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GREETINGS

and welcome +to the worlid of paraliel

interfaces. With the CCS 7720
Paraliel interface board, you have the
means to interface +to your APPLE Il
computer a variety of peripheral

devices, such as printers, paper tape
equipment, or even another computer.

Before vyou rush off and start plugging
into high-speed peripherals, *take time
+o study this manual and the manuals of

+he devices you want to interface to
your computer. ~ Once you feel
comfortable with the hardware and

software needs of each, plug Them in,
program the interface, and Then have fun
using the additional capability of your
computer.

NOTE: The CCS Parallel Interface comes
in +wo versions, the 7720A and The
77208B. The 7720A ROMs provide a

standard | /0 driver, whiie +the 77208
ROMs provide @& special driver for tThe
Centronics printer. Otherwise the 7720A
and the 7720B are identical. Special
instructions regarding the 7720B are
given in this manual when necessary.

iv

CHAPTER 1

THEORY OF OPERATION

There are two major - types of
peripheral interfaces: serial and
parallel. Serial inferfaces fransfer

information to and from +the peripherals
as streams of binary digits (bits), one
bit at a time. This form of information
transfer requires a minimum number of

data paths {(sometimes only Two
wires), but is wusually Iimited *to
slow-to-moderate transfer rates.
Typical rates vary from a few hundred to
several thousand bits per second.
Parallel interfaces, on the other hand,
use multipie data . paths, Thus
transferring many bi+t streams

simultaneously. Though more data. paths
(i.e., wires) are required, moderate to

very high data transfer rates are
pcssible with parallel interfaces.
Rates well in excess ofone million bits

per second are routinely achieved.
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In spite of their differences,
serial and parallel interfaces have at
feast one characteristic in common.
Both reguire control signals to tell the

unit at one end of the data path what

These "handshake"™ signals signify such
things as "I'm busy; wait a bit," "|tye
got the data you requested; take it," or
"I've got it; get me some more." Many

of these signals are very general in
nature and therefore apply to almost all
peripherals you can hook up to vour
computer. This signal generality, plus

cannot afford +to design a unique
interface for each computer which might
interface with their product, led +to
The development of general-purpose
interface <chips such as The 6821
Peripheral Interface Adapter (PIA).

1.7 THE 6821 PIA

The PIA integrated circuit is the
heart of +he 7720A interface. I+
provides the necessary compatibility
between your computer's 1/0 Connectors
and Two 8-bit paralliel busses To the
outside world. I¥ also provides +the
handshaking signals which make
everything work together correctly.

the wunit at +the other end is doing. -

The fact +hat peripheral manufacturers
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The 6851 PIA chip can be divided
functionally into three sections. The
processor interface section contains the
chip selection and control logic as well
as the data bus drivers and vreceivers
for interface with the computer's
Peripheral /0 conectors. Peripheral
sections A and B are almost alike and
contain all of +the necessary data
storage and control logic for
interfacing with a broad range of
peripheral devices. The operation of
each of these sections will be discussed
in furn.

1.1.1 Processor Interface Section

The logic in this secfion provides
conirol for the unit (CSo, CSs1,
-CS2),register selection (RSQ, RS1),
read/write selection (R/W), processor
interrupt (-1RQA, -1RQB), register reset

(-RES), and Timing (E}. It also
contains The drivers and receivers for
the eight bi-directional data lines o

the processor (DO- D7). The PIA has,
however, a limited abiljty fo drive tThe
data lines of the computer. Therefore,
+o ensure that date is successfully
passed to and from the computer and The
PIA, a bi-directional line driver (the
8304) has been placed between them.
This chip can drive the bus with
sufficient power to allow good data
transfer. In doing so, however, the
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chip consumes a significant portion of
your computer®s power supply. Since i+t

is wused only for brief periocds cf time, .

a power=-down feature has been provided.
A transistor and associated circuitry
monitor the device select line from +the
computer (-DEVICE SELECT). When -DEVICE
SELECT (Pin 41) becomes active (low))
the transistor fturns power on for +the
8304. When Pin 41 goes inactive (high),
the “tfransistor removes +the power from
the 8304. The power conservation
feature will become more and more
important to you as you add components
to your system.

Because the APPLE Il provides the
. logic to decode peripheral! addresses and
Trigger -DEVICE SELECT To The
appropriate peripheral /0 connector,
noe on-board device decoding is
necessary. Therefore, The 7720
Interface board +ties -DEVICE SELECT
directly to -CS2 of the PIA. €SO and
CS1 are permanentl!y enabled When the PIlA

is selected, the R/-W line is wused +to
select between the read and write modes.
R/-W is also wused by +the 8304 +o

determine the direction of data flow
between The PIA and the computer.

The Interrupt arbitration logic
is just one link in The interrupt
daisy chain. The entire daisy chain
prioritizes peripherai-generated inter-
rupts to ensure That only one
device interrupts +the computer at a

THEORY OF OPERATION 1-5

tTime. When the 7720 wants service from
the processor, it issues an interrupt
request through =-IRQA or -I1RQB. If no
higher-priority interrupts are in
progress (i.e., if connecter pin 28 is

high), an interrupt request is issued to
the computer through connecter pin 30.
At the same time, =& low signal sent
Through pin 23 tells all lower-priority
devices that an interrupt is in progress

-and that +they will have to hoid off.

When the PlA is serviced it will remove
iTs interrupt request, letting the daisy
chain signal go high again. Note that
the highest priority device resides in
peripheral slot 1, and the lowesT In
slot 7. Stot 0 does not support the
daisy chain. Empty slots between cards
break the daisy chain.

The -RESET !ine from the peripheral
connector ties *to -RES (pin 34) of the
PiIA. When -RES goes active (low), all
of +the PIA register bits are reset to
logical zero. The =-RESET 1{line goes
active every Time you hit The Reset key
cn your computer'®s keyboard. Remember
that after each Time you hit Reset vyou
have +to reinitialize  the intferface
before you can continue using it.

The PIA's +timing is controlled by
the phase 0 ciock through PIA »pin 25,
Enable (E). This timing signal is used
for many functions, including the
strobing of data into various registers
in the peripheral sections.




THECRY OF OPERATION

g within the
processor section (RS0, RS1) are used in
the PIA for register
are connected to the Two
Address
connector.
discussed

selection.
fow-order
peripheral

lines will
in the software-

Use of These
in some detail
programming section below.

Peripheral Sections

The P{A
sections
your peripherals.

nearly~-identical
intferfacing to
Each section
an eight-bit bi-directional data

(A and B)

registfers. The data bus
Transfer
lines are the handshaking
inferface
The operation of
is closely tTied to the
registers

of These registers,

is the parallel
while the control

peripheral.
elements

section.
Register
Temporary storage

transferred from the
peripheral
register

processor
(cutputi.
is the Data Direction
is used To condition
line as either
in any specific

A second
Register

individual
logic one

corresponding peripheral
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an output line, while a zero (0)
specifies +t+he corresponding line +to
be an input. Thus, if we wanted +to
define all the data lines as input, we
would place a $90 in the DDR.
Simitarly, a $FF in +he DDR conditions
all peripheral data lines to be outputs.
I'f we wanted the four high-order data
l'ines To be inputs and the four
low-order data lines to be outputs, we
would put a2 $0F inwthe DDR, and so on.

The last register in each
peripheral section is a Control Register
(CRJ. This is the one that gives the
PIA its versatility. For instance, one
bit in +the CR <controls whether +he
computer talks to the OR or +he DDR,
both of which are on a "party line"
(sharing the same address.) The CR
also controls when and under what
conditions interrupt requests +to your
computer are sent or inhibited. A look
at what each CR bit means is presented
in Section Il of +his manual.

1.2 CONTROL PROGRAM MEMORY

The APPLE |1 dedicates 256 bytes of
memory space for each peripheral
connector. This is enough space for
most interface~-unique software or
firmware. Standard controiler firmware
for the 7720 is provided on +two 256x4
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ROMs, which come in two versions. The
7720A ROMs contain & standard driver;
the 7720B ROMs contain a special driver
for Centronics prinfers. The B ROMs are
available sepatarely (CCS part no.
00000-7620B) for 7720A owners who wish
to add Centronics interface capability-
To Their systems.
CHAPTER 2
Should vyou prefer to develop your
own controller firmware, this board
allows you To install! two Random
Access Memories. CCS coffers a RAM-Pak
Yo support this feature. ¥ RAMs are
used, the memory power-down feature must
be disabled and the R/-W control Iline
enabled to These RAMs. This is done by
installing one Jumper wire on the
intferface card. With the RAMs, vyou can
develop and thoroughly Test your
controller program before committing it
+o ROMs.

E

!NSTALLAT!ON AND CHECK-0UT

2.1 SETUP FOR THE PERIPHERAL

To make vour terminal, interface,
and computer work as a unift, several
things must be set on the terminal. For
instance, iIf your fterminal allows you
to select between half duplex and full
duplex operation, select the FULL DUPLEX

mode. Your computer's firmware expects
full duplex keyboard/display. What +this
means is that +the computer, after

receiving a character from the keyboard,
sends it back +to the display. This
"echo™ feature allows quick verification
that +the computer received what you
wanted 1t +to. When a terminal is in a
half{ duplex mode, on the other hand, it
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will display +The character when it is
typed in. Then, when The computer
echoes, the character will be displayed

a second tTime. For example, if you +type
in YRUN" with the terminal in the half
duplex mode, you will see "RRUUNN" on
the display.

Next, vyou must provide for Line
Feed. Your computer does not generate
Line Feed contrel characters. It
expects your TtTerminal to do This each
Time =a Carriage Return (Contreo!l D) is
sent. [f your terminal has an Auto Line
Feed option, use it. I+ not, the
intferface driver software will have to
be programmed +to do it. The driver
listing in Chapter 11}l shows one way To
program a Line Feed affter every Carriage
Return.

The computer expects all alphabetic
characfters o be upper case. If +The
Terminal has an Upper Case Only option,
use it. OCf course, tThe driver firmware
can be programmed To convert all
lower-case characters +To upper case.
One way to do this is also shown in The
driver listing.

The PIA will neither generate nor
check character parity for you. In mosT¥
cases, parity checks are both unneeded
and unwanted. Should vyour peripheral
require parity bifts, The driver software
will have to bDbe programmed To provide

them.
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Parallel interfaces have no guiding
standard that defines the connector
Types or pin assignments for +the
intferconnecting cable. Because of tThis,
you will need To prepare your own custom
signal «cable, ConsulT both your
peripheral manual and Chapter 5 of this
manual to obtain sufficient Iinformation
To design and build this cable.

Caution ig® advised in the
preparation of +This «cable. Paraliel
interfaces, unlike serial intferfaces,
require That special attention be given
To data line length in order to avoid a
problem with "data skew." Data skew s
the situation in which n (8, in our
case) bits of data, sent simultaneously,
arrive at Their destination at
significantly different “Times. This
probiem can be caused by unequal data
path (wire) lengths, as well as by such
things as differences in line-driving
capacity and cross-coupling between data
paths. To help avoid data skew, tThe
fength of the paralle! lines between The
7720 interface board and the device vyou
are connecting *To it should be kept to
four feet or less. Lengths greater than
this, Though +hei often work
satisfactorily, may cause problems.
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INSTALLATION

let's go back to the interface
computer.
connector

You must align pin

the back panel
cable onto the card.

of the cable connector with pin
mating connector on the board.
connector
by the outside colored strip
on the cable or by a triangular mark

identified

connector.
When all

is marked on the
tThe pins are properly
aligned,
connector until you can
connector pins.
fold the ribbon cable
angle towards the ROMs/RAMs.
slightly;
might fatigue and break the wires
Now gently fold +the ribbon
in The cable

Note that the
connector points to the right

is now ready

Next gentiy

The slack
for strain relief.
back panel
of the board.
inserted

Your card
intfo the computer.
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* ¥
* WARNING: Do not remove the computer *
*¥ top cover if the line power cord is *
* plugged in. You may injure yourself *
¥ or damage your computer. ¥
* *
* *

FEERAKRXN XXX XU X XXX EE X E XX RRB 6% H%%XH

Now place the computer directly in
front of you. Remove the top cover by

faying the palms of your hands on The
back edge of +the computer, with your
fingers hanging over the rear. Curl

your fingers around the rear edge until
you feel the ridge at your fingertips.
Gently but firmly pry up until you hear
two distinct pops. Don't |ift the cover
any further; siide it +fo the rear to
remove it from. the computer. Toward
the inside rear of +the computer, you
will see eight 50-pin connecters. They
are numbered 1 through 7 from left +to
right. Place the CCS Paralle! Interface
card into any of these connectors except
#0, The leftmost; it is reserved for
other wuse. We suggest vyou use slot #2,
if it isn't already occupied. Insert
the <card by holding it and the cable so
that +the component side-of the card is
to the right and the cable connector is
to the rear. Align the card edge into
the chosen connector; then gently push
tThe card edge down until it is firmiy
seated. Now slide the cable connector
through the nearest back-pane! slot, and
replace the cover on the computer. Plug
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one end of your signal <cable +o the
external connector and the other end
To Tthe appropriate place on your
peripheral. Finally, plug in the Iline

power cord, and you're ready to test the
interface.

2.3 CHECKOUT

The best test for any computer
hardware is everyday use. There are a
Two Tests you should perform first,
Though, to Dbecome confident that The
interface will really work. One tests
the on-board memory, *the other the PIA
itself. Two memory +tests are listed
below. Which one you use depends on the
type of memory vyou are using. I you
are using the 7720 as shipped, you have
ROMs on-board, not RAMs. Use the ROM
tTest below. if you have installed RAMs
in place of the ROMs, use the RAM test.

For these tests we have assumed
tThat the 7720 is in siot #2. If vyou
put it in a different slot, vyou will
need to modify the tests accordingly.

INSTALLATION AND CHECK-0OUT 2-7

2.3.1 ROM Test

This test displays the contents of
the ROMs on tThe TV screen. You can
compare the display with the ROM program
listing. This verifies that +the ROMs
are properly installed and can be read
by The computer.

NOTE: Your cemputer's disassembler
can't recreate any assembler
pseudo-operation codes, such as ORG or
EQU. Occasionalliy, use of the ORG
instruction may hide an instruction from
the disassembier. For instance:

3CS *

ORG *-1

SEC
will disassemble as

BCS *+338
Watch out for this kind of programming
trick when you are comparing The
jistings. I+ is wvalid code, but may
make vou think you have bad ROMs.
Programming *tricks like this are used to

save memory In Tight situations.
Procedure:

a. Turn on and Reset vyour
computer.
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b. Type in C200L (CR)

c. Compare the listing To the
TV display.

d. When vyou run out of screen
display, type in: L (CR).

e. Repeat c¢. and d. until all
256 bytes of ROM are read.

f. If problems result, compare
the hexadecimal values of tThe
memory locations. The ROMs
may be reversed on the card.
lf this isn't +the —case, see
vour dealer.

2.3.2 RAM Test

This Test verifies that you can

read and write to all locations of The
conftroller RAMs. iT copies a 256 byte
segment of your system's firmware into
the RAMs, then compares this copy to the
original. Errors, if any, are

displayed on the TV screen.
Procedure:

a. Turn on and Reset +tThe
computer.

b. Type in  C200<FO00.FOFFM
(CR)

INSTALLATION AND CHECK-0UT 2-9

!

c. Type in C200<F000.FOFFYVY

(CR)

d. A * should appear almost
immediately on the screen if
all is OK. if this does not
occur and you have made sure
that The RAM jumper is

installed and +the RAMs are
properly seated, see your CCS
dealer. s

2.3.3 Parallel Data Loop Test.

This +test checks out the PIA and
the 1line drivers. !t does this by
sending out a known byte of data from
one side of the PIA, looping it back to
+he other PIA section, reading the data,
and comparing the result.

For the test, we need a "loop-back"™
Test fixture. This may be made by
taking a standard DB-25P plug that mates
into the back panel connector and wiring
all the signal lines together as shown
in Section 5.5, page 5-6. This will
allow the output data to be looped back
into the PIA input section.
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Procedure:

a. With the power off,
disconnect +the signal <cable
from the back panel.

b. Install the !oop-back test
fixture on the back panel
connector.

c. Turn on and ReseT vyour
computer.

d. Type in COA1:00 (CR)Y +o
access the DDRA.

e. Type in CQA3:00 (CR) +to
access the DDRB.

f. Type in COA0:00 24 FF 24

(CR) to complete
initialization.

g. Type in COA2:55 (CR) +to
write an alternate bit pattern
To the PIA B side.

h. Type in COAO0 (CR) to read
the receive data from PIA A
side.

i. Compare To see if the data
from h matches what was sent
out in step g.

J. Repeat steps g, h, and i
using AA for the 55 in step g.

|
!
|

|
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k. Repeat steps g, h, and i
using different data patterns
until vyou are satisfied that
the interface works.

I. Experiment with different
commands until you are
comfortable with +the working
of of the PIA.

m. |f you hdve any oproblems,
see your dealer.

After you have completed this test,
Turn off the power, disconnect the tTest
fixture, and reconnect the .peripheral.
I f you are using the programmed ROMs,
you are ready ‘o use The CCS Parallel
Interface. If not, vyou are ready to

start developing your controller
software.
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CHAPTER 3

INTERFACE SOFTWARE/FIRMWARE

The 7720 Parallel Interface 1is
quite a versatile device. I+ gets its
versatility by striking a balance
between the hardware and its controlling
software. The hardware takes care of
most of the tasks which are unchanged
regardless of use. The software is left
to do what it does best, the performance
of unique tasks. With This "personality"
contained in tThe software, it is
impossibie tfo write one program which is
everything to everybody. CCS offers two
standard ROM-Paks which should meet most
requirements. If neither ROM-Pak suits
your needs, use the information in +this
chapter to write your own software.
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3.1 REGISTER ADDRESSES

Your computer dedicates 16 memory
addresses to each of +the peripheral

connector siots (except slot #0) for the

memory-mapped input or output. These 16-

memory addresses are above and beyond
The 256 dedicated program memory
addresses. The /0 addresses are
located at $COxy, where: x = 8 + n; n =
the peripheral slot number (1, 2,...,7);
and y = the specific address (0,
1,...,3%E, $F). The PIA register
addresses are as follows:

COx0 = +the A side data
{(direction) register;

COx1 {read)
status register;

the A side
COx1 (write) = +t+he A side
command register;

COx2 = +the B side data
(direction) register;

COx3 (read) = +the B side
status register;

COx3 (write) = +the B side
command register.

.
.
i
tl
!

|
|
!
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3.2 PIA COMMANDS

The PIA functions are controlled by
a command byte. Bits 0-2 have individual
meanings, while bits 3-5 form a
three-bit code.

Bit 0 = 0 No interrupts from this side
= 1 interrupt if Status Bit 7 set

P
Bit 1 = 0 CA(B)! low sets Status Bit 7

= 1 CA(B)! high sets Status Bit 7

Bit 2 = 0 Enable Data Direction Register
= 1 Enable Peripheral Register

The next four commands program CA(B)2 as
an Inferrup¥ Input.

Bits 543

O0x0 No intTerrupt

Ox1 Interrupt when Bif 6 is set.
00x CA(B)Z low setfs Bit 6.

01x CA(B)2 high sets Bit 6.

The next three commands program CAZ as
an output line. Note that they assume
+hat PIA-A is an input port Tfo The
computer.

Bits 543
100 +BUSY signal: -READY FOR DATA.

101 -ACK strobe (lus pulse).
11y CA2 =y
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The next +three commands program CB2 as
an output line. Note that +they assume

that PIA-B is an output port from the
computer.

Bits 543

100 -DATA READY signal; made
active by writing data into
PIA-B Datea Register.

101 -OUTPUT STROBE (1lus pulse).

Tty CB2 = vy.

Note that if Command Bi+ 2 equals
0, +the Data Direction Register may be
accessed through the corresponding data

port. This register establishes, on a
line-by-line basis, whether a line will
be an input or an output !ine. 1f you
want a line to be used +to input data,
put a 0 into +the corresponding Data

Direction Register bit. I'f you want it
to output, put in a 1.

3.3 PIA STATUS

In the command structure, note that
handshake lines CA1, CA2, CB1, and CB2
cause status bifts 6 and 7 to be set or
reset. These two bits are read only; we
cannot alter +these two bits. They are
the only true status bits. Status bits
0 fto 5 will show wus only +the last
written command.

|
;
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3.4 PORT PROGRAMMING

In the standard drivers, the PlA's
A side has been programmed for input and
the B side for output. To set up the A
side, a $00 is loaded into +the command
register. This gives wus access +to
ODR-A. Then & $00 is loaded into ©DDR-A
side to establish the A port as an input
port. Finally, a»824 is loaded into the
A side command register to set up the A

side’'s operating mode. This command
sets up the CA1 input line to load datsa
into the PIA from the peripheral on a
positive +to negative transition. CAZ
then goes high tfo tell +the peripheral
not To send any more data for a while
and not to interrupt the computer. The
computer will soon come around and read
the status port. Since the CA1l caused

status bit 7 +o be set, the computer
knows that data is waiting in the PlA's
A side data register. The computer now
reads the data, which in fturn causes CA2
to go low, notifying the peripheral that
it is free to send another byte of data.

The B side of the PIA is programmed
in a similar manner. Here, though, the
DDR-B is loaded with a $FF to make the B
side an output port. The relative roles
of CB1 and CB2 change a little bit to

account for the differences between
input and output. CB1 is now used as a
negative logic peripheral "READY FOR

DATA"™ line. When the peripheral is
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ready to accept another byte of data, it
makes CA1 go negative. This causes the
B side Status Bit 7 to be set.
computer has an output character ready,
it checks the status bit to find out if
+he peripheral is ready. Since it is,

+he computer then writes the <character,

to the B side data register. This write
causes CB2 to go negative and at the
same time resets the B side's Status Bit
7. When the peripheral detects that CBZ
is low, it should make CB1 go high and
grab the data. After the peripheral has
done whatever it is going To do with the
character it will make CB1 go low again,
and the cyclie repeats.

3.5 INPUT/OUTPUT HANDLERS

Your APPLE 1! focks at *tTwo Page
Zero locations *To find out where tThe
current keyboard inpuft and console
output control programs are located.

These locations are:
$36-%$37: console output handler;
$38-%$39: keyboard input handler.

Whenever you type in the BASIC command

IN#n, The firmware writes $00 in
location $38 and $Cn in location $39.
The equivalent monitor command,

n[C+r|1JK, does the same thing. This

When the .

|

£
1
.
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makes an effective address of $Cn00 for
The input handler initialization
program. Thus the next “+Time any
keyboard input is wanted, The
initialization rouftine gets called. The
initializer must set everything up and
then pass confrol fo the input routine
to actually do the input. Part of the
initializer®s task Is to change location
$38 to identify the input driver entry

point. Then thé& next +time input is
wanted we can go straight to *the input
routine. We do not need Tto set

everything up again. Likewise, when
OUT#n (or n[Ctr!1JP) is entered, location
$36 is set to 0 and $37 set fto $Cn. On
the first output, control is passed “To
$Cn0O for output initialization.
Location $36 must then be set to match
the output handier's enfry point for all
subsequent console output.

Your computer handles input and
output on =a byfe-by-byte basis. The
data is passed between the handlier and
The calling program through tThe
accumulator (A registerl. Your input
routine should leave the data in The
accumulator when control is refurned to
the caller. In the output routine the
handler can find The data in the

accumula+or.

The input and ouftput routines will
be called as subroutines. Controcl can
be returned to the caller by lissuing an
WRTSH (Return from Subroutine)
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instruction. Good programming practice
says To save, upon entering a
subroutine, all register contents, Tthen
To restore the register's original
contents Just before [eaving The
subroutine. (This does notf apply fo
parameter-passing registers, of course.)

3.6 SCRATCHPAD MEMORY

The video displey refresh memory
locations (addresses $400 to $7FF) use
only the first 120 of every 128
lccations for the display data. The

left-over 64 addresses can be used for

other purposes. Use them carefully and
be sure To tTesT your routines
Thoroughly, Though. Some other

programmer may have beaten you tTo them.
Two sets of focations which are
available include $6F(n+8) and $77{(n+8),
where n is The slof number. For most
programs, this should be enough space in
which to save, for instance, the lasT
issued PIA command, etc.

Aithough we do not need it in *the
standard programs, one other scratch
location merits mention. Address $07F8
is often used To hold the page address
of the current <console. The page
address is $C0O + n, where n is the siot
number of the active interface board.

|
|
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3.7 WRITING THE DRIVER

We now have enough information to

program an gasy remote console
controller program. Qur program will
consist of three parts: initialization,
input, and output. For initialization,

we must:
a. Save the registers
b. Reset the PIlA

c. Give tThe PIA its

proper
command

d. Set +the proper input or
output entry point

e. Initialize any special

pointers or counjers
f. Go to Step b of “The
appropriate routine, depending
on whether input or oufput was
wanted.

For input, we must:

a. Save the regisfers

b. Wait untit the input date
is ready

c. Read *he input data
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d. Do any special data
conversion needed (set bit 7 =

1, convert lower case o
upper, etc.)
e. Restore the registers

f. Return to the caller.

For output, we must:
a. Save the registers

b. Do desired preprint control
{tabs, etc.)

c. Wait until the PIA can take
more data :

d. Write the data to the PIlA

e. Do any
(line/page
line feed
return, etc.)

postprint control
control, insert

after carriage

f. Resfore the registers

g. Return +to the calier.

Several of +the
common to all the routines.
our 256 bytes of space as far as
possible, we must make as much code as
possible common to all of the routines.
Since we cannot opredict what absolute

above tasks are

To stretch

SOFTWARE

|
|
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addresses will contain +this code, we
cannot create any subroutine calls.
This means that we must use relocatable
code throughout. This also means that
we cannot use any absolute addressing
unless that absolute address is fixed
and will always be TtThere when we need
iT. Otherwise~unused status flags may
be used to indicate which entry point we
came in from. This allows wus to make
some code common t@ all routines, yet go
to the right unique code sftreams when we
need to. We use the V (overflow) flag
fo indicate whether we are initializing
or not, and the Carry flag fo indicate
whether we are inpufting or outputting.
After the flags have served tTheir
purpose they can be reused *to indicaTe
such things as a tab in progress.

A listing of tThe
controller follows. Study it carefully.
It contains special line and page l!ength
features which were not explained above.
Depending on your needs, you can use the
program as it is, or write your own
using ours as a point of departure.

standard 7720A
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CHAPTRER 4

OPERATION

In This section, we will give you a
description of how to generate the
controller driver routine and how *to
route The console input or output
through this card. Lifttle more can be
said since +the rest of the operating
procedures are determined by the
software you load use. We suggest that
aftfer you install +the programs you
attach a «copy of the unique operating
instructions +o +this <chapter of +the
manual . Should you optT to use the
sample driver program above,
instructions are provided to guide you
in selecting some non-default parameters
in real ftime.
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4.1 DRIVER GENERATION

The controller software has +o be

loaded info the computer before you can
use it. Of course if you are
installing ROMs on the card, the
firmware is already there. But if you

selected RAMs, they must be loaded every
tTime vyou turn your computer on and want
to use the interface. The following
procedure is devised for floppy disks;
if you use some other storage media, you
will need to devise your own scheme.

The first chore is +to get the

controller software initially intoc
memory. The firmware mini-assembler
works nicely for “This. See your Red
Book for details of how to wuse it.

Assemble the driver directly into the
interface memory. For instance, 1f the
interface is In slot #1, use address
$C100 as the base address. After you
have assembled your driver intfo memory,
save a copy of it on disk. To do this,
first move a copy down into +the ‘"lower
32", Your disk «can load and save
programs only from “The lower 32K of
memory. Location $AC0O is a good spot
for the copy. ¥ won't interfere " with
the Integer BASIC or the Disk Operating
System (DOS). This Monitor command
performs the move nicely:

*A00< 2100.C1FFM(cr)

OPERATION 4-3

Now transfer control over +to >»BASIC
under the DOS. If the DOS is already in
memory, just type in:

*3D0G
Otherwise, do a disk boot:

¥6(ctrl P)(cr)

Finally, we are readw to save The driver
on disk:

>BSAVE PART.0,A$A00,L$100(cr)

Your driver software 1is now saved on
your disk, with a file name of PART.0 if
you followed the above example. You are
now ready tc test out the driver and

modify it as necessary wuntil vyou are
happy with ifs performance. Do not
forget +to save a copy atter each
modification. There is nothing more
frustrating +than +o +*fry +to check a
routine only 1o have it bomb out and
erase itself in the process. After vyou
are happy with it, save it for one last
Time. You are now ready fo routinely

use the driver.
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4.2 POWER-ON DRIVER LOADING

Two methods of loading the software
from disk are outlined here. The firstT

method

uses direct commands, while The

second does it under program control.

4.2.1

To load
perform

1.

Direct Commands

+he driver with direct commands,
the following sequence:

Boot in the DOS:

*6(ctrl P)(cr)

Read in The driver file:

>BLOAD PAR1.0(cr)

Return control +o the monifor:
SCALL=155(cr)

Finally, upload the driver to the
interface RAM. Assuming that the

interface is in slot #2:

*¥C200<A00.AFFM(cr)

OPERATION 4-5

4.2.2 Loading under program control

This alternate method combines steps 2
and 4 above into one automated step. A

simple >BASIC program +to perform this
is:

10 INPUT "PARALLEL INTERFACE SLOT IS: *,§
20 IF S<i OR S>7 THEN GOTO 10

30 DEST = -16384 + 256 * S
40 PRINT "(ctr! D)BLEAD PART.0,A$A00"
50 FOR I = 0 TO 255

60 POKE DEST + 1, PEEK (2650 + 1)
70 NEXT |
80 END

Assuming that +this program has been
saved on disk under +the file name of
PAR, all we have to do now is5:
1. Boot in the DOS:
¥6(ctril P)(cr)
2. Execute the PAR program:
>RUN PAR(cr)
3. Answer the question when it appears:

PARALLEL INTERFACE SLOT 1S: 22(cr)

The program is now lcaded and ready +to
use.
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4.3 INPUT

The programs vyou install in the
RAM/ROMs won't do any good unless
control is passed to them for input or

output. To do this, type in (n=the slot
number):

IN#n (>or ] BASIC)
n{ctrl K) (Monitor)

Either of these commands will cause your
computer fo go to the installed input
program on the card for all subsequent
input to Tthe computer. On the very
first input, the PIA input side will be
initialized 1f the driver program is, or
is like, the standard drivers.
Initializing +the PIA input side doesn't
alter +the outpuf side, even if The
output function has already been
invoked. Be aware that invoking the
IN#n command may cause The driver o
reselect the default options for both
input and output, unless tThese options

are initialized after the input Vs
output initialization decision is made
in the driver. The sample program,
for instance, waits until after the
decision is made before it initTializes
the character and line counters. In

this way, the IN command has no affect
on The counters.

OPERATION 4-7

4.4 OUTPUT

To cause all console output to be
controlled by the programs on the card,
type in one of the following commands

(n=the slot number):

PR#n (> or ] BASIC)
n(ctri P) (Monitor)

E
All subsequent output from the computer
will be routed to the interface's driver
program. Again, be aware of possibile

re-selection of the default opTions.

4.5 DEFAULT PARAMETERS

Several default parameters of +tThe
standard drivers «can be changed after
the IN#n or OUT#n (as appropriate)
commands have been executed.

4.5.1 PIA operating mode

You can change the PIA settings by

selecting +he appropriate values as
defined in Section [l above and POKEing
tThem into the following locations,

depending on the effect wanted:




OPERATION

$-16256 + 16%n ($C080 + n) for DDR-A
(The A command must be set for DDR
access)

$-16255 + 16%n ($C081 + n) for A side
command register

$-16254 + 16%n ($C082 + n) for DDR-B
(The B command must be set for DDR
access)

$-16253 + 16%n ($C083 + n) for B side
command register

Remember, though, +that any subsequent
IN#n or OUT#n command will re-command
the PIA to its default values for +tha+t
side.

4.5.2 Lines Per Page

The standard drivers will automatically
issue 12 line feeds after every 54 lines
have been printed. To change.the number
of printed Iines which tTrigger the
automatic 12 line feeds, POKE the new
maximum lines per page into location
$6F8 (1784d) + slot number. This number
should be in the range of 1 < LPP < 127
or funny results will happen!

4.5.3 Characters Per Line

The sample driver will automatically
initiate a «carriage return, line feed
sequence after every 80 characters have

been printed. I'f you want some other
number of characters per l'ine, simply

OPERATION 4-9

POKE your value into location $5F8
(1528d) + slot number. Make sure it is
in the range 0 < CPL <= 255.

NOTE: Although the standard drivers will
respond to >BASIC's TAB function, no
attempt has been mad€ to allow for +he
IBASIC functions of HTAB or VTAB. There
is not enough room in 256 bytes of
memory to allow for This. '
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TECHNICAL INFORMATION
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5.1

SIZE:
WEIGHT:
SYSTEM

Internal:

External:

MEMORY :

Size:

REQUIRED POWER:

FEATURES:

SPECIFICATIONS

TECHNICAL INFORMATION

5% | x 2.75™ h x 0.75" w (max)

less than 5 oz.

INTERFACE:

APPLE 11
Peripheral slots 1 through 7

Two 8=bit bi-directional parallel
Four handshake lines
TTL compatiple Side A and B
CMOS drive capability Side A
A1l external lines via DB=-25
connector

(Mask)
PROM (Fuse Link)
RAM (Static: two 2112%s)

256 Bytes
Note: ROM/PROM Auto Powered Down

+5 volts DC

ROM

Supports Daisy Chain Interrupts
with On-Board Arbitration_Logic

Al lows DMA Daisy Chain Pass-Through

Glass Epoxy (FR-4) PC Board

Gold Plated Connector Fingers

Solder Mask Both Sides of Beard

Component Silkscreen

For details of other features,
see a 6821 Data Sheet.

ports
.

TECHNICAL

INFORMAT ION

5.2 SCHEMATIC/LOGIC DIAGRAM
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us 14 7
w7 14 7
S
. rason \fvs PI-1
IRG30 v LN YN MODEL 7720

DMA leZ
DMA OUT 2«

PARALLEL INTERFACE
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5.3 PARTS LIST

TECHNICAL INFORMAT ION

CCS 7720 (Assy 00000-7720A or B)

# QTY REF CCS PART # DESCRIPTION

1 3 C1-3 42034-21046 C¢PQC1EOR6 MONOLYTHIC
-1 U vdac

2 1 P2 56004-02013 HEADER, DUAL 13 PIN

3 2 01,2 36100-02907 TRANSISTOR, Sl; PNP
GENERAL PURPOSE, PN2907

4 4 RI-4 40002-02215 RESISTOR, FIXED, COMP
220ohm, 1/4W, 10%

5 1 U1 31100-06821 é?ﬁ DIG1TAL, "MOS: 6821

6 1 U4 30900-08304 IC, DIGITAL, TTL; 8304B
OCTAL BUS DRVR/RCVR

7 1 U5 30000-00009 1C, DIGITAL, TTL; 74LS09
QUAD 2 IN AND (08)

8 1 U6 30000-00136 [C, DIGITAL, TTL; 74LS135
UAD 2 iIN EX-OR (0C)

9 1 U7 30000-00003 IC, DIGITAL, TTL: 74LS03
QUAD 2 IN NAND (bcC)

10 1zt 40930-72726 55%&5To§ NETWORK, SiP

° X .

11 3. XUS-7 58102-00140 §gc§§E,Dig; LOW PROFILE

12 4 XU2,3 58102-00160 ?gc§§£,D}g; LOW PROFILE

13 1 XU4 58102-00200 SOCKET, IC; LOW PROFILE
20-PIN'DIP

14 1 XUt 58102-00400 SOCKET, 1C; LOW PROFILE
20-PIN’DIP

15 1 - 07720-00002 B8OARD, PC
Pi-1, REV A

16 2 U5,6 00000-7620A ROM-PAK, 7720A STD

or

00000-7620B
00000-7325A

89000-07720

ROM-PAK, CENTRONICS
CABLE ASSEMBLY, On
DUAL 13 TO DB-25P
MANUAL

TECHNICAL [NFORMATION
5.4 PARTS BREAKDOWN

.



5-6 TECHNICAL INFORMATION | TECHNICAL [NFORMAT ION =7
5.5 PARALLEL ECHOPLEX CONNECTOR 5.6 APPLE {1 1/0 CONNECTOR PINOUT
TOP VIEW
BACK OF APPLE MAIN BOARD
R
PARALLEL ECHO-BACK CONNECTOR
The Parallel Echo-back Connector is a Loop-Back testing
module in which a peripheral can “talk” with itself to determine
proper functioning of the peripheral. This Parallel Echo-back
Connector can be constructed using the information below. :;
Hand shake functions may also be tested with this configuration. GND 26 25 +5V
, DMA IN 27 24 DMA OUT
PARTS LIST INT IN 28 23 INT OUT
QTy —————— —_— o =
= NMI 29 22 7+ DMA
A/R Insulated 24g wire == T 7 O 76 STRCEE
A/R Solder ; RES < 31 20 7 /0 STROBE
DB-255 | NH Q a2 19 4 N.C.
SCHEMATIC -i2v 4 33 18 £ R/W
-5V % 34 17 W A15
f@\\ rao a2 :‘gj N.C. I 35 16 & A14
° 0114 GND PA{ 25 7™M o 38 15 % A13
0|15 CB2 ‘ PB1 19 :2] Qs T 87 14 o Al2
o] PA2 11 $1 o 38 13w Al
o ©|18 PBT——| g5 5 é | USER 1 i 39 12 © A10
wi
017 PB5— || PA3 24 $0 40 11g A%
° ~, PB3 18 DEVICE SELECT g 41 10 & A8
o ©118 PB3— PA4 10 D7 o 42 9 A7
=
o ©]|'® PBI—~ PB4 4 m D8 = 43 85 A6
PA5 23 ‘ DS = 44 7Z A5
o ©|20 GnD PBs 17 o] D4 £ 45 6 2 A4
° O |21 CA2 PAB © :2:5 D3 O 46 5§A3
PEE 3 D2 47 4 A2
o} )
o 22 PA7 PA7 22 g] D1 48 3 Af
0123 PAS PB7 18
—PA2 11] 0 CAi 8 Do 49 2 A0
o |24 paz— :j;] +12V 50 1 'I/O SELECT
“—PAO 12| 0 CB2 15
025 PA1— CA2 21 m
GND 13 \O/ CB1 2
Back Side

FRONT OF APPLE MAIN BOARD

@




COMPONENT SIDE

5-8 TECHNICAL INFORMATION
5.7 BOARD DIMENSIONS

A

2.75 ==

2.685

5.00

<t

SIDE VIEW

TYPE A APPLE BOARD PHYSICAL SPECIFICATIONS

APPENDIX A
INTERFACING THE CENTRONICS PRINTER
This firmware 1is a printer driver only and

cannot be made to input data from a keyboard or
any other source.

_The firmware counts lines and will default to
54 lines per page and 12 lines between pages. You
may change_ the lines 'per page Dy poking to
location 1656 + the slot number.  After The board

is Initialized, the number of characters per line
defaults to 80. You may change +the number of
characters_ by poking to location 1528 .+ the slot
number. The' line count itself is in 1400 + slot
numger and the character count is in 1912 + slot
number.

To use the Centronics firmware, you will have
to build a cable To connect the board and the
printer. The table below shows the pinouts for
the Centronics 779 printer. Note that _the
firmware outputs on the A side of the 7720
Parallel Interface card. CAZ is the_ data sirobe
?Qd CAl is the acknowledge. PAO-PA7 are the data

ines.

Pin Connections for the Centronics printer

7720 7720 Centronics

Signal J2 DB-25P Connector
CAZ 16 21 1
CA1 15 8 10
PAQ 23 12 2
PA1 24 25 3
PAZ 21 11 4
PA3 22 24 5
PA4 19 10 6
PAS 20 23 7
PAG 17 9 8
PA7 18 22 9

GND 1 1 14 and 16
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INTERFACING THE CENTRONICS PRINTER
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APPENDIX B

LIMITED WARRANTY

California Computer Systems (CCS) warrants to
the original purchaser of its products that

(1) its CCS a¥sembled and tested
products will be free from materials
defects for a period of one (1) vear,
and be free from defects of workmanship
for 2 period of ninety (90) days; and

(2) its kit products will be free from
materials defects for a period of ninety
(90) days.

The responsibility of CCS hereunder, and the sole
and exclusive remedy of the original purchaser for
a breach of any warranty hereunder, is limited to
the correction or replacement by CCS at CCS's
option, at CCS's service facility, of ang product
or part which has been returned to CCS and in
which there is a defect covered by this warranty;
provided, however, +that 1in the case of ces
assembled and tested products, CCS will correct
any defect in materials and workmanship free of
charge if the product is returned +o CCS within
nine (90) days of original purchase from CCS;
and CCS will correct defects in materials in_ ifs
products and restore the product ¥o an cperafional
status for a labor charge of $25.00, provided that
the product is returned to CCS within ninety (90)
days in the case of kit products, or one (1) vyear
in the case of CCS assembled and tested products.
All such returned products shall be  shipped
prepaid and insured by original purchaser to:

Warranty Service Department
Cealifornia Computer Systems
250 Caribbgan Drive
Sunnyvale, California
94086




B-2

LIMITED WARRANTY

LIMITED WARRANTY B-3
CCS shall have the right of final determination as

to +the existence and cause of 3 defect, and CCS
shall have the sole ri ht to

decid heth o maintenance preformed on CCS's products and
ecide whether e
product shouid be repa?red or

H tisfactory
Tablish The nature Qf an unsa
e lecec. | oetviep ot tesli pronera. (6, o It ragiegt;
: . b iven access S
This warranty shali not apply to an product . §E§é$an+;§+;n8 warranty claims. No action may be
Or any part thereof which has been subjec¥ o

implied
for "breach of any express or imp
52?5221y a?fer one (1)+y§ar fggg[ngb?gplrSg;?gn$§
i : arranty's op |
ggé?od?xpreéés agsu?es X0+Aiab1éé+y é$r a$écﬁx?gg?
which may arise rom e u . nical
i i the application of its produc
éﬂéﬁ??@g'gg ng. CCS mg es no warranty whaTgoivgr
in respect to accessories or parts not supp #e ié
CS, or to the extent that any deégg
attributable to any part not supplied by .

(1) accident,
or misuse;

(2> an maintenance, overhaul,
snsTaRi@%;oq, . storage, operation, or |,
use, which is improper; or

neglect, negligence, abuse

(3) _any alteration, modification, or
repair by anyone other than CCS or its
authorized representative.

THIS WARRANTY |S EXPRESSLY IN LIEU OF ALL OTHER
WARRANTIES  EXPRESSED  OR IMPLIED OR STATUTORY
INCLUD ING THE WARRANT I ES F

Of DESIGN,
MERCHANTABILITY, OR FITNESS OR SUITABIL

TY FOR USE
OR INTENDED PURPOSE AND OF ALL OTHER OBLIGATIONS
OR LIABILITIES OF CGS. T

'o any extent +hat +his
warranty  cannot  exclude or

ither assumes ner authorizes any person
o+herCCSTR§n a duly authorized offlcerfhop
representative to assume for CCS  any ; OTh?s
liabilify or extension or aITeraT!oT o} o i
warrant in connection with the sale o Tioz
shipmen¥ of CCS's products. Any such assumg on
of tiability or modification of warranty $gs .08
in writing and signed by such duly authorize

T . r A e 3 : forceable.
disclaim implied f’ officer or representative to be en

warranties, such warranties are |imited To? +he « These warranties apply +o the Org'”aisﬁggghasgﬁ

duration of +this express warranty or +o any : only, and do not run to Successors, aAS 10 ALL

shorter time permittad by law. f subse gengR PER%???%ES o%EEROW?ﬁRﬁ’ THE  ORIGINAL
% PERSO ~

CCS expressly disclaims any and all liabiljty PURCHASER, CCS MAKES NO WARRANTIES WHATSOEVER,

arising from +the' use and/or operation of its
products sold in any and all applications no+
sgecsfacal§¥.recomm¢nded9 Tested, or certified b

CCS, in wri ing. With respect +o applications not
sgec:facaiﬂy .recommended, tested, or certified by
CCS, the original purchaser acknow!edges +hat he

a8s examined the products to which ¥his warranty
attaches, and = their

hes, . - specifications and
descriptions, and is familiar with +he operational
characteristics +hereof. The original purchaser
has not relied upon the judﬁemen% or any
representations of CCS as +8 +Re suitabiiity of
any CCS product and acknowledges that CCS has’ no

R IMPLIED OR STATUTORY. The  term
Eéﬁ?é?§a|o purchaser" &as used in this xarrsﬂg%
shall be deemed to mean only that person +o
its product is originally sold by CCS.

i i itin and
Unless otherwise agreed, in wri Ing,  and
be necessary to_ comply wi
S§$32I+$f mgés reserves ¥he right fo mak$.chang$g
in its products without any obligation duig
incorporate such changes in any produ
manufactured theretofore. :

This warranty is limited to the terms stated

. H i fability for
knowledge of +he intenced use of its products. rein. CCS  disclaims all [liabi
CCs EXP&ESSLY DISCLAIMS ANY LIABILITY ARI ING FROM ; ?ﬁc?den+al or conseqguential damages. Some i;T?ng
THE USE AND/OR  OPERATION OF ITS PRODUCTS, AND f do not allow limitations on how Io$ an lﬁsion
SHALL NOT BE LIABLE FOR ANY CONSEQUENTIAL OR warranty lasts and scme do not allow the excen+ia|
INCIDENTAL OR COLLATERAL DAMAGES  OR "INJURY TO or limitation of incidental or conseq? Loae
PERSONS OR PROPERTY. damages so the above +%m|+a+1?pgn$$d e?segs Vou
not apply to you. IS wa

.CCS's obligations under this warranty are QSécif;c ?2 él righfs, and you may also gave other
conditioned on the original purchaser's ;
maintenance of explicit “

rights which vary from state to state.
records which will

accurately reflect operating conditions and












