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TECHNICAL REFERENCE -- HARDWARE SYSTEM OVERVIEW 

INTRODUCTION 

When you are running commercial application programs, you 
frequently find that your options are limited and the programs 
will not do everything you want. At times you can't find a 
program that even comes close to what you want. 

So you learn a language or two (or purchase a program generator) 
and start writing your own. 

But all too soon you start t o  feel hemmed in again -- this time 
by the hardware and the operating systems themselves. There just 
seem to be things that the machine should be able t o  do, but its 
present hardware is not extensive enough, or the present 
operating systems just don't support everything you need. 

Congratulations, you are starting t o  become interested in (or 
feel yourself forced into) electronics design and system 
programming. 

You now need this Technical Reference Manual. But this manual is 
not all you need. 

The Technical Reference Manual provides instruction neither in 
design nor in programming. It is primarily a source of informa- 
tion for people who already have these basic skills. It only 
presents the details necessary for interfacing other hardware or 
software to the MAX-80. 
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TECHNICAL REFERENCE -- HARDWARE SYSTEM OVERVIEW 

If you plan to connect hardware to the MAX-80, or to implement 
systems software in any of the MAX-80's operating systems, you 
should be able to find in this manual all of the specific MAX-80 
information that you need- But if you require more information 
about the operating systems themselves, you should investigate 
the programmers' sections of their respective operation manuals. 

But be cautious. If you do not have a firm grasp of computer 
hardware and software, it is best to leave your system as it is 
-- which is, after all, a pretty good microcomputer. Just don't 
take the chance of making it a pretty good EX-microcomputer. 

Even if you just hame to make some changes. then be absolutely 
certain that you aren't trying anything that you don't fully 
understand. If that requires you to go back to school in 
engineering or programming, then do it. You'll be spending a lot 
more time than you expected, but you'll also get a lot more out 
of school than just a solution for your present problem. Who 
knows? You might just design the successor to the MAX-80. 

These warnings are serious. IF YOUR MODIFICATIONS CAUSE DAMAGE 
TO YOUR MAX-80, THEN YOUR WARRANTY IS VOID, AND THE EXPENSE OF 
RETURNING YOUR MAX-80 TO RUNNING CONDITION IS ENTIRELY YOUR OWN 
RESPONSIBILITY. So be careful. 

It is true that you are somewhat safer with software modifica- 
tions. But this is 502 to say that you cannot do physical damage 
by changing the software. (There is, in fact, one famous micro- 
computer whose CRT can be burned out by a simple BASIC program.) 
This is also not to say that with software changes you are any 
the less responsible for the results of your work. So be 
forewarned. 
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TECHNICAL REFERENCE -- HARDWARE SYSTEM OVERVIEW 

ORGANIZATION 

This manual is divided into two parts. The first details the 
interfacing hardware of the MAX-80. The second describes the 
software necessary for controlling that hardware (system 
programming). 

The hardware description centers on the MAX-80 1/0 (input/output) 
ports -- and especially on their pinouts and signal requirements. 
To interface a device to these ports you must know the require- 
ments of the device. Be sure, before you make any direct connec- 
tions to the MAX-80, that the two sets of requirements match 
exactly. Once again, any damage is your responsibility. 

The system programming section deals primarily with the hardware 
interfacing. For general operating system programming, you need 
an assembly language manual directly related to that operating 
system. MAX-80 CP/M Plus comes with the CP/M Plus Programmer's 
Guide by Digital Research, Inc., the author of CP/M. Each of the 
TRSDOS compatible operating system either is provided with, or 
has available, a Technical Information section. 

Each of these operating systems, in their most recent renditions 
at least, are too new to have an extensive library written 
directly on them. There are, however, a number of assembly 
language programming manuals written directly on CP/M 2.2, the 
most recent predecessor of CP/M Plus, and on TRSDOS, the 
operating system authored by Tandy Radio Shack, Inc. that is 
almost compatible with DOSPLUS, LDOS and MULTIDOS. In both cases 
the resemblance is close enough that you can get a lot from the 
available material. In fact, most of the books on these earlier 
operating systems provide a number of general assembly language 
programming routines and tips that can be used with any 280 
microcomputer. The information is there. Now you only need to 
take the time t o  use it. 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- HARDWARE SYSTEM OVERVIEW 

SYSTEM OVERVIEW 

MAX-80 Construction 

The MAX-80 is a 128K RAM, 8 bit (Z80B) microcomputer with built 
in communications and expansion interfaces. The MAX-80's rear 
panel contains two RS-232 serial ports, a parallel (Centronics 
type) printer port, an expansion bus, a hard disk interface, two 
floppy disk interfaces and a CRT jack. 

The MAX-80 case tapers from 3-3/8 inches high by 18 inches wide 
at the rear to 2 inches high and 17-3/4 inches wide at the 
front. The MAX-80 is LO inches long (from front to back) and 
weighs approximately 11 pounds. 

This keyboard unit contains two logic boards, each mounted 
horizontally. The keys are mechanical (electric typewriter type) 
switches set into a metal frame -- which is, in turn, mounted on 
the underside of the MAX-80 lid. The bottoms of the key switches 
are connected directly to the keyboard logic board. 

The main (CPU) board is attached to the base of the MAX-80 and is 
connected to the keyboard logic board by a ribbon cable. When 
the custom design linear power supply is mounted on the rear 
panel and the MAX-80's lid is mounted on the base, the assembly 
is complete. 

The next page shows a block diagram of the MAX-80's logic 
circuits. See Appendix H for complete schematics of these 
circuits. NOTE: ANY CHANGES IN THE CIRCUITS (AND IN ANY OF THE 
OTHER MAX-80 HARDWARE) WILL VOID YOUR WARRANTY- 
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SYSTEM OVEPVIEW 

CPU LOGIC BOARD 

The CPU logic board is attached to the base of the MAX-80 by 
nylon spacers. This board contains the central chips of the 
system: the Z80B processer, 128K of RAM, 280 SIO serial 
interface, COM8116 baud rate generator, HD6845RP CRT controller, 
MB8866 floppy disk controller, video RAM, ROM, clock/calendar, 
and heartbeat interrupt generator. The expansion bus and 
floppy disk controller interfaces are edge connectors that extend 
from the rear of this board. The two 25-pin D-connector serial 
ports, the video monitor's RCA/phono jack and the clock/calendar 
set-enable button are all mounted on this board and are 
accessible from the rear of the MAX-80. 

CPU LOGIC BOARD 

TH- 6 



TECHNICAL REFERENCE -- HARDWARE SYSTEM OVERVIEW 

THE KEYBOARD LOGIC BOARD 

The keyboard logic board contains the keyboard matrix logic and 
the hard disk and printer control circuits. The disk and 
parallel port interfaces are edge connectors that extend from the 
rear of the board. The boot selection switch and the reset 
button are also mounted on this board and are accessible from the 
rear of the MAX-80. The logic board is held in place by its 
connections to the keyboard. 

K E Y B O A R D  LOGIC BOARD 
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TECHNICAL REFERENCE -- HARDWARE 

CLOCK/CALENDAR BATTERY 

when power fails or the MAX-80 is turned off, a 3.2 Volt, 70 
milliAmpere-hour nickel-cadmium (NiCd) battery continues to 
supply power to the crystal-accurate CMOS clock/calendar. This 
battery will keep the clock accurate for up to six weeks. 

When the MAX-80 is operating, a built-in charging curcuit res- 
tores the charge. For every week the MAX-80 is turned off, the 
battery should require less than two hours of charge. 

The MAX-80 is shipped with a charged battery, but this charge may 
be gone if the MAX-80 has been turned off for as long as two 
months. 
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TECHNICAL REFERENCE -- HARDWARE CLOCK/CALENDAR 

CHANGING THE BATTERY 

The NiCd battery should provide useful service for five years. 
when it begins to loose its capacity, it can be replaced 
as follows: 

* Unplug the MAX-80 and all its cables. It is important 
that the MAX-80 not be grounded, because the soldering 
iron may be grounded. 

* Remove the bottom access panel (held in place by four 
screws). see the drawing of the bottom panel on the 
next page. 

* Use a low wattage soldering pencil to unsolder and 
remove the ,old battery. Install the new battery so 
that its positive ( + )  end (the one with the protrusion) 
aligns with the (+)  symbol on the circuit board, and 
solder it into place. 

* Replace the access panel. 

* Reconnect the cables. 

* Reset the clock by using the software utility included 
on your system software diskette. 

LOB0 SYSTEMS TH- 10 VERSION 1.1 



TECHNICAL REFERENCE -- HARDWARE 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- HARDWARE 

L O B 0  SYSTEMS VERSION 1.1 



CRT REQ3IRZYZNTS 

CRT 
MAX-80 CRT 

Lobo Systems sells an optional 12 inch display CRT for the MAX- 
80. It features high resolution, a non-glare display screen, 
low power consumption, and a 115/230V interchangeable power 
transformer. This CRT is light, compact and easy to carry. It 
may be ordered with either a green phosphor or an amber phosphor 
screen . 
Refer to the Owner's Manual that comes with this monitor for 
further specifications. 

- 

MAX-80 CRT REQUIREMENTS 

If a CRT other than the Lobo Systems CRT is to be used with the 
MAX-80, it must meet the following requirements: 

* 75 Ohm input impedance that accepts 1 Volt positive 
composite video 

* 15750 Hertz horizontal and 60 Hertz vertical synchron- 
ization frequencies 

* Standard RCA/phono connector 

* For best results, the monitor should have a bandwidth 
extending from DC to at least 12 megaHertz. 
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TECHNICAL REFERENCE -- HARDWARE JUMPERS AND SWITCHES 

SPECIAL CONFIGURATION JUMPERS AND SWITCHES 

The logic boards inside the MAX-80 contain three jumper pins and 
two switches which allow the user to make certain alterations in 
the MAX-80. See the diagrams in Section 1 above for the exact 
position of each jumper or switch. 

MINIFLOPPY SWITCH: Normally switched to the left. This is the 
Pin 32 selection switch described in the 5-inch floppy connector 
section (Section 3) of the Hardware Setup Manual. 

PARALLEL PRINTER SWITCH: Normally not switched on. This is the 
Pin 27 ground switch described in the parallel printer interface 
section (Section 4) of the Hardware Setup Manual. 

HALT JUMPER: Normally not jumpered. NOTE: this jumper is inside 
the MAX-80 case, and YOU VOID YOUR WARRANTY IF YOU OPEN THE CASE 
TO WORK ON IT. There is no necessity that this jumper be 
accessed. It is simply provided as a convenience to some 
programmers. 

Whenever a HALT instruction is executed, the 280 will halt until 
it receives an interrupt or until the system is reset. If this 
jumper is installed, a HALT instruction will cause an 
immediate non-maskable interrupt. If this jumper is 
installed, the MAX-80 behaves the way a TRS-80 Model I does. 
Some programmers writing programs under DOSPLUS, LDOS and 
MULTIDOS have found this feature useful. 
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TECHNICAL REFERENCE -- HARDWARE JUMPERS AND SWITCHES 

BUS RELEASE JUMPER: Normally not jumpered. If jumperedt the 280 
receives a continuous BUSRQ- request, causing the 280's data, 
address, and control outputs to become inactive. This sometimes 
is helpful when troubleshooting the MAX-80. 

But note that this jumper is inside the case of the MAX-80, and 
YOU VOID YOUR WARRANTY IF YOU OPEN THE CASE TO WORK ON IT. 

1/0 EXPANSION BUS POWER JUMPER: Normally not jumpered. This is 
the +5 Volt jumper described in Section 5 below (in the descrip- 
tion of the expansion bus). 

But, once again, note that this jumper is inside the case of the 
MAX-80, and YOU VOID YOUR WARRANTY IF YOU OPEN THE CASE TO WORK 
ON IT. 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

AND 

SERIAL PORTS PORTS 
The MAX-80 has two independent RS-232C ports, each using a 25 pin 
D-type (DB25) recepticle. A drawing in Section 4 of the Hardware 
Setup Manual shows the locations of the RS-232C ports on the MAX- 
80's back plane. The configurati,on headers for these ports are 
accessible through the bottom panel of the MAX-80. Chapter 2 
above shows the bottom panel and the configuration headers. 

The MAX-80's RS-232C ports support a wide range of serial de- 
vices. Each device can be a simple design that runs at a stan- 
dard baud (bit per second) rate and requires one data line and 
no handshaking -- or each one can be a complicated design that 
requires bi-directional data transfer, four-wire handshaking, and 
data moving at different rates in the two directions. 

The MAX-80 provides a configuration block for each serial chan- 
nel. By installing the correct header in each block, any of the 
lines be routed t o  any of the other lines. The headers are just 
rows of pins tied together by easily removed (and connected) 
wire. Only a minimal amount of soldering is required. 

The soldered joints on headers are much more reliable than the 
simple contact joints between wire and connectors. That is why 
it is always better t o  reconfigure a header than it is to 
reconfigure the cable you are using. Use a good, commercial 
straight through cable and soldered joints on the header, and you 
won't have to worry (or, at least1 you will have t o  worry less) 
about reliability being the cause of your problems. 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

When you determine the correct relationships between the lines 
coming from the device and the lines going to the MAX-80 (through 
the configuration header), unsolder the inappropriate lines in 
the header and replace them with the ones you need. Most serial 
devices, by the way, use very few of the lines available, so your 
job should not be very complicated. 

Suggestion: it usually is best to use as many ground lines as you 
can (redundancy, in this case, being a definite benefit). 

General notes about serial ports on the MAX-80: 

* The transmit clock is always set by the MAX-80 baud 
rate generator and is available to the serial device as 
a reference. 

* The receive clock may be tied to the transmit clock, or 
it may come from the serial device. 

* The outgoing handshake signals may be controlled by the 
MAX-80, or they may be permanently tied on or off. 

* The incoming handshake signals may be passed on to the 
MAX-80, or they may be permanently tied on or off. 

* The MAX-80 can be made into either a "terminal device" 
or a "communication device". NOTE: if two serial 
devices are to communicatet they must be of gpposite 
types. 

The MAX-80 is sold with Channels A and B both set up as terminal 
devices, with full handshaking, and with the receive clock tied 
to the transmit clock. 

Extra configuration headers that are wired to serve as communica- 
tions devices (see the next page) are available from Lobo 
Systems. 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

standard Terminal Communication Headers 

The pinouts of the configuration blocks are shown and described' 
on the following pages. 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- HARDWARE S E R I A L  AND PARALLEL PORTS 

DATA COMMUNICATION 

HEADER 

DATA TERMINAL 

HEADER 

SERIAL P O R T  
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

PIN - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

CONFIGURATION HEADER PINOUTS 

(Asterisks indicate that notes follow. 
Notes are ordered according to pin number.) 

FUNCTION 
ON * 

PIN --- 
2 4 

TxD- Transmit data 23 
TxC Transmit clock ' 22 
RTS Request To Send 2 1 
DTR Data terminal ready 20 
RxD- Receive data 19 
RxC Receive clock 18 
CTS Clear to send 17 
DCD Data carrier detect* 16 
OFF * 15 
Not used 14 
Not used 13 

FUNCTION -- 
Not used 
Connector Pin 2 
Connector Pin 24 
Connector Pin 4 
Connector Pin 20 
Connector Pin 3 
Connector Pin 17 
Connector Pin 5 
Connector Pin 8 
Connector Pin 6 
Not used 
Not used 

The RS-232 connecter Pins 1 and 7 are tied to ground. 

Notes --- 
PIN 1: +12 Volts (through a 150 Ohm resistor) that can be used 

to provide an "ON" signal to the CTS or DCD inputs if the 
serial device doesn't provide these signals. It may 
also be routed to the connector to provide a continuous 
"ON" signal to the external device. 

PIN 9: DCD (the mnemonic used by Zilog in the SIO databook --see 
Appendix C )  serves the same function as DSR (data set 
ready) in most devices. 

PIN LO: Pin 10 works the same as Pin 1, except it provides a -12 
Volt "OFF" signal. 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

PARALLEL PRINTER CONNECTOR INTERFACE 

The parallel printer port allows standard parallel data (byte 
wide) printers to be connected to the MAX-80. The connector is a 
34-contact gold-plated card edge that has a slot for an "orien- 
tation key" between its Pins 4 and 6. 

All output signals are driven by LS TTL gates. All input signals 
are received by LS TTL inputs. 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

Pin - 

PARALLEL PRINTER CONNECTOR PINOUTS 

(Asterisks indicate that notes follow. 
Notes are ordered according to pin number.) 

Mnemonic Function_ 

PSTB- 
GND 
PDO 
GND 
PD1 
GND 
PD 2 
GND 
PD3 
GND 
PD4 
GND 
PD5 
GND 
PD6 
GND 
PD7 
GND 

GND 
BUSY 
GND 
OUTPAPER 
GND 
UNITSELCT 
PCLR- 
XGND 
FAULT 

GND 

GND 
GND 

Output r 

output r 

output, 

Output r 

output 4 

Output, 

output, 

output, 

Output, 

active low 

active high 

active high 

active high 

active high 

active high 

active high 

active high 

active high 

Input, active high 

Input, active high 

Input, active high 
Input, active low 

Input, active high 

Data-ready strobe pulse * 
Signal ground 
Data 0 
Signal ground 
Data 1 
Signal ground 
Data 2 
Signal ground 
Data 3 
Signal ground 
Data 4 
Signal ground 
Data 5 
Signal ground 
Data 6 
Signal ground 
Data 7 
Signal ground 
Not used 
Signal ground 
Printer is busy 
Signal ground 
Printer is out of paper 
Signal ground 
Printer is selected 
Data byte clear * 
Optional ground * 
Printer detected a fault 
Not used 
Not used 
Signal ground 
Not used 
Signal ground 
Signal ground 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

Notes -- 
PIN 1: PSTB- goes low for approximately two microseconds 

whenever a byte is sent t o  the parallel printer data 
register. 

PIN 26: The printer may clear (set t o  zero) all eight data bits 
by pulling PCLR- low. This line is'pulled up with a 
1.3 kOhm resistor. 

PIN 27: Some printers (such as Epson's MX, RX, FX, etc. series) 
interpret a grounded Pin 27 as a request t o  issue a 
line feed after every carriage return. However, Pin 27 
is not grounded in the MAX-80's parallel port. This is 
because the standard MAX-80 operating system, CP/M, can 
be set t o  generate line feeds. If another operating 
system that does not control line feeds is being used, 
Pin 27 can be grounded by moving the slide switch on 
top of the edge connector (just inside the Max-80, 
visible through the edge connector opening) away from 
the numeric keypad. (See the Special Configuration 
Jumpers and switches section above.) 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

EXPANSION BUS 

The MAX-80 expansion bus allows the connection of external hard- 
ware devices (such as graphics adapters, speech sythesizers, 
expansion 1/0 boxes, etc.). The bus is internally buffered near 
the connector to increase reliability. 

Any device attached to the bus must match the signal requirements 
given on the following pages. 

LOB0 SYSTEMS VERSION 1.1 



SERIAL AND PARALLEL PORTS 

Pin Signals -- 
The pinout of the expansion bus is similiar to (but nor the same 
as) that of the TRS-80 Model I. The upper eight address lines 
of the Model 1's expansion bus have been omitted in the MAX-80. 

All devices connected to the MAX-80 expansion bus must, there- 
fore, be addressed through IN and OUT instructions and may not be 
memory mapped devices. 

All output signals from this bus are driven by 74LS244's. All 
input signals are received by LS TTL inputs and are pulled up by 
2.7 kOhm resistors. The bidirectional data lines are buffered by 
a 74LS245, and their output is driven when the 280 is performing 
an OUT operation. They accept input data during an IN operation. 
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TECHNICAL REFERENCE -- HARDWARE SERIAL AND PARALLEL PORTS 

Pin - 
1 

The 
slot 

EXPANSION BUS PINOUT SIGNALS 

(Asterisks indicate that notes follow. 
Notes are ordered according to pin number.) 

Mnemonic 
XSYSRES- 

GND 

XZCLOCK 
GND 

XM1- 
XIORQ- 
XOUT- 

XINTAK- 

XD 4 
SPARE 
XD 7 
XIN- 
XD1 
XINT- 
XD 6 
XNMI- 
XD 3 
XAO 
XD 5 
XA 1 
XDO 

XD 2 
XA4 
XA3 
XWAIT- 
XA7 
XA5 
XA6 

XA2 
VCC 

z!r!Es 
Output, active 

Output 

Output, active 
Output, active 
Output, active 

OUtpUtr active 

Bidirectional 
output 
Bidirectional 
Output, active 
Bidirectional 
Input, active 
Bidirectional 
Input, active 
Bidirectional 
output 
Bidirectional 
Output 
Bidirectional 

Bidirectional 
Output 
output 
Input, active 
Output 
Output 
Output 

Output, active 

low 

1 ow 
low 
low 

low 

1 ow 

1 ow 

1 ow 

low 

Function -- 
System reset * 
Not used 
Signal ground 
Not used 
Not used 
The 280 clock * 
Signal ground 
Not used 
The 280's M1- signal 
The 280's IORQ- signal 
Out strobe * 
Not used 
Interrupt acknowledge * 
Not used 
Not used 
Not used 
280 data 4 
Reserved for future use 
280 data 7 
In strobe * 
280 data 1 
Maskable interrupt request * 
280 data 6 
Non-maskable interrupt req. * 
280 data 3 
280 address 0 * 
280 data 5 
280 address 1 
280 data 0 
Not used 
280 data 2 
280 address 4 
280 address 3 
280 wait request * 
280 address 7 
280 address 5 
280 address 6 
Not used 
280 address 2 
Optional +5 V source * 

connector is a 40 contact, gold plated card edge that has a 
for an orientation key between Pins 4 and 6. 
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Notes 

PIN 1: 

PIN 6: 

PIN 11: 

PIN 13: 

PIN 20:- 

PIN 22: 

PIN 24: 

PIN 26: 

PIN 34: 

PIN 40: 

This output pulses low at a 2 kHz square-wave rate while 
the system is powering up or while the "RESET" button is 
pressed. 

This is the same clock as is applied to the 280. It will 
exhibit varying duty cycle whenever the video memory is 
accessed. Therefore, don't use this as a stable fre- 
quency source. 

This output is a logical OR of the 280's IORQ- and WR- 
signals. 

This output is a logical OR of the 280's IORQ- and M1- 
signals. 

This output is a logical OR of the 280's IORQ- and RD- 
signals. 

Remember that there are two other sources of maskable 
interrupts: the serial controller and the heartbeat 
clock. 

Remember that there is one other source of non-maskable 
interrupt: the optional HALT-jumper interrupt. 

Remember that only the lowest 8 bits of the address bus 
are available. 

A request for a 280 wait applied to this input will be 
honored only during an IN or OUT operation. 

This pin is normally unconnected. when connected, it 
supplies +5 Volts to the expansion devices. To connect 
it, solder a short wire between the two pads. The 
external load must not push the power supply's 5 volt 
output current beyond its 2.2 Ampere limit. 
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DRIVE 

8 INCH FLOPPY DRIVE CONNECTOR 

The 8 inch floppy drive connector allows two dual-drive, 8 inch 
floppy drive systems to be daisy chained to the NAX-80. All of 
Lobo's 8 inch floppy systems are compatible with this interface. 

If drives other than these are to be connected, they must meet 
the interfacing requirements given on the following pages. 
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Pin Signals -- 
All output signals are driven by 7406 or 7438 open-collector 
gates. One and only one of the drives must terminate this line 
with 150 Ohms. 

All input signals are received by LS TTL inputs and are pulled up 
by 150 Ohm resistors. 
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8 INCH FLOPPY CONNECTOR SIGNALS --- 
(Asterisks indicate that a note follows. 

Notes are organized by pin number.) 

Pin - 
2 

Mnemonic 
COWI- n!E 

Output, active low 
Function 
Decrease write current 
Not used 
Not used 
Not used 
Two-sided diskette detected 
Not used 
Select side 2 of 2-sided 

disk 
Not used 
Load head onto diskette * 
Index pulse * 
Diskette and drive ready 
Not used 
Drive select 1 
Drive select 2 
Drive select 3 
Drive select 4 
Direction of step 

(active = inward) 
Step pulse 
FM or MFM pre-compensated 

write data 
Write gate 
Track zero detected 
Write protected diskette 

detected 
FM or MFM recovered read 

data 
Not used 
Not used 

Input r active low 

active low Output r 

HEADLD- 
INDEX- 
READY- 

output, 
Input, 
Input r 

active low 
active low 
active low 

DS1- 
DS2- 
DS3- 
DS4- 
DIREC- 

output, 
output r 
output, 
Output, 
output, 

active low 
active low 
active low 
active low 
active low 

STEP- 
WD- 

output, 
Output, 

active low 
active low 

WG- 
TROO- 
WPROT- 

Output, 
Input, 
Input, 

active low 
active low 
active low 

RD- Input r active low 

All odd-numbered pins are connected to signal ground. 

The 8 inch floppy connector is a 50-contact, gold plated card 
edge that has an orientation key slot between its Pins 4 and 6. 

Notes 

Pin 18: The floppy drives may be configured to load the head 
upon head load or upon drive selection. Either way 
will work. 

Pin 20: There may be only one index pulse per diskette 
revolution. 
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5 INCH FLOPPY DRIVE CONNECTOR 

The 5 inch floppy drive connector allows up to two, dual-drive, 5 
inch floppy systems to be daisy chained to the MAX-80. This 
connector is compatible with all of Lobo's 5-1/4 inch floppy 
drive systems. 

If drives other than these are to be connected, they must meet 
the interfacing requirements given below. 

Pin Signals -- 
All output signals are driven by 7406 or 7438 open-collector 
gates. One and only one of the drives must terminate this line 
at 150 Ohms. 

All input signals are received by LS TTL inputs and are pulled up 
by 150 Ohm resistors. 
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5 INCH FLOPPY CONNECTOR SIGNALS --- 
(Asterisks indicate that a note follows. 

Notes are organized by pin number.) 

Pin Mnemonic - Function 

DS4- 
INDEX- 
DS1- 
DS2- 
DS3- 
MOTOR- 

DIREC- 

STEP- 
WD- 

WG- 
TROO 
WPROT 

RD- 

Output I 
Input 
output, 
output, 
output/ 
Output, 

output r 

output r 

output I 

output r 
Input I 
Input , 

Input, 

Input, 

active low 
active low 
active low 
active low 
active low 
active low 

active low 

active low 
active low 

active low 
active low 
active low 

active low 

active low 

Not used 
Not used 
Drive select 4 
Index pulse 
Drive select 1 
Drive select 2 
Drive select 3 
Activate all spindle 

motors * 
Direction of step 

(active = inward) 
Step pulse 
FM or MFM precompensated 

write data 
Write gate 
Track zero detected 
Write protected diskette 

detected 
FM or MFM recovered read 

data 
Side select or drive 

select 4 * 
Not used 

All odd-numbered pins are connected to signal ground. 

The 5 inch floppy connector is a 34 contact gold-plated card edge 
that has an orientation key slot between its Pins 4 and 6. 
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Notes 

PIN 16: Usually the drives are configured so the MOTOR- signal 
starts the spindle motor and loads the heads of all of 
the drives at once. An alternate scheme, if the disk 
controlling software provides the necessary delays, is 
to jumper the drives so the MOTOR- signal only turns on 
the motors, and the head load of each drive is enabled 
when the drive is selected. This alternative is less 
common because it produces more drive noise. 

PIN 32: The minifloppy switch on the CPU board causes this pin 
to be configurable as either Side Select or Drive 
Select 4 (as described in Section 4 of the Hardware 
Setup Manual). 

When Pin 32 is switched to side select, all standard 
single or double sided drives work normally. A 
straight through ribbon cable (one in which all sig- 
nals are sent from the pins on one end to the corres- 
ponding pins on the other end) must be used as the 
connector cable between the drive and the MAX-80 5 inch 
floppy drive connector. Each drive must be jumpered 
independently for appropriate drive selection. 
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FIXED DISK CONTROLLER INTERFACE 

The MAX-80 includes the controllers for up to four 5-1/4 inch and 
four 8 inch floppy drives. For hard drives. however, control is 
a much more complicated process than it is for floppiesr so 
the hard drive controller must be external to the MAX-80. This 
controller is usually packaged with the drive itself. 

All Lobo hard drive systems contain a Winchester technology hard 
drive and a Lobo Systems controller. The controller is either a 
Lobo Systems UVC ("Universal Controller") or a SASI ("Shugart 
Associates Standard Interface") controller. The Lobo Winchester 
systems that contain a UVC also include a double sided, double 
density backup floppy drive. 

The Winchester controller interface on the MAX-80 allows the 
connection of any of the Lobo fixed disk systems. Howeverr if 
a different SASI compatible controller is to be connected to this 
interface, the operating system supporting the Winchester 
controller must be modified. 

If non-Lobo Winchester drives or controllers are to be connectedr 
they must meet the interfacing requirements given on the 
following pages. 
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Winchester Controller Interface Signals 

All output signals are driven by 7406 or 7438 open-collector 
gates. The controller used on the drive must terminate each 
line with a 220/330 Ohm resistor pair. 

All input signals are received by LS TTL inputs and are termi- 
nated with 220/330 Ohm resister pairs. 

Each bi-directional line in the MAX-80 interface is a combination 
of an LS TTL inputt a 7406 Outputt and a 220/330 Ohm terminator. 
The UVC and SASI controllers have similar circuits at their end 
of the cable. 

The specific timing of these signals is under software control. 
The software must be specially structured t o  properly communicate 
with the controller. 

The source code for the CP/M BIOS is available from Lobo Systems; 
consequently, the CP/M operating system can be changed t o  accomo- 
date other controllers. However, if you want t o  connect a non- 
Lobo controller and/or drive, it is entirely your responsibility 
t o  determine the appropriate code, develop an explicit procedure 
for modifying the B I O S ,  make the actual changes and test the 
results. 

The source code of any other operating system that is installed 
on the MAX-80 is the sole possession of its manufacturer. If you 
wish to alter that codel you must negotiate with the manufacturer 
for the release of the source and the support of any changes you 
will be making. 
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WINCHESTER CONTROLLER INTERFACE SIGNALS 

Pin Mnemonic Type - Funct'ion 

DBO- 
DBl- 
DBZ- 
DB3- 
DB4- 
DB5- 
DB6- 
DB7- 

INUSE- 
BSY- 
ACK- 
RST- 
ERR- 

SEL- 
C/D- 

Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 

Input, 
Input I 
Output, 
Output r 
Input I 

output r 
Input, 

Input, 

Input, 

active 
active 
active 
active 
active 

active 
active 

active 

active 

low 
low 
low 
low 
low 

low 
low 

low 

Data bus 0 
Data bus 1 
Data bus 2 
Data bus 3 
Data bus 4 
Data bus 5 
Data bus 6 
Data bus 7 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Multiplexer bus is busy 
Controller is busy 
Acknowledge byte transfer 
Reset the controller 
Controller indicates error 

code transfer 
Select the Controller 
Controller indicates 

control/data byte type 
Controller requests byte 

transfer 
Controller indicates 

transfer direction 

All odd-numbered pins are connected to signal ground. 

The MAX-80 Winchester connector is a 50 contact, gold-plated card 
edge that has an orientation key slot between its Pins 4 and 6. 
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TECHNICAL REFERENCE -- SYSTEM PROGRAMMING CENTRAL PROCESSOR 

CENTRAL 
PROCESSOR 

INTRODUCTION 

This section provides sufficient information t o  install a com- 
plete operating system on the MAX-80. Even if you are not 
planning t o  create your own operating system) much of the 
information provided here can prove useful if you are interested 
in adapting one of the already installed operating systems for 
your own use. 

If, for instance/ you wish to attach a European monitor t o  the 
MAX-80, you will need t o  make software changes that affect the 
video chip (which is called the CRT Controller, or CRTC). The 
addressing scheme used in the MAX-80 t o  talk t o  the CRTC is 
described in this Part, Part 111 of the Technical Reference 
Manual. The instructions necessary for controlling the chip are 
given in the manufacturer's instruction manual for the chip, 
which is presented in Appendix G .  

The CRTC illustrates the general division of labor used in this 
manual. The instructions for finding each chip in the memory map 
o f  the operating system ( n o  matter which operating system you are 
using) are given in this manual. The instructions for directing 
the chip t o  d o  what you want it t o  do (once you find it), are 
given in the manufacturer's own manual for the use of the chip. 
The manufacturers' manuals on all of the major chips that com- 
prise the MAX-80 are included in the appendices. 
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THE CENTRAL PROCESSOR 

The MAX-80 uses a 280B microprocessor to control all data pro- 
cessing and to supervise all input/output functions. 

The 280B runs at a full 5.067 megaHertz, except when it 
is accessing the video memory or one of the MAX-80's device 
registers. Every device register access (except USTAT) adds two 
wait states to the instruction. A USTAT access adds no wait 
states (see the description of location x7F4H1 below). 

Every video memory access causes the 280 clock to stretch a small 
but unpredictable amount to synchronize the 280 with the video 
memory. - This makes it impossible to predict the execution time 
of a program that accesses the video display. The benefit is 
twinkle-free video accessing. 

An external device connected to the 1/0 expansion bus may also 
request wait states and slow the processor down. For details on 
how this can occur, see Appendix At the Zilog 2-80 Data Sheet. 
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ORGANIZATION 
MEMORY ORGANIZATION 

At any particular moment, the 280's address space is occupied by 
64 Kilobytes of system RAM overlapped by a 4 Kilobyte block of 
memory-mapped hardware devices. 

The 128 Kilobytes of system RAM is divided into two 64 Kilobyte 
"banks". Each of these 64K banks is further divided into two 32 
Kilobyte "chunks". The four chunks are called: Bank A, Chunk 1: 
Bank A, Chunk 2; Bank B I  Chunk 1; and Bank B, Chunk 2. Any of 
these four 32K chunks may appear in the 280's 64K address space. 

All of the MAX-80's various devices are memory mapped into a 4K 
block that may be placed anywhere in memory (in 4 Kilobyte steps) 
by setting four bits of the VLATCH register (Address x7DCH). The 
value of this four-bit number is the " x u  used in all of the 
addresses given in this section. In CP/M the "x" stands for "F"; 
in LDOS it stands for "3". 

The 4K block covers up (renders inaccessible) the system RAM 
underneath it, except for the areas starting at x400H and 
x700H. These RAM areas are always portions of Bank A. 

Section 5 gives detailed information on memory management 
techniques. 
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MEMORY MAP OF MOVABLE 4K BLOCK 

NOTE: This map is a basic Table of Contents of the movable 4 K  
block. Each item in this map is described in more detail below. 

ADDRESS RANGE MNEMONIC FUNCTION -- - --- 
"SWAPlK" 
"RAM4OO" 
"SLORAM" 
" BAUDA" 
" BAUDB" 
" MLATCH" 
"VLATCH" 
"SYSCLR" 
"SYSFLG" 
" CRTREG" 
" CRTBYT" 
"SIODA" 
"SIOCA" 
"SIODB" 
"SIOCB" 
" PSTAT" 
" PDATA" 
" FCTRL " 
"FSTAT" 
" FTRACK " 
"FSECTOR" 
" FDATA" 
" UDATA" 
" UDATAHS" 
" USTAT" 
"UCTRL" 
"DIPSW" 
"BEEP" 
"PIODA" 
"PIOCA" 
"PIODB" 
"PIOCB" 
"MATRIX" 
"RAM9OO" 
"VIDEO" 

The 1 Kilobyte swapable region 
Free system RAM beginning at x400H * 
Reserved slow memory area 
Baud rate selection, SIO Channel A 
Baud rate selection, SIO Channel B 
Floppy controller mode latch 
Video and memory control latch 
System flags and heartbeat reset 
System flags 
CRT controller register selection 
CRT controller data byte 
Serial data, SIO Channel A 
Serial control and status, SIO Channel A 
Serial data, SIO Channel B 
Serial control and status, SIO Channel B 
Parallel printer status 
Parallel printer data 
FDC command register (inverted) 
FDC status register (inverted) 
FDC track register (inverted) 
FDC sector register (inverted) 
FDC data register (inverted) 
SASI/UVC interface data register 
SASI/UVC interf. data reg. auto ACK 
SASI/UVC interf. status reg. FDC flags 
SASI/UVC interf. control register 
The DIP switch (boot drive selection) 
Cause an audible beep 
Parallel data, Port A 
Parallel control and status, Port A 
Parallel data, Port B 
Parallel control and status, Port B 
The keyboard matrix 
Free system RAM beginning at x900H * 
The first 1K of video refresh RAM 

* Most operating systems (including CP/M Plus, DOSPLUS, LDOS and 
MULTIDOS) use this RAM for their own code. 
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THE 4K MOVABLE BLOCK ITEMS 

This is the 1K swapable region. Depending upon the value written 
into Bits 0 1  1 and 2 of the VLATCH register (Address x7DCH), 
this 1 Kilobyte of address space will take on one of the follow- 
ing four functions: 

VLATCH BITS 
2 1 0  FUNCTION 

0 0 0 The boot ROM. The ROM has only 512 
bytes, so its code is duplicated in the 
second half of the 1K space. See Section 
3 (System Reset and Bootstrap) for more 
details. 

0 0 1  1K of system RAM, Bank A peeks through. 

0 1 0  The second half of the 2 Kilobyte video 
or refresh RAM. 280 program code will not 

0 1 1  execute in this RAM. See Section 7 
(Video Display Techniques) for more de- 
tails. 

1 0  0 The contents of the 1K RAM defines the 
or shape of the short characters (OOH 

1 0  1 through 7FH). 280 code will not execute 
in this RAM. See Section 7 (Video Dis- 
play Techniques) details. 

1 1 0  The contents of the 1K RAM defines the 
or shape of the tall characters (80H 

1 1  1 through BFH. 280 code will not execute 
in this RAM See Section 7 (Video Dis- 
play Techniques) for more details. 

Here 768 bytes of system RAM Bank A peek through and may be used 
for program or data storage. This area of RAM is usually used by 
the operating system for its own code. CP/M Plus uses both this 
and the area starting at x700H for some of its own code. 
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This is actually 208 bytes of system RAM Bank At but it runs 
slowly and is reserved for future memory mapped devices. 

x7DOH/" BAUDA" 
x7D4H/"BAUDBW 

Write into these addresses t o  set the baud rate of SIO Channel A 
or B. Only data Bits 0 through 3 actually affect the baud rate 
generator. These adresses are also readable; the corresponding 
addresses in system RAM Bank A contain a copy of what was written 
(unless the 4K block is moved). See the COM 8116 data sheet 
(Appendix B) for the 4-bit codes associated with the various 
clock rates. The SIO chip is capable of further dividing these 
clock rates, if programmed to do so. 

write into this address t o  select various functions in the floppy 
disk controller hardware. This address is also readable; the 
corresponding address in system RAM Bank A contains a copy of 
what was written (unless the 4K block is moved). All bits 
of VLATCH (Address x7DCH) are cleared when the system is reset, 
but the corresponding memory byte is not cleared. 

BIT FUNCTION 

7 Is always set t o  0. Reserved for future use. 

6 Density selection: 1 selects double; 0 selects single. 

5 Drive type selection: 1 selects 8 inch; 0 selects 5 
inch. The 5 inch floppy's spindle motors are started 
for three seconds every time address MLATCH is written 
with this bit equal t o  zero. 

4 Side selection: 1 selects side one; 0 selects side 
zero. 

3 1 selects Drive 4 ;  0 deselects the drive. 
2 1 selects Drive 3 ;  0 deselects the drive. 
1 1 selects Drive 2; 0 deselects the drive. 
0 1 selects Drive 1 ;  0 deselects the drive. 
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Write into this address to select various system functions. This 
address is also readable; the corresponding address in system RAM 
Bank A contains a copy of what was written (unless the 4K block 
is moved). Note that if the value of "x" is changed1 the address 
of VLATCH changes (along with all the other memory mapped regis- 
ters of the 4K block). When changing the contents of VLATCHt it 
is convenient to simply read it first, update the desired bits, 
and write it back out again. All bits of VLATCH are cleared when 
the system is reset, but the corresponding memory byte is not 
cleared. 

FUNCTION 

7-4 Sets value of "x" to reposition the entire 4 Kilo- 
byte region of memory mapped devices. 

3 0 selects normal width character display; 1 selects 
double width character display. In this mode, every 
second character is expanded to twice its normal 
width. The in-between characters are not displayed. 

These three bits determine which of four 1K pieces 
of RAM or ROM will appear in the region from x000H- 
x3FFH. See the discussion of "SWAPlK" (Address 
xOOOH) . 
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Read address SYSCLR t o  sample the four system status bits and to 
clear the heartbeat interrupt. Read address SYSFLG t o  sample the 
same flags without clearing the heartbeat interrupt. 

BIT STATUS SIGNAL -- -- -- 
7 If this bit is set, the 61.04 Hertz heartbeat has 

ticked and1 if interrupts are enabled, has caused an 
interrupt. 

6 Duplicate of the DSPTMG signal from the CRT control- 
ler chip. T o  ensure flicker-free hardware scrolling, 
d o  not modify the CRT controller's screen starting 
address register until this bit goes on. 

This bit is set if the minifloppy motors are still 
turning. If this bit is offr it is necessary t o  
perform a motor start-up delay whenever a minifloppy 
is ac.cessed. T o  start the 3 second motor timer, send 
a byte with 0 at Bit 5 t o  Address MLATCH. 

This bit is set if the selected 8 inch floppy drive 
contains a single sided diskette or if the drive 
itself is single sided. It will g o  off if the sel- 
ected drive and its diskette are double sided. 

Write t o  address CRTREG t o  choose one of the 16 registers in the 
CRT controller chip. See Appendix G (the Hitachi manual for the 
CRT controller chip) for the codes needed. After selecting a 
register1 subsequent writes t o  address CRTBYT will modify that 
register in the chip. NOTE: it is not possible t o  read the con- 
tents of the CRT registers. 

Write a byte t o  address SIODA t o  give data t o  the SIO (Serial 
Input/Output) chip t o  be transmitted t o  Channel A. Read a byte 
from SIODA t o  take a byte that the SIO controller chip has 
received from Channel A. SIODB is similar t o  SIODA, but is for 
SIO Channel B. 
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Write t o  SIOCA t o  load an SIO control register for Channel A. 
Read a byte from SIOCA t o  get status information from SIO 
Channel A. SIOCB is similar, but is for channel B. 

Don't forget t o  get the baud rate registers for each serial 
channel. 

See the SIO controller data sheet (Appendix C )  for programming 
details. 

Read address PSTAT and consult the four status flags from the 
parallel printer (listed below). When the printer is ready (Bit 
5, and only Bit 5. is set), send the eight bit character byte t o  
PDATA t o  be printed. 

BIT - STATUS SIGNAL -- 
7 If set, the printer is busy; do not send another 

character. 

6 If setr the printer is out of paper. 

5 If setr the printer is selected. 

4 If set, the printer has detected a fault condition. 

NOTE: All are inverted logic. 

See the MB8866 floppy disk formatter/controller (FDC) data sheet 
(Appendix D) for details about programming these registers. The 
FCTRL command register can only be written to. The FSTAT status 
register can only be read from. The track, sector and data 
registers may be both read from and written to. Be sure t o  
COMPLEMENT every byte written t o  and read from these registers. 
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The UVC is Lobo's combined hard and floppy disk controller (the 
"Universal Controller"). The SASI ("Shugart Associates Standard 
Interface") controller is the nearest thing to a standard for 
Winchester drive controllers. The UVC is the controller in the 
Lobo Systems 950 and 1850 Winchesters with backup floppy drives. 
The Lobo Systems single Winchester drives use a SASI controller. 

The SASI "standard" specifies some, but not all, of the important 
parameters. Thus each different make of controller, with each 
different type and size of hard driver has to be specifically 
installed in the operating system -- as were the Lobo hard 
drives. 

To control the status and control register bits, you will have to 
understand the UVC interface protocol. If you need this 
information, the Lobo Systems Universal Controller and SASI 
controller manuals are available at nominal cost. 

Write to address UDATA to transmit a data byte to the UVC/SASI. 
The UVC/SASI will not accept this byte until the ACK control bit 
is set in the UCTRL register. 

If the program instead writes the data byte to address UDATAHS, 
the byte is transmitted to the UVC/SASI and the ACK bit is 
automatically asserted. ACK turns off when the UVC/SASI resets 
its REQ signal. 

Reading address UDATA or UDATAHS returns a data byte that the 
UVC/SASI has sent to the MAX-80. Just as is the case with 
writing to Address UDATAHS, reading this address automatically 
sets the ACK control bit. This tells the UVC/SASI that the MAX- 
80 has accepted the data byte. 

The bits of the USTAT register are listed on the next page. Note 
that Bits 7 and 6 are status bits from the floppy disk control- 
ler and are not from the UVC/SASI interface. 
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USTAT Register Bits 

BIT - NAME - 
7 DRQ- 

6 INTRQ- 

BSY 

ERR 

UCTRL Register Bits 

IT -- NAME 

2 RST 

1 SEL 

0 ACK 

DESCRIPTION - 
Inverted copy of the data request output 
of the floppy disk controller ( F D C )  chip. 

Inverted copy of the INTRQ output of the 
FDC chip. 

If a network multiplexer is connected 
between the MAX-80 and the UVC/SASI, this 
bit is 1 while any one of the users is 
accessing the UVC/SASI. 

This bit is 0 to indicate that the 
UVC/SASI is sending or receiving a 
control or status byte. It is 1 if the 
byte is true data. 

This bit is 0 if the byte is to pass from 
the MAX-80 to the WC/SASI. It is 1 if 
the byte is coming from the UVC/SASI to 
the MAX-80. 

This bit is 1 if the UVC/SASI is selected 
and is busy. 

This bit is 1 while a completion code 
error status byte is passing from the 
UVC/SASI t o  the MAX-80. 

This bit is 1 when the UVC/SASI is 
requesting a byte transfer. 

DESCRIPTION 

Set this bit to reset the uVC/SASI. 

Set this bit to select the UVC/SASI. 

Set this bit to acknowledge a byte trans- 
fer. This bit is set automatically if 
UDATAHS is read from or written to. 
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Address DIPSW contains the settings of the eight lever DIP switch 
(the boot switch that is mounted on the rear panel of the MAX- 
80). The eight bits are: 

BIT -- DESCRIPTION 

7 If set, Switch 1 is up. 

6 If set, Switch 2 is up. 

5 If set, Switch 3 is up. 

4 If set, Switch 4 is up. 

3 If set, Switch 5 is up. 

2 If set, Switch 6 is up. 

1 If set, Switch 7 is up. 

0 If set, Switch 8 is up. 

Write anything at all to Address BEEP to cause the built-in 
speaker to emit a short beep. The frequency of the tone is about 
two-kiloHertz, and it lasts for about 1/15 second. The beep is 
triggered just by writing to the address, not by what is written. 

The PI0 (Parallel Input/Output) controller chip functions as an 
interface to the clock/calendar. Since the clock/calendar is too 
slow to interface directly to the 280  bus, all clock/calendar 
control and data must pass through the PIO. The PI0 also con- 
trols memory chunk selection. 

See the clock/calendar data sheet (Appendix E) for the procedures 
(especially the delays) required to read and modify the clock's 
registers. See the PI0 data sheet (Appendix F) for instructions 
on manipulating Ports A and B under Mode 3. 
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Clock/Calendar Control Bits 

(As they appear to a program through the PI0 port registers) 

PORT A 
BITS - FUNCTION -- 

7-6 Both bits are outputs; they select which 32K 
chunk is to appear in the 280's address space 
from 8000H to FFFPH. 

BIT - 
1 6  --- FUNCTION 

0 0 Chunk 1 of Bank A 
0 1 Chunk 2 of Bank A 
1 0  Chunk 1 of Bank B 
1 1  Chunk 2 of Bank B 

Both bits are outputs: they select which 32K 
chunk is to appear in the 280's address space 
from OOOOH to 7FFFH- 

BIT - 
2 2 FUNCTION 

0 0 Chunk 1 of Bank A 
0 1 Chunk 2 of Bank A 
1 0  Chunk 1 of Bank B 
1 1  Chunk 2 of Bank B 

These four bits correspond to the four bits of 
the clock/calendar's data bus. All four bits 
must be programmed to be inputs when reading 
data from the clock/calendar. They must be 
programmed to be outputs when updating the 
clock/calendar registers. 
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PORT B 
BITS FUNCTION 

7 Not used. 

6 Set this bit to request the clock/calendar to 
hold. This request will not be honored unless 
the clock set button on the MAX-80's rear panel 
is depressed. 

Set this bit to request a register READ from the 
clock/calendar. 

Set this bit to request a write into a register 
of the clock/calendar. This request will not be 
honored unless the clock set button on the MAX- 
80's rear panel is depressed. 

These four bits set the corresponding bits of the 
clock/calendar's register selection address bus. 
The twelve accessible registers (listed below) 
are described fully in the clock/calendar data 
sheet (Appendix E). 

REGISTER FUNCTION 

Seconds (units) 
Seconds (tens) 
Minutes (units) 
Minutes (tens) . 
Hours (units) 
Hours (tens), also sets 12/24 

hour mode. 
Day of week (value from 0-6) 
Date (units) 
Date (tens), also adjusts for 

leap year 
Month (units) 
Month (tens) 
Year (units) 
Year (tens) 

* NOTE: Program all 8 bits of Port B to be outputs. 
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Whenever a keyboard key is pressed, one junction of an eight row 
by eight column matrix is connected. The control program (or 
operating system) must scan the keyboard and calculate the 
keycodes. 

Each key can be read only if the row that key is sitting on is 
first stimulated by the software. Any one of the eight rows may 
be stimulated by setting the corresponding bit of the address low 
byte. Then, if a key within that row is depressed, the corres- 
ponding bit of the data byte read from that address will be set. 

If several rows are stimulated at once, the data byte returned 
will be a logical OR of the separate rows. Beware of the phantom 
keypress: if three keys are pressed together, it is possible for 
the result to appear as a fourth key. 

The table below is a key matrix which shows which rows are stimu- 
lated by which address bits, and which columns appear in which 
data bits. Note that the matrix position for the ten numerals, 
the period and the return/enter keys are the same for the main 
keyboard as for the numeric keypad. (They are hard wired 
together for Tandy Radio Shack Model I compatibility.) 

I 
A3 1 X Y Z \ 1 - - 

I 
A4 I 0 1 2 3 4 5 6 7 

I 
A5 1 8 9 I - / 

I 
A6 I RETURN CLEAR BREAK UP DOWN LEFT RIGHT SPACE 

I 
A7 1 SHIFT Fl FZ F3 F4 ESC CTRL 

A0 through A7 are the address low byte. 
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Here, 768 bytes of system RAM Bank A peek through and may be used 
for program or data storage. Similarly to the area starting at 
Address x400H1 this area is usually used by the operating system 
for its own code. 

This is the first half of the 2 Kilobyte video refresh RAM. 280 
program code will not execute in this RAM. See Section 7 (Video 
Display Techniques) for more details. 
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AND 
BOOTSTRAP 

Pressing the rear panel button resets the 280, the 5101 the 
floppy disk controllerr the external 1/0 bus, the VLATCH 
register, and the MLATCH register. The internal reset signal is 
gated by a two kilonertz square waver so the 280 can continue to 
refresh the dynamic system RAM. 

This response to the reset button is different from the responses 
of the TRS-80 Models I and 111. Pushing the reset button on 
either the Model I or Model I11 causes a non-maskable interrupt 
to whatever program is at Address 0066H. 

BOOTSTRAP PROGRAM 

All MAX-80s are equipped with the standard Lobo Systems boot ROM. 
This section describes this ROM and the important aspects of the 
MAX-80 booting procedure. 

Because the MAX-80's reset is gatedr it is desirable for the 
ROM's bootstrap program to delay two milliseconds before 
executing any critical code; this is the case with the standard 
bootstrap program. 

After the system is powered up1 the RAM must be accessed at least 
eight times before its performance is guaranteed. 

The standard bootstrap ROM performs a reset delay and memory 
stimulation before it attempts to boot a disk drive. It beeps the 
speaker twice (to indicate that 128K memory is installed). The 
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DIP switch is then queried to determine which drive is to be 
booted. If the drive is a floppy, the ROM will select the first 
drive unit, restore the head to track zero, select double 
density and diskette side zero, and attempt to read Sector 0 into 
Address 400H. If the read is unsuccessfulr the ROM will switch 
the disk controller to single density and attempt to read Sector 
1 into Address 400H. If single density fails, the ROM will issue 
a speaker beep and start over, selecting double density. When a 
good sector is loaded, the ROM will jump to Address 400H to begin 
executing the diskette's bootstrap code. 

If the drive specified by the DIP switch is to be accessed 
through the UVC/SASI interface, the ROM commands the UVC/SASI to 
access the drive and read the data at Track 0, Head 0 1  Sector 0 . 
The data are then placed into Address 400H. If the read was 
successfulr the ROM jumps to Address 400H. If the read was not 
successfulr.the speaker beeps and the read is attempted again. 

The bootstrap sector loaded at 400H may request additional sec- 
tors of data to be read from the same drive. To do so, the pro- 
gram must set the 280's registers as follows and call the ROM 
entry point at Address 0003H. 

REGISTER CONTENTS 

HL Address at which data are to be loaded 
DE Track number 
B Number of the first sector to be read 
C Number of the last sector to be read 
A Head number (beginning with zero) 

AF' Do not tamper with this register until 
the bootstrap program has finished calling 
the ROM. 

If the ROM encounters an error while reading a sector, it will 
retry that sector until it reads correctlyr or until the MAX-80 
is reset. 
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The list below gives the DIP switch combinations that the ROM 
recognizes as valid boot drive types. The ROM ignores Switches 1 
through 5. 

DIP SWITCHES 6 r 7 r 8  BOOT DRIVE TYPE --- 
down down down No drive. The MAX-80 beeps repeatedly 
down down up First 5-inch floppy connected to MAX-80 
down up down First 8-inch floppy connected to MAX-80 

down up up 5-inch hard drive connected through UVC 
up down down 8-inch hard drive connected through UVC 
up down up 5-inch floppy connected through UVC 
up up down 8-inch floppy connected through uvC 
UP UP UP Lobo hard drive connected through SASI 

The source code for the boot ROM is included on one of the Lobo 
Systems Original CP/M System Diskettes. 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- SYSTEM PROGRAMMING RESET AND BOOTSTRAP 

LOB0 SYSTEMS VERSION 1.1 



TECHNICAL REFERENCE -- SYSTEM PROGRAMMING INTERRUPTS 

INTERRUPTS 
MASKABLE INTERRUPTS 

The MAX-80 has two sources of internal maskable interrupts: the 
heartbeat clock and the serial controller chip (SIO). An exter- 
nal interrupt is allowed o n  the 1/0 expansion bus. These inter- 
rupts are maskable: they are inhibited by executing a DI instruc- 
tion, and are allowed by executing an EI instruction. In addi- 
tion, the SIO interrupt may be enabled or di-sabled by programming 
the SIO control registers. The nature of the external interrupt 
depends upon the external device. 

The 280 interrupts can operate under Mode 1, in which any 
maskable interrupt causes a subroutine call t o  address 0038H for 
interrupt service. 

The 280 can also operate in restricted Mode 2. All interrupting 
devices send the vector OFEH t o  the 280. Although fully vectored 
interrupts are not supported, the programmer may place his or her 
interrupt service routine almost anywhere in memory. The system 
initialization program must store the address of the service 
routine in the last two bytes of any 256 byte page of memory that 
has those two bytes free, and then load the 280's I register with 
the high byte of that address. 
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Whether operating in Mode 1 or Mode 2 1  the maskable interrupt 
service routine must perform these basic functions: 

switch to a local stack1 if the operating system 
doesn't provide a deep one. 

Preserve the contents of any 280 registers that will be 
used. 

Query the SYSCLR register, Bit 7 ,  to see if the heart- 
beat has interrupted. If it hasr perform whatever 
tasks need to be done. These tasks may include scan- 
ning the keyboard matrix t o  detect new keypressesr 
toggling a byte in the video RAM to cause the cursor 
to flash, and monitoring the floppy disk controller to 
prevent a hang up. 

Query the SIO status registers to determine if a byte 
has been receivedr a byte is needed for transmission, 
or an external status signal has changed. Satisfy 
all of the SIO's needs or the interrupt request will 
not go away. 

Query the externally connected devices, if any exist, 
and satisy their needs. 

Restore the contents of the 2 8 0  register. 

switch back to the original stackr if a local stack has 
been used. 

Re-enable interrupts and return by executing an EI and 
then a RETI. 
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NON-MASKABLE INTERRUPTS 

All non-maskable interrupts force an immediate subroutine call to 
address 0066H. A non-maskable can interrupt a maskable interrupt 
service routine and can even interupt the servicing of another 
non-maskable interrupt. 

The MAX-80 has one optional internal non-maskable interrupt. By 
jumpering the HALT jumper (see Section 4 of Part I of this 
manual) the 280 can be forced to service a non-maskable interrupt 
every time a HALT instruction is executed. This satisfies the 
requirements of a few TRS-80 programs. When this jumper is 
omitted, the HALT instruction behaves as usual. 

A non-maskable interrupt from an external 1/0 expansion device is 
allowed. 

Just as the maskable interrupt service routine must perform 
certain basic functions, so must the non-maskable service routine: 

* Switch to a local stack if the operating system doesn't 
provide a deep one. 

* Preserve the contents of any 280 registers that will be 
used. 

* Interrogate the externally connected devices, if any 
exist, and satisfy their needs. If an external device 
has not been interrupted, then the interrupt must have 
been caused by the execution of a HALT instruction when 
the HALT jumper is installed. Whichever is the case, 
the service routine must take appropriate action. 

* Restore the contents of the 280 registers. 

* Switch back to the original stack. if a local stack has 
been used. 

* Re-enable the interrupts and return by executing a 
RETN . 
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- 
BANK SWAPPING TECHNIQUES 

A 280 chip cannot address more than 64 Kilobytes at one time. If 
a program needs to occupy more than 64K of memory, parts of the 
program must be placed in some of the other chunks of RAM. The 
32K chunks of RAM can then be switched in and out of memory, 
allowing the operation of the complete program. 

The detailed discussion of the memory map in Section 2 (partic- 
ularly the section on PIODA) describes how the various 32K chunks 
are activated. 

If a program is designed with bank swapping in mind, it can take 
advantage of the MAX-80's full 128K RAM. For instanter a word 
processor that runs in the 0000H-7FFFH address range might use 
the remaining 96K of data space. To accomplish this, the PI0 
bits can be set so that the first 32K is Chunk 1 of Bank A. The 
4K block of memory-mapped devices must then be placed in this 
address range. The second 32K portion of the 280's address space 
may then be switched by the editor from one to another of the 
remaining chunks: Chunk 2 of Bank A, Chunk 1 of Bank B, and 
Chunk 2 of Bank B. In this way, the word processor may access 
96K of data. But remember that all of this is possible only if 
the pr0gram.i~ specifically designed for bank swapping. 

If you are developing a program that will take advantage of bank 
swapping, make sure that you closely track the reaction of the 4K 
device block while the bank swapping is occurring. Remember that 
portions of the 4K block allow parts of the system RAM to peek 
through, and that writing into certain memory mapped devices 
[VLATCHt MLATCHI BAUDA, BAUDB, SWAPlK (while in the RAM mode) 
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RAM4008 SLORAM and RAN9001 also writes into corresponding 
addresses of the system RAM. These corresponding addresses are 
always in Bank A, regardless of the location of the 4K movable 
block and regardless of which'bank is currently in memory. This 
means that programmers must, whenever possible, locate the 4K 
block in Bank A. When the 4K block is located in Bank B, pay 
particular attention to the affect on data in Bank A when the 
program is writing into the respective memory mapped devices. 

It can be a useful restriction to keep VLATCH, MLATCH, BAUDA, 
BAUDB, S W A P ~ K I  RAM40O1 SLORAM, and RAM900 in Bank A at all times. 
This restriction is useful when a particularly large program is 
being run. Say, for instance, the program works by running the 
first 60K of code, switching banks, and then running the second 
60K of code; a small routine supervises the passage of program 
flow from one bank to another; and this routine resides in a 
stable part of memory that doesn't change while the banks are 
swapped. Since both chunks of the 64K bank are being switched in 
and out, the only stable RAM areas are the portions of the 4K 
block (such as RAM400 and RAM900) which are permanent windows 
into system RAM Bank A. 

Make sure to provide interrupt service for the system during 
swapping. Do not allow the interrupt service routine to disap- 
pear when the chunk containing it is switched out. 
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THREE BASIC MEMORY SYSTEM ORGANIZATIONS 

NOTE: These are options for software that does depend on a 
particular operating system, but directly on the hardware. If 
you are developing an application program under a particular 
operating system, your memory organization options are almost 
always quite limited. Review the programmer's manual for that 
operating system to see what is open to you. 

Full 64K Bank Swapping 

Put one half of the system into Chunks 1 and 2 of Bank A. Assign 
Chunk 1 as the lower half of the 280 address space and Chunk 2 as 
the upper half. When switching, assign Chunk 1 of Bank B to the 
lower half and Chunk 2 of Bank B to the upper half. Place the 4K 
block wherever is convenient, but be sure the interrupt service 
routines and the bank switching supervisor are inside the 4K 
block's RAM areas. 

Upper 32K Chunk Swapping 

Put the first quarter of the system, along with the interrupt 
service routines and the 4K block into Chunk 1 of Bank A and 
assign it to the lower half of the 280 address space. Switch the 
remaining three quarters of the system into and out of the upper 
half of the 280 address space. 

Lower 32k Chunk Swapping 

Put the first quarter of the system, along with the interrupt 
service routines and the 4K block, into Chunk 2 of Bank A and 
assign it to the upper half of the 280 address space. Switch the 
remaining three quarters of the system into and out of the lower 
half of the 280 address space. This is the method used in MAX-80 
CP/M Plus. 
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FLOPPY 

Correct floppy disk control is complicated, greatly because of 
the many timing requirements that must be considered. We recom- 
mend that you do not attempt to write your own floppy disk con- 
trol program unless you have studied examples of well documented 
and well working programs. Appendix D (the MB8866 floppy disk 
formatter/controller data book) describes the instructions neces- 
sary to control floppy drives from the MAX-80. 

SUGGESTED TECHNIQUES 

Use the FCTRL, FSTATUS, FTRACK, FSECTOR and FDATA registers to 
communicate with the FDC (Floppy Disk Controller) chip. Use the 
MLATCH register to control drive and density selection. Use the 
DRQ- and INTRQ- bits of the USTAT register to help speed up 
diskette read and write program loops. 

If interrupts are to be enabled during disk 1/01 reduce Lost Data 
errors by disabling interrupts immediately after the first byte 
of the sector is read or written and re-enable them after the 
last byte has transferred. 
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The following are kernel READ and WRITE subroutines that tolerate 
interrupts if the service routines are short. These routines are 
called after the read or write command has been issued to the 
FDC. Each subroutine is called with the 280 registers preset, as 
shown. 

;READ and WRITE subroutine entry parameters: 
; 
; HL = Address of USTAT register 
; DE = The memory transfer address 
; BC = Address of FDATA register 
; Interrupts are enabled 
; 
NOBYTE: RET PO ;RETURN IF INTRQ HAPPENED 
RLOOP: AND (HL ;CLEARS BITS IF DRQ OR INTRQ OCCURRED 

JP MI NOBYTE ;DRQ WASN'T HAPPENING 
D I ;BLOCK INTERRUPTS UNTIL WE RETURN 
LD Ar (BC) ;GET DATA- BYTE 
CPL ;MAKE IT NORMAL 
LD (DE) rA ;STORE BYTE IN RAM 
INC DE ;BUMP ADDRESS 

READ: LD At OCOH ;PREPARE MASK 
JP R L W P  ;GO CHECK FOR NEXT BYTE 

i 
WNBYTE: RET PO ;RETURN IF INTRQ HAPPENED 
WLOOP: AND (HL) ;CLEARS BITS IF DRQ OR INTRQ 

;OCCURRED 
JP MI WNBYTE ;DRQ WASN'T HAPPENING 
D I :BLOCK INTERRUPTS UNTIL WE 

;RETURN 
LD AtIDE) ;GET BYTE TO WRITE 
CPL ;MAKE IT ACCEPTABLE TO FDC 
LD (BC) rA ;SEND IT 
INC DE ;BUMP ADDRESS 

WRITE: LD A, OCOH ;PREPARE MASK 
JP WLOOP ;GO CHECK FOR NEXT BYTE 

; 
It is possible that the disk drive may go into a Not Ready con- 
dition while one of three loops is executing. If the mini- 
floppy motors time out, or the drive door opens, the FDC chip 
will not terminate the read or write command. To prevent the 
computer from hanging up, install a task in the heartbeat 
interrupt service routine that monitors the Not Ready flag of the 
FSTAT register and sends a "Force Interrupt with Immediate 
Interrupt" command to the FDC chip if this flag goes on. The 
Force Interrupt will terminate the read or write loop with no 
indication of error, so make sure you provide a software means of 
indicating that the FDC operation has been aborted. Disable this 
task after the read or write operation is completed. 
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SETTING UP THE SCREEN FORMAT 

VIDEO 
DISPLAY 

See Appendix H (the CRT Controller data book) for a description 
of how to lay out a screen format and how to program the CRT's 
registers. Note the following details about the MAX-80 video 
display hardware: 

* The CRTC clock frequency is 1.90 megaHertz. 

* American monitors have a 15750 Hertz horizontal sweep 
and a 60 Hertz vertical sweep. European monitors have 
a 50 Hertz vertical sweep and a 15625 Hertz horizontal 
sweep. The CRTC should be programmed to match the 
desired standard as closely as possible. 

* There are two Kilobytes of 8 bit refresh memory. If the 
CRTC tries to access an address greater than 7FFH, only 
the lowest eleven bits will be used to access the 
refresh RAM. 

* There are 128 characters whose first eight raster scan 
lines contain character shape information but whose 
second eight scan lines are blank. There are 64 more 
characters in which all sixteen scan lines may contain 
character shape information. 

* The cursor and light pen functions of the CRTC are not 
implemented. 
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DESIGNING AND INSTALLING A CHARACTER SET 

The instructions in this section are aimed (as are all the in- 
structions in the Technical Reference Manual) at those who wish 
to develop software that is either independent oft or supplemen- 
tal tor the already developed operating systems. If you wish 
simply to change the character set provided in one of the present 
operating systems. investigate the manual for the relevant 
system. 

The procedures for changing the character set in MAX80 CP/M are 
described in the manual System Utilities and Software 
Installation. If you want an even simpler way to change the 
character set in CP/M. contact the National MAX-80 user's group 
MAXIMUL. MAXIMUL distributes a simple BASIC program that 
provides the means to easily change the character set under CP/M. 
Before you go to all the trouble of changing the character set by 
hand and reassembling itr investigate this program. The cost of 
the diskette that includes the program is mimimal -- and it 
includes a number of other very useful programs, besides. 

But, if you need to develop your own video character related 
utilities, the basic procedure for developing a character set is 
as follows: 

1. Design a character set on paper. Each character from OOH 
through 7FH is eight dots square and the characters from 80H 
through BFH are eight dots wide and sixteen dots tall. Note 
that most video monitors will display two or more adjacent 
(especially horizontally adjacent) dots much brighter than 
they do just one isolated dot. 

2. Consider each eight dot row of each character to be a binary 
number whose most significant bit corresponds to the 
leftmost dot. Construct a list of 1024 numbers that 
represent the first 128 characters' shape definitions in 
sequence. Clear Bit 1 and set Bit 2 of VLATCH to cause the 
first half of programmable character storage RAM to appear 
at address SWAPlK. Store the 1024 numbers in the SWAPlK RAM. 

3 .  Consider only the first eight rows of each of the remaining 
64 characters. Construct a new contiguous list of 512 
numbers that represent these character shape fragments. 
Prepare a second list of 512 numbers that relates only to 
the second eight rows of these same 64 characters. 
Concatenate these two short lists to yield the second 1024 
number list. Set Bits 1 and 2 of VLATCH to cause the second 
half of programmable character storage RAM to appear at 
address SWAPlK. Store the 1024 numbers in the SWAPlK RAM. 
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DISPLAYING CHARACTERS ON THE SCREEN 

The two kilobytes of video refresh memory appear to the 280 in 
two separate one-kilobyte regions of RAM. Although to the 280 
they appear to be separated, they appear continuous to the CRTC 
(so that the display is orderly). The first half of refresh RAM 
is always accessible at address VIDEO. The second half is acces- 
sible at address SWAPlK by setting the appropriate bits of the 
VLATCH register. The CRTC continuously scans the refresh RAM and 
displays in sequence the bytes as characters on the screen. Any 
byte that the 280 changes will appear as a character change on 
the screen. 

The bytes OOH through 7FH will be displayed as eight line charac- 
ters, with any remaining raster scan lines blanked between the 
eighth line and the beginning of the next row of characters. The 
bytes 80H through BFH will be displayed as 16 line characters 
unless the CRTC is programmed for fewer scan lines per character 
row. The bytes COH through FFH display the same set of charac- 
ters as do 80H through BFH. 
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SOFTWARE AND HARDWARE SCROLLING 

Video terminals usually display upward scrolling. After the 
screen fills with information, it is customary to move the entire 
page of text up one rowr discard the topmost row and erase the 
bottom row. This makes room for a new line of text at the bottom 
of the screen. 

Two methods of scrolling are possible in the MAX-80. 

In software scrolling a program moves every byte stored in the 
refresh memory to a new address. The new address corresponds to 
the screen position directly above the old address. First1 the 
characters of row two are moved to row one, then row three is 
moved to row two, and so forth -- until the bottom row has 
been moved to the row just above it. Finallyl the bottom 
row is filled with blank characters. This software scrolling is 
a simple procedure# but also is quite time consuming1 even for a 
fast 280. 

Hardware scrolling requires much less program execution time. To 
make the screen scroll upward, one only has to increase the 
starting address register in the CRTC by the value equal to the 
width of the screen. This causes the CRTC to display characters1 
beginning with the next row of text. Howeverl before setting the 
new starting address, it is necessary to blank out the topmost 
row of text from the refresh memory -- so that it won't wrap 
around and appear at the bottom of the screen. 

Setting the starting address requires sending two bytes to each 
of two registers in the CRTC. To prevent the CRTC from using the 
starting address when only the first byte has been changed, wait 
for the DSPTMG bit of the SYSFLG register to go on before setting 
the start address registers. 
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EXPANDED CHARACTER MODE 

Set Bit 3 of address VLATCH to select expanded character display. 
In this mode every second character in the refresh memory is dis- 
played expanded to twice its normal width. The in-between charac- 
ters are not displayed. The CRTC need not be reprogrammed unless 
the condition described below exists. 

Normally, the even numbered characters are expanded and displayed 
and the odd-numbered characters are supressed. This quality may 
be reversed by programming the CRTC to change the horizontal sync 
(synchronization) width by one unit or by changing the horizon- 
tal sync position by one unit. 
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-1/4 inch floppy drive. 
See Floppy disk controller, 

Minifloppy drive. 

5-1/4 inch hard drive. 
See Winchester. 

8 inch floppy driver TH:29-32; 
TS:31, 32 

See Floppy disk controller. 

40,track drive. 
See Minifloppy drive. 

B - 
Bank swapping. 

See Memory. 

Battery, TH:9-10 

Baud. See Port, serial. 

Bell, ~s:14, 20 

Beep. See Bell. 

Boot drive switch-, TS:14, 20-21 

Bootstrap, TS:19 

Bus release jumper, TH:l6 

C - 
Centronics. 

See Printer, parallel. 

Character set, TS:7, 9 ,  34 

Clock/calendar, TH:9-11; 
TS:14-16 

CP/M 2.2, TH:3 

CP/M Plus (CP/M 3 1 ,  TH:3; 
TS:6, 29 

CPU board, TH:4, 6, 3 4  

CRT. See Video. 
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I! 

DB25 connector, TH: 17 

DIP switch. See Boot. 

DOSPLUS, TH:3; 
TS:6 

Drive interfaces, TH:29 

Drive select code. See Boot. 

Expanded characters, TS:37 

I/O. See Expansion bus. 

Interrupt, TS:23-25 
Also see Heartbeat. 

J - 
Jumpers, TH:15-16 

E 

Keyboard, TS:17 

Keyboard logic board, TH:4, 7 
Expansion bus, TH:25-28: 

TS:23 

Fixed disk. See Winchester. Lobo Original Diskettes, TS:21 

Floppy disk controller, TS:8, 10 Logic diagrams and schematics, 
11-13, 31-32, App. D TH:5; Appendix H 

Halt, TH:15, 28; 
TS: 25 

Jumper, TH:15 

MAX-80, TH:l-38; TS:l-38 

Memory, TS:5, 18, 27-29 

Hard drive. See Winchester. Minifloppy, TH:lSr 32-34; 
TS:lO, 31-32 

Header, TH:llr 19-21 See Floppy disk controller. 

Heartbeat interrupt, TS:lO Movable 4K block, TS:6-18 

MULTIDOS, TH:3; 
TS:6 
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Parallel printer. 
See Printer, parallel. 

Port, 
Parallel, TH:22-24 
Serial, TH:4t 17-21; 

TS:8, 10-11, 23-25; 
App- Bt C 

Printer, parallel, ~H:15, 22-24; 
TS:11 

RAM. See Memory. 

RESET, TH:28; 
TS:19-21 

ROMr boot, TS:7, 21 

RS-232C 
See Port, serial. 
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S - 
SASI. See Winchester. 

Serial port. 
See Port, serial. 

SIO. See Port, serial. 

Switches, TH:15-16 

U - 
UVC. See Winchester. 

video, TH: 13; 
TS:l, 7, 10, 35-37: 
APP- G 

Winchester, TH:35-37; 
TS:12-13, 20-21 
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