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1.0

1.1

Perspective

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.

1
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1.2 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
uOSBORNE 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.

1.3 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, 1.2.1,
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 uInsert Disk" message described earlier), contains the disk­
ette boot loader and extensions to the CP1M 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 ~Dwhen
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.

2
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2.0

2.1

Logic Board And CPU

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.

2.2 BOARD REVISIONS

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

Revision A
Revision B
Revision C

Revision 0
Revision E
Revision F

- prototype, not released
- first release, requires wiring changes
- incorporates all wiring changes, requires additional

changes to correct layout problems
- requires no wiring changes
- complete relayout of board
- revision E board with clock modification added

Revision F

Revision A
Revision B
Revision C
Revision 0
Revision E

Boards at levels Bthrough F are in the field. Current production (15 June 1982)
is at the Revision F level.

Boards loaded with parts are given a separate revision level:

- prototype, not released
-memory
- first revision shipped, Revision B bare board
- incorporates rework required by Revision C bare board
- same as Revision 0 loaded board, but assembled with-

out rework
- 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.

3
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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 l'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.

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

2.4 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.

4
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3.0 Osborne 1 Memory
Scheme

3.1 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.

3.2 CP1M MEMORY ALLOCATION

0000 - 0002
0003
0004
0005 - 0007
0008 - 0037
0038 - 003A
003B - 003F
0040 - 004F
0050 - 005B
005C - 007C
007D - 007F
0080 - OOFF
0100 - CEFF
CBOO - EOFF
EI00 - EFFF
FOOO - FFFF

Jump to BIOS warm start entry
10BYTE
Drive number/current user
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 CFOO to E4FF and
BIOS from E500 to EFFF.

7



OSBORNE 1 TECHNICAL MANUAL

Normal mode
bank 1

Shadow mode
bank 2

Video with dim bit
bank 3

FFFF

FOOO

EA80

E100

CBOO

4000

3000

2000

1000

0000

video
display

128 x 32

BMRAM

BIOS

BDOS/CCP

RAM

used for
programs

bank 1

video
display

128 x 32

BMRAM

BIOS

BDOS/CCP

RAM

used as
buffer

not used

I/O ports

not used

ROM

bank 2

video
attributes

4k x 1

not used

bank 3

Figure 3.1 Osborne 1 Memory Map
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CHAPTER THREE

3.3 MAIN MEMORY

OSBORNE 1 MEMORY SCHEME

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 DIDO-commonly referred to as
"page I" 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.

3.4 MEMORY-MAPPED I/O

The second bank of memory consists of the monitor ROM and memory­
mapped I/O. 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 I/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.

3.5 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

9
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BANK 2
Memory-Mapped I/O

2C04
2C03

2COO
2BFF

2A02
2A01
2AOO
29FF

2904
2903

2900
28FF

2281
2280

2201
2200

2104
2103

2100
20FF

2000

VIDEO PIA

SERIAL

488 PIA

KEYBOARD

DISK

Figure 3.4 I/O memory map

10



CHAPTER THREE OSBORNE 1 MEMORY SCHEME

OSBORNE 1 1/0 Port Assignment (Shadow Mode)

Address Read Write

2100 Sta'tus Register Control Register
~ 2101 Track Register Track Registeren
0 2102 Sector Register Sector Register

2103 Data Register Data Register

2201 Row 0
2202 Row 1

"'0 2204 Row 2
"-co 2208 Row 30
.c

2210 Row 4>-
Q)
~ 2220 Row 5

2240 Row 6
2280 Row "7

« 2900 Port A Direction/Data Port A Direction/Data
a: 2901 Port A Control Register
00 2902 Port B Direction/Data Port B Direction/Data00
"li:t 2903 Port B Control Register

co 2AOO Status Register Control Register.~

Q) 2A01 Receive Buffer Transmit Bufferen

« 2COO Port A Direction/Data Port A Direction/Dataa: 2C01 Port A Control Register
0
Q) 2C02 Port B Direction/Data Port B Direction/Data"'0
:> 2C03 Port B Control

Figure 3.4.1 I/O Port Assignments In Bank 2

11





Osborne 1
Interface Design



4.1 IEEE-48S INTERFACE 13
4.1.1 IEEE-488 Signal Direction 13
4.1.2 IEEE-488 Pinouts 14
4.1.3 IEEE-488 Jump Vectors 15
4.1.4 IEEE-488 Communication Protocol 15
4.1.5 IEEE-488 As A Parallel Port 16

4.2 SERIAL RS232 INTERFACE 17
4.2.1 RS232 Signal Direction 18
4.2.2 RS232 Pinouts 18

4.3 MODEM 19
4.3.1 Modem Signal Direction 19
4.3.2 Modem Pin Connections 19
4.3.3 Modem Status 20

4.4 BAUD RATE 21



44:.0 Osborne 1 Interface
Design

4.1 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.

4.1.1 IEEE-488 Signal Direction

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

Osborne 1

REN
IFC

ATN
SRQ

NRFD
DAV
EOI

NDAC

------->

<----------1
<--,--------1

IEEE Device

GND
DATAO <--------->
D~A1 < >
DATA2 < >
DATA3 < >
DATA4 < >
DATA5 < >
DATA6 < >
DATA? < >

Figure 4.1.1 IEEE-488 Signal Direction

13



OSBORNE 1 TECHNICAL MANUAL

4.1.2 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
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1
3
5
7
9
11
13
15
17
19
21
23
2
4
6
8
10
12
14
16
18
20
22
24

Data bit 1
Data bit 2
Data bit 3
Data bit 4
End or Identify
Data valid
Not ready for data
No data accepted
Interface clear
Service request
Attention
Cable shield + GND
Data bit 5
Data bit 6
Data bit 7
Data bit 8
Remote enable
Signal ground
Signal ground
Signal ground
Signal ground
Signal ground
Signal ground
Signal ground

(DI01)
(DI02)
(DI03)
(DI04)
(EOI)
(DAV)
(NRFD)
(NDAC)
(IFC)
(SRQ)
(ATN)
(SHIELD)
(DI05)
(DI06)
(DI07)
(DI08)
(REN)
(DAV)
(NRFD)
(NDAC)
(IFC)
(SRQ)
(ATN)
(Logic)

The pinouts for the signals described above are as follows:

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

14



4.1.3

CHAPTER FOUR

IEEE-488 Jump Vectors

OSBORNE 1 INTERFACE DESIGN

4.1.4

To provide easier access to the routines necessary to use the IEEE-488 inter­
face, the CP1M 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
Ustandby" 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

15
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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;:w:ith 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 Bof this manual for those who wish to make direct use
of the PIA for controlling the IEEE-488 port.

4.1.5 IEEE-4BB 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:, URI:, UPl:, 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

16



CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

7 6

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.

4.2 SERIAL RS232 INTERFACE

The serial port is configured as a RS-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 2AOOH and the data port at 2AOIH
in the shadow mode. RS232 status bit assignments are detailed in the follow­
ing diagram:

o """'--Sit No.
r---r-----,-~--,...-..___..._-r-- .....

R ..--Status register
'--.......---I_~--&.._.L----I..._L-_.......LtRDRF• Receive Data register is full

- TORE, Transmit Data register is empty

DCD, Data Carrier Detect signal status

CTS, Clear To Send signal status

'-------- FE, Framing Error

L.-- • OVRN, Receive overrun error

L.-- PE, Parity Error

L.......---------,-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

17
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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

GND
TXDATA
RXDATA

RTS
CTS
DSR

CARR DET
DTR

~---------------------------------­
----------------------------------:>
----------------------------------:>
+5 volts~ ----------------------
+5 volts ----------------------- :>
+5 volts~ ----------------------
~ ---------_.._----------------------

RS-232 device

ND
TXDATA
RXDATA
RTS
CTS
DSR
CARR DET
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-255 RS-232 Pin Definition

1
2
3
4
5
6
7
8

20

AA
BA
BB
CA
CB
CC
AB
CF
CD

Frame ground (optional)
Transmitted data (low = 1)
Received data (low = 1)
Request to send (high or no connection enables)
Clear to send (always high on acc 1)
Data set ready (always high on acc 1)
Signal ground
Received line signal detected (always high)
Data terminal ready (high or no connection enables)

18

13 12 11 10 9 8 7 6 5 4 3 2 1

~00 00000000000000000 0000:7

25 24 23 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



4.3 MODEM

CHAPTER FOUR OSBORNE 1 INTERFACE DESIGN

4.3.1

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 CP1M IOBYTE function.

Modem Signal Direction

The following signals apply to the Modem Port:

Osborne 1 Modem Device

GND
TXDATA
RXDATA <

MSB <
CTS <
MCB
+12

RI <

------------------------------- GND

> TXDATA
RXDATA
MSB
CTS

> MCB

> POWER IN
CD

Figure 4.3.1 Modem Signal Direction

4.3.2 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
2 TXD
3
4 MSB
5 CTS
6 RXD
7 +12v
8 MCB
9 RI

- Signal ground
- Transmitted data - TTL logic, 1= high
- Not used
- Modem status bit- open collector, 50ua sink = inactive
- Clear to send
- Receive data - bipolar input, -0.5v-lOv= 1
- Connected to power supply through 22 ohms
- Modem control bit - TTL, low suppresses output
- Ring indicator - TTL, high-to-Iow sets flag

19
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1 234 5

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.

4.3.3

20

Modem Status

You can determine the output status of the modem port by using the BIOS call
LISTST located at OE12D 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 2AOO hex. To change the status of
the modem or serial device directly, you use the same memory location and
write a special U 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.



CHAPTER FOUR

4.4 BADD RATE

OSBORNE 1 INTERFACE DESIGN

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

'LS74

B6

J3

[TI

1793

B7

I
\

LS1611 16 \.

'-- .........

LS163 92 /~i FOR 4800/1200 BAUDFOR 9600/2400 BAUD 2 @ 15
C3

3 14
/--

/
1
f

4 13

5 12

6 11
J1

~~ DON'T CARE

7 10

8 9

300/1200 NO MOD - J1 IN

600/2400 NO MOD - J1 OUT

1200/4800 MOD W/O PIN 2 (J1 = X)

?400/9600 MOW W/PIN 2 (J1 = X)

'--y--J
SPEED SELECTED W/IN 6850

Figure 4.4 Baud Rate Hardware Modification
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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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1009 7P11008-00 004 EA 174LS08 IUA5,UB13,UB18,UCl 1
1010 7P11010-00 001 EA 174LSl1 IUB5 1
1011 7P11032-00 004 EA 174LS32 IUA4,UC2,UE5,UEl1 I
1012 7P11074-00 004 EA 174LS74 IUA6,UB4,UB6,UE21 I
013 7P11109-00 001 EA 174LS109 IUB2 I
014 7P11139-00 002 EA 174LS139 IUB1,U010 I
015 7P11153-00 004 EA 174LS153 IUE15,UEI6,UE17,UE18 I
016 7P11155-00 001 EA 174LS155 IUBi7 I
017 7P11157-00 001 EA 174LS157 IUB16 I
018 7P11161-00 008 EA 174LS161 IUA7,UB11,UC3,UD3,UDI51

I IUD16, UOI7, UD18 I
IAlternate PIN 7P11163 I I

019 7P11166-00 001 EA 174LS156 IUA14 I
020 7P11175-00 001 EA 174LS175 IU014 I
021 7P11244-00 002 EA 174LS244 IUA8,UA19 I
022 7P11273-00 001 EA 174LS273 IUA18 I
023 7P11390-00 001 EA 174LS390 IUB15 I
024 7P11393-00 002 EA 174LS393 IUA13,UB14
025 7P11895-00 001 EA 181LS95 IUE12
026 7P11897-00 002 EA 174S04 IUA11,UB3
027 7P11898-00 001 EA 174S244 IUE19
028 7P11899-00 004 EA 17405 JUA9,UA10,U06,UE23
029 17Pl1800-00 003 EA 17438 IUE7,UE8,UE9
030 17P11808-00 002 EA 16821 PARALLEL I/O IUC7,UC15

1031 17P11809-00 001 EA 16850 SERIAL I/O IUC4
1032 17P11811-00 001 EA 11793 DISK CONTROLLER IUB7
1033 17P11813-00 001 EA IZ80A MICRO PROCESSOR IUCI1
/034 17P118I4-00 033 EA 14116 16K MOS RAM IUA20-27,UB20-27,UC19-
/ / I I I 127,U020-27
I--------------------------------LM CONTINUED-----------------------------------------------

1



1 _

1 ITITLE: D MULTLYR MAINLOGIC PCB ASSY ILM# 3A10063-06 1
I OSBORNE COMPUTER CORP. 1----------------------------------------------------------------1

+Rr~~¥~~~~~=t~~~£~~~~~~~~~~~~I§~Qi~=~~~I=IR~igi==:=======:Relea~ed.--l]iLEisEg):t
IITEM----PART-NO~----QTy-I-UM-----------------TITLE-------------------IREFERENCE-OESIGNATORSI

1035 7Pl1817-00 001 I EA LM 1458 LINEAR,OP AMP IUE3 1
1036 7P11818-00 001 I EA LM 3900 LINEAR,OP AMP IUD4 I
1037 7P11820-00 001 I EA NE555V LINEAR, TIMER IUEl I
1040 7P30001-00 002 I EA 1N4001DIODE,1A,SILICON lCR2,CR3 1
1041 7P30002-00 001 lEA IN5231B DIODE, ZENER 5.1V,10~ lCR1 I
1042 7P30003-00 002 I EA MR501 DIODE, RECTIFIER 3A ICR4,CR5 I
1045 7P30006-00 001 I EA 2N3906 TRANSISTOR,PNP IQl I
1046 7P30007-00 001 I EA 2N3904 TRANSISTOR,NPN Q2 I
1050 7P40025-00 001 lEA XTAL 15.9744MHZ +-.005~HC18U Xl 1
1051 7P40026-00 001 I EA ALARM AUDIO,PIEZO PC MOUNT X2 I
1052 7P45501-00 005 EA CAP,DIPPED,TANT, 1.0 UF 20V C28,C35,C61,C62,C74 I
1 Alternate PIN 7P45505-00 I
1053 7P45502-00 003 EA CAP,DIPPED,TANT,15UF,15V C71,C72,C73 I
1054 7P45604-00 001 EA CAP,ELECT.,ALUM 22UF,16V C12 I
1055 7P46103-00 001 EA CAP,AXL,CER,.00luf +-10~,50V C17 I
1056 7P46104-00 028 EA CAP,AXL,CER,.01UF,+-30~,25V C1,C14,C15,C16,C18,C19
I C29,C31,C32,C33,C34, 1
1 C36,C38,C47,C48,C49, 1

C50,C51,C52,C75,C76, I
C77,C78,C79,CB0,C81, I
C82,CB4 I

057 7P46105-00 042 EA CAP,AXL,CER,0.1UF,+-50~,25V IC4-11,C20-27,C39-46, I
IC53-60,C63-70,C85,C861

058 7P46330-00 001 EA CAP,AXL,CER,33PF +-5~,50V IC3 I
059 7P46680-00 001 EA CAP, AXL,CER, 68PF,+-05~,50V IC2 I
060 7P4618B-00 001 EA CAP,AXL,CER,180pf,+-10~,50V IC13 I
061 7P46106-00 001 EA CAP,22UF+-20~ 12V ALUM EL AXL C30
062 7P50006-00 001 EA lRES,VAR,PC MT,100K,30~,1/4W R43
063 7P50007-00 001 EA IRES,VAR,PC MT,500 OHM,30~,1/4W R44
064 7P51001-00 001 EA I RES, NWK, 150 OHM SIP B/P P/U RN2
065 7P51004-00 001 EA IRES, NWK, 3.3K SIP B PIN P/U RN7
067 7P51007-00 001 EA I RES, NWK, 10K, SIP 10 PIN P/U RN1
068 7P51008-00 003 EA 1RES, NWK, 3.3K,SIP 10 PIN P/U RN10,RN11,RN12
069 7P51009-00 002 EA 1RES, NWK, 6.BK,SIP 10 PIN P/U RN13,RN14

1070 7P51011-00 004 EA IRES, NWK,33 OHM SIP 8 PIN ISO RN5,RN6,RN8,RN9
1071 7P51014-00 002 EA 1RES, NWK, 82 OHM SIP B PIN ISO RN3,RN4
1072 7P52101-00 003 EA IRES,FXD,1/4W 5~ 100 OHM R3,R30,R31
1073 7P52102-00 005 EA IRES,FXD,1/4W 5~ 1.0K R32,R35,R37,R38,R39
1074 7P52103-00 I 007 EA IRES,FXD,1/4W 5~ 10K R13,R20,R26,R34,R36,
I----------------------------------------------LM CONTINUED---------------------------------
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,--------------------------TTITLE;--O-MULTLyR-MAINlOGIc-pCB-ASSy----------TLM#-3A10063=06---,
, OSBORNE COMPUTER CORP. 1----------------------------------------------------------------1
L ~lQaIs_;;:~~~------------------lB§l':iaiQ!LtL l

±==~~f~~8~Q=tI~f=~~=B~~~~~===~~~=:~=============================1~:~::::~~_lI~1{!~£~__:lITEM I PART NO. I QTY 1 UM 1 TITLE REFERENCE DESIGNATORS I
112175 1 7P5211214-121121 I 1211215 1 EA IRES,FXD,1/4W 5~ 1121I21K R14,R15,R16,R17,R18 I
112176 I 7P52181-121121 1 1211211 I EA IRES,FXD, 1/4W 5~ 18121 OHM R24
112177 1 7P5222121-121121 1 1211212 I EA IRES,FXD,1/4W 5~ 22 OHM R2,R21
112178 1 7P52221-121121 1 1211212 1 EA IRES,FXD, 1/4W 5~ 22121 OHM- R8,R40
112179 1 7P52222-121121 I 1211213 I EA IRES,FXD, 1/4W 5~ 2.2K R22,R23,R33
11218121 1 7P52223-1210 1 01211 1 EA IRES,FXD,1/4W 51- 22K R1
1081 1 7P5233121-0121 I 1211211 I EA IRES,FXD, 1/4W 5~ 33 OHM R7
112182 I 7P52331-00 I 1211213 I EA IRES,FXD,1/4W 5% 330 OHM R9,R10,R12
112183 1 7P52332-0121 I 1211212 I EA IRES,FXD, 1/4W 5~ 3.3K R29,R42
112184 I 7P5247121-1210 I 12101 I EA IRES,FXD,1/4W 5~ 47 OHM R41
1085 1 7P52471-0121 I 1211212 1 EA IRES,FXD,1/4W 5% 470 OHM R6,R4
112186 I 7P52472-00 1 1211211 I EA IRES,FXD, 1/4W 5% 4.7K Ri9
112187 I 7P52473-0121 I 004 I EA IRES,FXD,1/4W 5~ 47K R11,R25,R27,R28
112188 I 7P6111216-0121 1 001 I EA ISWITCH,DPDT,MOMENTARY,ACTION S1
112189 1 7P6111213-121121 I 1211211 I EA ISWITCH BUTTON (Sl)
112190 I 7P6312100-12I121 I 1211214 lEA lCONN,SHUNT,2 PIN (J1), (J3), (J4), (J5)
1091 I 7P64125-00 1 12101 EA ICONN,PC MT,RT ANGL,DB 255 IP2
112192 I 7P6421219-1210 1 12102 EA ICONN, PC MT,RT ANGL,DE 9P IP1,P6
112193 I 7P6411212-00 I 1211212 EA IHDR,PC MT,STR,11210ML SIL 2 PIN IJ1,J3
1094 1 7P64410-00 1 01211 EA IHDR,PC MT,STR,.11210 SIL 10 PIN IP9
1095 I 7P64207-00 I 1211211 EA IHDR,PC MT,STR,.156 SIL 7 PIN IP7
112196 1 7P6441218-121121 1 1211211 EA IHOR,PC MT,STR, OIL B PIN IJ4,J5
1097 I 7P64520-00 I 001 EA IHOR,PC MT,RT ANGL OIL 2121 PIN IP4
112198 1 7P64534-0121 I 1211211 EA IHOR,PC MT,RT ANGL, OIL 34 PIN IP8
1099 7P65124-00 I 002 EA ISOCKET LOW PROFILE,DIP 24 PIN IPA15,PD11
111210 7P65140-00 1 12102 EA ISOCKET LOW;PROFILE,OIP 40 PIN IPB7,PC11
I I I I
I I I I
I I 1 I
I I I I
I I 1 I
I I I 1
I I 1 I
I 1 1 1
I I I I
I I I I
I I I I
I I I 1
I 1 1 I I I
I-----------------------------------------END OF LM----------------------------------~------I
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: -; -: -:;- 0
; _", , "_'W
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; ::;: ~ 2, 25, 38
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IK32

i :=:35
: ~:: 8

lR39

IRN7

i~4,5,8,9,20,2b,27,3l,34~

:R22
:R12B

: R7 ~ 13

SSt-,

6. E.k.

22K 1~24!41,44

330r iR2,3, 14, 15,30
4.7K lR15,17
9.:i·< ~R43

N STR,TIN ITP:
N RT P.~GL,TIN iP2
N RT H~GL,GOLD!P3

SPIN i (R~-':3)

l05Li·

1055
! 0EB
1059
112171

I ~__------~---------------------------------------- _
I ITITLE DISK ELECTRONICS PCB ASSY FAB ILM# 3A03012J4-00 I
IOSBORNE COMPUTER CORP. I------------------------------------------------------!
! IDATE 1215/22/82 IRevision J

IQ~~~nl==bb~=======18QQy~1=========lg~Q~~~glZ_lQ§!§1 IReleased: TRfi£ASfD)1__~~I8h~~Q_bl§I_QE_~8I~B18b§ 1 ~ l ~~ ~ l
llI~~1_E8BI_~Q~_lQIY1 IIIb~ 1 B~E~B~~b~_Q~§l§~eIQE§_l

1046 17P50003-001001:RES,VARIABLE 20K 20TURN !?23 I
I I IRES,NETWk,SIP 8 PIN
1047 17P51002-12t0:001I _47-100Ki0~,1/8~ BUSs~D :;~£

il2J48 !7P5i003-001001 [ 150R, 1121%, 1/2W, BUSSED lRN8
i049 17P51005-012J1003! 4.7K, 10~, 1/8~,B~SSED ;R~i,4~5

i050 i7P5i012-012ti12J01i 33K, 10~, 1/8W, ISOLATED
112151 !7P52101-012t1001! RES, C. F., 5i'~, 1/4W 100R
112152 i 7P52105-0I2J1 12101 I 1.0M
~054 17P52153-001121021 15K
1055 :7P52164-00:12t01: 1512tK
:055 :7P52203-00:12J0i~ 20K
il2t57 17P52220-001001i' 22R
1058 ;7P52272-0010021 2.7K
l05S ! 7P52273-00 112101 I 270K
1050 i7P52332-00i001: 3.3k
~12t51 17P52335-012t 112101 i 3.3~

!062 l7P52393-001001 I 39~

:12162 i7P52472-00:010! 4.7K
! I

: 7P5251 L~-0il: I 0e:: :
i7P52582-0iZli00:'i
; 7P52751-eel 112101 i
!7P52821-00ilZl031
17P53550-e,0i001:RES,C.F. 5~, 1/2W

!072 :7P57153-0eI001IRES,~.F. 21-, :/4~
\073 17P53223-0010031
i074 17P57331~00!0051

!075 17P57472-001002!
1075 17P539i2-00l00il
i077 !7PS4108~0e!e.e:iCONN 8P
1078 17P54315-00!0021 :5P
1079 !7P54905~0011Zi01i 6P
112180 17P5520i-001001iSOCKET, IC,SIP~
1084 i7P70041-1Zi1Zi11l0iiRIVET,.125"DIA X .093"THK
1085 17P73001-01Zi!12J01IHEATSINK
1087 11A03004-0010001DISK ELEC. PCB SCHE~ REV J .
112188 13P04001-0010011DISK ELEC. PCB FAB REV D
I I I
I I I

i
I
I
1
I
I
I

I I I I
I---------------------------------END OF LM-----------------------------------l



I ITITLE DISK ELECTRONICS PCB ABBY FAB ILM# 3A03004-00 !
'I OSBORNE COMPUTER CORP~ i-------------------------------~----------------------I

j i DATE ~§a2/B2 I Revisic,Y": J

IgC§~Dlbb~=1~b§£t~=I8Q2~~~~-=1~~Q~1~glz=1~§igl~~iR;1~~;~d~l]El£AS£[)1__nsI8~b~Q_bI§I_QE_~8I~BI8b2 1 ~ l ~ J
llI~~1_28BI_~Q~_lQIY1 IIIb~ 1 B~E~B~~~~_Q~~I§~8IQB§_1

i 001 I 7 P ~ 1 rZt 1 4 - QllZ: ! 121 tll 2 I I C, TTL SN7 LI'L S 14 N j LJ 17, 1S :
:002 17Pi10B6-00!001l SN74LS86N jU8
i01213 17Plli12-00101211! SN74LS112N IUS
i004 l7P11123-001001 i SN74LSi23N !Ul)
,00.5 17P~~132-001001i SN74LS132N IUi8
l00~ 17P:1139-00!0011 SN74LS139N lUi5
!007 17Pi1800-001001; SN7438N IU12
1008 17P1180i-001002: SN75451BP 121,22
j009 17P11802-00!00: IC,CMOS CD4001BE IU14
1010 17P11803-00!001i CD4013BE :U7
~ 121ill 7P 1180.q,-0tZ: ; 0e,:.. i CD4023BE, U2lZt
:012 17P11805-00!001i CD4025BE IU2
i013 i7Pl1807-00!001\ CD4070BE iU:3
i015 17P21004-00l00:.. i:C,LINEAR TL091CP :U16
J016 i7Pli820-001003;IC~LI~EAR LM555CN IU3,4,:0
i IZ'l7 !7PE~0001-00! 12101 : LM2:i If\i i U5
:018 17P20002-00.1001! CA3054 'UI
10.19 17P20003-00i0Z1: NES92N :U6
1022 17P30001-00l0041DIODE IN4001 ID3-6
:023 !7P30004-00i002i IN4148 :Dl,~,7
;025 !7P30007-00~002jTRA~SIS70RS 2~3904 IQ1,2
: e,26 I 7;:'3e-:ellZ1e,-0e~ \ elZi:'. : -; I P l10 l G'3
1028 17P40101-00!003i=NDUC~O~S 150uh +-10.% iL3~5

1029 17P40102-001002: 550u~ +-10~ 1~1~2

i03i :7P45503-00!0C: :CAP,TA~~LU~ .33uc +-20~,5V ;C27
j~32 i7P45504-00l00: i 2.2llF +-10~,6V :C17
1033 17P45604-00100: iCAP,A_~~ LO PROFILE 22uF, 16V lC3~

i034 i7P45605-12101001i 4.7uF 1[35
!035 !7P45606-00l002! 47uF,10V IC2,33
:035 17P45609-00l001jCAP,~Y~AR 68NF +-20~ IC21
1037 17P46100-00102e!CAP,CER~AX:AL10NF+8121-2121% ;C3,5,6-9, 11, 13-16, :8, 19~22~:

I i j C25, 26~ 30-32~ ;35
1038 17P45101-00!002iCAD,CER~AXIAL~100PF+- 5% ;C23,24
i040 17P46103-001001: 10NF +-20~ lC29,
1041 i7P46152-00!004! 1.5NF +10% lC10,12,20,28
i042 i7P46330-001002! 33PF+~5% IC1,37
; el43 17P';'6331-00101l<L j 3~;0PF+-10% IC4
!044 17P46504-001001i 100~F +80-20~ :C38

i I !

I
I I

!-------·-------------------------LM CO~TI~UED---------------------------------



Appendix A
Z80 Instruction Set

Presented here is the Z80A instruction set:

Z80 Instruction Set

Register Layout:

Main Register Set

Accumulator Flags

B C

0 E

H L

Alternate Registers

Accumulator' Flags'

B' C'

0' E'

H' L'

interrupt vector I I memory refresh R

index register IX

index register IY

stack pointer SP

program counter PC

nnnn = hexadecimal 16-bit value
nn = hexadecimal 8-bit value
dd = 8-bit signed displacment
r register
b = single bit
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OSBORNE 1 TECHNICAL MANUAL

Z80 instruction 8080 instruction description

ADC A,(HL) ADCM adds byte at HL to A
ADC A,(lX + dd) none adds byte indexed by X to A
ADC A,(lY + dd) none adds byte indexed by Y to A
ADC A,r ADC r adds value in register to A
ADC A,nn ADI nn adds value to A
ADC HL,BC none adds BC to HL
ADC HL,DE none adds DE to HL
ADC HL,HL none doubles HL
ADC HL,SP none adds stack pointer to HL
ADD A,(HL) ADDM adds byte at HL to A
ADD A,(IX + dd) none adds byte indexed by X to A
ADD A, (lY+dd) none adds byte indexed by Y to A
ADD A,r ADD r adds value in regsiter to A
ADD A,nn ADI nn adds value to A
ADD HL,BC DAD B adds BC to HL
ADD HL,DE DADD adds DE to HL
ADD HL,HL DADH doubles HL
ADD HL,SP DAD SP adds stack pointer to HL
ADD IX,BC none adds BC to X index
ADD IX,DE none adds DE to X index
ADD IX,IX none doubles X index
ADD IX,SP none adds stack pointer to X index
ADD IY,BC none adds BC to Y index
ADD IY,DE none adds DE to Y index
ADD IY,IY none doubles Y index
ADD IY,SP none adds stack pointer to Y index
AND (HL) ANAM logical AND with byte and A
AND (IX+dd) none logical AND with index and A
AND (lY+dd) none logical AND with index and A
AND r ANA r logical AND with register and A
AND nn ANI nn logical AND with value and A
BIT b,(HL) none test bit of byte at HL
BIT b,(lX + dd) none test bit of byte at index X
BIT b,(IY +dd) none test bit of byte at index Y
BIT b,r none test bit of regsiter value
CALL nnnn CALL nnnn subroutine call to location
CALL C,nnnn CC nnnn subroutine call if carry
CALL M,nnnn CM nnnn subroutine call if sign
CALL NC,nnnn CNC nnnn subroutine call if carry reset
CALL NZ,nnnn CNZ nnnn subroutine call if zero reset
CALL P,nnnn CP nnnn subroutine call if sign reset
CALL PE,nnnn CPE nnnn subroutine call if parity
CALL PO,nnnn CPO nnnn subroutine call if parity reset
CALL Z,nnnn CZ nnnn subroutine call if zero
CCF CMC complement carry flag
CP (HL) CMPM compare byte at HL to A
CP (IX+dd) none compare byte at X index to A
CP (lY+dd) none compare byte at Y index to A
CP r CMPr compare register value to A
CP nn CPI nn compare value to A
CPD none compare byte at HL and decrement BC
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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
01
DJNZ dd
EI
EX (SP),HL
EX (SP),IX
EX (SP),IY
EX AF,AF'
EX DE,HL
EXX
HALT
1M a
1M 1
1M 2
IN r,(C)
IN A,(nn)
INC (HL)
INC (IX+dd)
INC (IY+dd)
INC r
INC BE
INC DE
INC HL
INC SP
INC IX
INC IY
IND

INDR

INI

INIR

JP (HL)
JP (IX)

8080 instruction

none

none
none

CMA
DAA
DCRM
none
none
OCR r
DCX B
DCXD
DCXH
DCX SP
none
none
01
none
EI
XTHL
none
none
none
XCHG
none
HLT
none
none
none
none
IN nn
INR M
none
none
INR r
INX B
INX 0
INX H
INX SP
none
none
none

none

none

none

PCHL
none

description

compare byte at HL, decrement and
repeat

compare byte at HL, increment BC
compare byte at HL, increment and

repeat
complement A
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 a
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 8080 instruction description

JP (IY) none copy Y index to PC then jump
JP nnnn JMP nnnn jump to location
JP C,nnnn JC nnnn jump if carry
JP M,nnnn JM nnnn jump if sign
JP NC,nnnn JNC nnnn jump if no carry
JP NZ,nnnn JNZ nnnn jump if not zero
JP P,nnnn JP nnnn jump if sign reset
JP PE,nnnn JPE nnnn jump if parity
JP PO,nnnn JPO nnnn jump if parity reset
JP Z,nnnn JZ nnnn jump if zero
JR dd none jump relative using value
JR C,dd none jump relative if carry
JR NC,dd none jump relative if no carry
JR NZ,dd none jump relative if not zero
JR Z,dd none jump relative if zero
LD (BC),A STAX B move A to byte at BC
LD (DE),A STAX 0 move A to byte at DE
LD (HL),r MOV M,r move byte in register to byte at HL
LD (HL),nn MVI M,nn move value to byte at HL
LD (IX + dd),r none move byte into byte at indexed location
LD (IX + dd),nn none move byte into byte at indexed location
LD (IY+dd),r none move byte into byte at indexed location
LD (IY + dd),nn none move byte into byte at indexed location
LD (nnnn),A STA nnnn move A to location
LD (nnnn),BC none move BC to location and location + 1
LD (nnnn),DE none move DE to location and location + 1
LD (nnnn),HL SHLD nnnn move HL to location and location + 1
LD (nnnn),IX none move IX to location and location + 1
LD (nnnn),IY none move IY to location and location + 1
LD (nnnn),SP none move stack pointer to location and lo-

cation + 1
LD A,(BC) LDAX B move byte at BC to A
LD A,(DE) LDAXD move byte at DE to A
LD A,I none move interrupt vector register to A
LD A,R none move memory refresh register to A
LD I,A none move A to interrupt vector register
LD R,A none move A to memory refresh register
LD r,(HL) MOV r,M move byte at HL to register
LD r,(IX +dd) none move byte at IX to register
LD r,(IY + dd) none move byte at IY to register
LD r,r MOV r,r move byte from register to register
LD r,nn MVI r,nn move value to register
LD A,(nnnn) LOA nnnn load A from location
LD BC,(nnnn) none load BC from locations
LD DE,(nnnn) none load DE from locations
LD HL,(nnnn) LHLD nnnn load HL from locations
LD BC,nnnn LXI B,nnnn load BC with value
LD DE,nnnn LXID,nnnn load DE with value
LD HL,nnnn LXI H,nnnn load HL with value
LD SP,nnnn LXI SP,nnnn load stack pointer with value
LD IX,nnnn none load IX with value
LD IY,nnnn none load IY with value
LD IX,(nnnn) none load IX from locations
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Z80 instruction 8080 instruction description

LD IY,(nnnn) none load IY from locations
LD SP,(nnnn) none load stack pointer from locations
LD SP,HL SPHL load stack pointer from HL
LD SP,IX none load stack pointer from IX
LD SP,IY none load stack pointer from IY
LDD none move byte at HL to DE location, decre-

ment BC, decrement HL
and DE

LDDR none move byte at HL to DE location, decre-
ment BC, decrement HL

and DE, repeat
LDI none move byte at HL to DE location, decre-

ment BC, increment HL
and DE

LDIR none move byte at HL to DE location, decre-
ment BC, increment HL

and DE, repeat
NEG none two's complement of A
NOP NOP no operation
OR (HL) DRAM logical OR of A and byte at HL
OR (lX+dd) none logical OR of A and byte at IX
OR (IY+dd) none logical OR of A and byte at IY
OR r ORA r logical OR of A and register
OR nn ORI nn logical OR of A and value
OTDR none output byte at HL to port C,

decrement B, decrement HL,
repeat

OTIR none output byte at HL to port C,
decrement B, increment HL,
repeat

OUT (C),r none output byte in register to port C
OUT (nn),A OUT nn output value to port A
OUTD none output byte from HL to port C,

decrement B, decrement HL
OUT! none output byte from HL to port C,

decrement B, increment HL
POPAF POP PSW restore AF from stack
POP BC POP B restore BC from stack
POP DE POPD restore DE from stack
POP HL POPH restore HL from stack
POP IX none restore IX from stack
POPIY none restore IY from stack
PUSH AF PUSH PSW store AF on stack
PUSH BC PUSH B store BC on stack
PUSH DE PUSHD store DE on stack
PUSH HL PUSH H store HL on stack
PUSH IX none store IX on stack
PUSH IY none store lYon stack
RES b,(IX+dd) none reset bit in byte at IX
RES b,(lY+dd) none reset bit in byte at IY
RES b,r none reset bit in register
RET RET return from subroutine
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Z80 instruction 8080 instruction description

RET C RC return if carry
RET M RM return if sign
RET NC RNC return if no carry
RET NZ RNZ return if not zero
RET P RP return if sign reset
RET PE RPE return if parity
RET PO RPO return if parity reset
RET Z RZ return if zero
RET! none return from maskable interrupt
RETN none return from nonmaskable interrupt
RL (HL) none rotate byte at HL left with carry
RL (IX+dd) none rotate byte at IX left with carry
RL (IY+dd) none rotate byte at IY left with carry
RL r none rotate byte in register left with carry
RLA RAL rotate byte in A left with carry
RLC (HL) none rotate byte at HL circularly left
RLC (IX+dd) none rotate byte at IX circularly left
RLC (IY+dd) none rotate byte at IY circularly left
RLC r none rotate byte in register circularly left
RLCA RLC rotate byte in A circularly left
RLD none rotate 12 bits n HL 4 bits at time left
RR (HL) none rotate byte at HL right with carry
RR (IX+dd) none rotate byte at IX right with carry
RR (IY+dd) none rotate byte at IY right with carry
RR r none rotate byte in register right with carry
RRA RAR rotate accumulator right
RRC (HL) none rotate byte in HL circularly right
RRC (IX+dd) none rotate byte in IX circularly right
RRC (IY+dd) none rotate byte in IY circularly right
RRC r none rotate byte in register circularly right
RRCA RRC rotate byte in A circularly right
RRD none rotate 12 bits in HL 4 bits at time right
RST OOh RST 0 first restart location
RST 08h RST 1 second restart location
RST 10h RST 2 third restart location
RST 18h RST 3 fourth restart location
RST 20h RST 4 fifth restart location
RST 28h RST 5 sixth restart location
RST 30h RST 6 seventh restart location
RST 38h RST 7 eighth restart location
SBC A,(HL) SBB M subtract byte at HL from A
SBC A,(IX + dd) none subtract byte at IX from A
SBC A,(IY +dd) none subtract byte at IY from A
SBC A,r SBB r subtract byte in register from A
SBC A,nn SBI nn subtract value from A
SBC HL,BC none subtract BC from HL
SBC HL,DE none subtract DE from HL
SBC HL,HL none subtract HL from HL
SBC HL,SP none subtract SP from HL
SCF STC set carry flag
SET b,(HL) none set big in byte at HL
SET b,(IX +dd) none set bit in byte at IX
SET b,(IY +dd) none set bit in byte at IY
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Z80 instruction 8080 instruction description

Z80 INSTRUCTION SET

SET b,r none set bit in byte in register
SLA (HL) none arithmetic shift left on byte at HL
SLA (IX+dd) none arithmetic shift left on byte at IX
SLA (IY+dd) none arithmetic shift left on byte at IY
SLA r none arithmetic shift left on byte in register
SRA (HL) none arithmetic shift right on byte at HL
SRA (IX+dd) none arithmetic shift right on byte at IX
SRA (IY+dd) none arithmetic shift right on byte at IY
SRA r none arithmetic shift right on byte in register
SRL (HL) none logical shift right on byte at HL
SRL (IX+dd) none logical shift right on byte at IX
SRL (IY+dd) none logical shift right on byte at IY
SRL r none logical shift right on byte in register
SUB (HL) SUBM subtract byte at HL from A
SUB (IX+dd) none subtract byte at IX from A
SUB (IY+dd) none subtract byte at IY from A
SUB r SUB r subtract byte in register from A
SUB nn SUI nn subtract value from A
XOR (HL) XRAM XOR HL register
XOR (IX+dd) none XOR IX register
XOR (IY+dd) none XOR IY register
XOR r XRA r XOR register
XOR nn XRI nn XOR value with A

119





Appendix B
6821 PIA Registers/
Instructions
The following specifications on the 6821 PIA were furnished in full by
Motorola, Inc:
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MC6821
(1.0 MHz)

MCAAA21
(I.liiHz)

M,~68.B~l,2.0 MHz,

PERIPHERAL INTERFACE ADAPTER (PIA)

MOS
(N-CHANNEL, SILICON-GATE,

DEPLETION LOAD)

CA1

CA2

IROA

IROB

RSO

RS1

RESET

DO

01

02

03

04

05

06

07

E

CS1

CS2

CSO

R/Vi

S SUFFIX
CERDIP PACKAGE

CASE 734

L SUFFIX
CERAMIC PACKAGE

CASE 715

P SUFFIX
PLASTIC PACKAGE

CASE 711

PIN ASSIGNMENT

VSS

PAO

PA1

PA2 4

PA3

PA4

PA5 7

PA6
PA7

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

CB1

CB2

VCC

PERIPHERAL INTERFACE
ADAPTER

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
periphE~rals through two 8-bit bidirectional peripheral data buses and
four control lines. No external logic is required for interfacing to most
periphHral 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
the intl3rface.

• 8-Bit Bidirectional Data Bus for Communication with the
MPU

• Two Bidirectional a-Bit Buses for Interface to Peripherals

• Two Programmable Control Registers
• Two Programmable Data Direction Registers
• Four Individually-Controlled Interrupt Input Lines; Two

Usable as Peripheral Control Outputs

• Handshake Control Logic for Input and Output Peripheral
Operation

• High-Impedance Three-State and Direct Transistor Drive
Peripheral Lines

• Pro~~ram Controlled Interrupt and Interrupt Disable Capability
• CMOS Drive Capability on Side A Peripheral Lines
• Two TTL Drive Capability on All A and B Side Buffers

• TTL-Compatible
• Static Operation

This device contains circuitry to protect the inputs against damage due to high
static voltiages or electric fields; however, it is advised that normal precautions
be taken to avoid application of any voltage higher than maximum-rated
voltages to this high-impedance circuit. Reliability of operation is enhanced if
unused inputs are tied to an appropriate logic voltage (i.e., either VSS or VCC).

Characteristic Symbol Value Unit

Thermal Flesistance
Ceramic

8JA
50 DC/W

Plastic 100
Cerdip 60

THERMAL CHARACTERISTICS

MAXIMUM RATINGS

Characteristics Symbol Value Unit

Supply Voltage VCC -0.3 to + 7.0 V

Input Voltage Vin -0.3 to + 7.0 V

Operating Temperature Range TL to TH
---

MC6821, MC68A21, MC68B21 TA 0 to 70 DC

MC6821C, MC68A21C, MC68B21C -40 to +85

Storage Temperature Range Tstg -55to +150 DC
--'---

@MOTOROLA INC., 1981 oS9436-R2
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MC6821.MC68A21.MC68B21' 0

POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °c can be obtained from:

TJ = TA + (PO.8JA) (1)

Where:
TA-Ambient Temperature, °c
8JA- Package Thermal Resistance, Junction-to-Ambient, °C/W

Po - PINT + PPORT
PINT-ICCxVCC, Watts - Chip Internal Power
PPORT- Port Power Oissipation, Watts - User Oetermined

For most applications PPORT..c PINT and can be neglected. PPORT may become significarit if ·the device is configured to
drive Oarlington bases or sink LEO loads.

An approximate relationship between Po and TJ (if PPORT is neglected) is:
Po = K + (TJ + 273°C) (2)

Solving equations 1 and 2 for K gives:
K = Poe(TA + 273°C) + 8JAePo2 (3)

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

DC ELECTRICAL CHARACTERISTICS (VCC=5.0 Vdc ±50/0, VSs=O, TA=TL to TH unless otherwise noted),

C Characteristic

BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CSO, CS1, CS2)

I Symbol Min I Typ Max Unit

Input High Voltage VIH VSS+2.0 - VCC V

Input Low Voltage VIL VSS-0.3 - VSS+0.8 V

Input Leakage Current (Vin = 0 to 5.25 V) lin - 1.0 2.5 p.A

Capacitance (Vin = 0, TA = 25°C, f = 1.0 MHz) Cin - - 7.5 pF

INTERRUPT OUTPUTS URQA, IROB)

Output Low Voltage (I Load = 3.2 rnA) VOL - '- VSS+O.4 V

Three-State Output Leakage Current 10Z - 1~o 10 p.A

Capacitance (Vin=O, TA=25°C, f=1.0 MHz) Cout - - 5.0 pF

DATA BUS (00-07)

Input High Voltage VIH VSS+2.0 - VCC V

Input Low Voltage VIL VSS-0.3 - VSS+0.8 V

Three-State Input Leakage Current (Vin = 0.4 to 2.4 V) liZ - 2.0 10 p.A

Output High Voltage (I Load = - 205 p.A) VOH VSS+2.4 - - V

Output Low Voltage (ILoad = 1.6 rnA) VOL - - VSS+O.4 V

Capacitance (Vin=O, TA:::;25°C, f= 1.0 MHz) Cin - - 12.5 pF

,
Input Leakage Current R/W, RESET, RSO, RS1, CSO, CS1, CS2, CA1,

lin - 1.0 2.5 p.A
(Vin = 0 to 5.25 V) CB1, Enable

Three-State Input Leakage Current (Vin = 0.4 to 2.4 V) PBD-PB7, CB2 liZ - 2.0 10 p.A

Input High Current (VIH = 2.4 V) PAD-PA7, CA2 IIH -200 -400 - p.A

Darlington Drive Current (Vo = 1.5 V) PBD-PB7, CB2 10H -1.0 - -10 rnA

Input Low Current (VIL = 0.4 V) PAD-PA7, CA2 IlL - -1.3 -2.4 rnA

Output High Voltage

(ILoad = - 200 p.A) PAD-PA7, PBD-PB7, CA2, CB2 VOH VSS+2.4 - - V

(ILoad= -10p.A) PAD-PA7, CA2 VCC-1.0 - -
Output Low Voltage (I Load = 3.2 rnA) VOL - - VSS+O.4 V

Capacitance (Vin=O, TA=25°C, f=1.0 MHz) Cin - - 10 pF

PERIPHERAL BUS (PAo-PA7, PBo-PB7 CAl, CAl, CB1, CB2)

POWER REOUIREMENTS

1_·_In_te_r_n_al_P_o_w_e_r_D_iss_ip_a_ti_o_n_(M_ea_s_ur_e_d_a_t_T:...;A_=_T-=L:..,..) ---lI_P...;.I...:.NT..:..--JI ......I=:=J 550 I mW I

./

'-------® MOTOROI.A Semiconductor Products Inc.
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- C68A21·MC68821

BUS TIMINIG CHARACTERISTICS (See Notes 1 and 2)

Ident.
Characteristic Symbol

MC6821 MC68A21 MC68821
Unit

Number Min Max Min Max Min Max

1 Cycle Time tcyc 1.0 10 0.67 10 0.5 10 p's

2 Pulse Width, E Low PWEL 430 - 280 - 210 - ns

3 Pulse Width, E High PWEH 450 - 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 - 290 - 180 - 150 ns

31 Input Data Setup Time tDSW 165 - 80 - 60 - ns

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

FIGURE 1 - BUS TIMING

...---------------~0--------------------~

Notes:
1. Voltage levels shown are VL:50.4 V, V, ~:2.4 V, 'n;~,:'5 otherwise specified.
2. Measurement points shown are 0.8 V 31 2.0 V, unless otherwise specified.

~---1301------'~

MPU Read Data Non-Muxed

MPU Write Data Non-Muxed

cs

E

Read Data
Non-Muxed __-+_~

Write Data --.....- ....
Non-Muxed ()---------------------------4f----(

~--...'-------+--~

R/W, Address

(Non-Muxed) --_+_~L....lL..II_...L....r....L-l""-------'-~'it_P_---+_f-.-----------------_++IF_oII...&.....Jo

-@ MOTOROLA Semiconductor Products Inc.
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MC6821-MC68A21-MC68B21 ~ ,
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PERIPHERAL TIMING CHARACT~RISTICS (VCC=5.0 V ±5%, VSS=O V, TA=TL to TH unless otherwise specified)

Characteristic Symbol
MC6821 MC68A21 MC68B21

Unit
Reference

Min Max Min Max Min Max Fig. No.

Data Setup Time tpDS 200 - 135 - 100 - ns 6

Data Hold Time tPDH 0 - 0 - 0 - ns 6

Delay Time, Enable Negative Transition to CA2 Negative Transition tCA2 - 1.0 - 0.670 - 0.500 p's 3, 7, 8

Delay Time, Enable Negative Transition to CA2 Positive Transition TRS1 - 1.0 - 0.670 - 0.500 p's 3, 7

Rise and Fall Times for CA1 and CA2 Input Signals tr, tf - 1.0 - 1.0 - 1.0 p's 8

Delay Time from CA1 Active Transition to CA2 Positive Transition tRS2 - 2.0 - 1.35 - 1.0 p's 3, 8

Delay Time, Enable Negative Transition to Data Valid tpDW - 1.0 - 0.670 - 0.5 p's 3,9,10

Delay Time, Enable Negative Transition to CMOS Data Valid
tCMOS - 2.0 - 1.35 - 1.0 p's 4,9

PAG-PA7, CA2

Delay Time, Enable Positive Transition to CB2 Negative Transition tCB2 - 1.0 - 0.670 - 0.5 p's 3, 11, 12

Delay Time, Data Valid to CB2 Negative Transition tDC 20 - 20 - 20 - ns 3, 10

Delay Time, Enable Positive Transition to CB2 Positive Transition tRS1 - 1.0 - 0.670 - 0.5 p's 3, 11--
Control Output Pulse Width, CA2/CB2 PWCT 500 - 375 - 250 - ns 3, 11

Rise and Fall Time for CB 1 and CB2 Input Signals tr, tf - 1.0 - 1.0 - 1.0 P. 12

Delay Time, CB1 Active Transition to CB2 Positive Transition tRS2 - 2.0 - 1.35 - 1.0 P.s 3,12

Interrupt Release Time, iR'OA and rnliB tlR - 1.60 - 1.10 - 0.85 p'S 5,14

Interrupt Response Time tRS3 - 1.0 .- 1.0 - 1.0 P.s 5,13

Interrupt Input Pulse Time PWI 500 - 500 - 500 - ns 13

RESET Low Time- tRL 1.0 - 0.66 - 0.5 - p's 15

-The R"ESET line must be high a minimum of 1.0 P.s before addressing the PIA.

FIGURE 2 - BUS TIMING TEST LOADS FIGURE 3 - TTL EQUIVALENT
TEST LOAD

IDG-D7) c 5.0 V (PAO-PA7, PBO-PB7, CA2, CB2)

RL=2.4kO :> 5.0 V

Test Point ~ ,.... MMD6150 ~ RL = 1.25 kO.....
" or Equiv.

:= R

...;~

Test Point -
_II

I~ MMD6150
C ::::::::

~~ MMD7000
''''''' " or Equiv.VI

130 pF • 11.7 kO ...;~

~~ or Equiv. c;: ~ : A
~r MMD7000~

~ ~ -" or Equiv.
~ -'-

-:: ~

C=30pF. R=12k

FIGURE 4 - CMOS EQUIVALENT FIGURE 5 - NMOS EQUIVALENT
TEST LOAD TEST LOAD

(PAo-PA7, CA2)
(IRQ Onlyl

5.0 V
()

Test Point1
~ 3 kO

rOPF
Test Point -

'DO pF I
----.
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FIGURE 6 - PERIPHERAL DATA SETUP AND HOLD TIMES
(Read Mode)

PAO-PA7

1'PDl e H

PBO-PB7

Enable

Enable

CA2

FIGURE 7 - CA2 DELAY TIME
(Read Mode; CRA-6= CRA3= 1, CRA-4=O)

'CA2~ ~.PWCT .

• Assumes part was deselected during
the previous E pulse.

FIGURE 8 - CA2 DELAY TIME
(Read Mode; CRA-6 = 1, CRA-3 = CRA-4 = 0)

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

Enable

CAl

CA2

Enable

PAO-PA7,
CA2

FIGURE 10 - PERIPHERAL DATA AND CB2 DELAY TIMES
(Write Mode; CRB-6= CRB-3= 1, CRB-4=O)

Enable

PBO-PB7

CBX'

·CB2 goes low as a result of the
positive transition of Enable.

FIGURE 12 - CB2' DELAY TIME
(Write Mode; CRB-6=1, CRB-3=CRB-4=0)

Enable

FIGURE 11 - CB2 DELAY TIME
(Write Mode; CRB-6=CRB-3=1, CRB-4=O)

• Assumes part was deselected during the
previous E pulse,

FIGURE 13 - INTERRUPT PULSE WIDTH AND iRa RESPONSE

I- pwl----i

~:~: ~ __.-J)[\;;.~ --.,;;JX~"'--__

l== 'RS3._

1

-.-.t}-
• Assumes Interrupt Enable Bits are set.

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

'------® MOTOROLA Semiconductor Products Inc.
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FIGURE 14 - IRQ RELEASE TIME FIGURE 15 - RESET LOW TIME

Enable RES~~~~~~_tR_L_-_-_-_ -_---'r-
-The RESET line must be a VIH for a minimum of
1.0 I£S 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

39 CA2

2 PAO

3 PAl

4 PA2

5 PA3

6 PA4

7 PA5

8 PA6

9 PA7

10 PBO

11 PBl

12 PB2

13 PB3

14 PB4

15 PB5

16 PB6

17 PB7

19 CB2

18 CBl

40 CAl

Peripheral
Interface

B

Peripheral
Interface

A

Data Direction
Register B

(DDRB)

Data Direction
Register A
(DORA)

Interrupt Status
Control B

Interrupt Status
Control A

Output
Register A

(ORA)

Control
Register A

(CRA)

Output Bus

Data Bus
Buffers
(DBB)

DO 33

01 32

02 31

03 30

04 29

05 28

06 27

07 26

IROB 37 -4------------------------j

IRQA 3B·...-----------------------;

L.-- ® MOTOROLA Semiconductor Products Inc.
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MC68A21·MC68B21-
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, IV1C6802, or MC6808 microprocessors, VMA
should be used as an active part of the address decoding.

BidirectiolD'lal Data (00-07) - The bidirectional data lines
lOO-07) allow the transfer of data between the MPU and the
PIA. The data bus output drivers are three-state devices that
remain in tlhe 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 (I:) - 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 RES ET 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 Selocts (CSO, CS1, and CS2) - These three input
signals are used to select the PIA. CSO and CS1 must be
high and B;2 must be low for selection of the device. Data
transfers am 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 s!3lect lines should be stable for the
duration of the E pulse whi.le in the read or write cycle.

Interrupt Request (IRQA and IROB) - The active low In­
terrupt Request lines lIROA and IROB) 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
Epulse. The Epulse is used to condition the interrupt control
lines (CA1, CA2, CB 1, 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 iv1PU 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 (;1 maximum of 1.5 standard TTL loads.

The data iin Output Register A will appear on the data lines
that are pro,;]rammed to be outputs. A logical "1" written in­
to the register will cause a "high" on the corresponding data

"------@ MOTOROLA

line while a "0" results in a "Iow." 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 (PBo-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 PAO­
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 lines

Semiconductor Products Inc.
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MC6821-MC68A21-MC68821 0

PBD-PB7 will be read properly from those lines programmed
as outputs even if the voltages are below 2.0 volts 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 contr.ol 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

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

CONTROL REGISTERS (CRA and CRB)
The two Control Registers (CRA and CRBI 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
~egistersare 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.

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

DATA DIRECTION ACCESS CONTROL BIT (CRA-2 an6
CRB-2)

Bit 2, in each Control Register (CRA and CRBl, 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 RSO 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, CR8-4, 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-51 is low, CA2 (CB21 isan interrupt
input line similar to CA1 (CB1l. When CRA-5 (CRB-51 is
high, CA2 (CB21 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.

x = Don't Care

Control
Register Bit

RS1 RSO CRA·2 CRB·2 Location Selected

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

TABLE 1 - INTERNAL ADDRESSING

INITIALIZATION
A RESET has the effect of zeroing all PIA registers. This

will set PAD-PA7, PBD-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 inthe Control Register, as shown in Table 1.

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

PORT A-B HARDWARE CHARACTERISTICS
As shown in Figure 17, the MC6821 has a pair of I/O 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 alsol will float high or low, depending
upon the load connected to it.

10.- ® MOTOROLA Semiconductor Products Inc.
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Control of CA1 and CB1 Interrupt Input Lines (CRA-O,
CRB-1, CRjl~-1, and CRB-1) - The two lowest-order bits of
the control registers are used to ·control the interrupt input
lines CA1 sind CB 1. Bits CRA-O and CR B-O are used to

enable the MPU interrupt signals moA and IROB, respec­
tively. Bits CRA-1 and CRB-1 determine the active transition
of the interrupt input signals CA1 and CB 1.

FIGURE 17 - PORT A AND PORT B EQUIVALENT CIRCUITS

Port A

DATA

Data ­
Direction

(1- Output Pin)
(O-iinput Pin)

VCC

Port Pin

Port B

Data Direction
(1-lnput Pin)

la-Output Pin)

Read of B
Data When
in Output

Mode

VCC

Port Pin

To Extl3rnal
BUB

Read A Data
in Input or

Output Mode

Internal PIA Bus

ORDERING INFORMATION

Read of B
Data when

in Input Mode

.---._--------------------

MC68A21CP

___~J""-""Motorola Integrated Circuit ..J
M6800 Family
Blanks= 1.0 MHz
A= Hi MHz
B=2.0 MHz
Device Designation --------'
In M6800 Family
Temperature Range ---- --1

Blank == 0°- + 70°C
C= -40°- + 85°C
Packa~le

P= Plastic
S = Cerdip
L= CeraMic

BEITER PROGRAM

Better program processing is available on all types listed. Add
suffix lettl3rs to part number.

Levell add "S" Level 2 add "0" Level 3 add "OS"

Levell "S" = 10 Temp Cycles - (- 25 to 150°C);
Hi Temp testing at TA max.

Level 2 "0" = 168 Hour Burn-in at 125°C
Level 3 "OS" = Combination of Levelland 2.

Speed Device Temperature Range

1.0 MHz
MC6821 P,L,S o to 70°C

MC6821 CP ,CL,CS -40 to + 85°C

1.5 MHz
MC68A21 P, L, S o to + 70°C

MC68A21 CP ,CL,CS -40 to +85°C

2.0 MHz MC68B21P,L,S o to + 70°C

'--------® MOTOROLA Semiconductor Products Inc.
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FIGURE 18 - CONTROL WORD FORMAT

CA1 (CB1) Interrupt Request Enable/Disable

bO=O: Disables IROAlB) MPU Interrupt by CA1
(CB11 active transition. 1

bO= 1: Enable IROAlB) MPU Interrupt by CA1 (CB 1)
active transition.

1. IROAlB) will occur on next (MPU generated) positive
transition of bO if CA1 (CB1) active transition oc­
curred while interrupt was disabled.

Determine Active CA1 (CB1) Transition for Setting
Interrupt Flag IRQA(B)1 - (bit 7)

b1 =0: IROA(B)1 set by high-to-Iow transition on CA1
(CB1)

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

I

IRQA(B) 1 Interrupt Flag (bit 7)

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

I 1 I
b7

Control Register IROA(B)1

Flag

b6

IROAlB)2
Flag

b5 I b4
CA2 (CB2)

Control

b3 b2

DDR
Access

b1 I bO

CA1 (CB1)
Control

IRQA(B)2 Interrupt Flag (bit 6)

When CA2 (CB2) is an input, IROA(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): IROA{B)
2=0, not affected by CA2 (CB2) transitions.

I
CA2 (CB2) Established as Output by b5 == 1

(Note that operation of CA2 and CB2 output
b5 b4 b3 functions are not identical)
--'-::~CA2

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

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

--. CB2

b3 = 0: Write Strobe with CB1 Restore
CB2 goes Iowan first low-ta-high
E transition following an MPU write
into Output Register B; returned
high by the next active CB 1 transi­
tion as specified by bit 1. CR B-b7
must first be cleared by a read of
data.

b3 = 1: Write Strobe with E Restore
CB2 goes Iowan first low-to-high
E transition following an MPU write
into Output Register B; returned

b5 b4 b3 high by the next low-to-high E tran--- -L sition following an E pulse which
occurred while the part was de­
selected.

1 1 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.

I
Determines Whether Data Direction Register Or Output
Register is Addressed

b2= 0: Data Direction Register selected.
b2 = 1: Output Register selected.

I
CA2 (CB2) Established as Input by b5=O

~.24 b3

o L CA2 (CB2) Interrupt Request Enable/Disable
b3=0: Disables IROA{B) MPU Interrupt by

CA2 (CB2) active transition. *

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

*IROA{B) will occur on next (MPU generat­
ted) positive transition of b3 if CA2 (CB2),
active transition occurred while interrupt
was disabled.

'-----:l.....~ Determines Active CA2 (CB2) Transition for
Setting Interrupt Flag IRQA(B)2 - (Bitb6)

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

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

L-. ® MOTOROLA Semiconductor Products Inc.
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Appendix C
6850 ACIA Registers/
Instructions

The following specifications on the 6850 ACIA were furnished in full by
Motorola, Inc:
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MC6ASO
(1.0 MHz)

MC68ASO
(1.5 MHz)

M~R8BSO
(2.0 MHz)

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACIA) MOS

(N-CHANNEL, SILlCON"GATE)

ASYNCHRONOUS
COMMUNICATIONS INTERFACE

ADAPTER

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
MC6800 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
• Pro!~rammable Control Register
• Opt!ional + 1, + 16, and + 64 Clock Modes
• Up to 1.0 Mbps Transmission

• False Start Bit Deletion
• Peripheral/ Modem Control Functions

• Doulble Buffered
• One- or Two-Stop Bit Operation

S SUFFIX
CERDIP PACKAGE

CASE 623

P SUFFIX
PLASTIC PACKAGE

CASE 709

L SUFFIX
CERAMIC PACKAGE

CASE 716

MC6860 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
BLOCK DIAGRAM

PIN ASSIGNMENT

VSS eTS
Ax Data 5C5
Ax elK DO

01

ATS 02
Tx Data 03

IAQ 04

eso 05

eS2 06
eS1 07

AS E

Vee A/W

Receive
Data

...... Transmit
Data

Per ipheral/
Modem
Control

Data
Sus

Suffers

Address
Control

and
Interrupt

Data Bus

©MOTOROLA INC., 1981 DS 9493-R2
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MC6850e MC68A
o
50e MC68B50 0

MAXIMUM RATINGS

Characteristics Symbol Value Unit

Supply Voltage VCC -0.3 to + 7.0 V

Input Voltage Vin -0.3 to + 7.0 V

Operating Temperature Range TL to TH
MC~~.MC~A~.MC~BOO TA 0 to 70 °c
MC~50C. MC~A50C. MC~B50C -40 to +85

Storage Temperature Range Tstq - 55 to + 150 °c

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Thermal Resistance
Plastic

9JA
120

°C/W
Ceramic 60
Cerdip 65

POWER CONSIDERATIONS

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated vOltages to this high­
impedance circuit. Reliability of operation is
enhanced if unused inputs are tied to an ap­
propriate logic voltage level (e.g .• either VSS
or VCC).

The average chip-junction temperature, Tj, in °c can be obtained from:
Tj=TA+(PDeOjA) (1)

Where:

TA. Ambient Temperature, °c
OjA. Package Thermal Resistance, junction-to-Ambient, °C/W

PD- PINT+ PPORT
PINT-ICC x Vec, Watts - Chip Internal Power
PPORT. Port Power Dissipation, Watts - User Determined

For most applications PPORT.cC 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 PD and Tj (if PPORT is neglected) is:
PD=K+(Tj+273°C) (2)

Solving equations 1 and 2 for K gives:

K=PDe(TA+273°C)+OjAePD2 (3)
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD (at equilibrium)

for a known TA- Using this value of K the values of PD 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=O. TA=TL to TH unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input High Voltage VIH VSS+2.0 - VCC V
1---

VILInput Low Voltage VSS-0.3 - VSS+0.8 V

Input Leakage Current R/W. CSO, CS1. C-s2. Enable
lin - 1.0 2.5 p.A

. (Vin = 0 to 5.25 V) RS, Rx D. Rx C. CTS, DCD

Three-State (Off State) Input Current DO-D7
ITSI 2.0 10 p.A

(Vin = 0.4 to 2.4 V)
-

Output High Voltage Do-D7

(I Load = - 205 p.A, Enable Pulse Width < 25 p.s) VOH VSS+2.4 - - V
(I Load = - 100 p.A. Enable Pulse Width < 25 p.s) Tx Data, ATS VSS+2.4 - -

Output Low Voltage (I Load = 1.6 mAo Enable Pulse Width < 25 p.s) VOL - - VSS+O.4 V

Output Leakage Current (Off State) (VOH = 2.4 V) iRQ ILOH - 1.0 10 p.A

Internal Power Dissipation (Measured at TA = TLl PINT - 300 525 mW

Internal Input Capacitance
(Vin=O, TA=25°C. f=1.0MHz) DO-D7 Cin - 10 12.5 pF

E. Tx CLK, Rx CLK, A/W. AS. Rx Data, CSO. CS1. CS2, CiS, DCD - 7.0 7.5

Output Capacitance ATS, Tx Data
Cout

- - 10
pF

(Vin=O. TA=25°C.f=1.0MHz) iAn - - 5.0

._--® MOTOROLA Semiconductor Products Inc.
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SERIAL DATA TIMING CHARACTERISTICS

Characteristic Symbol
MC6850 MC68A60 MC68860

Unit
Min Max Min Max Min Max

Data Clock Pulse Width, Low + 16, + 64 Modes
PWCL

600 - 450 - 280 -
(See Figure 1) + 1 Mode 900 650 500

ns- . - -
Data Clock Pulse Width, High + 16, +64 Modes

PWCH
600 - 450 - 280 -

(See Figure 2) + 1 Mode 900 650 500
ns- - -

Data Clock Frequency + 16, + 64 Modes
fC

- 0.8 - 1.0 - 1.5 MHz
+ 1 Mode - 500 - 750 - HXX> kHz

Data Clock-to-Data Delay for Transmitter (See Figure 3) tTDD - 600 - 540 - 460 ns

Receive Data Setup Time (See Figure 4) + 1 Mode tRDS 250 - 100 - 30 - ns

Receive Data Hold Time (See Figure 5)
-

+ 1 Mode tRDH 250 - 100 - 30 - ns

Interrupt Flequest Release Time (See Figure 6) tlR - 1.2 - 0.9 - 0.7 p's

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 smalied t r, tf - 1.0 - 0.5 - 0.25 p's

FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE

_pwCL-
Tx Clk It- -'

Tx Clk \ ~V
or / ~or Rx Clk

Rx Clk f---PWCH-

FIGURE 3 - TRANSMIT DATA OUTPUT DELAY
FIGURE 4 - RECEIVE DATA SETUP TIME

(+ 1 Mode)

AXD.t~Tx Clk

tTDf FtADS
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 I-

- -tRTS

X--
RTS

Rx Data

'II tlR !-
IRQ

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

. n .
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2 and Figure 7)

Ident.
Characteristic Symbol

MC6850 MC68A50 MC68B50
Unit

Number Min Max Min Max Min Max

1 Cycle Time tCYC 1.0 10 0.67 10 0.5 10 ILs
2 Pulse Width, E Low PWEL 430 9500 280 9500 210 9500 ns

3 Pulse Width, E High PWEH 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 50- 20 50- 20 50- ns
21 Write Data Hold Time tDHW 10 - 10 - 10 - ns
30 Output Data Delay Time tDDR - 290 - 180 - 150 ns
31 Input Data Setup Time tDSW 165 - 80 - 60 - ns

-The data bus output buffers are no longer sourcing or sinking current by tDHRmax (High Impedancel.

FIGURE 7 - BUS TIMING CHARACTERISTICS

1. Voltage levels shown are VL~O.4 V, VH~2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

~---'301----~

MPU Read Data Non-Muxed

MPU Write Data Non-Muxed

14-----·-----------CD-·------------------~
....-----(2)1--------;-.1 .Jc-------------------s..

E

Write Data ---";"-"'!IIl..
Muxed [)-------------------------oQ----(1

.....--...------...-..:11""

Read Data
Non-Muxed __-+_~

R/W, Address

(Non-Muxedl ---+-~L...lL..&-L...L.~L...l.....-----'-_I..RF----H-----------------_+_H~...~

FIGURE 8 - BUS TIMING TEST LOADS
Load A

100-07, RTS, Tx Data)
5.0 V

MM06150
or EqUiv.

MM07000
or Equiv.

Load B
IIRQ Only)

~
5'OV

3 kO

Test Point .

I !OOpF

C = 130 pF for 0007 R = 11.7 kn for 00-07

c 30 pF for R TS ancl Tx Data ., 24 kn for RTS and Tx Data----® MOTOROLA Semiconductor Products Inc.
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FIGURE 9 - EXPANDED BLOCK DIAGRAM

6 Transmit Data

24 Clear-to-Send

Transmit
Data

Register

DO 22
Status

D1 21 Register

D220 7 Interrupt Request

D319 Data
Bus 23 Data Carrier Detect

D418 Buffers

D517

5 Request-to-Send
D616

D715 Control
Register

Enable 14 -------,

Read/Write 13

Chip Select 0 8

ChipSelect110

Chip Select 2 9
Regis,telr Select 11

Transmit Clock 4 -----'-----------------i~

Vcc=Pin 12
Vss=Pin1

Receive
Data

Register

Receive
Shift

Register
2 Receive Data

Receivle 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 am 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 TRO and RTS outputs are held at level 1. On all
other mastl~r resets, the RTS output can be programmed
high or low with the IRO output held high. Control bits CR5
and CR6 should also be programmed to define the state of
RTS whenetver 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

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 setfor 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 typ.ical 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 ttansmitted 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

L. ® MOTOROLA Semiconductor Products Inc.
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double bufferingLThe 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 been 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 (00-07) - The bidirectional data
lines (00-07) 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
q,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

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 (CSa, CS1, CS2) - These three high­
impedance TTL-compatible input lines are used to address
the ACIA. The ACIA is selected when csa and CS 1 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
IRQ status bit, when high, indicates the meoutput 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 (TORE) 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 CR5 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 (RORF) status bit is
high, an Overrun has occurred, or Data Carrier Detect (OCO)
has gone high. An interrupt resulting from the RORF status
bit can be cleared by reading data or resetting the ACIA. In­
terrupts caused by Overrun or loss of 15C5 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.

'---------® MOTOROLA Semiconductor Products Inc.
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SERIAL INiPUT/OUTPUT LINES
Receive Data (Ax 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 sl3rial 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 ojf 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 CR5 and CR6. When CR6= 0 or both
CR5 and CR6= 1, the RTS output is low (the active statel.
This output can also be used for Data Terminal Ready (OTRl.

Data Canier 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 Dalta 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 whlsn 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 (TOR)

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. If
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 (ADR) 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 ACtA REGISTER CONTENTS

Buffer Address

Data RS. R/W RS. R/W RS. RlW RS. 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 O· Data Bit 0 Counter Divide Receive Data Register

Select 1 (CRO) Full JRDRF)

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)

4 Data Bit 4 Data Bit 4 Word Select 3 Framing Error

(CR4) (F E)

5 Data Bit 5 Data Bit 5 Transmit Control 1 Receiver Overrun

(CR5) (OVRN)

6 Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE)

(CR6)

7 Data Bit 7··· Data Bit 7·· Receive I nterr upt I nterrupt Request

Enable (CR7) (iR'Q)

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

••• Data bit is "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 thatare selected when RS and R/W are low. This
register controls the function of the receiver, transmitter, in­
terrupt enables, and the Request-to-Send peri­
pheral/modem control output.

Counter Divide Select Bits (CRO and CR1) - The Counter
Divide Select Sits (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:

CRl 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

0 0 0 7 Bits + Even Parity +. 2 Stop Bits
0 0 1 7 Bits + Odd Parity + 2 Stop Bits
0 1 0 7 Bits + Even Parity + 1 Stop Bit
0 1 1 7 Bits + Odd Parity + 1 Stop Bit
1 0 0 8 Bits + 2 Stop Bits
1 0 1 8 Bits + 1 Stop Bit
1 1 0 8 Bits + Even parity + 1 Stop Bit
1 1 1 8 Bits + Odd Parity + 1 Stop Bit

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

Transmitter Control Bits (CR6 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 CR6 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 level on the

Transmit Data Output. Transmitting Inter-
rupt Disabled.

Receive Interrupt Enable Bit (CR7) - The following inter­
rupts will 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 (OCD)
signal line.

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 RlW"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 Receive 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 als,o causes RDRF to indicate empty.

Transmit Data Register Empty (TORE), 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 (OCO), Bit 2 - The Data Carrier
Detect bit will be high when the [5'cr5 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 Receive Interrupt Enable is set. It remains high
after the L>CD input is returned low 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 DCl5 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), Bit 6 - 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 midpointof 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

'---® MOTOROLA Semiconductor Products Inc.
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been read. The RDRF bit remains set until the Overrun is
reset. CharacJer 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 ReBet.

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
defineo 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 IRQ bit indicates the
state of the i'R"Q output. Any interrupt condition with its ap­
plicable enable will be indicated in this status bit. Anytime
the IRQ output is low the IRQ 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

CASE 709-02
(PLASTIC)

CASE 623-03
(CERDIP) 0, "· ...1

o 12 _ t
~f[L-

Il
-II E:::3. . . '--ill\.

-IHI- --!G f--- ~ - -Jl---, K! J~\--
F 0 \SEAlING -II---M

PLANE

NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D).

SHALL BE WITHIN 0.25 mm (0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEl.

3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.

I-F 1.02 1.52 0.040 0.060

MILLIMETERS INCHES
I-D"-,I""M-I---"'M,-,,,IN~M~A~X,--+-_~M..I....N _MA!-
I-A 31.37 32.13 1.235 1.265
~ B 13.72 14.22 0.540 0.560
I- C 3.94 5.08 0.155 0.200
~D 0.36 0.56 0.014 0.022

NOTES:
1. DIM "l" TO CENTER OF

LEADS WHEN FORMED
PARALLEl.

2. LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.
(WHEN FORMED PARALLEL)

MILLIMETERS INCHES
DIM MIN MAX MIN MAX

~c.:~~ 32.77 1.230 1.290

~~12.70 15.49 0.500 0.610
C 4.06 5.59 0.160 0.220
D 0.41 0.51 0.016 !I.020
F 1.27 1.52 0.050 0.060
G 2.54 BSC . 0.100 BSC
J 0.20 0.30 0.008 I 0.012
K 2.29 4.06 0.090 I 0.160
l 15.24 BSC 0.6008SC
M 0° 15° 00 I 150
N 0.51 1.27 0.020 I 0.050

[OJ]
1-- A --1
_ F i-L-i

Jfo· .:...~2~=ijrJ~
NOTE:

1. LEADS TRUE POSITIONED WITHIN
0.25mm (0.010) DIA (AT SEATING
PLANE) AT MAXIMUM MATERIAL
CONDITION.

2. DIM "L" TO CENTER OF LEADS
WHEN FORMED PARALLEl.

CASE 716-06
(CERAMIC)

MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 27.64 30.99 1.088 1.220
B 14.73 15.34 0.580 0.604
C 2.67 4.32 0.105 0.170
D 0.38 0.53 0.015 0.021
F 0.76 1.40 0.030 0.055
G 2.54 BSC 0100 B!;C
H 0.76 1.78 0.030 0.070
J 0.20 0.30 0.008 0.012
K 2.54 4.57 0.100 0.180
l 14.99 15.49 0.590 0.610
M - 10° - 10°
N 1.02 1.52 0.040 0.060

L..---__@ MOTOROLA Semiconductor Products Inc.
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ORDERING INFORMATION

MC68A50CP_ _ TJJo-Motorola Integrated Circuit ....
M6800 Family
Blanks= 1.0 'MHz _

A=1,5MHz
B=2.0 MHz
Device Oesignation ....

In M6800 Family
Temperature Range ---J

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 "0" Level 3 add "OS"

Level 1 "s" = 10 Temp Cycles - (- 25 to 150°C);
Hi Temp testing at TA max,

Level 2 "0" = 168 Hour Burn-in at 125°C
Level 3 "OS" = Combination of Level 1 and 2.

Speed Device Temperature Range

1.0 MHz
MC6850P,L,S oto 70°C

MC6850CP,CL,CS -40 to +85°C

1.5 MHz
MC68A50P,L,S oto + 70°C

MC68A50CP,CL,CS -40 to +85°C

2.0 MHz MC68B50P,L,S oto + 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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FLOPPY DISK
FORMATTER/
CONTROLLER

MB 8876A
MB 8877A

March 1982
Edition 1.0

FLOPPY DISK FORMATTER/CONTfitOLLER

PIN ASSIGNMENT

PLASTIC PACKAGE
DIP-40P-M01

NC*IRO

ORO

DDEN
WPRT
fP
TROO

WFIVFOE
READY

WD

WG

TG43
HLD

RAWREAD

RCLK

RG
CLK
HLT
nsf
vee

CERAMIC PACKAGE
DIP-40C-A01

* NC: Non Connect,on

* * {MB 8876A· NegatIve LogIc
MB 8877A. PosItIve LogIc

*NCWE
eli
RE
A"

**lm~i~lDAL5/DAL5

DAL6/DAL6
DAL7/DAL7

STEP
DIRC

EARLY

LATE

MR

Vss '------'

ABSOLUTE MAXIMUM RATINGS

• One-Chip Floppy Fisk Formatter/Controller.

• Applicable to Single Density Floppy Disk, Double Density Floppy Disk and
Mini Floppy Disk.

• Interfaceable to 8-bit Microprocessor.
MEl 8876A: Negative-logic 8-bit Data Bus.
MEl 8877A: Positive-logic 8-bit Data Bus.

• IBM Compatible Sector Format.

• Automatic: Track Seeking and Verification.

• Both Single and Double Density Formats.
a) Single Density in IBM 3740 Format and FM Recording.

b) Double Density in IBM System-34 Format and MFM Recording.

• Programm,able Single Sector/Multiple Sectors/Entire Track Read Operation.

• Programm,able 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 I/O.

• DMA Data Transfer Capabil ity.

• Write Precompensation Capability.

• All TTL Compatible I/O.

• Single +5V Power Supply.

• N-Channel E/D MOS Technology.

• Standard 40-pin Dual-In Line Package.

• MB 8876A.: Upward Compatible with Western Digital FD1791-02.
MB 8877 A.: Upward Compatible with Western Digital FD1793-02.

Rating Symbol Value Unit

Voltage on any pin to V55 Vee, VI, V o -0.3 to +7.0 V

Operating Temperature Top oto 70 DC

Storage Terrlperature Tstg -55 to +150 DC

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

This device contains circuitry to protect the
inputs against damage due to high static volt­
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi­
mum rated voltages to :this high impedance
circuit.
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Fig. 1 - MB 8876A/MB 8877A SYSTEM CONSTRUCTURE

I I i

DDEN I • • •CLK Vee STEP

CS MB 8876A DIRC

RE MB 8877A
HLD(FDC)

WE

~Ao,A, SHOT
INTERNAL

./ REGISTER HLT

k2
DALo ~ DAL7 " COMMAND REG. TROO

) ---STATUS REG. READY

DALo ~ DAL7 ** TRACK REG. -
IP

SECTOR REG. RG
MPU +5V DATA REG.

FLOPPY DISK
RAWREAD VFO READ

DRIVE
CIRCUIT (FDD)

RCLK DATA

DRQ
10K

VFOErOK
WD

WRITE
IRQ EARLY PRECOM- WRITE

LATE PENSATION DATACIRCUgJ
+5V

lOKi 1*** rl
WF/VFOE ~ WF

WG
TG43

Vss WPRT

_t -.L

2MHz or
MR 1MHz +5V

TESl -

* MB 8876A: Negative Logic
** MB 8877A: Positive Logic

* * * Open Coli ector Output

GUARANTEED OPERATING CONDITIONS
(Referenced to Vss)

Value OperatingParameter Symbol Unit
Min. Typ. Max. Temperature

Vee 4.75 5.00 5.25
Supply Voltage V

Vss 0
O°C to +70°C

Input High Voltage V 1H 2.0 Vee V

Input Low Voltage V 1L -0.3 0.8 V

2



PIN DESCRIPTIONS
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MB 8877A
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Pin No. Symbol Pin Name I/O Description

20 Vss Ground (GND)
Power Supply I

21 Vee +5V DC supply

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

19 MR Master Reset I Signal for resetting the FDC

22 TEST Test I 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 I 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 CS Chip Select I 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 are in high impedance state
,and data transfer is inhibited. (i.e., RE and WE are ignored.)

4 RE Read Enable I 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 I Strobe signal provided when data is written into internal registers:

When CS =WE = 0, data can be written into internal registers.

5,6 A o, A 1 Register Select I Signal for addressing an internal register among Command Register
Line (CRL Status Register (STR), Track Register (TR), Sector Register

(SCR) and Data Register (DR): Refer to table of REGISTER
SELECTION (p.6)

7""' 14 i)ALo""'DAL7 Data Access I/O 8-bit bidirectional bus for transferring 8-bit data between the FDC
DALo""'DAL7 Line and the MPU. MB 8876A: negative logic / MB 8877A: positive logic

38 DRO Data Request 0 Signal for informing the MPU of a DR status: Read operation:
DRO = 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:
DRO = 1 shows the DR is empty, and the F DC is requesting for the

MPU to write the next data into the DR.

39 IRO Interrupt 0 Interrupt signal to the MPU: IRO is set when a Command is
Request completed or the TYPE IV Command is executed. IRO 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:
DI RC = 0 shows the head moves toward outside. DI RC = 1 shows
the head moves toward inside.

28 HLD Head Load 0 Signal for loadi"t,g a disk head: When H LD = 1, the head is engaged
on the disk. When H LD = 0, the head is released from the disk.

3
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Disk Head Control Signal (cont'd)

Pin No. Symbol Pin Name I/O Description_.
23 HLT Head Load I 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 HL0 = 1.

34 TROD Track 00 I Signal for informing whether a disk head is positioned on Track
No. 00 or not: TROD =0 shows Track No. 00 is detected during
track seaking operation.

r-'
32 READY Ready I Signal for informing the F DC 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 fP Index Pulse I 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 I A data window signal which is generated in an external VFO circuit
out of Read Data.

27 RAWREAD Raw Read I A raw read data signal transferred from the F DO.
'-----

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
a disk: EAR LY = 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
a disk: 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 F DD.

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. 0 thru 43.
1--

33 WF/VFOE Write Fault/ I/O 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 I Signal for inhibiting write operation for disk.

4
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REGISTER SELECTION

Chip
Address Selected Register Data Access Line Status

Select
-----

CS A 1 A o Read Mode (RE = 0) Write Mode (WE = 0) DAL 7 """ DAL o

-----
DAL 7 ,...., DAL.o

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__- --

0 1 0 Sector Register (SCR) Sector Register (SCR) Enabled

0 1 1 Data Register (D R) Data Register (DR) Enabled

*: Don't care

Fig. 2 - MB 8876A/MB 8877A BLOCK DIAGRAM

.~----+___4I~----__<RAWR EAD

OUTPUT
--..------------~-------...--------...BUS LINE

WD

INPUT
BUS LINE

~------------------<RClK

TEST--­

MR --­

ClK ­

Vee --­
Vss -­
(GND)

DDEN

CS

RE

WE

Ao

Al

DRQ

IRQ

MPU --INTERFACE

COMMAND

PlA

(232x19)

DISK

INTERFACE

--- STEP
------- DIRC

---- HlD
-HlT
-TROO
- READY
-iP
---RG
-WG

-----EARLY
---lATE
---TG43

~-WPRT

-- WFNFOE

* MB 8876A: 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 = O.
(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 IRD output high (I RD =
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 IRD output is usually reset to low (I RD = 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 cfield.

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
[)SR 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
(Le. TYPE I 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 a-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 10 field
is transferred to the SC R.

6

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 (±O).
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),
10 Address Mark (or Address Mark: lOAM) and Data
Address Mark (Data AM).

Data Modu lator
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.



DC CHARACTERISTICS
(Full Guaranteed Operating Conditions unless otherwise noted.)
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Value

Parameter Symbol Unit
Min. Typ. Max.

Output Hi,gh Voltage
VOH 2.4 V

(I0H = -200J.lA)
1--- -"-

Output low Voltage
VOL 0.4 V

(I0L = 1.8 mA)
1---

Three-State (Off-State)
ITS1 10 J.lA

Input Current (V 1N =O.4V to 2.4V)
1--.

Input leakage Current
II N1 2.5 J.lA

See Note 1)_.
Input leakage Current

IIN2 100 J.1.A
See Note 2)

Output leakage Current for Off-State
ILOH 10 J.lA(VOH = 2.4V)

--
Power Consumption Pc 350 mW

Note 1) : Except for HlT, TEST, WF, WPRT, and DDEN. (V 1N = OV to 5.25V)
2) : For HlT, TEST, WF, WPRT, and DDEN. (V 1N = OV to 5.25V)

AC CHARACTERISTICS
(Full Guaranteed Operating Conditions unless otherwise noted.)
MPU Read Timing (From FOC)

Value
Parameter Symbol Unit

Min. Typ. Max.
--

Address SEltup Time tSET 50 ns
--

Address Hold Time t HLO 10 ns

RE Pulse Width t RE 280 ns
-- --

ORO Reset Time tORR 250 ns

IRO Reset Time t lRR 500 ns
~.

Data Dela" Time (C L = 25pF) toAcc 250 ns
~.

Data Hold Time (CL = 25pF) tooH 50 150 ns

ORO Service Time (RClK cycle = 2J.1.s) tSEVR 13.5* J.lS

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

7
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MPU Write Timing (To FOe)
- -,_.- --

Value
Parameter Symbol Unit

Min. Typ. Max._.
Address Setup Time tSET 50 ns

1--. -
Address Hold Time t HLO 10 ns

1--. --
WE Pulse Width t WE 200 ns-_.. --
ORO Reset Time tORR 250 ns

--
IR0 Reset Time t lRR 500 ns

--
Data Setup Time t os 250 ns

- - --
Data Hold Time tOH 0 ns

1--. --------1---.

ORO Service Time (DDEN = "l") t SEVW 11.5* f..Ls
1-. _.- __c-. -------

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

READ TIMING

DRQ

IRQ

RE

DALIDAL

- 1.6p.s* (MFM) or ~ 32p.s* (FM)

O.4V / ~O.4V Y
-tORR

tSEVR

/ ",,"-O.4V

't'RR I

)< _5'2~ 2.0V KO.8V

tSET ~tRE~f---- tHLOI
2.0~:\ 1!'2.0V

O.8V O.8V

tOACC ~ f-----too H
I

HIGH-Z 2.4VL 2.4V HIGH-Z

O.4V~ 1l0.4V

WRITE TIMING

16p.s* (MFM) or 32p.s* (FM)-~

O.4V V O.4V O.4V

f---tORR
tSEVW

r O.4V

tlRR I
I

) 2.0V 2.0V KO.8V O.8V,

tSET tWE--- f----- tHLOI
2.0V2~ 1I1C2.0V

O.8V k O.8V
WE

IRQ

(

_.. -tos • I I. -jtOH

DALIDAL H_I_G_H-_Z__ 2.0Y 2.0V .~_.....;.H~IG;;.H;.;.-,;;,Z _
'--_O.....8..;.V ...O....8;",;"V

DRQ

*: These values are doubled when CLK=)MHz.
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FDe Read Data Timing (From Disk)

Value
Parameter Symbol Unit

Min. Typ. Max.

RAWR EAD Pulse Width tpw 100* 250* ns

Clock Setup Time to 40 ns
-

Clock Hold Tiime for MFM teo 40 ns
-

Clock Hold Time for FM tes 40 ns

MFM 2*,3*or4* J.1s
RAWREAD Cycle Time tse

FM 2* or 4* J.1s

MFM 0.8 1* 20 J.1S
RClK High Pulse Width tA

0.8 2*FM 20 J.1S

MFM 0.8 1* 20 J.1S
RClK low Pulse Width ts

FM 0.8 2* 20 J.1S

MFM 2* J.1S
RClK Cycle Time te

4*FM J.1S

* These values are doubled when ClK = 1MHz.

READ DATA TIMING

RAW READ

RCLK O.8V

~--------tBe--------t-f

O.8V

1-------tA-----__-t !-'1fr------tB----.....-l

t----------------te-------------I-l

9
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FDe Wrrite Data Timing (To Disk)

-
Value

Parameter Symbol Conditions Unit
Min. Typ. Max._. --

** FM 450 500 550
Write Date: Pulse Width two ClK =2MHz ns

MFM 150 200 250
---_. --

** FM - 2 -
Write Gate to Write Data t WG CL.K = 2 MHz ps

MFM - 1 -
--r----------

** FM - 2 -

Write Gate off from WD t WF ClK = 2 MHz ps
MFM 1 - 2._--_.

Early (late) to Write Data ts ClK = 2 MHz MFM 125 - - ns
- .-

Early (late) from Write Data t H ClK = 2 MHz MFM -50* - - ns

ClK = 1 MHz MFM 200 - -

JWD Valid after ClK t 01 ns
ClK = 2 MHz MFM 30 - -

-------1---

ClK = 1 MHz MFM 50 - -

IWD Valid to ClK t 02 ns
ClK = 2 MHz MFM 50 - - __~____.J--._._ .. _-

*: 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.

WRITE DATA TIMING

WG

WD

l
I

I

!
i

\----

10

WD

EARLY
(LATE)

eLK

WD

\ 2AVt"---p-tD1=::'1._tD2=1
2.4V \2.4V

------_---1 ~ _
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OTHER TIMINGS
-

Value
Parameter Symbol _. Unit

Min. Typ. Max.

ClK low Pulse Width t CD1 230 20000 ns

ClK High Pulse Width t CD2 200 20000 ns

MFM 2* JlS
STEP Pulse Width tSTP

FM 4* Jls

01 RC Setup Time t D1R 12* JlS

MR Pulse Width ** t MR 50* JlS

TP Pulse Width tiP 10* Jls
-

10*WF Pulse Width tWF JlS

ClK Cycle Time t CYC 0.5* JlS

*: These valUE~s are doubled when ClK = 1 MHz.
**: During Master Reset, ClK of more than 10 cycles are required.

OTHER TIMINGS

WF

O.8~_- t_'P======J{.8V
\ r-----twF----i J

O.8v\k ·yO~8V

O.8)J<,-· tM_.R~~_-_-~--...Jk.8V

fE tCYC ~tCD1~tCD2
elK /---....2.....0-V iOV 2.0V /

----/ O.8V _ _ O.8V '-. -'.

2.4V

tDIR

STEP-IN

(

DIRe

STEP --------'1
~

STEP-OUT

O.4V-------tD1R4.__-,.
,--_~~ --¥a.4V \.

11
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PACKAGE DIMENSIONS
,....------------~-------------------------....,

4O-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-40C-A01) 0"_9°

R.050(1.27)
REF

INDEX
AREA...... c:=::::=:===::::[ I

1.980(50.29)
2.020(51-:-31T-

Circuit diagrams utilizing
Fujitsu products are includ­
ed as a means of illustrating
typical semiconductor appli­
cations; consequentl y, com­
plete information sufficient
for construction purposes is
not necessarily given. The
information has been care·
fully checked and is be­
lieved to be entirely reliable.
However, no responsibility
is assumed for inaccuracies.
Furthermore, such informa­
tion does not convey to the
purchaser of the semicon­
ductor devices described
herein any license under the
patent rights of Fujitsu
Limited or others. Fujitsu
Limited reserves the right to
change device specifications.

.53J13.54) 'j.----..--

.553(14.05)

I
.590(14.99)

_ ..610tr)

4O-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-40P-M01)

~=l~.±:f""'·50IMA<
~~

.120(3.05)

.150(3.81)

0.90(2.29) ... . .036.(.0.91.) --II .01.5(0...38). ... .. J~0(1.02).110(2.79) .044(1.12) .023(0.58) .060tl.52)

,--- --1":900(48.26)REF-~- --- ------

Dimensions in
inches (millimeters)

~
-- ..

___J. .197(5.00)MAX

::J~J~~::"OOIM"
.070(1.78) .023(0.58)

Dimensions in
inches (millimeters)

o 0 0 0 0 0 0 D.I:J..

INDEX I~~============~===r=:~~
0000000 0-

2.045(51.94)
2.071 (52.60)

FUJITSU LIMITED
COfIl.I7UUJicaJi.onJ and 6tectronicJ

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

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.lA
Lyoner StraBe.44-48 0-6000 Frankfurt 71, F.R. Germany
Phone: 0611/6663056 Telex: 0411 963

Printed in Japan OV2067-823C
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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 lbs.)

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-Ioop

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 Ml cycle - 188 nsec
Subsequent consecutive Ml cycles - 0 nsec
Non-Ml 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 3.5f <:/5511= 59:92 Page 1
SINGLE Density Monitor for Model 1 system. C:SDROMA .ASM

This rom has been modified to accept single or dOUble density.
;changed. New valriables have been added which are:

SAVTYP:
BIT a
BIT 1
BIT 2-3

;Added Dec. 21.81 by DEB.

All the disk driver have been

(0.1)Oouble density or single density l=single. O=double.
(O.USIDE SELECT
(0-3)The sector lenth 0=128. 1=256. 2=512. 3=1024.

REV A.O
REV 1.3
29

SINGLE Density Monitor

+-------------------------------+

+-------------------------------+

EFFO
0000
0000

;VER
aABLE
;OATE

0000
EFFO
EFFO

*ABS
*CODE
*DATA

oo
-0
o
~
0-
::J

o
o
"0
~
cO
;?;
@....

CD
CD
I\)

o
CD
C"

Q
::J
(J)

o
o
3
"0
l:

~

Density select(SELDE~) has been added to the disk drivers. This proc senses the density of the
;disk and reports it by setting SAVTYP with density and sector size. It also reports the number of
;sectors on one track in regester B.
;Added Jan. 5.82 by DEB.

There seems to be a problem in the timing of the RSEC AND WSEC routines. The problem shows up
;when CPIM reads the disk one sector after another. The fix is to use RADR only when the drive is
;slected and not before every read or write.
;Added Jan. 6.82 by DEB.

0000 cep 0
0000 0000 ORG a ;FWA of memory

ALPUSH: MACRO
PUSH AF
PUSH BC
PUSH DE
PUSH HL
PUSH IX
PUSH IY
END~

UlPOP: MACRO
~ POP IY

POP IX
POP Hl
POP DE
POP BC
PCP AF
ENDM



SGRCIM BOBx Assembler ver 3.5E <:/55/7= 59:92 Page 2
SINGLE Density Monitor for ~odel 1 system. C:SDROMA .ASM(')

o
"'0
~
to"
~
@
.....
<0
CD
I\)

o
(/)

cr
Q
:::3
CD
(')
o
3
"'0
C

~

;RO~ SECTIONS ARE:

'Hll
*[2]
*[3]

*[4]
*[5]

*[6]
*[7]
*[R]

ROM STANDARDS
CP~ BOOT
CONSCL ROUTINES
PIA ROUTINES
SIA ROUTINES
DISK ROUTINES
FORfIlAT ROUTI NE
RAM LOCATIONS



USER:
:exit to user program from 'G' command

EI
RET :Exit from G command

EXITI:
:Exit interrupt code via exiting to RAM and

then enable or disable ROM code depending on
the value contained in ROMRAM celt.
LO A,H.VIO :clear interrupt
LD A,ROMRAM
OR A
JNZ ROHJPl :if return to RAM, CPM
ALlPOP
LO SP,IESTK ;get users stack back
EI
RET

SORCIM 808x Assembler ver 3.5E <:/5511= 59:92 Page 3
C:SOROMA .ASHMonitor Hain loop.

:set prompt to inter level

:save interrupted proc stack
:insure stack in RAM
:save all registers

:disable DIM
:reset/restart

DISOIH
JMP BMON

ILINT:
:Here on unknown interrupt

01
DISOIM
STO SP, I ESTK
lDK SP,ISTK
AlPUSH
lDK A,'I'
STO A,MPCHR

$

OOIE 3AOO2(
0021 3A08EF
0024 87
0025 C2DFOO
0028
0030 ED1B6FEF $

0034
0035 C9

0000
0002 (33600

0005

0005
0006 (9
0001

0001
0008
OOOA E0736FEF
OOOE 3199EF
0011
0019 3E49
0018 3206EF

ODIE

(")
o
1J
~<C.
~
@.....

<0
CXl

'"oen
C"
Q
::J
CI>
(")
o
3
1J
c:

!i
(")
o-c
Q
~
o'
::J

0036 BMON: OJ
0031 31CIEF lOl< SP,ROMSTK
003A AF XRA A
0038 3217EF STO A.SOISK :set disk to drive 0
003E 32EFEF STO A,VRTOFF ;OFFSET TO ZERO USED IN COUT
0041 3C INC A
0042 3200EF STO A,SAVTYP :SET SAVTYP TO SINGEL
0045 CD8000 CAll HINT :Initial ize hardware
0048 2100ED lDK HL,(high MRAH'*IOOh
0046 22EAEF STO Hl,SSAVE :Initialize User stack in ram
004E 210000 LOK Hl,O
0051 226DEF STO Hl.,LOSEL :clear select and last track
0054 118601 LOK DE. I MSG
0051 (09701 CAll OSTR :Output initial message
005A l80E A006AS JR SMONI ;continue
005C = 0066 ORG NMIA
0066 01
0061 C33600 JHP BHON :NMl



o
o

"0
~
cD
%
@...

<0
C»
I\)

o
(D

C1"
Q
::l
(I)

o
o
3

"0
c:

~

SORCIM 808x Assembler 'o'er 3.5E <:/55/7= 59:92 Page 4
Monitor Main loop. C:5DROMA .ASM

Main start up for Mon~tor.

Get 1st user response.

006A ColE03 8MONl: CAll CI ;Get next character
0060 FEOo CMP CR
006F llC1EF lK Hl.OSKSWP ;disk swap cel I
0012 OEOO LK C.O :boot from A:
0014 11 STO C. [hi] ;set to A=A. 8=8
0075 CA6802 JZ CBOOT :if cold boot
0018 34 INC [h I] ;swap drives: A=B. B=A
0019 FEll CMP tn'

007B (A6802 JZ CaOOT ; i f cold boot off of B
DOlE 18B6 A0036S JR BMON



SORCIM 808x Assembler ver 3.SE <:/5511= 59:92 Page 5
C:SDROHA .ASH

INT:
Initialize al I dependent hardware.
ENTRY
None.

Monitor Main loop.

0091 AF
0098 32FOEF
0098 326BEF
009E 325EEF
OOAI 3201EF
oOAt. 3260EF
00A1 ZlO4EF
OOAA 0606
OOAC : 1:
OOAC 77
OOAO 23
OOAf lOFC "OOACS

OOBO 2F
00B1 3263EF
0084 3259EF
0081 3E80
0089 326(EF ;set max 1 ine limit

;clear bell timer cell
;clear last key cell
;clear echo to list dev
;clear ESC hold flag

;disable DIM bit

;set date invalid for SETUP.COM
;indicate NOT locked

;set keyboard interrupt

;set interrupt page

A.IDAY
A. KEYlCK
A.VLL
A,LLIMIT

510 A, [Hll
INC Hl
DJNZ : I

CfIIA
S10
STO
lDK
510

Initialize keyboard
XRA A
STO A.OEFFOH
STO A.8ElCNT
STO A.lKEY
STO A.ECHOP
510 A,ESCH
lDK Hl.KEYlST
lOK B.Kl_lENoKlE_lEN

;EXIT
;AII hardware initial ized.
;Set flag indicating in ROM

PROC
ENARDI'!
OISOIM
lDK Hl.GKEY
STO Hl.INT8l+(4~2)

1M2
lDK A.high INTBl
MOV I.As

s

ZllF01
22F8EF
E05E
3EEF
ED41

0080
0080
0089
0088
008E
0091
0093
0095

0080

oo
"t:I
~
~

~
8
(I)
(J)
I\)

o
(D

C'
g
::::I
CD

o
o
3

"t:I
C

~
o
o-ao
~
0"
::::I

Now function PIA to set starting address
and continue to move display window over
the first display line.
Set cursor as 1-40 on 1st line.

Reset-Master clear the SIO (ACIA)

Intialize IEEE port

Idk c.l
call ie.co

Set beginning line to 0

;set for -10 char position AND DOUBLE DENSITY

;set line

;set up for output

;select 16x clock for 1200 baud

A
C.A
OPBD

SPAO
C,VFlO
DPAD

C.SI.SI6

XRA
MOV
CALL

CAll
LDK
CAll

lK

OOBC C04F09
OOBF aHA
00C1 (06409

00C4 AF
00C5 4F
00(6 C01109

00C9 OEOI
00C8 CD7E09

OOCE OE5S



(")
o
"'0
~
cO·
~
@

CO
CD
I\)

o
CJ)

t:r
o
3
CD

(")
o
3
"'0
c:

~

SORCIM 808x Assembler ver 3.5E <:/55/1= 59:92 Page b
Monitor Ma in Loop. C:SDROMA .ASM

0000 COFbOA CALL SIRST ; reset

Set default seek to as def i ned by systext

0003 3E02 lDK A.SEEKTM ;defined from systext
0005 3213EF STO A.SEKDEl ;set seek step rate

Set default prompt char

0008 3E3E loK A,PMCHR
DaDA 320bEF STO A.MPCHR ;set UP default
0000 EI
DaDE C9 R.ET



;form aOdress

;offset in bios jump table

;offset in bjos jump taple

7
.ASM

(:/5511= 59:92 Page
C:SDRQMA

3.5ESORCIM 808x Assembler veT
Monitor Main loop.

OOOF 113316 romjpl: Idk de.1633h
OOE2 1803 J'OOE1$ jr biojp
OOE4 113616 romjp2: tdk de.1636h
OOE1 2A02EF biojp: I d hl.ccpadr
OOEA 19 .add h I.de
OOEB E9 jmp £h I]



ver 3.5E <:/5517= 59:92 Page 8
C:SOROMA .ASH

Jmos used mainly by CBIOS
Jmps used mainly by SuperCalc

()
o
"C

~
cC·
~
@

~
I\)

o
lIJ
0'
o
3
(I)

()
o
3
"C
c::

~
()
o-a
o
~o·
::::l

Monitor Main Loop.

OOEC 0100

0100 C36802
0103 C3ABOl
0106 C37103
0109 C37E03
Oloe C31004
OlOF C3lC08
0112 C31C08
0115 (3030B

0118 C3400B
0118 C9
DUE C3750C
Olll C3700C
0124 C3ECOC
0117 C3580B
OllA C3600B
0120 C3130B
0130 C3800B
0133 C30FOO
0136 C3E400
0139 C33FOE

SORCIM 808x Assembler

ORG IOOh

ROM JUMP TABLE
CBIOS
SC

JMP CBOOT
JMP WBOOT
JMP SKEY
JMP CI
JMP COUT
JMP LIST
JMP LI ST
JMP READER

Disk 110

JMP RDRV
RET NOP! NOP
JMP READ
JMP WRITE
JMP RADR
JMP RSEC
JMP WSEC
JMP SLST
JMP SENDEN
JI'\P ROMJPl
JMP ROMJP2
JMP FORMAT

IEEE

;CBI05
;CBIOS
'CBIOS
;CBIOS
;eB 105
;CBIOS
;CBIOS
;CBIOS

;CBIoS
;C810S

;CBIOS
;CBIOS
;CBIOS
;CBIOS
;CBIOS
;CBIOS
; CB105

cold boot
warm boot
keyboard status
keyboard input
console output
list output
punch output
reader i npu t

HOME
SELECT DISK
READ SECTOR
WR ITE SECTOR
READ SECTOR ANY SECTOR HEADER
DISK SECTOR READ
DISK SECTOR WRITE
list device status
SENSE THE DENSITY OF DRIVE

FORMATING ROUTINE

OBC
013F
014l
0145
0148
014B
014E
0151
0154

C3F60A
C37E09
C3CI09
C3D409
C3E009
C3200A
C3430A
C3850A
C3EI0A

JMP
JMP
JMI'
Ji'iP
JMP
JMP
JMP
J"1P
JMP

SIRST
IE.CO
IE.SI
IE.GTS
IE.TC
IE.OIM
IE.ODM
IE.IOM
IE.P?

;C8IOS
;CBIOS
;CBIOS
;CBI0S
;C510S
;CBIOS
; CBlOS
;CBIOS
;C910S

SID reset
IEEE Control Out

Status In
Go To Standby
Take Control
Output Interface Message
Output Device Message
Input Device Message
Parallel Poll

SuperCalc

0157
OISA
015D

C}FI06
C30501
C3E906

JMP
JMP
JMP

DISK I/O

VlODR
VLDIR
STODI~

;SC
;SC
;SC

VIDEO BLOCK MOVE DEC
VIDEO BLOCK MOVE INC
STa reg a IN [HlJ

0160
0163
0166
016Q
016C
Ol6F
011l
0175
0178
0176

C3l00E
C30AOE
C3F10B
C3IAOC
C3390C
C3400C
C3610C
C36400
C3330D
C34900

JMP
JMP
J"'P
JMP
JMP
JP'lP
JMP
JMP
JMP
JMP

DMAWRT
OMARD
HOME
SEEK
STEP
STEPIN
STEPOUT
FORINT
READTRK
FMTTRK

D~A WRITE TO CONTROLER
DMA READ FROM CONTROLER
HOME DISK DRIVE
SEEK TO TRACK
STEP SAME DIRECTION
STEP IN
STEP OUT
FORCE INTERUPT
READ TRACK
Forreat one track



SORCIM S08x Assembler ver
o
o
"0
~
cO
~
@

CD
Q)
I\)

o
CoD
CY
Q
~
<D

oo
3
"0
c:

~
oo
-ao
~o
~

Monitor Main loop.

011E C3A40D
0181 C3280B
OlB4 C3FOO.8

JMP
JMP
JMP

SELDRV
ACISTAT

3.5E <:/55/7= 59:92 Page 9
C:SDROMA .ASH

SElECT DRIVE
CBIOS SERIAL PORT STATUS

SET TRACK REGEsTER IN CONTROlER CHIP WITH VALUE IN SAVTRK



Monjtor Main loop.

0194
0194 118701

SORCIM B08x Assembler ver 10
.ASM

:HERE ON BOOT ERROR
;FAll THROUGH TO CSTR

3.5E <:/55/7= 59:92 Page
C:SDROMA

CR,lF
'BOOT ERROR', ,

PROC
lOK DE,£MBOOT

EMBOOT: DB
DB
DC

EBOOT:
;800T ERROR MESSAGE ROUTINE
;ENTRY
;NONE

OOOA
424F4F5420
AO

0181
0189
0193

0194

()
o
-a
Q
ao·
::::I



FWA OF SOURCE

STRING TO CONSOLE
OSTR RECOGNIZES 7F AS AN ESCAPE SEQUENCE TO REPEAT CHAR N TIMES. FORMAT IS: 1F, REPEAT COUNT, CHAR

PROC
LD A,[DEl
OR A
PUSH AF
AND 07FH
CMP 07FH
MOV C.A
JRNZ :4 ;IF NOT REPEAT
INC DE
LO A.[DEl
DEC A
HOV B.A ;REPEAT COUNT
INC DE
LD A.[DEl ;GET REPEAT CHAR
MOV C,A
CALL COUT ;OUTPUT CHAR
DJNI :2 ;IF NOT DONE
CAll COUT ;OUTPUT IT
INC DE
POP AF
JP OSTR ; I F NOT DONE
RET

SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 Page 11
C:SDROMA .ASM() Monitor Main Loop.0

"C

~ 0191 OSTR:Iii"
a: ;OUTPUT
@ ;NOTE:....

;ENTRY(0
CD
I\) ;OE
0
(j)

cr 0191Q
::l 0191 1A
(I)

0198 81()
0 0199 F5
3 019A E67F"C
c: O19C FE1F
~ 019E 4F
()
0 O19F 200t "DUOS
-ti DIAl 130a OiA2 lA
0" 0lA3 30
::l OU4 47

01A5 13
01A6 lA
OU7 4F
OlA8 CD1004 : 2:
OlAB 10FB "OlASS
OUO COlO04 :4:
OlBO 13
0181 Fl
0162 F29701
0165 C9



SORCIM 808x Assembler ver 3.5E <:/55/1= 59:92 Page 12
MONITOR ROM CONSTANTS. C:SDROMA .ASMg>

"~
cO·
~
@.....
co
CD
I\)

o
f/)

CT
Q
::l
CD
(')
o
3

"c
~

01B6
0186
0188
018E
01CO
OlCl
01C4
01C5

01C1
01C9
OlCC
0101
0103
0105
DIES
OlEA
DIED

01F2
01F4
01F1
01F9
OlFA
OlFO
01FE

020e
0202
0205
0201
0208
020A
0222
0224
0225

0221
0229
022C
022E
022F
0232
0233

0235
0239
023C
0251
0253
0251t
0256
0267

1AOAOAOAOA
7FOB20
1867
11
7F 1817
05
1841

ODOA
7F08l0
1B61011847
2020
186C
4F53424F52
1B60
202020
1B67041B41

ODOA
1F0820
1861
01
7F1820
04
1841

ODOA
1F0820
1861
01
1829
2052651620
1628
04
1841

OOOA
1FOB20
1861
1A
1F1818
03
lB41

OOOAOAOA
7F0420
1t96E1365"'2
lBbC
41
lBbO
20616E6420
AE

IMSG:
DB
DB
08
08
DB
DB
DB

06
DB
08
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
08
DB

06
DB
DB
DB
08
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB

03
DB
DB
08
DB
08
DB
DC

'Z'-40h,lf,lf.lf,lf
01Fh. 11, ' ,
ESC.VSGH
'Q'-40h
07Fh. 24, 'W'-40h
'E'-ItOh
ESC,VEGH

cr, I f
01Fh, 11. ' ,
ESC,VSGH,l, ESC.VEGH

ESC,' I'
'OSBORNE System One.'
ESe,'m'

cr,lf
01Fh, lit ' ,
ESC,VSGH
'A'-ItOh
01Fh, 21t.' ,
'O'-40h
ESC,VEGH

cr, If
01Fh, II, ' ,
ESC,VSGH
'A'-ItOh
ESC,')'
, Rev 1.3 c. 1982 DeC '
ES C, • ( •
'D'-40h
ESC,VEGH

Cf', If
01Fh, II. • ,
ESC,VSGH
'l'-40h
07Fh, 24. 'X'-40h
'C'-40h
ESC.VEGH

cr" If" If. , f
07Fh. 4, ' ,
'Insert disk in Drive'
ESC,'"
'A'
ESC,'m'
, and press RETURN'
,.'
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SORCIM 808x Assembler ver 3.5E <:/55/1= 59:92 Page 13
fro m dis k. C:SDROMA .ASH

~[2]

The CBOCT entry point gets control fro~ the cold start loader and is responsible for the basic
;system initialization. This includes outputting a sign-on message and initializing the following
:page zero locations:

0.1.2: Set to the warmstart jump vector.
3: Set to the initial 10BYTE value.
4: Default and logged on drive.

5.6.7: Set to a jump to BOOS.

The WBOOT entry point gets control when a warm start occurs. a AC from the console. a jump to
:BDOS (function 0). or a jump to location zero. The WaOOT routine reads the CCP and BOOS from the
:appropriate disk sectors.

WaCOT must also re-initialize locations 0.1.2 and 5.6.1. The WaOOT routines exits with the C
;register set to the appropriate drive selection value. The exit address is to the CCP routine.

Single Density Disk layout Definition:

Track 0---------------------
1 thru 8 CCP 2k
9 thru 10 BOOS

Track 1---------------------
1 thru 10 BOOS

Track 2---------------------
1 thru 2 BOOS 3.5k
3 thru 10 CBIOS 2k



02b8 19
0269 3217EF

026C coaOOB
026F 2805 ""OZ1bS

0211 C09401
OZ1~ 18Fb ""OZbCS

SORCIM 808x Assembler ver 3.SE (:/55/7= 59:92 Page 14
fro m dis k. C:SDROMA .ASH

;DETERHINE DENSITY
;I F GOOD

;PRINT ERROR

;SET DRIVE
AtC
A.SDISK

EBCDT
: 1

drive to boot from

DRIVE TO BOOT FROM

SENOEN
:2

~OV

STO

CALL
JR

CALL
JRZ

Proc

: 1:

~SET "SDISK" AND "SAVTYP"

;EXIT
;A

CBOOT:
;ENiRY
;C

C P 1 MBoo t

02b8

02b8

(')
o
"0
~
C
~
o

~
o
to
0­o
3
CD
(')
o
3
"0
c:

~
(')
o-a
o
~o·
::l

*READ AND SET FBA OF CCP

0276
0279

210000 :2:
220FEF

LOK
STO

HL.OOOOOH
HL.OMAOR ;SET DMA

021C
0210
0280
0281
0284
0285
0288

AF : 3:
3215EF
3C
3214EF
47
CoSBOB
2805 .... 028FS

XRA
STO
INC
STO
MOV
CALL
JRZ

A
A.SAVTRK
A
AtSAVSEC
B.A
RSEC
:4

;set track

;set sector

;READ SECTOR ONE
;IF GOOD

028A C09401
0280 18ED .... 027CS

CALL
JR

E8COT
:3

;PRINT ERROR

02aF
0292
0294
0296

3A0200
0603
ZEOD
67

:4: LO
SUB
lOK
HOV

A.OD002H
3
L.O
H.A

;get cep address/lOOh + 3

*SET NUMBER OF 128 BYTE BLOCKS TO READ FOR BOOT

0291 063C LDK 8.60 ;CCP/BOOSICBIOS

*READ SYSTEM

0299
029C
0290
029E
02Al
02A2

3A l1EF
f5
E5
C08302
El
Fl

LO
PUSH
PUSH
CALL
POP
POP

A.SDISK
Af
Hl
BCPM
HL
AF

;DRIVE TO BOOT FROM

;SAVE FWA FOR "CCPADR"
;boot system

*JUMP SYSTEM

02A3
02A6
02A9
OZAA

2202EF
110016
19
E9

STO
LDK
ADO
JMP

HL.CCPADR
DE,lbOOh
HL,DE
[HLJ

offset for bios
address of bios in hI
enter cpm



alAB
02AB 062C
OlAO 3A0400
02BO 2AD2EF

SORCIM 808x Assembler ver 3.5E <:/55/7= 59:92 Page 15
fro m dis k. C:SDROMA .ASM

WBOOT:
;·ENTRY
:NONE

::: A DRIVE TO BOOT FROM
::: B NUMBER OF 128 BYTE BLOCKS TO READ FOR BOOT
::: HL OMA ADOR FOR CCP

;CCP/BDOS and don't read CBIOS
;Current logged in drive

8,44
A,(DISK
HL,CCPADR

Proc
LDK
LD
lD

;EXIT
*NOTE*
:::; THIS ROUTINE DOES NOT EXIT. IT ONLY SETS PARAMITERS FOR BCPM:.

( PI"

OlAB

Boo to
o
'0

~
cD
~
@

......
co
CD
I\)

oen
0­
o
:;
CD

o
o
3
'0
c:

~
o
o
-aoe
o'
~



OZB3 3211EF STO A.SOISK ;S et drive to boot from
0256 2l0FEF STn HL.OMADR ;SET DMA

0289 3EDl LDK A,1
OZ68 3214EF STO A,SAVSEC ;set sector
02BE 30 DEC A
OlBF 3200EF STO A.TEM ;MAKE TEM ZERO

lOOSET "SAVTYP" AND GET NU"1BER OF SECTORS PER TRACK

OlC2 C5 PUSH ae

OlC3 C0800B :RLOOP: CALL SENDEN DETERMINE DENS ITY

02C6 2805 "'OZCDS JRZ :GOOO ;If GOOD

02CB C09401 CAll fBOOT ;PRINT ERROR
OlCB 18F6 "'02e3$ JR :RLOO?

ozeo 01 : GOOD: POP DE ;O=NUM~ER OF 128 gYTE BlOCKS
OlCE C5 PUSH BC :SAVE NUIolBfR OF SECTORS IN ONE TRACK

*SET "SDISK", "OMAOR" ANJ "SAVSEC"
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PROC

DRIVE TO BOOT FROM
NUMBER OF 128 BYTE BLeCKS TO READ FOR 500T
DHA AOOR FOR CCP

from disk
BePM:
;Boot CPM
;ENTRY
;A

;B
;HL

;EXIT
.NONE
.LOOPS ON ERROR

C P / M8 0 0 t

02B3

02B3

oo
~
10'
~
@

co
(l)
N

oen
0-
Q
:::l
CD

oo
3
"0
c:
~
o
o-a
o
~
O·
:::l

OZCF
0202
OZ04
0206
OZ08
OZOA

3AOOEF
CB3F S
C63F S
E603
FEOD
2818 "'C2F4$

*SET NUM6ER. OF SECTORS TO REA.o

LO A,SAVTYP
SRL A
SRL A
ANI 0000 00116
CMP 0
JRZ :1

:A=NUMBER OF BYTES IN ONE SECTOR(O-3)

;IF 128 BYTES SECTORS

;GET NUMBER TO DEVIDE BY

OZOC 47 MOV B,A ;B=NUM8~R OF BYTES IN ONf SECTOR( 1-3)
0200 3'201 LDK A.1
020F CB27 $ :llODP: SLA A :T I MES TwO
OlE1 10FC "'02DFS DJNl :1LDOP

02E3 47 MOV a.A ;NUMBER. TO DIVIDE BY
02E4 1A 140V A,O ;A=r..U"'BER QF 128 BYTE 8LOCKS
02ES 1600 LDK D.O
02E1 90 :2LOCP: SUB B :SUBTRACK WITH DIVISJR.
02E8 08 S EX AF ; SAVE FL4GS
02E9 lit INC D ;COUNT
OZEA 08 $ EX AF ;R ESTORE FLAGS
02EB 2807 "'02F4$ JRl : 1 :IF RElUlT IS ZERO (NO PARTIAL SIOCTORS)
OlEO 30F8 "'02E7$ JRNC :2LOCP ;lOCP



OZF4 Cl
02F5 4A

02F6 AF
02F7 3215EF

OlEF E044 $

02Fl 3200Et7

Boo t

;B=NUHBER OF SECTORS IN ONE TRACK
;C=NUMBER OF SECTORS TO READ

;SECTORS TO READ

;A=O
;SET TRACK

;IF C IS NOT ZERO CONTINUE

:2 CaMP
;SAVE REMAINDER AND INDICATE A PARTIAL SECTOR

A
A.SAVTRK

A
A.'rEH

BC
C.D

POP
MOV

;CHECK FOR All SECTORS READ

HOV
O~A

JRNZ

NEG
STO

SORCIM 80Bx Assembler ver 3.5E <:/55/7: 59:92 Page 17
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*READ SYSTEM

XRA
:TlOOP: SiO

C P / M

79
87
2008 "0306$

02FA
02FB
OZFC

oo
"~
cO
;r
@.....

CD
CD
I\)

o
Cll
a
Q
::J
(l)

o
o
3

"c:

~
o
o
-a
oa
o'
::J

:CHECK FOR NO PARCIAL SECtORS

OZFE
0301
0302
0304

3AOOEF
87
2858 "035C$
IS2A "0330$

lO
ORA
JRZ
JR

A.TEH
A
:4
:RlS

;VOUR DONE IF C:O AND TEM=O
;READ ONE MORE PARCIAL SECTOR

;UPDATE NUMBER OF SECTORS lEFT TO READ

0306
0307
0308

90 :5:
4F
3005 "030FS

SUB
HOV
JRNC

;SUBTRACK SECTORS IN ONE TRACK
;SAVE REMAINING SECTORS TO READ
;A>B MORE THAN ONE TRACK LEFT TO READ

;IF THIS IS lAST TRACK ZERO NUMBER OF SECTORS lEFT TO READ

030A
030C
0300

ED44
47
OEOO

$ NEG
HOV
LDK

; 2 COMP
;READ ALL THE REMAINING SECTORS
;STOP AFTER THIS READ

;CHECK FOR NONZERO VALUE IN TEH AND THE LAST SECTOR TO READ

030F
0312
0313

3AOOfF :2:
B7
2808 "03lDS

LD
ORA
JRZ

A.TEM
A
:3 ;IF TEM IS ZERO SKIP THIS

0315
0316
0317

AF
61
2004 "0310$

XRA
ORA
JRNI

A
C
:3 ;IF REG C IS NOT ZERO SKIP THIS(NOT LAST TRACK)

;READ CNE LESS THAN THE LAST SECTOR

0319
03lA
OH8

78
3D
2813 "0330$

MOV
OEC
JRZ

:A=B-l
;ONLY ONE SECTOR lEFT TO READ

;READ ONE TRACK

0310 COSBOB :3:
0320 2805 "0321$

CALL
JRZ

RSEC
:GOO

;READ IBC IS SAVED)
;IF GOOD

0322 C09401
0325 18F6 "0310$

CAll
JR

EBDOT
:3

;REPORT ERROR



a 0 0 t
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*REAO A PARCIAL SECT~R

jUPOATE TRACK

;5ET OMA

;TRACK lOOP

Hl.DMAOR.STO

;UPOATE OMA

lO A,SAVTRK
INC A
JR :TlOOP

:600:

C P / M

220FEf

3A15Ef
3C
18C1 .... 02F7S

0321

032A
0320
032E

()
o
-c
~
to'
;?;
@

CO
00
N

o
(/l

tr
o
:;
(1)

()
o
3
-c
c
~

0330 E5

0331 2180EA
0334 220FEF

:RlS: PUSH

lDK
STO

Hl

Hl,OEA80H
Hl.DMllDR

;SAVE AODRESS TO WRITE TO

;ADDRESS QF HaST BUFFER IN BIOS
;SET DMA

0337 2115EF
033A 35

lOK
DEC

Hl.SAVTRK
(HLJ ;SAVTRK SAVTRK - 1

;READ SECTOR IN HOST BUFF

033B
0330
0340

0601
C0150C
2805 .... 0347$

lDK
: 3l00P: CAll

JRI

B,l
READ
:GO

;REA::l ONE St:CTOR
;IF GOOD

0342
0345

C09401
1Br6 .... 0330S

CALL
JR

EBCOT
:3LOOP

;REPORT ERROR

;SET ~UMBER OF BYTES TO TRANSFER

0347
034A
0348
034E

3AOOEF
41
210000
118000

:GO: LO
MOV
LOK
LOK

.4. TEM
B,A
Hl,Q
DE,llB

;B=Nu~aER OF 128 BYTE BLOCK TO TRANSFER

0351
0352
0354
0355

19
10fO .... 0351$
£5
f:1

:4LOOP: ADD
DJNZ
PUSH
POP

HL.DE
:4l0Q?
Hl
BC ;6C=NUMBER OF BYTES TO TRA~SfER

;TR4NSFER aYES

0356
0359
035A

Z180EA
01
EOBO S

lDK
POP
lDIR

'-lL.CEA80H
DE

;SCURCE
;DESTINATION
;MOVE

*CLEAR 3UFFERS SET PARR. AND RETURN TO SYSTEM

035C
035F
0362
0365
0361
036A
036C
03&1=
0370

2150EF
110700
C03D09
3EFF
3255fF
3E1F
326EEF
AF
C9

:4: lOK
LOK
CALL
LDK
STO
LDK
STO
XRA
RET

Hl,HSTACT
DE.lLOGSEC-HSTACT)+l
FILLZ ;clear Host BIDS cells
A,OFFh
A.UNASEC
A. VLL-l
A,LDTRK ;set other drive NOT int
A :Clear error inaicator
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"0
~ *[3]cD
~
@ Assembly constant.....

0001 ~KEY 1 ;producti on keyboardco
CD
I\:l

0 Control keysQ)

cr 0007 CBEll 'G'-40h ;Ring the Be I IQ
:::J OOOB MCUP 'K'-40h ;Move cursor up
(I)

OOOA MCDOWN LF ;Move down0 cur SOT
a 0008 MCLEFT BKS ;Move cur SOT left
3 OOOC MCRIGH 'L'-40h .Move cur sor right"0
c: 001A VClRS 'Z'-40h ;Clear and home cur sor
~ ODIE VHOME 'A'-40h ;Home Cursor
0a
-aa

Escape keysa
0" 0023 VLOCK: ." ;Lock Keyboard
:::J 0022 VUNLK 'N' ;UnJock Keyboard

0030 VCAO: '=' ;Cur sor Addressing
0053 VSAD: '5' ;Screen Addressing
0051 VINC: • Q' ; Insert Char
0057 VDELC: 'w' ;Oelete char
0045 VINl: 'E' ;Insert line
0052 VOELL: 'R' ;Oelete line
0054 VCEDl: 'T" ;Clear to end of line
0029 VSHI: ' ) , ; Sta rt half intensity
0028 VEHI: ' ( , ;end
OObC VSUL: ' I t .Start under fine
0060 VEUL: 'II:' ;end

0061 VSGH: 'g' ;Start graphics
0047 VEGH: 'G' ;End

;ARROW KEYS

008A UP 8AH
0088 RIGHT BBH
008C DOWN 8CH
0080 LEFT 80H



SORCI~ 808x Assembler ver
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SKEY:
;Get status of keyboard

()
o

"~
cO'
~
@.....
coco
I\)

oen
C"
Q
:l
CD
()
o
3

"c:

~

0311

0311
0314
0315
0316
0319
031A
0318
0310

3A59EF
131
C8
3A5EEF
81
C8
F6FF
C9

;EXIT
;Cb it set if

LO
OR
RZ
LO
ORA
Rl
OR I
RET

no data ready
A.KEYLCK
A

A.LKEY
A

OFFH

3.5E <:/5511= 59:92 Page 20
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;if locked keyboard

; CHECK fOR ZERO

;IF NOT ZERO MAKE OFFH
;I f DATA



037E CI:
037E RKEY:

.Read next key from keyboard

;EXIT
;A last key

031E PROC
037E C07103 CAll SKEY
0381 28FB AOHES JRZ RKEY ; i f NO data
0383 01
0384 3A5EEF to A.lKEY ;GET CHARACTER
0387 4F HOV C,A
0388 AF XRA A
0389 325EEF STO A.lKEY ;cJear key from hold
038C 19 MOV A.C
0380 EI
038E C9 RET

oo
1J
~
D
~
u....
~
o
CD
0"
Q
::J
CD

o
o
3
1J
c:

~
oo
-a
Q
~
0-
::J

SORCI'" 808x Assembler ver
Keyboard and Console Routines.
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0
"0
~ 033F NORM:cO·
;:r ; Norma I i ze to UPPER case
@ ;ENTRY

<C ;A char
(Xl
~

0 :EXITUl
tT ;A CHAR0
:; 038F FE61 eM? 'a'
(1) 0391 DB RC ; i f upper
()
0 0392 FE75 eMP 'z'+1
3 0394 DO RNC ; if not lower"0
c: 0395 D620 SUI 'a'-'A'
~ 0397 C9 RET
()
0
-a 0020 REPD 45 ; in it i a I rep delay
0

?l OO'J5 REPK 5 :repeat constant
o·
~



SORCIM 808x Assembler ver
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;cell=zero?
;if bell now off
; ••• bell is on. decrement counter
;if bell should st3Y on awhile yet

if the disk arlve motor shouid be turned off by updating OACTIVE••• Routine ALSO
is currently ringing: if so, decrement counter. If counter turns zero,

~ETURN if inactive
reset delay
if deselect drive

;clear bel I bi t

;HL => OACTVE

3.SE (:/55/7= 59:92 Page 23
C:SDROMA .ASH

HL
A.[hIJ
A

[hi]

DORV

HL,3ELCNT
A
[h I]
:2
[h I]

:2
A,PIABO
1l01_1l11b
e,A
OPBO

DEC
LD
OR
Rl
OEe
Cl
RET

ne checks to see
s to see if bell
of f be II.

Proc
LOI<
XOR
OR
JRl
DEC
JRNl
LD
AND
HOV
CALL

UPTIM

;chec
; shut

216BEF
AF
86
2aOC "'03AB!
35
2009 "'03AB$
3A62EF
EbOF
4F
C01109

26
1E
61
C8
35
CC3bOE
C9

0398

0398
0398
0396
039C
0390
039F
03AO
03A2
03AS
03A1
03AS
03AB
03AB
03AC
03AO
03AE
03AF
03BO
03B3

o
o
-a
o
~
o'
::J

@

co
QI)
N

o
CD
CT
Q
::J
<D

o
o
3
'0
c:::

~
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o
"0

~
cC
;r
@
-'
CO
CO
I\,)

o
en
CT
Q
:::l
CIl

o
o
3
"0
c:

~
o
o
-a
Q
~o·
:::l

Keyboard and

0040
0020
0010
0008
0004
0002
0001
0001

EF X:
EF _SCR:
EF_AOR:
EF_ESC:
EF_UN:
EF_HA:
EF_GR:
EF MSI<:

Bit definitions for ESCH flag byte
Note Bit 1 is currently free.

64 ;B6= extegting X-coordinate
32 ;65= Screen/Cursor Addressing
16 ;84= expegting address-chr
8 ;S3=Slast char was ESC
4 ;B2= Underline mode
Z ;B1= Half lnte~sity mode
1 ;BO= Graphics mode
EF_UN+EF_HA+EF_GR ;Mask to get mode.
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Vector (branch) table for video output mode selection
controlled by ESCH mode

0354
0384
0386
0388
03BA
03BC
038E
03CO
03C2

6704
8105
9504
9904
8104
8B04
8F04
9304

ESCHi5:
ow
OW
OW
OW
OW
OW
OW
OW

VNORM
VGRAPH
V~AlF

VHA_GR
VUNDER
VUN_GR
VUN_HA
VUN_HA_GR

;0 NorlT'al mode
;1 Graphics mode
;2 Half intensity mode
;3 Half and graphics
;4 Underline mode
;5 Under and graphics
;6 Under and half intensity
;7 Under and half and graphics
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()
o

"'0
~
<C"
~
@

CD
0)
N

o
(/l

C"
o
:;
CD
()
o
3

"'0
C

~
()
o
-0
o
~o·
::J

03(4

03C4 3D
03C7 53
03CA 67
03Co 47
0300 29
0303 28
0306 6e
0309 60

030C lA
030f 51
03El 57
03ES 45
03Ea 52
03EB 54
03EE 23
03Fl 22
03F4
03f4 4A04

0010

VALIoE:
;Valid ESC-SeQuence Table

3 bytes per entry:ascii char. "OW"-Vector.
no. of entries is VALETS
following oody of table is 2 byte No-Match adrs
DB VeAD ow ESCCAO ;Cursor Addressing
DB VSAO OW ESCSAD ;Screen Addressing
DB VSGH OW ESCSGR ;Set graphics mode
DB VEGH OW ESCCGR ;Clr graphics mode
DB VSHI OW ESCSHA ;Set half int. mode
DB VEHI OW ESCCHA ;Clr half int. mode
DB VSUL Ow ESCSUN ;Set underlin9 mode
DB VEUL Ow ESCCUN ;Clr underline mode

DB VClRS OW ESCZI ;Clear screen to blanks
DB VINC OW EINSRT ;Insert char
DB VOELC OW EDELC ;Oelete char
DB VINL DW ESCEE ;Insert line
DB VDELL OW ESCRR ;Delete line
DB VCEOL Ow EEDL ;Clear to end of line
DB VLOCK OW ESCLCK ;Lock Keyboard
DB VUNLK OW ESCULK ; Un lock Keyboard

: end:
ow COUTl ;No Match exit
Ignore char upon undefined ESC-Sequence
(to treat undefined char after ESC as a regular
data char. should go to COUT2l.

VALETS: (:end-VALIOEl/3 ;# of entries in table
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byte No-Match adrs
;carriage return routine
;tine feed
;back space
;move cursor right
;move cur sor UP
;Ring belt
;clear screen
;Cursor Home

3.5E <:/55/7= 5q:92 Page 27
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VCUT97 ;No match--ignore undef control char

((*-2)-VAlIDCJ/3 ;Number of valid entries

OW

VAlCTS:

VALIOC:
;Valid control character table

3 bytes per entry: Ascii char, "DW"- Vector
no. of entries is VAlCTS
Following bOdY of table is 2
DB CR OW VC_CR
DB IF OW VC_lF
DB BKS OW VC_3KS
DB MCRIGH DW VC_MCRT
08 MCUP OW VC_MCUP
DB CBEll OW VC_BEl
DB VClRS OW VC_ClRS
DB VHOME OW VC_HOME

03F6

03F6 00
03F9 OA
03FC 08
03FF OC
0402 DB
0405 07
0408 lA
0408 lE

040E 9E05

= 0008

o
o

"t:J
~
Iii
3:
@
~

~
I\)

o
l/)

a
o
:;
CD

o
o
3

"t:J
c:

~



PROC

;RESET VETICAl OFFSET WITH VRTOFF

;EXIT
;CURS & ESCH updated. A=Character
;tbc. de, hi preserved)

;SET OFFSET

;6 will be ESCH for a while
;test flag bit
;IF last chr was ESC

;Hl wi II usually be cursorl

;PRESENT VALUE
;HOUSEKEEPING

;LAST VERTiCAL OFFSET
;ONLY VIOIO
;ADC HOUSEKEEPING

3.5E <:/55/7= 59:92 Page 28
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PUSH AF
PUSH BC
lD A.PIABD
AND 11100000B
MOV 8.A
lO A.VRTOFF
AND 00011111B
ORA 8
MOV C,A
CAll OpeD
POP BC
POP AF

PUSH HL
PUSH CE
PUSH BC
lO Hl.CURS
lD A.ESCH
MOV B.A
AND EF _ESC
JRNl PSTESC

ESCH is flag + mode byte as follows
=00 Normal mode & last chr Esc flag false
=08 ~or~al mode & last chr Esc flag True
=01,02,04 Mode is Graphics. Half. or Under. resoectively

and last chr Esc flag is False.
=3.5.6.1 As above. but mode is combination
=9-15 last chr Esc flag True;otherwise like 1-7.

;Current chr is I\OT ESCaoed. Is this chr ESC?

MOV A.C ;Chr
C,..,P ESC
MOV A.B ; (A=ESCH)
JP Z :ESC ; i f this chr ESC

COUT:
;General output routine to Video Screen
;ENTRY
:C=Character. CURS=Cursor, ESCH=Flag+Hode

SORCIM 808x Assembler ver
Keyboard and Console Routines.

0410

0410 F5
0411 C5
0412 3A62EF
0415 E6EO
0417 41
0418 3AEFEF
0416 E61F
0410 BO
041E 4F
041F C01l09
0422 C1
0423 F1

0424 E5
0425 05
0426 C5
0427 2A5AEF
042A 3AbOEF
0420 47
042E E608
0430 2023 "O455l

0432 19
Oit33 FHB
0435 78
0436 2815 "044!)S

0410

(")
o
~
<0"
~
@
~

co
CD
N

o
(J)
r;j
o
:;
CD
(")
o
3
'C
C

~
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0
1J
~ ;Here with 4=3 ESCHcO
::! 0438 :out:
@ 0438 E5 PUSH Hl
~

0439 21B403 lDK Hl,ESCHTBcoco 043C E607 AND EF MSK ;Hode bits onlyI\) -0 043E 87 ADD A.A Himes twoCD
CT 043F 5F HOV E,AQ
::l 0440 1600 loK 0,0 ;OE offset
CD 0442 19 ADD Hl,DE ;HL tbl addrs0
0 0443 VECTOR:
3 ;entr y poi nt. nota hi on stack.1J
r::: 0443 7E LO A. [HLJ Hst byte ( low order a drs)
~
0

0444 23 INC HL
0 0445 66 Lo H,[Hll ; 2nd byte (hi order adrs)
-0 0446 6F MOV L,A ;Hl=adrs from table0

!i 0447 E3 XTHL ;Restore hi from staek ;stack=tbi adrs
o· 0448 19 HOV A,e ;Chr. note B=ESCH byte value
::l 0449 C9 RET ;enter routine per table adrs.

044A CCUT2:
044A 78 HOV A,B ;reea II ESCH value
0448 18EB "0433$ JR :out ;output chr per current settings

0440 : ESC:
;Current chr is ESC. Set flag and exit

0440 F608 OR EF_ESC ;indicate last char= ESC
044F 3260EF STO A,ESCH
0452 C39E05 JMP VOUT97 ;Exit
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0455

0455
0455 CB60 $
0457 2075 "04CES

was ESC

tis this chr really an address?
; ••• if chr is Dart of an addr

;save Curs
;Branch table adrs
;Table size
;Chr to A
;Go to routine to branch per tol

in effect:
;Clr EF_~SC bit (f~r next time)
;Set up g = ESCH byte value.

EF ESC
ESCH
Char to output
curs

Proc
BIT
JRNZ

PSTESC:
;Last chr
; Entr y
:II
;8
;C
; HL

;no cursor/screen addressing
XOR B
~CV B,A
STO A,ESCH
PUSH HL
LDK Hl,VAlIDE
LDK E,VAlETS
MOV A.C
JR LOOKUPB

AS
47
32bOEF
E5
21C403
lE10
79
1815 "047C$

0459
045A
0458
045E
045F
0462
0464
0465

(')
o

"~\0.
;:r
@

CO
0)
I\)

o
(J)

0-
Q
:J
CD
(')
o
3

"c
~
(')
o
il
o
~o·
:J
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VNORH:
;NOR~AL mode character processing.
;ENTRY
;A char to output
;HL:curs

CHP ••
JRC:2 ;IF control chr

;9th bit memory
BRTBIT.[hJJ ;set this chr aRIGHT

;Save Curs
;Branch table adrs
;Table size
;Scan table of val id control chrs
;and branch to appropriate routine.

VOUT80

HL
Hl.VALIDC
E.VAlCTS
LOOKUPS

01
ENADIH
STO
DISDIM
EI
JMP

PUSH
lOK
lDK
JMP

VBRIGH:

: 2:

C38105

E5
21F603
IEOS

FE20
380B "'04165

3680

0461

0416
0416
0471
041A

0461
0469
0468
0466
046C
046E
0470
0412
0413o

o:co
~
0'
::J
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:(lnd byte of this 3 byte entry)
:If match process
;(3rd byte of this entry)
;lst byte of next entry
:Dec count of entries remaining
:Continue thru body of table
:No-Match. hl=points to vect~r

E
lOOKUPB
VECTOR

CMP
INC
JRZ
INC
INC
OEC
JRNZ
JR

lOOKUPB:
:logJc to scan 3 byte branch table

NOT a subroutine---do not CALL.
:ENTRY
;Hl =lst byte of table (match code)

(lnd,3rd bytes = branch adrs)
, (table repeats [3 byte entries])
;E is table size (no. of entries)

ttable body is followed with
2 byte "No-Match" adrs)

;Stack has Hl saved as top entry.
:C char
:A value to scan for possible match

[Hll
Hl
VECTOR
Hl
Hl

BE
23
l8C3 A0443$
23
23
10
20F1 A041CS
18BC A0443S

041C

041C
0410
041E
0480
0481
0482
0483
0485

(')
o

"'C
~
to"
~
@....

CO
<Xl
I\)

o
III
CT
Q
:I
(I)

(')
o
3

"'C
c:
~
(')
o
-a
Q
~o·
:I


