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The modifications listed below have been made to the 8374R0
database to create the 8374R1 database. Modifications 1,2,3 affect
hardware only.

1. MULTIPLEXED ADDRESS TIMING PROBLEMS (ADDGEN, SHEET 16)

a) Reworked/resized multiplexer select logic
to increase setup time of MA lines versus CAS
falling edge.

b) Added two inverters in CAS logic path to match
double CAS timing with single CAS timing.

2. STATIC.COLUMN DRAM COMPATTRTTTTY  (SHEET 14)

a) Modified DRFF signal (forces MA lines high at
end of RAS/CAS cycle ) to allow MA llnes to remain
stable for an addltlonal 70ns "

b BW e ptase wsc prAn

3. SCLK SYNCHRONIZATION---Added full dynamic flip-flop to SCLK
path to allow resynchronization of LISA’s SCLK signal. LISA
has been modifed to move SCLK one l14MHz clock earlier. (HRCLOCKGEN)

4, FMODE moved from RGA address 076 to 1FC (RGADEC)
5. BITPLANE FETCH ENGINE---HIRES(2X,4X), SHRES(2X,4X) MODES REPAIRED (SHEET 8)

a) Modified 8374R0 logic slightly to eliminated GAPS in bitplane
fetch cycle. These gaps were in HIRES and SHRES displays in 2X and
4X modes.

b) The BPRUN signal will be modifed to eliminate a problem
with the 4X LORES mode where the BPRUN signal runs into the next
line and kills SPRITEO.

6. SPRITE SCAN DOUBLING (SHEET 7---CREATED NEW CELLS-STCMSD, SDBL)

a) Modified sprite logic to implement scan doubling.
Added bit in FMODE logic to enable scan doubling

Modified sprite compare logic to start scan doubling
as soon as sprite starts and double odd or even lines
depending upon sprite start position

Added scan double cell which allows individual
scan double control of each sprite
7. BITPLANE SCAN DQUBLING (SHEET 7, ADDGEN)
a) Added bit in FMODE to enable bitplane scan doubling

b) Modified modulu logic to use negative (or alternate)
modulo during scan doubled lines.




PRELIMINARY

Integrated Circuit Specification

for the
ALICE (8374)

AGNUS REPLACEMENT CHIP FOR AA

Commodore P/N XXXXXXXX

Date: March 13, 1991
Engineer: Bill J. Thomas
Chingtao Shen

Copyright 1989 Commodore Electronics LTD.

Information contained herein is the unpublished, confidential and trade secret property of
Commodore Business Machines, Inc. Any use, reproduction, or disclosure of this informa-
tion without prior explicit written permission of Commodore is strictly prohibited.



1.0 DESCRIPTION

This specification describes the requirements for an M-channel HMOS DMA
Controller. The IC device described herein shall produce, in a &680x0
microprocessor environment DMA addresses using a RAM Address Generator and
Register Address Encoder. This device shall contain 27 DMA& channel controllers

ot

that include the RBlitter, Ritplane, Copper, Audioc, Sprites, Disk and Memory
Refresh.
The IC shall generate 7 FHz and 3.9 MHz svstem clocks, dynamic RAeMinterface

and NTSC/FPAL video synchronization

to address up two megabybtes of memory,
pulses. These pulses are also completely programmable to interface to higher
resolution monitors. The timings are based on & clock input of 14.31318 MH:z
for NTED mode and 140188 MHz for FAL mode.
i.1 CONFIGURATION
This IC a standard Bd-pin olastic  ohio
carrier
OTVWO~ONE TNDIW KK X~ 0
E2EE2EE8225535580hoYzzg
LL1I8 9 8 7 6 5 4 3 2 | 848362816079 78777675
RO2} 12 % {ALS
RO1} 13 3 ALY
ROO} 14 2 {A13
VCC} 1s W 1a12
RSTx 15 @ (ALl
INT3% 17 53 1A10
OMAL; 18 33 | A9
i g3 /L ik
DBR»y 28 85 a7
RRW} 21 55 1 AG
PRW} 22 s4 ) as
RGEN= 23 53 | AU
N/C} a4 Q l_ —IV C E g2 | A3
RAMEN=® 2s x & | A2
RCR8} 25 53 | Al
RGR7p 27 ss la1g
RGAGt 28 38 1VSS
RGRS 28 S HHS
RGRY} 30 ss |MAg
RGAR3} 31 ss IN/C
AGA2 =2 s« CASL=
33 34 35 36 37 38 39 4O %l U2 U3 U US US U7 U8 U8 58 S S2 53
- = oW XN o a -
SOSIEESO/CEFEEEEEEESS
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Fig. 1| Pin-out Diagranm
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1.2 PIN DESCRIPTION

RPIN PIM SIGNAL

MAME NUHBER DIRECTION DESCRIPTION

AL?-AL 59 thru 77 I Address bus - Al to A8 are used by the processor

20 z5 I to select the internal registers and put an
address on the RGA lines to select registers
outside the device. The processor uses A1 to
A20 to generate multiplexed DR&M addresses on
the M&S cutputs,

RO S~ 1 thru 14 {70 This data bus is buffersd and s used by the

P B30k &8d processor to acoess the J ] 3
data bus 1s also

FEENE a2 T AcTive 1ow.,

ACEEE OnE OfF
value on the RO outputs
outside the device.

RAMEN® 25 IN Active low. The processor is doing a DRAM
access. The processor supplies an address on
the Al to AZO inputs and the devafe mnltlplex~
this addresss onbo the HS Thyes FAS i
s alwavs sarted on & «

B Sy L

Liftat i
BT Y g A
cycle From mEnocry.

i £ N wioe conhtroals this signal to indicats
either a DMO or processor DRAM read/write
ACCRSS. In both cases, & low on this line
indicates a write operation and a high indicates
a read operation.

FMET-HaE 43 thew 51 QU Output bus. This 10 bit output bus provides

IMTERe S ouT multiplered addresses to DRAMs. This bus

operates in two cycles. The first cycle
provides the DRAMs with the row address; the
second cycle with the column address. It can
address up to & Megabytes of RAM. The IC only
activates this bus when the processor is doing
a DRAM access (RAMEN# is low) or when the
device itself is performing a DMA data trans+fer
(DER#* is low).



CAasSL= a4 ouT fictive low. This output strobes the column
address into the DRAMS

a3
T
Ui
a1
~i

ouT Active high. This output is wused to strobe the
row address into the DRAMs. This signal will
be asserted only if the processor is doing &
DRAM access and ALY is high, o 1f the IC is
performing & DMA cyole (DREB* is lowd.

LT & ive low. The device

DM& cvole is under

arited duwring

S v B3 T

This line l1s bhidirectional and b

sigrnal is the horizontal synochronization pulse
and is NTSC/PAL compatible. When set as an
input, an external video source drives this
signal to synchronize the horizontal beam
counter. See register description for program-
mimng modes,

VSY 7

Didirectional

seErtical beam

counter, descriptions for progrsme

1

il T This sigrnal is the composite video eynchroniza—
tion pulse and is MNTSC/FAL compatible. Sese
register descriptions for programming modes.

L 78 auT Apctive low. This input is used to indicate when
the light pern is coincident with the monitor
beam.

RET*# 1é& M Active low. This input will initialize the
device to a known state.

INTS= 17 ouT Active low. The device asserts this line to

indicate that the blitter has completed the
requested data transfer and that the blitter
is then ready to accept another task.

4



DHMAL 18 IN Active high. When this signal is enabled, it
indicates that an external device is requesting
audio and/or disk DMA cycles to be executed by
the device.

BB+ i% Ik fActive low. When this line is asserted, the
device will suspend its blitter operation and
allows the processor to have control of the

cvcle.

4 I This is the synchronization clock from LLISA
along with the 14 FHz clock.

1z T This is= input olo
the master time base for hhe

0 QT This =
dividing the

I &S

applications.

COEG R auT This clock is the CCK clock shifted by 90
degrees.

7MHZ 38 auT This clock is obtained after dividing the 14 MHZ
Clock line by two.

inverting the 7 Fkz

0 degrees.

e 41 i @rmine whickh video
at power-—up. During
LCE DOMEr S i
it powers-un o in Fal
This line is connected to & passive pull
U W Theretore, 1if this pin is disconnected,
the device will power-up in FAL mode. FAL or
NTEC modes may be reselected after power-up by
wrriting the desired value in the BEAMIONO
register, bit S,
VCC 15 = Frower
VES 42,58,82 F Ground
MNAC 24,32,53,55 Not connected

wm



2.0 ELECTRICAL FARAMETERS

=Z.1 ABESOLUTE MAXIMUM RATINGS

ced mayv cause
anly. Furmotiomal

conditions
i

per

cot by e aibove bthose

cification is nobt implied.

=1 ristics are specified over the entire range of condi-

tic ; nless gpecitically neted. All voltages are operating conditions,
LAy ] 1 f i z2ol. fll voltages are referenced to Vss = 0, 0v,
MIN A BMITE
> cod 4,75 P \
2a &) &0 deg C
2.2 D.C. CHARACTERISTICS
SYMBGL MIN A UNITS CONDITIONS
2.3 Input High Level MVih 2.5 Voo+l Y
s Triput Low Level Vil -0, 5 e é v
20308 Output High Level Yoh +2 .4 - v IToh=200ud
Z.3.4 Output l.ow Level Mol - .4 \ I0L=4.8m#A
.8 Input Leakage Iinm -1 +10 us 0,00

Z.6 Output Leakage Ilk =10 20 ui Vo Mout 2. dy
2307 Supply Current Ico - 250 me Outputs open
2.53.8 Capacitance Cpin - 13 pF



2.4 A.€C. CHARACTERISTIECS

Fefer to Figure & through 2 {for waveform diagrams.
CLOCK RELATIONS (Fefer to Figure & )

SYNEBOL MIN MAx UNTT

14FHz ol boovole 1 4ric
14FH: clock high 1 AMHL
1 iz 1 b Lo o N o

G to Pz
Z2.4.14 Clock rise time

St 18 Clock fall time
Z.4.16 BCLE clock cycle
2.4.17 8SCLE clock high
Z2.4.18 5CLE clock low
Za4.1% 1diHe to SCLE delav

") 10 nes

276.56 2ZBZ.16 ns (1)
48.0 ?l.6 ns (2)
144,10 274.83 s (3

b g M=

FROCESSOR ACCESS (2. 4. 273,

input sstupn times-Reder bto Filoguwres 70

Adchress 1npuk tEddims i
tadodlne 30 Hail e

setun i1 me tiacoh 10 - s
2040585 Processor access cantrol
rold time tAcok 8 220 e
Zad. 24 Frocessor CAS access
setup tiimes tFCE 1 - ne
E.d0 325 Processor CAS access
old time tFCH 143 270 rnes
Z2.4.2458 Data input setup time tDinG S0 - ns
Z.4.27 Data input hold time tDinH 0 - nes
2.4.328 Reset input setup time thess S0 - ns
2.4
a4

Z2.4.29 Reset input hold time tResH S0 - ns
2.4.30 Write Fulse Width thF 43 - ns



LEVICE ACCESS
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low to DER valid prop time
pules width

low to CAS low prop time
CAS hiah prop time
=ss setup time

old i me

pul=se widbh

=S
address

time

i me

to R valid prop time

to RES invalid prop btime

Lid prop time
alid prop tim
uf ot

addres

1w
1 com
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.
LA

s e

LF#, DMAL input setup time
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setup
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SYMBOL

HIN

MAX

UNIT

tCLDER
tRF
£CKCL
£ CKCH
tRASS
ERASH
tCF

tOASE
tCAEH

70

-

-
i

i}

oy

i ted

120
az
13
15

SYMBOL MIN AX UNIT
£t IASCH S0 - nes
tCHIAH S0 - ne
tCHDMALLH 40 - ns
T IASCL SiD - nes
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/ // /
CCKQA
\ / \
wmn_a:.lmll t Add1inH
(A1-A20 —\
ADDRESS
. "tAccS
ASx , RGENx
RAMENx I\H\
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OO_A Cycle of Relavence
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LRSI ] — o LCKCH fo—
) N o 31 \
CASL % " [h— tCASH—o | ,Qu_
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Fige. 5 DEVICE RACCESS



. Cucle of Relevence ]
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3.0 MODES OF OPERATION

3.1 GENERAL

This device is an address gensrator type IC. Ite main function is as a RAM
addiress generataor and register address encoder that shall produce all DHA
addresses {for 27 channels.

The Bklock disgram (figure ) for this device shows the DMA control and
address bus logic. The ocutput of controller indicates the numbsr of DHA
driving the ] oo Ercoder and FA&M Address Gernerator.

pointer dnor

JreE g lority conteol e g e . ! .
sl Ler and A ] ummn C] e hrlnrnf. and
svnc couwnter time slot. fnpn it signals kh processor to get off the bus by
asserting the DBR line. The following is a brief description of the device’'s
maior operational modes.

The procedure for moving and combining bit mapped images in memory received the
name Bit Blit from the computer instruction that did block transfer of data on
bit boundries. The routines became krown as Bit Rlitters Blitters. The
[l++:F Dy Lanrullpr 1 preloaded with the address and si P
{ ) oryex (1) destinstion (D)

1nt3
in the ]
The result

M E e
et imnation

ated until the complete image has been processed. The
EJlﬁlPG to allow for shifter and logic unit propagation
set of souwrce words is being fetched.

o

A control register deterines which of 256 possible logic operaticons is to be

pertormed as the souwrce images are combined and how far they are to be moved

{(Barrel shifted). In addition to the image combining and movement powers, the
Elitter can be programmed to do line drawing or area fill between lines.

-



=.2 BLITTER

The procedure for moving and combining bit mapped images in memory recelved the

mame Bit Blit from a computer instruction that did block transfers of data on

bit boundaries. These routines became known as Bit Blitters or Blitters. The

Blitter DFe Controller is preloaded with the address and size of three (3

arnd one (1) destination (D) in the dynamic RaH
images can be as small as & single charachter or

i ey can e full dmages or emaller windows

actual pixel resolution is controlled by the BLTSIZE

glisters which contsin up to 135 bits for the image

dots max. ) amd un to 11 bits for the image width (11

pixels <. ). After one word of esch sowrce image 1s

bwd e (8, B, ) they are shifted

L NS e M E 1h :
the destination

sowr e dmages (G, B, &

Dreter To

brvf F e

timation add

for s

W chs 1

EXTERNAL

RAM REGISTER

16 BIT

ORTA BUS OYNA SOURCE  BARREL LOGIC DEST
RANM BUFFER SHIFTER UNIT BUFFER

_ N4 9 A J n ﬂ

DESTINATION

SOURCE

JAIN

MA AODR. BUS RCA ADOR. BUS

16 BIT 8 BIT

RAM_ ADDRESS| RGA ADDRESS C C >
POINTER ENCODER

DMA CHANNEL CONTROLLER

D

Figs. 7 DMA Channel (Typical) Fige 8 Blitter Block Diagram
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3.3 BITPLAME ADDRESSING

Some computer bitmap displays are organized so that the bitplanes for each
pixel are all located within the same address. This is called pixel addressing.
If the entire data word of one address is used for a single pixel with 8 bit
planes, the data word will look like this. {numbers are bitplanes) :

12345467 B————m—mm

The data compression can be improved by packing more than one pixel into a
single address like this:

123456781 23458749

ar like this, if t

o
it
=
i

are only 4 bitplanes:
2E412T412341 254
vice usss a bitmap technigue called Bitplanes Addressing. This
2 1 B
1

S e
tie bhitplanes 1n memory. To create a2 4 plane (15 colaor) image., the

are display DMES ocharnnels fetoh from 4

.

& meEmory Like thiass

These zre held in buffer registers and are used together as pixels, one bit at
a time, by the display {(left to righti. This technigue allows reduced odd
numbers of bitplanes (such a&s 3 or 5) while maintaining packing efficiency and
spesd. It also allows grouping bitplanes into 2 separate images, each with
independent hardware high speesed image manipulation, line draw, and area fi11.

2.4 DA CHANNEL FUNCTIONS

nointer that is taced omn the MS memory
¥ 7

locatiaon of data tranmnsfer fram

i

L destination address i1s simultanecusly placed on the register
bue (RGER), sending the dats to the corresponding register.

"

Figuwe 10 shows a typical DMA channel and almost all chanmnels have DRAM as
souwrce and chip registers as destination.

The pointer must be preloaded and is automatically incremented each time a data
transfer oocurs.
Each controller utilizes one or more of these DMA channels for its own purposes



The following is a brief summary of these controllers and the DMA channels they
use.

Fefer to Appendix A of this specification for raster line time allocation for
each of these DMA channels.

A-Blitter (four (4) Channels)

The Blitter uses four (4) DMA chamnels, Three souwrce and cne (1) destination
as previously described.

Once the RBlitter has been started, the fouwr (4) DMA channels are synchronized
and pipelined to automatically handle the data transfers without further
processor intervention. The images are manipulated in memory, independent

cf the the display (bitplame DMA&) .

B-Bitplane {(eight {(8) channels)

fcharing display)

SR

i
e

C—Copper {(one (1) Channel)

The Copper iz a co-processor that uses one of the DMA channels to fetch its
structions. The DMA pointer is the instruction counter and must be preloaded
with the starting address of the Copper’'s instructions.

sters. [t can skip, Jjump, and
ibility

The Copper can move {(write) data into chip rec

(haltl. These simnple

1
metructions give great power and £l

rzles until th
e that kesp
are egual ., the

uwsing no bus
ampared to o a
and whern th

il

Fal ted,

The o ammed

TV beam ition (beam cauntﬁr}
i

Copper will resume fetching instructic

1l

‘J.

It can cause interrupts, reload the color Feai=+e re, start the Rlitter or
service the audio. It can modify almost any register inside or ocutside the IC
e ce, b onn the TV scoreen coordinates given by the Beam Counter and the
actual address encoded on the RES Bus.

D-Audio (four {(4) Channels)

There sre four (4} audi channels, all of which are located ocutside of the DMA
Controller IC. Ea:h co nfrmllﬁr is independent and uses one DM& channel from
the DMA Controller and fetches its data during & dedicated timing slot



within horizontal blanking. This is accomplished by a controller asserting
the DMAL input on the DMA Controller.

E-Sprites (eight (8) channels)

There are eight (8) independent Sprite controllers, each with its own DMA
channel and its own dedicated time slot for DMA data transfer. Sprites are
line buffered objiects that can move very fast becauses their positions are
controlled hardware registers and comparators.

E ach sprite has two (2) eixteen bit data registers that define & 1é&6 pixel wide
Sprite with 4 coleors. Each has a horizontal position register, a vertical

art position register and & vertical stop position register. This allows
:ar'ﬁb} vertical size sprites.

UJ

1
|+

The Sprite DMA controller fetches image and position data awtomatically from
anywhnere in 2 Megabytes of memory depending on device pin configuration.

ol and

an be run & they

controlled by bhe microprocessor.

i,

Horizomtal Free-uasing

F-Disk {one {1) channel)

T e ...
Fies

o

isk controller, which is located outside of the DMA, uses a =single DHMA
chrannel from the device. The controller uses the DMA time slot for data

transfer and can read or write & block of data up to 128K anywhere in 2
Megabvtes of memory depending on device pin configuration.

S5—Memory Refresh {(One (i) Channel)

The refresh controllsr uses a singles DMA chanmel with its =, It
ol s acddres bus (MAY during i
odeEr o e Memory 1s refreshed lime.
During the DMA no data transfer actually takes place. The register address bus
( supply video synochronizing codes. At this time RAE1¥ and RAS

e

CASL® are inactive duwring this cvcle.

FRAM AND REGISTER ADDRESSING

The device generates RAM addresses from two sowrces, the processor or the
device perfarming DMA cycles. The processor accesses RAM whenever AS% and

RAMEN* are both low. At thlE time, the device also multiplexss th

il

& prodessar

1
address (Al -A20) onto the MA bus. During row address time AF—- AL7 and ALY are
rlaced onto MAO-MAE, MAT, respectively:; during column address time AL1-A8, A18

—
~f



and AZ20 are placed onto MAO-MA7, MAB and MA?, respectively . In the 1 meg
configwation, ALY is still used to determine the RAS line to be asserted. If
A17 is low RASBO#* is active and if high RAS1* is active. In the 2 meg option
RAS will always be active on a RAM access. The IC will assert CASL#* if LDGS#

is low or CASU= i+ UDS# is low.

bt Lr device needs to do a DMA cycle, the device disables the processor
from accessing RAM by asserting the Data Bus Request Line (DBER#). At this time,

aenerated RAM mddrtfr crnto the MAS lines and will
FAS0* or RAES1# line unless it is a refresh cvcle
ive. During & DMA cvcle, the IC device will also

unless it is a refresh cvcle where they both

linea S

CEaEls and CA

i theEr the processor or device
mn1+ip1exar This muxi1D]u'@r
- .

S be T

o der byhe of
output bus RES]

e REW cutput

=

P e o
v L dme,

tents of its gister addresss EWLJHij anto tf

cornt

3.0 REGISTER DESCRIFTION

This DMA controller device contains 125 registers that can be accessed after
the following conditions have been met. The state of AS* and RGEN® must he an
active low level and the least 8 =lDﬁ‘+1C:H+ addruss Bits (Al thru A8 must
contain the valid Fleder to Table 2 for
covmplets 1ilst

The following is

23 1 rrameEs o v MHY sianidy mew hil-res - Thosme Fol lowed e
"hYosignify hi-res enhancemsnts.
REGISTER FUNCTION
AUD w0 DM (M AUDIO CHAMMEL X
[S1RIY LCL AUDIO CHARMMEL X

cocatiaon) of Audia
rnd therefors
Dutputted.

18



REGISTER FUNCTION

BEAMCOND

BIT # FUNCTION
15 RESERVED
14 HARDDIS
13 LFEMDIS
2 VERVEEN
i1 LOLDIS
1 CECREN

k4 “*“VLfEN

= VRS YIER

ViR BEAMEN

Loal o and o W i s

LEENDIS When this bit is & logical O and lpe is enabled, the light pen latched
value {(hit location) will be read by YHFOSK, VYFOSR and HHFOSR. When the bit is
a logical 1 the light pen latched value is bypassed and the actual beam counter
positon is read by VYHFOSR, VFOSR and HHFOSR.

I e ]

LVARVEERN

iV

The variable composit syno comes out on the H8Y# pin, and the variable
compasit blank comes out on the Y8Y% pin. The idea is to allow all the inform-—
ation to comeg out of the chip the chip for dual mode dispalv. The normal
monitor uses the normal composit svno, and the variable composit svnc and

larmk come owt of the HEYE and VYEY® pins. The bits VARVEYEM and VARHSYEN have
priority over this conticol bit.

VYARVEYN Comparator for VEBY —>:> YEY#® pin. The variable VY is set verticallvy on
YESTRT, reset vertically on VS3TOF, with the horizontal position fro set and
reset HSTRT on short fields (all field are short if LACE =1) d HEENTER on
long fields i{every other field if LACE = 1)

19



VARHSYN Comparator HS8Y —>>* HSY#* pin. Set on HSSTRT value, reset on HSSTOF value

VARBEAMEN Enables the variable beam counter comparators to operate (allowing
different beam counter total values) on the main horizontal counter. It also
disables hard dispaly stops both horizontal and vertical.

DUAL Run the horizontal comparators with the alternate horizontal beam counter,
and starts the UHRES pointer chain with the reset of this counter rather than
the normal one. This a&llows the UHRES pointer to come ocut more than once in a
horizontal line, assuming there is some memory bandwidth left (it doesn’'t work
in &40 % 400 % 4 interlace mode). Alen, to keep the two displavs synced, the
horizontal line lenghts should be multiples of each other. If vou are clever,
youw might not need to do this.

Fal Set the appropriate decodes (in normal mode) for FAL. In variable beam
caunter mode this bit disables ong/short line toggle (sewsvall lines

1
Al is reset to a low, the dmwire will ernable the NTHEC mode decades
1gSshart line togg! ' o led.

come ot the CSYe pin
TER ma i

BLAMEEN Ernable OB¥ (composit blank) to come out the CEY#* pin. HEB or VB that are
generated from comparators. If neither BLANEEN or VARCSYEN are high, the normal
C3Y# from the regual decode comes ocut. This may be rather strange in variable
beam modes, as some of the fixed decodes may not happen.

HEYTRUE, VSYTRUE, CSYTRUE Theses change the polarity of the HYS®, V8Y¥#, and CSYs
pin respectivliy far irmput and owtput.

REGISTER FUMCTION

BLT x FPTH (ki Blitter pointer to oo

BLT = FTL Blitter pointer to o

This pair of regis tontains the 20 it addrsss of the Blitter sowce

(x =a@,bh,o) nter must be preloasded with

bv the Riitter. After the
address (plus increment and

the starting address of the
Blitter iz finished it will
moacdual ol .,

LINE DRAW: BLTAFRTL is used as an accumulator register and must be
preloaded with the starting valus of (2Y-X) where ¥/X

\
is the line slope. BLTDFT and BLTCFT {(both high and low
must be preloaded with the starting address of the line.

=0



REGISTER FUNCTION
BLT 2 MOD Blitter modulo

This register contains the modulo for the blitter source ( X= A,E,C) or the
destination (X = D). A modulo is a number that is automatically added to the
address, which then pointe to the start of the next line. Each source or
destination has its own modulo, allowing each to be a different size, while an
identical ares of each is used in the blitter cperation.

LIME DR&bB: BLTAMOD and BLTEMOD are used as slope storage registers and

must be prelcaded with the valuess (4Y-4X%) and (4Y) respectivelv.

s

YAoK = line slope BLTCMOD and BLTDMOD must both be preloaded
with the width (in bvtes) of the image into which the line i
Deing deswn inormally 2 times the screen widbh) .,

it

REGISTER FUNCTION

i
W

My

+ilret

ot esch 1lome ofF

1roEry it S e
i a Yomes" for F111

rides data from souroe =4
mode or for line drawing mode.

REGISTER FUNCTION

BLT = D&AT Blitter sowce » data reglster

e oaded

COFT T Qe e 7w

1orcdess ; ard must
ussd for textura, Tt mu

f=nlid Tine! is desired.

BLTHDET 4

Wi E2i

FF i na

REGISTER FUNCTION

BLLTDDAT Blitter destination data register

ii.

This register holds the data resulting from sach word of Blitter operation
wntil it 1= sent to a RAM destination. Thi is & dummy address and cannot be
read by the micro. The transfer ise auvtomatic during Blitter operation.

bl



REGISTER FUNCTION

BLTCONO Blitter control register O

BLTCOMNOL Elitter control register O (write lower 8 bits only)
This is to speed up software — the upper bits are often
the same.

BLTCOML Blitter control register 1
These two control registers are used together to
control Blitter operations.
There are two basic modes, area and line, which are
saelected by kit O of BLTCOML, as shown below.

AREA MODE LINE MODE

e " g ey e miT

n ¥ g o I | ¢ i i
Dii ¥ DL LUNO oL

ASHT

|

L Biee ol Y l.:)
USED o

LF7
LF&

LFS OVF
LF4 SuUD
LF3

e e

Wl oveEr L ow F L

imes Up or Down O o= SUD)

AT ey

Line draw, Sometimes Up o lledfi

Line draw, Alwavs Up or Lett

e 2



SING Line draw, Single bit per horizontal line

DOFF Disgsable D output - for external ALUs. The cycle occurs normally,
but the data bus is tristated (hi res cips aonly’

The line draw octante are decoded as follows:

aCT S8 S AL

i 1 1 %}
i i i 1
= 0 1 1
A 1 1 i
4 1 i 1
o i i i
i i i i
7 i i i3

b rrcdomes,

BITH i, 14, 12, 12, ii
Y RB "7 héad hE hd hE R2 ki i wd W

. L0, 0%, 08, 07 o1, 00

wil Wi

Dd, O, G4,

ght = vertical lines (10 bite=1024 lines max)
k. : { & T | ;

04

REGISTER FUNCTION

BRL_«FTH Eit plane » pointer (high 3 bits)
BELaPTL Bit plane # pointer (low 15 bits)
.

et



These are the blitter size registers for blits larger than the earlier chips
could accept. The original commands are retained for compatabily.

BILTSIZV should be written first, followed by BLTSIZH, which starts the blitter.
BLTSIZY need not be rewritten for subsequent blits if the vertical size is the
FEK

same. The madimum size of a blit is I2K pixels # ZZE lines. All don't cares
{x's) should be witten to O's for upward compatability.

BFLHDAT H O748 W & ext logic UWHRES bit plane pointer identifier
EFLHMOD H 1ES W A UHRES bit plane modulo. This is the number (sign
Ex+endmd3 that is addedd teo the UHRES bit plane pointer
HY for every line, and then another & ds
Ju:t Tike the obther modulos.
BFLHFTH M 1EC W & ! A kit plane pointer (high 9
EFLHFTL M OLEE WA 4 it plane lowa 15

mvizle aftter

comes aut.

pointer comss oulb
lime., ITts modulo

T

i

This controls the line when the data fetch stops for the BFLHFTH,L pointers.
VIO=-Y0D on DEIG-O

BFLHSTRT H 1D4 W A UHRES bit plane pointer vertical

This «©

r+
I'I

I
a
it
i
iii
-
i
b
it
o
i
ps
i
+
H

untr“lh when the arts for the BPFLHPFTH,L pointers.

ey DEi

registers contains the 18 bit pointer to the addres
DMy data. This palz+ﬁr must be reinitialize
,uppev Lo point to the beginning of Bit Flans data

REGISTER FUNCTION
EFIZ1MOD Bit plane modulo {odd plans)
BRLZEZMOD Bit plane modulo {(even plans)

These registers contain the modulos for the odd and even bit planes. A modulo

-
-



iz a number that is automatically added to the address at the end of each line,
in aorder that the address then points to the start of the next line. Since
they have seperate modulos, the odd and even bit planes may have sizes that are
different from each other, as well as different from the display widow size.
REGISTER FUNCTION

EFLCOMD h Bit plamne control register (miscellanecous bits)

contrals the cperation of the Bib Planes and varlious aspects of

g TV T
Rk FUNC L LN

L
UHRES (1)
SHREES (1)
BYFAGES
BFUZ
LFEN

02 LACE

01 ERSY

i1 i res chips anly

! ool e
ne use code D00-110 (MONE through & inclusived
= Mold and Modify mode
f [ plavfield (FFl=odd FFZ=even bit planes)
COLOR = Composite video
COLOR = en
GEUD = Genlock auwdio enable (mixed on BEGND pin during vertical blanking
UHRES = wultrahi res gnables the UHRES pointers (for 1 2 1K) {also

neesds bits in DM&CON)
SHRES = superhires (&40 by 400 noninterlaced) sets the bit plane control
for this mode - doubles the of the ocutput of a given bit plane over
HRES. (hi res chips only!. Two bits planes maximum. IF priority is
less than 4, the 1 available sprite has priority. IF »r= 4, the sprite
and bit plane are X0OR ed. Disables hard stops in vertical and
horizontal display widows
Bitplanes are scrolled and prioritized normally, but bypass color
table and 8 bit wide data appear on R({(7:0)
Light pen enable {(reset on power up)

EYF

I
m
il

li

LFEM

Lot —4
rospe )



LACE = Interlace enable (reset on power up)

ERSY = External Resync (HBYMNC, VSYNC pads become inputs) {(reset on power
up)

REGISTER FUNCTION

COFCOM K Copper contral register

Thise is & one hit register that when trus, allows the Copp to access the

= =
Blitter hardware. This bit is cleared by power on reseL, so bhat copper cannob
access the Blitter hardware.

BIT # HANE FUNCTION
1 CDaNE Copper danger mode. Allows Copper accoess

if it owill

reglsters i, Otherwi

~EGISTER FUNCTION
Copper restart at first location
Copper restart at second location

These addresses are strobe addressess, that when written to cause Copper to jump
indirect using the address contained in the First or Second Location registers
described below. The Copper itself can wite fto these addresses, causing its

L35

oW guimg indieect.

dgress that is generated by the Co
its awn instruction register. Th
e F o

P o the second (IRZ) cvole of
instructions are shown below.

pper whenever it is loading
s actually ococurs every
he move instruction. The

_J
‘h
e

MO E Move immediate to destination
WSTT Wait until the beam counter is squal to, or greater than.
{keeps Copper off the bus until beam position has been reached)
SEIF Skip if beam counter is sgual to or greatsr than.
{(skips the following Move instruction unless besm position

has besen reached)

3
-~



MOVE WAIT SKIPF

BIT# IRZ IRZ IRI IRZ IR1 IRZ
= X VF7 BFD#* BFD %

X VR & VE& VE&

% VRS VES VES

X VF4 VE4 VE4

% VES

% VEZ

. gra

0 e ininl 1 i
IRl = First instruction register
IRZ = Second instruction register
DA = Destination Address for MOVE instruction. Fetched during IRl time,
used during IR2 time omn RGEA bus.
Z3 ] = R&M data moved by MOVE instruction at IRZ time directly from FAM to the

address given by +um DR field.

P ST

When this bit 1s true, the Blitter

the Copper. When this bit is zero the

i =
i +lag must be true (in addition to the rest of the bit
Py from o its wailt state, or skip before the Copper can exit from its
or skip over an instruction. Mote that the V7 comparison cannot be

mashkead.,

The Copper is basically & 2 cvcle machine that requests the bus only during odd
memory cvoles, (4 memory cvoles per in) This prevents collisions with Display,
Audio, Disk, Refresh, and Sprites, all of which use only esven cvcocles. It
theretore needs (and has) pricority over aonly the Blitter and Micro.

There are only three types of instructions: MOVE immediate, WAIT umtil, and
SEIF i+, ALl instructions {except WAIT) regquire 2 bus cvcles {and two
instruction words). Since only odd bus cycles are requested, 4 memory cycle

times are required per instruction (memory cvcles are 280 nS).

There are two indirect jump registers COPILC and COFZLC. These are ZO bit

I

~1



pointer registers whose contents are used to modify the program counter for
initialization or jumps. They are transfered to the program counter whenever
strobe addresses CORFJMF1 or COFJMFZ are written. In addition COFILC is
automatically used at the beginning of each vertical blank time.

It is important that one of the jump Feqicter= be initialized and its jump
strobe address hit, after power up but before Copper DMA is initialized. This
insures a determined startup address and state.

C‘..

REGISTE

R

FURNCTION

DIWSTRET Display window start {upper left vertics
~lzontal positond

window stop (Lower right

tal positiond

#ocontirol the Display window size and position, oy locating the
Lower right corners.

arved

14, 11, o, 08, 07, Db, ,
Vé V3 V1 WO MY Hé HE OHZ M

LWETOF is vertically restricted to the lowsr 1/2 of the display (V8=/=U7),
and horizontally restricted to the right 1/4 of the display (H8=1).

DIWSTRT is vertically restricted to the upper 2/% of the display (V8=),
and horizontally restricted to the left 374 of the display (HE=0).

REGISTER FUNCTION

Display window uppsr bits for star

..... pE, and Lo af=} et
'NSTRT, STOF description holds.  ©f
of sethting the display widow, it

re on the scresn. It does not
13, 12, 11, 1D, %, &, 7, &, &, 4, I, 2, 1. 0,
iy K, HB, X, X, Vid, V7, VB, X, X, HZ, £a K, VM1OD, VP, V8
tX) don't care. Don't cares should alwave be written to © to maintain upward
ompatability.
REGISTER FUNCTION

IMFSTRT Display data fetch start (horiz.position)
JDFSTOF Display data fetch stop (horiz.position)



These registers control the horizontal timing of the beginning and each end of

the Bit Flane DMA display data fetch.

identical to the

dependent on the Bit

d
&
]

REGISTER BIT A

G

0
=

(ledt sdge

The RBit Flane
and an this data

siza,

i1 14 9 a8 7 & b 4 ! 2 1
X X X X H3  H7  Ha S OH4 HE 2

driven with O to maintain upward

timing for different

FTERCY

DTS F n7 1 4

Ertra wicde (maxds 0 9 i 1
¥ ] 1 i ]
L o i i !
L 1 i i W]

purpose
[ T=Ual =11}
morinal
wice

2 T

[HENA N

il

2

REGISTER

L9y

DA C 0N
DMaCONR

This register controls
bit

=3

rmb e S

datar

h8 h7 hé& h= h4
1 i 0 0 i
1 1 ] i 0
1 1 i 1 1

Wi il wary with wvariable

FUNCTION

DMey control write icl
DHME control read {and
Blitter

all of the dma channels, and contains

SET/CLR

BELSY
BZERD

2 X
11 X
10 BLTFRI

set/clear control bit Determines 14 bits se
get zet or cleared

Blitter busy status {(resad aonly)

Blitter logic zero status bit {read anly)

DME priority. {over CFU) Also called

disable

29

Modul os
fetch window

compataini ity

The vertical RBit Flan DMA timing is
Display windows described above.
Flane harizontal

are
size.

b

7

e manes

Wit & 1

"Elitter

ZBLS pin preventing micro from stealing



DHAEN
DFLEM
COFEM
BLTER
SFRERM
DERER
ALIDIEM
ALIDZEN
ALID LEM
FLIDOEM

Masty", disable /BLS pin preventing micro f
any bus cvcles while blitter DMA is running
Enable a&ll DHA below

Bit plane DM& enable

Copper DHMA enable

Blitter DMA enable

Sprite DM& enable

disk DMA enable

Audico chanmsl 2
fAudio channel
e i charre]
Audi chamnel |

arnable
@iaby] e
erakl e

ernable

D
Gt
Dy
DA

[}
o

=)

FUNCTION

rom stealing

FMODE

FUNCTION

Fetch maode

orovides fetch mode

ol e,

tihe Ditplane and

500

0
N

XECANE
SPAGEN
SFRIZ
BFAGEM
EFLIEZ

ursed
Sperl te
Sorite
Bitplane
Bitplane
Sprite P

Lime Scan douiling
rodoubling Enable

dd lime Scan doubkling
n doubling Enable

Mode {double CAS)

Sprite ZZ2 RBit Wide Mode

Bitplane
Bitplanes

(daouvble CAS)
Bit Wide Mode

Fage Mode

soril te

BRPAGEM RBPLIZ Bitplane Fetcoch Increment Memaory Cvole Bus Hidth
0 O by 2 bvtes normal CAS 16
[ 1 by 4 bvtes normal CAS 32
1 i by 4 bvytes double CAS 1o
1 1 by 8 bytes double CAS 32

0



REGISTER FUNCTION

HESTOF M Horizontal line position for HBLAMNE stop
BETRT Horizontal line position for HBELANE start. These are the

=
start and stop positions {(in 280 nS increments) for the
HELAME that comes out on the CSY#* pin when BLANEEN bit

i BEAMOOMD is set to 1. It also affects VAR (see
BEAMSONG) |
H Horizontal line position (CCEs) of VEYNC on long field.

This ER-U RV ol 1nferlmcw mode with variable

whan it affects chip

]

# e J_unL1l lime positiaon for e mumier
of color clocks for the
gvnc stop (see HTOTAL for bits)
HESTRT H Horizontal line position for HSYND start. Sets the
number of color clocks for'sync start (see HTOTAL for
bits). See BEAMCONO for details when these two are

active.
HTOTAL H Highest color clock count in & horizontal line
Hit # 14, 13, 12, 11, 1o, 9, 8, 7, &, 35, 4, 3, 2, 1, 0O,
iy Xy ., o £, 2, X, h8. 07, hé 05 RSG5 0E BT,

fi

A

Ala shouwld be derive to O for wpwserd compatabililitv.
Horizontal line has this many +1 ESu mE ince

i

, -1 £ the Fal
it and LOLDIS are not both high, longdshort line toggle will
ooowr ., and there will be thi A & . Fotd e

i
if MARBEAMEM = 1 or DUAL = 1.

REGISTER FUNCTION

REFFTR Fefresh pointer
This register i used as a Dvnamic RAM refresh address generator. It is
writable for test purposes only, and should never be wri tten to by the micro-

processor.

EGISTER FUNCTION

~

FR 2 PTH Sprrite % pointer (high 3 bits)
R » FTL Sprite ¥ pointer (low 15 bits)



This
&H,.74) DMA data.
Copper every

REGISTER

FiIS

#o LT

pair of registers contain the 18 bit address of Sprite u

(0 = 0,1,2,3,4,5,
processor or

the address register must be initialized by the

vertical blank time.
FUNCTION
SBprite » vertical - horizontal position data
i vertical -~ horizontal

size and featwe sprite

FUNCTION

15-8 SV7 -5V Start vertical wvalue. High bit (8Y8) is in SPRxCTL
reg. below
07-00 SHE-5HOD Start vertical value. Low bit (5HO) is in SFRxCTL
reg. below
SFR:CTL Fegister (writing this address disables sprite horizontal comparator
Clrouit?
BIT# SYMBOL
REGISTER FUNCTION
VESTOR H Vertical line for VEBLANE stop
VESTRT H Vertical line for VBLAME start
D=0 Sd— DI0-0 affects CEY® pin i+ BLANKEN = 1 and
VEY® pin if CECEREN = 1 (ses BEAMCOND) .
YFOSE bk Fead vertical most significant bits f{and frame flop?.
VEOSW Write vertical most significant bits (and frame flop).
BIT # 13, 14, 13, 12, 11, 12, 2, 8, 7, &, 3, 4, 3, 2, 1, O,
USE LOF Ié. 15, I4, I3, I2,I1,I0,L0L, X, X, X, X,Y10,V9,V8,

LOF long frame {(auto toggle contrel bit in BFLCONOD)

I0-16 chip identification



8361 regular or 8370 fat agnus-ntsc = 10
8E467 pal or 8371 fat-pal agrus—ntsc = 0
8L68 hr or BI72 fat hr agnushr pal = 20
BEHB e ar 8372 fat hr agnushr ntsc = I

V7., V10 hires chips only 20,30 identifiers

0L = long line bit. If logical @ it indicates shaort line.

—— rework for
3 www.amigawiki.org



