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1.1 INTRODUCTION

1.1

Introduction

The Commodore Amiga offers the user capabilities at a price which one
would never have dreamed of a few years ago. To make these features
possible, a powerful operating system and hardware work closely
together.

A high level of user friendliness was one of the main goals the
developers of this computer had. The intent was to use the mouse and
the Workbench as a graphic user interface to make it easy to use the
computer. But not only did they want to make it easy to use, they
wanted to provide good support for programmers as well. For almost
any conceivable task there is a routine in the operating system which
makes direct programming of the hardware unnecessary.

But in spite of all of these system routines, for maximum speed you
can’t avoid direct machine language programming. The speed of the
operating system routines are much slower than you would expect from
a computer as advanced as the Amiga. The reason for this is that large
parts of the Amiga’s operating system were written in the C
programming language. The C language produces portable, readable and
quick running code, but programs developed in C are not as compact,
efficient or as fast as programs developed completely in machine
language.

If you want to write fast and efficient programs, or if you just want to
learn more about your Amiga, you have to work directly with the
hardware. The following chapter offers a description of the Amiga
hardware and the programming of the individual components.
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1.2

Interfaces

e ©6 © & o ¢ & o O

Amiga system
components

Essentially the Amiga hardware consists of the following components,
regardless of whether the system is an Amiga 500, 1000 or 2000:

J The Motorola MC68000 microprocessor

. Two serial interfaces, type 8250

. Three custom chips from Commodore, called Agnus, Denise and
Paula

If you ignore the RAM and logic components for a moment, the six
chips listed above are responsible for all the functions of the Amiga.

All of the necessary interfaces are also available on the Amiga:

Parallel printer port

Serial RS-232 interface

RGB monitor connection

Composite video connection (not on early Amiga 2000s)

Stereo audio output

Connector for an RF modulator (Amiga 1000 only)

Keyboard

Connector for an external disk drive (Shugart-bus compatible)
Two identical connectors for various input devices like a mouse,
joystick or paddle

Connector for 256K RAM expansion (Amiga 1000 — This will
not be discussed in this book because only the original
expansion from 256K to 512K bytes can be connected here. On
the Amiga 500 and 2000 these 256K bytes are already built in.
The Amiga 500 has a connection for a 512K RAM expansion,
but it’s completely different from this connector)

J Expansion port to connect system expansions of all types (on
the Amiga 500 and 1000 this connection is on the side of the
case, while on the Amiga 2000 it is in the form of multiple card
connector inside the housing.)

In order to understand how all of these components work together, we
must first explain the function of the individual chips.
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1.2 AMIGA SYSTEM COMPONENTS

1.2.1

Figure 1.2.1.1

The 68000 processor

‘The 68000 from Motorola is unquestionably one of the most powerful

16-bit processors available. Although it has been on the market since
1979, it has only recently found its way into computers in the price
range of the Amiga.

Naturally, we can’t give you a detailed description of the 68000 here,
since this is beyond the scope of this book. Those who want to know
more about programming the 68000 should seek out the appropriate
technical literature. Mentioned is the pin layout and a brief description
of the individual signal groups, since many books about programming
the 68000 offer a good instruction to the software side, but have little
to say about the hardware. A basic knowledge of the signals available
from the 68000 is essential to understanding the Amiga hardware.
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NOTE: The arrows indicate the direction of the signal. A line above a
signal name means that the signal is active when low (O=active).
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The connections can be divided into the following function groups:

Power supply: Vce and GND

The 68000 works with a simple power supply of 5 volts. There are two
connections each for power (Vcc) and ground (GND) and are centrally
located in order to keep voltage loss in the housing to a minimum.

The clock input: CLK ’
The 68000 needs only one clock. The frequency depends on the version
of the processor. The clock frequency of the Amiga’s processor is 7.16
MHz.

The data bus: D0-D15

The data bus is set up as a 16-bit bus and can therefore transfer one
word (16 bits) at a time. When transferring a single byte (8 bits), only
one half of the lines are used. The byte is read or written through either
the lower 8 bits or the upper 8 bits.

The address bus: A1-A23

The address bus can address a total of 8 megawords with its 23 lines
(22 corresponds to 8 megawords or 16 megabytes). The UDS and LDS
signals (explained below) are used to make up for the lack of an AO
line.

Bus control lines in the asynchronous mode: AS, R/IW, UDS, LDS, DTACK

The 68000 can perform memory access in two different modes. In the
asynchronous mode, the processor signals with AS (Address Strobe/
address valid) that a valid address is on the address bus. At the same
time it determines with the R/W line (Read/Write) whether a byte or
word is read or written. The selection between byte or word is made
with the two lines UDS and LDS (Upper Data Strobe and Lower Data
Strobe). Since memory is always word-addressed by the address bus, the
processor simply transfers either the upper half or lower half of a word
when doing a byte access. This is signaled through UDS and LDS. For
a word access, the 68000 sets both lines. To access a byte, it sets only
one line or the other to 9 (the other line stays at 1).

Once the processor has signaled its request with the AS, R/'W, UDS and
LDS lines, it waits until the memory tells it that the desired data are
ready. The DTACK line is used for this, which is set to 0 by the
responding device as soon as the data is ready. If the processor is
writing data, the recipient uses the DTACK line to tell the processor
that it has received the data.

Thus in asychronous mode, the processor always adapts itself to the
speed of memory.
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The individual words and bytes lie in memory as follows:

Data bus lines used
D8-15 DO-7
Address: UDS=0 LDS =0
0 Word 0 Byte 0 Byte 1
2 Word 1 Byte 2 Byte 3
4 Word 2 Byte 4 Byte 5
6 Word 3 Byte 6 Byte 7

oo ece see LYYy

Bus control signals in the synchronous mode: E, VPA, VMA

To make better sense of these signals, you have to understand the tech-
nological situation when the 68000 was introduced onto the market. At
the time there were no peripheral chips available specifically for the
68000. The chips available from Motorola for the 68000 series (a
precursor of the 6502) could not be used with the asynchronous bus
control without additional hardware. Thus the 68000 was given a syn-
chronous bus mode, such as that found on eight-bit processors like the
6800 or 6502.

The E line constantly outputs a clock which is a factor of ten less in
frequency than the processor clock, or 716KHz on the Amiga, which is
used as the clock for the peripheral chips. The switch from asynchron-
ous to synchronous mode is made with the input VPA (Valid Peripheral
Address). This input must be set to 0 by an external address decoder as
soon as the address of a peripheral chip is recognized. The processor
answers this by bringing the VMA line (Valid Memory Address) to 0.
The appropriate peripheral chip must then receive or prepare the data
within one clock cycle of E. After that the 68000 automatically leaves
the synchronous mode until the next VPA signal occurs.

The system control signals: RESET, HALT, BERR

The most important task of a reset signal is to reset the system so that
all system components are placed in some known initial state and pro-
gram execution can begin at a set address.

To generate such a system reset on the 68000, both the HALT and
RESET lines must be set to 0. As soon as these lines go to 1 again,
the 68000 starts execution at the address found in location 4.

The RESET line can also be pulled to 0 by the 68000 in order to
initialize the system without changing the processor state.

With the BERR (Bus ERRor) line an external circuit can inform the
processor that something is not in order. A reason for a bus etror can be

a hardware error or an attempt to access something at a nonexistent
address.
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When a BERR signal occurs, the 68000 jumps to a special operating
system routine which then handles the error (e.g., Guru Meditation?). If
another bus error occurs during this error handling routine, the 68000
stops all processing and sets HALT low. This double bus error is, by
the way, the only situation in which the 68000 actually crashes and
refuses to execute anything. For all other errors it jumps through
special vectors to program routines which can then handle the error and
allow the system to continue operating. The Amiga’s error handling is
not as friendly as it could be! (On the early Amiga’s the frequency of
Guru Meditations, kept the Amiga true to Murphy’s Law: A computer
always crashes whenever it is processing important data which has not
been saved yet).

Once the processor halts as a result of a double bus error, it can only be
restarted with a reset (HALT and RESET low).

Another function of the HALT line is to temporarily stop the proces-
sor. If you bring HALT low, the 68000 finishes the current memory
access and waits until HALT goes high again.

There are other details concerning the interplay of BERR and HALT,
but they do not concern the operation of the Amiga.

The operating state of the processor: FCO, FC1, FC2
The lines FCO-FC2 signal the operating state of the processor. The fol-

lowing states are possible:
FC2 FC1 __FCO State
0 0 1 Accessing user data
0 1 0 Accessing user program
1 0 1 Accessing supervisor data
1 1 0 Accessing supervisor program
1 1 1 Signals a valid interrupt

The processor can be run in two different modes: the user mode and the
supervisor mode. A program which runs in supervisor mode has unre-
stricted access to all processor registers. The operating system, for
example, always runs in supervisor mode.

In the user mode, certain processor registers cannot be used. More about
this can be found in 68000 literature,

The three FCx lines allow system hardware to recognize the current
state of the processor and react to it. For example, access to the oper-
ating system while in user mode can be made to cause a bus error
(BERR=0).
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The interrupt inputs: IPLO, IPL1, IPL2

The signals at the three interrupt inputs (IPL=Interrupt Pending Level)
are interpreted by the 68000 as a 3-bit binary number. The 68000 can
therefore distinguish different interrupt signals, called interrupt levels,
whereby 0 means that no interrupt is present, while 7 signals an inter-
rupt of the highest priority. Each of the seven interrupt levels has its
own interrupt vector which contains the address of the routine executed
when that interrupt occurs.

If an interrupt of the corresponding level is allowed, the processor
places a 1 on all FCx lines, signaling that it recognizes the interrupt
and that it is waiting for confirmation on the side of the interrupt. This
can be done with either VPA or DTACK. If the interrupt is confirmed
with VPA, an autovector interrupt is performed. The processor branches
to the address it finds in the vector assigned to the given interrupt level.
This means that it can jump to seven different addresses (level 0 indi-
cates that no interrupt is present).

If there are only seven interrupt sources in the system, then the software
doesn’t have to try to figure out which device caused a given interrupt.
You simply assign an interrupt level to each interrupt source and the
processor jumps to the appropriate routine. The Amiga only uses these
autovector interrupts.

More options for hardware recognition of various interrupt sources are
offered by the class of non-autovector interrupts. Since these are not
used in the Amiga, we will not discuss them any further here. We’ll
only say that for non-autovector interrupts the interrupt is confirmed
with DTACK and the component which generated the interrupt can
place an interrupt vector on the data bus which then selects from up to
192 different interrupt vectors.

Bus control signals: BR, BG, BGACK

These three signals allow another chip to take control of the bus. This
might be the case for a hard disk controller, for example, which then
writes the data from the hard disk directly into memory (called DMA =
Direct Memory Access).

These three signals are also unused in the Amiga, since DMA is real-
ized in a different manner. This is explained at the end of this chapter.
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1.2.2

Figure 1.22.0

The 8250 CIA
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NOTE: The atrows indicate the direction of the signal. A line above a

signal name means that the signal is active when low (O=active).
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Figure 1222

1.2 AMIGA SYSTEM COMPONENTS

8520 - block diagram

D0 - D7

l Databus buffer I

se @b SPbuffer |- Serial port |¢

CNT CNT buffer

oD ——9{ TOD buffer

Event/Alarm

. FLA FLAG buffer

TRQ TRQ buffer

INT/mask |/

| CRA

8520 access control

FFFF 5653

R/W @2 CS a3 a2 A1 A0 RES

Key:

q = 8-bitline

= = ]-bit line

11
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The 8250

The 8250 is a peripheral of the Complex Interface Adapter (CIA) class,
which basically means that the developers of the 8250 tried to put as
many functions into one chip as possible. If you look at the 8250 more
closely, you’ll see that it bears a strong resemblance to the 6526 used
in the C64. Only the operation of registers 8 to 11 ($8 to $B) is
somewhat changed. This should be good news for those who have
programmed a 6526 before.

The 8250 has the following features: two programmable 8-bit parallel
ports (PA and PB), two 16-bit timers (A and B), a bidirectional serial
port (SP) and a 24-bit counter (event counter) with an alarm function
upon reaching a programmed value. All of the functions can generate
interrupts.

The functions of the 8250 are organized in 16 registers. To the proces-
sor they look like ordinary memory locations, since all peripheral
components in a 68000 system are memory mapped. The registers of a
chip are accessed like memory locations.

Since the 8250 was originally developed for use with 8-bit processors,
the 68000 must access it in the synchronous mode (see Section 1.2.1).

The E clock on the 68000 is connected to the ¢2 input of the 8250. The
16 internal registers are selected with the four address inputs AO-A3.
More details about how the CIA are integrated in the Amiga system are
given at the end of this chapter.

Here is an explanation of the 16 registers (actually only 15 registers,
since register 11 ($B) is unused):

8250 registers Register Name Function
0

12

0 PRA Port A data register

PRB Port B data register

DDRA Port A data direction register
DDRB Port B data direction register
TALO Timer A lower 8 bits

TAHI Timer A upper 8 bits
TBLO Timer B lower 8 bits

TBHI Timer B upper 8 bits

Event low Counter bits 0-7

Event med. Counter bits 8-15

Event high Counter bits 16-23

- Unused

SP Serial port data register

ICR : Interrupt control register
CRA Control register A

CRB Control register B

\D“Q‘O\M#WNH-‘

THODAEP>POOIA N DRWN -
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PRA  PA7 PA6 PAS PA4 PA3 PAZ PAl PAO
1 PRB PB7 PB6 PBS PB4 PB3 PB2 PBI PBO
2 DDRA DPA7 DPA6 DPAS DPA4 DPA3 DPA2 DPA1 DPAO
3 DDRB DPB7 DPB6 DPBS DPB4 DPB3 DPB2 DPB1 DPBO

Reg. Name D7 D6 DS D4 D3 D2 D1 DO
0

The 8250 has two 8-bit parallel ports, PA and PB, each of which is
assigned a data register, PRA (Port Register A) and PRB (Port Register
B). The chip has 16 port lines, PAO-PA7 and PB0-PB7. Each port line
can be used as either an input or an output. The input or output of a
port line is called the data direction. The 8250 allows the data direction
of each line to be controlled individually. Each port has data direction
registers, DDRA and DDRB. If a bit in the data direction register is 0,
the corresponding line is an input. The state of the port lines can be
determined by reading the appropriate bits of the data direction register.

If a bit in the DDR is set to 1, then the corresponding port line
becomes an output. The signal on the port line then corresponds
directly to the value of the corresponding bit in the data register for that
port.

In general, writing to a data register always stores the value in it, while
reading always returns the states of the port lines. The bits in the data
direction register determines whether the value of the data register is
placed on the port lines, Therefore when reading the port which is con-
figured as an output, the contents of the data register are returned, while
when writing to an input port, the value is stored in the data register,
but doesn’t appear on the port lines until the port is configured as out-
put. :

To simplify the data transfer through the parallel ports, the 8250 has
two handshake lines, PC and FLAG.

The PC output goes low for one clock period on each access to data
register B (PRB, reg. 1). The FLAG input responds to such downward
transitions. Every time the state of the FLAG line changes from 1 to 0,
the FLAG bit is set in the interrupt control register (ICR, reg. $D).
These two lines allow a simple form of handshaking in which the
FLAG and PC lines of two CIAs are cross-connected.

The sender need only write its data to the port register and then wait for
a FLAG signal before sending each additional byte. Since FLAG can
generate an interrupt, the sender can even perform other tasks while it is
waiting. The same applies to the receiver, except that it reads the data
from the port instead of writing it.

Read access

Reg. Name D7 D6 DS D4 D3 D2 DI DO
TALO TAL7 TAL6 TALS TAL4 TAL3 TAL2 TAL1 TALO

0

1 TAHI TAH7 TAH6 TAHS TAH4 TAH3 TAH2 TAH1 TAHO
2 TBLO TBL7 TBL6 TBLS TBL4 TBL3 TBL2 TBL1 TBLO
3 TBHI TBH7 TBH6 TBHS TBH4 TBH3 TBH2 TBH1 TBHO

13
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Timer A

14

Write access

D7 D6 DS D4 D3 D2 D1 DO
0 PALO PAL7 PAL6 PAL5 PAL4 PAL3 PAL2 PAL1 PALO
1 PAHI PAH7 PAH6 PAHS PAH4 PAH3 PAH2 PAH1 PAHO
2 PBLO PBL7 PBL6 PBLS PBL4 PBL3 PBL2 BL1 PBIO
3 PBHI PBH7 PBH6 PBH5S PBH4 PBH3 PBH2 PBH1 PBHO

The 8250 has two 16-bit timers. These timers can count from a preset
value down to zero. A number of modes are possible and can be selected
through a control register, one for each timer.

Each timer consists internally of four registers (timer A: TALO+TAHI
and PALO+ PAHI), or two register pairs, since each low and high reg-
ister pair forms the 16-bit timer value. On each write access to one of
the timer registers the value is stored in a latch. This value is loaded
into the count register and decremented until the timer reaches zero.
Then the value is loaded from the latch back into the timer register.

When a timer register is read, it returns the current state of the timer.

To get a correct value, the timer must be stopped. The following exam-
ple shows why:

. Timer state: $0100. A read access to régistet S returns the high
byte of the current state: $01

. Before the low byte (reg. 4) can be read, the timer is decremented
again and the timer count is now at $00FF.

. The low byte is read: $FF.

. Resulting timer state: $01FF.

Instead of stopping the timer, which also causes problems since timer
pulses are ignored, a more elegant method can be used: Read the high
byte, then the low byte and then the high byte again. If the two high
byte values match, then the value read is correct. If not, the procedure
must be repeated.

Bits 5 and 6 of the control register determine what signals decrement the
timers.

Only two sources are possible for timer A:

1.  Timer A is decremented each clock cycle (since the CIAs in the
Amiga are connected to the E clock of the processor, the count
frequency is 716KHz). (INMODE=0)

2.  Each high pulse on the CNT line decrements the timer.
(INMODE-=1)
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Timer B
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Timer B has four input modes:

1. Clock cycles INMODE bits = 00 (binary—the first digit stands
for bit 6, the second for bit 5).

2.  CNT pulses (INMODE bits = 01)

3.  Timer A timeouts (allows two timers to form a 32-bit timer).
(INMODE bits = 10) '

4.  Timer A timeouts when the CNT line is high (allows the length
of a pulse on the CNT line to be measured). (INMODE bits =11)

The timeouts of a timer are registered in the Interrupt Control Register
(ICR). When timer A timeouts, the TA bit (no. 0) is set, while when
timer B timeouts the TB bit is set (no. 1). These bits, like all of the
bits in the ICR, remain set until the ICR is read. In addition, it is also
possible to output the timeouts to parallel port B. If the PBon bit is set
in the control register for the given timer (CRA or CRB), then each
timeout appears on the appropriate port line (PB6 for timer A and PB7
for timer B).

Two output modes can be selected with the OUTMODE bit:

OUTMODE =0 Pulsemode Each timeout appears as a positive
pulse one clock period long on the
corresponding port line,

OUTMODE =1 Toggle mode Each timeout causes the correspond-
ing port line to change value from
high to low or low to high. Each
time the timer is started the output
starts at high.

The timers are started and stopped with the START bit in the control
registers. START = 0 stops the timer, START = 1 starts it.

The RUNMODE bit selects between the one-shot mode and the contin-
uous mode. In the one-shot mode the timer stops after each timeout and
sets the START bit back to 0. In the continuous mode the timer
restarts after each timeout,

As mentioned before, writing to a timer register doesn’t write the value
directly to the count register, but to a latch (also called the prescaler,
since the number of timeouts per second is equal to the clock frequency
divided by the value in the prescaler).

There are several ways to transfer the value from the latch to the timer:

15
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1.  Set the LOAD bit in the control register. This causes a forced
load, that is, the value in the latch is transferred to the timer
registers regardless of the timer state. The LOAD bit is called a
strobe bit, which means that it causes a one-time operation
instead of the value being stored. To cause another forced load, a
1 must be written in the LOAD bit. .

2.  Each time the timer runs out, the latch is automatically trans-
ferred to the counter.

3.  After a write access to the timer high register, the timer is
stopped (stop = 0), it is automatically loaded with the value in
the latch. Therefore the low byte of the timer should always be
initialized first.

Assignment of the bits in control register A:

Register No. 14 | 3E Name: CRA

D7 D6 DS D4 D3 D2 D1 Do
notused SPMOD INMODE LOAD RUNMODE OUTMODE PBon START
O=input O=clock 1=force O=cont. = O=pulse 0=PB6off 0=off
l=output 1=CNT load 1=one- 1atoggle 1=PB6on 1=on
(strobe) shot

Assignment of the bits in control register B:

Register No. 15 | $F Name: CRB

D3 D2 D1 DO

D7  D6+DS D4
ALARM INMODE LOAD RUNMODE OUTMODE PBon START
0=TOD  00=clock 1l=force O=cont. O=pulse 0=PB70ff O=off

l=Alarm O01=CNT load 1=one- 1atoggle 1=PB70n 1l=o0n
(strobe) shot
10=timer A
11=timer A+
CNT

Reg. Name D7 D6 D5 D4 D3 D2 DI DO
8 $8 LSBevent E7 E6 E5 E4 E3 E2 El EO
9 $9 Event8-15 E15 E14 EI13 E12 El1l1 E10 E9 E8
10 A MSBevent E23 E22 E21 E20 E19 E18 E17 El6

As mentioned before, there are only minor differences between the 8250
and 6526. All of these differences concern the function of registers 8-11.
The 6526 has a real-time clock which returns the time of day in hours,
minutes, and seconds in the individual registers. On the 8250 this clock
is replaced by a simple 24-bit counter, called an event counter. This can
lead to some confusion, because Commodore often uses the old designa-
tion TOD (Time-Of-Day) in their literature when referring to the 8250.

The operation of the event counter is simple. It is a 24-bit counter,
meaning that it can count from 0 to 16777215 ($FFFFFF). With each
rising edge (transition from low to high) on the TOD line, the counter
value is incremented by one. When the counter has reached $FFFFFF,
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it starts over at 0 on the next count pulse. The counter can be set to a
defined state by writing the desired value into the counter register.
Register 8 contains bits 0-7 of the counter, the least significant byte
(LSB), in register 9 are bits 8-16, and in register 10 are bits 16-23, the
Most-Significant Byte (MSB) of the counter value.

The counter stops on each write access so that no errors result from a
sudden carry from one register to another. The counter starts running
again when a value is written into the LSB (reg. 8). Normally the coun-
ter is written in the order: register 10 (MSB), then register 9, and finally
register 8 (MSB).

To prevent carry errors when the counter is read, the counter value is
written into a latch when the MSB (reg. 10) is read. Each additional
access to a count register now returns the value of the latch, which can
be read in peace while the counter continues to run internally. The latch
is turned off again when the LSB is read. The counter should be read in
the same order as it is written (see previous paragraph).

An alarm function is also built into the event counter. If the alarm bit
(bit 7) is set to 1 in control register B, an alarm value can be set by
writing registers 8-10. As soon as the value of the counter matches this
alarm value, the alarm bit in the interrupt control register is set. The
alarm value can only be set—a read access to registers 8-10 always
returns the current counter state, regardless of whether the alarm bit is
set in control register B or not.

Register Name D7 D6 DS D4 D3 D2 DI DO
12 8C SDR S7 S6 85 S4 S3 S2 S1 SO

The serial port consists of the serial data register and an 8-bit shift reg-
ister which cannot be accessed directly. The port can be configured as
input (SPMODE = 0) or output (SPMODE-=1) with the SPMODE bit
in control register A. In the input mode the serial data on the SP line
are shifted into the shift register on each rising edge on the CNT line.
After eight CNT pulses the shift register is full and its contents are
transferred to the serial data register. At the same time, the SP bit in the
interrupt control register is set. If more CNT pulses occur, the data con-
tinues to shift into the shift register until it is full again. If the user has
read the Serial Data Register (SDR) in the mean time, the new value is
copied into the SDR and the transfer continues in this manner.

To use the serial port as output, set SPMODE to 1. The timeout rate of
timer A, which must be operated in continuous mode, determines the
baud rate (number of bits per second). The data are always shifted out of
the shift register at half the timeout rate of timer A, whereby the maxi-
mum output rate is one quarter of the clock-frequency of the 8250.

17
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The transfer begins after the first data byte is transferred into the SDR.
The CIA transfers the data byte into the shift register. The individual
data bits now appear at half the timeout rate of timer A on the SP line
and the clock signal from timer A appears on the CNT line (it changes
value on each timeout so that the next bit appears on the SP line on
each negative transition [high to low]). The transfer begins with the
MSB of the data byte. Once all eight bits have been output, CNT
remains high and the SP line retains the value of the last bit sent. In
addition, the SP bit in the interrupt control register is set to show that
the shift register can be supplied with new data. If the next data byte
was loaded into the data register before the output of the last bit, the
data output continues without interruption.

To keep the transfer continuous, the serial data register must be
supplied with new data at the proper time.

The SP and CNT lines are open-collector outputs so that CNT and SP
lines of multiple 8250’s can be connected together.

Read access = data register

Register Name D7 D6 DS D4 D3 D2 D1_DO
13 $D ICR IR 0 0 FLAG SP Alam TB TA

Write access = mask register

Register _Name D7 D6 D5 D4 D3 _D2 DI__DO
13 $D ICR S/IC x X FLAG SP Alarm TB TA

The ICR consists of a data register and a mask register. Each of the five
interrupt sources can set its corresponding bit in the data register. Here
again are all five possible interrupt sources:

1.  Timeout of timer A (TA, bit 0)
2.  Timeout of timer B (TB, bit 1)
3.  Match of the event counter value and alarm value (Alarm, bit 2)

4,  The shift register of the serial port is full (input) or empty (out-
put) (SP, bit 3)

5.  Negative transition on the FLAG input (FLAG, bit 4)

If the ICR register is read, it always returns the value of the data reg-
ister, which is cleared after it is read (all set bits, including the IR bit
afe cleared). If this value is needed later, it must be stored somewhere
else.

The mask register can only be written. Its value determines whether a
set bit in the data register can generate an interrupt. To make an inter-
rupt possible, the corresponding bit in the mask register must be set to
1. The 8250 pulls the IRQ line low (it is active low) whenever a bit is
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set in both the mask register and the data register and sets the IR bit (bit
7) in the data register so that an interrupt is also signalled in software.
The IRQ line does not return to 1 until the ICR is read and thus cleared.

The mask register cannot be written like a normal memory location. To
set a bit in the mask register, the desired bit must be set and the S/C bit
(Set/Clear, bit # 7) must also be set. All other bits remain unchanged.
To clear a bit, the desired bit must again be set, but this time the S/C
bit is cleared. The S/C bit determines whether the set bits are set (S/C =
1) or clear (S/C = 0) the corresponding bits in the mask register. All
cleared bits in the byte written to the ICR have no effect on it. Here is
an example:

We want to allow an interrupt through the FLAG line. The current
value of the mask register is 00000011 binary, meaning that timer
interrupts are allowed. The following value must be written into the
mask register: 10010000 binary (S/C=1). The mask register then has
the following contents: 00010011. If you now want to turn the two
timer interrupts off, write the following value: 00000011 (S/C=0).
Now the mask register contains 00010000, and only the FLAG inter-
rupt is allowed.

As already mentioned, the Amiga has two CIAs of the type 8250. The
base address of the first 8250, which we call 8250-A, is $BFECO1. The
registers are not at contiguous memory addresses, however, but at 256
byte intervals. This means that all of the 8250-A registers are at odd
addresses because the 8250-A is connected to the lower 8-bits of the
processor data bus (DO-7). The following table lists the addresses of the
individual registers with their uses in the Amiga (see the chapter on
interfaces for more information on the individual port bits):

Address Name IV D6 $).] D4 I3 D2 D1 DO
$BFE001 PRA /FIR1 /FIRO /ARDY /TKO /WPRO /CHNG /IED OVL
$BFE101 FRB Centronics parallel port :

$BFE201 DDRA 0 0 0 0 0 0 1 1
$BFE301 DDRB input or output depending on the application

$BFE401 TALO  timer A is used by the operating system for communication

$BFESO1 TAHI with the keyboard

$BFE601 TBLO timerB is used by the OS for various tasks

$BFE701 TBHI

$BFE801 E.LSB  The event counterin the CIA-A counts 60Hz pulses

$BFE901 E.8-15 from the power supply (called ticks)

$BFEAO1 E.MSB  which are taken from the power-line frequency

$BFEBO1 &P Input for key codes from the keyboard

$BFEC01 IKCR Interrupt control register

$BFEEO1 CRA  Control register A

$BFEF01 CRB Control register B

The second CIA, CIA-B, is addressed at address $BFD00O. Its registers
lie at even addresses because the data bus of CIA-B is connected to the
upper half of the processor data bus.

19
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CIA-B: Address Name D7 D6 DS D4 D3 D2 o) | DO
Register $BFD000 PRA  /DTR RTS /CD /CTS /DSR /SEL POUT BUSY
addresses $BFD100 PRB /TR /SEL3 /SEL2 /SEL1 /SELO /SIDE DIR /STEP
$BFD200 DDRA 1 1 0 0 0 0 0 0
$BFD300 DDRB 1 1 1 1 1 1 1 1
$BFD400 TALO Timer A is used only for serial transfers.
$BFD500 TAHI Otherwise it is free.
$BFD600 TBLO " Timer B is used to synchronize the blitter with the screen
$BFD700 TBHI Otherwise it is free.

$BFD800 E.LSB The event counter in CIA-B counts the horizontal
$BFDS00 E. 8-15 sync pulses.
$BFDAO0O E.MSB

$BFDB00 SP unused

$BFDC00 ICR Interrupt control register
$BFDEG0 CRA Control register A
$BFDF00 CRB Control register B

The addresses $BFD000 for CIA-B and $BFEQ01 for CIA-A are the base
addresses of the CIAs specified by Commodore. A closer look at the
schematic reveals that the two CIAs are addressed in the entire range
from AOxxxx to BFxxxx. The selection between the two CIAs is made
with address lines A12 and A13. CIA-A is selected when A12=0 and
CIA-B is selected when A13=0, assuming that the addresses are between
AOxxxx and BFxxxx. Since the data bus of CIA-A is connected to pro-
cessor data lines DO-7 (odd addresses) and CIA-B to D8-15 (even addres-
ses), the two can be accessed together in one word access if A12 and
A13 are both 0.

MOVE.W $BF0000,D0 moves the PA registers of both CIAs into DO
such that the lower 8 bits of DO contain the data from the PA of CIA-A
and bits 9-15 contain the contents of PA from CIA-B.

The addressing scheme for the CIAs can be summarized as follows.
CIA-A is selected by the following addresses (binary):

101x xxxx xxx0 rrrr xxxx xxx1l
and CIA-B by:

101x xxxx xx0xX rrrr xxxx xxx0
The four bits designated rrrr select the corresponding registers.
This information completely applies only to the Amiga 1000 only. It
is possible that this has changed in the newer Amiga models. To be
certain, use only the addresses specified by Commodore (CIA-A at
$BFE001 and CIA-B at $BFD(000).

The following list shows the various signal lines of the Amiga’s CIAs:

20
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MRQ
/RES
D0-D7
DO-A3
f2

R/W
PA7
PA6
PAS
PA4
PA3
PA2
PA1
PAO
Sp
CNT
PBO-PB7

PC

FLAG

CIA-B:

MRQ
/RES
DO0-D7
AQ-A3
f2
R/W
PA7
PA6
PAS
PA4
PA3
PA2
PA1
PAQ
Sp
CNT
PB7
PB6
PBS
PB4
PB3
PB2
PB1
PBO
FLAG
PC
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/INT2 input from Paula
System reset line
Processor data bus bits 0-7
Processor address bus bits 8-11
Processor E clock
Processor R‘'W
Game port 1 pin 6 (fire button)
Game port O pin 6 (fire button)
/RDY “disk ready” signal from disk drive
/TKO “disk track 00” signal from disk drive
/WPRO “write protect” signal from the disk drive
/CHNG “disk change” signal from disk drive
LED Control over the power LED (0O=on, 1=0ff)
OVL memory overlay bit (do not change!)
KDAT Serial keyboard data
KCLK Clock for keyboard data
Centronics port data lines
/DRDY Centronics handshake signal: data ready
IACK Centronics handshake signal: data acknowledge

/INT6 input from Paula
System reset line ’
Processor data bus lines 8-15
Processor address bus lines 8-11

Processor E clock

Processor R‘'W

/DTR serial interface, /DTR signal

/RTS serial interface, /RTS signal

/ICD serial interface, /CD signal

ICTS serial interface, /CTS signal

/DSR serial interface, /DSR signal

SEL “select” signal for Centronics interface

POUT “paper out” signal from Centronics interface
BUSY “busy” signal from Centronics interface
BUSY connected directly to PAQ

POUT connected directly to PA1

/MTR “motor” signal to disk drive

/SEL3 “drive select” for drive 3

/SEL2 “drive select” for drive 2

/SEL1 “drive select” for drive 1

/SELO “drive select” for drive O (internal)
/SIDE “side select” signal to disk drive
DIR “direction” signal to disk drive

/STEP  “step” signal to disk drive
/INDEX  “index” signal from disk drive

21
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The custom chips

The chips that we have discussed so far are rather boring in comparison
to what’s coming up. Even the 68000, in spite of its power, is pretty
much a standard part these days available at most electronics stores.
Although the capabilities of the Amiga finally depend on the speed of
the processor, other things are more apparent to someone meeting the
Amiga for the first time. When broadcast quality computer graphics
appear on the screen and digitized orchestral music comes out of the
speakers, that’s when the curiosity is aroused. Whether the computer
can also calculate so many prime numbers in fractions of a second or
whether it is scarcely faster than the old pocket calculator is something
that doesn’t matter that much to the purchaser of a computer like the
Amiga,

The developers of the Amiga were aware of this and equipped it with
previously unheard of graphic and sound capabilities for a computer of
its price class. The goal of this section is to explain the hardware
responsible for the fantastic sound and graphics capabilities of the
Amiga and to give the reader a basis for programming these features of
the Amiga.

The foundation of all of the features mentioned is a set of three chips
developed specifically for the Amiga. Their part numbers are 8361,
8362 and 8364, but these numbers didn’t have enough personality for
the Amiga developers, so they gave the chips the names Agnus (8361),
Denise (8362) and Paula (8364).

These custom chips take care of the sound generation, screen display,
processor-independent diskette access and much more. These tasks. are
not strictly divided up among the chips so that one is in charge of
sound generation, one of graphics and another of diskette operation, as
is the case with most concurrent devices. Instead, the tasks are divided
ul;:- among all three chips so that graphic display is handled by two
chips.

The three chips could have been combined into one, but the manufac-
ture of such a complex circuit would have been more expensive than
making the three separate chips.

Before we get into the details of how Agnus, Denise and Paula work,
we have a short introduction to the structure of the Amiga.
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1.2.3.1 Basic structure of the Amiga

Figure
1.2.3.1.1

Amiga - basic block diagram
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A simple computer system normally consists of a processor, the ROM
with the operating system, a certain amount of RAM, and at least one
peripheral component for data input and output. All components are
connected to the address and data bus. The processor controls the system
and only it can place addresses on the bus and thus write or read data to
or from various system components, such as RAM. It also controls bus
control signals like the R/W line (for the sake of simplicity these are
not drawn on Figure 1.2.3.1.1; the individual 68000 bus control signals
are explained in Section 1.2.1).

Every computer system also contains control circuits like an address
decoder, which activates certain components based on values on the
address bus.

But back to the Amiga. As you can see from Figure 1.2.3.1.1, the
structure of the Amiga deviates somewhat from what we described. On
the left side, you see the 68000 microprocessor whose data and address
lines are connected directly to the two 8250 CIA’s and the Kickstart
ROM. This part of the Amiga is conventional—only the processor has
access to the two CIA’s and the ROM. What does the right side look
like? Here we find the three custom chips Agnus, Denise and Paula, and
the chip RAM, which are all connected to a common data bus. How-
ever, this data bus is separated from the processor data bus by a buffer
which can either connect the processor data bus to the data bus or can
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separate the two. The three custom chips are connected to each other
through the register address bus, which can be connected to the proces-
sor address bus or not.

Since the chip RAM has a much larger address range than custom chips
and also requires multiplexed addresses, there is a separate chip RAM
address bus. Multiplexed addresses implies that the RAM chips in the
Amiga 1000 have an address range of 216 addresses (65536) and in order
to access all of the addresses of a chip, 16 address lines are needed. But
since the actual chips are very small, such a large number of address
lines would have lead to a very large enclosure. To get around this
problem, something called multiplexed addressing was introduced. The
package has only eight address lines which are first applied the upper
eight bits of the address and then the lower eight. The chip stores the
upper eight and then, when the lower eight are applied to the address
lines, it has the 16 address bits which it needs.

Why are these two buses separated? The reason is that the various
input/output devices need a constant supply of data. For example, the
data for individual dots on the screen must be read from the RAM thirty
times per second, since a television picture according to the NTSC stan-
dard is refreshed at the rate of thirty times per second.

A high-resolution graphic on the Amiga can require more than 64KB of
screen memory. This means that per second 30x64KB access must be
applied to memory. This is nearly 2 million memory accesses per
second! If the processor must perform this task, it would be hopelessly
overloaded. Even a 68000 cannot produce such a high data rate. And in
addition to this the Amiga can perform digital sound output and diskette
accesses in addition to the graphics, all without using the 68000. The
solution lies in a second processor which performs all of these memory
accesses itself. Such a processor is also called a DMA controller (Direct
Memory Access). On the Amiga this is contained in Agnus. This is
why Agnus is also connected to the chip RAM address bus.

The other two chips, Denise and Paula, and also the remainder of
Agnus, are constructed like standard peripheral chips. They have a
certain number of registers which can be read or written by the
processor (or the DMA controller). The individual registers are selected
through the register address bus. It has eight lines, so 256 different
states are possible. There is no special chip selection. If the address bus
has the value 255 or $FF, so that all lines are high, no registers are
selected. If a valid register number is on these lines, then the chip
containing the selected register recognizes this and activates it. This
task is performed in the individual chips by the register address decoders.
The fact that the selection of a register depends only on its register
address and not on the chip in which it is located means that two regis-
ters in two different chips can be written with the same value if they
have the same register address. This capability is used for some of the
registers which contain data which is needed by more than one chip.
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Each chip register can be either a read register or a write register.
Switching between read and write is accomplished with a special R‘'W
line, something the 8250 doesn’t have. The register address also deter-
mines whether a read or write access is taking place. Registers which
can be read as well as written are realized such that the write access goes
to one register address and the read access goes to another. This property
is clearly shown in the list of the chip registers (see Section 1.5.1).

Since Agnus contains the DMA controller, it can access the custom
chip registers itself. It can output an address on the register address bus.

One obvious problem is still unresolved. There is only one data bus and
one address bus which both the processor and the DMA controller wants
to access. A bus can be controlled by one bus controller at a time. If
two chips try to place an address on the bus simultaneously, there
would be a problem known as bus contention, leading to a system
crash. Therefore the bus accesses must take turns and access the bus
alternately, whereby each access wants'to have the bus for itself as often
as possible. This problem is elegantly solved on the Amiga in three
levels:

First, the normally continuous buses on the Amiga are divided into two
parts. One (on the left in the figure) connects all of the components
which can be accessed only by the processor. When the 68000 accesses
one of these components, the two buffers (in the middle of the figure),
break the connection between the processor data and processor address
buses and the chip data and chip address buses. This way the processor
can access things on its side undisturbed and Agnus can access the bus
on its side. The processor thus has undisturbed access to the operating
system and RAM expansions connected to the expansion port. This
expansion is also called fast RAM because the processor can always
access it without loss of speed. (The RAM expansions which are
inserted on the front of the Amiga 1000 and on the underside of the
Amiga 500 belong to the chip RAM.)

Second, bus accesses from the processor and from Agnus are nested so
that normally even accesses to the chip RAM or the chip registers of
the 68000 are not slower. For such an access the buffers connect the
two systems again.

Third, the processor can wait until Agnus has finished its DMA
accesses and the bus is free again. This case occurs only when either
very high graphic resolutions are used or when the blitter is being used.
More about this later. Now we’ll discuss the internal structure of the
three custom chips.
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NOTE: The arrows indicate the direction of the signal. A line above a
signal name means that the signal is active when low (0=active).
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As we mentioned before, Agnus contains all of the DMA circuitry.
Each of the six possible DMA sources has its own control logic. They
are all connected to the chip RAM address generator as well as the regis-
ter address generator. These address generators create the RAM address of
the desired chip RAM location and the register address of the destination
register. In this manner the DMA logic units supply the appropriate
chip registers with data from the RAM or write the contents of a given
register into RAM.

Also connected to the chip RAM address generator is the refresh counter
which creates the refresh signals necessary for the dynamic RAM chips.

Agnus also controls the regular operation of the individual DMA acces-
ses. The basis of these is a screen line. In each screen line 225 memory
accesses take place, which are divided by Agnus among the individual
DMA channels and the 68000. Since Agnus always needs the current
row and column positions, it also contains the raster and column coun-
ters. These counters for the beam position also create the horizontal and
vertical synchronization signals which signal the start of a new line (H-
sync) and that of a new picture (V-sync). The horizontal and vertical
synchronization signals can also be fed in from outside Agnus and then
control the internal raster line and column counters. This allows the
video picture of the Amiga to be synchronized to that of another source,
such as a video recorder. This genlock can thus be easily performed on
the Amiga. Simply put, synchonizing two video pictures means that
the individual raster lines and the individual pictures of the two signals
start at the same time.
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Data bus: D0-D15

Two other important elements in Agnus are the blitter and the Copper
co-processor. The blitter is a special circuit which can manipulate or
move areas of memory. It can be used to relieve the 68000 of some
work, since it can perform these operations faster than the processor
can. In addition, the blitter is capable of drawing lines and filling sur-
faces. The Copper is a simple co-processor. Its programs, called Copper
lists, contain only three different commands. The Copper can change
various chip registers at predetermined points in time.

Here are descriptions of the individual pins:

The 16 data lines are connected directly to the chip RAM data bus.
Internally all of the chip registers are connected through buffers to the
bus.

Register address bus: RGAO-RGAS8 (ReGister Address)

Agnus’ register address bus is bidirectional. For a DMA access the
register address generator places the desired register address on these bus
lines. If the processor is accessing the chip registers, these lines act as
inputs and the register address selected by the processor is sent to the
register address decoder inside Agnus. In general, if a value of $FF is on
the register address bus (all lines are high), no registers are selected.

The address lines for the dynamic RAM: DRAO-DRAS8 (Dynamic RAM Address)

These address lines are connected to the chip RAM address bus. They
are pure outputs and are always activated by Agnus when it wants to
perform a DMA access to the chip RAM. The addresses on these pins
are already multiplexed and can be connected directly to the address lines
of dynamic 32KB RAMs (type 41256). This is the case in the Amiga
500 and 2000. On the old Amiga 1000 the RAMs have only eight
address lines. The ninth DRA line is again demultiplexed and used to
switch between various RAM banks.

The clock lines CCK and CCKQ: (Color Clock and Color Clock delay)

These two lines are the only clock lines in the Amiga. The frequency of
both signals is 3.58MHz, which is half of the processor frequency. The
CCKQ signal is delayed one quarter cycle (90 degrees) from the CCK
signal. All of Agnus’ timing is set according to these two signals.

The bus control lines: BLS, ARW, DBR
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These three lines are connected to control logic of the Amiga. Agnus
uses the DBR line (Data Bus Request) to tell this control logic that it
wants control of the bus in the next bus cycle. This line always has
precedence over a bus request from the processor. If Agnus needs the
bus for several successive bus cycles, the 68000 must wait.
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The ARW line (Agnus RAM Write) signals the control logic that
Agnus wants to make a write access to the chip RAM.

The BLS signal (BLitter Slow down) signals Agnus that the processor
has already waited three bus cycles for an access. Depending on its
internal state, Agnus turns the bus over to the processor for one cycle.

The control signals: RES, INT3, DMAL

The RES signal (RESet) is connected directly to the processor reset line
and returns Agnus to a predefined start-up state.

The INT3 line (INTerrupt at level 3) is an output and is connected
directly to the Paula line with the same name. Agnus uses this line to
signal the interrupt logic in Paula that a component in Agnus has gen-
erated an interrupt.

The DMAL line (DMA request Line) also connects Agnus to Paula,
only this time in the opposite direction. Paula uses this line to tell
Agnus to perform a DMA transfer.

The lines: HSY, VSY, CSY and LP

Normally the synchronization signals for the monitor to appear on the
HSY (Horizontal SYnc) and VSY (Vertical SYnc) lines. The signal on
the CSY (Composite SYnc) line is the sum of HSY and VSY and is
used to connect to monitors which need a combined signal, as well as
the circuit which creates the video signal, the video mixer.

The LP line (Light Pen) is an input and allows a light pen to be con-
nected. The contents of the raster counter register is stored when a
negative transition occurs on this pin (see Section 1.5.2).

The HSY and VSY lines can also be used as inputs and thus allow
Agnus to be externally synchronized (genlock).
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1.2.3.4 The structure of Denise
Figure
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NOTE: The arrows indicate the direction of the signal. A line above a
signal name means that the signal is active when low (O=active).
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Figure I
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In general, the function of Denise can be described as graph generation.
The first part of this task is already accomplished by Agnus. Agnus
fetches the current graphic data from the chip RAM and writes them in
the register responsible for the bit levels in Denise. It does the same for
the sprite data. Denise always contains all graphic and sprite data for 15
pixels, since a bit always corresponds to one pixel on the screen and the
data registers all have a width of one word, or 16 bits. These data must
be converted into the appropriate RGB representation by Denise. First
the graphic data are converted from a parallel 16-bit representation to a
serial data stream by means of the bit-level sequencer. Since a maxi-
mum of six bit levels are possible, this function block is repeated six
times. The serial data streams from the individual bit-level sequencers
are now combined into a maximum 6-bit wide data stream.

The priority control logic selects the valid data for the current pixel
based on its priority from among the graphic data from the bit-level
sequencers and the sprite data from the sprite sequencers. According to
this data the color decoder selects one of the 32 color registers. The
value of this color register is then output as a digital RGB signal. If the
Hold-And-Modify (HAM) or Extra-Half-Bright (EHB) mode is selected,
the data from the color register are modified correspondingly before it
leaves the chip.

The data from the sequencers is also fed into the collision control logic
which, as the name implies, checks the data for a collision between the
bit levels and the sprites and places the result of this test in the colli-
sion register.
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The last function of Denise has nothing to do with the screen display.
Denise also contains the mouse counter, which contains the current X
and Y positions of the mice.

Here is a function description of Denise’s pins:
The data bus: D0-D15

The 16 data bus lines are, like Agnus, connected to the chip data bus.
Register address bus: RGAI-RGA8 '

The register address bus is a pure input on Denise. The register address
bus selects the appropriate internal register with the help of the register
address decoder.

The clock inputs: CCK and 7M

Denise’s timing is performed according to the CCK signal. The CCK
pin is connected to the CCK pin on Agnus. The clock signal on the
M line (7 Megahertz) has a frequency of 7.15909 MHz. The Denise
chip needs this additional frequency to output the individual pixels
because the pixel frequency is greater than the 3.58MHz of the CCK
signal. A pixel at the lowest resolution has exactly the duration of a
™ clock cycle. In high-resolution mode (640 pixels/line) two pixels
are output per 7M clock, one per edge of 7M. The 7M clock is also the
68000’s clock and is connected to the processor’s clock input.

The output signals: RO-3, GO-3, BO-3, ZD and BURST

The lines R0-3, GO-3 and BO-3 represent the RGB outputs of Denise.
Denise outputs the corresponding RGB values digitally. Each of the
three color components is represented by four bits. This allows 16 val-
ues per component and 16x16x16 (4096) total colors. After they leave
Denise, the three color signals run through a buffer and then through
three digital-to-analog converters to transform them into an analog RGB
signal, which is then fed to the RGB port.

An additional video mixer turns this RGB signal into the video signal
for the video connector. To do this it also needs the BURST signal
from Denise. The BURST signal is a oscillator with the same frequency
as CCK (3.58MHz). More about the function of the color burst can be
found in a book on television technology.

The last output signal is the ZD signal (Zero Detect or background
indicator). It is always low when a pixel in the background is being dis-
played, that is, when the color comes from color register number zero.
This signal is used in the genlock adapter and is used to switch between
the external video signal, when ZD=0, and the Amiga’s video signal,
when ZD=1. The ZD signal is also available on the RGB port. More
about this in the section on interfaces.
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The mouseljoystck inputs: MOH, M1H, MOV, M1V

These four inputs correspond directly to the mouse inputs of the two
game ports (or joystick connectors). Since the Amiga has two game
ports, it must actually have eight inputs. Apparently only four pins
were free on Denise so Commodore used the following method to read
all of the inputs: The eight input lines from the two game ports go to a
switch which connects either the four lines from the front or back port
to the four inputs on Denise. This switching is performed in synchon-
ization with Denise’s clock so that Denise can divide these four lines
into two registers internally, one for each game port. More about the
game ports can be found in the section on interfaces.

1.2.3.6

Figure
1.2.3.6.1

The structure of Paula
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NOTE: The arrows indicate the direction of the signal. A line above a
signal name means that the signal is active when low (O=active).
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Figure
1.2.3.6.2

Data bus: D0-15
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Paula’s tasks fall mainly in the I/O area, namely the diskette I/O, the
serial /O, the sound output and reading the analog inputs. In addition,
Paula is in charge of all interrupt control. All of the interrupts which
occur in the system run through it. From these fourteen possible inter-
rupt sources Paula creates the interrupt signals for the 68000. Interrupts
on levels 1-6 are created on the IPL lines of the 68000. Paula gives the
programmer the possibility to allow or prohibit each of the fourteen
interrupt sources.

The disk data transfer and the sound output are performed through
DMA. When transferring data from the diskette it is not always pos-_
sible to predict when the next data word is ready for a DMA transfer by
Agnus. Reasons for this include unavoidable speed variations of the
disk drive. Even for the sound output, Agnus does not know when the
data are needed. To make a smooth DMA transfer possible, Paula has a
DMAL line which it can use to tell Agnus when a DMA access is
needed. :

The serial communication is handled by a UART component inside
Paula. UART stands for Univeral Asynchronous Receive Transmit.

The function of the UART and the four audio channels and the analog
ports are described later in the section on programming the custom
chips.

As previously, here is the description of the pin functions:

As with the other chips, connected to the chip data bus.
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Register address bus: RGA 1-8
As with Denise.
The clock signals and reset: CCK, CCKQ, and RES

Paula contains the same clock signals as Agnus. The reset line RES
returns the chip to a defined start-up state. :

DMA request: DMAL

With this line Paula signals Agnus that a DMA transfer is needed.
Audio outputs: AUDL and AUDR

The outputs AUDL and AUDR (Left AUDio and Right AUDio) are
analog outputs on which Paula places the sound signals it generates.
AUDL carries the internal sound channels 0 and 3, and AUDR the
channels 1 and 2.

The serial interface lines: TXD and RXD

RXD (Receive Data) is the serial input to the UART and TXD (Trans-
mit Data) is the serial output. These lines have TTL levels, which
means that their input/output voltages range from 0 to 5 volts. An
additional level converter creates the +12/-5 volts for the RS-232 inter-
face standard.

The analog inputs: POTOX, POTOY, POTIX, POTIY

The inputs POTO0X and POTOY are connected to the corresponding lines
from game port 0, and POT1X and POT1Y are connected to port 1.
Paddles or analog joysticks can be connected to these inputs. These
input devices contain changeable resistances, called potentiometers,
which lie between +5 volts and the POT inputs. Paula can read the
value of these resistances and place this value in internal registers. The
POT inputs can also be configured as outputs through software.

The disk lines: DKRD, DRWD, DKWE

Through the DKRD line (DisKette ReaD) Paula receives the read data
from the diskette. The DKWD line (DisKette Write) is the output for

data to the disk drive. The DKWE line (DisKette Write Enable) serves
to switch the drive from read to write.

The interrupt lines: INT2, INT3, INT6 and IPLO, IPL1, IPL2

Paula receives instructions through the three INT lines to create an
interrupt on the appropriate level, The INT2 line is normally the one
connected to the CIA-A 8250. This line is also connected to the expan-
sion port and the serial interface. If it is low, Paula creates an interrupt
on level 2 provided that an interrupt at this level is allowed. The INT3
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line is connected to the corresponding output from Agnus and the INT6
line to CIA-B and the expansion port. All other interrupts occur within
the I/O components in Paula.

The IPLO-IPL2 lines (Interrupt Pending Level of the 68000, see Section
1.2.1) are connected directly to the corresponding processor lines. Paula
uses these to create a processor interrupt at a given level.

1.2.3.7 Features of the Amiga 500

The descriptions of the Amiga hardware in this section originally came
from the Amiga 1000. By large they also apply to the Amiga 500.
None of the fundamental structure is changed in the Amiga 500, but an
attempt was made to produce a less expensive version of the computer.
The biggest differences between the two models lie in the division of
the various hardware elements among the individual chips.

On the Amiga 1000, the custom chips require a large number of simple
logic circuits to create the clock signals and serve for bus control and
address decoding. On the Amiga 500, almost all of these logic functions
are combined into larger chips. A new section was added to the Agnus
chip and the new chip was given the name Fat Agnus (part number

8370).
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Figure 1.2.3.7.1 shows the pin layout for Fat Agnus. If some of the
normal Agnus pins do not show up, it is because they were connected
to circuits which are now inside Fat Agnus. These are the new func-
tions integrated into Agnus:

All clock generation for the Amiga system is now integrated into Fat
Agnus. Only the 28MHz main clock is needed. The lines belonging to
this function block are:

28MHz, XCLK, XCLKEN, 7MHz, CCKQ, CCK and CDAC

In Figure 1.2.3.1 we showed a buffer which connects the address bus of
the Amiga to the chip RAM address bus and multiplexed the register
address bus and the processor address correspondingly. This buffer is
completely integrated into Agnus. The processor address bus can now
be connected directly to the lines. A1 to A18 of Fat Agnus. The address
decoder uses the two signals RAMEN (RAM ENable) and RGEN
(ReGister ENable) to signal that the processor wants to access RAM or
the register area. In addition, Agnus is now connected to the processor
signals UDS, LDS and PR/W (Processor Read/Write).

The control of the chip RAM is now handled entirely by Agnus. Agnus
creates the necessary RAS and CAS signals together with the multi-
plexed RAM addresses. In addition, Agnus has the ability to manage an
additional 512KB RAM, for a total of 1 megabyte. The two banks are
selected by means of the RAM control signals RASQ and CASO for the
chip RAM and RAS1 and CAS1 for the RAM expansion.

None of the principle functions of Agnus as described in Section
1.2.3.1 have changed.

In addition to Fat Agnus, a fourth custom chip was added. This chip is
called Gary and takes over the functions of the address decoder and bus
controller. It creates the control signals for all the chips in the Amiga,
as well as VPA and DTACK for the processor.

Also, Gary contains the reset logic and the motor flip-flop for the disk
drive (see Section 1.3.5).
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1.3 The Amiga interfaces

Figure 1.3.1 Amiga 500
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external disk drive interface
serial (RS232C) interface
Centronics printer interface
power connection (Amiga 500 only)
RGB connector
10 composite video jack
11 TV modulator jack (Amiga 1000 only)
12 Keyboard connection
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1.3.1

Figure 1.3.1.1

The audio/video interfaces
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The video connectors are quite different from one Amiga model to
another. The most sparse of these is the early Amiga 2000, which had
no composite video connectors. It has a connector to add a video
modulator or a genlock interface available internally on the board. The
Amiga 500, the Amiga 1000 and later Amiga 2000s have a video
output in the form of a RCA jack phono connector. The video signal
on this connector is a standard NTSC signal and can be connected to
any standard monitor. The video signal travels through a transistor
buffer with an output resistance of 75 Ohms, making it short-circuit

proof.

On all Amiga models the audio signal is available through two phono
connectors on the rear of the case. The right stereo channel is the red
connector and the left is the white. A standard stereo phono cable can be
used to connect these jacks to a stereo (AUX, TAPE or CD input). The
output resistance of each channel is 1 KOhm (1000 Ohms). The out-
puts are protected against short circuit and have 360 Ohms inpedance.’
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The Amiga 1000 has another audio/video connector. The TV Mod con-
nector was originally intended for connection of an RF modulator which
would allow an ordinary television to be used with the Amiga. This RF
modulator was never constructed.

What’s left is a connector which carried both the video signal as well as
both sound channels. This also includes a 12 volt connection intended
to power the modulator. The video output at this jack has its own tran-
sistor buffer, and is not simply connected to the video phono jack. The
two audio pins also have their own 1KOhm output resistances. But
since they do not have an internal load resistance, their signals in an
unloaded state is about four times higher than those at the audio phono
COTNectors.

The TV Mod jack is an eight-pin connector. Suitable plugs for such
connectors are hard to come by. It is useful to note, however, that the
TV Mod connector is the same as the C64 video connector.

1.3.2 The RGB connector

rigre 1321 (DOOOCCOOO®OG
OOEEO®EO@AO®

INPUT 1 XCLK External clock frequency
INPUT 2 XCLKEN Switch for external clock
OUTPUT 3 R Analog red signal
OUTPUT 4 G Analog green signal
OUTPUT 5 B Analog blue signal
OUTPUT 6 DI Digital brightness signal
OUTPUT 7 DB Digital blue signal
OUTPUT 8 DG Digital green signal
OUTPUT 9 DR Digital red signal
OUTPUT 10 QCSY Buffered composite sync signal
IN/OUT 11 HSY Horizontal synchronization signal
IN/OUT 12 VSY Vertical synchronization signal
13 GND
OUTPUT 14 2D Background indicator signal
OUTPUT 15 ClU Amiga ClU timer (3.58 MHz)
16 GND
17 GND
18 GND
19 GND
20 GND

21 -5 volts
22 +12 volts
23 +5 volts
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The RGB connector is the same on all three Amiga models. It allows
various RGB monitors to be connected as well as special expansions
such as a genlock adapter. To connect an analog RGB monitor like the
Amiga monitor, all three analog RGB outputs and the Composite Sync
output are used. The RGB signal on these three lines comes from the
conversion of the buffered digital RGB signals from Denise into suit-
able analog signals by means of three 4-bit digital-to-analog converters.
The composite sync signal comes from Agnus and is formed by mixing
the horizontal and vertical sync signals. All of these four lines are pro-
vided with transistor buffers and 75 Ohm output resistances.

The lines DI, DB, DG and DR are provided for connecting a digital
RGB monitor. The source of the digital RGB signals is the digital RGB
output from Denise (Fig. 1.2.3.4.1). The three color lines are connected
to the most signficant color line of Denise (for example, DB to B3
from Denise). A 74HC244 buffer lies between Denise and these
outputs. Interestingly, the intensity or brightness line DI is connected
to the BO line. The four lines have 47 Ohm output resistances and have
TTL levels, since they come from the 74HC244.

The HSY and VSY connections on the RGB connector are provided for
monitors which require separate synchronization signals. Caution
should be exercised with these lines since they are connected through 47
Ohm resistors directly to the HSY and VSY pins of Agnus. They also
have TTL levels.

If the genlock bit in Agnus is set (see the section on programming the
hardware), then these two lines become inputs. The Amiga then synch-
ronizes its own video signal to the synchronization signals on the HSY
and VSY lines. These lines also require TTL levels when they’re input.
As usual, the synchronization signals are active low, meaning that they
are normally at 5 volts. Only during the active synchronization pulse is
the line at 0 volts.

Another signal, related to genlock, is the ZD signal (Zero Detect). The
Amiga places this signal low whenever the pixel currently being dis-
played is in the background, in other words, whenever its color comes
from color register 0.

During the vertical blanking gaps, when VSY=0, the function of the
ZD line changes. Then it reflects the state of the GAUD (Genlock
AUDio enable) bit from Agnus register $100 (BPLCONO). This signal
is used by the genlock interface to switch the sound signal.

Normally the ZD line is not of interest to the normal user §incq it is
used only by the genlock interface. The ZD signal from Denise pin 33
is buffered with a 74HC244 driver, so that the signal has TTL levels.

The remaining lines of the RGB connector have nothing to do with the
RGB signal. :
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The C1U signal is a 3.58MHz clock line and corresponds to the invert-
ed clock signal of the custom chip.

The XCLK (eXternal CLocK) and XCLKEN (eXternal CLocK ENable)
lines are used to feed an external clock frequency into the Amiga. All
clock signals in the Amiga are derived from a single 28MHz clock.
This 28MHz master clock can be replaced by another clock frequency on
the XCLK input by pulling the XCLKEN low. This allows the Amiga
to be accelerated, for example, by placing a 32MHz or higher clock on
XCLK. How long the Amiga hardware continues to function at higher
speeds must be determined experimentally. The ground pin 13 should be
used when using the XCLK and XCLKEN lines. It is connected directly
to the ground line of the clock generation circuit.

1.3.3

Figure 1.3.3.1

The Centronics interface
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Output 1 /Strobe — data ready
/0 2 Data bit 0
/0 3 Data bit 1
/0 4 Data bit 2
/0 5 Data bit 3
/o 6 Data bit 4
/O 7 Data bit 5
/0 8 Data bit 6

10 9 Data bit 7

Input 10 /Acknowledge — data received
/0 11 BUSY - printer busy

/0 12 Paper Out

0] 13 Select — printer ONLINE

14 +5 volts
15 unused
Output 16  Reset/ buffered reset line from the Amiga
1725 GND
On the Amiga 1000 some lines are used differently:
1422 GND
23, +5volts
24 unused

Output 25 Reset / buffered reset line from the Amiga

The Centronics interface on the Amiga should bring joy to any hacker’s
heart. It is completely PC compatible. Any IBM-compatible printer can
be connected directly to it. This gives the Amiga a large supply of prin-
ters ready to be connected to it. Unfortunately, this applies only to the
Amiga 500 and Amiga 2000. The Amiga 1000 Centronics port does
not conform to the PC standard. First, a female connector was used
instead of the usual male DB-25 connector, and second pin 23 is +5
volts instead of ground as it is usually on most printer cables. If such a
cable is used with the Amiga 1000, a short occurs and the Amiga can
be damaged. As a result, you are generally forced to make custom cables
for the Amiga 1000.

Internally all of the Centronics port lines (except for § volts and Reset)

are connected directly to the port lines of the individual CIA’s. The
exact assignment is as follows:
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Centronics pin No. Function CIA ___Pin__Pin designation
1 Strobe A 18 PC
2 Databit0 A 10 PBO
3 Data bit 1 A 11 PB1
4 Databit2 A 12 PB2
5 Data bit 3 A 13 PB3
6 Databit4 A 14 PB4
7 Databit5 A 15 PB5
8 Databit6 A 16 PB6
9 Data bit 7 A 17 PB7
10 Acknowledge A 24 PB8
11 Busy B 2 PAO

and39 SP
12 Paper Out B 3 PA1

and40 CNT
13 Select B 4 PA2

The Centronics interface is a parallel interface. The data byte lies on the
eight data lines. When the computer has placed a valid byte on the data
lines it clears the STROBE line to 0 for 1.4 microseconds, signalling
the printer that a valid byte is read for it. The printer must then acknow-
ledge this by pulling the Acknowledge line low for at least one micro-
second. The computer can then place the next byte on the bus.

The printer uses the BUSY line to indicate that it is occupied and can
not accept any more data at the moment. This occurs when the printer
buffer is full, for example. The computer then waits until BUSY goes
high again before it continues sending data. With the Paper Out line the
printer tells the computer that it is out of paper. The Select line is also
controlled by the printer and indicates whether it is ONLINE (selected,
SEL high) or OFFLINE (unselected, SEL low).

The Centronics port is well suited as a universal interface for connect-
ing home-built expansions or an audio digitizer or an EPROM burner,
since almost all of its lines can be programmed to be either inputs or
outputs.
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1.3.4 The serial interface

Amiga 500/Amiga 2000

Ledlz 3 1[a]ls le1{7 [I8][o ]{rof[1a][z2][13]

{14][15]]16][17]18]]19]]20]|21]|22]|23][|24]|25]

DB-25 male

Amiga 1000

[13)[12ffrfjro[o {8 ]]7 |[e |[s |4 ][3][2][1]

125]|2 4]|2 3] {2 2]|2 1]|2 o |1 9]|1 8] |1 7| [1 6] |1 5] |1 4]

Output
Input
Output
Input
Input

Input

Output

Input
Output
Input

=_m\ODOONAWVHWN =
5:0\0 [}

b ek bk
[« X7 ) X7

DB-25 female

GND (chassis ground)
TXD Transmit Data

RXD Receive Data

RTS Request To Send
CTS Clear To Send

DSR Data Set Ready
GND (signal ground)

CD Carrier Detect

+12 volts

-12 volts

AUDOUT left sound channel output
unused

unused

unused

unused

unused

unused

AUDIN input to right sound channel
unused

DTR Data Terminal Ready
unused

RIRing Indicator

unused

unused

unused
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Serial data
lines
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On the Amiga 1000 some lines are assigned differently:

9 unused
10  unused
11  unused
12 unused
13  unused
14 -5volts

Output 15  AUDOUT left sound channel output
Input 16  AUDIN input to right sound channel
Output 17  E Buffered E clock (716KHz)

Input 18  /INT2 Interrupt on level 2 through Paula

19  unused
Output 20 DTR Data Terminal Ready
21  +5 volts
22  unused
23 +12 volts

Output 24 MCLK Clock output 2.58MHz
Output 25 /MRES Buffered reset output

The serial interface has all of the usual RS-232 signal lines. In addition,
there are many signals on this connector which have nothing to do with
serial communications. Unfortunately, the assignment of the pins again
differs on the Amiga 500 and 1000.

The lines TXD, RXD, DSR, CTS, DTR, RTS and CD belong to the
RS-232 interface. The TXD and RXD lines are the actual serial data
lines. The TXD line is the serial output from the Amiga and RXD is
the input. They are connected to the corresponding lines of Paula. The
DTR line tells the peripheral device that the Amiga’s serial interface is
in operation. The RTS line tells the peripheral that the Amiga wants to
send data over the serial line. The peripheral uses the CTS line to tell
the Amiga that it is ready to receive it. The CD signal is usually used
only with a modem and indicates that a carrier is being received.

These five RS-232 control lines are connected to CIA-B, PA3-PA7 as
follows: DSR-PA3, CTS-PA4, CD-PAS, RTS-PA6 and DTR-PA7.
The RI line is connected through a transistor to the SEL line of the
Centronics interface.

To bring the signals up to RS-232 standards, the CIA lines are routed
to the connector through RS-232 drivers. Inverting signal converters of
the 1488 type are used for the output drivers. They require a power sup-
ply of +12 and -5 volts. The output voltage is also in this range. Chips
of the type 1489A are used for the input buffers. These accept voltages
between -12 and +0.5 volts as low and the range +3 to +25 volts as
high.

The conventions for RS-232 interfaces dictate that the control lines be
active high, while on the data lines TXD and RXD a logical 1 be repre-
sented as a low signal. Since the drivers invert, the corresponding port
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bits in CIA-B are also active low, so that a 0 value from CIA-B is used
to set the corresponding RS-232 control line to high. The same also
applies to the inputs, of course.

The remaining lines on the RS-232 connector have nothing to do with
RS-232. The AUDOUT line is connected to the left audio channel and
provided with its own 1 KOhm output resistance. The AUDIN line is
connected directly to the AUDR pin of Paula through a 47 Ohm resis-
tor. Audio signals fed into the AUDIN line on the Amiga are sent along
with the right sound channel from Paula to the low-pass filter (see
audio programming) to the right audio output. Nothing else is done to
the signal. The INT2 input is directly connected to the INT2 input to
Paula and can generate a processor interrupt of level 2 if the correspond-
ing mask bit is set in Paula (see the section on interrupts). The E line
is connected through a buffer to the processor E clock (see Section
1.2.1). A frequency of 3.58 MHz is available on the MCLK line. This
clock is not in phase with either the RGB clock or the 3.58 MHz
clocks for the custom chips. Finally, the reset signal is also available
on this connector, naturally buffered.

1.3.5

Figure 1.3.5.1

External drive connector

3] 27 1] (29 3] (e 7] (] 3] []

\EjllﬂLIOIILJIﬂILII s 151« 11

DB-23 female

Input 1 /RDY Disk ready signal
Input 2 /DKRD Read data from disk

3 GND

4 GND

5 GND

6 GND

7 GND
Output 8 /MTRX Motor on/off
Output 9 /SEL2 Select drive 2
Output 10 /DRES Disk reset (turn motors off)
Input 11  /CHNG Disk change

12 +5 volts
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Figure 1.3.5.2
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Output 13  /SIDE Side selection

Input 14  /WPRO Write protect

Output 15  /TKO Track O indicator

Output 16 /DKWE Switch to write

Output 17 /DKWD Write data to disk

Output 18 /STEP Move the read/write head

Output 19  /DIR Direction of head movement

Output 20 /SEL3 Select drive 3

Output 21  /SEL1 Select drive 1

Input 22  /INDEX Index signal from drive
23 +12 volts

3234

3133

2 4 6.

IR EENEN

ifiinnnni
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2-row, 34-pin plug

All odd pins are grounded.

2 /ICHNG 4 /INUSE (connected to /MTROD)
6 unused 8 /INDEX

10 /SELO 12 unused

14 unused 16 /MTRO

18 DR 20 /STEP

2 /DKWD 24 /DKWE

26 /TKO 28 /WPRO

30 /DKRD 32 /SIDE

34 /RDY

Power connector for the internal drive:

1 +5 volts
2 GND

3 GND

4 +12 volts

The disk drive connection on the Amiga is compatible with the Shugart
bus. It allows up to four Shugart-compatible disk drives to be connect-
ed. The four drives are selected with the four drive selection SELx
signals, where x is the number of the drive to select. Since the Amiga
already has a built-in disk drive, only the SEL1, SEL2 and SEL3 lines
are available on the external drive connector. The SELO line is connect-
ed to the internal connector to which the built-in drive is connected.
Following is a description of the Shugart bus signals on the Amiga:
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Shugart bus
signals

SELX

DRES

DKRD

DKWD

DKWE

SIDE

WPRO

1.3 THE AMIGA INTERFACES

The Amiga uses the SELX line to select one of the four
drives. Except for the MTRX and DRES lines, all other
signals are active only when the corresponding SELX line is
activated.

Normally this line causes all connected drives to turn their
motors on. With a maximum of up to four drives, this is
not an acceptable solution. Therefore the Amiga has a flip-
flop for each drive which takes on the value of the MTRX
line whenever the SEL line for the given drive goes low.
The output of the flip-flop is connected to the¢ MTR line of
the drive. This allows the drive motors to be turned on and
off independently. For example, if the SELO line is placed
low while the MTRX line is at 0, the motor on the internal
floppy turns on. For the internal drive this flip-flop is on
the motherboard. For each additional drive, an additional one
is needed. On the 1010 disk drive Commodore placed this
flip-flop on a small adapter board.

When the MTR line of the corresponding drive goes to 0,
the RDY line (ready) signals the Amiga that the drive motor
has reached its optimum speed and the drive is now ready for
read or write accesses. If the MTR line is 1, so that the drive
motor is turned off, it is used for a special identification
mode (see below).

The DRES line (Drive RESet) is connected to the standard
Amiga reset and is used only to reset the motor flip-flop so
that all motors are turned off.

The data from the drive selected by SELX travels to the
Amiga through the DKRD line (DisK Read Data) to the
DKRD line on Paula.

Data from Paula’s DKWD pin to the current drive, which
then writes it to the diskette.

The DKWE line (DisK Write Enable) switches the drive
from read to write. If the line is high, the data are read from
diskette, while if it is low, data can be written to diskette.

The SIDE line selects which side of the diskette the data are
read from or written to. If it is high, side O (the lower read/
write head) is active. If it is low, side 1 is selected.

The WPRO line (Write PROtect) tells the Amiga that the

inserted disk is write-protected. If a write-protected disk is in
the drive, the WPRO line is 0.
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STEP

DIR

TKO

INDEX

CHNG

INUSE

AMIGA SYSTEM PROGRAMMER'S GUIDE

A positive transition on the STEP line moves the read/write
head of the drive one track in or out, depending on the state
of the DIR line. The STEP signal should be at 1 when the
SEL line of the activated drive if set back to high or there
may be problems with the diskette-change detection.

The DIR line (DIRection) sets the direction in which the
head moves when a pulse is sent on the STEP line. Low
means that the head moves in toward the center of the disk
and high indicates out toward the edge of the disk. Track 0 is
the outermost track on the disk.

The TKO (TracK 0) line is low whenever the read/write head
of the selected drive is on track 0. This allows the head to be
brought to a defined position.

The INDEX signal is a short pulse which the drive delivers
once per revolution of the diskette, between the start and end
of a track.

With the CHNG (CHaNGe) line the drive signals the Amiga
that the diskette has been changed. As soon as the diskette
has been removed from the drive, the CHNG line goes low.
The line stays low until the computer issues a STEP pulse.
If there is a diskette in the drive again by this time, CHNG
goes back to 1. Otherwise it stays at O and the computer
must issue STEP pulses at regular intervals in order to
detect when a diskette has been inserted in the drive. These
regular STEP pulses are the cause of the clacking noises that
an Amiga drive makes when no diskette is inserted.

The INUSE line exists only on the external floppy connec-
tor. If this line is placed low, the drive turns its LED on.
Normally this line is connected to the MTR line.

To recognize when a drive has been connected to the bus, there is a
special drive identification mode. A 32-bit word is read serially from the
drive. To start this identification, the MTR line of the drive in question
must be turned on and then off again (The description of the MTRX
line tells how this is done). This resets the serial shift register in the
drive. The individual data bits can then be read by placing the SELX
line low and reading the value of the RDY as a data bit and then placing
the SELX line high again. This process is repeated 32 times. The bit
first received is the MSB (Most-Significant Bit) of the data word. Since
the RDY line is active low, the data bits must be inverted.

The following are standard definitions for external drives:

$0000 0000 No drive connected (00)
$FFFF FFFF  Standard Amiga 3 1/2" drive (11)
$5555 5555  Amiga 5 1/4" drive, 2x40 tracks (01)
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Connecting an
external drive
to the Amiga

Figure 1.3.5.3

1.3 THE AMIGA INTERFACES

As you can see, there are currently so few different identifications that it
suffices to read just the first two bits. The values in parentheses are the
combinations of these two bits.

As mentioned before, all of the lines except DRES affect only the drive
selected. Originally the MTRX line was also independent of SELX, but
the Amiga developers changed this by adding the motor flip-flop.

All lines on the Shugart bus are active low because the outputs in the
Amiga as well as the drives themselves are provided with open-collector
drives. In the Amiga these drives are 7407’s.

The four inputs CHNG, WPRO, TKO and RDY are connected in this
order directly to PA4-PA7 of CIA-A. The eight outputs STEP, DIR,
SIDE, SELO, SEL1, SEL2, SEL3 and MTR come from CIA-B, PB0-7
and are connected through the 7407 drivers to the internal and external
drive connectors. Since these drivers are non-inverting, the bits from the
CIA’s are inverted. The DKRD, DKWD and DKWE line come from
Paula. Except for the MTRX line and the SEL signals, the connections
to the internal and external floppies are the same. The internal drive is
connected to SELO. Its MTR line is derived from the flip-flop on the
motherboard.

It’s pretty hard to get by with just one drive on the Amiga. But when
the desire for a second drive becomes overpowering, the question arises:
Should I buy one or build it myself? Since normal two-sided 3 1/2”
drives, as used in the Amiga, have recently become available for a frac-
tion of the price of the original Amiga second drive A1010, homebrew
is a good alternative. What has to be done?

The connector for a 3 1/2” drive like the NEC FD1035 or FD 1036 is
identical to the 34-pin connector used for the internal drive on the
Amiga, as is the power connector. To connect a drive like the FD1035,
all you have to do is add the motor flip-flop. Figure 1.3.5.3 shows the
corresponding circuit.

1 —1 F
MTRX8 D [} Q 4 INUSE
+5VOLTS 16 MTR
r v
Nt 12K
+5 VOLTS )
1 2CHNG
22 8 INDEX
21 10 SELO
19 18 DIR
18 20 STEP
17 22 DKWD
16 24 DKWE
15 26 TKP
14 28 WPRO
2 30 DKRD
13 32 SIDE
1 34RDY
3.4,5.6.; T all od?lOLTs
1 145
L— 236N

]

4 +12VOLTS
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As you can see, the F1 flip-flop stores the signal on the MTRX line
when the SEL1 line goes from high to low. Since the flip-flop stores
the value on its data input on the leading edge of the clock, SEL1 must
be inverted. This is accomplished by the NAND gate N1. The Q output
is connected directly to the MTR input of the second drive.

The N2 NAND gate has nothing to do with motor control. It is used for
the identification mode mentioned earlier, which most standard drives do
not support. Whenever the motor is turned off and the SEL1 line is
active (0), this gate pulls the RDY line low. Thus the Amiga recog-
nizes this drive as a standard 3 1/2” drive with the number DF1:.

Since only half of the two IC’s required are actually used, they can also
be used to add a second additional drive. The inputs of N1 must then be
connected to SEL2 (pin 9 on the extemal drive connector).

Some jumpers have to be added to most drives so that the CHNG line
works properly. The best source for this information is the manual for
the drive in question. As an example, jumper J1 has to be shorted on an
NEC FC1035.

1.3.6

Figure 1.3.6.1
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GRANONG

9-pin female

Use as:
Mouse port Joystick _ Paddle Lightpen

Input 1 V-pulse Up unused
Input 2 H-pulse  Down unused
Input 3 VQ-pulse Left Left button unused
Input 4 HQ-pulse Right Right button unused
/O s (Button 3) unused Right port button
1o 6 Button1 Fire button  unused LP signal

7 +5 volts  +5 volts +5 volts

8 GND GND GND
/0 9 Button2  unused Left port unused
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Game port 0:

Game port 1:
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The game ports are inputs for input devices other than the keyboard,
such as a mouse, joystick, trackball, paddle or lightpen. There are two
game ports. The left one is numbered game port 0 and the right game
port 1. The pin assignment of both ports is identical, except that the
LP line is present only on game port 0. Internally the game ports are
connected to CIA-A, Agnus, Denise and Paula.

Pin no.  Chip Pin
1 Denise MOV (via multiplexer)
2 Denise MOH (via multiplexer)
3 Denise M1V (via multiplexer)
4 Denise M1H (via multiplexer)
5 Paula POY
6 CIA-A PA6
as well as Agnus LP
9 Paula POX
Pin no.  Chip Pin
1 Denise MOV (via multiplexer)
2 Denise MOH (via multiplexer)
3 Denise M1V (via multiplexer)
4 Denise MIH (via multiplexer)
5 Paula P1Y
6 CIA-A PA7
9 Paula P1X

The function of the multiplexer is explained in Section 1.2.3.2.

The pin assignments for the various input devices were chosen so that
almost all standard joysticks, mice, paddles and lightpens can be used. It
is possible to use lightpens intended for the C64, for example. The
button line is usually connected to a switch which is pressed when the
lightpen touches the screen. The LP line is the actual lightpen signal,
which is generated by the electronics in the pen when the electron beam
passes its tip.

All of the lines labelled button and the four directions for the joystick
are active low. In the various input devices are switches which are con-
nected between the input and ground (GND). A high signal on the input
means an open switch, while a closed switch generates a low.

Paddles (varying resistances potentiometers) can be connected to the
P0X, POY, P1X and P1Y analog inputs. Their value should be 470
KOhms and they should be connected between the corresponding input
and +5 volts.

The two fire-button lines connected to CIA-A can naturally be pro-
grammed as outputs. Some care must be exercised not to overwrite the
lowest bit of the port register, or the system crashes (PAO:OVL).
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The section on progranuning the custom chips explains how the game
port lines are read.

The +5 volt line on the two game ports is not connected dn'ectly to the
Amiga power supply. A current-protection circuit is inserted in these
lines which limits the short-term peak current to 700 mA and the oper-
ating current to 400 mA. This makes these outputs short-circuit proof.
To prevent the voltage on these two +5 volt pins from falling off too
much, the current draw on the two ports should not exceed a total of

250 mA.
Unfortunately, this protection measure has been omitted from the
Amiga 500 and 2000.
1.3.7 The expansion port
... 79 81 83 85
2 4 6 8 * 80 82 84 86

86-pin printed circuit connector
(Amiga 500/Amiga 1000)

1 GND 2 GND

3 GND 4 GND

5 +5 volts 6 +5 volts
7 Expansion 8 -5 volts
9 Exp. (28M on A2000) 10 +12 volts
11 Expansion GND

13 GND 14 IC3

15 CDAC 16 /C1

17 /OVR 18 XRDY
19 /INT2 20 /PALOPE (unsed on A2000)
21 AS 22 /INT6

23 A6 24 A4

25 GND 26 A3

27 A2 28 A7

29 Al 30 A8

31 FCO 32 A9

33 FC1 34 A10

35 FC2 36 All

37 GND 38 A12
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3 A3 40 /TPLO
41 AM 42 /IPL1
43 Al5 44 /TPL2
45 Al6 46 /BERR
47 A17 48 /VPA
499 GND 50 E

51 /VMA 52 Al8
53 /RES R7 ] A19
5§ /HLT 56 A20
57 A2 58 A21
59 A23 60 /BR

61 GND 62 /BGACK
63 PDi1S 64 BG

65 PDI4 66 /DTACK
67 PD13 68 /PRW
69 PDI12 70 /LDS
71 PD11 72 /UDS
73 GND 74 /AS
75 PDO 76 PD10
77 PD1 78 PD9
79 PD2 80 PD8
81 PD3 82 PD7
83 PD4 84 PD6
8 GND 86 PD5

The expansion port makes available virtually all of the important con-
trol lines and bus signals present in the Amiga system. It can be used
to connect RAM expansions, new processors, hard disk controllers, etc.
On the Amiga 1000 this port is located near the two game ports behind
an easily removable plastic panel. On the Amiga 500 it is placed on the
left side of the case, as seen from the front. It takes the form of an 86-
pin edge connector. The distance between the pins is 1/10 inch. Suit-
able sockets for this connector are not easy to find at this time.

On the Amiga 2000 there are two different connections. One is the
MMU connector which corresponds closely to that listed above (note
parentheses), and the other is the five 100-pin Amiga connectors (also
called the Zorro bus). On the Amiga 2000 these six connectors are
found on the motherboard inside the case. They are sockets for 86- or
100-pin edges card. The distance between contacts is again 1/10 inch.

Most of the signals on the expansion port are connected directly to the

corresponding lines of the 68000. The exact functions of these lines is
discussed in Section 1.2.1. These are the following signals:
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INT2 and INT6
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A0-A23: Address bus

PD0-PD15: Processor data bus

IPLO-IPL2: Processor interrupt lines

FCO-FC2: Function code lines from the 68000

AS, UDS, LDS, PRW, DTACK, VMA, VPA: Bus control lines
RES, HLT, BERR, BG, BGACK, BR, E: Miscellaneous control
signals from the 68000

The remaining signals have the following functions:

These two lines are connected to the Paula pins with the same names.
They are used to generate a level 2 or level 6 interrupt.

CDAC, C1, C3, and 28M on the Amiga 2000

Figure 1372 Mmmmmmmu 28 e
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CDAC
7.16 MHz

C1
3.58 MHz

C3
3.58 MHz

™
7.16 MHz

| cCK
3.58 MHz

CCKQ
3.58 MHz

These are the various Amiga clock signals. Their frequency and phase
can best be gathered from the figure above. On the Amiga 2000 the
28.64 MHz master clock of the Amiga is also available on the expan-
sion port. The clock signals 7M, CCK and CCKQ shown above are not
on the expansion port. 7M is the 68000 clock and CCK and CCKQ are
connected to the custom chips.
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XRDY, OVR
and PALOPE
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These signals are used to automatically configure an expansion board.
Unfortunately, their exact function is still unknown.

The lines labelled “Expansion” are not used. They are reserved for future
expansions to the Amiga hardware. On the Amiga 2000 they are already
used to a degree. One of the expansion lines is used to supply the 28M
clock signal.

1.3.8

Supplying powef from the interfaces

All of the interface connectors carry one or more of the three power
supply voltages present in the Amiga. This makes it possible to supply
peripheral devices with power through the given interface. You must
take into account the maximum load capability of these connections.
The following table shows the maximum loads recommended by Com-
modore on the Amiga 1000:

Interface +5 volts +12 volts -12 volts
TV Mod - 60 mA -

RGB 300 mA 175 mA 50 mA
RS232 100 mA S0 mA 50 mA
External disk 270 mA 160 mA -
Centronics 100 mA - -
Expansion port 1000 mA 50 mA 50 mA
Game port0 125 mA - -

Game port 1 125 mA - -

This table should only be used as a rough guideline. First of all, the
values given apply only when all of the ports are actually loaded at the
same time. For example, if the expansion port is not used, then an
extra 1000 mA is available at the other +5 volt connections. If it is
certain that some ports remain free in a given system configuration,
then more power remains for the other outputs. Of course, you can
always use the brute force method and continue connecting expansions
until the power supply shuts down. As (generally accidental) short
circuits have shown, this does not seem to hurt it. The reader must,
however, take responsibility himself for such experiments. Caution is
recommended especially for the +5 volt supply. A short circuit can
cause currents as high as 8 mA to flow.

Second, the table above applies only to the Amiga 1000. It cannot be
used for the Amiga 500 or 2000 since the power supplies for these

- computers have been designed differently. On the Amiga 500 the power

capability of the supply is more limited. Expansions with heavy current
draws should be given their own power supplies.
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Note:

58

The power supply on the Amiga 2000 is clearly stronger than that on
the Amiga 1000. It must be able to power entire additional Amigas and
IBM cards.

Another difference between the Amiga 500 power supply verses the
Amiga 1000 is the negative power supply. It is -12 volts instead of the
-5 volts found on the Amiga 1000. This means that wherever -5 volts
appears in this book, the Amiga 500 owner must allow for -12 volts
instead. ’
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1.4

Figure 14.1

The keyboard
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The Amiga keyboard is an intelligent keyboard. It has its own micro-
processor which handles the time-consuming job of reading the keys
and return complete key codes to the Amiga. There have been many ver-
sions of the Amiga keyboard, but they differ only in new keys added to
them and therefore new key codes as well. The figure shows the layout
of the keys and their codes for the German and American versions of the
keyboard. As you can see, the codes do not correspond to the ASCII
standard. The keyboard only returns raw key codes, which are converted
to ASCII by the operating system.

There is, however, a system to the key codes:
$00-$3F These are the codes for the letters, digits and punctuation.

Their assignments correspond to the arrangement on the
keyboard.
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CAPS LOCK
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$40-$4F The codes for the standard special keys like SPACE,

RETURN, TAB, etc.
$50-$5F
$60-$67

The function keys like HELP.

Keys for selecting different control levels (Shift, Amiga,
Alternate and Control)

The keyboard processor can do even more. It can distinguish between
when a key is pressed and when it is released. As you can see, all
keyboard codes are only 7 bits wide (values range from $00-$7F). The
eight bit is the KEYup/down flag. It is used by the keyboard to tell the
computer whether the key was just pressed or released. If the eighth bit
is zero, this means that the key was just pressed (KEYdown). If it is 1,
then the key was just released (KEYup). This way the Amiga always
knows which keys are currently pressed. The keyboard can thus be used
for other purposes which require various keys to be held simultane-
ously. This includes music programs, for example, which use the
keyboard for playing polyphonically.

One exception is the CAPS LOCK key. The keyboard simulates a
push-button switch with this key. When it’s pressed the first time, it
engages and the LED goes on. It does not disengage until it is pressed
again. The LED then turns off. This behavior is also reflected in the
KEYup/down flag. If CAPS LOCK is pressed, the LED turns on and
the key code for CAPS LOCK is sent to the computer along with a
cleared 8th bit to show that a key was just pressed. When the key is
released, no KEYup code is sent and the LED stays on. Not until
CAPS LOCK is pressed again is a KEYup code sent (with a set 8th bit)
and the LED tums off.

1.4.1

The keyboard circuit
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6500/1 micro
processor

1.4 THE KEYBOARD

The heart of the keyboard circuit is the 6500/1 microprocessor. The
6500/1 is what is called a single-chip microcomputer. It contains all of
the components necessary for a simple computer system to work. The
heart of 6500/1 is a 6502 microprocessor. In addition, it contains 2KB
ROM with the control program, 64 bytes of static RAM, 4 bidirec-
tional 8-bit ports, a 16-bit counter with its own control input, and a
clock generator.

All the 6500/1 needs for operation is a supply voltage of 5 volts and a
crystal for the clock generation. The 6500/1 is operated with a 3MHz
crystal in the Amiga keyboard. Since this frequency is divided by two
internally, the clock frequency is 1.5SMHz.

The second chip on the keyboard is a 556 precision timer. Actually,
there are two of these precision timers in the package. The 556 and a
few other components are used to provide the reset signal for the
6500/1. )

The keys are combined into two groups. The seven special-function
keys (Shift right, ALT right, Control, Amiga left, ALT left and Shift
left) are connected directly to the first seven port lines of the PB port.

All remaining keys are set up in a matrix of six rows by 15 columns.
The rows are connected to lines PA2 to PA7 of port A. These six lines
are configured as inputs. The 15 columns are controlled by ports C and
D. The 16th column, connected to PD7 is not used in the current ver-
sion of the keyboard.

When the 6500/1 reads the keyboard, it pulls each of the individual
columns low in turn. Since the outputs of ports C and D are open-col-
lector outputs without internal pull-up resistors, they are completely in
active when the output is set to 1. After the processor has pulled a line
low, it reads the six rows. The six rows are provided with internal pull-
up resistors so that all unpressed keys are interpreted as high. Each
pressed key connects one column with one row. If keys are pressed in
the column currently activated by the 6500/1, the corresponding row
inputs are low. After all of the columns have been activated and the
corresponding rows have been read, the processor knows the state of all
the keys.

If this has changed since the last time the keys were read, it sends the
appropriate key codes to the computer.
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1.4.2

Figure 1.4.2.1
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Data transfer
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The keyboard is connected to the Amiga through a four-line coiled
cable. Two of the lines are used to supply power to the keyboard elec-
tronics (5 volts). The entire data transfer takes place on the remaining
two lines. One of the lines is used for data, KDAT, and the other is the
clock line, KLCK. Inside the Amiga, KDAT is connected to the serial
input SP and KCLK is connected to the CNT pin of CIA-A (see
Section 1.2.2).

The data transfer is unidirectional. It always runs from the keyboard to
the computer. The 6500/1 places the individual data bits on the data line
(KDAT), accompanied by 20 microsecond-long low pulses on the clock

line (KCLK). 40-microsecond pauses are placed between the individual

clock pulses. This means that the transfer time for each bit is 60 micro-
seconds. This yields a 480-microsecond transfer time for one byte, or a
transfer rate of 16666 baud (bits/second).

After the last bit has been sent, the keyboard waits for a handshake
pulse from the computer. The Amiga sends this signal by pulling the
KDAT line low for at least 75 microseconds. The exact process can be
seen in the figure.

The bits are not sent in the usual order 7-6-5-4-3-2-1-0, but rotated one
bit position to the left: 6-5-4-3-2-1-0-7. For example, the key code for J
with the eight bit set = 10100110 and after rotation it is 01001101. The
KEYup/down flag is always the last bit sent.

The data line is active low. This means that a 0 is represented by a high
signal and a 1 by a low.

The CIA shift register in the Amiga reads the current bit on the SP line
at each clock pulse. After eight clock pulses the CIA has received a
complete data byte. The CIA normally generates a level-2 interrupt,
which causes the operating system to do the following:

Read the serial data register in the CIA

Invert and right-rotate the byte to get the original key code back
Output the handshake pulse

Process the received code
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1.4 THE KEYBOARD

In order to have an error-free data transfer, the timing of the sender and
receiver must match. The bit position for the serial transfer must be
identical for both. Otherwise the keyboard may have sent all eight bits,
while the serial port of the CIA is still somewhere in the middle of the
byte. Such a loss of synchronization occurs whenever the Amiga is
turned on or the keyboard is plugged into a running Amiga. The com-
puter has no way of recognizing improper synchronization, This task is
handled by the keyboard.

After each byte is sent, the keyboard waits a maximum of 145 milli-
seconds for the handshake signal. If it does not occur in this time, the
keyboard processor assumes that a transfer error occurred and enters a
special mode in which it tries to restore the lost synchronization. It
sends a 1 on the KDAT line together with a clock pulse and waits
another 145ms for the synchronization signal. It repeats this until it
receives a handshake signal from the Amiga. Synchronization is now
restored.

The data byte received by the Amiga is incorrect, however. The state of
the first seven bits is uncertain. Only the last bit received is definitely a
1, because the keyboard processor only outputs 1’s during the procedure
described above. Since this last bit is the KEYup/down flag, the incor-
rect code is always a KEYup code, or a released key. This makes
program disturbances fewer than if an incorrect KEYdown code had been
sent. This is why each byte is rotated one bit to the left before it is
sent, so that the KEYup/down flag is always the last bit sent.

There are some special cases in the transmission, which the keyboard
tells the Amiga through special key codes. The following table contains
all possible special codes:

$F9 Last key code was incorrect

$FA Keyboard buffer is full

$FC Error in keyboard self test

$FD Start of the keys held down on power up
$FE End of the keys held on power up

$F9 The $F9 code is always sent by the keyboard after a loss of
synchronization and subsequent resynchronization. This is
how the Amiga knows that the last key code was incorrect.
After this code the keyboard retransmits the lost key code.

$FA The keyboard has an internal buffer of 10 characters. When
this buffer is full, it sends an $FA to the computer to signal
that it must empty the buffer or lose characters.
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Reset through
the keyboard

$FC After it is turned on, the keyboard processor performs a self-
test. This can be seen by the brief lighting of the CAPS
LOCK LED. If it discovers an error, it sends an $FC to the
Amiga and then goes into an endless loop in which it
flashes the LED.

$FD & $FE
If the self-test was successful, the keyboard transmits all of
the keys which were held when the computer was turned on.
To tell the computer this, it starts the transmission with the
$FD code. Following this it sends the codes for the keys
which were held down while the computer was turned on,
and then an $FE. Then the normal transfer starts.

If no keys were pressed, $FD and $FE are sent in succes-
sion.

The keyboard can also generate a reset on the Amiga. If the two Amiga
keys and the Ctrl key are pressed simultaneously, the keyboard pro-
cessor pulls the KCLK line low for about 0.5 seconds. This tells the
reset circuit of the Amiga to generate a processor reset. After at least
one of these keys has been released, the keyboard also resets itself. This
can be seen by the flashing of the CAPS LOCK LED. (It is interesting
that this reset is triggered by the KCLK line, which is connected inter-
nally to the CNT line of CIA-A. Apparently, you can cause a hardware
reset through appropriate programming of this CIA).

1.4.3
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Keyboard bugs

Finally, we should mention something about the weaknesses of this
keyboard. If you have an Amiga 1000, try a little experiment: Press the
three keys A, Q and TAB at the same time. Don’t worry, your Amiga
isn’t broken. But it still is surprising that the CAPS LOCK LED
lights up without having pressed this key. The same thing works for all
other keys. For example, if you press S, W and D together, an E
always appears on the screen.
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Keycodes produced:
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The above figure illustrates this phenomenon. Each pressed key repre-
sents a short space between a row and a column. The keyboard proces-
sor controls a column and then reads the individual rows. The arrows
show the direction of this reading. It determines the order in which the
pressed keys are recognized, if more than one is held down. When the
column belonging to E is selected and the processor reads the corres-
ponding row while D, W and S are pressed, it recognizes a short
between the row and column, which it naturally takes for a pressed E.
Actually, this short is caused by the other three keys, but the keyboard
processor has no way of recognizing this. It gets even more interesting
if you hold down five keys at once. With the combination D, S, A, Q,
1, four additional codes are generated: W, 2, E and 3.

This effect can be seen in many inexpensive matrix keyboards; it isn’t
limited to just the Amiga.

The moral is that you shouldn’t develop programs in which such key
combinations are required. This is also why the Amiga, Shift, Alter-
nate, Commodore and Control keys, which are generally used in combi-
nation with other keys, are left out of the normal key matrix.
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1.5

Programming the
hardware

The previous sections involved closer looks at the hardware structure of
the Amiga. The following pages show how the three custom chips are
programmed. Now that the hardware side is clear, we’ll begin an intro-
duction to software, especially concerning the creation of graphics and

sound.

For successful programming of the Amiga at the machine level, it is
necessary to know the memory layout and the addresses of the individ-
ual chip registers.

1.5.1

The memory layout

Figure 1.5.1.1 $000000
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$080000
$100000
$180000
$200000

$A00000
$C00000

$C80000
$DC0000

$DF0000
$E00000
$E80000
$F00000
$F80000

~ $FC0000

Normal configuration

512K chip RAM

Copy of memory range
$FC0000 - $FFFFFF

copy of chip RAM

copy of chip RAM

copy of chip RAM

8MB fast RAM area

ClAs

Starting address of CIA B
Starting address of CIA A

512K expansion
(Amiga 500/2000)

Unused

Realtime clock
(Amiga 500/2000)

Base address - realtime clock|

Custom chips

|Base address - custom chips |

Unused

Expansion slot area

ROM module

256K copy of
KickStart ROM

256K
KickStart ROM
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The first figure shows the normal memory configuration of the Amiga

as it appears after booting. The entire address range of the 68000 com-

prises 16 megabytes (addresses from 0 to $FFFFFF). Given its size,

it’s no wonder that large areas are unused or that some chips appear at

several different addresses. There is no reason to be stingy with mem-

g‘ry6'18'h030 days of memory bank switching are fortunately over thanks to
e 3

The RAM area designated as chip RAM contains the normal memory of
the Amiga. If the memory expansion is not added to the Amiga 1000, it
extends only to $3FFFF. This 512K is called the chip RAM because
the three custom chips can access only this area of memory.

It is possible that processor accesses to the chip RAM can be slowed
down by the activities of the custom chips. To prevent this, the Amiga
can be expanded with what is called fast RAM. This lies at address
$200000 in memory and can accommodate up to eight megabytes.
Since the custom chips have no access to this memory, the 68000 can
operate at full speed in this area. This is the origin of the term fast
RAM. In the basic configuration, the Amiga does not have any fast
RAM.

The 512K expansion card for the Amiga 500 or 2000 lies at $C00000
to $CTFFFF. It has a special status and is neither true chip RAM nor
fast RAM. On one hand, the custom chips have no access to it, but on
the other hand, the processor can be slowed down by the custom chips
when it accesses this memory. This RAM expansion combines the bad
properties of both chip RAM and fast RAM without having any of
their positive qualities. The reason is not malice on the part of the
Amiga developers, just the.simplicity of this RAM expansion, and
therefore its low manufacturing cost.

The various registers of the CIAs appear multiple times in the range
from $A00000 to $BFFFFF. More about the addressing of the CIAs
can be obtained from Section 1.2, Here are the addresses of the individ-
ual registers at their normal positions:

CIA-A CIA-B Name Function

$BFE001 $BFD000 PA Port register A
$BFE101 $BFD100 PB Port register B
$BFE201 $BFD200 DDRA Data direction register A
$BFE301 $BFD300 DDRB Data direction register B
$BFE401 $BFD400 TALO Timer A low byte
$BFES01 $BFD500 TAHI Timer A high byte
$BFE601 $BFD600 TBLO Timer B low byte
$BFE701 $BFD700 TBHI Timer B high byte

$BFE801 $BFD800 E.LSB Event counter bits 0-7
$BFE901 $BFD900 E.MID Event counter bits 8-15
$BFEAO1 $BFDA00 E. MSB ‘Event counter 16-23

$BFEBO1 $BFDB00 - Unused

$BFECO01 $BFDC00 SP Serial port register
$BFEDO1 $BFDD00 IRC Interrupt control register
$BFEEO1 $BFDECO CRA Control register A
$BFEF01 $BFDE(OO CRB Control register B
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Custom chips The various custom chip registers occupy a 512-byte area. Each register

- 68

is 2 bytes (one word) wide. All registers are on even addresses.

The base address of the register area is at $DFF00. The effective address
is then $DFF000 + register address. The following list shows the
names and functions of the individual chip registers. Most of the regis-
ter descriptions are unfamiliar now since we haven’t discussed the func-
tion of the registers, but this list will give you an overview and will
later serve as a reference.

There are four types of registers:

r(Read) This register can only be read.
w (Write) This register can only be written.

s (Strobe) An access to a register of this type causes a one-time action
to occur in the chip. The value of the data bus, that is, the
word which is written into the register, is irrelevant. These
registers are usually only accessed by Agnus.

er (Early Read)

A register designated as early read is a DMA output register.
It contains the data to be written into the chip RAM through
DMA. There are two such registers (DSKDATR and
BLTDDAT—output registers for the disk and the blitter).
They are accessed only by the DMA controller in Agnus,
when their contents are written into the chip RAM. The pro-
cessor cannot access these registers.

A,D,P These three letters stand for the three chips Agnus, Denise

and Paula. They indicate in which chip the given register is
found. It is also possible for a register to be located in more
than one chip. On such a write access, the value is then
written into two or even all chips. This is the case when the
contents of a given register are needed by more than one
chip.
For the programmer it is unimportant where the registers are
located. The entire area can be treated as one custom chip.
The programmer needs to know only the address and func-
tion of the desired register.

pd A lowercase d means that this register is accessible only by
the DMA controller. Registers with a small p in front of
them can be used only by the processor or the Copper. If
both letters are in front of a register, it means that it is usu-
ally accessed by the DMA, but also by the processor from
time to time,
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Number of registers: 197
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Registers which are normally accessed only by the DMA controller: 54
Base address of the register area: $DFF00

Name
BLTDDAT

DMACONR
VPOSR
VHPOSR
DSKDATR
JOYODAT
JOYIDAT
CLXDAT
ADKCONR
POTODAT
POTIDAT
POTGOR
SERDATR

DSKBYTR
INTENAR

INTREQR
DSKPTH

COPCON
SERDAT
SERPER

JOYTEST

STRVBL

STRHOR
STRLONG

Reg. addr. Chip R/W p/d Function

000 A er d Blitter output data (from blitter
to RAM)

002 AP r P Read DMA controller register

004 A r P MSB of the vertical position

006 A r p  Vertical and horizontal beam
position

008 P er d Disk read data (from disk to

00A D r P Joystick/mouse position game
port 0

00C D r P Joystick/mouse position game
port 1

00E D r p Collision register

010 P r P Read audio/disk control register

012 P r P Read potentiometer on game

. port O

014 P r P Read potentiometer on game
port 1

016 P r P Read pot. port data

018 P r P Read serial port and status

01A P T P Read disk data byte and status

01C P r P Read interrupt enable

01E P r P Read interrupt request

020 A w p Disk DMA address bits 16-18

022 A w p Disk DMA address bits 1-15

024 P w p Disk DMA block length

026 P w d Disk write data (from RAM to
disk)

028 A w d Refresh counter

02A A W p Write MSB of the vertical beam
position

02C A W p Write vertical and horizontal
beam position

02E A w p Copper control register

030 P W p Write serial data and stop bits

032 P w p Serial port control register and
baud rate

034 P W p Write pot. port data and start
bit

036 D w p Write in both mouse counters

038 D 8 d Horizontal sync with VB and
equal frame

03A D 8 d Horizontal sync with vertical
blank

03C DP s d Horizontal sync signal

03E D 8 d Long horizontal line marker
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Copper The following registers can be accessed by Copper when COPCON=1.
Registers

Name _ Reg addr Chip R/W p/d Function

BLTCONO 040

A w p Blitter control register 0
BLTCON1 042 A w p Blitter control register 1
BLTAFWM 044 A w p Mask for the first data word from A
BLTALWM 046 A w p Mask for the last data word from A
BLTCPTH 048 A w p Address of the source data C bits 16-18
BLTCPTL 04A A w p Address of the source data C bits 1-15
BLTBPTH 04C A w p Address of the source data B bits 16-18
BLTBPTL O04E A w p Address of the source data B bits 1-15
BLTAPTH 050 A w p Address of the source data A bits 16-18
BLTAPTL 052 A w p  Address of the source data A bits 1-15
BLTDPTH 054 A W p  Address of the destination data D bits
16-18
BLIDPTL 056 A w p Address of the destination data D bits
1-15
BLTSIZE 058 A w p Start bit and size of the blitter window
— 05A ‘ unused
— 05C unused
- 05E unused
BLTCMOD 060 A w p Blitter module for source data C
BLTBMOD 062 A w p Blitter module for source data B
BLTAMOD 064 A w p Blitter module for source data A
BLTDMOD 066 A w p Blitter module for destination data D
— 068 unused
— 06A unused
- 06C unused
— 06E unused
BLTCDAT 070 A d Blitter source data register C
BLTBDAT 072 A w d  Blitter source data register B
BLTADAT 074 A w d Blitter source data register A
- 076 unused
— 078 unused
— 07A unused
- 07C unused
DSKSYNC O7E P w p Disk sync pattern
Copper The following registers can always by written by the Copper:
Registers
Name Reg addr Chip R/W p/d Function
COPILCH 080 A w p Address of the 1st Copper list bits 16-18
COPILCL 082 A w p Address of the 1st Copper list bits 1-15
COP2LCH 084 A w p Address of 2nd Copper list bits 16-18
COP2LCL 086 A w p Address of the 2nd Copper list bits 1-15
COPJMP1 088 A 8 p Jump to the start of the 1st Copper list
COPIMP2 08A A s p Jump to the start of the 2nd Copper list
COPINS 08C A w d Copper command register
DIWSTRT O8SE A w p Upper left corner of the display window
DIWSTOP 090 A w p Lower right comer of the display window
DDFSTRT 092 A w p Start of the bit plane DMA (horiz. pos.)
DDFSTOP 094 A w p End of the bit plane DMA (horiz. pos.)
DMACON 096 ADP w p Write DMA control register
CLXCON 098 D w p Write collision control register
INTENA (09A P w p Write interrupt enable
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Copper ‘Name _ Reg addr Chip R/W p/d Function
Registers INTREQ 09C P w p Write interrupt request
ADKOON 09E P w p Audio, disk, and UART control register
AUDOLCH 0A0 A w p Address of the audio data bits 16-18
AUDOLCL 0A2 A w p On sound channel 0, bits 1-15
AUDOLEN 0A4 P w p Channel 0 length of audio data
AUDOPER 0A6 P w p Channel 0 period duration
AUDOVOL 0AS8 P w p Channel 0 volume
AUDODAT 0AA P w d Channel 0 audio data (to the D/A
converter)
- 0AC unused
— 0AE unused
AUDIILCH 0BO A w p Address of the audio data bits 16-18
AUDILCL 0B2 A w p Onsound channel 1, bits 1-15
AUDILEN 0B4 P w p Channel 1 length of audio data
AUDIPER 0B6 P w p Channel 1 period duration
AUDIVOL 0BS8 P w p Channel 1 volume
AUDIDAT 0BA P w d Channel 1 audio data (to the D/A
converter)
- 0BC unused
- O0BE unused
AUD2LCH 0CO0 A w p Address of the audio data bits 16-18
AUD2ICL 0C2 A w p On sound channel 2, bits 1-15
AUD2LEN 0C4 P w p Channel 2 length of audio data
AUD2PER 0C6 P w p Channel 2 period duration
AUD2VOL 0C8 P w p Channel 2 volume
AUD2DAT 0CA P w d Channel 2 audio data (to the D/A
converter)
- occ unused
— O0CE unused
AUD3LCH 0DO A w p Address of the audio data bits 16-18
AUD3LCL 0D2 A w p On sound channel 3, bits 1-15
AUD3LEN 0D4 P w p Channel 3 length of audio data
AUD3PER 0D6 P w p Channel 3 period duration
AUD3VOL 0D8 P w p Channel 3 volume
AUD3DAT 0DA P w d Channel 3 audio data (to the D/A
. converter)
- 0DC unused
— O0DE unused
BPLIPTH 0OEO A w p Address of bit plane 1, bits 16-18
BPLIPTL 0E2 A w p Address of bit plane 1, bits 1-15
BPL2PTH 0E4 A w p Address of bit plane 2, bits 16-18
BPL2PTL OE6 A w p Address of bit plane 2, bits 1-15
BPL3PTH OES8 A w p Address of bit plane 3, bits 16-18
BPL3PTL OEA A w p Address of bit plane 3, bits 1-15
BPLAPTH (0EC A w p Address of bit plane 4, bits 16-18
BPLAPTL (EE A w p Address of bit plane 4, bits 1-15
BPLSPTH OF0 A w p Address of bit plane S, bits 16-18
BPLSPTL 0F2 A w p Address of bit plane 5, bits 1-15
BPL6PTH . 0F4 A w p Address of bit plane 6, bits 16-18
BPL6PTL OF6 A w p Address of bit plane 6, bits 1-15
- 0F8 unused
- OFA unused
- OFC unused
OFE unused

BPLCONO 100 AD w p Bit plane control register 0
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Name Reg addr Chip R/W p/d Function

BPLCON1
BPLCON2

BPLIMOD
BPL2MOD

BPLIDAT
BPL2DAT
BPL3DAT
BPLADAT
BPLSDAT
BPL6DAT

SPROPTH
SPROPTL
SPR1PTH
SPRIPTL
SPR2PTH
SPR2PTL
SPR3PTH
SPR3PTL
SPR4PTH
SPR4PTL
SPRSPTH
SPR5PTL
SPR6PTH
SPR6PTL
SPR7PTH
SPR7PTL
SPROPOS
SPROCTL
SPRODATA
SPRODATB
SPR1POS
SPR1CTL
SPRIDATA
SPRIDATB
SPR2POS
SPR2CTL
SPR2DATA
SPR2DATB
SPR3POS
SPR3CTL
SPR3DATA
SPR3DATB
SPR4POS
SPR4CTL
SPR4DATA
SPR4DATB
SPR5POS
SPR5CTL
SPRSDATA
SPRSDATB

102
104
106
108
10A
10C
10E
110
112
114
116
118
11A
11C
11E
120
122
124
126
128
12A
12C
12E
130
132
134
136
138
13A
13C
13E
140
142
144
146
148
14A
14C
14E
150
152
154
156
158
15A
15C
15E
160
162
164
166
168
16A
16C
16E
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Control register 1 (scroll values)
Control register 2 (priority control)
unused

Bit plane module for odd planes

Bit plane module for even planes
unused

unused

Bit plane 1 data (to RGB output)

Bit plane 2 data (to RGB output)

Bit plane 3 data (to RGB output)

Bit plane 4 data (to RGB output)

Bit plane S data (to RGB output)

Bit plane 6 data (to RGB output)

unused

unused

Sprite data 0, bits 16-18

Sprite data 0, bits 1-15

Sprite data 1, bits 16-18

Sprite data 1, bits 1-15

Sprite data 2, bits 16-18

Sprite data 2, bits 1-15

Sprite data 3, bits 16-18

Sprite data 3, bits 1-15

Sprite data 4, bits 16-18

Sprite data 4, bits 1-15

Sprite data S, bits 16-18

Sprite data 5, bits 1-15

Sprite data 6, bits 16-18

Sprite data 6, bits 1-15

Sprite data 7, bits 16-18

Sprite data 7, bits 1-15

dp Sprite 0 start position (vert. and horiz.)
dp Sprite 0 control reg. and vertical stop
dp Sprite 0 data register A (to RGB output)
dp Sprite 0 data register B (to RGB output)
dp Sprite 1 start position (vert. and horiz.)
dp Sprite 1 control reg. and vertical stop
dp Sprite 1 data register A (to RGB output)
dp Sprite 1 data register B (to RGB output)
dp Sprite 2 start position (vert. and horiz.)
dp Sprite 2 control reg. and vertical stop
dp Sprite 2 data register A (to RGB output)
dp Sprite 2 data register B (to RGB output)
dp Sprite 3 start position (vert. and horiz.)
dp Sprite 3 control reg. and vertical stop
dp Sprite 3 data register A (to RGB output)
dp Sprite 3 data register B (to RGB output)
dp Sprite 4 start position (vert. and horiz.)
dp Sprite 4 control reg. and vertical stop
dp Sprite 4 data register A (to RGB output)
dp Sprite 4 data register B (to RGB output)
dp Sprite S start position (vert. and horiz.)
dp Sprite 5 control reg. and vertical stop
dp Sprite 5 data register A (to RGB output)
dp Sprite 5 data register B (to RGB output)

oe w'o

[ - =T S =

LR RN R IR Rl - R - -
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SPR6POS
SPR6CTL
SPR6DATA
SPR6DATB
SPR7POS
SPR7CTL
SPR7DATA
SPR7TDATB
COLORO00
COLORO1
COLORO02
COLORO03
COLORO4
COLOROS
COLOR06
COLORO07
COLORO08
COLOR09
COLOR10
COLOR11
COLOR12
COLOR13
COLOR14
COLOR15
COLOR16
COLOR17
COLOR18
COLOR19
COLOR20
COLOR21
COLOR22
COLOR23
COLOR24
COLOR25
COLOR26
COLOR27
COLOR28
COLOR29
COLOR30
COLOR31

170
172
174
176
178
17A
17C
17E
180
182
184
186
188
18A
18C
18E
190
192
194
196
198
19A
19C
19E
1A0
1A2
1A4
1A6
1A8
1AA
1AC
1AE
1B0
1B2
1B4
1B6
1B8
1BA
1BC
1BE

1.5 PROGRAMMING THE HARDWARE

Name Reg addr Chip R/W p/d_Function

UUUUUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUE%UU%e

EELEEELEETLLLLLLELLECEECELLELELLELELEEEEEEE &

dp Sprite 6 start position (vert. and horiz.)
dp Sprite 6 control reg. and vertical stop
dp Sprite 6 data register A (to RGB output)
dp Sprite 6 data register B (to RGB output)
dp Sprite 7 start position (vert. and horiz.)
dp Sprite 7 control reg. and vertical stop
dp Sprite 7 data register A (to RGB output)
dp Sprite 7 data register B (to RGB output)
Color palette register 0 (color table)
Color palette register 1 (color table)
Color palette register 2 (color table)
Color palette register 3 (color table)
Color palette register 4 (color table)
Color palette register 5 (color table)
Color palette register 6 (color table)
Color palette register 7 (color table)
Color palette register 8 (color table)
Color palette register 9 (color table) -
Color palette register 10 (color table)
Color palette register 11 (color table)
Color palette register 12 (color table)
Color palette register 13 (color table)
Color palette register 14 (color table)
Color palette register 15 (color table)
Color palette register 16 (color table)
Color palette register 17 (color table)
Color palette register 18 (color table)
Color palette register 19 (color table)
Color palette register 20 (color table)
Color palette register 21 (color table)
Color palette register 22 (color table)
Color palette register 23 (color table)
Color palette register 24 (color table)
Color palette register 25 (color table)
Color palette register 26 (color table)
Color palette register 27 (color table)
Color palette register 28 (color table)
Color palette register 29 (color table)
Color palette register 30 (color table)
Color palette register 31 (color table)

- BT - - - R - - - B - - B- - R - AR BB R - - R - - - BB - R - R -1 -

The registers from 1C0 to 1FC are unoccupied.

Accessing register address 1FE has no effect. The chips are not accessed

(see Section 1.2.3).
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Figure 1.5.1.1 shows the ROM area as its looks after booting. The
256KB of ROM at $FC0000 contains the Amiga Kickstart. The range
from $F80000 to $FBFFFF is identical to the range from $FC0000 to
$FFFFFF. This is a mirror of the Kickstart ROM. This configuration
can change. After a reset, the 68000 fetches the address of the first
command from location 4, called the reset vector. Since the contents of
this location are undefined on power-up, the processor would jump to
some random address and the system would crash. The solution to this
is as follows: The chip which is responsible for the memory configura-
tion has an input which is connected to the lowest port line of CIA-A
(PAO). This OVL line is normally at 0 and the memory configuration
corresponds to the figure. After a reset, the port line automatically goes
high, causing the ROM area at $F80000 to $FFFFFF to be mapped
into the range from 0 to $7FFFF. This means that address 4 (the reset
vector) corresponds to address $F80004. Here the 68000 finds a valid
reset address which tells it to jump to the Kickstart program. In the
course of this reset routine the OVL line is set to 0 and the normal
memory configuration returns.

You must be very careful when experimenting with this line. If the
program that tries to set the OVL line is running in chip RAM, the
result can be catastrophic, because the program more or less switches
itself out of the memory range and the processor lands somewhere in
the Kickstart, which takes the place of the chip RAM after the switch.

The Amiga 1000 models have additional special features. Owners of
these machines may be surprised that we keep talking about a Kickstart
ROM, even though the Amiga 1000 loads the Kickstart from disk when
it’s turned on. The situation with the Amiga 1000 was the following:
The hardware was done, the machines were ready to be sold, but the
software in the form of the Kickstart operating system wasn’t complete
and still had some bugs in it. A decision was made to provide the
Amiga with special RAM which would be loaded with the operating
system when the computer was turned on. After this, the Amiga would
prevent write accesses to this RAM, making it behave like a 256K
ROM. Commodore called the WOM, or Write-Once Memory. Now the
first Amigas could be delivered with the incomplete Kickstart 1.0. After
the new Kickstart versions were complete (1.1 and 1.2), the Amiga
owner simply had to insert new Kickstart disks.

Since this WOM is naturally more expensive than a simple ROM, the
Amiga 500 and 2000 are not equipped with it, since by then the final
Kickstart (V1.2) was finished.

The WOM raises some questions, however: Where is the program
which loads Kickstart? How can Kickstart be changed, since it is RAM?
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Normally, the Amiga 1000 operates just like the newer models, with
Kickstart at $FC0000 to $FFFFFF with a mirror at $F80000 If you
try to write into Kickstart, nothing happens Write access is not possi-
ble. The boot ROM which loads Kickstart is also nowhere to be found
in memory.

The whole process is controlled by the reset line. After a reset, whether
by turning the computer on, by pressing the Amiga, Commodore and
Control keys or by executing a 68000 reset command, the memory
configuration changes.

Immediately after a reset, the boot ROM is at $F80000 (since on a reset
the OVL line is set, the reset vector also comes from boot ROM) and it
is possible to write into Kickstart. It can be changed as desired! This
condition holds only until you try to write something in the boot ROM
range from $F8000 to $FBFFFF. Then the boot ROM is masked out
again and the Kickstart memory is write-protected. In short;

Reset keeps the Kickstart WOM in memory and enables the boot
ROM.

A wrrite access to an address between $F80000 and $FBFFFF disables
the write protection and the boot ROM.

1.5.2

Programming
the chip
registers

Fundamentals

As mentioned in the previous section, there are some registers which
are accessed by the processor and some which are read and written
through DMA. We'll cover the first case first.

The chip registers can be addressed directly. Example: Changing the
value of the background color register. Looking in the register table in
Section 1.5.1, you see that it has a register address of $180. To this we
must add the base address of the register area, that is, the address of the
first register in the address range which the 68000 accesses. This is
$DFF000. This plus the register address of COLOROO yields
$DFF180. A simple MOVE.W command can be used to initialize the
register:

MOVE.W #value,SDFF180 svalue in COLOROO

If more than one regnster is accessed, it is a good idea
to store the base address in an address reglster and use indirect addressing
with an offset. Here is an example:

LEA $DFF000,A5 ;store base address in A5
MOVE.W #valuel,$180(A5) ;value 1l in COLOROO
MOVE.W #value2,$182(A5) jvalue 2 in COLORO1
MOVE.W ... etc.,
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Normally the chip registers are accessed as shown above. The registers
can also be accessed as a long word, however. In this case two registers
are always written at once. This makes sense for the address registers,
which consist of a pair of registers holding a single 19-bit address, with
which the entire 512KB chip RAM area can be accessed. All of the data
for the custom chips must be in the chip RAM. Since the chips always
access the memory word-wise, the lowest bit (bit 0) is irrelevant. The
address registers point only to even addresses. Since a chip register is
only one word (16 bits) wide, two successive registers are used to store
a 19-bit address. The first register contains the upper three bits (bits 16
to 18) and the second contains the lower 16 (bits 0-15). This makes it
possible to initialize both registers with a single long-word access.
Example: Setting the pointer for the first bit plane to address $40000.
BPL1PTH is the name of the first register (bits 16-18) and BPL1PTL
(bits 0-15) is the name of the second. Register address of BPL1PTH:
$0E0, BPL1PTL = $0E2.

AS contains the base address $DFF000.

MOVE.L #$40000,$0E0 (A5) j;initializes BPL1PTH and BPL1PTL
;with the correct values

It should be noted that any given register address can never be both read
from and written to. Most registers are write-only registers and cannot
be read. This also includes the registers mentioned above. Others can
only be read. Only a few can be both read and written, but these then
have two different register addresses, one for reading and one for writing.
The DMA control register, which is discussed in more detail shortly, is
such a register. It can be written through the register address $096
(DMACON), while address $002 is used for reading (DMACONR).

DMA, as described in Section 1.2.3, involves the direct access of a
peripheral chip, called the DMA controller, to the system memory. In
the case of the Amiga, the DMA controller is housed in Agnus. It
represents the connection between the various input/output components
of the custom chips and the chip RAM. A given I/O component, such
as the disk controller, needs new data or has data which it wants to store
in memory. The DMA controller waits until the memory for this DMA
channel is free (not being accessed by another DMA channel or the pro-
cessor) and then transfers the data to or from RAM itself. For the sake
of simplicity there is no special transfer from the I/O device to the
DMA controller. It always takes place through registers. Each of these
I/0 components has two different types of registers. One type is the
normal registers which are accessed by the processor and in which the
various operating parameters are stored. The second is the data registers
which contain the data for the DMA controller. For a DMA transfer this
involves simply the corresponding data register and a RAM location.
Depending on the direction of the transfer, either a read register is
selected and the chip RAM is set for write, or a write register is used
and the chip RAM is set for read. Since the two can be connected
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through the data bus, the data are automatically routed to their destina-
tion. Data are not stored in any temporary registers.

The DMA transfer adds a third type of register: the DMA address regis-
ter which holds the address or addresses of the data in RAM, depending
on the needs of the I/O device.

There are inany central control registers which are not assigned to a
special /O device, but have higher-level control functions. The
DMACON register is one in this category.

The data registers can also be written by the processor, since they are
realized in the form of normal registers. This is not generally useful,
however, since the DMA controller can accomplish this faster and more
elegantly.

Some I/O components do not have DMA channels. The 68000 must
read and write their data itself. This group includes only those devices
which by their nature do not deal in large quantities of data, so that
DMA is not needed, such as the joystick and mouse inputs.

Bit plane DMA Through this DMA channel the screen data are
read from memory and written into the data
registers of the individual bit planes, from
where they go to the bit plane sequences which
convert the data for output to the screen.

Sprite DMA Transfers the sprite data from the RAM to the
sprite data register.

Disk DMA Data from the disk to RAM or from RAM to
the disk.

Audio DMA Reads the digital tone data from the RAM and
writes it to the appropriate audio data registers.

Copper DMA The coprocessor (Copper) receives its com-
mand words through this channel.

Blitter DMA Data to and from the blitter.

There are a total of six DMA channels which all want to access the
memory, plus the processor which naturally wants to have the chip
RAM for itself as often as possible. To solve the problems that result
from this, a complex system of time multiplexing was devised in
which the individual channels have defined positions. Since this is ori-
ented to the video picture, we must first go into its construction. This
section has been kept as untechnical as possible since this section
involves programming the custom chips, not the hardware.
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The illustration in Figure 1.5.2.2 displays the average screen design of
an Amiga model in Europe. European video equipment uses the PAL
standard, while the US relies on the NTSC standard.

The timing of the Amiga screen output corresponds exactly to the
television standard of the country where the Amiga is sold, PAL for
Europe and NTSC for the US. The 8361 Agnus chip is available in a
NTSC US version and a PAL version for Europe. A PAL video picture
consists of 625 horizontal rows an NTSC system of 525 horizontal
rows. Each of these rows is constructed from left to right. After each
line follows a pause, called the horizontal blanking gap, in which the
electron that draws the picture has time to go back from right to left.
During this blanking gap the electron beam is dark so that it cannot be
seen tracing back to the left side. Then the process starts from the
beginning and the next line results.

To keep the picture free of flickering, it must be continually redrawn.
Since your eyes cannot respond to changes above a certain frequency,
the number of pictures per second is placed above this limit. With the
PAL standard, the number of individual pictures is set to 50 per second
(30 per second for NTSC). But now we face a circumstance which com-
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plicates the whole matter. If all 625 lines where drawn 50 times per
second, the result would be 31250 lines per second. If monitors and
televisions were built to these specifications, they would not be afford-
ably priced, so a trick is used.

On one hand, the number of pictures should not be less than 50 per
second or the screen begins to flicker, while on the other hand there
must be enough lines per picture. The solution is as follows: 50 pic-
tures are displayed per second, but the 625 lines are divided into two
pictures. The first picture contains all of the odd lines (lines 1, 3, 5, ...,
625) while the second contains all of the even lines (2, 4, 6, ..., 624).
Two of these half-pictures (called frames) are combined to form the
entire picture, which contains 625 lines. Naturally, the number of
complete pictures per second is only half as large as the number of half-
pictures, or 25 per second. The line frequency for this technique is only
15625 Hz (25x625 or 50x312.5).

In spite of the high resolution of 625 lines, flickering occurs when a
contour is restricted to only one line. Then it is displayed only every
25th of a second, which is perceived by the eye as a visible flickering.
This effect can be seen on televisions especially on the horizontal edges
of surfaces, since these consist of only a single horizontal line.

The term for this technique of alternating display of even and odd lines
is called interlacing. Two additional terms are used to distinguish the
difference between the two types of half-pictures. A long frame is the
one in which the odd lines are displayed, and a short frame is the name
for the picture which displays just the even lines. They are called long
and short frame because there is one more odd line than even and it
therefore takes slightly longer to display the frame containing the odd
lines (from 1 to 625 there are 313 odd and 312 even numbers). After
each frame there is a pause before the next frame begins. This blank
space between frames is called the vertical blanking gap.

The picture created by the Amiga also follows this scheme, although
with some deviations.

Normally the second half-picture (short frame) is somewhat delayed so
that the even lines appear exactly between the odd lines.

On the Amiga, both frames are identical, so that the picture frequency is
actually SOHz. As a result, the number of lines is limited to 313. This
can be clearly seen by the vertical distance between two lines on the
screen, since the frames are no longer displaced, but drawn on top of
each other,

To increase the number of lines, the Amiga can also create its picture in

interlace mode. Then a full 625 lines are possible, but the disadvantages
of interlace operation must be taken into account. More about this later.
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Representation of bit plane's first word in the upper left-hand
corner of the visible screen

The Amiga always displays its picture in a sort of graphic mode, that
is, each point on the screen has a corresponding representation in mem-
ory. In the simplest case a set bit in RAM corresponds to a point on
the screen. This way of using screen memory is called a bit plane. It is
the basic element of each screen display on the Amiga. It consists of a
contiguous block of memory. There are certain number of words per
screen line, depending on the width of the screen. A word corresponds to
16 dots, since each bit represents a pixel. For a screen display with 320
pixels per line, 320/16 = 20 words are needed. Since only two states are
possible in a bit plane, namely the point is set or it is not, it is possi-
ble to combine several bit planes. Bits at the same position in all
planes are logically associated. The first point on the screen results
from a combination of the first bit in the first word from all of the bit
planes. The value resulting from these bits then determines the color of
pixel on the screen. There are various ways to get from the bit combi-
nation of a pixel to its color on the screen, as explained later in Section
1.5.5.
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The Amiga has two different horizontal resolutions. The high-resolu-
tion mode normally has 640 pixels per line, the lowest has 320 pixels.
The “normally” used in the last sentence means that this value can
change. It’s better to define the two different resolutions in terms of the
time per pixel. One pixel in the high-resolution mode is displayed for
70 nanoseconds, or 140 nanoseconds in low-resolution mode. In the
doubled time the electron continues to trace on the screen, so the pixel
appears twice as wide in the lowest resolution.

It is more important for the programmer to know that in the high-reso-
Iution mode only four bit planes can be active at a time, while in low-
resolution mode, up to six planes are allowed.

A raster line is a complete horizontal line, that is, the horizontal
blanking gaps and their visible area. This raster line is used as the time
measure for all DMA processes, particularly for the screen DMA’s. To
understand the division of the raster line, you must know how the
memory accesses to the chip RAM and the custom chip registers are
divided between the DMA controller and the processor. The accesses to
these two memory ranges must conform to what are called bus cycles.
The bus cycles determine the timing of the chip RAM. One memory
access takes place in each bus cycle. It doesn’t matter whether the data
are read or written. If the processor wants to access the bus, it gets con-
trol of the bus for one bus cycle. The DMA controller is not able to
access the RAM until the following cycle. A bus cycle lasts 280
nanoseconds. Almost four memory accesses are possible in one
microsecond.

The 68000 cannot access the memory this often, however. It is simply
not fast enough. With the clock frequency which the Amiga is driven, it
accesses memory at a maximum rate of once every 560 nanoseconds.
During this time, two bus cycles elapse. The 68000 can use only every
other bus cycle. These cycles are called even cycles. The remaining
cycles, the odd cycles, are reserved exclusively for the DMA controller.
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Figure 1.5.2.4 shows the development of a raster line over time. It
takes 63.5 microseconds. This yields 227.5 bus cycles per line. Of
these the first 225 can be taken by the DMA controller. The figure
shows how this is done: The letters within the individual cycles stand
for the corresponding DMA channel. While only the DMA controller
uses the odd cycles, it must share the odd cycles with the processor. The
DMA accesses always have priority. The blitter DMA and Copper
DMA take place only during even cycles, although there is no defined
timed for these two. The Copper DMA takes all even memory cycles
until it has finished its task. It has precedence over the blitter. The
blitter also takes all of the even cycles until it is finished, although it is
possible to leave some cycles free for the 68000.
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As you can see, disk, audio and sprite DMA accesses take only odd bus
cycles and therefore do not affect the speed of the processor. The bus
cycles designated with R are the refresh cycles. They are used to refresh
the contents of the chip RAM (see the end of this section).

Somewhat more complicated is the distribution of the bit plane DMA.
In order to be able to display the first 16 pixels on the screen, all bit
planes must be read. While these 16 pixels appear on the screen, all of
the bit planes for the next 16 pixels must be read. If the lowest resolu-
tion is enabled, 2 pixels are output during each bus cycle. This means
that the bit planes must be read every eight bus cycles. So long as no
more than four bit planes are active, the odd cycles suffice. If five or six
planes are used, two even cycles must also be used so that all of the
data can be read in eight bus cycles. It’s even tighter in high-resolution
mode. Here four pixels are displayed per memory cycle. If only the odd
cycles are used, no more than two bit planes can be used. With the '
maximum number of four hi-res bit planes, all bus cycles are taken. As
a result, the processor loses more than half of its free bus cycles! Its
speed also decreases by the same amount, assuming that the current
program is in the chip RAM, since the processor still has full-speed
access to the fast RAM and Kickstart ROM.

The times labelled as data fetch start and data fetch stop designate the
start and stop of the DMA accesses for the bit planes. They thereby
determine the width and horizontal position of the visible picture. If the
bit plane DMA starts early and ends late, more data words are read and
more pixels are displayed. The normal resolution of 640 or 320 points
per line can thus be changed by varying these values. If the data fetch

. start is set below $30, the bit plane DMA uses the cycles normally

reserved for the sprite DMA. Depending on the exact value, up to seven
sprites are lost this way. Only sprite 0, which is generally used for the
mouse pointer, cannot be turned off in this manner.

The top line in the figure represents the division of the DMA cycles for
a normal 320-point low-resolution picture. The start of the bit plane
DMA, data fetch start, is at $38, and the end, data fetch stop is $DO.
The data from bit plane number 1 is read in the cycles designated L1,
the bit plane 2 data in L2, and so on. If the corresponding bit planes are
not enabled, their DMA cycles are also omitted.

The second line represents the course of a raster line over time in which
the data fetch points are moved outward. Up to the data fetch start
everything is the same as the top line, but at $28 the bit plane DMA
starts. As a result, sprites 5 to 7 are lost. The data fetch stop position is
moved right to the maximum value of $D8.

The third line shows the distribution of the DMA cycles in a high-
resolution screen, whereby the data fetch values match those of the first
line.

No bit plane DMA accesses occur during the vertical blanking gaps.
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The individual DMA channels are enabled and disabled through a central
DMA control register, DMACON.

DMACON Register addresses $096 (write) and $02 (read)

Bit Name Function (when set)

15 SET/CLR Set/clear bits

14 BBUSY Blitter busy (read only)

13 BZERO Result of all blitter operations is 0 (read only)

12and 11 Unused

10 BLTPRI  Blitter DMA has priority over processor

9 DMAEN  Enable all DMA (for bits 0 to 8)

8 BPLEN Enable bit plane DMA

7 COPEN Enable Copper DMA

6 BLTEN Enable blitter DMA

5 SPREN Enable sprite DMA

4 DSKEN  Enable disk DMA

30 AUDXEN  Enable audio DMA for sound channel x (the
bit number corresponds to the number of the
sound channel).

The DMACON register is not written like a normal register. Bits can
only be set or cleared. This is determined by bit 15 in the data word
written to DMACON. If this bit is 1, all set bits of the data word are
also set in DMACON. If bit 15 is 0, all set bits are cleared in the
DMACON register. The remaining bits in DMACON are not affected.

Bit 9, designated as DMAEN is something of a main switch. If it is 0,
all DMA channels are inactive, regardless of bits 0 to 8. If DMA is
enabled, the bit for the appropriate DMA channel must be set and the
DMAEN bit must be set. Here is an example:

Only the bit plane DMA is enabled (BPLEN=1), but without the
DMAEN bit. The value of the DMACON register is thus $0100. Now
you want to enable the disk DMA. DSKEN and DMAEN must be set
and BPLEN cleared.

MOVE.W #$0100,$DFF096 ; clears the BPLEN bit (SET/CLR =0)
MOVE.W #$8210,$DFF096 ; set DSKEN and DMAEN (SET/CLR=1)

The DMACON register now contains the desired value of $0210.

Bits 13 and 14 can only be read. They supply information about the
various states of the blitter, these are covered in the blitter section.

Bit 10 controls the priority of the blitter over the processor. If it is set,
the blitter has absolute priority over the 68000. This can go so far that
the processor may have no access at all to the chip registers or to the
chip RAM during the blitter operation. If it is cleared, the processor
gets every fourth even bus cycle from the blitter. This prevents the pro-
cessor from being held up when it is executing an operating system
routine or a program in the fast RAM which wants to access the chip
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Since all DMA timing is oriented according to the position within a
raster line, it is sometimes useful to know where the electron beam is
currently located. Agnus has an internal counter which contains the
horizontal and vertical screen position. Two registers allow the proces-
sor access to this counter:

VHPOS $006 (read VHPOSR) and $02C (write VHPOSW)

Bit no: 15 14 13121110 9 8 7 6 5 4 3 2 1 0
Function: V7 V6 V5 V4 V3 V2 V1 VO H8 H7 H6 H5 H4 H3 H2 H1

VPOS $004 (read VPOSR) and $02A (write VPOSW)

Bitno.: 15 1413 1211 109 8 7 6 5 4 3 2 1 0
Function: IQOF == == == == == o= o= oo oo co o= om o= - \']

The bits designated H1 to H8 represent the horizontal beam position
and they correspond directly to the numbers for the individual bus cycles
in Figure 1.5.2.4 and thus have an accuracy or two low-resolution
pixels or four high-resolution pixels. The value for the horizontal posi-
tion can vary between $0 and $E3 (0 to 227). The horizontal blanking
gap falls in the range from $F to $35.

The bits for the vertical position, the current screen line, are divided
between two registers. The lower bits VO to V7 are in VHPOS, while
the uppermost bit, V8, is in VPOS. Together they yield the number of
the current screen.

Lines from 0 to 312 are possible. The vertical blanking gap (the screen
is always dark in this range) run from line O to 25.

The LOF bit (LOng Frame) indicates whether the current picture is a
long or short frame. This bit is needed only in the interlace mode.
Normally it is 1.

The beam position can also be set, but this capability is rarely needed.

The POS registers have another function in combination with a light-
pen. When the lightpen input of Agnus is activated (see Section 1.5.5)
and the lightpen is held against the screen, they store its position. This
means that their contents are frozen as soon as the lightpen detects the
electron beam moving past its tip. The counters are released again at the
end of the vertical blanking gap, line 26. The following procedure must
be used to read the lightpen position:

. Wait for line 0 (start of the vertical blanking gap). This can be
easily done by means of the vertical blanking interrupt.

. Read the two registers.
If the vertical position is between 0 and 25 (within the vertical blanking

gap), no lightpen sngnal was received. If the value is outside this range,
it represents the position of the lightpen.
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Strobe
addresses:

At the conclusion of this section there is some information concerning
the refresh cycles:

Agnus possesses an integrated 8-bit refresh counter. It can be written
through register $28 (Careful! The memory contents can be lost this
way!). At the start of each raster line, Agnus places four refresh
addresses on the chip RAM address bus. This means the contents of
each memory row are refreshed every four milliseconds.

While the row address is being output on the chip RAM address bus,
Agnus places the addresses of certain strobe registers on the register
address bus. These strobe signals are used to inform the other chips,
Denise and Paula, the start of a raster line or a picture. This is necessary
because the counter for the screen position is inside Agnus. There are
no lines for transmitting the synchronization signals to the other chips.
There are four strobe addresses:

Addr Chip Function

$38 D Vertical blanking gap of a short frame

$3A D Vertical blanking gap

$3C DP This strobe address is created in each raster line
outside the vertical blanking gap

$3E D Marker for a long raster line (228 cycles)

During the first refresh cycle, one of the three strobe addresses above is
always addressed. Normally this is $3C, and $38 or $3A within the
vertical blanking gap, depending on whether it is a short or long frame.

The situation is as follows with the fourth address: A raster line has a
purely computational length of 227.5 bus cycles. But since there are no
half-cycles, lines alternate between 227 and 228 bus cycles. The strobe
address $3E signals the 228-cycle-long lines and is created during the
second refresh cycle.

1.5.3
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Interrupts

Almost all /O components of the custom chips and the two CIA’s can
generate an interrupt. A special circuit in Paula manages the individual
interrupt sources and creates the interrupt signals for the 68000. The
processor’s autovectors are used, levels 0 to 6. The non-maskable inter-
rupt (NMI) level 7 isn’t used. The two registers are the interrupt request
register (INTREQ) and the interrupt mask register INTENA, INTerrupt
ENAble). The assignment of the bits in the two registers is identical.
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Register addresses: INTREQ = $09C (write)
INTREQR = $01E (read)
INTENA = $09A (write)
INTENAR = $01C (read)

Bit Name 1L, Function

15 SET/CLR Write/read (see DMACON register)

14 INTEN (6) Enable interrupts

13 EXTER 6 Interrupt from CIA-B or expansion port
12 DSKSYN § Disk sync value recognized

11 RBF 5 Serial receive buffer full

10 AUD3 4 Output audio data channel 3

9 AUD2 4 Output audio data channel 2

8 AUD1 4 Output audio data channel 1

7 AUDO 4 Output audio data channel 0

6 BLIT 3 Blitter ready

5 VERTB 3 Start of the vertical blanking gap reached
4 COPER 3 Reserved for the Copper interrupt

3 PORTS 2 Interrupt from CIA-A or the expansion port
2 SOFT 1 Reserved for software interrupts

1 DSKBLK 1 Disk DMA transfer done

0 TBE 1 Serial transmit buffer empty

The lower thirteen bits stand for the individual interrupt sources. The
CIA mterrupts are combined into a single interrupt. The bits in the
DMAREQ register indicate which interrupts have occurred. A bit is set
if the corresponding interrupt has occurred. In order to generate a
processor interrupt, the corresponding bit must be set in the DMAENA
register and the INTEN bit must also be set. The INTEN bit thus acts
as the main switch for the remaining 14 interrupt sources which can be
turned on or off with the individual bits of the INTENA register. Only
when INTEN is 1 can any interrupts be generated.

If both the INTEN bit and the two corresponding bits in the INTENA
and INTREQ registers are set, a processor interrupt is generated. The
corresponding autovector numbers are listed in the IL (Interrupt Level)
column in the table. Here are the addresses of the seven interrupt
autovectors:

Vector no. Address (Dec/hex) Autovector level
25 100/ $64 Autovector level 1
26 104 / $68 Autovector level 2
27 108 / $6C Autovector level 3
28 112/ $70 Autovector level 4
29 116/ $74 Autovector level 5
30 120/ $78 Autovector level 6
31 124/ $7C Autovector level 7)

As you can see, the interrupts which require faster processing are given
higher interrupt levels.
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INTREQ
register

In order to change the bits in the two registers, you must use the same
procedure described for the DMACON registers with a SET/CLR bit.

After processing an interrupt the bit which generated it must be reset in
the INTREQ register. In contrast to the CIA interrupt control registers,
the bits in the INTREQ register aren’t automatically cleared on reading.

Setting a bit in the INTREQ register with a MOVE command has the
same effect as if the corresponding interrupt had occurred. This is how a
software interrupt is created, for example. The Copper can also create its
own interrupt only by writing into INTREQ.

One peculiarity is bit 14 in the INTREQ register which has no specific
function there as it does in INTENA. But when it is set by writing to
INTREQ and INTEN in the INTENA register is high, a level 6 inter-
rupt is generated.

On each interrupt from CIA-A, bit 3 in the DMAREQ register is set.
For CIA-B this is bit 13. The interrupt source in the corresponding CIA
must be determined by reading the interrupt control register of the CIA.

The interrupts no. 3 and 13 can also be generated by expansion cards on
the expansion port.

Interrupt bit 5 indicates the vertical blanking interrupt. This occurs at
the start of each video frame at the start of the vertical blanking gap
(line 0), and thus 50 times per second. _

The remaining interrupts are handled in the appropriate sections.

1.5.4

MOVE
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The Copper coprocessor

The Copper is a simple coprocessor. It has the task of writing certain
values into various registers of the custom chips. These are defined
points in time. More accurately, the Copper can change the contents of
some registers at certain screen positions. It can thus divide the screen
into different regions which can then have different colors arid resolu-
ti;)ns. This capability is used to implement multiple screens, for exam-
ple.

The Copper is designated a coprocessor because it, like a real processor,
has a program which is stored in memory and it executes this program
command by command. The Copper recognizes only three different
commands, but they are quite versatile;

The MOVE command writes an immediate value into a custom-chip
register.
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The WAIT command waits until the electron beam has reached a certain
screen position.

The SKIP command skips the next command if the electron beam has
already reached a certain screen position. This allows conditional
branches to be built into the program.

A Copper program is called a Copper list. In it the commands come
one after ther other, whereby each command always consists of two
words. Example:
Wait (X1,Y1) waits until the screen position X1,Y1 is
reached

writes the value 0 into the background
register

writes the value 1 into color register 1
waits until the screen position X2,Y2 is
reached

ces etc.

Move #0,5180

Move #9,$181
Wait (X2,Y2)

Ne e e we W W e

The Copper list alone is not sufficient to operate the Copper. Some
registers are necessary, which contain the necessary parameters for the
Copper.

Reg. Name Function

$080 COPILCH These two registers together contain the

$082 COPILCL 18-bit address of the first Copper list

$084 COP2LCH These two registers together contain the

$086 COP2LCL 18-bit address of the second Copper list

$088 COPIMP1 Loads the address of the first Copper list into the
Copper program counter

$08A COPIMP2 Loads the address of the second Copper list into the

‘ Copper program counter

$02E COPCON This register contains only one bit (bit 0). If it is
set, the Copper can also access the registers from
$040 to $O7E (these registers belong to the blitter).

The two COPxLC registers contain the address of a Copper list. Since
this list is 19 bits long, two registers are needed per address. As
described in Section 1.5.2, they can be written together with one
MOVE.L command. The Copper lists must, like all other data for the
custom chips, lie within the 512KB RAM chip.

The Copper uses an internal program counter as a pointer to the current
command. It is incremented by two each time a command is processed.
To make the Copper start at a given address, the start address of the
Copper list must be transferred to the program counter. The COPIMPx
registers are used for this. They are strobe registers, meaning that a
write access to one of them triggers an action in the Copper—they are
not used to store actual values. Thus the value written to them is com-
pletely irrelevant.
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On the Copper these two registers cause the contents of the corres-
ponding COPxLC registers to be copied into the program counter. If a
write access is made to COPJMP1, the address in COP1LC is copied
into the program counter, which causes the Copper to execute the pro-
gram at that address. The same holds for COPJMP2 and COP2LC.

At the start of the vertical blanking gap, line 0, the program counter is
automatically loaded with the value COP1LC. This causes the Copper
to execute the same program for every picture.

MOVE WAIT SKIP

Bit BW1 BW2 BW1 BW2 BW1 BW2
15 X DW15 VP7 BFD VP7 BFD
14 X DW14 VP6 VM6 VP6 VM6
13 b 4 DW13 VP5 VM5 VPS5 VM5
12 X DW12 VP4 VM4 VP4 VM4
11 X DW11 VP3 VM3 VP3 VM3
10 b 4 DW10 VP2 VM2 VP2 VM2
9 X DW9 VP1 VM1 VP1 VM1
8 RAS DW8 VPO VMO VPO VMO
7 RA7 Dw7 HP8 HMS HP8 HMS8
6 RA6 DW6 HP7 HM7 HP7 HM7
5 RAS DWS HP6 HM6 HP6 HM6
4 RA4 DW4 HPS HMS HP5 HMS
3 RA3 DW3 HP4 HM4 HP4 HM4
2 RA2 DW2 HP3 HM3 HP3 HM3
1 RAl DW1 HP2 HM2 HP2 HM2
0 0 DWO0 1 0 1 1
Legend: x This bit is unsed. Should be initialized to 0.

RA Register address

DW  Dataword

VP Vertical beam position

VM  Vertical mask bits

HP Horizontal beam position

HM  Horizontal mask bits

BFD  Blitter finish disable

The MOVE command is indicated by a 0 in bit 0 of the first command
word. With this command it is possible to write an immediate value to
a custom-chip register. The register address of the desired register comes
from the lower 9 bits of the first data word. Bit 0 must always be O (is
already O for the register addresses because the registers lie only on even
addresses). The second command word contains the data byte to be writ-
ten to the register.

There are some limitations regarding the register address. Normally the
Copper cannot affect the registers in the range from $000 to $07F. If
the lowest (and only) bit in the COPCON register is set, then the
Copper can access the registers in the range from $040 to $07F. This
allows the Copper to influence the blitter. Access to the lowest regis-
ters ($000 to $03F) is never allowed.
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The WAIT command is indicated by a 1 in bit 0 of the first command
word and a O in bit O of the second. It instructs the Copper to hold fur-
ther execution until the desired beam position is reached. If it is already
greater than that specified by the WAIT command when the command is
executed so that the beam is already past the specified position, the
Copper continues with the next instruction immediately.

This position can be set separately for the vertical lines and horizontal
rows. Vertically the resolution is one raster line. But since there are
only eight bits for the vertical position and there are 313 lines, the
WAIT command cannot distinguish between the first 256 and the
remaining 57 lines. The lowest 8 bits are the same for both line 0 and
line 256. To wait for a line in the lower range, two WAIT commands
must be used.

1.  WAIT for line 255
2.  WAIT for the desired line, ignoring the ninth bit

Horizontally there are 112 possible positions, since the two lower bits
of the horizontal position, HPO and HP1, cannot be specified. The com-
mand word of the WAIT command contains only the bits HP2 to HPS.
This means that the horizontal coordinate of a WAIT command can
only be specified in steps of four low-resolution pixels.

The second command word contains mask bits. These can be used to
determine which bits of the horizontal and vertical position are actually
taken into account in the comparison. Only the position bits whose
mask bits are set are regarded. This opens up many possibilities:

Wait for vertical position $0F and vertical mask $OF

causes the WAIT condition to be fulfilled every 16 lines, namely when-
ever the lower four bits are all 1, since bits 4 to 6 are not taken into
account in the comparison (mask bits 4 to 6 are at 0). The seventh bit
of the vertical position cannot be masked. Thus the example above
works only in the range of lines from 0 to 127 and 256 to 313.

The BFD (Blitter Finish Disable) bit has the following function: If the
Copper is used to start a blitter operation, it must know when the
blitter finishes this operation. If the BFD is cleared, the Copper waits at
any WAIT command until the blitter is done. Then the wait condition
is checked. This can be disabled by setting the BFD bit, causing the
Copper to ignore the blitter status. If the Copper does not affect any of
the blitter registers, this bit is set to 1.
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The SKIP command is identical in construction to the WAIT command.
Bit 0 of the second command word is set in order to distinguish it from
the WAIT command. The SKIP command checks to see if the actual
beam position is greater than or equal to that given in the command
word. If this comparison is positive, the Copper skips the next com-
mand. Otherwise it continues execution of the program with the next
command. The SKIP command allows conditional branches to be con-
structed. The command following SKIP can be a MOVE into one of the
COPIMP registers, causing a jump to be made based on the beam posi-
tion.

A simple Copper list consists of a sequence of WAIT and MOVE
commands, and a few SKIP commands. Its start address is found in
COPLCI. A trick must be used to end the Copper list. After the last
instruction comes a WAIT command with an impossible beam posi-
tion. This effectively ends the processing of the Copper list until it is
restarted at the start of a new picture. WAIT ($0,$FE) fulfills this con-
dition, because a horizontal position greater than $E4 isn’t possible.

As you know, there is a special bit in the ‘interrupt registers for the
Copper interrupt. This interrupt can be generated with a MOVE com-
mand to the INTREQ register:

MOVE #$8010,INTREQ ; set SET/CLR and COPPER

Any other bit in this register can be affected the same way, but bit 4 is
provided especially for the Copper.

A Copper interrupt can be used to tell the processor that a certain screen
position has been reached. This allows what are called raster interrupts
to be programmed, that is, the interruption of the processor in a certain
screen line (and column).

The Copper fetches its commands from memory through its own DMA
channel. It uses the even bus cycles and has precedence over the blitter
and the 68000. Each command requires two cycles since two command
words must be read. The WAIT command requires an additional cycle
when the desired beam position is reached. The Copper leaves the bus
free during the wait phase of a WAIT command.

The COPEN bit in the DMACON register is used to turn the Copper
DMA on and off. If this bit is cleared, the Copper releases the bus and
does not execute any more commands. If it is set, it starts its program
execution at the address in its program counter. It is therefore absolutely
necessary to supply this with a valid address before starting the Copper
DMA. A Copper running in an unknown area of memory can crash the
system. The usual initialization sequence for the Copper looks like
this:
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LEA $DFF000,A5 ; load base address into
sregister AS

MOVE.W #$0080,DMACON (A5) s copper DMA of £

MOVE.L #copper1ist,COP1LCH(AS) ; set address of the copper
slist

MOVE.W #0,COPJMP1 (AS5) stransfer this address into
sthe copper's program
scounter

MOVE.W #$8080,DMACON (AS5) senable copper DMA

Finally, here is an example program. It uses two WAIT commands and
three MOVE commands to display black, red and yellow bars on the
screen. It can be created with a simple Copper list and is a good exam-
ple. Enter the program with a standard assembler for the Amiga (such as
AssemPro).

*** Example for a simple Copperlist #**x*

;CustomChip-Register

INTENA = $9A s Interrupt-Enable-Register (write)
DMACON = $96 sDMA-control register (write)
COLOROO = $180 ;Color palette register 0

;Copper Register

COP1LC = $80 sAddress of 1. Copper list
COP2LC = $84 sAddress of 2., Copper list
COPJMP1 = $88 ;Jump to Copper list 1
COPJMP2 = $8a ;Jump to Copper list 2

sCIA-A Port register A (Mouse key)
CIAAPRA = $BFE001

;Exec Library Base Offsets

OpenlLibrary = =30-522 s LibName,Version/al,d0

Forbid = =-30-102

Permit = -30-108

AllocMem = -30-168 ;Byte Size, Requirements/d0,dl
FreeMem = =30-180 ;Memory Block, Byte Size/al,d0

;graphics base
StartList = 38
sother Labels

Execbase = 4
Chip = 2 srequest Chip-RAM

2***x Initialize-programm ***

sRequest memory for Copperlist
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Start:

move.l Execbase, a6

moveq #Clsize,dO ;Set Parameter for AllocMem
moveq #chip,dl sask for Chip-RAM

isr AllocMem(as6) jrequest memory

move.l d0,CLadr ;Address of the RAM-area memory
beq.s Ende sError! -> End

;copy Copperlist to CLadr

lea CLstart, a0
move.l CLadr,al

moveq #CLsize-1,d0 ;set loop value
CLcopy:
move.b (al)+, (al)+ scopy Copperlist Byte for Byte

dbf do,CLcopy

s*** Main programm **%*

isr forbid (a6) 3Task Switching off
lea $df£000,a5 ;Basic address of the Register
;to A5

move.w #$03a0,dmacon(a5) ;DMA offn

move.l CLadr,copllc(a5) ;Address of the Copperlist to
;COP1LC .

clr.w copjmpl(a5) ;Load copperlist in program
;counter

;Switch Copper DMA

move.w #$8280,dmacon(a5)

;wait for left mouse key

Wait: btst #6,claapra ;Bit test
bne.s Wait ;done? else continue.

2*** End programm ***

;Restore old Copper list

move.l #GRname,al ;Set parameter for OpenLibrary

clr.l do

isr OpenLibrary(aé) ;Graphics Library open

move.l dO, a4 :sAddress of GraphicsBase to a4

move.l StartList (ad),copllc(a5) ;load address of
;Startlist

clr.w copjmpl(a5)

move.w #$83e0,dmacon (a5) ;all OMA on

jsr permit (a6) ; Task-Switching on

;Free memory of Copperlist

move.l CLadr,al :Set parameter for FreeMem
moveq #CLsize,d0
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jsr FreeMem(a6) smemory freed
Ende: clr.l doO serror flag erased
rts send program
;Variables

CLadr: dc.1 0
sConstants

GRname: dc.b “"graphics.library", 0

align seven for other assemblers
;Copperlist

CLstart:

dc.w color00,$0000 sBackground color black
dc.w $640f,$fffe ;0n line 100 change to

dc.w color00,$0£00 sRed. Switch

dc.w $BEOf,$fffe :;Line 190 to

dc.w color00, $0£fb0 :Gold

dc.w Sffff,S$fffe sImpossible Position: End of

sthe Copperlist
CLend:

CLsize = CLend - CLstart

end
sEnd of program

This program installs the Copper list and then waits until the left
mouse button is pressed. Unfortunately, it isn’t as easy to do as it
sounds.

First, you need memory in which to store the Copper list. Like all data
for the custom chips, it must be in the chip RAM. Since you can’t be
sure whether the program is actually in the chip RAM, it is necessary
to copy the Copper list into the chip RAM. In a multi-tasking operat-
ing system like that of the Amiga, you can’t just write something into
memory anywhere you feel like it, you have to request the memory.
This is done in the program with the AllocMem routine. This returns
the address of the requested chip RAM in DO. The Copper list is then
copied into memory at this address.

Next, the task switching is disabled by a call to Forbid so that the
Amiga processes only your program, This prevents your program from
being disturbed by another.

Finally, the Copper is initialized and started.

After this, the program tests for the left mouse button by reading the
appropriate bit of CIA-A (see Section 1.2.2).

If the mouse button is pressed, the processor exits the wait loop.
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Figure 1.54.1

To get back to the old display, a special Copper list is loaded into the
Copper and started. This Copper list is called the startup Copper list
and it initializes the screen. Its address is found in the variable area for
the part of the operating system responsible for the graphics functions.
At the end, multi-tasking is re-enabled with Permit and the occupied
memory is released again with FreeMem.

This program contains a number of operating system functions which
you are probably not familiar with yet. Unfortunately this cannot be
avoided if you want to make the program work correctly. But it doesn’t
matter if you don’t understand everything yet. We are discussing the
Copper in this section, and this part of the program should be under-
standable. In the later sections of this book you’ll discover the secrets
of the operating system and its routines. Enter this example and exper-
iment with the Copper list. Change the WAIT command or add new
ones. Those who are interested can also experiment with a SKIP com-
mand.

One more thing about the Copper list: The two WAIT commands con-
tain $E as the horizontal position. This is the start of the horizontal
blanking gap. This way the Copper performs the color switch outside
the visible area. If O is used as the horizontal position, the color
switching can be seen at the extreme right edge of the screen.

Copper list
Address Command Copper active

n  MOVE #black, co:.onool‘\(’

n+2 WAIT 0,100 Line o
7,
— B

,

n+4 MOVE #red, COLOROO
n=6 WAIT 0,190

——Red —]

n+8 MOVE #gold,COLOR00 jemmmm
n+10 WAIT 254,255 . ______>¢ 190

J

Gold

1.5.5

96

Playfields

The screen output of the Amiga consists of two basic elements: sprites
an.d playfields. In this section we’ll discuss the structure and program-
ming of all types of playfields. The sprites are handled in Section 1.5.6.
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The playfield is the basis of the normal screen display. It consists of at
least one and a maximum of six bit planes. (The construction of a bit
plane was explained in Section 1.5.2.) A playfield is something like a
graphic screen which is composed of a variable number of individual
memory blocks, the bit planes. The Amiga offers a large number of
different possibilities for displaying playfields:

. Between 2 and 4096 simultaneous colors in one picture
. Resolutions of 16 by 1 to 704 to 625 pixels

Two completely independent playfields are possible

. Smooth scrolling in both directions

All of these capabilities can be grouped into two groups.

1.  The combination of bit planes to achieve the color of a single
pixel (the display of the bit pattern from the bit plane on the
screen),

2.  Determining the form, size and position structure of the play-
field(s). .

By using 1 to 6 bit planes, each point can be represented by as many
bits as you like. This value must then be converted into one of 4096
colors since each pixel on the screen can naturally have only one color.

The Amiga creates its colors by mixing the three component colors red,
green and blue. Each of these three components can have 16 different
intensity levels. This results in 4096 color shades (16x16x16 = 4096).
Four bits are needed per component to store the color values, or 12 bits
per color.

If you wanted to assign each pixel one of 4096 colors, you would need
12 bits per pixel. But a maximum of 6 bits is possible. Therefore the
six bits must be converted into one of the 4096 possible colors for the
visible point.

18t color cholce from color table Color table
[COLOR 00]
COLOR 01
5-bit number from bit plane= |COLOR_02]
pointer to color table COLOR 03
COLOR 04
IO IO |1]0]1 l ( _-_ ) b Plixel appears
In COLOR 05
COLOR 07|
O TTTTTT st piane 5 QA o)
oI 1111} ]stpanes
lLLLI_LLLl Bit plane 3 Visible
Ol V1 111]]sitpane 2 screen
HTTIT11]sit pane 1
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A color palette or color table is used to do this. On the Amiga this
contains 32 entries, each of which can hold a 12-bit color value. The
value of the first color register COLOROO is used for both the back-
ground color and the border color. The color palette registers 0 to 32
(COLORO00 to COLOR31) are write-only:

Register addr, ____ Color palette register
$180 COLOROO
$182 COLORO1
etc.
$1BE COLOR31
Bit: 15 14 13 1211 10 9 8 7 6 5 4 3 2 1 O
COLORXX: X X X X R3 R2Z Rl RO G3 G2 G1 GO B3 B2 Bl BO
RO-R3 Four-bit value for the red component
G0-G3 Four-bit value for the green component
B0O-B3 Four-bit value for the blue component

The value obtained from the bit planes is used as a pointer to a table
element. Since there are only these 32 color table registers, a maximum
of 5 bit planes can be combined in this mode. The bit from the bit
plane with the lowest number supplies the LSB of this entry, and the
bit plane with the highest number supplies the MSB.

This method of obtaining the color from a table allows a maximum of
32 colors in a picture, but these colors can be selected from a total of
4096. In high-resolution mode only 4 planes can be active at one time.
Here 16 colors is the limit. In this display mode it doesn’t matter how
:,nséag‘y planes are combined together. Some color registers remain un-

# of bit planes Colors Color registers used
1 2 COLORO00 - COLORO1
2 4 COLORO00 - COLOR03
3 8 COLOR00 - COLORO7
4 16 COLOR00 - COLOR15
5 32 COLOR00 - COLOR31

In the lowest resolution a maximum of 6 bit planes can be used. This
yields a value range of 26 or 0 to 63. There are, however, only 32 color
registers available. The extra half-bright mode uses a special technique
to get around this. The lower five bits (bits O to 4 from planes 1 to 5)
are used as the pointer to a color register. The contents of this color
register is output directly to the screen if bit 5 (from bit plane 6) is 0. If
this bit is 1, the color value is divided by 2 before it is sent to the
screen.

Dividing by two means that the values of the three color components
are shifted 1 bit to the right, which corresponds to a division by two.
Since the individual components are thus only half as large, the same
color is displayed on the screen, but only half as bright (thus the name).
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Example:

Bit no. 543210

Value fromthe bitplaness 1 0 0 1 0 0

yields table entry no. 8 (binary 00100 is 8)

COLORO8 contains the following value (color: orange):

R3 R2 R1 RO G3 G2 Gl GO B3 B2 Bl BO
1 1 1 0 0 1 1 0 0 0 0 1

Since bit 5 = 1, the values are shifted by 1 bit:

R3 R2 R1 RO G3 G2 Gl GO B3 B2 Bl BO
0 1 1 1 0 0 1 1 0 0 0 0

This value still corresponds to orange, but now it’s only half as bright.

By selecting appropriate color values for the 32 registers, it is possible
for each pixel to take on one of 64 possible colors on the extra half-
bright mode. The color registers store the bright colors, which can then
be dimmed by setting bit 5.

This mode allows all 4096 colors to be used in a picture. Like the extra
half-bright mode, it can only be used in low-resolution mode since it
requires all 6 bit planes. In this mode we make use of the fact that the
colors in a normal picture seldom make radical changes from pixel to
pixel. Usually smooth transitions from bright to dark colors or vice
versa are needed.

In the hold-and-modify mode, called HAM for short, the color of the
previous pixels is modified by the one which follows it. This makes
the fine color levels desired possible, for example by incrementing the
blue component by one step with each successive pixel. The limitation
is that only one component can be affected so that from one pixel to the
next, either the red, green or blue value can change, but never more than
one at a time. But to get a smooth transfer from dark to light, all three
color components must change for many color mixes. In the HAM
mode this can be accomplished only by setting one of the components
to the desired value at each pixel. This requires three pixels.

By comparison, the color of a pixel can also be changed dlrectly by
fetching one of 16 colors from the color table.

How is the value from the bit planes interpreted in the HAM mode?

The upper two bits (bits 4 and 5 from bit planes 5 and 6) determine the
use of the lower four bits (bit planes 1 to 4). If bits 4 and 5 are 0, the
remaining four bits are used as a pointer into the color palette registers
as usual. This allows 16 colors to be selected directly. With a com-
bination of bits 4 and 5 which are not 0, the color value of the last
pixel is used (to the left of the current pixel), two of the three color
components remains the same, while the third is replaced by the lower
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four bits of the current pixel. The top two bits
of the three color components.
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determine the selection

This all sounds more complicated than it is. The following table
explains the use of the various bit combinations:

Bit no:

S 4 3 2 1 0 Function

0 0 C3 C2 Ci1 CO Bits COtoC3 are used as a pointer to
one of the color registers in the range
COLORO00 to COLOR1S. This is iden-
tical to the normal color selection.

0 1 B3 B2 Bl B0 Thered and green values of the last (left)
pixel are used for the current pixel. The
old blue value is replaced by the value

in BO to B3.

1 0 R3 R2 R1 RO The blue and green values of the last
(left) pixel are used for the current pixel.
The old red value is replaced by the
value in BO to B3.

1 1 G3 G2 G1 GO Theblue and red values of the last (left)
pixel are used for the current pixel. The
old green value is replaced by the value

in BO to B3.

The border color (COLOROO) is used as the color of the previous pixel

for the first pixel on a line.

2nd color choice in Dual Playtisld mode

Color table

Value from odd bit plane COLOR 00)

Piayfield 1 color

0 {1} (1) ${COLOR 01

from COLOR 01

—/ COLOR 02
R
Velue from

even bit plane COLOR 10

Playfield 2
color from
COLOR 11

Priority switch: it

1[1 o [+ 8 m »{COLOR 11

COLOR 12
Color offset from even bit plans [Coo0R 13

PLLITTT] et piane o
OJIJ1Jll]eitplnes
11111 ]sitplane 2
I TTT11 ]eitplane v

no transparent
playfield exists,
the color with
the highest
priority is
displayed

Visible
soreen
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The previously described modes use only one playfield. The dual play-
field mode allows two completely independent playfields to be displayed
simultaneously. It’s like there are two screens, superimposed on each
other on the same monitor. They can (almost) be used completely inde-
pendent of one another.

This is especially interesting for games. For example, a telescope effect
can be produced very easily. The front playfield is filled with black
points, all except for a hole in the middle through which a section of
the second playfield can be seen.

Each of the two playfields gets half of the active bit planes. Playfield 1
is formed from the odd planes, and playfield 2 from the even ones. If an
odd number of bit planes is being used, playfield 1 has one more bit
plane available to it than playfield 2.

The color selection in the dual playfield mode is performed as usual:
The value belonging to a pixel from all of the odd bit planes (playfield
1) or the even planes (playfield 2) is used as a pointer to an entry in the
color table. Since each playfield can consist of a maximum of three
planes, a maximum of eight colors are possible. For playfield 1, the
lower eight entries of the color table are used (COLOROO to
COLORO07). For playfield 2, an offset of 8 is added to the value from
the bit planes, which puts its colors in positions 8 to 15 (COLORO0S to
COLOR15).

If the pixel has a value of 0, its color is not fetched from COLORO0O (or
COLOROB) as usual, it is made transparent. This means that screen
elements lying behind it can be seen. This can be the other playfield,
sprites or simply the background (COLOROQ).

The dual playfield mode can also be used in the high-resolution mode.
Each playfield has only four colors in this mode. The division of the
color registers doesn’t change, but the upper four color registers of each
playfield are unused (playfield 1: COLOR04 to 07, playfield 2:
COLORI12 to 15).

lan i iel lanes in plavfiel

1 Plane 1 none

2 Plane 2 Plane 2

3 Planes 1 and 3 Plane 2

4 Planes 1 and 3 Planes 2 and 4

5 Planes 1,3 and 5 Planes 2 and 4

6 Planes 1,3 and 5 Planes 2,4 and 6
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Color selection in the dual playfield mode:

Playfield 1 Playfield 2
Planes §, 3, 1 Color reg. Planes 6, 4, 2 Color reg.
000 Transparent 000 Transparent
001 COLORO1 001 COLORO09
010 COLOR02 010 COLOR10
011 COLORO3 011 COLOR11
100 COLOR04 100 COLOR12
101 COLOROS 101 COLOR13
110 COLORO06 110 COLOR14
111 COLORO7 111 COLOR15

As mentioned, a playfield consists of a given number of bit planes.
What do these bit planes look like? In Section 1.5.2 we said that they
were conceived as continuous areas of memory, whereby a screen line
was represented by a number of words depending on the screen width. In
a normal case this is 20 words in the lowest resolution (320 pixels
divided by 16 pixels per word) and 40 (640/16) in the high resolution.

The following steps are needed to determine the exact construction of
the playfield:

. Define the desired screen size

. Set the bit plane size

. Select the number of bit planes

. Initialize the color table

. Set the desired mode (hi-res, lo-res, HAM, etc.)

. Construct the Copper list

. Initialize the Copper

. Activate the bit plane and Copper DMA

The Amiga allows the upper left corner and the lower right corner of the
visible area of the playfield to be set anywhere. This allows both the
picture position and size to be varied. The resolution is one raster line
vertically and one low resolution pixel horizontally. Two registers con-
tain the values. DIWSTRT (DIsplay Window STaRT) sets the horizon-

tal and vertical start positions of the screen window, that is, the line and
column where the display of the playfield begins.

DIWSTOP (DIsplay Window STOP) contains the end position +1.
This refers to the line/column after the playfield. If the playfield extends
up to line 250, 251 must be given as the DISTOP value.

The border color is displayed outside the visible area (this corresponds
to the background color and comes from the COLOROO register).
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DIWSTRT $08E (write-only)

Bitno: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Vi V6 V5 V4 V3 V2 V1 VO H7?7 H6 H5 H4 H3 H2 H1 HO

DIWSTOP $090 (write-only)

Bitno.: 15 14 13 1211 10 9 8 7 6 5 4 3 2 1 0
V? V6 V5 V4 V3 V2 V1 VO H7 H6 H5 H4 H3 H2 H1 HO

The start position stored in DIWSTRT is limited to the upper left
quadrant of the screen, lines and columns 0 to 255, since the missing
MSB’s, V8 and H8, are assumed to be 0. The same applies to the hori-
zontal end position, except that here H8 is assumed to 1, so that the
horizontal position lies in the range 256 to 458. A different method is
used for the vertical end position. Positions both less and greater than
256 should be possible. Thus the MSB of the vertical position, V8, is
created by inverting the V7 bit. This makes an end position in the range
of lines 128 to 312 possible. For end positions from 256 to 312, one
sets V7 and this V8 to 1. If V7 is 1 and thus V8 0, a position between
128 and 255 is achieved.

The normal screen window has an upper left corner position of hori-
zontal 129 and vertical 41. The lower right corner lies at 448, 296, so
that DIWSTOP must be set to 449, 297. The corresponding DISTRT
and DIWSTOP values are $2981 and $29C1. With these values the
normal PAL Amiga screen of 640 by 256 pixels (or 320 by 256) is
centered in the middle of the screen.

Why isn’t the whole screen area used? There are several reasons for this.
First, a normal monitor does not display the entire picture. Its visible
range normally begins a few columns or lines after the blanking gap. In
addition, a picture tube is not rectangular. If the screen window was set
as high and wide as the monitor tube, the corners would hide part of the
picture. :

Another limitation on the DIWSTRT and DIWSTOP values is imposed
by the blanking gaps. Vertically this is in the range from lines O to 25.
This limits the visible vertical area to lines 26 to 312 ($1A to $138).
The horizontal blanking gap lies between columns 30 and 106 ($1E
$6A). Horizontal positions from 107 ($6B) on are possible.

After the position of the screen window has been set, the start and engl
of the bit plane DMA must be set. The data must be read from the bit
planes at the right times so that the pixels appear on the screen at the
desired time. Vertically this is no problem. The screen DMA starts and
ends in the same line as the screen window set with DIWSTRT and
DIWSTOP.

Horizontally it is somewhat more complicated. To display a ?ixel on
the screen, the electronics need the current word from each bit plane.
For six bit planes in the lowest resolution, eight bus cycles are neces-
sary to read all of the bit planes. In high resolution there are only four
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(Reminder: In one bus cycle, 2 low resolution or 4 high resolution
pixels are displayed).

In addition, the hardware needs a half bus cycle before the data can
appear on the screen. The bit plane DMA must therefore start exactly
8.5 cycles (17 pixels) before the start of the screen window (4.5 cycles
or 9 pixels in high-resolution mode, see Figure 1.5.2.3).

The bus cycle of the first bit plane DMA in the line is stored in the
DDFSTRT register (Display Data Fetch STaRT), and that of the last in
DDFTSTOP (Display Data FeTch STOP):

DDFSTRT 3092 (write-only)
DDFSTOP 3094 (write-only)

Bit no.: 15 14 13 12 11 109 8 7
Function: x X X X X X X X

The resolution is eight bus cycles in low-resolution mode, whereby H3
is always 0, and four in high-resolution mode. Here H3 serves as the
lowest bit. The reason for the limited resolution lies in the division of
the bit plane DMA. In low-res mode each bit plane is read once every
eight bus cycles. For this reason, the DDFSTRT value must be an inte-
ger multiple of eight (H1 to H3 = 0). The same applies to the high-res
mode, except that the bit planes are read every four bus cycles (H1 and
H2 = 0). Regardless of the resolution, the difference between DIWSTRT
and DIWSTOP must always be divisible by eight, since the hardware
always divides the lines into sections of 8 bus cycles. Even in high-res
mode the bit plane DMA is performed for 8 bus cycles beyond
DIWSTOP, so that 32 points are always read.

The correct values for DIWSTRT and DIWSTIO are calculated as
follows:

Calculation of DDFSTRT and DDFSTOP in the low-res mode:
HStart = horizontal start of the screen window
DDFSTRT = (HStart/2 - 8.5) AND $FFF8

DDFSTOP = DDFSTRT + (pixels per 1ine/2 - 8)

This yields $81 for HStart and 320 pixels per line:

DDFSTRT = ($81/2 - 8.5) AND $FFF8 = $38
DDFSTOP = $38 + (320/2 - 8) =$D0

Calculation of DDFSTRT and DDFSTOP in the high-res mode:

DDFSTRT = (HStart/2 - 4.5) AND $FFFC
DDFSTOP = DDFSTRT + (pixels per line/4 - 8)
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This yields $81 for HStart and 640 pixels per line:

DDFSTRT = ($81/2 - 4.5) AND $FFFC = $3C
DDFSTOP = $3C + (640/4 - 8) = $D4

DDFSTRT cannot be less than $18. DDFSTOP is limited to a maxi-
mum of $D8. The reasons for this are explained in Section 1.5.2. A
DDFSTRT value less than $28 has no purpose, since the pixels must
then be displayed during the horizontal blanking gap, which is not pos-
sible (exception: scrolling). Since the DMA cycles of the bit planes and
the sprites overlap with DDFSTRT positions less than $34, some
sprites may not be visible, depending on the value of DDFSTRT.

If you want to move the screen window horizontally by means of
DIWSTRT and DDFSTOP, it may occur that the difference between
DIWSTRT and DDFSTRT is not exactly 8.5 bus cycles (17 pixels),
since DDFSTRT can only be set in steps of eight bus cycles. In such a
case a part of the first data word in the invisible area to the left of the
screen window limit disappears. To prevent this, it is possible to shift
the data read before outputting it to the screen so that it matches the
start of the screen window. The section on scrolling explains how this
is done.

The values in DDFSTRT and DDFSTOP determine how many data
words are displayed per line. The start address must now be set for each
bit map so that the DMA controller can find the data. 12 registers con-
tain these addresses. A pair of registers, BPLXPTH and BPLxPTL is
used for each bit plane. Together they are referred to simply as BPLxPT
(Bit PLane x PoinTer).

Addr. Name Function

$O0EO BPL1PTH Start address of Bits 16-18
$0E2 BPL1PTL bit plane 1 Bits 0-15
$O0E4 BPL2PTH Start address of Bits 16-18
$0E6 BPL2PTL bit plane 2 Bits 0-15
$0ES8 BPL3PTH Start address of Bits 16-18
$O0EA BPL3PTL bit plane 3 Bits 0-15
$O0EC BPLAPTH Start address of Bits 16-18
$OEE BPLAPTL bit plane 4 Bits 0-15
$0F0 BPLSPTH Start address of Bits 16-18
$0F2 BPL5PTL bit plane 5 Bits 0-15
$0F4 BPL6PTH Start address of Bits 16-18
$O0F6 BPL6PTL bit plane 6 Bits 0-15

The DMA controller does the following when displaying a bit plane:
The bit plane DMA remains inactive until the first line of the screen
window is reached (DIWSTRT). Now it gets the data words from the
various bit planes at the column stored in DFFSTRT, keeping to the
timing in Figure 1.5.2.3. It uses BPLXPT as a pointer to the data in the
chip RAM. After each data word is read BPLxPT is incremented by one
word. The words read go to the BPLXDAT registers. These registers are
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used only by the DMA channel. When all six BPLXDAT registers have
been provided with the corresponding data words from the bit planes,
the data goes bit by bit to the video logic in Denise, which selects one
of the 4096 colors depending on the mode and then outputs this to the
screen.

When DFFSTOP is reached, the bit plane DMA pauses until
DFFSTRT is on the next line, it repeats the process until the end of the
last line of the screen window (DIWSTOP) is displayed.

The BPLxPT now points to the first word after the bit plane. But since
BPLxPT should point to the first word in the bit plane by the next pic-
ture, it must be set back to this value. The Copper takes care of this
quickly and easily. A Copper list for a playfield with 4 bit planes looks
like this:

AddrPlanexH = address of bit plane x,bits 16-18
AddrPlanexL = address of bit plane x,bits 0-15

MOVE #AddrPlanelH,BPL1PTH jinitialize pointer tobit planel
MOVE #AddrPlanell,BPL1PTL

MOVE #AddrPlane2H,BPL1PTH jinitialize pointer to bit plane 2
MOVE #AddrPlane2L,BPL1PTL

MOVE #AddrPlane3H,BPL1PTH jinitialize pointer to bit plane 3
MOVE #AddrPlane3L,BPL1PTL

MOVE #AddrPlane4H,BPL1PTH ;initialize pointer tobit plane 4
MOVE #AddrPlane4L,BPL1PTL

WAIT ($FF,$FE) ;end of the Copper 1list (wait for an

simpossible screen position)

Resetting the BPLxPT is absolutely necessary. If you don’t use a Cop-

per list, this must be done by the processor in the vertical blanking
interrupt.

The previous playfields were always the same size as the screen. How-
ever, it would often be useful to have a large playfield in memory, not
all of which is visible on the screen at one time, but which can be
smoothly scrolled in all directions. This is easily done on the Amiga.
The following sections illustrate this in both the X and Y directions.
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Bit plane - Width:40 words; height: 400 lines

n n+2 n+4 n+78
n+80 n+82 n+84 n+158
n+160 |n+162 [n+164 |[n+166 | n+202 n+238
BPL*PT=n+164 BPL*PT+80

Modulo=40 bytes (20 words) moves the
visible scree

Visible screen sarea: grea1 line

Width:20 words; height: 200 lines own
n+16080] n+16082] n+16084] |n+1612_2|

44—
A scroll value from 0 to 15 moves the
visible screen area 0 to 15 pixels to the left

BPL*PT+2 moves the visible screen area 1 word to the right

n+31920| o |n+31998

n=Starting address of the bit plane ~ Total size of bit plane: 32,000 bytes

This can be done very easily vertically. The necessary bit planes are
placed in memory as usual, but this time they contain more lines than
the screen. In order to move the screen window smoothly of this tall
playfield, the values of BPLxPT are changed. For example, if you want
to display the areas from line 100 to 356, the BPLXPT must be set to
the first word of the 100th line. With a screen width of 320 pixels each
line occupies 20 words (40 bytes). Multiplies by 100 lines yields an
address of 4000. Add this to the start address of the playfield, and you
have the desired value for BPLxPT. To scroll the playfield in the screen
window, simply change this value by one or more lines with each pic-
ture, depending on the scroll speed desired. Since the BPLXPT can only
be changed outside the visible area, a Copper list is used. You can then
change the values in the Copper list and the Copper automatically
writes them into the BPLxPT registers at the right time. You have to
be careful not to change the Copper list while the Copper is accessing
its commands. Otherwise the processor may change one word of the
address while the Copper is reading it and the Copper gets the wrong
address.

Special registers are present for horizontal scrolling and extra-wide play-
fields (all write-only):

$108 BPL1IMOD Modulo value for the odd bit planes

$10A BPL2MOD Modulo value for the even bit planes

BPLCON 3102

Bit no.: 15-8 7 6 5 4 3 2 1 0
Function: wunused P2H3 P2H2 P2H1 P2HO P1H3 P1H2 P1H1 P1HO

P1HO-P1H3 Position of the even planes (four bits)
P2HO-P2H3  Position of the odd planes (four bits)
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rectangular memory areas. This principle is used often in the Amiga
hardware. Inside a large memory area divided into rows and columns it
allows a smaller area to be defined which possess a certain height and
width. Let’s say that the large memory area, in this case our playfield,
is 640 pixels wide and 256 high. This gives us 256 lines of 40 words
each (80 bytes). The smaller area corresponds to the screen window and
has the normal size of 320 by 200 pixels, for only 20 words per line.
The problem is that when a line is output, BPLxPT is incremented by
20 words. In order to get to the next line of your playfield, it must be
incremented by 40 words. After each line, another 20 words must be
added to BPLxPT. The Amiga can take care of this automatically. The
difference between the two different line lengths is written into the mod-
ulo register. After a line is output, this value is automatically added to
the BPLxPT.

Width of the playfield: 80 bytes (40 words)
Width of the screen window: 40 bytes (20 words)

Modulo value needed: 40 bytes (The modulo value must always
be an even number of bytes).

Start: start address of the first line of the playfield
Output of the 1st line:

Word: 0 1 2 3 cee 19
BPLxPT: Start Start+2 Start+4 Start+6 ... Start+38

After the last word is output, BPLXPT is incremented by 1 word:

BPLXPT = Start+40.

After the end of the line, the modulo value is added to BPLxPT:
BPLXPT = BPLXPT + modulo BPLXPT = Start+40 + 40 = Start+80

Output of the 2nd line:

Word: 0 1 2 3 seae 19
BPLxPT: Start+80 Start+82 Start+84 Start+86 ... Start+118

etc. This example shows the left half of the large bit map being dis-
played in the large screen window. To start at a different horizontal
position, simply add the desired number of words to the start value of
BPLxPT, whereby the modulo value remains the same.

The start values are as above. The only difference is that BPLXPT is not
at Start, but at Start+40 so that the right half of the large playfield is
displayed.

Word: 0 1 2 3 cee 19
BPLXPT: Start+40 Start+42 Start+44 Start+46 ... Start+78
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After outputting the last word:

BPLXPT = Start+80
Now the modulo value is added to BPLxPT:
BPLXPT = BPLXPT + modulo BPLXPT = Start+80 + 40 = Start+120

Output of the 2nd line:

Word: 0 1 2 3 aee 19
BPLXPT: Start+120 Start+122 start+124 Start+126 ... Start+158

etc. Separate modulo values can be set for the even and odd bit planes.
This allows two different-sized playfields in the dual playfield mode. If
this mode is not being used, set both BPLxMOD registers to the same
modulo value.

The screen can be moved horizontally in steps of 16 pixels with the
help of the BPLxPT and BPLXMOD registers. Fine scrolling in single
pixel steps is possible with the BPLCON1 register. The lower four bits
contain the scroll value for the even planes, bits 4 to 7 are that of the
odd planes. This scroll value delays the output of the pixel data read for
the corresponding planes. If it is zero, the data are output exactly 8.5
bus cycles (4.5 in high-res) after the DDFSTRT position, otherwise
they appear up to 15 pixels later, depending on the scroll value. That is,
the picture is shifted to the right within the screen window by the value
in BPLCON1.

Smooth scrolling of the screen contents to the right can be accom-
plished by incrementing the value of BPLCON1 from 0 to 15 and then
setting it back to 0 while decrementing the BPLXPT by one word as
described above.

Left scrolling can be accomplished by decrementing the scroll value
from 15 to 0 and then incrementing BPLXPT by one word. BPLCON1
should be changed only outside the visible area. This can be done either
during the vertical blanking interrupt, or the Copper can be used. The
values in the Copper list can be changed as desired and they are written
into the BPLCON1 register during the vertical blanking gap.

But if the picture is shifted to the right by means of the BPLCON1
value, the excess points on the left are chopped off correctly. New
pixels don’t appear on the right since a new pixel data hasn’t been read
there. To prevent this, the DDFSTRT value must be set ahead of its
normal start by 8 bus cycles (high-res: 4 bus cycles). The DDFSTRT
value is calculated as usual from the desired screen window and it is
decremented by 8 (or 4). This extra word is normally not visible. Only
when the scroll value is non-zero its pixels appear in the free positions
at the left of the screen window. If this is 320 pixels wide, 21 data
words instead of the usual 20 are read per line. This must be taken into
account when calculating the bit planes and the modulo values.
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The screen window can also be positioned as desired by means of the
scroll value. If the difference between DIWSTRT and DIWSTOO is
more than 17 pixels, you simply shift the read data to the right by the
amount over 17.

Although the interlace mode doubles the number of lines which can be
displayed, it differs only by a different modulo value and a new Copper
list from the normal display mode. As described in Section 1.5.2, the
odd and even lines are displayed alternately in each picture. To allow an
interlace playfield to be represented normally in memory, the modulo
value is set equal to the number of words per line. After a line is out-
put, the length of the line is added again to BPLxPT, which amounts to
skipping over the next line. In each picture only every other line is dis-
played. Now the BPLxPT must be set to the first or second line of the
playfield, depending on the frame type, so that either the even or the odd
lines are displayed. In a long frame BPLxPT is set to line 1 (odd lines
only), and in a short frame it is set to line 2 (even lines only). The
Copper list for an interlace playfield is somewhat more complicated
because two lists are needed for the two frame types:

Linel = address of the first line of the bit plane
Line2 = address of the second line of the bit plane

Copperl:
MOVE #LinelHi,BPLXPTH sset pointer for BPLXPT to
MOVE #LinelLo,BPLXPTL sthe address of the first line

sother Copper commands
MOVE #Copper2Hi,COP1LCH ;set address of Copper list
MOVE #Copper2Lo,COP1LCL  ;to Copper2

WAIT (SFF,SFE) - send of the 1st Copper 1list
Copper2:

MOVE #Line2Hi,BPLXPTH ;set pointer for BPLXPT to
MOVE #Line2Lo,BPLXPTL sthe address of the first line

sother Copper commands
MOVE #Copper1Hi,COP1LCH ;set address of Copper list
MOVE #Copper1Lo,COP1LCL ;to Copperl

WAIT ($FF,$SFE) send of the 1st Copper 1list

The Copper continually alternates its Copper list after each frame by
loading the address of the other list into COP1LC at the end of a com-
mand list. This address is automatically loaded into the program counter
of the Copper at the start of the next frame. The interlace mode should
be initialized carefully, so that the Copper list for odd lines is actually
processed within a long frame:
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. Set COP1LC to Copper1l

. Set the LOF bit (bit 15) in the VPOS register ($2A) to 0. This
makes sure that the first frame after the interlace mode is enabled
in a long frame and is therefore suited to Copperl. The LOF bit
is inverted after each frame in the interlace mode. If it is set to 0,
it changes to 1 at the start of the next frame. This makes this
frame a long frame.

o Interlace mode on
. Wait until the first line of the next picture (line 0)
. Copper DMA on

All other register functions are unchanged in the interlace mode. All
line specifications (such as DIWSTRT) always refer to the line number
within the current frame (0-311 for a short frame and 0-312 for a long
frame). If the interlace mode is enabled without changing other regis-
ters, a faint flickering is noticeable because the lines of the frames are
now displaced from each other, even though both frames contain the
same graphics data. When doubly-large bit planes and the appropriate
modulo values are set up with suitable Copper lists so that different
data are displayed in each frame, then the desired increase in the number
of lines is noticed.

The interlace mode results in a strong flickering since each line is dis-
played only once every two frames and is thus refreshed 25 times per
second. This flickering can be reduced to a minimum by selecting the
lowest possible contrast between colors displayed (lowest intensity dif-
ferences).

There are three control registers for activating the various modes:
BPLCONO to BPLCON2. BPLCONT1 contains the scroll values. The
other two are constructed as follows:

BPLCONO $100

15 HIRES High-resolution mode on (HIRES=1)

14 BPU2  The three BPUx bits comprise a three-bit number
13 BPU1 which contains the number

12 BPUO of bit planes used (0 to 6).

11 HOMOD Hold-and-modify on (HOMOD=1)

10 DBPLF Dual playfield on (DBPLF=1)

9 COLOR Video output color (COLOR=1)

8 GAUD  Genlock audio on (GAUD=1)

74 - unused

3 LPEN  Lightpen input active (LPEN=1)

2 LACE Interlace mode on (LACE=1)

1 ERSY  External synchronization on (ERSY=1)
0 - unused
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HIRES The HIRES bit enables the high-resolution display mode
(640 pixels /line).

BPLO-BPL2
These three bits form a 3-bit number which selects the

number of active bit planes. Values between 0 and 6 are
allowed.

HOMOD and DBPLF
These two bits select the appropriate mode. They cannot
both be active at the same time. The extra-half-bright mode
is automatically activated when all six bit planes are enabled
and neither HOMOD or DBPLF is selected.

LACE  When the LACE bit is set, the LFO frame bit in the VPOS
register is inverted at the start of each frame, causing the
desired alternation between long and short frames.

COLOR The color bit turns the color burst output of Agnus on.
Only when Agnus delivers this color burst signal can the
video mixer create a color video signal. Otherwise it is black
and white. The RGB is not affected by this.

ERSY The ERSY bit switches the connections for the vertical and
horizontal synchronization signals from output to input.
This allows the Amiga to be synchronized by external sig-
nals. The genlock interface uses this bit to be able to mix
the Amiga’s picture with another video picture. The GAUD
bit is also provided for the genlock interface (see Section

1.3.2).
BPLCON2 $104
Bit no.: 15-7 6 5 4 3 2 1 [}

Function: unused PF2PRI PF2P2 PF2P1 PF2P0 PF1P2 PF1P1 PF1PO

PF2PO-PF2P2 and PF1PO-PFIP2 determine the priority of the sprites
in relationship to the playfields (see the next section).

PF2PRI: If this bit is set, the even planes have priority over the odd
planes, meaning that they appear in front of the odd planes. This bit has
visible effect only in the dual playfield mode.

After all of the registers described thus far have been loaded with the
desired values, the DMA channel for the bit planes must be enabled,
and, if the Copper is used (which is normally the case), its DMA
channel must also be enabled. The following MOVE command accom-
plishes this by setting the DMAEN, BPLEN and COPEN bits in the

. DMA control register DMACON:

MOVE.W #$8310,$DFF096
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This program creates a playfield with the standard dimensions 320 by
200 pixels in the low-res mode. Six bit planes are used, so the extra-
half-bright mode is automatically enabled. At the beginning, the pro-
gram allocates the memory needed. Since the addresses of the individual
bit planes are not known until this time, the Copper list is not copied
from the program, but created directly in the chip RAM. It contains
only commands to set the BPLxPT registers.

To show you something of the 64 possible colors, the program draws
16x16-pixel-large blocks in all colors at random positions. The
VHPOS register is used as a random-number generator.

#*** Demo for the Extra-Halfbright-Mode #***

;CustomChip-Register

INTENA = $9A ;Interrupt-Enable-Register (write)
DMACON = $96 ;DMA-Control register (write)
COLORO0O = $180 ;Color palette register 0

VHPOSR = $6 sRay position (read)

;Copper Register

COP1LC = $80 ;Address of 1. Copperlist
COP2LC = $84 ;Address of 2. Copperlist
COPJMP1 = $88 ;Jump to Copperlist 1
COPJMP2 = $8a ;Jump to Copperlist 2

;Bitplane Register

BPLCONO = $100 ;Bitplane Control register 0
BPLCON1 = $102 ;1 (Scroll value)

BPLCON2 = $104 ;2 (Sprite<>Playfield Priority)
BPL1PTH = $0E0 ;Number of 1. Bitplane

BPL1PTL = $0E2 ;

BPL1MOD = $108 ;Modulo-Value for odd Bit-Planes
BPL2MOD = $10A ;Modulo-Value for even Bit-Planes
DIWSTRT = $08E ;Start of the screen windows
DIWSTOP = $090 ;End of the screen windows
DDFSTRT = $092 ;Bit-Plane DMA Start

DDFSTOP = $094 ;Bit-Plane DMA Stop

;CIA-A Port register A (Mouse key)
CIAAPRA = $bfe001

;Exec Library Base Offsets

Openlibrary = =30-522 ;LibName,Version/al,do
Forbid = =30-102

Permit = -30-108

AllocMem = ~30-168 ;ByteSize,Requirements/d0,dl
FreeMem = =30-180 sMemoryBlock, ByteSize/al,do
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sgraphics base
StartList = 38

sother Labels

Execbase = 4

Planesize = 40*200 ;Size of Bitplane: 40 Bytes by
#2200 lines

CLsize = 13%4 :The Copperlist with 13 commands

Chip =2 ;Chip-RAM request

Clear = Chip+$10000 ;clear previous Chip-RAM

g**% Initialize program ***
Start:
;Request memory for the Bitplanes

move.l Execbase,aé
move.l #Planesize*6,d0 ;Memory size of all Planes

move.l #clear,dl sMemory to be with filled with
snulls

isr AllocMem(a6) ;Request memory

move.l d0,Planeadr ;sAddress of the first memory
sPlane

beq End ;Error! -> End
sRequest memory for Copperlist

moveq #Clsize,d0 :Size of the Copperlist

moveq #chip,dl

jsr AllocMem(a6)

move.l d0,CLadr

beq FreePlane sError! -> Free RAM for Bit
;planes

;Build Copperlist

moveq #5,d4 26 Planes = 6 loops to run
sthrough
move.l d0,a0 ;Address of the Copperlist to
;a0
move.l Planeadr,dl
move.w #bpllipth,d3 ;first Register to d3
MakeCL: move.w d3, (a0)+ ;BPLXPTH ins RAM
addq.w #2,d3 ;next Register
swap dl
move.w dl, (a0) + sHi-word of the Plane address
7in RAM
move.w d3, (a0)+ ;BPLXPTL ins RAM
addg.w #2,d3 snext Register
swap dl
move.w dl, (al0)+ sLo-word of the Plane address in RAM
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add.l #planesize,dl ;Address of the next Plane calculated
dbf d4,MakeCL

move.l #SEfffffffe, (a0) +End of Copperlist

#*** Main program ***

sDMA and Task switching off

jsr forbid(a6)

lea $d££000,a5

move.w #$03e0,dmacon (a5)

sCopper initialization

move.l CLadr,copllc(a5)
clr.w copjmpl(a5)

#2Color table with different color fills

moveq #31,d0 sValue for color register
lea color00(a5),al

moveq #1,dl sfirst color

SetTab:

move.w dl, (al)+ sColor in color register
mulu  #3,d1 scalculate next color

dbf do, SetTab
sPlayfield initialization

move.w #$3081,diwstrt (a5) ;Standard value for
move.w #$30cl,diwstop(a5) ;screen window

move.w #$0038,ddfstrt (a5) sand BitplaneDMA
move.w #$00d0,ddfstop(a5)

move.w #%$0110001000000000,bplcon0(a5) ;6 Bitplanes

clr.w bplconl (a5) sno Scrolling

clr.w bplcon2(a5) ;Priority makes no difference

clr.w bpllmod(a5) ;Modulo for all Planes equals
sNull

clr.w bpl2mod(aS)

sDMA on
move.w #$8380,dmacon (a5)

sBitplane modification

moveq #40,d5 ;Bytes per line

clr.l d2 sBegin with color 0

Loop: clr.l dO

move.w vhposr (a5),do ;Random value to doO

and.w #$3ffe,d0 :Unnecessary Bits masked out
cmp.w #$2580,d0 - ;Large as Plane?

bces Continue :When not, then continue
and.w #$1ffe,d0 selse erase upper bit
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Continue: move.l Planeadr,

add.l doO,a4
moveq #5,d4
move.l d2,d3

Block:

clr.l di
1sr #1,d3
negx.w dl

moveq #15,d0
move.l a4,a3

Fill:

move.w dl, (a3)
add.l d5,a3
dbf do,Fill

add.l #Planesize,a4
dbf d4,Block

addg.b #1,d2
btst  #6,claapra
bne Loop

;*** End program ***
;Activate old Copperlist
move.l #GRname,al

clr.l do

isr OpenLibrary(a6)
move.l d0,a4d

AMIGA SYSTEM PROGRAMMER'S GUIDE

a4 ;Address of the 1.Bitplane to
sad
;Calculate address of the Blocks
;Number for Bitplanes
;Color in work register

;one Bit of color number in X-Flag
suse dl to adjust X-Flag

;16 lines per Block

;Block address in working register

;Word in Bitplane
;compute next line

snext Bitplane

snext color
smouse key pressed?
;no => then continue

;Set parameter for OpenLibrary

;Graphics Library open

move.l StartList (a4),copllc(a5) ;Address of Startlist

clr.w copjmpl (aS)
move.w #$8060,dmacon (a5)
jsr permit (a6)

;jreenable DMA
;Task-Switching on

;Free memory for Copperlist

move.l CLadr,al
moveq #CLsize,d0
jsr FreeMem(a6)

;Free memory for Bitplanes
FreePlane:

move.l Planeadr,al
move.l #Planesize*6,d0

jsr FreeMem(a6)
Ende:

clr.l doO

rts
;Variables

;Set parameter for FreeMem

;Free memory

sProgram end
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CLadr: dc.1 0
Planeadr: dc.1 0

;Constants

GRname: dc.b "graphics.library",0

;Program end
end

Dual playfield and smooth scrolling
This program uses several effects at once: First, it creates a dual play-
field screen with one low-res bit plane per playfield. Then it enlarges

the normal screen window so that no borders can be seen, and finally, it
scrolls playfield 1 horizontally and playfield 2 vertically.

The usual routines for memory allocation, etc. are used at the start and
end.

Both playfields are filled with a checkerboard pattern of 16x16 point
blocks.

The main loop of the program, which performs the scrolling, first waits
for a line in the vertical blanking gap, in which the operating system
processes all of the interrupt routines and the Copper sets BPLxPT.
After this it increments the vertical scroll counter, calculates the new
BPLxPT for playfield 2, and writes it into the Copper list.

The horizontal scroll position results from separating the lower four
bits of the scroll counter from the rest. The lower four bits are written
into the BPLCON|1 register as the scroll value for playfield 1, and the
Sth bit is used to calculate the new BPLXPT, which is copied into the
Copper list.

Both the horizontal and vertical scroll counters are incremented from 0
to 31 and then reset to 0. This is sufficient for the scrolling effect since
the pattern used for the playfields repeats every 32 pixels.

*** Dual-Playfield & Scroll Demo ***
;CustomChip-Register

INTENA = $9A ;Interrupt-Enable-Register (write)
INTREQR = $le ;Interrupt-Request-Register (read)
DMACON = $96 ;DMA-Control register (write)
COLORO0O = $180 ;Color palette register 0

VPOSR = $4 shalf line position (read)

;Copper Register

COP1LC
COP2LC

$80 ;Address of 1. Copperlist
$84 ;Address of 2. Copperlist
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COPJMP1 = $88 ;Jump to Copperlist 1
COPJMP2 = $8a ;Jump to Copperlist 2

;sBitplane Register

BPLCONO = $100 ;Bitplane control register 0
BPLCON1 = $102 ;1 (Scroll value)

BPLCON2 = $104 ;2 (Sprite<>Playfield Priority)
BPL1PTH = $OEO0 ;Pointer to 1. Bitplane

BPL1PTL = $0E2 ;

BPL1MOD = $108 ;Modulo-Value for odd Bit-Planes
BPL2MOD = $10A ;Module-value for even Bit-Planes
DIWSTRT = $08E ;Start of screen windows
DIWSTOP = $090 ;End of screen windows

DDFSTRT = $092 ;Bit-Plane DMA Start

DDFSTOP = $094 ;Bit-Plane DMA Stop

3CIA-A Port register A (Mouse key)
CIAAPRA = $bfe001

;Exec Library Base Offsets

OpenlLibrary = -30-522 ;LibName,Version/al,do
Forbid = =30-102

Permit = -30-108

AllocMem = =30-168 ;ByteSize,Requirements/d0,dl
FreeMem = -30-180 ;MemoryBlock,ByteSize/al,do0

;graphics base
StartlList = 38

;Misc Labels

Execbase = 4

Planesize = 52%345 3Size of the Bitplane

Planewidth = 52

CLsize = 5%4 :The Copperlist contains 5 commands
Chip =2 :request Chip-RAM

Clear = Chip+$10000 ;clear previous Chip-RAM

j*%** Pre-program ***
Start:
:Request memory for Bitplanes

move.l Execbase, a6

move.l #Planesize*2,d0 smemory size of the Planes
move.,l #clear,dl

jsr AllocMem(a6) sRequest memory

move.l dO,Planeadr

beq Ende ;Error! -> End

;Request memory for the Copperlist
moveq #Clsize,dO

AMIGA SYSTEM PROGRAMMER'S GUIDE
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moveq #chip,dl
isr AllocMem(a6)
move.l d0,CLadr

beq FreePlane sError! => Free memory for the Planes

7Build Copperlist

moveq #1,d4 stwo Bitplanes
move.l d0,al

move.l Planeadr,dl

move.w #bpllpth,d3

MakeCL: move.w d3, (a0)+

addq.w #2,d3

swap dl

move.w dl, (a0)+

move.w d3, (a0) +

addq.w #2,d3

swap dl

move.w dl, (a0)+

add.l #planesize,dl sAddress of the next Plane

dbf d4,MakeCL
move.l #$Sfffffffe, (al) sEnd of the Copperlist

3*** Main program ***
;DMA and Task switching off

jsr forbid (aé)
lea $dff000, a5
move.w #501e0,dmacon (a5)

;jCopper initialization

move.,l CLadr,copllc(a5)
clr.w copjmpl(a5)

;Playfield initialization

move.w #0,color00(a5)

move.w #$0£00,color00+2(a5)

move.w #$000f, color00+18(a5)

move.w #$la64,diwstrt (a5) 326,100

move.w #$39d1,diwstop(a5) 2313,465

move.w #$0020,ddfstrt (a5) sread one extra word
move.w #$0048,ddfstop (a5)

move.w #%0010011000000000,bplcon0(a5) ;Dual-Playfield

clr.w bplconl (a5) ;and scroll to start on 0
clr.w bplcon2(a5) ;Playfield 1 or Playfield 2
move.w #4,bpllmod(a5) ;Modulo on 2 Words

move.w #4,bpl2mod(a5)

;DMA on
move.w #$8180,dmacon (a5)
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;Bitplanes filled with che

move.l planeadr, a0
move.w #planesize/2-1,d0
move.w #13*16,dl

move.l #S££££0000,d2
move.w dl,d3

£f111: move.l d2,(al)+
subqg.w #1,d3

bne.s continue

swap d2

move.w dl1,d3

continue: dbf dO,fill

;Playfields scroll

clr.l do

clr.l dl

move.l CLadr,al
move.l Planeadr, a0

;Wait on Raster line 16 (f

wailt: move.l vposr(a5),d2
and.l #$0001FF00,d2
cmp.l #$00001000,d2
bne.s wait

;Playfield 1 vertical scro

addq.b #2,d0
cmp.w  #$80,d0
bne.S novover
clr.l doO
novover:

move.l d0,d2
lsr.w #2,d2
mulu  $52,d2

add.l a0,d2

add.l #Planesize,d2
move.w d2,14(al)
swap d2

move.w d2,10(al)

AMIGA SYSTEM PROGRAMMER'S GUIDE

cker pattern

2loop value
;Height = 16 Lines
;checker pattern

spattern change

svertical Scroll position

shorizontal Scroll position
;Address of the Copperlist
;Address of first Bitplane

or the Exec-Interrupts)

sread Position
;horizontal Bits masked
;wait on line 16

11

sralse vertical Scroll value
salready 128 (4*32)?

2Then back to 0O

;copy scroll value

scopy divided by 4 s

;Number Bytes per line * Scroll
sposition

splus Address of first Plane
splus Plane size

sgive End address for Copperlist

sPlayfield 2 horizontal scroll

addq.b #1,d1
cmp.w  #5$80,d1
bne.S nohover
clr.l dil
nohover:
‘move.l dl,d2
lsr.w #2,d2

sraise horizontal Scroll value
salready 128 (4*32)

sthen back to O

;copy scroll value
;copy divided by 4

move.l d2,d3 scopy Scroll position
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and.w #$FFF0,d2 #?lower 4 Bit masked

sub.w d2,d3 slower 4 Bit in d3 isolated
move.w d4,bplconl (a5) slast Value in BPLCON1
move.w d3,d4 snew scroll value to d4
lsr.w #3,d2 snew Address for Copperlist
add.l a0,d2 scalculate

move.w d2,6(al) sand write in Copperlist
swap d2

move.w d2,2(al)

btst #6,claapra sMouse key pressed?

bne.s wait sNO -> continue

2%%%x End program sk %

sActivate old Copperlist

move.l #GRname,al 7Set parameter for Openlibrary

clr.l do

jsr OpenlLibrary(aé) ;Graphics Library open
move.l doO, a4

move.l StartList(a4d),copllc(a5)

clr.w copjimpl(a5)

move.w #$83e0,dmacon (a5)

isr pernmit (a6) sTask-Switching permitted

;Free memory used by Copperlist

move.l CLadr,al sSet parameter for FreeMem
moveq #CLsize,do0
jsr FreeMem(a6) ;Free memory

sFree memory used by Bit planes
FreePlane:

move.l Planeadr,al

move.l #Planesize*2,d0

jisr FreeMem(a6)

Ende:

clr.l do

rts sProgram ends
;Variables

CLadr: dec.l1 0

Planeadr: dc.l O

test: dec.l O

sConstants

GRname: dc.b "graphics.library”,0

end
;Program end

121



1. THE AMIGA HARDWARE AMIGA SYSTEM PROGRAMMER'S GUIDE

1.5.6

Construction
of the sprites

Color
selection

Color
registers and
Sprites .

122

Sprites

Sprites are small graphic elements which can be used completely inde-
pendent of the playfields. Each sprite is 16 pixels wide and can have a
maximum height of the entire screen window. It can be displayed any-
where on the screen. Normally a sprite is in front of the playfield(s). Its
pixels therefore cover the graphic behind it. The mouse pointer, for
example, is implemented as a sprite. Up to eight sprites are possible on
the Amiga. A sprite normally has three colors, but it is possible to
combine two sprites into one to get a fifteen-color sprite.

The color selection for sprites is very similar to that of a dual-playfield
screen. A sprite is sixteen pixels wide, represented by two data words
which are used as sort of “mini bit planes.” Like the bit planes, the
color of a pixel is formed from the corresponding bits in each of the bit
planes. With a sprite, the color of the first pixel (this is the leftmost
point of the sprite) is selected by the two highest-order bits (bit 15) of
the two data words. The two lowest-order bits (bit 0) determine the
color of the last pixel. Each pixel is thus represented by two bits,
which means it can have one of four different colors. The color table is
used to determine the actual color from this value. There are no special
color registers for the sprites. The sprite colors are obtained from the
upper half of the table, color registers 16-31. This means that sprite and
playfield colors do not come in conflict unless playfield with more than
16 colors are created.

The following table shows the assignment of color registers and sprites:

0&1 00 transparent
01 COLOR17
10 COLOR18
11 COLOR19
2&3 00 transparent
01 COLOR21
10 COLOR22
11 COLOR23
4&S 00 transparent
01 COLOR2S5
10 COLOR26
11 COLOR27
6&7 00 transparent
01 COLOR29
10 COLOR30
11 COLOR31

Each two successive sprites have the same color registers.
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As in the dual-playfield mode, the bit combination of two zeros does
not represent a color, it causes the pixel to be transparent. This means
that the color of anything below this pixel is visible in its place,
whether this is another sprite, a playfield or just the background.

If three colors are not enough, two sprites can be combined with each
other. The two-bit combinations of the sprites then make up a four-bit
number. Sprites can only be combined in successive even-odd pairs, i.e.
no. 0 with no. 1, no. 2 with no. 3, etc. The two data words from the
sprite with the higher number are used as the two high-order bits of the
total 4-bit value. This is then used as a pointer to one of fifteen color
registers, whereby the value zero is again used as transparent. The color
registers are the same for all four possible sprite combinations:
COLOR16 to COLOR31.

0000 transparent 1000 COLOR24
0001 COLOR17 1001 COLOR25
0010 COLOR18 1010 COLOR26
0011 COLOR19 1011 COLOR27
0100 COLOR20 1100 COLOR28
0101 COLOR21 1101 COLOR29
0110 COLOR22 1110 COLOR30
0111 COLOT23 1111 COLOR31

The Amiga sprites can be programmed very easily. Almost all of the
work is handled by the sprite DMA channels. The only thing needed to
display a sprite on the screen is a special sprite data list in memory.
This contains almost all of the data needed for the sprite. The DMA
controller must still be told the address of this list in order for the sprite

to appear.

The DMA controller has a DMA channel for each sprite. This can read
only two data words in each raster line. This is why a normal sprite is
limited to a width of 16 pixels and four colors. Since these two data
words can be read in every line, the height of a sprite is limited only by
that of the screen window.

Such a data list consists of individual lines, each of which contains two
data words. One of these lines is read through DMA in each raster line.
They can contain either two control words to initialize the sprite, or
two data words with the pixel data.

The control words determine the horizontal columns and the first and
last lines of the sprite.

After the DMA controller has read these words and placed them in the
corresponding registers, it waits until the electron beam reaches the
starting line of the sprite. Then two words are read for each raster line
and are output by Denise at the appropriate horizontal position on the
screen until the last line of the sprite has been processed. The next two .
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words in the sprite data list are again treated as control words. If they are
both 0, the DMA channel ends its activity. It is also possible to specify
a new sprite position, however. The DMA controller then waits for the
start line and repeats the process until two control words with the value
0 are found as the end marker of the list.

Construction of a sprite data list (Start = starting address of the list in
chip RAM):

Address Contents
Start+4 1st and 2nd data words of the 1st line of the sprite
Start+8 1st and 2nd data words of the 2nd line of the sprite

Start+12 1st and 2nd data words of the 3rd line of the sprite
Start+4*n 1st and 2nd data words of the nth line of the sprite
Start+4*(n+1) 0,0 End of the sprite data list

Construction of the first control word

Bit no.: 15 14 13 12 11 1 9 8 7?7 6 5 4 3 2 1 0
Function: E! B6 FE FE B E E D B W BB M B R H
Construction of the second control word

Bitno.: 15 ¥4 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Function: I7 16 I5 I4 I3 I2 I1 I0 ¥ 0 O O O EB I8

HO to H8 Horizontal position of the sprite (HSTART)
EO to E8 First line of the sprite (VSTART)

LO to L8 Last line of the sprite + 1 (VSTOP)

AT Attach control bit

Nine bits are provided for the horizontal and vertical position of the -
sprite. These bits are divided somewhat impractically between the two
registers.

The resolution in the horizontal direction is one low resolution pixel,
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