E signal if the device has been selected. A high on the
read/write line sets up the PIA for a transfer of data to the
bus. The PIA output buffers are enabled when the proper ad-
dress and the enable pulse E are present.

RESET - The active low RESET line is used to reset all
register bits in the PIA to a logical zero (low). This line can be
used as a power-on reset and as a master reset during
system operation.

Chip Selacts (CS0, CS1, and CS2) — These three input
signals are used to select the PIA. CSO and CS1 must be
high and C52 must be low for selection of the device. Data
transfers are then performed under the control of the enable
and read/write signals. The chip select lines must be stable

for the duration of the E pulse. The device is deselected
when any of the chip selects are in the inactive state.

Register Selects {RSO and RS1) — The two register
select lines are used to select the various registers inside the
PIA. These two lines are used in conjunction with internal
Control Registers to select a particular register that is to be
written or read.

The register and chip select lines should be stable for the
duration of the E pulse while in the read or write cycle.

Interrupt Request (IRQA and IRQB) — The active low In-
terrupt Request lines {IRQA and IRQB) act to interrupt the
MPU either directly or through interrupt priority circuitry.
These lines are “open drain” (no load device on the chip).
This permits all interrupt request lines to be tied together in a
wire-OR configuration.

Each Interrupt Request line has two internal interrupt flag
bits that can cause the Interrupt Request line to go low. Each
flag bit is associated with a particular peripheral interrupt
line. Also, four interrupt enable bits are provided in the PIA
which may be used to inhibit a particular interrupt from a
peripheral device.

Servicing an interrupt by the MPU may be accomplished
by a software routine that, on a prioritized basis, sequentially
reads and tests the two control registers in each PIA for in-
terrupt flag bits that are set.

The interrupt flags are cleared (zeroed) as a result of an
MPU Read Peripheral Data Operation of the corresponding
data register. After being cleared, the interrupt flag bit can-
not be enabled to be set until the PIA is deselected during an
E pulse. The E pulse is used to condition the interrupt control
lines (CA1, CA2, CB1, CB2). When these lines are used as
interrupt inputs, at least one E pulse must occur from the in-
active edge to the active edge of the interrupt input signal to
condition the edge sense network. If the interrupt flag has
been enabled and the edge sense circuit has been properly
conditioned, the interrupt flag will be set on the next active
transition of the interrupt input pin.

PIA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bidirectional data buses and
four interrupt/control lines for interfacing to peripheral
devices.

Section A Peripheral Data (PAO-PA7) — Each of the
peripheral data lines can be programmed to act as an input or
output. This is accomplished by setting a “1”’ in the cor-
responding Data Direction Register bit for those lines which
are to be outputs. A 0" in a bit of the Data Direction
Register causes the corresponding peripheral data line to act
as an input. During an MPU Read Peripheral Data Operation,
the data on peripheral lines programmed to act as inputs ap-
pears directly on the corresponding MPU Data Bus lines. In
the input mode, the internal pullup resistor on these lines
represents & maximum of 1.5 standard TTL loads.

The data in Qutput Register A will appear on the data lines
that are programmed to be outputs. A logical 1" written in-
to the register will cause a "‘high’’ on the corresponding data

@ MOTOROLA Semiconductor Products Inc.
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line while a “0" results in a ““low.” Data in Output Register A
may be read by an MPU ’Read Peripheral Data A'’ operation
when the corresponding lines are programmed as outputs.
This data will be read property if the voltage on the
peripheral data lines is greater than 2.0 volts for a logic ‘1"’
output and less than 0.8 volt for a logic ‘0" output. Loading
the output lines such that the voltage on these lines does not
reach full voltage causes the data transferred into the MPU
on a Read operation to differ from that contained in the
respective bit of Output Register A.

Section B Peripheral Data (PB0-PB7) — The peripheral
data lines in the B Section of the PIA can be programmed to
act, as either inputs or outputs in a similar manner to PAQ-
PA7. They have three-state capabiity, allowing them to enter
a high-impedance state when the peripheral data line is used
as an input. In addition, data on the peripheral data fines
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PBO-PB7 will be read properly from those lines programmed
as outputs even if the voltages are below 2.0 volits for a
""high’ or above 0.8 V for a “low". -As outputs, these lines
are compatible with standard TTL and may also be used as a
source of up to 1 milliampere at 1.5 volts to directly drive the
base of a transistor switch.

Interrupt Input (CA1 and CB1) — Peripheral input lines
CA1 and CB1 are input only lines that set the interrupt flags
of the control registers. The active transition for these
signals is also programmed by the two control registers.

Peripheral Control (CA2) — The peripheral control line
CA2 can be programmed to act as an interrupt input or as a

INITIALIZATION

A RESET has the effect of zeroing all PIA registers. This
will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs, and all
interrupts disabled. The PIA must be configured during the
restart program which follows the reset.

There are six locations within the PIA accessible to the
MPU data bus: two Peripheral Registers, two Data Direction
Registers, and two Control Registers. Selection of these
locations is controlled by the RSO and RS1 inputs together
with bit 2 in_the Control Register, as shown in Table 1.

Details of possible configurations of the Data Direction
and Control Register are as follows:

TABLE 1 — INTERNAL ADDRESSING

Control
Register Bit
RS1| RSO | CRA-2 | CRB-2 Location Setected

0 0 1 X Peripheral Register A

0 0 0 X Data Direction Register A
0 1 X X Control Register A

1 0 X 1 Peripheral Register B

1 0 X 0 Data Direction Register B
1 1 X X Control Register B

X = Don't Care

PORT A-B HARDWARE CHARACTERISTICS

As shown in Figure 17, the MC6821 has a pair of I/0 ports
whose characteristics differ greatly. The A side is designed
to drive CMOS logic to normal 30% to 70% levels, and incor-
porates an internal pullup device that remains connected
even in the input mode. Because of this, the A side requires
more drive current in the input mode than Port B. In con-
trast, the B side uses a normal three-state NMOS buffer
which cannot pullup to CMOS levels without external
resistors. The B side can drive extra loads such as Darl-
ingtons without problem. When the PIA comes out of reset,
the A port represents inputs with pullup resistors, whereas
the B side (input mode also) will float high or low, depending
upon the load connected to it.

@ MOTOROLA
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peripheral control output. As an output, this line is compati-
ble with standard TTL; as an input the internal pullup resistor
on this line represents 1.5 standard TTL loads. The function
of this signal line is programmed with Control Register A.

Peripheral Control (CB2) — Peripheral Control line CB2
may also be programmed to act as an interrupt input or
peripheral control output. As an input, this line has high in-
put impedance and is compatible with standard TTL. As an
output it is compatible with standard TTL and may also be
used as a source of up to 1 milliampere at 1.5 volts to directly
drive the base of a transistor switch. This line is programmed
by Control Register B.

INTERNAL CONTROLS

Notice the differences between a Port A and Port B read
operation when in the output mode. When reading Port A,
the actual pin is read, whereas the B side read comes from.an
output latch, ahead of the actual pin.

CONTROL REGISTERS (CRA and CRB)

The two Control Registers (CRA and CRB) allow the MPU
to control the operation of the four peripheral control lines
CA1, CA2, CB1, and CB2. In addition they allow the MPU to
enable the interrupt lines and monitor the status of the inter-
rupt flags. Bits 0 through 5 of the two registers' may be writ-
ten or read by the MPU when the proper chip select and
register select signals are applied. Bits 6 and 7 of the two
registers are read only and are modified by external interrupts
occurring on control lines CA1, CA2, CB1, or CB2. The for-
mat of the control words is shown in Figure 18. o

DATA DIRECTION ACCESS CONTROL BIT (CRA-2 anti
CRB-2)

Bit 2, in each Control Register (CRA and CRB), deter-
mines selection of either a Peripheral Output Register or the
corresponding Data Direction E Register when the proper
register select signals are applied to RS0 and RS1. A 1" in
bit 2 allows access of the Peripheral Interface Register, while
a "'0" causes the Data Direction Register to be addressed.

interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) —
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Control lines
when those lines are programmed to be inputs. These bits
cannot be set directly from the MPU Data Bus and are reset
indirectly by a Read Peripheral Data Operation on the ap-
propriate section.

Control of CA2 and CB2 Peripheral Control Lines (CRA-3,
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits 3, 4, and
5 of the two control registers are used to control the CA2 and
CB2 Peripheral Control lines. These bits determine if the con-
trol lines will be an interrupt input or an output control
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt
input line similar to CA1 (CB1). When CRA-6 (CRB-5} is
high, CA2 (CB2) becomes an output signal that may be used
to control peripheral data transfers. When in the output
mode, CA2 and CB2 have slightly different loading
characteristics.
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enable the MPU interrupt signals TRQA and (RQB, respec-
tively. Bits CRA-1 and CRB-1 determine the active transition
of the interrupt input signals CA1 and CB1.

Control of CA1 and CB1 Interrupt Input Lines (CRA-0,
CRB-1, CRA-1, and CRB-1) — The two lowest-order bits of
the control registers are used to-control the interrupt input
lines CA1 and CB1. Bits CRA-0 and CRB-0 are used to

FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS

Port A Port B
vce vce
DATA — Port Pin Data Direction
1 == Port Pi
Data ———— DATA —¢ ort Pin
L <
Direction N ’_—D
{1—Cutput Pin) Dat{:1olrlif)t$ni’in)
0—Input Pin) -
: nput - (0—Output Pin) -
Read of B
Data When
in Output
Mode
Read A Data getad orf‘ B
To External in Input or  Lata when
Bus Output Mode in Input Mode
-oq - Internal PIA Bus -
ORDERING INFORMATION
MC68A21 CcpP
Motorola Integrated Circuit ( Speed Device Temperature Range
M6800 Family 1.0 MHz MC6821P,L,S 0 to 70°C
Blanks= 1.0 MHz ’ MC6821CP,CL,CS —40 to +86°C
A=1.5MHz 1.5 MH MCB8A21P,L,S 0 to +70°C
B=20MHz o MRz MCB8A21CP,CL,CS —40 to +85°C
Device Designation 2.0 MHz MC68B21P,L.S 00 +70°C
In M6800 Family
Temperature Rarige
Blank=0°— +70°C
C= —40°— +85°C
Package
P = Plastic
S = Cerdip
L = Ceramic

BETTER PROGRAM

Better program processing is available on all types listed. Add

suffix letters to part number.

Level 1 add "'S" Level 2 add 'D"’

Level 1 ”"S"" =10 Temp Cycles — (—25 to 150°C);
Hi Temp testing at TA max.

Level 2 "'D"" = 168 Hour Burn-in at 126°C

lLevel 3 "DS" = Combination of Level 1 and 2.

Level 3 add "“DS"”

@ MOTOROLA Semiconductor Products Inc.
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Determine Active CA1 (CB1) Transition for Setting

Interrupt Flag IRQA(B)1 — (bit 7)

b1=0: IRQA(B} set by high-to-low transition on CA1
(cB1)

b1=1: IRQA(B)1 set by low-to-high transition on CA1
(CB1).

IRQA(B) 1 Interrupt Flag (bit 7)

Goes high on active transition of CA1 (CB1); Automa-
tically cleared by MPU Read of Output Register A(B).
May also be cleared by hardware Reset.

FIGURE 18 — CONTROL WORD FORMAT

CA1 (CB1) Interrupt Request Enable/Disable

b0=0: Disables IRQA(B) MPU Interrupt by CA1
(CB1) active transition.

b0=1: Enable IRQA(B) MPU Interrupt by CA1 (CB1)
active transition.

1. IRQAIB) will occur on next {IMPU generated) positive
transition of b0 if CA1 {CB1) active transition oc-
curred while interrupt was disabled.

L

1
b7 b6 b5 b4 b3 b2 b1 | b0
Control Register | |RQA(B)1 | IRQA(B)2 CA2 {CB2} DDR CA1 (CB1)
Flag Flag Control Access Control
.

IRQA(B)2 Interrupt Flag (bit 6)

When CA2 (CB2) is an input, IRQA(B) goes high on ac-
tive transition CA2 (CB2); Automatically cleared by
MPU Read of Output Register A(B). May also be
cleared by hardware Reset.

CA2 (CB2) Established as Output {b5=1): IRQA(B)
2=0, not affected by CA2 (CB2)} transitions.

Determines Whether Data Direction Register Or Output
Register is Addressed

b2=0; Data Direction Register selected.

b2=1: Output Register selected.

CA2 (CB2) Established as Output by b5=1
(Note that operation of CA2 and CB2 output

b5 b4 b3 functions are not identical)

TF—ca2

10 b3=0: Read Strobe with CA1 Restore
CA2 goes low on first high-to-low
E transition following an MPU read
of Qutput Register A; returned high
by next active CA1 transition, as
specified by bit 1.

b3=1: Read Strobe with E Restore
CA2 goes low on first high-to-low
E transition following an MPU read
of Output Register A; returned high
by next high-to-low E transition dur-
ing a deselect.

—>» CB2

b3=0; Write Strobe with CB1 Restore
CB2 goes low on first low-to-high
E transition following an MPU write
into Output Register B; returned
high by the next active CB1 transi-
tion as specified by bit 1. CRB-b7
must first be cleared by a read of
data.
b3=1: Wirite Strobe with E Restore
CB2 goes low on first low-to-high
E transition foliowing an MPU write
into Output Register B; returned
high by the next low-to-high E tran-
sition following an E pulse which
occurred while the part was de-
selected.
11 Set/Reset CA2 (CB2)
CA2 {CB2) goes low as MPU writes
b3=0 into Control Register.
CA2 (CB2) goes high as MPU writes
b3=1 into Control Register.

10

CA2 (CB2) Established as Input by b5=0

b5 b4

T,

0 CA2 (CB2) Interrupt Request Enable/Disable

b3=0: Disables IRQA(B) MPU Interrupt by
CA2 (CB2) active transition.*

b3=1: Enables IRQA(B) MPU Interrupt by
CA2 (CB2) active transition.

*IRQA(B) will occur on next {MPU generat-

ted) positive transition of b3 if CA2 (CB2),

active transition occurred while interrupt

was disabled.

L3 Determines Active CA2 (CB2) Transition for

Setting Interrupt Flag IRQA(B)2 — (Bit-b6)

b4=0: IRQA(B)2 set by high-to-low transi-
tion on CA2 (CB2).

b4=1: IRQA(B)2 set by low-to-high transi-
tion on CA2 (CB2).

@ MOTOROLA Semiconductor Products Inc.




Appendix C
6850 ACIA Registers/
Instructions

The following specifications on the 6850 ACIA were furnished in full by
Motorola, Inc:
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MCES30
MC68A50

(1.5 MHz)

M&?SBSO

MHz)

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACIA)

The MC6850 Asynchronous Communications Interface Adapter pro-
vides the data formatting and control to interface serial asynchronous
data communications information to bus organized systems such as the
MC68C0 Microprocessing Unit. )

The bus interface of the MC6850 includes select, enable, read/write,
interrupt and bus interface logic to allow data transfer over an 8-bit
bidirectional data bus. The parallel data of the bus system is serially
transmitted and received by the asynchronous data interface, with pro-
per formatting and error checking. The functional configuration of the
ACIA is programmed via the data bus during system initialization. A
programmable Control Register provides variable word lengths, clock
division ratios, transmit control, receive control, and interrupt control.
For peripheral or modem operation, three control lines are provided.
These lines allow the ACIA to interface directly with the MC6860L
0-600 bps digital modem.
® 8- and 9-Bit Transmission
® Optional Even and Odd Parity
® Parity, Overrun and Framing Error Checking
® Programmable Control Register
® Optional +1, + 16, and +~64 Clock Modes
® Up to 1.0 Mbps Transmission
® False Start Bit Deletion
® Peripheral/Modem Control Functions
® Double Buffered
® One- or Two-Stop Bit Operation

MOS

(N-CHANNEL, SILICON-GATE)

ASYNCHRONOUS
COMMUNICATIONS INTERFACE
ADAPTER

MC6850 ASYNCHRONOQUS COMMUNICATIONS INTERFACE ADAPTER
BLOCK DIAGRAM

- Data _
Data Bus ~a—=f ~ Bus »| Transmitter [— g 173NSMIt
Butfers Data
. Receive
Receiver  jeg——o-
Data
— ) -t
Address
Control lSeteetjon
and
and P '
Interrupt ontro Peripheral/
- }4—————— Modem
- : Control

S SUFFIX
CERDIP PACKAGE

CASE 623

P SUFFIX

PLASTIC PACKAGE
CASE 709
L SUFFIX
CERAMIC PACKAGE
CASE 716
PIN ASSIGNMENT

vssili @ ' u 1CTS

Rx Data[]2 23f15CD
Rx CLK[]3 221 Do
Tx CLK 4 213 o1
RTS [O5 2011 D2
Tx Data[]6 1903
irRQ0O7 18 [1D4
csofs 17pos
csz Qo 16 [1 D6
cs1o 15 {1 D7

RS O 14[JE
veeldh2 13QR/W

©MOTOROLA INC., 1981 DS 9493-R2




MC6850¢MC68

MAXIMUM RATINGS

“Characteristics Symbol Value Unit This device contains circuitry to protect the
Supply Voltage Vee -03to +70}| V inputs against damage due to high static
Input Voltage Vin ~03t0+70| Vv voltages or electric fields; however, it is ad-
Operating Temperature Range T o TH vised that normal precautions be taken to
MC6850. MC68AB0, MCE8BE0 A OL[O 70 oC avoid application of any voitage higher than
M(2685022 MC68AE;OC MCE8B50C _40 1o +85 maximum rated voltages to this high-
S = - = - T = w1 c impedance circuit. Reliability of operation is
torage Temperature Hange stg —ooto + enhanced if unused inputs are tied to an ap-
propriate logic voltage level {e.g., either Vgg
THERMAL CHARACTERISTICS or Vgl
Characteristic Symbol Value Unit
Thermal Resistance
Plastic 120 o
Ceramic By 60 C/w
Cerdip 65
POWER CONSIDERATIONS
The average chip-junction temperature, T j, in °C can be obtained from:
Ty=Ta+ (PDeoyA) (1)

Where:
T A= Ambient Temperature, °C
6= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCcx Vce, Watts — Chip Internal Power
PpoRT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T {if PPORT is neglected) is:

Pp=K~+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+ 273°C)+0JA0P[)2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T A. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and {2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (Ve =5.0 Vde +5%, V§s=0, TA=TL to TH unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH Vgg+2.0 - vee \
Input Low Voltage ' ViL Vgg-0.3 - Vgg+0.8 Vv
Input Leakage Current R/W, CSO, CS1, '(E_Erla_bl_e I _ 10 25 A
{Vin=0105.25 V) RS, RxD, RxC, CTS, DCD in : : s
Three-State (Off State) Input Current DO-D7
{Vin=0.4 to 2.4 V) ° TS| - 20 10 KA
Output High Voltage DO-D7
(ILoad= — 205 uA, Enable Pulse Width <25 us) VOH Vgg+2.4 - - Vv
ILoad= — 100 wA, Enable Pulse Width < 25 us} Tx Data, RTS Vgg+2.4 - -
Output Low Voltage (I gad=1.6 mA, Enable Pulse Width <25 us) VoL - - Vgg+0.4 Vv
Output Leakage Current (Off State) (VoH=2.4 V) RQ ILOH - 1.0 10 pA
internal Power Dissipation (Measured at Tao=T() PINT - 300 525 mwW
Internal Input Capacitance
(Vin=0, TA=25°C, f=1.0MHz2) DO-D7 Cin — 10 12.5 pF
E, Tx CLK, Rx CLK, R/W, RS, Rx Data, CS0, CS1, €52, TT3, BCD - 7.0 7.5
Output Capacitance RTS, Tx Data C - - 10 F
(Vin=0, TA=25°C, f=1.0 MHz) RQ | out - - 5.0 P

MOTOROLA Semiconductor Products Inc.
2



MC6850¢ M C68A50eMC68B50

SERIAL DATA TIMING CHARACTERISTICS

Characteristic Symbol I\_IICGBSO : M.068A50 MC69850 Unit
. Min | Max | Min | Max | Min | Max
Data Clock Pulse Width, Low + 16, +64 Modes PWCL 600 | — [450) — |280 | — ns
(See Figure 1) +1Mode 90( —. |60 — [BOO | —
Data CIogl-: Pulse Width, High + 16, + 64 Modes PWCH 600 - 4450 | — 280 - ns
(See Figure 2) ) + 1 Mode 900 | — | 650 500 | —
Data Clock Frequency + 16, + 64 Modes fc - 0.8 - 1.0 - 1.5 | MHz
+ 1 Mode — | 600 | — | 750 | — | 1000 | kHz
Data Clock-to-Data Delay for Transmitter (See Figure 3) tTDD — | 600 | — | 540 | — | 460 | ns
Receive Data Setup Time (See Figure 4) +1Mode | tRps | 260 | — | 100 | - 30 - ns
Receive Data Hold Time (See Figure 5) +1Mode | tRpH | 260 | — 100 | — 30 - ns
Interrupt Request Release Time (See Figure 6) IR - 1.2 - 0.9 - 07 | us
Request-to-Send Delay Time (See Figure 6) ) tRTS — | 560 | — | 480 | — | 400 ]| ns
Input Rise and Fall Times (or 10% of the pulse width if smaller) tr, tf — 1.0 - 0.5 — 0256 ] aus
FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

PW,

cL Tx Clk ya )
Tx Clk \ / a °(':'k /

or x

Rx Clk PWcH

FIGURE 4 — RECEIVE DATA SETUP TIME

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY {+1 Mode)
Tx Clk \ / Rx Data X
.
—=| trpp fe— *RDS
Tx Data Rx Clock
FIGURE 5 — RECEIVE DATA HOLD TIME FIGURE 6 — REQUEST-TO-SEND DELAY AND
{+1 Mode) INTERRUPT-REQUEST RELEASE TIMES
Enable \
Rx Clk
l*— 'RDH — le—tr1s

RTS
Rx Data
[ t| R ———————

=
IRQ /

Note: Timing measurements are referenced to and from a low voltage of 0.8 volits and a high voltage of 2.0 volts, unless otherwise noted.

@ MOTOROLA Semiconductor Products Inc.
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2 and Figure 7)

Ident. - MC6850 MC68A50 | MC68B50 .
Number Characteristic Symbol Min T Max 1 Min | Max | Min | Max Unit

1 Cycle Time teye 1.0| 10 067 | 10 | 05| 10 us

2 Pulse Width, E Low PWEL | 430 | 9500 [ 280 | 9500 | 210 | 9500| ns

3 Pulse Width, E High PWgH | 450 [ 9500 | 280 | 9500 | 220 | 9500 ns

4 Clock Rise and Fall Time tr, tf - 25 - 25 - 20 ns

9 Address Hold Time tAH 10 — 10 - 10 - ns

13 Address Setup Time Before E tAS 80 - 60 - 40 - ns

14 - | Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns

15 Chip Select Hold Time tCH 10 - 10 - 10 - ns

18 Read Data Hold Time tDHR 20 | B0 | 20 50* 1 20 | 50" | ns

21 Write Data Hold Time tDHW 10 - 10 - 10 - ns

30 Output Data Delay Time tDDR -} 20| - 180 | — 160 | ns

31 Input Data Setup Time tpsw | 166 - 80 - 60 - ns

*The data bus output buffers are no longer sourcing or sinking current by tpHRmax (High Impedance).
FIGURE 7 — BUS TIMING CHARACTERISTICS
O, >
< 0
£ \7 - x
<« f\s - L-_—.
amO) — =©
R/W, Address \xA\(H
(Non-Muxed) LY. X
MU ® -+ <®
<> 14,
s 1/ \
Read Data MPU Read Data Non-Muxed '
Non-Muxed - 45.
2 ~—G)—>
Write Data — % MPU Write Data Non-Muxed {' y, '
Muxed y I
1. Voltage levels shown are V| <0.4 V, VH4=2.4 V, unless otherwise specified. @
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
FIGURE 8 — BUS TIMING TEST LOADS
L_oa_d A __lﬁad B
(D0-D7, RTS, Tx Data) (IRQ Only)

5.0V 5.0 V
RL=25kQ 3 kQ

MMDG150
or Equiv,

100 pF
MMD 7000
or Equiv.

Test Point 4

Test Point —
C R

C = 130 pF for D0-D7
= 30 pF for RTS and Tx Data

@ MOTOROLA
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R = 11.7 k§ for DO-D7
= 24 k2 for RTS and Tx Data
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FIGURE 9 — EXPANDED BLOCK DIAGRAM

Transmit Clock 4 Clock Parity
Enable 14 ——+ Gen Gen
Read/Write 13 —® chip ‘* ” I
Chip Select 0 8 —» Select Transmit Transmit
Chip Select 1 10 — and Data p Shift f————————® 6 Transmit Data
Chip Select 2 9 ——Q) Read/Write Register Register
Register Select 11 —gm{ Control ’
Transmit
| Control O—T—— 24 Clear-to-Send
-
DO 22 -t -
Status
D121 - < Register *
Int t
D2 20 <& "Leo';i”cp IO— 7 Interrupt Request
D3 19 <@ Data / (P
Bus .
D4 18 Buffers 23 Data Carrier Detect
D5 17 <]
D6 16 ’ : O = 5 Request-to-Send
D7 15 < Control
Register 6
Receive Parity
Control Check
VCC= Pin 12 Receive Receive
_pi Data Shift 2 Receive Data
Vgg=Pin 1 . ;
Register Register
Clock Sync
; Gen . Logic <
Receive Clock 3

DEVICE OPERATION

At the bus interface, the ACIA appears as two addressable
memory locations. Internally, there are four registers: two
read-only "and two write-only registers. The read-only
registers are Status and Receive Data; the write-only
registers are Control and Transmit Data. The serial interface
consists of serial input and output lines with independent
clocks, and three peripheral/modem control lines.

POWER ON/MASTER .RESET

The master reset (CRO, CR1) should be set during system
initialization to insure the reset condition and prepare for pro-
gramming the ACIA functional configuration when the com-
munications_channel_is required. During the first master
reset, the IRQ and RTS outputs are held at level 1. On all
other master resets,_the RTS output can be programmed
high or low with the IRQ output held high. Control bits CRb
and CR6 should also be programmed to define the state of
RTS whenever master reset is utilized. The ACIA also con-
tains internal power-on reset logic to detect the power line
turn-on transition and hold the chip in a reset state to pre-
vent erroneous output transitions prior to initialization. This
circuitry depends on clean power turn-on transitions. The

5
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power-on reset is released by means of the bus-programmed
master reset which must be applied prior to operating the
ACIA. After master resetting the ACIA, the programmable
Control Register can be set for a number of options such as
variable clock divider ratios, variable word length, one or two
stop bits, parity (even, odd, or none), etc.

TRANSMIT

A typical transmitting sequence consists of reading the
ACIA Status Register either as a result of an interrupt or in
the ACIA's turn in a polling sequence. A character may be
written into the Transmit Data Register if the status read
operation has indicated that the Transmit Data Register is
empty. This character is transferred to a Shift Register where
it is serialized and transmitted from the Transmit Data output
preceded by a start bit and followed by one or two stop bits.
internal parity (odd or even) can be optionally added to the
character and will occur between the last data bit and the
first stop bit. After the first character is written in the Data
Register, the Status Register can be read again to check for a
Transmit Data Register Empty condition and current
peripheral status. If the register is empty, another character
can be loaded for transmission even though the first
character is in the process of being transmitted (because of
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double buffering). The second character will be automatical-
ly transferred into the Shift Register when the first character
transmission is completed. This sequence continues until all
the characters have been transmitted.

RECEIVE

Data is received from a peripheral by means of the Receive
Data input. A divide-by-one clock ratio is provided for an ex-
ternally synchronized clock (to its data) while the divide-
by-16 and 64 ratios are provided for internal synchronization.
Bit synchronization in the divide-by-16 and 64 modes is in-
itiated by the detection of 8 or 32 low samples on the receive
line in the divide-by-16 and 64 modes respectively. False start
bit deletion capability insures that a full half bit of a start bit
has been received before the internal clock is synchronized
to the bit time. As a character is being received, parity (odd
or even) will be checked and the error indication will be
available in the Status Register along with framing error,
overrun error, and Receive Data Register full. in a typical
receiving sequence, the Status Register is read to determine
if a character has been received from a peripheral. If the
Receiver Data Register is full, the character is placed on the
8-bit ACIA bus when a Read Data command is received from
the MPU. When parity has beén selected for a 7-bit word (7
bits plus parity), the receiver strips the parity bit (D7=0) so
that data alone is transferred to the MPU. This feature
reduces MPU programming. The Status Register can con-
tinue to be read to determine when another character is
available in the Receive Data Register. The receiver is also
double buffered so that a character can be read from the
data register as another character is being received in the
shift register. The above sequence continues until all
characters have been received.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interfaces to the M6800 MPU with an 8-bit
bidirectional data bus, three chip select lines, a register select
line, an interrupt request line, read/write line, and enable
line. These signals permit the MPU to have complete control
over the ACIA.

ACIA Bidirectional Data (D0-D7) — The bidirectional data
lines (DO-D7) allow for data transfer between the ACIA and
the MPU. The data bus output drivers are three-state devices
that remain in the high-impedance (off) state except when
the MPU performs an ACIA read operation.

ACIA Enable (E) — The Enable signal, E, is a high-
impedance TTL-compatible input that enables the bus in-
put/output data buffers and clocks data to and from the
ACIA. This signal will normally be a derivative of the MC6800
¢2 Clock or MC6809 E clock.

Read/Write (R/W) — The Read/Write line is a high-
impedance input that is TTL compatible and is used to con-
trol the direction of data flow through the ACIA's input/out-
put data bus interface. When Read/Write is high (MPU Read
cycle), ACIA output drivers are turned on and a selected
register is read. When it is low, the ACIA output drivers are

MOTOROLA Semiconductor Products Inc.
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turned off and the MPU writes into a selected register.
Therefore, the Read/Write signal is used to select read-only
or write-only registers within the ACIA.

Chip Select {CS0, CS1, CS2) — These three high-
impedance TTL-compatible input lines are used to address
the ACIA. The ACIA is selected when CS0 and CS1 are high
and CS2 is low. Transfers of data to and from the ACIA are
then performed under the control of the Enable Signal,
Read/Write, and Register Select.

Register Select (RS) — The Register Select line is a high-
impedance input that is TTL compatible. A high level is used
to select the Transmit/Receive Data Registers and a low
level the Control/Status Registers. The Read/Write signal
line is used in conjunction with Register Select to select the
read-only or write-only register in each register pair.

Interrupt Request (IRQ) — Interrupt Request is a TTL-
compatible, open-drain (no internal pullup), active low out-
put that is used to interrupt the MPU. The IRQ output re-
mains low as long as the cause of the interrupt is present and
the appropriate interrupt enable within the ACIA is set. The
TRQ status bit, when high, indicates the TRQ output is in the
active state.

Interrupts result from conditions in both the transmitter
and receiver sections of the ACIA, The transmitter section
causes an interrupt when the _Transmitter Interrupt Enabled
condition is selected (CR5®*CR6), and the Transmit Data
Register Empty (TDRE) status bit is high. The TDRE status
bit indicates the current status of the Transmitter Data
Register except when inhibited by Clear-to-Send (CTS) be-
ing high or the ACIA being maintained in the Reset condi-
tion. The interrupt is cleared by writing data into the
Transmit Data Register. The interrupt is masked by disabling
the Transmitter Interrupt via CRb5 or CR6 or by the loss of
CTS which inhibits the TDRE status bit. The Receiver sec-
tion causes an interrupt when the Receiver Interrupt Enable
is set and the Receive Data Register Full (RDRF) status bit is
high, an Overrun has occurred, or Data Carrier Detect (DCD)
has gone high. An interrupt resulting from the RDRF status
bit can be cleared by reading data or resetting the ACIA. In-
terrupts caused by Overrun or loss of DCD are cleared by
reading the status register after the error condition has oc-
curred and then reading the Receive Data Register or reset-
ting the ACIA. The receiver interrupt is masked by resetting
the Receiver Interrupt Enable.

CLOCK INPUTS

Separate high-impedance TTL-compatible inputs are pro-
vided for clocking of transmitted and received data. Clock
frequencies of 1, 16, or 64 times the data rate may be
selected.

Transmit Clock (Tx CLK) — The Transmit Clock input is
used for the clocking of transmitted data. The transmitter in-
itiates data on the negative transition of the clock.

Receive Clock (Rx CLK) — The Receive Clock input is
used for synchronization of received data. (In the +1 mode,
the clock and data must be synchronized externally.) The
receiver samples the data on the positive transition of the
clock.
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SERIAL INPUT/OUTPUT LINES

Receive Data (Rx Data) — The Receive Data line is a high-
impedance TTL-compatible input through which data is
received in a serial format. Synchronization with a clock for
detection of data is accomplished internally when clock rates
of 16 or 64 times the bit rate are used.

Transmit. Data (Tx Data) — The Transmit Data output line
transfers serial data to a modem or other peripheral.

PERIPHERAL/MODEM CONTROL

The ACIA includes several functions that permit limited
control of a peripheral or modem. The functions included are
Clear-to-Send, Request-to-Send and Data Carrier Detect.

Clear-to-Send (CTS) — This high-impedance TTL-
compatible input provides automatic control of the transmit-
ting end of a communications link via the modem Clear-to-
Send active low output by inhibiting the Transmit Data
Register Empty (TDRE) status bit.

Request-to-Send (RTS) — The Request-to-Send output
enables the MPU to control a peripheral or modem via the
data bus. The RTS output corresponds to the state of the
Control Register bits CRb6 and CR6. When CR6=0 or both
CRb and CR6=1, the RTS output is low (the active state).
This output can also be used for Data Terminal Ready (DTR).

Data Carrier Detect (DCD) — This high-impedance TTL-
compatible input provides automatic control, such as in the
receiving end of a communications link by means of a
modem Data Carrier Detect output. The DCD input inhibits
and initializes the receiver section of the ACIA when high. A
low-to-high transition of the Data Carrier Detect initiates an
interrupt to the MPU to indicate the occurrence of a loss of
carrier when the Receive Interrupt Enable bit is set. The
Rx CLK must be running for proper DCD operation.

ACIA REGISTERS

The expanded block diagram for the ACIA indicates the in-
ternal registers on the chip that are used for the status, con-
trol, receiving, and transmitting of data. The content of each
of the registers is summarized in Table 1.

TRANSMIT DATA REGISTER (TDR)

Data is written in the Transmit Data Register during the
negative transition of the enable (E) when the ACIA has been
addressed with RS high and R/W low. Writing data into the
register causes the Transmit Data Register Empty bit in the
Status Register to go low. Data can then be transmitted. |f
the transmitter is idling and no character is being transmit-
ted, then the transfer will take place within 1-bit time of the
trailing edge of the Write command. If a character is being
transmitted, the new data character will commence as soon
as the previous character is complete. The transfer of data
causes the Transmit Data Register Empty (TDRE) bit to in-
dicate empty.

RECEIVE DATA REGISTER (RDR)

Data is automatically transferred to the empty Receive
Data Register {(RDR) from the receiver deserializer (a shift
register) upon receiving a complete character. This event
causes the Receive Data Register Full bit (RDRF) in the
status buffer to go high (full). Data may then be read
through the bus by addressing the ACIA and selecting the
Receive Data Register with RS and R/W high when the
ACIA is enabled. The non-destructive read cycle causes the
RDRF bit to be cleared to empty although the data is re-
tained in the RDR. The status is maintained by RDRF as to
whether or not the data is current. When the Receive Data
Register is full, the automatic transfer of data from the
Receiver Shift Register to the Data Register is inhibited and
the RDR contents remain valid with its current status stored
in the Status Register.

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

Buffer Address
Data RS  R/W RS » R/W RS e R/W RS e R/W
Bus: Transmit Receive )
Line Data Data Control Status
Number Register Register Register Register
{Write Only) (Read Only) (Write Only) (Read Only)
0] Data Bit 0* Data Bit O Counter Divide ‘Receive Data Register
Select 1 (CRO) Full (RDRF)
1 Data Bit 1 Data Bit'1 Counter Divide Transmit Data Register
Select 2.(CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect
(CR2) (DCD)
3 Data Bit 3 Data Bit 3 Word Select 2 Clear-to-Send
(CR3) (CTS)
L3 Data Bit 4 Data Bit 4 Word Select 3 Framing Error
(CR4) (FE)
5 Data Bit 5 Data Bit 5 Transmit Controf 1 Receiver Overrun
(CRS) {OVRN)
6 Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE)
{CR6)
7 Data Bit 7*** Data Bit 7** Receive Interrupt Interrupt Request
Enable (CR7) (1RQ)

* Leading bit = LSB = Bit 0
** Data bit will be zero in 7-bit plus parity modes.

*** Data bitis ““don’t care'’ in 7-bit plus parity modes.

@ MOTOROLA Semiconductor Products Inc.
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CONTROL REGISTER

The ACIA Control Register consists of eight bits of write-
only buffer that are selected when RS and R/W are low. This
register controls the function of the receiver, transmitter, in-
terrupt enables, and the Réquest-to-Send peri-
pheral/modem control output.

Counter Divide Select Bits (CR0 and CR1) — The Counter
Divide Select Bits (CRO and CR1) determine the divide ratios
utilized in both the transmitter and receiver sections of the
ACIA. Additionally, these bits are used to provide a master
reset for the ACIA which clears the Status Register (except
for external conditions on CTS and DCD) and initializes both
the receiver and transmitter. Master reset does not affect
other Control Register -bits. Note that after power-on or a
power fail/restart, these bits must be set high to reset the
ACIA. After resetting, the clock divide ratio may be selected.
These counter select bits provide for the following clock
divide ratios:

CR1 CRO Function
0 0 +1
0 1 +16
1 0 +64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4) — The Word
Select bits are used to select word length, parity, and the
number of stop bits. The encoding format is as follows:

CR4 | CR3 | CR2 Function

7 Bits+ Even Parity + 2 Stop Bits
7 Bits+ Odd Parity + 2 Stop Bits
7 Bits+ Even Parity + 1 Stop Bit
7 Bits+ Odd Parity + 1 Stop Bit
8 Bits+ 2 Stop Bits

8 Bits+ 1 Stop Bit

8 Bits + Even parity + 1 Stop Bit
8 Bits+ Odd Parity+ 1 Stop Bit

—_-m em - 0000
R o R o I YN . W e
= O0O-=0—-=0-—=0

Word length, Parity Select, and Stop Bit changes are not
buffered and therefore become effective immediately.

Transmitter Control Bits (CR5 and CR6) — Two Transmit-
ter Control bits provide for the control of the interrupt from
the Transmit Data Register Empty condition, the Request-to-
Send (RTS) output, and the transmission of a Break level
(space). The following encoding format is used:

CR6 | CRb6 Function
0 0 | RTS=low, Transmitting Interrupt Disabled.
0 1 RTS =low, Transmitting Interrupt Enabled.
1 0 RTS high, Transmitting Interrupt Disabled.
1 1 RTS =low, Transmits a Break leve! on the
Transmit Data Output. Transmitting Inter-
rupt Disabled.

Receive Interrupt Enable Bit {CR7) — The following inter-
rupts wili be enabled by a high level in bit position 7 of the
Control Register (CR7): Receive Data Register Full, Overrun,
or a low-to-high transition on the Data Carrier Detect (DCD)
signal line.

@ MOTOROLA Semiconductor Products Inc.
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STATUS REGISTER

Information on the status of the ACIA is available to the
MPU by reading the ACIA Status Register. This read-only
register is selected when RS is low and R/W is high. Infor-
mation stored in. this register indicates the status of the
Transmit Data Register, the Receive Data Register and error
logic, and-the peripheral/modem status inputs of the ACIA.

Receive Data Register Full (RDRF), Bit 0 — Receive Data
Register Full indicates that received data has been trans-
ferred to the Receive Data Register. RDRF is cleared after an
MPU read of the Recsive Data Register or by a master reset.
The cleared or empty state indicates that the contents of the
Receive Data Register are not current. Data Carrier Detect
being high also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 — The
Transmit Data Register Empty bit being set high indicates
that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The low state in-
dicates that the register is full and that transmission of a new
character has not begun since the last write data command.

Data Carrier Detect (DCD), Bit 2 — The Data Carrier
Detect bit will be high when the DCD input from a modem
has gone high to indicate that a carrier is not present. This bit
going high causes an Interrupt Request to be generated
when the Recsive Interrupt Enable is set. It remains high
after the DCD input is returned tow until cleared by first
reading the Status Register and then the Data Register or
until a master reset occurs. If the DCD input remains high
after read status and read data or master reset has occurred,
the interrupt is cleared, the DCD status bit remains high and
will follow the DCD input.

Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit in-
dicates the state of the Clear-to-Send input from a modem.
A low CTS indicates that there is a Clear-to-Send from the
modem. In the high state, the Transmit Data Register Empty
bit is inhibited and the Clear-to-Send status bit will be high.
Master reset does not affect the Clear-to-Send status bit.

Framing Error (FE), Bit 4 — Framing error indicates that
the received character is improperly framed by a start and a
stop bit and is detected by the absence of the first stop bit.
This error indicates a synchronization error, faulty transmis-
sion, or a break condition. The framing error flag is set or
reset during the receive data transfer time. Therefore, this er-
ror indicator is present throughout the time that the
associated character is available.

Receiver Overrun (OVRN), Bit5 — Overrun is an error flag
that indicates that one or more characters in the data stream
were lost. That is, a character or a number of characters
were received but not read from the Receive Data Register
(RDR) prior to subsequent characters being received. The
overrun condition begins at the midpoint of the last bit of the
second character received in succession without a read of
the RDR having occurred. The Overrun does not occur in the
Status Register until the valid character prior to Overrun has
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been read. The RDRF bit remains set until the Overrun is
reset. Character synchronization is maintained during the
Overrun condition. The Overrun indication is reset after the
reading of data from the Receive Data Register or by a
Master Reset.

Parity Error (PE), Bit 6 — The parity error flag indicates
that the number of highs {ones) in the character does not
agree with the preselected odd or even parity. Odd parity is
defined to be when the total number of ones is odd. The
parity error indication will be present as long as the data

character is in the RDR. If no parity is selected, then both the
transmitter parity generator output and the receiver partiy
check results are inhibited.

Interrupt Request (IRQ), Bit 7 — The TRQ bit indicates the
state of the TRQ output. Any interrupt condition with its ap-
plicable enable will be indicated in this status bit. Anytime
the TRQ output is low the TRQ bit will be high to indicate the
interrupt or service request status. IRQ is cleared by a read
operation to the Receive Data Register or a write operation
to the Transmit Data Register. '

PACKAGE DIMENSIONS
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ORDERING INFORMATION

MCB8A50CP
Motorola Integrated Circuit .
M6800 Family.
Blanks = 1.0 MHz
A=1.5 MHz
B=2.0 MHz
Device Designation
In M6800 Family
Temperature Range.
Blank=0°— +70°C
C= —40°— +85°C
Package
P = Plastic
S = Cerdip
L= Ceramic

BETTER PROGRAM

Better program processing is available on all types listed. Add
suffix letters to part number.

Level 1 add ”'S"” Level 2 add D" Level 3 add 'DS"”

Level 1 “S"" =10 Temp Cycles — (—25 to 150°C);
Hi Temp testing at T A max.

Level 2 “D" =168 Hour Burn-in at 125°C

Level 3 "DS’ = Combination of Level 1 and 2.

Speed Device Temperature Range
1.0 MHz MC6850P,L,S 0 to 70°C

) MC6850CP,CL,CS —40 10 +85°C
1.6 MHz MC68A5B0P,L,S 0to +70°C

’ MCB8A50CP,CL,CS —40 to +85°C
2.0 MHz MC68BBOP, L, S 0to +70°C

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

— @ MOTOROLA Semiconductor Products Inc.

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 @ A SUBSIDIARY OF MOTOROLA INC.




Appendix D
MB8877A Disk Controller
Registers/Instructions

The following specifications on the MB8877A disk controller were furnished
in full by Fujitsu Microelectronics:
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T FLoppy Disk

FUJITSU [Ny =Y
P CONTROLLER

MB 8876A
MB 8877A

March 1982
Edition 1.0

FLOPPY DISK FORMATTER/CONTROLLER

® One-Chip Floppy Fisk Formatter/Controller.
® Applicable to Single Density Floppy Disk, Double Density Floppy Disk and
Mini Floppy Disk.
® |nterfaceable to 8-bit Microprocessor. Purple Body
MB 8876A: Negative-logic 8-bit Data Bus,
MEB 8877A: Positive-logic 8-bit Data Bus.
® |BM Compatible Sector Format.
® Automatic Track Seeking and Verification.
® Both Single and Double Density Formats.
a) Single Density in IBM 3740 Format and FM Recording. CERAMIC PACKAGE
b) Double Density in IBM System-34 Format and MFM Recording. DIP-40C-A01
® Programmable Single Sector/Multiple Sectors/Entire Track Read Operation.
® Programmable Single Sector/Multiple Sectors/Entire Track Wire Operation.
® Programmable Sector Length.
® Programmable Side Compare Function.
® Programmable Head Step Rate.
® Programmable Head Engage/Head Settle Time.
® Double Buffered Data 1/0.
® DMA Data Transfer Capability.
® Write Precompensation Capability. _ PLASE%O'I:AI\%(;%AGE
® All TTL Compatible 1/0. il
® Single +5V Power Supply.
g PRl PIN ASSIGNMENT
® N-Channel E/D MQOS Technology.
*neft 7 aolnc*
® Standard 40-pin Dual-In Line Package. V‘fsgg ;gg;(oo
® MB 8876A: Upward Compatible with Western Digital FD1791-02. iEEg ggg%ﬁ?
MB 8877A: Upward Compatible with Western Digital FD1793-02, _Ade 380F
DALO/DALOO 7 34[] TROO
DAL1/DALI[]8 33[WF/VFOE
DAL2/DAL2[9 32[1READY
. DALB/ELTEEW 31JwD
DAL4/DALAO 11 30IWG
DALS/DALS5[12 ZQETGIIK
DALB/DAL6[]13 28{1HLD
DAL7/DALT[]14 27[1RAWREAD
EP
ABSOLUTE MAXIMUM RATINGS ot e 2Hnow
RLY
Rating Symbol Value Unit E’L&EIZ iigﬁtﬁ
" MRO19 22 TEST
Voltage on any pin to Vgg Vee, Vi, Vo -0.3t0 +7.0 Vv vssézo 215 vee
" ° * on Connection
Operating Temperature Top 0to70 oC . {Nth gmi e Loac
Storage Temperature Tstg -565 to +150 c MB 88774 Posiwe Loge
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitry to protect the
. . . inputs against damage due to high static volt-
RATINGS are exceeded. Functional operation should be restricted to ages or electric fields. However, it is advised
the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid
: . . sy application of any voltage higher than maxi-
shefat. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance
periods may affect device reliability. circuit.
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MB 8876A
MB 8877A

Fig. 1 — MB 8876 A/MB 8877A SYSTEM CONSTRUCTURE

___ 2MHzor
IR 1MHz 45V
DDEN CLK  Vcc STEP
cs MB 8876A DIRC
RE MB 8877A
RE (FDC) HLD
WE L. ONE
SHOT
Aos A1 INTERNAL
—— >  REGISTER HLT
DAL, ~ DAL, COMMAND REG. TROO
> STATUS REG. READY
DALg ~ DAL;** TRACK REG. P
SECTOR REG. RG
——— FLOPPY DISK
MPU +BV DATA REG. RAWREAD| vro DRIVE
CIRCUIT}=READ (FDD)
RCLK DATA
10K
DRQ VFOE
) WO WRITE
(RQ 10K EARLY | precom. |WRITE
M PENSATION|DATA
LATE 1" ciRcUIT
+BV
10K S [ *ux
WF/VFOE WE
WG
TG43
Vgg WPRT
TEST =
* MB 8876A: Negative Logic
*+ MB 8877A.: Positive Logic
**# Open Collector Output
GUARANTEED OPERATING CONDITIONS
{Referenced to Vgg)
Value . Operating
Parameter Symbol v — o Unit Temperature
Vee 475 5.00 5.25
Supply Voltage v o \)
=S 0°C to +70°C
Input High Voltage Vin 2.0 Vee Y
Input Low Voltage Vi -03 0.8 A




PIN DESCRIPTIONS
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MB 8876A FUJITSU
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MB 8877A

Pin No. Symbol Pin Name 1/0 Description

20 Vgs Ground (GND)

Power Supply |

21 Vee +5V DC supply

24 CLK Clock | 2-MHz fixed frequency clock signal (1-MHz for mini-floppy disk)

19 MR Master Reset | Signal for resetting the FDC

22 TEST Test | Signal for setting the FDC into a test mode

1,40 NC Non Connection — These pins are not used.
MPU INTERFACE PINS

37 DDEN Double Density | Signal for selecting a FDC operation mode:

When DDEN = 0, the double density operation mode is selected.
When DDEN = 1, the single density operation mode is selected.
This input must be fixed while the FDC is in busy state.

3 CcS Chip Select | Signal for controlling the DALs: When CS = 0, the DALs are
activated and data transfer between the FDC and the MPU is
enabled. When CS = 1, the DALs arﬂ\ higrli_mpedance state
:and data transfer is inhibited. (i.e., RE and WE are ignored.)

4 RE Read Enable | Strobe signal provided when data is read from internal registers:
When CS = RE = 0, data can be read from internal registers.

2 WE Write Enable | Strobe signal provided when data is written into internal registers:
When CS = WE = 0, data can be written into internal registers.

5,6 Ao, A, Register Select | Signal for addressing an internal register among Command Register
Line (CR), Status Register (STR), Track Register (TR), Sector Register
(SCR) and Data Register (DR): Refer to table of REGISTER
SELLECTION (p. 6}
7~14 DAL,~DAL;| Data Access 1/0 8-bit bidirectional bus for transferring 8-bit data between the FDC
DALy~DAL,| Line and the MPU. MB 8876A: negative logic / MB 8877A: positive logic
38 DRQ Data Request (0] Signal for informing the MPU of a DR status: Read operation:
: DRQ = 1 shows the DR is filled with a 8-bit data from a disk, and
the FDC is requesting for the MPU to read the data. Write operation:
DRQ = 1 shows the DR is empty, and the FDC is requesting for the
MPU to write the next data into the DR.
39 IRQ Interrupt (0] Interrupt signal to the MPU: IRQ is set when a Command is

Request completed or the TYPE IV Command is executed. IRQ is reset when

the next Command is written or the STR is read.
FLOPPY DISK INTERFACE PINS
Disk Head Control Signal

15 STEP Step Move (0] Step pulse signal for moving a disk head.

16 DIRC Direction (0] Signal for indicating a direction of disk head moving to the FDD:
DIRC = 0 shows the head moves toward outside. DIRC = 1 shows
the head moves toward inside.

28 HLD Head Load (0] Signal for loading a disk head: When HLD = 1, the head is engaged

on the disk. When HLD = 0, the head is released frem the disk.
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Disk Head Control Signal (cont’d)

Pin No. Symbol Pin Name 1/0 Description
23 HLT Head Load | Signal for informing a disk head status: HLT = 1 shows a disk head
Timing is in an engaged state. HLT is set when a disk head has been settled
or a head settle time pre-determined by one shot circuit has elapsed
after HLD = 1.

34 TROO Track 00 | Signal for informing whether a disk head is positioned on Track
No. 00 or not: TROD = O shows Track No. 00 is detected during
track seaking operation.

32 READY Ready | Signal for informing the FDC of a disk drive status: READY =1
shows the disk drive is ready for operation, and only when READY
= 1, read/write operation for disk can be executed. READY =0
shows the disk drive is not ready, and neither read/write operation
can not be executed. However, seek operation is excuted regardless
of this signal.

35 P Index Pulse | Signal for informing the FDC of an index hole of disk being detected
in the FDD.

Disk Read Operation Signal

25 RG Read Gate (0] Signal for informing synchronization between RCLK and
RAWREAD to an external VFO circuit: RG = 1 shows the FDC
has found out a SYNC byte during disk reading operation.

26 RCLK Read Clock | A data window signal which is generated in an external VFO circuit
out of Read Data.

27 RAWREAD Raw Read l A raw read data signal transferred from the FDD.

Disk Write Operation Signal
30 WG Write Gate (0] Signal for indicating data is being written into a disk.
17 EARLY Early Shift (0] Signal for indicating early pre-compensation of data write timing to
) adisk: EARLY = 1 shows a serial data to be transmitted via the WD
pin to a disk must be shifted earlier.

18 LATE Late Shift (0] Signal for indicating later pre-compensation of data write timing to
adisk: LATE = 1 shows a serial data to be transmitted via the WD
pin to a disk must be shifted later.

31 WD Write Data (0] A write data signal transferred to the FDD.

29 TG43 Track Greater (0] Signal for indicating a head position of a disk: TG43 = 1 shows the

Than 43 head is located on any of Track No. 44 thru 76. TG43 = 0 shows
| the head is located on any of Track No. O thru 43.
33 WF/VFOE Write Fault/ 1/0 input signal for informing a fault is detected during write operation
Variable for a disk (during WG = 1). Output signal forinforming the FDC
Frequency is reading a disk (during WG = 0).
Oscillator
Enable
34 WPRT Write Protect | Signal for inhibiting write operation for disk.
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REGISTER SELECTION
Chip . .
Address Selected Register Data Access Line Status
Select
cs RE = i WE = DAL7 ~ DALO
S Ay Ao Read Mode (RE = 0) Write Mode (WE = 0) DAL, ~ DAL,
1 * * Deselected Deselected High Impedance
0 0 0 Status Register (STR) Command Register (CR) Enabled
0 0 1 Track Register (TR) Track Register (TR) Enabled
0 1 0 Sector Register (SCR) Sector Register (SCR) Enabled
0 1 1 Data Register (DR) Data Register (DR) Enabled
*: Don't care
Fig. 2 — MB 8876A/MB 8877A BLOCK DIAGRAM
DAL ~ DAL; /DAL~ DAL;**
DATA 1/0
Buffer
OUTPUT
INPUT BUS LINE
BUS LINE i }' i
DATA REG. COMMAND SECTOR TRACK STATUS
(DR) REG. (CR) M REG. (SCR) ._l ["] REG. (TR) REG. (STR)
i
DATA SHIFT —_—
REG. (DSR) ¢ RAWREAD
" B
- [cecen]- +
RCLK
DDEN ———=¢ ——————= STEP
- —————= DIRC
s ——g —————= HLD
RE -0 ~—————— HLT
— pP—~—"—— TROO
. WE —— =9 MPU COMMAND DISK . READY
TesT Ao INTERFACE PLA : p——— IP
MR —— A (232 x 19) INTERFACEL __  — Re
cLx B ——>‘1/2V£R LY
VCC — DRQ ———————— — - LATE
Vss IRQ —~——«— EEE—
(&R0 NS—
p—=———= WF/VFOE
* MB 8876 A: Negative Logic
** MB 8877A: Positive Logic
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FUNCTIONAL BLOCK DESCRIPTIONS

INTERNAL REGISTERS

Command Register (CR)

An 8-bit write-only register in which a Command is written
from the MPU:

A Command must be loaded in the CR during BUSY = 0.
(The BUSY flag is Bit 0 of the STR.) After completion of
execution for a loaded Command, such a completion is
informed to the MPU by setting the IRQ output high (IRQ =
1), and resetting the BUSY flag.

Status Register (STR)

An 8-bit read-only register from which the MPU can read the
contents to know a status of the FDC and the FDD:

The contents of STR is automatically changed according to
the status of executing Command. After the STR is read by
the MPU, the IRQ output is usually reset to low (IRQ = 0)
except for the Type IV Command.

Data Register (DR)

An 8-bit read/write register:

In a read operation, an 8-bit parallel data is loaded from the
DSR to the DR previously.

For Seek Command, a loaded data in the DR means a track
number to be sought.

For Read Data Comand or Write Data Command, a stored
data in the DR means a data read from a data field of disk or
a data to be written into a data field.

Data Shift Register (DSR)

An 8-bit serial shift-register which can not be accessed
directly by the MPU:

In a disk read operation, a series of bit data read from a disk
are transferred to the DSR, and then the filled data in the
DSR is transferred in parallel to the DR.

In a disk write operation, and 8-bit data in the DR is trans-
ferred in parallel to the DSR, and then the filled data in the
DSR is serially transferred and written into a disk bit by bit.

Track Register (TR)

An 8-bit read/write shift-register:

For Restore, Seek, Step, Step-In and Step-Out Commands
(i.e. TYPE | Command), a content of the TR means a present
track number, and is updated during the Command exe-
cution.

For Read Data Command and Write Data Command: a con-
tent of the TR means a designated track number itself which
is written into the TR prior to the Command execution and
can not be renewed during the Command execution.

Sector Register (SCR)

An 8-bit read/write shift-register:

For Read Data Command and Write Data Command, a desig-
nated sector number is written into the SCR prior to the
Command execution.

For Read Address Command, a track number in the 1D field
is transferred to the SCR.

OTHER FUNCTIONAL BLOCKS

Cycle Redundancy Check (CRC) Circuit

A circuit to check a misread/miswrite on a data which is seri-
ally transferred between the FDC and a disk:

In a write operation, a CRC data (16-bit serial bit cell) is
automatically generated in the CRC circuit based on the
original data and written in the disk together with the origi-
nal data.

In a read operation, a CRC data is read together with the
target data to check an error.

Arithmetic Logic Unit (ALU)

The ALU has the functions of Serial Data Compare, Incre-
ment (+1), Decrement (-1) and Through (£0).

The ALU can renew a content of Register and compare data.

Address Mark (AM) Detection Circuit

A circuit to detect specific bit pattern data in serial data
from a disk, such as the index Mark (or Track Mark: IDM),
ID Address Mark {or Address Mark: IDAM) and Data
Address Mark (Data AM).

Data Modulator

A circuit to modulate data to be written into a disk in the

specified recording format:

Single density recording format: Frequency Modulation

(FM)

Double density recording format: Modified Frequency
Modulation (MFM)

Programmable Logic Array (PLA) for Commands

A micro-program to generate control signals (Commands)
which control the FDC operation:

The size of micro-program is approximately 232 x 19 bits.
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MB 8876A FUJITSU
mB 8877A [N
DC CHARACTERISTICS
(Full Guaranteed Operating Conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min. Typ. Max,
Output High Voltage
\Y] 24 Y,
(lon = -200uA) OH
Output Low Voltage
04 Vv
(IOL = 1.8 mA) VOL
Three-State (Off-State) | 10 uA
Input Current (V, = 0.4V to 2.4V) TS
Input Leakage Current
. A
See Note 1) lins 25 ’
Input Leakage Current
100
See Note 2) hinz HA
Output Leakage Current for Off-State
(Vou = 2.4V) lLow 10 A
Power Consumption Pc 350 mW
Note 1) : Except for HLT, TEST, WF, WPRT, and DDEN. (V5 = OV to 5.25V)
2) : For HLT, TEST, WF, WPRT, and DDEN. (V,n = 0V to0 5.25V)
AC CHARACTERISTICS
(Full Guaranteed Operating Conditions unless otherwise noted.)
MPU Read Timing (From FDC)
Value
Parameter Symbol Unit
Min. Typ. Max.
Address Setup Time tseT 50 ns
Address Hold Time tHip 10 ns
RE Pulse Width tre 280 ns
DRQ Reset Time torR 250 ns
IRQ Reset Time tiRR 500 ns
Data Delay Time (C_ = 25pF) tpacc 250 ns
Data Hold Time (C,_ = 25pF) toon 50 150 ns
DRQ Service Time (RCLK cycle = 2us) tsevr 135* us

* 1 These values are doubled when CLK = 1 MHz.



AR
FUJITSU MB 887

6A
W0 - mB 8877A

MPU Write Timing (To FDC)

DRQ

IRQ

DAL/DAL

DRQ

IRQ

DAL/DAL

= 1.6us* (MFM) or = 32us* (FM)

/ \ 0.4V

0.4V
IDRR
i SEVR
R
/ 0.4V
1 RR
2.0V 2.0V
>< 08V 0.8V, X
SET tRE tHLD
2.0V 2.0V
0.8VS ZO.SV
tbacc —-—‘ F=—tpoH
HIGH-Z 2.4V, 2.4V HIGH-Z
0.4V% #£0.4v
WRITE TIMING
[———16us* (MFM) or 32us* (FM)————
0.4v,/ \0.4V Y0.4v
l=——DRR
) ISEVW
"
/ \ 0.4V
~ YRR
2.0V 2.0V
X 0.8V 0.8V K
ST twe tHLD
2.0V [ 2.0V
0.8VX Aosv
tps I IpH
HIGH-Z A 20V 2.0V\ HIGH-Z
0.8V 0.8V &

Value
Parameter Symbol Unit
Min. Typ. Max.
Address Setup Time tseT 50 ns
Address Hold Time thip 10 ns
WE Pulse Width twe 200 ns
DRQ Reset Time thRR 250 ns
IRQ Reset Time tirR 500 ns
Data Setup Time tps 250 ns
Data Hold Time ton 0 ns
DRAQ Service Time (DDEN = “L") toevw 115*% us
* : These values are doubled when CLK =1 MHz.
READ TIMING

*: These values are doubled when CLK=1MHz.

8
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FDC Read Data Timing (From Disk)

Value
Parameter Symbol - Unit
Min. Typ. Max.
RAWREAD Pulse Width tpw 100* 250* ns
Clock Setup Time tp 40 ns
Clock Hold Time for MFM tep 40 ns
Clock Hold Time for FM tes 40 ns
- MFM 2*, 3% or 4* us
RAWREAD Cycle Time tgc
FM 2% or 4* us
MFM 0.8 1* 20 us
RCLK High Pulse Width ta
FM 0.8 2* 20 s
MFM 0.8 1* 20 us
RCLK Low Pulse Width tg
| Fm 0.8 2* 20 us
MFM 2* us
RCLK Cycle Time te
FM 4" ps

* . These values are doubled when CLK = TMHz.

READ DATA TIMING

tsC
tpw {
1 1
——— 2.0V 2.0v 2.0v 2.0v
RAW READ : : : :
0.8V X 0.8v 0.8V t_)fOBV

N\
tog———e] tcs—=q
DRI PN le——tp
r—————1lcp————=] tcp
a -
RCLK 0sv sl 2.0v 2oV \ro_sv A o.gi(/)v
ta tg

tc
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FDC Write Data Timing (To Disk)

Value
Parameter Symbol Conditions Unit
Min. Typ. Max.
% FM 450 500 550
Write Data Pulse Width twp CLK =2MHz ns
MFM 150 200 250
i * % FM - 2 -
Write Gate to Write Data twe CLK =2MHz Hs
MFM - 1 -
% FM - 2 —
Write Gate off from WD Twr CLK =2MHz Hs
MFM 1 - 2
Early (Late) to Write Data tg CLK=2MHz MFM 125 - - ns
Early (Late) from Write Data ty CLK=2MHz MFM -50* - - ns
) CLK=1MHz MFM 200 — —
WD Valid after CLK tpy ns
CLK=2MHz MFM 30 - —
) CLK =1 MHz MFM 50 — -
WD Valid to CLK tpo ns
CLK =2 MHz MFM 50 — -

*: This value, -50ns {min) indicates that Early (Late) signal changes 50ns (min) before WD falls down in worst case.

See DISK DATA OUTPUT TIMING.
*¥*. All times are doubled when CLK = 1 MHz,

{4

WRITE DATA TIMING

2.4V
WG

wa
WD 2.4V

1}

(

0.4V

3

th—"l
0.4V

wp
2.4V X2.4v
wo / \
0.4Vv 0.4V
tg tH
EARLY 2.4V 2.4V
(LATE) 0.4V 0.4V

CLK \

2.4v]L

D1 tp2

WD 2.4V]

<\2.4V

10
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OTHER TIMINGS

Value
Parameter Symbol Unit
Min. Typ. Max.
CLK Low Pulse Width tept 230 ' 20000 ns
CLK High Pulse Width tep2 200 20000 ns
MFM 2" us
STEP Pulse Width tsTp
FM 4* Hs
DIRC Setup Time toIr 12* Ms
MR Pulse Width™™ tme 50* us
1P Pulse Width tp 10* s
WF Puise Width twe 10* s
CLK Cycle Time teve 0.5* us
*: These values are doubled when CLK = 1 MHz.
**: During Master Reset, CLK of more than 10 cycles are required.
OTHER TIMINGS
bp
P 0.8v 0.8v
twr
WF 0.8v /0_8V
tMR
MR O.SV\ /0.8V
tcye
tco1 } tcp2
CLK / 2.0V 2.0V 2.0v
0.8v 0.8v
STEP-IN "
BIRC AV ) STEP-OUT
/ 0.4V
t
. DR FTSTP——> DIR
2.4V
STEP :
0.4V \ . 0.4V

1
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PACKAGE DIMENSIONS

40-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-40C-A01)

~

I———.OGO(1.52)MAX
1

0°~9'
R.050(1.27) !
585(14.86)
REr 605(15.37)
590(14.99)
INDEX C———— 610(15.49)
AREA
1.980(50.29) .gt:g((gg?):
= 2.020(51.31) 01210

.177(4.50)MAX

4
{.120(3.05)
| 150(381) . ) .
|o.90(2.291 o3s09n || o1si0.38) 040(1.02) Circuit diagrams utilizing
T110(2.79) T 044(1.12) "02310.58) .060{1.52)

Fujitsu products are includ-
ed as a means of illustrating
typical semiconductor appli-
cations; consequently, com-
015 plete information sufficient

4 for construction purposes is

1.900(48.26)REF !

Dimensions in
inches (millimeters)

40-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-40P-M01)

OO0 MO0 nN AN AN m;merl . e

(EJECTOR MARK] f\ot necgssarlly given. The
533(13.54) information has been care-
.563(14.05) .
590(14.99) fully checked and is be-
INDEX: 610(15.49) . . .
n lieved to be entirely reliable.
e R However, no responsibility

is assumed for inaccuracies.

R e .
Furthermore, such informa-
tion does not convey to the

I purchaser of the semicon-
| = 197(5.00IMAX ductor devices described
Ly herein any license under the

J _ prewoomn patent rights of Fujitsu

- roozserrve. - Sl o o 020051MIN Limited or others. Fujitsu

Dimensions in
inches (millimeters)

Limited reserves the right to
change device specifications.

FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: “FUNTSULIMITED TOKYQ"

For further information please contact:

FUJITSU LIMITED
Semiconductor Division: No.18 Mori Bldg., 3-13, 2-chome, Toranomon, Minato-ku, Tokyo 105, Japan
Phone: National (03) 502-0161 International {Int'l Prefix) 81-3-502-0161 Telex: 2224361 FTTOR J
FUJITSU MICROELECTRONICS, INC.:
2985 Kifer Road, Santa Clara, CA95051, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9. OG./A
Lyoner Strafie 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 0611/66 63 056 Telex: 0411 963

Printed in Japan 0V2067-823C
12



Appendix E
Osborne 1 System
Specifications

SIZE measured with case closed
20.5 inches wide
13 inches deep
9 inches high

WEIGHT
24.5 lbs. (shipping weight 32 1bs.)

PORTABILITY

Leather handle for carrying

When closed, unit is weatherproof

Unit sized to fit under standard airline seat

Power cord stows within case with cover secured by hook-and-loop
plastic fasteners or hinged

High-impact ABS plastic or injection molded case meets UL 94VO flame
retardance specifications

POWER CONSUMPTION
110 or 220 volts
37 watts max.
Configurable through internal jumper to 230 vac, or through fuse card
Switching power supply

ENVIRONMENTAL
Convection cooled; no fan
Maximum operating ambient air temperature 85 degrees F
Humidity — 95% relative, non-condensing
Minimum operating ambient air temperature 32 degrees F

SAFETY
Three-wire grounded power plug
Three primary circuit protection points
Fuse integral to power supply
Resettable or fused circuit breaker at power switch
Thermal cutoff opens when internal temperature exceeds 150 degrees F
(resets at 130 degrees F)
Power supply shuts off under overload conditions
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OSBORNE 1 TECHNICAL MANUAL

CONTROLS
69 key detachable keyboard, full-travel sloped keytops includes 12 key
numeric keypad
Power on-off switch in rear
Reset pushbutton on front panel
Brightness and contrast controls on front panel

MAIN PC BOARD
Processor — Z80A®, 4 Mhz CPU clock
Memory size — 64K bytes programmable (RAM)
4K read-only memory bank-switched
59K of programmable memory available for software
Memory access time — 250 nsec programmable memory
350 nsec read-only memory
Program in read-only memory executes without delay
Programmable memory adds average delay times as follows:
First M1 cycle — 188 nsec
Subsequent consecutive M1 cycles — 0 nsec
Non-M1 cycles — 375 nsec

DISPLAY SYSTEM

4K byte memory-mapped display memory in top page of main memory

9 bit wide display memory — 7 bit ASCII plus underline and half-
intensity attributes

Scrolling performed by hardware in vertical and horizontal directions

Solid underline cursor

White video on dark background

24 lines of 52 characters visible at any time

32 lines of 128 characters video memory over which screen may be
moved

Character set
96 upper and lower case characters
32 graphics characters

INTERFACES
Serial RS-232C
1200 or 300 baud, selectable in software
DTR (pin 20) handshaking input to control transmission spot rate
Modem — 9 pin plug for use with external modem (DCE)
Adapter allows connection of modem and printer simultaneously
IEEE-488 (General Purpose instrumentation Bus)
Controller ony, talker and listener
Keyboard — connects to keyboard through 10 inch ribbon cable remov-
able by user
External video — drives video monitor as option (same format as 24 x 52)
Battery adapter — allows operation with external battery pack
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APPENDIX E OSBORNE 1 SYSTEM SPECIFICATIONS

PERIPHERALS — SELF-CONTAINED
Video monitor

Size of video area
3.55” horiz.
2.63" vert.

P4 phosphor (same as TV)

Linearity 10% adjacent characters, 15% overall

Display format
24 lines
52 characters
10 scan lines per character line
Cursor on lowest scan

Timing
64 microseconds per scan
16.666 milliseconds per vertical sweep
12 microseconds horizontal blanking
1.28 milliseconds vertical blanking

DISKS

Media
5.25 inch diskettes, single sided, soft sectored
Storage provided for 25 diskettes max.

40 tracks per diskette

10 sectors per track

256 bytes per sector

Max. seek time 12 milliseconds track-to-track

Head load time 0 milliseconds

Rotation time 200 milliseconds

Recording standard — FM

Controller type 1793
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SORCIM 808x Assembler ver 3.5 <:/55/7= $9:92 Page 1
SINGLE Density Monitor for Mode! 1 systems C:SDROMA .ASM

*ABS 0000 EFFO
*CODE EFFC 0000
*DATA EFFO 0O0ODC

H m———— -—
H H H

H H SINGLE Density Monitor H

H H H

H + - —_—— +

$VER = REV A.0Q

SLABLE = REV 1.3

3DATE = 29

H This rom has been modified to accept single or double densitys All the disk driver have been

schangede New vairiables have been added which are:

; SAVTYP:

H 8IT O = {Oy1)Bouble density or single density l=singley O=doubles
H BIT 1 = (0+1)SIDE SELECT

3 BIT 2-3 = (0-3)The sector lenth 0=128, 1=256s 2=512s 3=1024.

sAdded Dece 21481 by DEB.

H Density select(SELDEN) has been added to the disk drivers. This proc senses the density of the
sdisk and reports it by setting SAVIYP with density and sector sizee It also reports the number of
ssectors on one track in regester 8.

sAdded Jane. 5+82 by DES,

H There seems to be a problem in the timing of the RSEL AND WSEC routinese. The problem shows up
iwhen C(P/M reads the disk one sector after anothere The fix is to use RADR only when the drive is
sslected and not before evary read or writee

sAdded Jane. 6+82 by DEB,

= 0000 cce = 0
0000 = 0000 ORG 0 SFWA of memory
ALPUSH: MACRO
PUSH AF
PUSH BC
PUSH DE
PUSH HL
PUSH Ix
PUSH 1Y
ENDM
ALLPOP: MACRD
POP 1Y
popP X
PGP HL
eop DE
poP 8cC
pCp AF

ENCM
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SCRCIM 808x Assembler ver 3,56 <K:/55/7= $9:92 Page 2
SINGLE Density Monitor for Model 1 system. C:SCROMA  LASM

$ROM SECTIONS ARE:

H *[1] = ROM STANDARDS

H *{2] = CPM B8GOT

H %[3) = CONSCL ROUTINES
s *[4] = PIA ROUTINES

H *[5] = SIA ROUTINES

H *[6] = DISK ROUTINES

H x[7] = FORMAT ROUTINE
H =[R] = RAM LOCATIONS
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Monitor Main Loope

0000
0002

0005

0005
0006
0007

0007
0008
000A
O0DE
0011
0019
0018

001E

001E
0021
0024
0025
0028
0030
0034
0035

0035
0037
003A
0038
DO3E
0041
0042
0045
0048
0048
004E
0051
0054
0057
0054
005C
0066
0067

£33600

c9

EDT36FEF §
3199€EF

3E49
3206EF

3A002C
3A08EF
87

C2DF00

EDTB6FEF §

c9

31C1EF
AF
3217€EF
32EFEF
3C
32DOEF
CD80OOD
2100ED
22EAEF
210000
226DEF
118601
CD9701
180 ~D0s6AS
= 0066

C33600

SCRCIM B80Bx As

*(11
DISDIM
JMpP

USER:

3Exit to user pr
EI
RET

TLINT:

iHere on unknown
D1
DISDIM
sSTO
LDK
ALPUSH
LDK
STO

EXITI:

$Exit interrupt
then ena
the vailu
LD

LD

OR

JNZ
ALLPOP
LD

£]

RET

. we

BMON: Di
LDK
XRA
STO
STO
INC
STOo
CALL
LDK
STO
LDK
STO
LDK
CALL
JR
ORG
DI
JMP

sembler ver 3.5FE <:/5577= 59392 Page 3
C:SDROMA  LASM

sdisable DIM
BMON ireset/restart

ogram from *'G* command

$Exit from 6 command

interrupt
SP+IESTK 3save interrupted proc stack
SP+ISTK sinsure stack in RAM
ssave all registers
Agolr
Ay MPCHR sset prompt to inter level

code via exiting to RAM and

ble or disable ROM code depending on

e contained in ROMRAM ceil.

AsHeVID iclear interrupt

AsROMRAM

A

ROMJP1L $if return to RAMy CPM
SP+IESTK sget users stack back
SP+ROMSTK

A

A» SDISK iset disk to drive 0
AsVRTOFF SOFFSET TO ZERC USED IN COUT
A

As SAVTYP SSET SAVTYP TO SINGEL

HINT iInitialize hardware
HL+{high MRAM)Z100h

HL+SSAVE slnitialize User stack in ram
HL»0

HL LDSEL iclear select and last track
DE+IMSG

QSTR 30utput initial message
BMON1 scontinue

NMIA

BMON SNMI
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Monitor Main Loope

006A
006D
D06F
0072
0074
0075
0078
0079
0078
007&

CDT7EOQ3

FEOD

21CTEF

OEOQO

71

CA6802

34

FE22

CA6802

1886 ~0036$

SORCIM B808x Assembler ver 3.5 <:/55/7= 59:92 Page &

BMON1:

C:SDROMA oASM

Main start up for Monitors
Get 1st user responses

CALL CI :Get next character
cMP CR

LK HL ¢+ DSKSWP sdisk swap cell

LK Ce0 sboot from Az

sST0 CsLhil sset to A=As B=B

Jz c800T sif cold boot

INC thil sswap drives: A=Be B=A
CHP e

J2 C800T $if cold boot off of B
JR BMON
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SORCIM 808x Assembler ver 3.5E <3/55/7= 59:92 Page S

Monitor Main Loope C:SDROMA LASM
0080 HINT:

sInitialize all dependent hardwarees

SENTRY

sNonee

JEXIT

3A11 hardware initializede
3Set flag indicating in ROM
C

0080
0080 ENARDM
0089 DISDINM $disable DIM bit
0088 211F07 LDK HL + GKEY
CO8E 22FB8EF STO HL+INTBL+{422) 3set keyboard interrupt
0091 EDSE s M2
0093 3EEF LDK Ashigh INTSL
0095 ED4&7 $ MCV Is+4 3set interrupt page
3 Initialize keyboard
0097 AF XRA A
0098 32FOEF STO A+ OEFFOH
0098 326BEF sTO A+ BELCNT sclear bell timer cell
009E 325EEF sSTO As LKEY sclear last key cefll
O0Al 3207€EF sTO Ay ECHOP sclear echo to list dev
0CA4 3260EF sTo Ao ESCH sclear ESC hold flag
DOA7 21D4EF LDK HLsKEYLST
OCAA 0606 LDK BeKL_LEN*KLE_LEN
O0AC s1:
00AC 77 sTO Ae [HL]
00AD 23 INC HL
O0AE 10FC ~00ACS DJNZ 1
00BO 2F CMA
0081 3263EF sT0 As IDAY sset date invalid for SETUP.COM
0084 3259€F STO AsKEYLCK sindicate NCT iocked
0087 3ES80 LOK AsVLL
0089 326CEF STO AeLLIMIT sset max line limit
H Now function PIA to set starting address
H and continue to move display window over
3 the first display lines
H Set cursor as 1-40 on 1st line.
00BC CD4FO09 CALL SPAD iset up for output
OOBF OEEA LDK Cs VFLO
00C1 CD6409 CALL OPAD iset for -10 char position AND DOUBLE DENSITY
3 Set beginning line to O
00C4 AF XRA A
00C5 4F MOV CeA
00C6 CD7T109 CALL DPBD iset line
H Intialize IEEE port
00C9 0€E01 1dk cel
00CB CDTEO9 call ieeco

Reset-Master clear the SIO0 (ACIA)

O0CE OQESS LK CsS1.516 sselect 16x clock for 1200 baud
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SORCIM 808x Assembler ver 3.5 <:/55/7= 59:92 Page 6
Monitor Main LoOpe C:SCROMA LASM

00D0 CDF50A CALL SIRST jreset

Set default seek to as defined by systext

00D3 3E02 LDK Ae SCEKTM sdefined from systext
00D5 3213EF sSTC Ae SEKDEL sset seek step rate

Set default prompt char

0008 3E3E LDK Ay PMCHR

O0DA 3206EF sTo A+ MPCHR iset up default
00DD €I

DODE CS9 RET
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Monitor Main Loope

00DF
00E2
ODE4
00E7
O0EA
00EB

113316

1803 AQ0ETS
113616
2AD2EF

19

E9

SORCIM 808x Assembler ver

romjpls

romjp2:
biojp:

1dk
ir
1dk
1d

. add

Jmp

des1633h
bigip
des1636h
hisccpadr
hisde
thil

3.5E <:/55/7= 59:92 Page 7
C:SDROMA L ASM

soffset in bios jump table
soffset in bios jump taple

sform aadress



uopeiodion) Jerndwo) euloqsQ 2861 @ ybuAdon

SORCIM 80Bx Assembler ver 3e5E <:/55/7= 59:92 Page 8
Monitor Main Loops C:SDROMA <ASM

00EC = 0100 ORG 100h

$ROM JUMP TABLE
CBIOS = Jmps used mainly by CBIOS

- e

sC Jmps used mainly by SuperCalc

0100 (36802 JMpP CBGOOT 3CBI10S cold boot
0103 C3A802 JMpP wWB00T 3CBIOS warm boot
0106 C37103 JMP SKEY 3CB810S keyboard status
0109 C37€03 JMp [ 3CBIOS keyboard input
010C C31004 JMp cout sC810S console output
010F (C31C08 JMP LIST 3CBIOS list output
0112 C31CoB JMpP LIST 3CBIBS punch output
0115 C30308 JMP READER $CRI0S reader input

H Disk 1/0
0118 C34008B JMP RDRY $CBIOS HOME
0118 C9 RET ! NOP ! NCP 3CBIDS SELECT CISK
011E C3750C JMP READ H READ SECTOR
0121 <C3700C JMP WRITE H WRITE SECTOR
0124 C3ECOC JMP RADR 3 READ SECTOR ANY SECTCR HEADER
0127 C35808 JMP RSEC 5CBINS DISK SECTOR READ
012A C36D08 JMP WSEC 3CBIOS DISK SECTOR WRITE
012D (C31308 JMNP SLST 3CBIOS List device status
0130 C38008B JMP SENDEN 3CBIOS SENSE THE DENSITY OF DRIVE
0133 C3DFOO Jup ROMJP1L ;CB10S
0136 C3E400 JMp ROMJP2 5CBIOS
0139 C33F0E JHp FORMAT $CBINS FORMATING ROUTINE

H 1EEE
013C C3F50A JMP SIRST 5CBIODS SIO reset
013Ff C37€09 JMP 1E.CO sCBIDS 1EEE Controi Out
0142 C3C109 JMe 1E.SI $CBI3S Status In
0145 C3D409 Jiap 1ELGTS sCBIOS Go To Standby
0143 C3ECQ9 JMP 1€.TC sC810S Take Contraol
0148 (C3200A JMP 1E.OIM iCB1OS Output Interface Message
014E C34304A JMP 1E.CDM sC810S OQutput Device Message
0151 (38504 FLES 1E.1DM sCBIOS Input Cevice Message
0154 C3E10A JHMP 1E«PP 3C813S Parallel Poll

H SuperCalc
0157 C35F106 JMP VLDDR 3SC VIDED 3LOCK MCVE DEC
0154 LC30507 JMP VLDIR . 3SC VIDEQ B3LOCK MOVE INC
0150 C3E906 JmMp STOD 1M 3SC STO reg 8 IN [HL]

H DISK 1/C
0160 C3200E JMP DMAWRT H DMA WRITE TO CONTROLER
0163 C30ACE JMp DMARD H DMA READ FROM CONTROLER
0166 C3F703 JMP HCME H HOME DISK DRIVE
0169 (C31A0C Jmup SEEK H SEEK TO TRACK
016C ©£3390C FLI4 STEP H STEP SAME DIRECTION
0l6F (€34D0C JMP STEPIN H STEP IN
0172 C3610C JMp STEPCUT 3 STEP OUT
0175 (C3640D JMP FORINT b FORCE INTERUPT
0178 (€3330D JMP REACTRK H READ TRACK

0178 €3490D JMp FMTTRK Format one track
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Monitor Main Loope

017 C3A40D

0181 (32808
0184 C3F008

SCRCIM 808x

JMp
NP

Jue

Assemblier ver

SELDRYV
ACISTAT

SCTRKR

3.58 <K:3/55/7= 59:92 Page 9
C:SDROMA  ,ASM

SELECT DRIVE
CBIOS SERIAL PORT STATUS
; SET TRACK REGESTER IN CONTROLER CHIP WITH VALUE IN SAVTRK

» - we
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SORCIM BO8x Assembler ver

Monitor Main LoODs

0187
0189
0193

0194

0194
0194

0D0A EMBOOT: DB CRoLF
424F4F5420 D8 *BOCT ERROR®
A0 bC ¢

EBOQT:

$3BOOT ERROR MESSAGE ROUTINE

SENTRY

$NONE

PROC

118701 LDK DE ¢ EMBOOT

3.5E <:/55/7= 59:92 Page 10

C:SDROMA +ASHM

$HERE ON BOOT ERROR
sFALL THRDUGH TC CSTR
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Monitor Main Loope

0197

¢197
0197
0198
0199
0194
019C
019E
019F
01A1
01A2
01A3
0lAs
01A5
0146
01A7
01A8
0148
01AD
0180
o181
o182
0185

14
BY

5

E6TF

FETF

4F

200C ~014D$
13

1A

30

47

13

14

4F

£01004

10FB ~01ASS
£D1004

13,

F1

F29701

c9

SORCIM 808x Assembler ver 3458 <:3/55/7= 59:92 Page 11
C:SDROMA oASM

OSTR: .

sOUTPUT STRING TO CONSOLE

sNOTE: DSTR RECOGNIZES 7F AS AN ESCAPE SEQUENCE TD RSPEAT CHAR N TIMES.
SENTRY

3DE = FWA OF SDURCE
PROC
LD A+ [DE]
DR A
PUSH AF
AND O7FH
cmp O7FH
MgV CeA
JRNZ 4 $IF NOT REPEAT
INC DE
Lo Ay [DE]
DEC A
MOV Bs A SREPEAT COUNT
INC DE
LD Ay [DE] SGET REPEAT CHAR
Mov CoA
323 CALL couT SOUTPUT CHAR
DJNZ 32 sIF NOT DONE
243 CALL couT SOUTPUT IT
INC DE
pPoP AF
JP OSTR $IF NOT DONE
RET

FORMAT IS:

TFy REPEAT COUNT,

CHAR
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SORCIM B0OBx Assembler ver 3.5E <K:/55/7= 59:92 Page 12

MONITOR ROM CONSTANTS. C:SDROMA LASM
[+ 31 IMSGs

0186 LADADADADA DB *20<40helfolfelfolf
0188 7TFOB20 DB OTFhe 11y * *

01BE 1867 D8 ESCeVSGH

01C0 11 [°]:) *Q*-40h

01Cl 7F1817 [s]:] 07Fhe 24+ *W?-40h
01C4 05 DB *E*-40h

01C5 1847 DB ESCsVEGH

01CT O000A D8 crelf

01C9 7F0820 D8 OTFhs 11s * °*

01CC 1867011847 DB ESCeVSGHyly ESCeVEGH
01Dl 2020 M) ¢

01D3 186C D8 ESCe*1?

01DS 4F53424F52 D8 *DS3ORNE System Onee’
O1lE8 1Bé6D o8 ESCe®*m*

O1EA 202020 D8 . o

01ED 1867041847 D8 ESCeVSGHe4e ESCHVEGH
01F2 O0DOA b]:] crolf

01F4 7F0820 o8 O7Fhs 1l * °

01F7 1867 DB ESCeVSGH

01F9 01 DB *A'~40h

01FA 7F1820 D3 OTFhe24s* *

01FD 04 D8 *D*-40h

D1FE 1B47 D8 ESC+VEGH

020C 0ODOA 2] crolf

0202 7TF0B20 DB 07Fhe 11, * °

0205 1B67 D8 ESCsVSGH

0207 01 D8 *A*-40h

0208 1829 08 ESCe*) "

020A 2052657620 DB * Rev 13 ce 1982 OCC *
0222 1828 ) ESCe*(°

0224 04 DB *D*-40h

0225 1B&47 DB ESCsVEGH

0227 0DOA D8 crelf

0229 T7TFO0B20 DB OTFhe 11s * *

022C 1867 D8 ESCsVSGH

022E 1A p8 *71*-40n

022F 7TF1818 2] 07Fhy 24y *X'-40h
0232 03 D8 *C*-40h

0233 1B47 DB ESCeVEGH

0235 ODODAOAOA D3 crotfolfelf

0239 T7F0420 D8 OTFhy 4 * °*

023C 4S6ET36572 DB ‘Insert disk in Drive *
0251 18B6C D8 ESCe"1?

0253 41 D8 TAC

0254 1BeD 08 ESCo*m*

0256 20616E6420 08 * and press RETURN'

0267 AE ] e
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Boot

cCP 7N

SORCIM 808x Assembler ver 3,58 <:/55/7= 59:92 Page 13
from d i s ke C:SDROMA .ASM

*[2]

3 The CBOCT entry point gets control from the cold start loader and is responsible for the basic
ssystem Initializations This includes outputting a sign-on message and initiatizing the following
spage zero locations:

0s192: Set to the warmstart jump vectore
3: Set to the initial I08YTE valuee.
4: Default and 1ogged on drive.
5¢6s7: Set to a jump to 8DOS.

. we ob 9o

The WBDOT entry point gets control when a warm start occurssy a “C from the consoles a jump to
BDOS (function O)s or a jump to location zeroe The WBOOT routine reads the CCP and BDOS from the
appropriate disk sectorse

WBOOT must also re-initialize 1ocations Os1ls2 and 5+6+7« The WBOOT routines exits with the C
register set to the appropriate drive selection valuee. The exit address is to the CCP routine.

o wa 98 wb w8

Single Density Disk layout Definition:

»

H Track 0- —
H 1 thru 8 cce 2k

H 9 thru 10 8DOS

H Track 1

3 1 thru 10 BDOS

H Track 2

H i thru 2 BDOS 345k
»

3 thru 10 cBIgos 2K
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300t cpP /M

0268

0268

c268
C269

0256C
026F

0271
0274

0276
0279

027C
027D
0280
0281
0284
0285
0288

028A
028D

028F
0292
0294
0296

0297

0299
029C
029D
029E
02A1
02A2

02A3
02A6
0249
02AA

79
3217¢€F

cpaoos
2805 ~0276%

CD9401
18F6 ~026Cs

210000
220FEF

AF

321S5€F

3C

3214EF

47

CD5808

2805 ~028F%

CD9401
1BED ~027Cs

3A02D0
D603
2E0D
67

063C

3A17EF
F5
ES
cD8302
El
Fl

22D2EF
110016
19
E9

SORCIM B808x Assembler ver
d i s ke

from
c80ocT:
SENTRY
sC =
SEXIT
A =
Proc

=SET "SDISK"

MOV
STO

CALL
JRZ

CALL
JR

3458 <K3/55/7= 59%9:92

C:SD

drive to boot from

CRIVE TO 3007 FROM

AND "SAVTYP®™

Al
AsSDISK

SENDEN
22

EBCOT
:1

*READ AND SET fBA OF CCP

22:

"
w
o

LDK
570

XRA
ST0
INC
STO
MOV
CALL
JRZ

CALL
JR

Lo

sus
LDK
MOV

HL +ODOOOH
HL ¢+ DMADR

A

As SAVTRK
A
AsSAVSEC
BeA

RSEC

24

EBCOT
33

A+ ODOO2H
3

Ls0

He A

$SET DRIVE

$DETERMINE DENSIT
$IF GCOD

$PRINT ZRROR

SSET DMA

iset track
sset sector

SREAD SECTOR ONE
3IF GOOD

$PRINT ERROR

Page
ROMA

Y

14
«ASM

sget ccp address/10C0h + 3

#SET NUMBER OF 128 BYTE BLOCKS TO READ FOR BOOT

LDK

*READ SYSTEM

LD
PUSH
PUSH
CALL
PQOP
POP

HJUMP SYSTEM

sTO
LOK
ADD
JMP

Be+60

A+ SDISK
AF

HL

BCPM

HL

AF

HL+CCPADR
DE+1600h
HL +DE
CHL]

sCCP/BDOS/CBINS

$DRIVE TO 3007 FROM

$SAVE FWA FOR "CCPADR™

sboot system

soffset for bios
saddress of bios
tenter copm

in hi
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8 oot CP /W

D2AB

02A8
0248
02ADR
0280

062C
3A0400
2AD2EF

SCRCIM 8D08x Assembler ver 3,5FE <3/55/7= $9:92 Page 15

from d i s ke C:SDROMA  <ASM
WBOOT:
SENTRY
3$NONE
SEXIT
E=NOTE®
%3 THIS ROUTINE DDES NOT EXITe IT ONLY SETS PARAMITERS FOR BCPM:.
*3A = DRIVE TO 3007 FROM
*38 = NUMBER OF 128 BYTE BLOCKS TO READ FOR BOOT
E3IHL = DMA ADDR FOR CCP

Proc

LDK Bedé sCCP/BDOS and don't read CB81I0S
LD A2 CDISK sCurrent logged in drive

LD HL+CCPADR
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300t cCP /M
0283

0283

02B3 3217EF

0286 220FEF

0289 3E01

0288 3214EF

©2BE 3C

02BF 3200EF

o2c2 €5

02C3 CDSOCB

02C6 2805 ~02CDs$
02C8 (CD9401

02C8 18F6 ~02C3$
o2c¢D D1

02CE C5

02CF 3ADOEF

02D2 (C33F $
D204 C(B3F $
02D6 E603

02D8 FEOO

02DA 2818 ~C2F4$
02DC 47

02DD 3€E01

02DF (CB27 $
02€1 10FC ~02DFs
02E3 47

02E4 TA

02E5 1600

02E7 90

02e8 08 $
02E9 14

02EA 08 s
02EB 2807 ~D2F43
02ED 30F8 ~0ZETS

SORCIM B0Sx Assembier ver 3.5

from d i

BCPM:

S ke

3Boot CPM from disk

SENTRY
A

3B

SHL

SEXIT
$NONE
sLOOPS ON ERROR

PROC

DRIVE TO BOOT FR

E <«:/55/7= 59:92

Page 16

C:SOROMA  ASM

oM

NUMBER OF 128 BYTE BLCCKS TO READ FOR 800T

DMA ADDR FOR CCP

*SET "SDISK", "DMADR™ AND WSAVSEC"

STO
ST3
LOK
570
DEC
STO

A9 SDISK
HL+DMADR
Al

As SAVSEC
A

Ae TEM

#SET "SAVTYP®* AND GET NUMBER OF

PUSH

$RLOOP: CALL
JRZ

CALL
JR

:1G00D: POP
PUSH

BC

SENDEN
:G00D

EB00T
TRLOOP

DE
BC

*SET NUMBER OF SECTORS TO READ

LD

SRL
SRL
ANI
cMpP
JRZ

Ay SAVTYP

A

A
0000_00118
0

1

$GEYT NUMBER TO DEVIDE 3Y

MOV
LDK
$1L00P: SLA
DJNZ

MOV
MgV
LDK
$2L0CP: SUB
EX
INC
EX
JRZ
JRNC

BeA
Ayl

A
:1L0CP

BeA
A+D
D.O

B

AF

D

AF

sl
$2L0CcP

3Set drive to boot
$SET DMA

$set sector
$MAKE TEM ZERO

SECTORS PER TRACK

SOETERMINE DENSITY
sIF GDOD

$PRINT ERROR

from

$D=NUMBER OF 128 3YTE BLOCKS
$SAVE NUMBFR OF SECTDRS IN ONE TRACK

$A=NUMBER OF BYTES IN ONE SECTOR(0-3)

$IF 128 BYTES SECTORS

3sB=NUMBER OF BYTES IN ONE SECTOR(1-3)

$TIMES TWO

$NUMBER 1O DIVIDE BY
SA=NUMBER OF 128 BYTE BLOCKS

sSUBTRACK WITH DIVISOR

3SAVE FLAGS

sCOUNT

SRESTORE FLAGS

$1F REZULT IS ZERO
iLOCP

(NO PARTIAL

SELTORS)
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SORCIM 80Bx Assembler ver 3.5F <:/55/7= 59:92 Page 17

83 o0t cP /M from di s Ke CISDROMA  LASM
C2EF ED4#4 $ NEG A $2 Comp
02F1 3200£F STO AsTEM $SAVE REMAINDER AND INDICATE A PARTIAL SECTOR
C2F4 L1 31z POP BC $B=NUMBER OF SECTORS IN ONE TRACK
02F5 4A MCv CsD :C=NUMBER OF SECTORS TO READ
*READ SYSTEM
02F5 AF XRA A 3A=0
02F7 3215€F sTLOOP: STO As SAVTRK SSET TRACK
$CHECK FOR ALL SECTORS READ
02FA 79 MOV AvC $SECTORS TO READ
02FB B7 0’4 A
02FC 2008 ~0306% JRNZ 35 SIF C IS NCT ZERO CONTINUE
SCHECK FOR ND PARCIAL SECIORS
O2FE 3AOQ0EF LD Ay TEM
0301 87 ORA A
0302 2858 ~035CS$ JRZ 4 $YOUR DONE IF C=0 AND TEM=0
0304 182A ~£330% JR 3RLS SREAD ONE MORE PARCIAL SECTOR
SUPDATE NUMBER OF SECTORS LEFT TO READ
0306 9C 353 sus -] 3SUBTRACK SECTORS IN ONE TRACK
0307 &F MoV CeA $SAVE REMAINING SECTORS TO READ
0308 3005 ~030Fs JRNC 12 $A>B MORE THAN ONE TRACK LEFT TC READ
$IF THIS IS LAST TRACK ZERO NUMBER DOF SECTORS LEFT TO READ
030A ED44 $ NEG A $2 COMP
030C 47 MgV By A SREAD ALL THE REMAINING SECTORS
0300 OEO00 LDK Cs0 $STOP AFTER THIS READ

$CHECK FOR NONZERD VALUE IN TEM AND THE LAST SECTOR TO READ

030F 3ADOEF 223 Lo AyTEM

0312 87 ORA A

0313 2808 ~031D$ JRZ 33 $IF TEM IS ZERO SKIP THIS

0315 AF XRA A

0316 81 ORA c

0317 2004 ~0310% JRNZ :3 $IF REG C IS NOT ZERD SKIP THIS(NOT LAST TRACK)

SREAD CNE LESS THAN THE LAST SECTOR

0319 78 Mov AsB
031A 3D DEC A $A=8-1
0318 2813 ~0330$ JRZ IRLS SONLY ONE SECTOR LEFT TO READ

$READ ONE TRACK

0310 (CD5803 3z CALL RSEC $READ (BC IS SAVED)
0320 2805 ~0327s JRZ 1600 $IF GOOD
0322 (CD9401 CALL EBCOT SREPORT ERROR

0325 18F6 ~C31D% JR :3
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3 o0t CpP /M
0327 220FEF

032A 3A15EF

032D 3C

032E 18CT ~02F7$

0330

0331
0334

0337
033A

¢338
033D
0340

0342
0345

0347
034A
0348
034E

0351
0352
0354
0355

0356
0359
0354

035C
035F
0362
0365
0367
036A
036C
036%
0370

ES

2180E4
220FEF

2115EF
35

0601
cD750C
2805 ~C347%

CD9401
18F6 ~C33D$

3A00EF
47

210000
118000

19
10FC ~0351%
ES
ri

2180EA
01
EDBO $

2150EF
110700
cD3D09
3EFF
32S5EF
3ETF
326EEF
AF

cs

SORCIM 808x Assembler ver 3.5 <:/55/7= 53:92 Page 18
from d i s Ke C:SDRCMA «ASK

SUPDATE DMA

:600: STO HL » OMADR $SET DMA
TUPDATE TRACK
LD AgSAVTRK
INC A
JR :TLCCP $ TRACK LOOP

*READ A PARCIAL SECTOR

SRLS: PUSH HL $SAVE ADORESS TO WRITE TO
LEK HL+OEABOH $ADDRESS OF HOST BUFFER IN BIOS
STO HL # SMADR $SET OMA
LDK HLy SAVTRK
DEC [HL] $SAVTRK = SAVTRK - 1
SREAD SECTCR IN HOST BUFF
LDK Bel

$3L00P: CALL READ $READ ONE SECTOR
JRZ :GO s1F GOOD
CALL EBCOT SREPORT ERROR
JR :3L00P
$SET NUMBER DOF BYTES TO TRANSFER

160z LD AsTEM
MOV Bs A $B=NUMBER OF 128 BYTE BLOCK TO TRANSFER
LDK HL+0
LDK DE+128

$4L00P: ADD HL«DE
DJINZ 141007
PUSH HL
POP BC $B8C=NUMBER OF BYTES TC TRANSFER

STRANSFER BYTES

LDK YL +CEABOH
poP DE
LDIR

$SCURCE
SDESTINATION
$MOVE

CLEAR 3UFFERS SET PARR. AND RETURN TC SYSTEM

$43 LDK HL s HSTACT
LDK DEG(LOGSEC-HSTACT)+1
CALL FILLZ jclear Host BIOS cells
LDK As OFFN
STO AsUNASEC
LDK AsVLL-1
STO As LDTRK 3set other drive NOT int
XRA A iClear error indicator
RET
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SORCIM 808x Assembler ver

Keyboard and Console Routiness

Hoibon wowonn

LI | (O T | A T T T I T ' '}

(L I 1)

0001

0007
0008
0004
0008
000C
0014
001E

0023
0022
003D
0053
0051
0057
0045
0052
0054
0029
0028
006C
006D

0067
0047

008A
0088
008¢C
008D

*{31]

*
JIKEY

*
CBELL
MCuP
MCOOWN
MCLEFT
MCRIGH
VCLRS
VHOME

VLOCK:
VUNLK
VCAD:
VSAD:
VINC:
VDELC:
VINL:
VDELL:
VCEOL:
VSHI:
VEHI:
VSUL:
VEUL:

VSGH:
VEGH:

s ARROW

ye
RIGHT
DOWN
LEFT

Assembly constant
= 1

Controtl keys
*G*-40h
*K'-40h
LF

BKS
*L*~40h
124-40h
*AY~40h

L T TR T A1 I 1}

Escape keys
1#'
T"my
=9
IS!
'Ql
'H'
'E!
IR!
.T‘
|)l
l(l
"'
|m0

LI I T T T I TR 2 T T 1}

.g’
IG'

n#

KEYS

BAH
8BH
8CH
8DH

oW

3.5E <3/55/7= 59:92 Page 19

C:SDROMA  LASM

sproduction keyboard

sRing the Bell

sMove cursor up

sMove cursor down
iMove cursor left
tMove cursor right
:Clear and home cursor
sHome Cursor

3Lock Keyboard
sUnlock Keyboard

sCur sor Addressing
3Screen Addressing
sIinsert Char

3Delete char

sInsert line

sDelete tine

iClear to end of line
sStart hatf intensity
send

sStart underline

send

3Start graphics
SEnd
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Keyboard and Conscle Routines.

0371

0371
0374
0375
0376
0379
037A
0378
037D

3AS9EF
87

cs
3ASEEF
87

cs
F6FF
(o]

SORCIM 808x Assembler ver

SKEY:

sGet status of keyboard

SEXIT

3Cbit set if no data ready

LD
OR
RZ
LD
ORA
RZ
GRI
RET

AsKEYLCK
A

AsLKEY
A

OFFH

3.5 <:/55f/7= 59:92 Page 20
C:SDROMA  <ASH

sif locked keyboard
$CHECK FOR ZERO

$1F NDT ZERO MAKE OFFH
31F DATA
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037E
037E

037E
037E
0381
0383
0384
0387
0388
c389
038C
038D
038E

cpr103
28FB ~D37ESs

3AS5EEF
4F
AF
325E€EF
79

c9

SORCIM 808x Assembler ver
Keyboard and Console Routines.

C1:
RKEY:

sRead next k2y from keyboard

JEXIT

A =
PROC
CALL
JRZ
D1
LD
MOV

STO
MoV
El

RET

last key

SKEY
RKEY

AsLKEY
CrA

A
AsLKEY
AsC

3.5E <K:/55/7= 59:92 Page
C:SDROMA

sif NC data

$GET CHARACTER

sclear key from hold

21
«ASM
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SORCIM 80Bx Assembler ver 3.5E <1755/7= 59:92 Page 22

Keyboard and Console Routiness. C:SDROMA «ASH
033F NORM:
sNormalize to UPPER case
SENTRY
A = char
SEXIT
sA = CHAR
038F FES61 cMP ta*
0391 D8 RC sif upper
0392 FETS cMP vZzo+l
0394 DO RNC ;if not lower
©395 D620 Sut Tat-tAr
0397 C9 RET
= 002D REPC = 45 tinitial rep delay
= 0095 REPK = 5 srepeat constant
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SORCIM BO&x Assembler ver 3.5 <3/55/7= 59:92 Page 23

Keyboard and Console Routinese C:SDROMA LASM

0398 UPTIM:
sRoutine checks to see if the disk drive motor shouid be turned off by updating DACTIVEeseRoOuUutine ALSO
ichecks to see if bell is currently ringing: if sos decrement counter. If counter turns zeros
sshut off belle.

0398 Proc

0398 216BEF LoK HL+3ELCNT

G398 AF XOR A

039C B6 OR thil scetl=zero ?

0390 280C ~03A8% JRZ 2 sif bell now off

C39F 35 DEC [hil seeebell is one decrement counter

03A0 2009 A03ABS JRNZ 22 3if bell should stzy on awhile yet

03A2 3A62EF Lo A+PI1ABD

03A5 E6OF AND 1101_1111b sclear bell bit

03A7 4F MoV CeA

03A3 CDT109 CALL cPBD

03AB 323

C3AB 28 DEC HL $HL => DACTVE

03AC T7TE LD AsLhil

03AD 87 DR A

03AE C8 RZ SRETURN if inactive

03AF 35 DEC {nil ireset delay

0380 CC360F cz DDRV 5if deselect drive

c383 C9 RET
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SORCIM B808x Assembler ver

Keybcard and LZonscle Routinese.

LU T T T I 1 I 1

0040
0020
0010
0008
0004
0062
0001
0007

345E K2:755/7= 59:92 Page 2%

C:SDOROMA . ASM

8it definitions for ESCH flag byte

Note B8it 7 is currently
64

32

16

8

&

2

1

(U L I T L 1}

freees

$B6= extegting X-coordinate
i85= Screen/Cursor Addressing
iB4= expegting address-chr
383=slast char was ESC

382= Underline mode

381= Half Intensity mode

3B0= Graphics mode

EF_UN+EF_HA+EF_GR 3iMask to get mode.
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0384
0384
0386
0388
038A
038C
03BE
03Co
03C2

6704
8105
9504
9304
8704
3804
BF D4
9304

M es e

SORCIM 808x Assembler ver 3.5F <:/55/7= 59:92 Page 25
Keyboard and Console Routinese C:SOROMA  LASM

Vector (branch) table for video output mode selection
controlled by ESCH mode

DW VNORM 30 Normal mode

DW VGRAPH i1 Graphics mode

Dw VHALF 32 Half intensity mode

DW VHA_GR 33 Half and graphics

DW VUNDER i4 Underline mode

DW VUN_GR 35 Under and graphics

DW VUN_HA 36 Under and haif intensity

DW VUN_HA _GR 37 Under and half and graphics
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Keyboard and Console Routines.

03C4

03C4
03C7
03CA
03CD
03D0
0303
0306
0309

03DC
C3DF
03E2
03€S
03ESB
03EB
C3EE
O3F1
03F4
03F4

SORCIM 808x Assembier ver

VALIDE:

:valid £5C-Sequence Table

. s ws

D8
DB
cs
DB
0B
DB
DB
23]

D8
DB
Dg
D8
D8
08
o8
DB

Dw

H Ignore char upon undefin

: {to treat undefined char afte
H data chars shoutd go to COUT2).
v

ALETS: =

VCAD
VSAD
V5GH
VEGH
VSHI
VEHI
VSuL
VEUL

VCLRS
VINC

VDELC
VINL

VDELL
VCEOL
VLOCK
VUNLK

cguT2

(:end-VALIDE)/3

is

3.5E

3 bytes per entry:ascii char s
no. of entries
Following pody of

VALETS

! Dw ESCCAD
! DW ESCSAD
! DW ESCSGR
! DW ESCCGR
! DW ESCSHA
! Dw ESCCHA
t Dh ESCSUN
! Dw ESCCUN
t OW ESCZZ

't DW EINSRT
! DW EDELC

! DW ESCEE

! DOW ESCRR

! DwW EEDL

! OW ESCLCK
! DW ESCULK

$No Match exit
ed ESC-Sequence

<:/55/7= 59:92 Page 26

C:SDROMA  .ASM

"DH"-Vactore

table is 2 byte No-Match adrs

sCur sor Addressing
sScreen Addressing
sSet graphics mode
sClr graphics mode
3Set half int. mode
sCir half inte mode
iSet under}ins mode
;Cir underline mode

sClear screen to blanks
sInsert char

;Delete char

sInsert line

iDelete line

iClear to end of line
sLock Keyboard

sUniock Keyboard

r ESC as a regular

s# of entries in table
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Keyboard and Console Routinese

03F6

O03F6
03F9
03FC
03FF
0402
0405
0408
0408

040E

00
oA
o8
ocC
[o]:]
07
1A
1€

SE

05

00038

SORCIM B808x Assembler ver

VALIDC:

sValid control
3 bytes per entry:

. we

character table
Ascii char

3.5E

noe of entries is VALCTS
Foltlowing body of tabte

oB CR ! DW VC_CR
DB LF ! DW VC_LF
[3):3 BKS ! DW VC_3KS
08 MCRIGH ! DW VC_MCRT
D8 HCcupP ! DW VC_MCuUP
08 CBELL ! DW VC_BEL
[31) VCLRS ! DW VC_CLRS
DB VHOME ! DW VC_HOME
OW youTey

VALCTS: =

<3/5577=

59:92 Page 27
C:SDROMA <ASM

PDW"- Vector

is 2 byte No-Match adrs

scarriage return routine

sline
sback
smove
imove
3Ring

feed

space

cur sor right
cur sor up
beit

sclear screen
sCursor Home

iNo match--ignore undef control char

({*~2)-VALIDC)/3

sNumber of valid entries
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SORCIM 808x Assembier ver 3¢5E <3/55/7= 59:92 Page 28

Keyboard and Console Routineses C:SDROMA  GASM
0410 CouUT:

3sGeneral output routine to Video Screen

SENTRY

sC=Characters CURS=Cursor, ESCH=Flag+Mode

SEXIT
$CURS & ESCH updateds A=Character
s{bcs dey hl preserved)

ESCH is flag + mode byte as follows

=00 Normal mode & Last chr Esc flag faise

=08 Norma! mode £ Last chr Esc flag True

=01+02+04 Mode is Graphicss Halfs or Underys respectively
+ and Last chr Esc flag is False.

wt es ws w8 eb b we

=3950607 &s above, but mode is combination
=9-15 tast chr Esc flag Truesotherwise like 1-Ts
0410 PROC

SRESET VETICAL OFFSET WITH VRTOFF

0410 F5 PUSH AF

0411 CS5 PUSH BC

0412 3A62EF LD AsPIABD $PRESENT VALUE

0415 EGEO AND 111000008 $HOUSEKEEPING

0417 47 MGV 8sA

D418 3AEFEF LD A+ VRTOFF SLAST VERTICAL OFFSEY

0418 ES61F - AND 000111118 sCGNLY VIDIO

041D 80 ORA 8 $ADD HDUSEKEEPING

041E 4&F MOV Cea

041F CDT109 CALL CP8D $SET OFFSET

0422 C1 pop BC

0423 F1 POP AF

0424 E5 PUSH HL

0425 D5 PUSH CE

0426 C5 PUSH BC

0427 2ASAEF LD HL+CURS SHL will usually be cursor/
042A 3A60OEF LD AsESCH

042D 47 MOV BeA 3B will be ESCH for a while
042E E608 AND €F_ESC stest flag bit

0430 2023 ~0455% JRNZ PSTESC sIF tast chr was ESC

sCurrent chr is NOT ESCaped. Is this chr ESC?

c432 719 Moy AsC sChr
0433 FE1B cwp £SC
0435 78 MoV AeB 3 (A=ESCH)

0436 2815 A0445% JRZ :ESC $if this chr = ESC



uonesodio) sendwo? euloqsQ 2861 o WBUAdOD

SCRCIM 808x Assembler ver 3.5 <:/55/7= 59:92 Page 29

Keyboard and Console Routines. C3SDROMA  LASM
iHere with A=3 = ESCH
0438 tout:
0438 £S5 PUSH HL
C439 21B403 LDXK HL,ESCHTSB
043C E607 AND EF_MSK 3Mode bits only
043E 87 ADD AsA sTimes two
043F SF MoV EsA
0440 1600 LDK Ds0 3DE = offset
0442 19 ADD HL 9 DE $HL = tbl addrs
0443 VECTOR:
sentry pointe not2 hi on stacke
0443 7TE LD As THL] s1st byte (low order adrs)
0444 23 INC HL
0445 66 LD He [HL] ’2nd byte (hi orcder adrs)
0446 6F MOV Lea $HL=adrs from table
0447 E£3 XTHL iRestore hi from stack $stack=tb{i adrs
0448 1795 MOV AsC sChre note B=ESCH byte value
0449 C9 RET jenter routine per table adrse
0444 CCuT2:
C44A 78 MoV AsB irecall ESCH value
C448 1BEB ~0433s JR tout soutput chr per current settings
044D SESC:
iCurrent chr is ESCe Set flag and exit
044D F608 OR EF_ESC sindicate last char= ESC
044F 32608EF s70 A+ESCTH

0452 C39E05 JMp vouTe? SExit
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Keyboard and Console Routinese

0455

0455
0455
0457

0459
0454
0458
045E
045F
0462
0464
0465

CB60 $
2075 ~04CES

1815 ~047CS

SORCIM B808x Assembier ver 3,56 <(:/55/7= 59:92 Page 30
C:SDROMA LASM
PSTESC:
sLast chr was ESC
SEntry
A = EF_ESC
HL:] = ESCH
sC = Char to output
SHL = curs
Proc
BIT 4eB :is this chr rzally an address?
JRNZ SETXY teesif chr is part of an aadr
:ino cursor/screen addressing in effect:
XOR B sCIr EF_ESC bit (for next time)
»Cov 8y A 3Set up 3 = ESCH byte valuee
STO AsESCH
PUSH HL ssave Curs
LDK HLyVALIDE sBranch table adrs
LDK EsVALETS ;Table size
MOV AsC iChr to A
JR LOOKUPB 1Go to routine to branch per tol
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SORCIM 808x Assembler ver 3.5 <K:/55/7= 59:92 Page 31

Keyboard and Console Routinese C3SDROMA  LASHM
0467 VNORM:

$NORMAL mode character processinge

SENTRY

A = char to output

sHL=curs
0467 FE20 cMP 0
0469 3808 204768 JRC 22 3IF control chr
0468 VBRIGH:
04568 DI
046C ENADIM 39th bit memory
046E 3680 STO BRTBITsL[hI] iset this chr BRIGHT
0470 DISDIM
0472 El
0473 C38105 JMp vOuT80
0476 322
0476 E£5 PUSH HL sSave Curs
0477 21F603 LDK HLsVALIDC sBranch table adrs
047A 1EO0B LDK EsVALCTS 3Table size

JMp LOOKUPS $Scan table of valid control chrs

. e

sand btranch to appropriate routinee
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047C

067C
047D
047E
0480
0481
0482
0483
0485

BE
23
28C3 ~0443$
23
23
1D
20F7T ~047Cs
18BC ~0443%

SORCIM 803x Assembler ver 3.5 <3/55/7= 59:92 Page 32
Keyboard and Console Routinese

C:SDROMA .ASHM

LOOKUPB:

sLogic to scan 3 byte branch table

H NOT a subroutine---do not CALL.
SENTRY

$HL =1st byte of table (match code)

e we eb et 90 ws ws

S
C =
A =

cMp
INC
JRZ
INC
INC
DEC
JRNZ
JR

(2nde3rd bytes
(table repeats [3 byte entries])
E is table size (nos of entries)
{table body is followed with
2 byte "No-Match"™ adrs)
tack has HL saved as top entrye

char
value t
{HL]

HL
VECTOR
HL

HL

€
LODKUPB
VECTOR

= branch adrs)

o scan for possible match

3{2nd byte of this 3 byte entry)
sIf match process

s(3rd byte of this entry)

s1st byte of next entry

sDec count of entries remaining
sContinue thru body of table
$No-Matche hl=points to vector
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0487

04387

0489

0488

04838
0480

048F

048F

0491

0493

0493

0495

0495
0497

0499

0499
0494
049C

049E
04A0
C4Al

‘Keyboard and Console Routinese.

FE20
38DC "~0467s

F680
18DC ~0468%

FE20

3804 ~04567s

F680

FE20
38CE *0467s

3600

€38105

SORCIM B808x Assembler ver 3.5F <:/55/7= 59:92 Page 33

C:SDROMA  .ASM

Processing for modes other than normale

.. we

SVGRAPH = VOUT80 3Normal mode EXCEPT: cntl chrs are printed
VUNDER:
sUnceriine only
cMp s .
JRC VNCRM $if cntl-chrs process as normal
H JR VUN_GR scontinue
VUN_GR:
sUnderlined Graphics
OR 80h sunderiine bit
JR VBRIGH sset this chr BRIGHT
VUN_HA:
sUnderline and Half intensity
CMP L
JRC VNORM sif cntl-chrs process as normal
H JR VUN_HA_GR
VUN_HA_GR:

tUncerliney Half Intensitys Graphics

OR 8Ch 3set underline bit
H JR VHA_GR
VHALF:
sHalf Intensity
cMP A
JRC VNORM s5if entl-chrs process as normal
H JR VHA_GR
VHA_GR 2
$C=Chrs HL=Curs
DI
ENADIM
STO DIMBIT,.L[hi] 3set dim field bit
H LD EeChl] sdiagnostic
DISDIM
El
JMP vouTeo scontinue
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SORCIM B08x Assempier ver 3e5E <3/55/7= 59:62 Page 34

Keyboard and Console Routinese C:SDROMA  «ASHM
04A4 SCREEN:
$SetXY for Screen movement
SENTRY
38 = ESCH
A = new co-ord vals NO OFFSET
0444 Proc
D4A4 CBTO $ BIT 6+8
04A6 2012 ~048BAS JRNZ :sX 5if X-coordinate
0448 :sY:
04A8 Eb61F AND 0001_1111b imod 32
O4AA &F MOV CyA
04AB 32EFEF STO Ay VRTOFF $SET VERTICAL CFFSET FOR COUT
04AE 3A62EF LD AsPIABD
0481 E6E0 AND 1110_0000b
0483 81 OR C
0484 4F MoV CeA
04B5 CD7109 CALL CPBD iset Y coordinate
0488 182E ~04EB8S JR texity
04BA isX:
04B8A 87 ADD AvA sdouble A
04BB C6EA ADD Ae VFLO $PIA A-reg magic offset constant
04BD EG6FE AND 1111_1110Cb sclear bit O
D4BF &F mov CsA

$SET DENSITY BIT

04C0 3ASB1EF LD A+PIAAD $GET CLD VALUE

04C3 E601 ANI 0000_00018 $SAVE DENSITY BIT

04C5 81 ORA c $OR IN HORIZCONTAL OFFSET
04C6 4F MOV CeA

04C7 (CD5409 CALL OPAD $FUNCTICN PIA

04CA CBA8 $ cBIT 5283 sfinished screen-addressing

04CC 1824 ~D4F2% JR sexitX
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SORCIM B08x Assembler ver 3.5E <3/55/7= 59:92 Page 35

Keyboard and Consocle Routinese C:SDROMA LASM
D4CE SETXY:
3Set X-Y value for Cursor/Screen Addressing
SENTRY
$HL = cur sofr _addr
;8 = ESCH
3C = chr
SEXIT
sto VOUT9D3 ESCH updated
O4CE (CD1907 CALL UN_CUR
04D1 3EEO LDK As—~{* *)
04D3 81 ADD [ sremove cursor bias
04D4 (Bé638 $ BIT Se8 scursor/screen addressing?
04D6 20CC *04A4S JRNZ SCREEN 3if screen addressing
scursor addressing:
04D8 29 ADD HL o HL sshift HL left
0409 (C870 $ BIT 6¢8 $X/Y coordinate?
04DB 2010 ~04EDS$ JRNZ scX 3if X coordinate
04DD icY:
040D 67 MOV He A $save
04DE 3A62EF LD AsPIABD
04El1 84 ADD H sof fset by start-Y co-ord of video
04E2 IF RAR sbit0o{A) -> CYs shift A right
04E3 CBID $ RR L 3CY => bitT(L}
D4ES F&FO OR OFOh sturn on upper nybl
D4E7 &7 MOV He A $HL= new cursor addr
H JR texityY
04ES8 texity: B
04£8 3E40 LDK Ay 0100_0000b snext addr-chr will be X-coord
04EA BO . OR B
04EB 1808 ~04F5s JR sexit2
04ED :cXs3
04ED 17 RAL strash 7th bit
D&4EE (CB2C $ SRA H sbitO(H) -> CY¥y bit7 stays 1
04F0 1F RAR Seee CY =D bit7{A)
04F1 6F MOV LeA
H JR sexitX
04F2 texitx:
04F2 3€07 LDK A EF_MSK
04F4& AO AND B sfinished addressing: reset addr bits
04F5S sexit2s:
04F5 32560EF STO AsESCH

04F8 (39605 JMP vyouT90
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SORCIM B08x Assemblier ver 3.5 <:/55/7= 59:92 Page 36

Keyboard and Console Routinese. C:SDROMA .ASM
H Control Code character processing

04FB VC_HOME: 3Home Cursor

04FB Proc

04F8 CD1907 CALL UN_CUR

D4FE 3A62EF LD AePIABD

0501 1F RAR ibitd => CY

0502 2€E00 LDK Le0

0504 (B1D $ RR L 3CY => bit7+ trash bit0

0506 &7 MOV He A

0507 182F ~0S538$ JR sfixhl $HL == HL or FO0ODh
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SORCIM 808x Assembler ver

Keyboard and Console Routinese.

0509

0509
050C
050D
0510

0512

0512
0515
0517
0518
051A
0518

051D
051D
0S51E
0521
0522
0525
0526
0528
0528
0529
0524
0528
052€
0530
0531
0532
0534
0537
0538
0538
0534
0538
053C

€b1907

ES5

0180FF

1816 ~0528%

CD1%907

3ETF

A5

2803 ~051D3%
28

1879 ~0596$

ES
O17FFF
09
3A6CEF
4F
0600

09

E3

29

3A62EF

FO6ED

8C

£l

2004 ~0538%
01000C

c9

3EFO

B84

67

1858 ~0596$%

VC_MCuP:
$A=C=Chr=MCUP.
caLL
PUSH
LDK
JR

VC_BKS:

sMove Cursor Upe

HL=Cur s«
UN_CuR
HL
BCo(=VLL)
tfwa

sHL=Curs=current (old) char

CALL
LDK
AND
JRZ
DEC
JR

iwrap:
PUSH
LDK
ADD
LD
MOV
LDK

ADD
XTHL
ADD
LD
OR
cMp
POP
JRNZ
LOK
ADD
sfixhiz

LDK
OR
MOV
JR

UN_CUR
AsTFH
L
iwrap
HL
VCUT90

HL
BCo=(VLL+1)
HLsBC
AsLLIMIT
CeA

B+0

HL +BC

HL o HL
AsPIABD
1110_0000b
H

HL

:fixhl
BCy{24%VLL)
HL+B8C

As OFOh
H

He A
vouT90

3.5 <:/55/7= 59392

Page 37
C:SDROMA .ASM

3501d cursor must be on stack

seeeat this entry point

iciear 80h bit

$if must wrap from col 0 to LLIMIT

$Exit

$save oid cursor

iHL = prev_tines (-1)st column
SLLIMIT = #cofumns on screen

sget old cursore save new
sshift line# into H reg.

$A = line# of UL corner
sset Zflag: ahome?

iget new cursoreee

3if NOT 3video home
iwrap constant

imodulo result:s keep cursor
sinside video memory.
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SORCIM 808x Assembler ver

Keyboard and Console Routines.

053E

053E
0541
0543
0544
0547
0549
054C

VC_BEL:

3Ring the bell
3A62EF LD
F620 " DR
4F MoV
CD7109 CALL
3E1E LDXK
326BEF STO
1850 ~D59ES$ JR

via setting PIAB
A+PIABD
0010_0000b

CeA

cPBD

Ae30

AsBELCNT

vouToe7

3,5 <:/55/7= 59:92 Page 38

C:SDROMA LASM

2%%5 bit
sbell bit

sfunction PIAB

sring bell for 30 ticks
Jeee = 172 second

sexit no change
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054E
0551
0554
0557
0558
0554
055D
0560
0562
0563
0566
0567
056A
0560

2100F0
CD8406
01800F

D5

DDE1 $
CD0507
3A62EF

EGED

4F

€D7109

AF

32EFEF
2100F0

1827 ~0596s

SORCIM 808x Assembler ver
Keyboard and Console Routines.

VC_CLRS: LDK
CALL
DK
PUSH
pCP
CALL
LD
AND
MoV
CALL
XRA
sTO
LDK
JR

HLoFWAVM
CLRLN
BC+LVMEM-VLL
DE

X

VLDIR
AsPIABD
not(1_1111p)
CeA

cP8D

A

A+ VRTOFF

HLo FWAVM
VCOUTSO

3.5 <K3/55/7=

59:92 Page
C:SDROMA

sclear 1st tine

sclear remaining lines

sReset for 1st tline of display mem

SZERD A

$SET VERTICAL OFFSET FOR COUT

inew cursor
sExit

39
«ASM
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0S6F
056F
0572
0ST4
0575
05786

0578
0578
0578

SCRCIM 808x Assembler ver
Keyboard and Console Routines.

YC_CR:
CD1907
3E80
AS
6F
181E ~D596$%
VC_LFz

CDAT06
1819 ~0596%

CALL
LDK
AND
MOV
JR

CALL
JR

UN_CUR
AsB80H
L

LeA
vouT9o

DO_LF
vouT90

3.5E <3/55/7= 59:92 Page
C s SDROMA

ierase cursor
iCarriage Return

iLine Feed

40
OAS“
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SORCIM 808x Assembler ver
Keyboard and Conscle Routinese

057D VC_MCRT 3Move Cursor Right
0570 CD1907 CALL UN_CUR
0580 7€ 1D Ae[hi]

H JR vOuTS80

3.5E <:/55/7= 59:92 Page
C:SDROMA

sre-echo current chr

41
«ASM
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SORCIM 808x Assembler ver 345E <:/55/7= 59392 Page 42

Keyboard and Consoie Routinese. C:SDROMA  .ASM
H Exit points for COUT
H Here to store new data and to update cursor
0581 VGRAPH:
0581 vouT80:
0581 717 ST0 As[hi] sThis exit path stores A (new char)
0582 5D MOV EelL
0583 (888 s CBIT T+E sE = collcursor)
0585 3A6CEF Le A LLIMIT
0588 3D CEC A $A = last_legal_col
0589 93 sus E 3A = last_legai_col - coifcur)
058A 2009 ~0595% JRNZ vouTss 3if not ALLIMIT
058C 3ES80 LDK As80h
O58E AS AND L
058F 6F MOV LeA 3d0 CReee
0590 CDAADS CALL DO_LF2 teeeand LFe
0593 1801 ~0596% JR vouT90
0595 vouyT8s:
0595 23 INC HL imove cursor
H Here if NO cursor update
0596 youT90:
0596 TE LD As [HL] :sThis exit path turns on 80h bit
B Here if new data already in A
0597 youT9S:
0597 17 RAL sMake this chr cursor
0598 vouT96:
0598 3F cMC sinvert cursor bit
0599 1F RAR
059%9A 717 STO As[h1]
0598 22SAEF STO HL+CURS supdate cursor
H Here if no change to cursore restore reg and exit
059€ VCUT97:
059 C1 pOP 8C
0S9F D1 POP DE
0SA0 E1 pPOP HL
05A1 79 MOV AsC sExit with A=chr
0542 C9 RET sreturns end of cout subre
= 051D sFirst = VOUT97 - (127 + 2) searliest possible JR
= OSFF sLast = vouT8o + {128 - 2) slatest possible JR
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SORCIM 808x Assembler ver
Keyboard and Console Routiness

0543 ESC_LCK: 3Lock Keyboard
05A3 Proc

0SA3 AF XOR A

05A4 1802 ~D5A8% JR 2

05A6 ESC_ULK: 3Unlock Keyboard
05A6 3EFF LDK A9 OFFh
05A8 123

05A8 3259€EF STO AsKEYLCK
05483 18F1 ~DS59E$ JR vyouTet

3e5E

<:/55/7=

59:92 Page
C:SDROMA

43
«ASH
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SORCIM 808x Assembier ver 3.5E €2755/7= 59:92

Keyboard and Console Routines.

05AD EEOL:
$Erase to end of line
05AD ES PUSH HL $save cursor
05AE (CDB40s CALL CLRLN
0581 E1 POP HL
0582 18E2 ~0596% JR vOoutT90

C:SDROMA

Page

44
«ASM



uonel0dio) Jeindwo? euloqsQ 2864 @ IYBluAdon

SORCIM 808x Assembler ver 3.5 2/55/77= 59:92 Page 45

Keyboard and Console Routinese. C:SDRDMA LASH
05B4% ESC_CAD:
sCursor Addressing
0584 3EO07 LDK AsEF _MSK
0586 AO AND B
0587 Fs618 OR EF_ESC or EF_ADR inext chr will be Y-coord
0589 texit3:
0589 3260EF STO AsESCH
05BC 18BED “~0DS59E$ JR vouT97
O5BE ESC_SAD:
3Screen Addressing
OSBE 3E07 LDK AsEF_MSK
05C0 AO AND B
05C1 F638 OR EF_ESC or EF_ADR or EF_SCR
G503 18F4 ~0589% JR texit3
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05C5
05C5
05C5
0sC7
05C8
05CA
05C8
05CD
05CE
o500

0501
0501
0502
05D3

SORCIM 808x Assempler ver 3.5 <3/55/7= 59:92 Page &6
Keyboarc and Console Routines.

C:SDROMA  +ASM

sSubroutine for use with EDELC and EINSRT:
:Calculate #chrs to move; if move zero chrss never returne

scalcs?

3ETF

4D

[4-1.3) $

91

2804 ~0501$

&F

0600

c9

El
El
18C1 ~0596%

Proc

LDK
MoV
c8IT
sug
JRZ
MOV
LDK
RET

PP
pOP
JR

AsVLL-1
Col

7+C

C

tend
CrA
BeO

HL
HL
vOuT390

3A= max #chrs to be moved
3C = collcursor)

$A = #chrs to move

3if move zero characters

$BC = #chrs to move

strash return_addr
scursor _addr
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Keyboard and Console Routines.

05D5

0505
05Ds

05D9
05DA
050C
050D
0SE0
05E2
OSE3
05E5
05€E6
0SES
OSEA
05€8
OSEC

E5
CDC505

E5

DDE1 $
23

CDO507

3620

28
3680

El
18A8 2059638

SORCIM BO8x Assembler ver 3.S5FE <:/55/7= 59:92 Page 47
C2SDROMA  .ASM
EDELC:
iDelete Character
PUSH HL ssave cursor_addr
CALL tcale icalculate BC
H MOV DsH
H MOV Eel 3DE = cursor_addr
PUSH HL
POP I1X
INC HL $HL = cursor_addr + 1
CALL YLDIR smove characters
sSTo v % Ihtd slast chr becomes blank
DI
ENADIM senable 9th bit memory
DEC HL *HL = last chr on this line
sTo BRTBITsL[hi} iset chr BRIGHT
DISDIM
El imain memory
pop HL irestore cursor_adadr
JR vOUT90 snext
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SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 fPage 48

Keyboard and Console Routineses C:SDROMA LASM
OSEE EINSRT:
sInsert Character
05EE CD1907 CALL UN_CUR
05F1 E5 PUSH HL isave cursor_addr
05F2 CDC505 CALL scalc scalculate BC
05F5 3E7TF LDK AsTFh
0SFT B85 OR L
05F8 6F MOV LesA sHL = last_chr on this line
0S5F9 ES PUSH HL
0SFA DDEl $ poP X
OSFC 28 DEC HL
0SFD CDFl06 CALL vLDDR $sdo move
0600 E1 poep HL srestore cursor
0601 TE LD Asfh1) 3get underline bit of this chre
0602 17 RAL sinto CY
0603 3E40 LDK As* * shi 1 schange this chr to * *

0605 1891 ~0598$ JR vouUT96 sexit
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SORCIM 808x Assembler ver

Keyboard and Console Routinese

0607
0607
0607
0609

0608
0608
060D

060F
0611
0611
0612
0612
0615

0617
0619

0618
0610

061F
0621
0621
0622

3€E01
1806 ~0611s

3E02

1802 »~0611s
3E04

8o

3260EF
1887 ~059ES

3EFE
1806 ~0621s

3EFD
1802 ~p621s

3EFB

AD
18EE ~0612s

= 054E

$ESC-Sequence processinge

Proc
ESLSGR:

LDK Ay EF_GR

JR 3125
ESCSHA:

LDK Al EF_HA

JR 2125
ESCSUN: tDK A EF _UN
21252

GR 8
$130:

sTo AsESCH

JR vouT9o?
ESCCGR: LDK A+ NOT EF_GR

JR 2140
ESCCHA: LDK Ay NOT EF_HA

JR 2140
ESCCUNs: LDK AsNOT EF_UN
2140:

AND 8

JR 3130
ESC2Z: = VC_CLRS 3ESC-2

3eSE <:/55/7= 59:92 Page 49

C:SDROMA L ASM

3ESC~-g
sset graphics mode.

$ESC-) set half intensity
3g0 set flag bit
SESC-1 set undertine

iReg B is ESCH Byte value

istore desired valuee.
SExit

SESC-G Clear graphics mode
390 clear ESCH bit

3ESC-{ Clear half intensity

$ESC-m Clear underline

$Clear bit
$Go store ESCH byte

Clear screen -same as
;Control~2Z routine.
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SORCIM 808x Assembler ver 3.5E €:/557/7= 59:92 Page

Xeyboard and Conscle Routines.

0624

0624

0624
0624
0627
0629
0624
0628
062C
062D
0630
0632
0633
0635
0636
0638
0639
0634

063C

063C
0630
063E
0640
0642
0644
0645
0646
C649

D64A

064C
064C
064D
064F
0652
0652
€655
0657

CD1907

T8
2823 ~065FS$

84

57

1E00

CB1A $
[o8-30:3 $
18

78

2180FF

9

1806 ~0652%

05
DDE1 $
CDF106

CD7506
20F5 ~064Cs
23

ESCRR:
iDelete

ESCEE:
sinsert
$ENTRY
SHL

sC

SEXIT
sscreen
$HL

sinsrts
sInsert

ticont:

tistrt:

Line

Line

updated

Proc
CALL
LDK
AND
HOV
PUSH
ADD
LD
ADD
sus
AND
MOV
LDK
CMP
MOV
JRZ

a line

ADD
MOV
LDK
RR D
RR E
DEC
MOV
LBK
ADD

JR

PUSH
POP
CALL

CALL
JRNZ
INC

C: SDROMA

cursor
chr

NeW CUrsor eeesto VOUTSO

UN_CUR

As 1000_0000D

L

LsA sdo CR

HL $save new cursor

HL o HL

AsPIABD

Ay 24 A addr(25th line)

H A lines_to_move + 1
0001_1111b smod 32

Be A

As VDELL

c

AeB srecall #lines to move
tdelt sif deleting a line

"o

H sA = addr(25th tine)
DeA
€0

sshift right DE
DE B
AsB 3
HLes=VLL
HLeCE H

D
A = #lines to move

HL =

DE := DE or FOOOh3S HL
sistrt

DE

VLDDR smove 1 line down

svmod

50

«ASM

addr(line above DE)

sicont 3if must move more lines

HL $HL => 1st chr of new

line

E = addrlist_chr_on_ist_line)

HL or FOO0Oh



uopei0d100) Jeindwio) eul0gsO 2861 o WbBlAdoD

0658
0658
0658
0565C

065F
065F
0660
0661
0664
0665

0667
0667
0668
066A
066D
0660
0570
0672
0673

SORCIM 808x Assembler ver 3e5E <:/55/7= 59:92 Page 51
Keyboard and Conscle Routinese.

texits:
CD3406
El
C39605

D1

D5

218000

19

1806 ~0660$

tdcont:
D5
DDEL $
cDD507
sdstrt:
CDT506
20F5 ~0667$
EB
18E3 ~0658$

CALL
PCP
JMpP

POP
PUSH
LDK
ADD
JR

PUSH
POP
CALL

CALL
JRNZ
EX
JR

CLRLN
HL
VCUuTSa

DE
DE
HLsVLL
HL +DE
sdstrt

DE
IX
VLDIR

tvmod
tdcont
HLi+DE
texit

C3SDROMA ASM

srecover cursor

$Main Exit

srecover new cursor

$HL = line_below_cursor

imove 1 line up

sget addr of line to clear
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SORCIM B08x Assembler ver 345E <3/55/7= 59392 Page 52
Keyboard and Consoie Routines. C:SDROMA .ASM

¢HL 2= HL or FOOCOhs: DE := DE or FQOCh:
ssimple mod-4096 arithmetic to keep painters INSIDE video memory

0675 svmod:

0675 FS PUSH AF $save A = #lines to move
0676 3EFOD LDK As OFOh

0678 B4 OR H

06T9 67 MOV He A sset upper nybl of H
067TA 3EFO LDK A+ OFOh

067C B2 OR D

067D 57 MOV De A smodulo 4096

06T7E 018000 LDK BCeVLL

0681 F1 poP AF

0682 3D DEC A sdecrement !ine_count
0683 C9 RET
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0684

0684
0684
0686
0687
0689
06838
068D
068E
0691
0692
0693
0695
0696

0697

0695
0698
069C

069D
069D
069E

06A0
06A1

06A3
06AS

SORCIM 808x Assembler ver
Keyboard and Conscle Routinese.

CLRLN:
sClear
$ENTRY
SHL
SEXIT
sclear
H

3620

3680

3A6CEF

3D

50

[of::1:) $

93

cs8

3004 ~069D$

3E80
93
cs

"
N
o

&F
0600

ES
DDE1 $

DD23 $
185 ~0705s

to EOL

Uses
PROC
STO

DI
ENADIM
STO
DISDIM
El

LD

DEC
MOV
cBIT
sus

RZ

JRNC

LEK
sus
RZ

MOV
LoK
Mmov
MoV
PUSH
POP
INC
INC
JR

to end of line

Cur sor

All.

* *slhi]

BRTBIT,[hi)

AsLLIMIT
A

Eob

TeE

E

.
~N

AsVLL

CeA
Bs0
Esl
DeH
HL

X

DE

X
VLDIR

34.5E <:/55/7= 59:92 Page 53

C:SDROMA .ASM

sclear CuUrsorees

sset cursor 3RIGHT

smax_#cols => maximum_col_#

$A = col(EOL) - colfcursor)
3if JEOLs done

3if inside logical_video_line

seseselse clr to end of 128-chr

$if cursor 2 column #127

$8C = chrs to move

SDE = HL + 1

fine
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SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 Page 5%

Keyboard and Consoie Routinese C:SDROMA < ASM

06A7

D6A7
D6AT
06AA
06AA
06AB
06AE
O6AF
0681
0684
0685
0685
0686
0687
068BA
06BC
0680
D63F
06C1
06C1
06C2

06C3
06C3
06C6
06C8
06C9

06C8
06CC
06CD
D6CF
06D0
0601
06D4
0607
0608
06DA
06D3
060D
06DE
060DF
06E2
06E3
06E4
06E7
06E8

cp1907

ES

018000

09

3004 ~0685$
0100F0

°9

€3

29

3A62EF

C617

94

E61F

2802 ~06C3s

El
[ ]

3A6CEF

c83D $
95

38F5 ~06C1$

E1

ES5
3E80
AS

6F
£03406
3A62EF
47
EGED
&F
3E1F
04

40
32EFEF
81

4F
co7109
3

c9

DO_LF:

:Do Line Feed processing
SENTRY

SHL = cur sor _addr

SEXIT

sCursor cleared

sHL updated for current cursofr poS
swindow moved if necessary

PROC

CALL UN_CUR sclear cursor
DO_LF2:

PUSH HL ssave original cursor

LDK BC.VLL 3line tength

ADD HL +8C

JRNC tnowap sif not wrapping from LWAVM to FWAVM

LDK BC o FWAVM

ADD HL+BC SHL = new cursor @ top of VM
tnowap:s

XTHL :save new cursors get old

ADD HL o HL sshift HL left

LD AsPIABD

ADD Ay 23 sstart + 23 = last_video_line

sus H sA = 1_line - curr_Vline

AND 0001_1111Db smoduto 32

JRZ tvmov 3if cursor is on 24th line of screen
send:

POP HL sget new cursor

RET
svmovs

LD AsLLIMIT

SRL L sunshift L register

sus L sA = LLIMIT - colfcursor)

JRC zend sif cursor is outside logical fine

scursor is on last line of screens inside of logical line.
:must move screen to foliow cursor down through video memorye

pOP HL

PUSH HL

LDK A+ 80N

AND L

MOV Le+A sHL = beginning of line

CALL CLRLN serase to EOL

LD AsPIABD

MOV Be A

AND not 31 3A = tine zero

MOV CeA sC = housekeeping bits See7

LDK Ae31

INC 8 sincrement line#

AND 3 5A = line#

ST0 As VRTOFF sSET VERTICAL OFFSET FOR COUT
OR C 3sA = new line# OR housekeeping_bits
M3V Ce A 3C = new value for OPBD

CALL OPBD smove video screen down 1 line in memory
POP HL

RET
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SORCIM 808x Assembler ver 3.5 <:/55/7= 59:92 Page 55

Keyboard and Console Routinese. C2SDROMA L ASM
06E9 STODIM:
sSTORE THE CONTENTS OF THE 8 REG IN THE ADDR PDINTED TO BY THE HL PAIR
SENTRY
3B = VALUE
SHL = ADDRESS
SEXIT
sNONE
06E9 PROC
06E9 131
06EA ENADIM SENABLE DIM
06EC 70 sTO Be [HL] 3STORE
06ED DISDIM sDISABLE DIM
06EF El
06F0 C9 RET
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SORCIM 808x Assembler ver 3e5E <2/55/7= 59392 Page 56

Xeyboard and Conscle Routines. C:SDROMA  oASH
06F1 VLDDR:
sVideo Block Move
SENTRY
38Ce IXe HL set
SEXIT
3LDDR on main & 9th bit memory
H Uses 8Ce DEs HLoIX
06F1 DDES $ PUSH IX
06F3 D1 poP DE
06F 4 PUSHAL
06FT EDBS $ LDDR smain memory
06F9 POPALL
06FC D1
D6FD ENADIM
O6FF EDBS8 $ LDDR 39th bit memory
0701 DISDIM
0703 El
0704 C9 RET
0705 VLDIR?
sVideo Block Move
SENTRY
$BCsy IXe HL set
SEXIT
sLDIR on main & 9th bit memory
H Uses BCy DEes HLsIX
0705 DDES s PUSH ix
0707 ©O1 POP DE
o0T08 PUSHAL
0708 EDBO $ LOIR smain memory
070D PCPALL
0710 [}
0711 ENADIM
0713 EDSBO $ LDIR 39th bit memory
0715 DISDIM
0717 El

0718 (9 RET
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SORCIM 808x Assembler ver

Keyboard and Conscole Routineses

0719

0719
0714
0718
071¢C
071D
O71E

TE
17
3F
1F
77
Cc9

UN_CUR:
sUndo/Invert Cursor
$ENTRY
SHL = cursor_addr
SEXIY
scursor inverted
H Uses Ay CYeo
LD As [hi]
RAL
CMC
RAR
sTo Aelhi]
RET

345E <«3/55/7= 59:92 Page 57

C3SDROMA  LASM

sget the chr
scursor_bit => CY
sinvert it
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SORCIM 80Bx Assembler ver

Keyboard and Conscle Routiness

071F

071F

071F
0720
0724
0727

072F

0732
0735
0736
0739
0739

$KEYBOARD SCANNING & DECODE

GKEY3

$KEYBOARD INTERRUPT PROCESSOR

SENTRY
$NONE

SEXIT

$KEYBOARD PROCESSING DONE,

3SYSTEM CLOCK UPDATED BY UPTIM.

EDT36FEF §
3199EF

€09803

3AS9EF
B7
C43C07
GKEYXs3
C31E00

PROC

DI

STO
LDK
ALPUSH

CALL
Lo
OR
CNZ

Jue

SP+IESTK
SP+ISTK

UPTIM

Ae KEYLCK
A

KBDRVR

EXITI

3,56 <3/55/7= 59:92 Page 58

C2SDROMA <ASM

RESULT IN LDKEYs

$SAVE INTERRUPTED PROCESS STK
$SET TO RAM INT STK

SUPDATE SYSTEM CLOCK

SEXIT INTERRUPT
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Keyboard and Console

Pty

e we wi es e

.o

VO 40 W US04 W we W w0 ¥ e ..
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. 96 e e we

. i ws we

LR TR IR

. e '

. .

. 98 s we e

SORCIM 808x Assembler ver 3.5 <:/55/7= 59:92 Page 59
Routinese C:SDROMA LASM

This file contains the 2-key roll over keyboard driver for
the OSBCRNE 1 comutere

Author:

Micrococe Corporatione
Fremonts CAe

Ye Ne Sahae

September 1981

Revisions:
2-Key roll over keyboard drivere

DESCRIPTION:

The keyboard driver gets control via the 60hz interrupts ieee Once
every 16 mss It scans the keyboard to detect any struck keyse. If a
key is founds it is entered into the keylist if there is space

in the keylist and the key is not already in the liste At the end of
the scans the keys in the list are proecessede If the key is still
ons 13t is placed in lkey {or special action taken) after transiating
the keynumber. A count is also stored in the list and the key will
be serviced again at the end of this count if it is stiil one Thus
the key will repeat if it is held downe If a key which is in the
list is not on it is removed from the tiste.

The keyboard driver consists of the following routines:

KBDRVR - Examines the keylists calls CHKEY to determine if key

is still one Removes the key from the list if it is not one 1If
key is one it decrements the count associated with the keye. when
the count goes to zeros it calls KB8SERV to service the keye Calls
KBSCAN to enter any new keys into the liste

KBSCAN - This routine scans the keyboards detects a struck

key and enters it into the keyliste The key is entered

into the keylist if the key is not already present in the keylist
and there is an empty slot in the keyliste

KBSERV - It calls the routine CHKEY to check if shift/ctl or alphlock
keys are one It then translates the keynumber into the ASCII

code and places it in the LKEY for the CBIOS to reade For some
special casessy it calis ROM resident routines to process the keye

CHKEY - It checks if a given key is one

fata structure:
The main structure used is the kaylists The format of each entry is:

Byte O:
bit 7 = Set indicates entry is in usee
bit 6 : Set indicates key has been serviced oncee
bits 5.3 : contain the row number of struck keye
bits 2.0 : contain the column number of struck keye.
Byte 1:
bits 7ee0 : contain the repeat count for the keye
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073C

073C
073C

OT3F
0742
0744
0744
0747
0748

0749
QT7T4A
074C
074E
0751
0753
0755
0757

0757
0758
0759
075A

075C
075D
075€
0760
0762
0763
0765
0767
0769
0769
0768
O76E
076E

076F

0771

0773

CDT407

21D4EF
0603

3ASEEF
87
co

7€

CB7F $
2821 *076Fs
cDD107

2004 ~0757$
3600

1818 ~076F$

E5
23
35
2012 ~076E$

€3

TE

cB877 $
CcBFeé $
E3

3618

2802 *~0769%
3606

E63F
CDF807

El

1001 ~0744%

co

SORCIM 808x Assembler ver 3,56 <:755/7= 59:92 Page 60
Keyboard and Console Routinese. C:SDOROMA  .ASM

KBDRVR:

. e w0

. ws oo

Routine name: KBDRVR - Detects and processes keystrokese.
Input: none
Dutput: LKEY contains keystrokee.

PROC
call kbscan sscan keyboard and enter keys into keylist

Examine keyliste If key found in keylists call CHKEY to see

if key is still on. remove from list when not one
LDK hiskeyist ipoint to first entry of keylist
LDK beki_len
id aslkey
or a
RNZ sexit when a key is waiting in lkey
1d asLhid sget byte 0 of entry
bit kl_usedra
irz :40 sif entry is in use then
call chkey scheck if still on
Jjrnz 220 sif key is now off then
sto DsLhi] sremove key from list
jr 140
ielse

key is ons. decrement its repeat count. If count goes to zero
then it is time to service the keye.

push hi s$save ptr to first byte of entry

inc ni ipoint to repeat count

dec £hil

jrnz 230 sexit when not time to service the keye

it is time to service the keye set the next repeat count

ex {splyhl spoint back to the first byte of entry
id as{ht]
bit Ky_srvdsa scheck if it is serviced before
sbit ky_srvdefhl] sset the serviced once flag
ex [splehi spoint back to the repeat count
sto irptctelhi] sand store rpt count as per serviced flag
irz 122
sto srptctyLhi]
and krow_m+kcol_m
call kbserv scall to service the key
pop hi sget ptr to first byte of entry again
sendif
sendif
echo kle_len
inc nl spoint to next entry
ENDM
djnz 210 suntil compiete list scanned
RET sreturn to exiti code in rom
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SORCIM B808x Assembler ver

Keyboard and Console Routinese.

0774
0774
0776
0779

077A
077C

077F
0781

0783
0783

0785
0786
0787
0789
078A
0788
078C
078D
078E

0790
0790
0792

0794
0795
0796
0797
0798
0799
0794
079C

2EFF
CDEFO7
cs

2E81
CDEFO7

EGE3
0607

2844 ~07C9s

Ccs
5F
3€07
90
17
17
17
57
0E00

cB38 $
302F ~07C3s

7a

81

[53-]

&F

D5

E€5
0603
21D4&EF

ve e
*
+*

none

e $8 s we e

keyist

KBSCAN:

. e

#e ob o8 ol wo ws we

.
=
[~}
..

output:

345E <«3/55/7= 59:92 Page 61
C:SDROMA  LASM

= contains any keys detectede.

proc
LOK
call
rz

LDK
call

LDK
CALL
PUSH
LOK
CALL
ANI
MoV
PopP
DR

and
LDK

in this
Jjrz

push
mov
LDX
sub
rai
ral
rai
mov
LDK

scan thi

sri
Jrnc

enter the key whose column number
into the keylst provided the key is not already in

120ffh
rdrow

terowO_m
rdrow

Lel
ROROW
PSW
19800
rdrow
08h
By A
PSH

8

11100011b
betot_row

ssee if any key pressed
sreturn when none

sget row 0

iremove cti/shift and alpha lock

loops reg b contains totrow- current row being scanned

250

be

e+a
astot_row
b

dea
ce0

sif any key is pressed then

isave loop count
3e = columns

3d = row number * 8
sinitialize column counter

s row from right to left to get the cofumn number

e
230

srepeat
3shift column bit into carry
3if a key is found then

is in ¢ and row*8 is in d
tist and

there is an empty slot in the liste.

mov
add
push
mov
push
push
LDX
LDK

aed

asC

be

Cs2a

de

hi
beki_len
hiskeylist

ic = key number
ssave de

ssave hl

slength of keylist
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O79F
0742
07A2
0TA3
07AS5
0747
0749
OTAA
OT7AC
OTAE
OTAE
O7AF
0780

0782

0784
0785
0786
0789
07BA
o788
078D
07BE

07Co
07C0
07C1
07C2
07C3
07C3
07C4
07CS
07Ce

07C8
07C9
07C9
07C8
07CE
07D0

110000

TE

CBTF $
2807 ~OTAES
E&83F

B9

2814 ~07CO0s
1802 ~0780%

5D
54

10EE ~07A2$

TA

87

CACOO07

EB

71

C3FE $
23

3601

El
D1
(o9 §

oC
AF
BB
20C8 ~0790s

Ccl

c825 $
CDEFO7

1083 ~0783$
Cc9

SORCIM B808x Assembler ver
Keyboard and Console Routinese

3,56 <:/55/7= 59:92 Page 62
C:SOROMA  <ASM

.
*
.
»

if entry is used then

scheck with current key
sexit if this key is in list

setse {an empty entry is found)

ssave adrs of empty entry in de
sendif

snext entry
stil! tist scanned

;if empty entry was found then
thi = empty entry
sstore the key in the list
sset used flag

$store debounce delay
sendif
srestore all regsters

sendif
sincrement column number

suntit all columns scanned
srstore bc

sendif
smove to next row

LDK de+0

1d as[hi]

bit ki_usedsa

jrz 222

and krow_m+kcoi_m

cmp c

jrz 227

ar 225

mov el

mov dsh

echo kie_len
inc hi

ENDM

ajnz 218

check if an empty entry was fcunde

mov ard

or a

Jz 227

ex deshlt

sto ce[hl]

sbit ki_usedsThl]

inc hi

sto DB_cteInt]

pop hi

pop de

pop be

inc c

xor a

cmp e

Jjrnz 215

pop bc

sla 1

calt rdrow

djnz 210

ret
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0701
0701
07D2
0703
07D4
0705
0706
0709
07DA
0708
07DE
070F
0TE2
07€3
07€4

€5
F5
iF
1F
iF
CDESOT
Fl
D5
CDESO07
El
CDEFQ7
A3
El
c9

SORCIM 808x Assembler ver
Keyboard and Conscle Routinese

3
3

Reg A

s ws we we we

52 ind

CHKEY:

sbrt:
input:

output:

ind cir

set

proc
push
push
rar
rar
rar
call
pop
push
calt
pop
caltl
and
pop
ret

CHKEY - checks

Keynumber

[}

hi
af

gtmask
af

de
gtmask
hi
rdrow
e

hi

Key is off.

Key

3e5E

is one

<:/55/7= 59:92 Page 63

C3SDROMA .ASM

if key number is one.

ssave callers hi
ssave keynumber

sright justify row number

tget key number
ssave row mask

sget col

mask (col num is in bits Qee2)

smove row mask to 1
3get row of keys adrsed by |

L¥4

ind

value of key
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SORCIM 808x Assembler ver

Keyboard and Console Routinese

OTES
O7€S
OTE7
O7€E9
0TE9
OTEA
0TEC
OTED

1E01
E607

cs
cB23
30
18FA

s

~“D7E9S

#
3#*

w0 b i ws eb s
1

®

GTHMASK:

sbrts
input:

output:

proc
LDK
and

rz
sla
dec
ar

GTMASK - generates mask wWith one bit set.

b

mask

e

-

it

el

3.5E

(Dee?)

<:/55/7=

59:92

Page

C:SDROMA

64

eASHM
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OTEF

O7EF
07F1
0TF2
07F4
07FS
07F7

2622

ED4F
TE
EEFF
c9

SORCIM 808x Assembler ver
Keyboard and Console Routinese

£33

. o

reg L

o wo *8 v

reg A

RDROW:

sbrt:
input:

csutputs:

proc

LDK
MOV
Mav
id

Xor
ret

3.5E <3/55/7= 59:92 Page 65
C:SDROMA LASM

RDROW - Reads a row of keys

lower B bits of adrs to read the row

row value

hehighthekey)
Asl

ReA

asihil

offh

shi = prt adrs for given row

jinvert values
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SORCIM 808x Assembler ver

Keyboard and Console Routines.

07F8
C7F8

07F38
Q7F9
07FB
O7TFE
O7FF
0800
0802

0804
0805
0807

080A
0808
0800
0810
0812
0813
0814

0815
0816
0817
0819
0818
081D
081F
0821

0823
0823
0826
0827
0827
0829
0828
0828
0820
082F
082F
0831

. e

CURTEET IS

0osp
0088
0084A
008cC
0058

L I 1 I T A )

KBSERV:

S5F

1600

21C308

19

7€

FE21

381F ~0823s

FS
2E01
CCEFO7

Fs
ZE80
CDEFO7
£608
5S¢

31

B3

SF

Fl

€853 $
202E ~0849s
€B&63 $
2014 ~0833s
Cc358 $
2004 ~0827$

325EEF
(3]

FE6L
38F8 ~0B23s

FEBO
30F4 ~0823s

EE20
18FD0 ~0823s%

4*
L]

1ft_arw
rt_arw
up_arw
dn_aru
hm_scrn

sbrtz:
input:
reg A =
{SP1-4 =
preserves reg 8
equ 8dh
equ 8bh
equ 8ah
equ 8ch
equ 'L
PROC
setup hl to
mov esa
LDK de+0
LDK hlskycdtb
add hlsde
Id a«hl1]
cmp ' te)
jre 212
push af
LDK is1
call rdrow
PUSH AF
LDK L+BOH
CALL RDROW
ANT 8
MoV EsA
POP AF
OR E
mov esa
pop af
bit ctl_kyse
Jjrnz 50
bit shft_kyse
Jjrnz 230
bit alph_kyse
Jirnz 225

3.5E <:/55/7= 59:92 Page

C:SDROMA

KBSERV - services the key

keynumber

b6

«ASM

pointer to keylst entry {used for slide fnc oniy)

sused here and later

signore shift/cti

srow O adrs

point to keycode table entry for this key

etc for chars less than 21h

sget row containing ctisshift and aipha key

irestore keycode
3go process ctl key
$go process shift key

3go process alpha key

store key code into i{key

sto as lkey
ret

cmp *a?
jrc 212
cmp 80h
Jrnc 212
Xor 20h

Jr 312

sprocess alpha key

sexit when less than 'a'.

sor when >= 80h

sfold char to upper case

Alpha has no effect
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SORCIM 808x

Keyboard and Console Routinese

0833
0833
0835
0837
0839
0838
0830
083F
0841

0841

0842
0845
0846
0846
0847

0849

C849
0848
084D
084F
0851
0853
0855
0857
0859
0858

085D
G85F
0861
D863
0865
0867

0869
0868
086D
086F
0871
0873

0875
0875
c877
0879
087C

087D

FE61
30F4 ~D828$
FESB

3806 ~0841$
20F2 ~082F$
3E5D

18E2 ~0823$
5

210408

19

7€

18DA ~0823$
FEBD

2833 +0880%
FESB

2833 0884s
FEBA

2840 ~089S$
FEBC

2840 ~0899%
FESB

2850 A08ADS
€863 $
2808 ~D869%
FE2F

2004 208698
3ETF

1884 ~0823%
FE4D

3808 ~D875%
FET8

3082 ~0823%
E61F

18AE A0823%$
FE2C

38AA A0823%
21€708

SF

19

2302

o
w
W
.

ws s

w
[«]
b

. wr we v wa e

cmp
Jdrnc
cmp
ire
Jrnz
LDK
Jr

chars *

Assembler ver 3.5E <3/55/7= 59:92 Page 67

C3SDROMA  L.ASM

sprocess shift key

la'

227 sagoto alpha when char > *a®

lt!

235 sgoto process shift numerics etc
228 sinvert shift pit for °\*

ar*]?

12 sconvert [ to 1

to > (ascii codes 27h to 3eh) are converted using

the shft_tb

mov

LDbK
add

iad
Jr

if char
bitse

if char
if char

eva
3d=0 from before

hisshft_tb - **9*

htsde

asfhll
212
sprocess control key

is between ae..z then turn off the 3 high order

is between "+'..'?' it is translated as per table cti_tb?
is the arrow keys or the '1*/*[* key the slide functions

are called.

cmp
jrz
cwp
jrz
cmp
Jrz
cmp
jrz
cmp
jrz

81T
jrz
cmp
jrnz
1dk
Jr

cmp
Jjre
cmp
Jrne
and
jr

cmp
ire
LDX
mov

add

1ft_arw
slidel
rt_arw
slider
up_arw
slideu
dn_arw
siided
hm_scrn
dohome

shft_kyse stest for cntl shift
252 sif not

A sis it 2

252 3if not *2°

a+07fh ideleat key

312

Ial

254 sgoto translate chars from table
vz'+1

212

1fh

112

",

112 sno transtation if char below *s°
hisctl_th="+"
[-X %1
id=0 from above
nlsde
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087&

0880
0880
0882
0884
0884

0886
0889
0884

[+2:1.1:3

088t

088E
088F
0890
0892
0893
0894

0895
0895
0897
0899
0899
0898

0898
089€
089F
08AQ
08A2
08A3
08A4
08A6
08A6
0BA7
08AS8
08ASB

08AD

08aAD
0880
08B2
0884
08B5

0888
o8ss
088D
08BE
08Cl

18C6 ~0846%

DEC2
1802 ~0886s

DEFE

3A61EF
81
4F

CD6409

D1
El
3603
ES
D5
c9

DEO1
1802 ~0898s

OEFF

2162EF
TE

81
E61F
&F

7E
ESEOD

81
4F

cD7109

18E1 A088ES

3A61EF
E601
F6EA
&F
£D6409

3A62EF

E6EOQ

4F

3AEFEF

18E3 ~0BA6S

SCRCIM 808x Assembler ver
Keyboard and Conscle Routiness

stidet:

slider:

slideus

siided:

762

dohome:

ar
slide

LDK
Jr
LDK

id
add
Hov

CALL

set repeat count for these keys {override count set by the kbdrvri

pop
pop
sto
push
push
ret

LDK

Jr

LDK

LDK
Id

add
and
mov
Id

and

or
mov
call
Jr

237
functionsa

ce2
<70

ce-2

aspiaad
ascC
CeA

OPAD

de
hi
sid_rctelhl]
hi
de

Cel
276

ce-1

hispiabd
asLhi)
asc

1fh

Cra
asLhi]
0eOh

c
cra
opbd
274

$SET DENSITY BIT

LD
ANI
ORI
MOV
CALL

id
AND
MCV
LD
jr

AsPIAAD
0000_00018
VFLC

CeA

OPAD

Aspiabd
OEOH
CyA
A+ YRTOFF
:78

3e5E <K:/55/7= 59:92 Page 68
C:SDROMA  .ASM

sget horizontal coorde.

SFUNCTION PIA

sget return adrs
ipointer to repeat entry
jrepeat count for slide keys

srestore stack

smerge new vertoffset to lower 5 bits of
sP1AB

smodify current with +1/0r-1

$GET OLD VALUE
$SAVE DENSITY BIT
3OR IN HORIZONTAL OFFSET

SFUNCTION P1A

sHOUSE KEEPING BITS

$GET LAST VERTICAL OFFSET
sand the vert to 0 also
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SORCIM 808x Assembler ver 3.5E <K3/55/7= 59:92 Page 69

Keyboard and Console Routinese. C:SDROMA LASM
H key code translation tables

08C3 kycdtbs

08C3 1BO9TE7F DB esce tabe erc. erc

08CT TFOD275B b8 ercCe Cry *%%% °[°

08CB 31323334 D8 1%y 2%y 3%, ‘4’

08CF 35363738 D8 *5%y 6%y 7%, *8°

08D3 71776572 D8 Qs "Wy ey °'r*

08D7 74797569 D8 Tt's *y'e ‘uty i

08DB 61736466 pl:) *a®y 's's *d*y *f°

08DF 67686A68 0B *g% *h*y *j%» °*k?

O0BE3 7TAT86376 DB *Z% *x%y 'C'y 'v*

08ET 626E6D2C a1:) *®%s N’y "mte o

08EB 8A8D3020 08 8ahs 8dhy *0°%y * *

O8EF 2ET06F39 D8 'e's *D*sy 'Oy '9°

08F3 8BBC2D2F DB 8bhe 8chs *-%y */°*

08F7 38B5C6C3D D8 3% A\, %, =0

08F8 ] shft_tb:

08FB8 2200000000 o8 ¢nt, 00hy OOhs 00Ohs 00N

0900 3CS5F3E3F29 D8 Tty _Ty DYy T2, )

0905 2140232425 DB 1T, DT, Y@, 80, *3°

090A S5E262A2800 DB IAt, 15, X%, '(*, OON

090F 3A002800 D8 *32%y OOhs *+°, OOh

0913 cti_tbs

0913 7TBI1FTDTE D8 *{%y *_*-40hy 'Yy *7°

0917 8081828384 DB 80he 81hs 82hs 83hs 84h

091C 8586878889 D8 85hy 86hs 87hs 88hs 89%h

0921 00000060 DB 00hs OOChs OOHe 60H
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SORCIM 808x Assembler ver 3.5 <:/55/7= 593292 Page 70

Hardware PIO function processorse C:SDROMA  GASM
*{&]
0925 COEHL:
sCompare DE to HL as unsigned integers.
$ENTRY
3DE+HL set to values to compare
SEXIT
3Zbit set if DE = HL
sCbit set if DE < HL.
H Uses AF .
0925 7A MOV AsD
0926 BC CMP H
0927 CO RNZ $If D enee H
0928 78 Moy AsE
0929 8D CMP i
092A CO RNZ 3if DE »nes HL
0928 37 STC

092C C9 RET
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Hardware PIO function processorse.

092D

092D
0920

092€
092F

0931
0932
0933
0934

0937
0938

0938
093¢

cs

4F
3E85

30
40
49
€23109

+D)]
C22F09

c1
c9

SORCIM 808x Assembier ver 3.5E <K:/55/7= $9:92 Page 71

C:SDROMA L ASM

Number of Milliseconds to delay

{Freq/71000)7/25

BC

CeA

As SCLFRE

A ${4 tics)

BeB si4 tics)

CeC $t4 tics)

:MLOOP 3(10 tics) If 1 ms not elapsed
[+

:1 31f requested msec not done
BC irestore registers

DELAY:

$'N* Mitliseconds

SENTRY

3A =

$SCLFRE =

SEXIT

3NONE
Proc
PUSH
MOV

213 LDK

:MLOOP: DEC
MOV
MOV
JNZ
DEC
JNZ
POP
RET

$SCLFRE =

2000722 3280+ 2mhz

iesedefined in OCCTXTaeast
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SORCIM 808x Assembler ver 3,5€ <3/55/7= 59:92 Page 172

Hardware PIOC function processorse C:SDROMA JASH
093D FILLZ:

sFill block of memory with byte values

SENTRY

$DE=LENGTH TO broadcast character
3C =character TO broadcast
$HL=FWA TO START broadcast

SEXIT
$FILL DONE
093D 0EOO LK Ce0 SFILL WITH ZERO
093F 78 FILLC: MOV AsE
0940 B2 OR D
0941 (8 RZ 3 return here if broadcast 0 bytes
0942 71 ST0 Cefht) 3 1st byte
0943 18 DEC CE
0944 78 MoV AsE
0945 B2 OR D
0946 (8 RZ s return here if broadcast 1 byte
0947 42 MCV BsD
0948 4B MOV CeE 5 BC := (count)
0949 Sé& MOV DeH
094A SO MOV EslL
0948 13 INC DE $ DE 3= HL + 1
094C €DBO $ LDIR 3 overtapping move

094E C9 RET
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SORCIM 808x Assembler ver 3,5E <«3/55/7= 59392 Page 73

Hardware PIO function processorse C:SDROMA LASM
094F SPAD:

3Set PIA for output
094F 3E03 LOK A+03h sCRA1-0y Interrupt inputs CAl
0951 32012C sT0 AsHoe VID+1 sset data direction
0954 3EFF (2] § Ay OFFN
0956 32002C sT0 AyHeVID sset all A lines as output
0959 3£00 1DK A0
0958 32032C STO AsHe VID+3
09S5E 3EFF LDK A+ OFFh
0960 32022C STO AsHe VID+2 sset all B8 tines as output
0963 C9 RET
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0964

0964
0964
0966

0969
096A
096D
0970

3€E07
32012C

79
3261EF
32002C
c9

SORCIM 808x Assemblier ver 3,SE
Hardware P10 function processorse

OPAD:

3O0utput data to pia A register

NOTE

NOTE

o ws i} w0 4f WS eb v b e

SENTRY

SEXIT
3 NONE

PIA definitione

7 6 5 4«4 3 2 1 0
e et et TR R e
f horizontal offset {DD!
tompom e mpim e o o G
The DDtdouble density) bit

€<:/55/7= 59:92 Page 7&
C:SDROMA .ASM

is inverted and the jumper must be installed on the pc boarde

If the O bit is LOW doubte density is set if it is HIGH single density is set.

Bit 0 of "PIAAD" :

set = single density
reset = double density

= data

PROC

LDK Ask+3

STO AsHeVID+1

MOV AsC

sSTD AsPIAAD

sSTO AsHe VIO isend data
RET
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SORCIN 808x Assembler ver

3.5E

Hardware PIO function processorse.

0971

0971
0971
0973

0976
0977
097A
097D

3E04
32032C

79
3262€EF
32022C
c9

e ws ve wo @ e O

FEXIT
$NONE

7T 6 5 4 3 2 1 0
e o d ), T SN SRy
1D1iD0I~G! vert offset 1
e D e et ST YRR I SRy

= data

PROC

iLDK Av &

sSTO AsHeVIO0+3

MOV AsC

sTO AsPIABD

sTo AeHe VID+2 $send data

RET

<3/755/771=

59292 Page
C3SDROMA

75
«ASM
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SORCIM 808x Assembier ver 345E <3/55/7= $9:92 Page 76
BMIEEE.ASM - [1EEE-488 INTERFACE. C:SDROMA  <ASM

+

ENTERED 05/01/81 FROM TNW XEROXe SEHe 1
+

e 98 e
* = b

SLAST EDITED AT 09329 ON 11 NOV 80

sTHERE ARE FOUR COMMANDS TOD THE 6821

H 00 PERIPHERAL/DIRECTION REGISTER A CPDRA
H 01 CONTROL REGISTER A CCRA
H 10 PERIPHERAL/DIRECTION REGISTER B CPDRSB
H 11 CONTROL REGISTER B CCRB

s8IT 2 OF THE CONTROL REGISTER (A AND 8) ALLOWS SELECTION OF EITHER
:A PERIPHERAL INTERFACE REGISTER CR A DATA DIRECTION REGISTER.
sA "1" IN BIT 2 SELECTS THE PERIPHERAL REGISTER.

:THE TWO DATA DIRECTION REGISTERS ALLOW CONTROL OF THE DIRECTION
sOF DATA THROUGH EACH CORRESPONDING PERIPHERAL DATA LINE.

sA DATA DIRECTION REGISTER BIT SET AT "O" CONFIGURES

sTHE CORRESPONDING PERIPHERAL DATA LINE AS AN INPUT.

sA RESET AT POWER UP HAS THE EFFECT OF ZEROING ALL PIA REGISTERS.
sTHIS WILL SET PAO-PAT, PBO-PBT7s CA2s AND CB2 AS INPUTSy

$AND ALL INTERRUPTS DISABLEC.

$SIGNALS ATNe RENs AND IFC WILL BE DRIVEN LOW

SUNTIL INITIALIZED BY SOFTWARE.

SDATA DIRECTION IS ALWAYS SET FOR OUTPUT FOR THE DATA REGISTER.
$DATA MUST BE SET TO ALL ONES WHEN INPUTTING.

sTHE INTERFACE IS IN SOURCE HANDSHAKE MODE IF DATA ENABLE (PBO)
$IS SET TO "O", AND IN ACCEPTOR HANDSHAKE MODE IFf SET TO "1%.
TWHEN SWITCHING FROM SODURCE TO ACCEPTOR HANDSHAKEe

$ATN WILL ALWAYS BE LOWe

sTAKE CONTROL CAN ONLY BE CALLED FOLLOWING A GO TO STANDBY.
SAFTER A FATAL ERROR, PERFORM AN IFC RESET.

sSTANDARD VALUES USED:
SCCRA 0011(IFCI{DIRI1O

sCCRB 0011{REN)(DIR) 0O

$CPDRA SOURCE DIRECTION 1111_1111

H DATA DATA

$CPDRA  ACCEPTOR DIRECTION 1111_1111

3 DATA 1111_1111

sCPDRB  SCURCE DIRECTICN 0011_1111

; DATA 000A_0010 sA = ATN

$CPDRB ACCEPTOR DIRECTION 1101_0111
H DATA 0100_0101
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BMIEEEASM

IEEE-488 INTERFACE.

LI 1)
» O

Ve we 98 04 w0 ws w2 ws

. o

s b 20 we e V0 we oo

..

we

SORCIM 808x Assembier ver

3.5E <2/55/7= 59:92 Page

C:SDROMA

o

1IEEE

SCONTROL WORD FORMAT

s 7 1t 6 1L 5 3T &

IA SIGNAL DEFINITIONS:
ti SIGNALS ARE iLOwW ON THE
PAD DID 1
PAl DID 2
PA2 DIO 3
PA3 DID 4
PA4 DIO 5
PAS DIio &
PAs D10 7
PAT DIO 8
CAl SRQ
CA2 IFC
P8O ENABLE DATA CUT
PB1 ENABLE NDAC/NRFD
PB2 ENABLE EOI/DAY
P83 EOQI
PB4 ATN
PBS DAV
PB& NDAC
PB7 NRFD
c81 NOT USED
ce2 REN

it 3 1 2 It

1 1t o

1

R/W

PER IPHERAL REGISTER B

17
«ASM

US WHEN PIA REGISTER CONTAINS "1-v,

(ENABLED WHEN "0")
(ENABLED WHEN "0%)
(ENABLED WHEN ®Om)

3

SLIRQAIILIRQA2]L CA2 CONTROL JU DDRAI{ CAl CONTROL]
STIRQB1ILIRQB2]CL CB2 CONTROL JL DDRBIL CBl CONTROL}I
H IRQAL 0 INTERRUPT FLAG SET BY FALL OF SRQ
H IRQA2 0 NOT USED

H CA2 110 SET IFC HIGH

H 111 SET IFC LOW

H DDRA 0 R/W DATA DIRECTION REGISTER A

H 1 R/W PERIPHERAL REGISTER A

H Cal 10 SET IRQA1l HIGH ON RISE OF SRQ

H IRQ8B1 0 NOT USED

H IRQB2 0 NOT USED

H cB2 110 SET REN HIGH

H 111 SET REN LOW

H DDRB 0 R/W DATA DIRECTION REGISTER B

3

CcB81

00

NOT

USED
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BMIEEE.ASM -
097E

097E F5

09TF ES

0980 CB41 s
0982 2828 “09AFS
0984 210129

0987 363A

0989 3EFF

0988 320029

098E 363E

0990 AF

0991 320029

0994 210329

0997 3630

0999 3E3F

0998 320229

099E 3634

09A0 3E02

09A2 320229

09A5 3E19

09A7 3D

0948 20FD ~09ATS
09AA 3E36

09AC 320129

09AF CBS51 s
09B1 280B ~093ES
0983 3E30

0985 CB49 s
0987 2802 ~0983%
0989 3E38

0988 320329

09BE £l

098F F1

09C0 €9

SORCIM 808x Assembler ver

IEEE-488 INTERFA(E.

$BICS CALL 1: CONTROL OUT

.

EXITS IN THE CONTROLLER
SOURCE HANDSHAKE MODE

e e

$PARAMETER PASSED IN REGISTER C:2

; 8IT O
H 8IT 21
: 0 X NO ACTION
H 1 D SETS REN HIGH
; 1 1 SETS REN LOW
1E.CO: PROC
PUSH AF
PUSH HL
BIT 0+C
JRZ $B1C20
SINITIALIZE ALL IEEE-488 SIGNALS
LK HL+CCRA
STO 0011_1010B+{HL]
LK A+1111_11118
STO AsCPDRA
ST0 0011_11108¢[HL]
XOR A
STO A+CPDRA
LK HL »CCRB
ST0 0011_00008y {HL]
LK As0011_11118
§T0 AsCPDREB
STO 0011_0100Bs[HL]
LK Ay 0000_00108
STO AsCPDRB

$LEAVE IFC LOW FOR 100 MICRO-SEC

LK As25
:B1C10: DEC A

JRNZ :81C10

LK A.0011_01108

STO AsCCRA
:81C20: BIT 2+C

JRZ 1B1C40
$SET/CLEAR REN

LK As0011_00008

BIT 1+C

JRZ 281C30

LK As0011_10008
:B81C30: STO A9CCRB
$B1C40: PCP HL

pCcP AF

RET

3.5E

<3#55/7= 59:92 Page 78
C:1SDROMA  oASM

CAN BE CALLED WHILE IN ANY STATE.

STANDBY STATE (ATN HIGH},

1F w1", THE IFC SIGNAL IS SET LOW FOR 100 MICRO-SEC
AND ALL PIA SIGNALS ARE INITIALIZED

$CHECK IFC SUB-COMMAND

$ENABLE SRQ AND SET IFC~CUT LOW

3DIRECT DATA OUT

3SET DATA TOD ZERD

3SET REN-OUT HIGH
$DIRECTIDON FOR SOURCE HANDSHAKE

$VALUES FOR SDURCE HANDSHAKE

$DELAY 100 MICRO-SEC

3SET IFC HIGH

SCHECK REN SUB-COMMAND
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BMIEEE.ASM

09C1
09C1
09C2
09C5
09Cs8
09CA
09CC
09CF
09D1
09D2
0903

ES
340029
210229
CBBE
CBCE
3A0129
E680
07

El

c9

SORCIM 808x Assembler ver 3.5E <3/55/7= 59:92 Page 79

IEEE-488 INTERFACE.

$BIOS CALL 2:

C:SORDMA LASHM

STATUS 1IN

H CAN BE CALLED ONLY WHILE IN SOURCE HANDSHAKE MDDE.

$BIT 0 OF REGISTER A SET IF SRC IS LOW

IE.SI: PROC
PUSH
1D
LK
CBIT
SBIT
Lo
AND
RLC
POP
RET

HL

A+ CPDRA 3CLEAR IRQA1L

HL+CPDRB 3PULSE ENABLE ndac/nrfd
1+ [HL]

1o {HL]

AsCCRA SSET SRQ VALUE IN A
1000_00008

A

HL



uofneiodio) Jeyndwo? au10qsQ 2861 o WbAdoD

BMIEEELASHM
09D4

09D4 F5
0905 3E02
0907 320229
09DA AF
0908 320029
09DE F1
09DF (€9

SORCIM 808x Assembler ver 3.5E <3/55/7= 59:92 Page 80

TIEEE-488 INTERFACE.

3BIOS CALL 3:

C:SDROMA  «ASM

GO TO STANDBY

H CAN BE CALLED ONLY WHILE IN SOURCE HANDSHAKE MODE

$NO PARAMETERS PASSED

1E.GTS: PROC
PUSH
LK
STO
XOR
STO
POP
RET

AF

As0000_00108 $SET ATN HIGH
A+CPDRB

A $FLOAT DATA BUS
A+CPDRA

AF
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BMIEEEL,ASM -~

09EQ
09EQ
09E1
D9E4
09E6

OSES8
0SEA
09ED
09EF
0SF2
09F 4
09F6
09F9
09FB
09FD
O9FF
0AO1
0A02
0AO4
0AQD6

0A08
0ADA

0AOQC
OAOF
0All
0Al4
OAl6
0Al8
0Al8
041D
OA1lE
OA1lF

ES

210229

CB4l s
2022 ~0OA0AS

3607

3A0329

€897 $
320329

36D7

cBD7 $
320329

3685
3E19
CB6E
2807
3D
20F9
3ES81
1816 ~0AlES

$
~0A08%

~09FDS$

36C5
CBES6 $

3A0329

cB97 s
320329

363F

cBD7 $
320329

3612

AF

El

c9

SORCIM 808x Assembler ver
TEEE-488 INTERFACE.

$BIOS CALL 4:

-

EXITS IN THE CONTROLLER

TAKE CONTROL

N TRV I T}

ra
L)
(

L
ATN HIGH).

SOURCE HANDSHAKE MDDE.

3.5E

a N -
LED ONLY WHILE

<:/55/7= 59:92 Page 81
C:SDROMA <ASM
iN THE CUONTROLLER STANDBY

ACTIVE STATE (ATN LOW)s

$8IT 0 OF REGISTER C SET TD TAKE CONTROL ASYNCHRONOUS

$ERROR CODE RETURNED IN REGISTER A.

IE.TC:

PROC

PUSH

LK
BIT
JRNZ

HL
HL+sCPDRB
0+C
3B4C30

sTAKE CONTROL SYNCHRONOUSLY

:B4C10:

:B4C20:
:B4C30:

$SET-UP

2B4C40:

STO
Lo
CBIT
570
STO
SBIT
STO
STO
LK
BIT
JRZ
DEC
JRNZ
LK
JR

STO
SBIT

0000_0111Bs[HL]
AsCCRB

2+A

A+ CCRB
1101_011184[HL]
204

A+CCRB
1000_0101B-[HL]
As25

Se[HL]

2B4C20

A

:B4C10
Ae1000_00018B
284C40

1100_0101Be[HL}
&9 [HL]

FOR SQURCE HANDSHAKE

LD
CBIT
sTO
STO
SBIT
STO
STO
XOR
PCP
RET

AsCCRB

2+ A

AyCCRB
0011_11118,[HL)
29A

AsCCRB
0001_00108B, [HL]
A

HL

SDISABLE DRIVERS

sDIRECTION REGISTER

$SET NRFD LOW

sDATA VALID HAS DROPPED

SWAIT 100 MICRO-SEC

$SET DATA VALID TIMEOUT ERROR

$SET NDAC LOW
$SET ATN LOW

SDIRECTION REGISTER

SCONTROL SIGNAL INITIAL VALUE

sCLEAR ERROR CODE
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DA20
0A20
0A21
0A24
0A26
0A28

0A2A
0a2C
DAZF
0A31
0A34
0A36
0A33
0A3B
0A3C
0A3F
0A%41

ES

210229

CBES $
£B4b $

2825 *0A4FS

3617

3A0329

€397 $
320329

363F

cap7 $
320329

AF

320029

3612

180C ~DA4FS

SORCIM 808x Assembler ver
BMIEEE.ASM - IEEE-488 INTERFACE.

$BI10S CALL 5:

3,5E <:/55/7= 59:92 Page 82

C:SDROMA .ASM

OUTPUT INTERFACE MESSAGE

H CAN BE CALLED WHILE IN ANY MODE OR STATE

.

H EXITS IN THE SOURCE HANDSHAKE MODE WITH ATN LOW.

SMULTI-LINE MESSAGE IN REGISTER C

$ERROR CODE RETURNED IN REGISTER A

1E.O0IM: PROC
PUSH
LK
S8IT
BIT
JRZ

HL
HL+CPDRS
4+ [HL]
O+ [HL]
1E«SHK

$SET-UP FOR SOURCE HANDSHAKE

STO
LD
CBIT
ST0
STO
SBIT
STO
XOR
STO
STO
JR

0001_01118,(HL]
A+CCRSB

29A

AsCCRB
0011_11118B,[HL]
2+A

~AeCCRB

A

AsCPDRA
0001_00108+LHL]
TE€EaSHK

$SET ATN LOW

$DISABLE DRIVERS

$DIRECTION REGISTER

$FLCAT EXTERNAL DATA BUS

SCONTROL SIGNAL INITIAL VALUE
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SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 Page 83
BMIEEE.ASM - [IEEE-488 INTERFACE. C:SDROMA LASM
3BIOS CALL 6: OUTPUT DEVICE MESSAGE
H CAN BE CALLED ONLY WHILE IN THE SOURCE HANDSHAKE MODE
3 WITH ATN HIGH OR LOWe
3 EXITS IN THE SOURCE HANDSHAKE MODE WITH ATN HIGH.
SMULTI-LINE MESSAGE IN REGISTER C
$EOI REQUEST IN REGISTER 8
SERROR CODE RETURNED IN REGISTER A
0A43 IE.ODM: PROC
0A43 E5 PUSH HL
OA44 210229 LK HL+CPDRB
OA%&7 CBAS $ c8IT 49 [HL] $SET ATN HIGH
OA49 (CB40 $ BIT 0+8 $CHECK IF EOl1 REQUESTED
OA&B 2802 ~0A4FS$ JRZ IE«SHK
0A4D CBDE $ SBIT 35 [HL]
$PERFORM SOURCE HANDSHAKE
OA4F C356E $ IE.SHK: BIT Se [HL] 3
0A51 201B “~DA6ES JRNZ :86C50 sDAC TIMEQUT RE-ENTRY
OAS3 79 MoV AsC SPLACE DATA ON BUS
O0A54 320029 STo AsCPDRA
OAS57 3EO0A LK As10
0AS59 (B7E $ 386C20: BIT T IHL]
OASB 2807 ~DA&4S JRZ :86C30 SREADY FOR DATA
0A5D 3D DEC A
DASE 20F9 ~0A59s JRNZ :86C20 SWAIT FOR 100 MICRO-SEC
OA60 3EB2 LK As10006_00108B $SET RFD TIMEQOUT ERROR
0A62 181F ~0A83s JR :B6CBO
OA64 CBT6 $ :B6C30: BIT 69 [HL]
0A66 2004 *DA6CS JRNZ :B6CAD sDATA ACCEPTED LOW
0A68 3ES81 LK A+1000_00018 SSET DEVICE NOT PRESENT ERROR
OA6A 1817 ~0A83S$ JR :B6C 80
OA6C CBEE $ :B6C40: SBIT Se [HL] sSET DAV LOW
OAGE 3EFF :B6CS0: LK A9 255
DA70 CB76 $ :B6C60: BIT 69 [HL]
0AT72 2807 ~0A7BS JRZ :B6C70 $DATA ACCEPTED
OA7T4 3D DEC A
0A7S 20F9 ~0A70s JRNZ :86C60 SWAIT 1000 MICRO-SEC
OATT 3ES84 LK A91000_01008 $SET DAC TIMEOUT ERROR
OAT9 1808 ~0AS83s JR :B6C80C
OATB CBAE $ :B6CT0: CBIT S5¢ [HL] SSET DAV HIGH
OATD (CB9E $ CBIT 3+ [HL] 3SET EODI HIGH
OATF AF XOR A SREMOVE DATA FROM BUS
0A80 320029 sSTD A+sCPDRA
0AB3 E1 :B6CBO: POP HL
0A84 (9 RET
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uopBI0di0D Jendwo euloqsO 2861 o WBluAdoD

BMIEEE<ASM - IEEE-488 INTERFACE. C:SDROMA ASM
$810S CALL 73 INPUT DEVICE MESSAGE
H CAN BE CALLED WHILE TN ANY MODE OR STATE
H EXITS IN THE ACCEPTOR HANDSHAKE MODE WITH ATN HIGH.
$DEVICE MESSAGE RETURNED IN BOTH REGISTERS A AND H
$ERROR CODE RETURNED IN REGISTER L
0A85 1E.1DMz PROC
0A85 DS PUSH DE
0AB6 EB EX CEeHL $SAVE RE-ENTRY DATA
0A8T 210229 LK HL+CPDRE
DABA (CB46 $ BIT Os LTHL]
0A3C 201A ~0AAS8S JRNZ :B7C10
$SET-UP FOR ACCEPTOR HANDSHAKE
CA8E 3617 . sTo 0001_9111B.[HL] 3DISABLE DRIYERS
DA90 3A0329 LD AsCCRB
0A93 CB97 $ CBIT 2+A
0A95 320329 sTo AsCCRB
GA98 3607 5TO 1101_0111B,{HL] DIRECTION REGISTER
0A9A C8BD7 $ SBIT 2+ A
0A9C 320329 sTO A+CCRB
OA9F 3EFF LK As1111_11118 $FLOAT INTERNAL DATA BUS
OAAl 320029 STO A+CPDRA
0AA4 3655 STO 0101_0101B,CLHL] SCONTROL SIGNALS INITIAL VALUE
OAA6 3645 sT0 0100_01018,[HL) 3SET ATN HIGH
$PERFORM ACCEPTOR HANDSHAKE
DAA8 CBTé $ :B7C10: BIT &9 [HL]
OAAA 2820 ~DACCS JRZ :B7C50 $DATA INVALID TIMEOUT ERROR RE-ENTRY
OAAC CBBE s CBIT TeTHL] SSET NRFD HIGH
OAAE 3EOQA LK Ay10.
0ABO CB6E $ :B7C20: BIT 53 [HL]
0AB2 2008 ~0ABCS JRNZ :B7C30 $DATA VALID
0AB4 3D DEC A
0ABS 20F9 ~0ABOS JRNZ t87C20 sWAIT 100 MICRO-SEC
OABT 118200 LK DE+1000_00108 3SET DATA VALID TIMEOUT ERROR
OABA 1821 “0ADDS JR sB7C80
0ABC CBFE $ $B7C30: SBIT T9 [HL] $SET NRFD LOW
OABE 340029 Lo Ay CPDRA SREAD DATA
DAC1 57 nov DsA
OAC2 1E00 LK EsD $READ EO0I
0AC4 C(BS5E $ BIT 3y [HL)
OAC6 2802 *OACAS JRZ 2BT7C40
CAC8 1EO01 LK Esl
OACA (CBBS $ :B7C40: CBIT 69 [HL] $SET NDAC HIGH
OACC 3EFF $B7C50: LK Ay 255 ’
OACE CB6E $ :B7C60: BIT Se {HL]
DADO 2809 *0ADBS JRZ :B7CT0 sDATA VALID DROPPED
0AD2 3D DEC A
0AD3 2DF9 “DACES JRNZ :B7C60 SWAIT 1000 MICRO-SEC
0AD5 (CB8D3 $ S817 2+E 3SET DATA INVALID TIMEQUT ERROR
0AD7 CBFB $ SBIT TeE
0AD9 1802 ~0ADDS JR :BTC80
OADB CBF6 $ :87C70: SBIT 69 [HL] SSET NDAC LOW
OADD EB :B7C80: EX DEWHL $MOVE RESULTS TO REGISTERS A AND HL
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SORCIM 808x Assembler ver

BMIEEE.ASM - IEEE-488 INTERFACE,
0ADE 7C MOV AeH
0ADF D1 poP DE
CAED C9 RET

3.5E

<:/55/7=

59:92

Page

C:SDROMA

85
«ASM
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SORCIM BOSx Assemblier ver 3.5E <3/55/7= 59:92 Page 86
BMIEEE.ASM =~ 1EEE-488 INTERFACE. C:SDROMA  ASH

3BI0S CALL 8: PARALLEL POLL

CAN BE CALLED ONLY WHILE IN THE SOURCE HANDSHAKE MODE
WITH ATN HIGH OR LOWe

.o e

s EXITS IN THE SOURCE HANCSHAKE MODE WITH ATN LOW.

SPARALLEL PCLL VALUE RETURNEC IN A.

DAEL 1E.PP: PROC

OAEl E5 PUSH HL

DAE2 210029 LK HL+CPDRA

OAES5 3€E1B LK A»0001_10118 $FORM PARALLEL POLL

OAET 320225 STO AsCPDRB

OAEA 36FF STO 1111_11118,[HL] 3FLOAT INTERNAL DATA 8US
OAEC TE LD Ay [HL] SREAD PARALLEL POLL DATA
OAED 3600 S70 Cs[HL] $RE-STCORE SOURCE HANDSHAKE MDDE
0AEF 210229 LK HL+CPDRB

OAF2 3612 STD 0001_00108+[HL]

OAF4 El pcP HL

0AF5 (9 RET
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SI0 - Serial

DAF6

OAFé6
OAF6
OAF38

0AF8
DAFC
CAFF
0802

3ES7
320C2A

79
32C1EF
320024
c9

SORCIM 808x Assembler ver 3.5€ <K3/55/7= 59:92 Page 87

1/0 Processorse C:SDROMA LASM
*[5]
SIRST:
jMaster resei 510
SENTRY
;C = S1e516 or SlaS64 for 1200/300 baud
3EXIT
$NONE
PROC :
LOK AesSTeMRST
s$TO AsHeSCTRL smaster reset
MOV AsC
STO AyACIAD $last-command cell
STD AsHeSCTRL sselect SIO
RET
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SI0 - Serial

oBso3

0803
0803
0BO6
0B03

080A
0808

080E
0B11
0B12

cD2808
E601
28F9 ~0BO3%

AF
32DAEF

340124
4F
c9

SORCIM 808x Assembler ver
170 Processorse.

READER:

$Input one byte from reader port

SENTRY
iNone

SEXIT
sC =

PROC
CALL
ANT
JRZ

XRA
sTO

LD
MOV
RET

character read

ACISTAY
SI<RRDY
READER

A
As SERFLG

AsHOSREC
CeA

3.5 <:/55/7= 5

35if not ready

3SET FLAG

sget data
3C=A

9:92 Page
C3:SDROMA

88
»ASM
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SI0 - Serial
0813

0813

0813 (CD280B
0816 £602
0B18 C8
0B19 F6FF
0B1B (9

SCRCIM 808x Assemblier ver 3,5E <:/55/7= 59:92 Page

I/0 Processorse

SLST:

3Get list device status
SENTRY

$NONE

SEXIT
A = O+ IF NOT READY
A = OFFh IF READY

$IBIT SET IF NOT READY FOR CUTPUT
PROC
CALL ACISTAT
ANI SI.TRDY
RZ
OR1 TRUE
RET

C:SDROMA

89
«ASM
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SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 Page 90

$I10 - Serial 170 Processorse C:SDROMA oASM
0B1C LIST:
30Output one byte to list port
s ENTRY
sC = character to output
SEXIT
+ NONE
081cC PROC
081C C5 PUSH BC $SAVE CHARACTER
081D CD1308 s1: CALL SLST $GET STATUS
0820 28FB ~0B1DS$ JRZ 21
0822 C1 PoP 8C SRESTORE CHARAC?ER
0823 79 MOV AsC
0824 320124 sS10 AsHe SXMT ssend chr
0827 C9 RET



uoljes0dio) se3ndwo) eulogsO 2861 ¢ IyBuAdon

SORCIM 808x Assembler ver 3.5 <:/55/7= 59:92 Page 91

SI0 - Serial I/0 Processcrss C3SDROMA <ASH
0828 ACISTAT:
SRETURN STATUS OF THE SERIAL PORTY
SENTRY
$NONE
SEXIT
A = STATUS REG
0B28 PROC
0828 3A012C LD AvHe VIO+1
0828 OF RRC A
0B2C E620 ANI 20h
0B2E 4&F MOV CoA
0B2F 3A002A LD AsHeSSTS
0832 E&DF aNI ODFh
0834 81 ORA C
0B35 &F MOV CsA
0836 3ADAEF LD A¢ SERFLG
0839 E601 ANY 01
0838 B1 ORA c
0B3C 32DAEF sTO Ay SERFLG

0B3F C9 RET
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SORCIM BO8x Assembler ver 3e5E <:/55/7= 59:92 Page 92

Disk 170 routinese C:2SDROMA  <ASM
*{6)
= 000A NRETRY: = 10 $NUMBER OF RETRYS MUST BE AT LEAST 2
= EFDO SAVTYP = OEFDOH 3DISK TYPE
= EFD1 RDT_WRTS: = 0EFD1H $NUMBER OF SECTORS TD READ CR WRITE
= EFD2 CCPADR: = OEFD2H sThis location is assigned in BIOS
sand filled in by loader in ROM
= EFD& KEYLST: = OEFD4H SKEY LISY GOES HERE
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SORCIM B808x Assembler ver 3.5E <:/55/7= 59:92 Page 93

DISK EQUATES C:SDROMA  LASH
= 0010 MSECB: = 010H SMULTI SECTOR BIT
= 0000 DeRES: = 000H SRESTORE
= 0010 DeSEK: = 010H SSEEK
= 0020 DaSTP: = 020H SSTEP
= 0040 DeSTPI: = 040H $STEP IN
= 0060 D4STPO: = 060H SSTEP OUT
= 0080 DeRDS: = 080H SREAD SECTOR
= 00A0 DeWRTS: = DAQOH SWRITE SECTOR
= 00CO DeRDA: = OCOH SREAD ADDRESS
= OCEC DeRDT: = OEOH SREAD TRACK
= 00F0 DeWRTT: = OFOH SWRITE TRACK
= 00DO DeFINT: = CDOH sFORCE INTERRUPT

$CISK REGISTERS

= 2100 DeCMDR: = He FDC 3DISK COMMAND REG {WRITE)
= 2100 DeSTSR: = He FDC 3STATUS REG (READ)
= 2101 DeTRKR: = DeCMDR+1 " 3TRACK REG

= 2102 D.SECR: = DeCMDR+2 $SECTOR REG

= 2103 DeDATR: = DeCMDR+3 $CATA REG (R/H)

SSTATUS DEFINITIONS

= 0000 BS.BSY: = 0 s8uUsYy

= D001 DSeB35Y: = 1 SHL BS.3S5Y

= 0001 BS.DRC: = 1

= 0002 DSeINX3: = 1 SHL BS.DRQ SINDEX MARK DETECTED

= 0002 DS.DRQ: = DS« INX $OR IS FULL ON READs E4PTY ON WRITE
= 0002 BS.TKO: = 2 STRACK ZERG

= 0004 DS.TKO: = 1 SHL BS.TKO

= 0004 DSeLSD: = DS« TKO $LOST DATA

= 0008 DSeCRC: = 08H 3CRC ERROQR IN ID FIELD
= 0004 BSeSEK: = 4

= 0010 DS SEK: = 1 SHL B8S.SEK 5SEEK ERROR

= 0010 DSeRNF: = DSeSEK SRECORD NOT FOUND

= 0020 DSeHDL: = 20H SHEAD LOADED

= 0020 DSeWTF: = DS.HDL SWRITE FAULT

= 0040 DS<WTP: = 40H SWRITE PROTECTED

= D080 DSeNRY: = 80H sCRIVE NOT READY

3DISK TIMING COUNTS

= 0014 DeCEL: = 20 sDELAY AFTER FUNCTION



uopelodioD Je3ndwo) 8ul10qsQ 286t e WBlAdoD

MACRD DEFINITIONS

SORCIM 808x Assembier ver

ENAROM

DISROM

PUSHAL

POPALL

MACRD
01
ouT
LDK
STO
El
ENDM

MACRD
D1
ouT
LDK
STO
El
ENDM

MACRO
PUSH
PUSH
PUSH
ENDM

MACRO
popP
POP
POP
ENDM

0
A+ D
AsROMRAM

1
As1
AsROMRAM

8cC
DE
HL

HL
DE
B8C

3.5E

<3/55/7=

59:92 Page
C:SDRDMA

94
«ASM
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NEW DISK DRIVERS

0B40

0B40

0B40
0842
0B45
0848
0844
084D

0B4E
0851
0852
0BS54

0856
0B58
0859
0854

3E0A

3205€EF
CDA40D

3804 “OB4Es
CDF708

Do

3A05EF

3D

FEO1