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

hardware only.

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

| a) Reworked/resized multiplexer select logic
Lo increase setup time of MA lines wversus CAS
falling edge.

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

STATIC«COLUMNSDRAM COVMPATTETT T TV - (SHEET 14}

a) Modified DRFF signal (forces MA lines high at
end of RAS/CAS cycle ) to allow MA lines to remain
stable for an additional 70ns. §
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| 3. SCLK SYNCHRONIZATION---Added full dynamic flip-flop to SCLK
path to allow resynchronization of LISA’s SCLK signal., LISA
nas been modifed to move SCLK one 14MHz clock earlier. (HRCLOCKGEN)

4, FMODE moved from RGA address 076 to 1FC (RGADEC)

>. 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 SPRITEQ.

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

a) Modiflied 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 DOUBLING (SHEET 7, ADDGEN)
a) Added bit in FMODE to enable bitplane scan doubling

b) Mcdified modulu logic to use negative (or alternate)
modulo during scan doubled lines.
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Controller. The IC device described herein shall produce, 1in a &80x0

microprocessor environment DMA addresses using a HAM Address Generator and &
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description or the device s

asserting the DER line. The following i1is a brief
malor 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 aof data on
Dt boundriles, The routines became known as Bit Blitters or Blithters. The

dliitter DMA contraller i1s prelosded with the address and size of 2 souwrcse
(L)
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LE captuwred 1n the destination butfer (D) and sent back to the FAM memory

& Een processed., The
d lagic unit propagation

it has extensive pilipelining to allow for shift
' Le the next set of socuwrce words 1€ being +e

cperation 1 repeated until the complete image h
=

ral reglster deterines which of 256 possible logic operations is to be
as the sources 1mages are combined and how far they are to be moved
mit+ted). In addition to the i1mage combining and movemant powers, the
i

Ellttwr can be programmed to do line drawing oF area 111 between lines.
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D HBLITTER

The procedure for moving and combining bit mapped images in memnmory reces
name it Blit +rom a computer instruction that did block transfers of data on
D1t boundaries. These routines bhecame krnown as Hit Hl]i_tﬁrr— o Hlitters. The
Hlitter DM Controller 18 preloaded with the address and size ot three (3

source 1mages (R, B, and L) and one (1) destination (D) 1in the dynamic REM
' Lk ¥ These 1mages can be as small as & single character or

- suw sam wws W e - = T . U shak. 2 eFEw  LEEe S sss Smss gems cems  dess sess e n e e 1 - e I.... pp— T = . & s g S sas =a - = . ) [
E= R T e as twioce wLne screen size., [he y et e il & MaQes GO S Al ler windows

Ot a larger i1mage. The actual piuel resolution 1s controlled by the BLTZIZE
(LT ]

LH ano BLTSILV) registers which contain up to 13 bits +tor the i1mage
21

e bt C1E ats o= AEE dots max.? arnd wo to 11 bits for the i1mage wrdtn o

SrmE o= gk wopTde = RUE plHels max.). Atter one word of 2ach sSowurce 1mage 1S
sequentially loaded i1nto the source butfer (A, B, L) they are shiftted and then
ol reea o CHEETTPERT 1 trme Lo AT WML O peEr T arm o doiméad G2 Mmaveiel) T averlay, masking.,.
ATl Vs L S emernt s, The resalt s captwrsad 1o the destination Dudder (D) ama

cret o maol o e HOM o nemor sy destination addrssz. This opseatlion 18 raonested

il L The compleate 1mage nas peen oracessed. The wunit has st Emnsiye Qupel 1mL oo
cexoallow for shitter and logic unit propoogation time, Wl ie the mexst st of
SOHAFTCE WO GsS 18 o@1ng tTectched,
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OMA CHANNEL CONTROLLER
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Some cumputar bitmap dlaplays are organized so that the bltplanes for each
pinel are all located within the same address. This 1s called pixel addressing.
I+ 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) :

1 2345478 ——————m

The data compression can be improved by packing more than one pixel 1ntc
=1ngle address like this:

L

ar lilke this, 1+ there are only 4 bhrtplanes:

1:2541£854125341254

-

The L device uses 2 bhitmap techmique called Bitplane Sddressing. This
cgparates thne Dhlitplanes 1n memory. T create a 4 plane (156 color? imaqe,
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These are held 1n butter registers and are used together as pluels, ane bit at
a time, by the display (le+t to right). This technique allows reduced odd
numbers of bitplanes (such a&as 3 or 3) while maintaining.packing eftficiency and
speed. It also allows grouping bitplanes into 2 separate images, each with

1ndependent hardware high spesd images manipulation, line draw, and area +111.

3.4 DMA CHANNEL FUNCTIONS

s IR, i sovu - Ruia  nin Sane en. gene 1 boee - i 3 - % £ B i A L B - S, i oo ssew wy  gwee els smms & aee shoe fhan. ebn af £ R woits. | b ok oe ok el ek - ¥ R SR —" o,
A omannesl has oan S D1t HAM addreesss o e O e o 0 Cimat 1 LSl b o nihe Me m
addres

71 by e e 1r=.H1 W s (2P bhyvites) of e,

Dus., and 18 used to select the location of the DMA data transfer 1’: I~ 3T

I_i :

Ao @lght (5D Dot destination address 1s simultanecusly placed on the register

. e S

address buse (Rbha) , sending the data to the corresponding regicster.

Fligure 10 shows a typical DMA channel and almeost all channels have DRAM as
Source and chip registers as destination.

ﬂ

The painter must be preloaded and is automatically incremented each time a data
transfer ooours

Each controller utilizes one or more of these DMA channels for its own purposes
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The lelmwlnq is a brie+ summary of these controllers and the DMA channels they :
use. 5 ey ‘

B g e e = g i T A T EAR B - 9 ot R s e T s i

Reter to Appendix A of this specification for raster line time allocation for
each ot these DMA channels

A—Hlitter {(four (4) Channels)

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

Unce the Rlitter has been started, the fouwr (4) DMA& channels are svnchronized
and pipelined to autaomatically handle the data transtfers without further
processor 1nterventlion. The i1mages are manipulated in memory, ilndependent

[l

ot the the display (bitplane

i1

U

N P I

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

The bitplane controller contimnuously (during displav) trarnsfere displav data
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C—Copper {(one (1) Channel)

e Lopper is a co-processor that uses one of the DMA channels to fetch its
instructions. The DMA pointer is the instruction counter and muEt be prelaaded
with the starting address of the Copper’'s instructions.

i
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R
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The LCopper can move (write) data into chip regis [t can skip, _jump,, ard
Walt (halt Theses Eimﬁlﬁ'irﬁﬁfhmﬁjﬂﬁn:igivﬁ Qreat power and +Flexibilais
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Ldapoer o wlll o resume tetching instructilions,

It can cause i1nterrupt acd the color Fﬁmf
sErviloe the audilo, It can modilf
device, bhased omn the TY screen coordinate

actual address encoded on the oy BHus,

Fyv o almost any 1 -
= i::ti'n—".:'l"I v the Heam Counter and the

D-Audio (four «4) Channels)

There are four (4} audio channels, all of which are located outside of the DMA
Lontroller 1(C. Each controller 1s independent and uses one DMA chanmnel from
the DMA Controller IC and fetches 1tse data during & dedicated timing slot
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within horizontal blanllnq. This iéTéEComplished by a :mntrcller asserting
the DMQL.anut on the DMA Canfruller.
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E-Sprites (eight (8) channels)

There are eiqght (8) independent Sprite controllers, each with 1ts own DMA
channel and 1ts own dedicated time slot for DMA data transter. oprites are
line buftered obiectes that can move very fast becauwss their positions are
caontrolled hardware registers and comparators.

i

L i T

FEach sprite has two () eixteen bhit datas regilisters that de
aprite with 4 colors. Each has a horizontal position regl
start position reglster and & vertical stop position regls
Lable vertical si1ze sprites,

e a lé pixel wide
@, A vVertical
=3 This &llows

s
%
fii

e bprite OMA controller fetches 1mage and position data awtomatically +rom

anvwhneres 1n & Megabvites of memory depending on device pin caontiguration.

sprltes can be run avtomatically i DMS mode or they can be loaded and
cantraollied by Lhe microprocessor,

Eachh Sprite can o2 | el wErTioally o as often as desired. HMorizontal reewasing
s also allowed withh micoprocgssar control

F—Digsk {one (1) channel}

The disk controller, which iz located outside of the DM&, uses a =ingle DHA
channel ftrom the device. The controller uses the DMA time slot for data
transter and can read or write & block of data up to 128K anywhere in 2 iy
Megabvtes of memory depending on device pin canfluuratlan.

b—Memory Retresh (One (1) Channel)

Thie redresh controller uses & sinagls DMAS chanmnel with its own btime slobts, Tt
Dlaces HALD addresses on the memnory addresss bus (M8 during these slobs, 16
e oo rerreah the dynamlo B, Memory 1s revreshed on every raster line,
During the DMA no data transfer actually takes place. The register address bus
LRe) 18 used to supply video svnchronizing codes., =T TmlsE Time HMED1¥E and RAas
ars low. CASUx and CASL® are inmactive during this cveocle.

KAM AND REGISTER ADDRESSING

The device generates FHAaM addresses from two souwrces, the processor or the
device pertarming DA cyvcles. The processaor accesses RAM whenever AS5#% an
~AMEN# are both low. At this time, the device also nultiplexe =
address (Al —-AZ20) aonto the MA bus. During row addreses time AY— Al
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and AZ0 are placed onto MAO-MA7, MAB and MA?, respectively . In the 1 meg
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P g b AT P R T m-ﬁ-;ﬂmwm oy T *w-ﬂ' vo- WL

A19 s Tow RASO#* is active and if hlgh RAS1% is active. In the 2 meqg option
RAS will alwavys be active on a FHAM access. The IC will assert CABL# 1+ LDE#*

135 low arFr CabU# 14 UDS#* 15 1ow.

kinen the device needs to do a DMA cvyocle, the device disables the processor
firaom accessing RAM by asserting the Data Bus Request LLine (DBER#). At this time.

the device multiplexes 1te generated HAF address onto the MA lLimes and will
activate FAS and the mrmmm“ E95ﬁ+ or RAS1# line unless it is a refresh cycle
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where all RHas lines are tive. During a DMA cycle, the IC device will also
sat Dath LH Wi and :HbL%? UHIEEE 1t 1s a refresh cvcle where they both
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1.0 REGISTER DESCRIFTION

This DMA controller device contains 125 registers that can be accessed after
the tollowing conditicons have been met. The state of AS* and HGEEM®* must he an
11

active low level and the least 8 signiticant address bits (Al thru f8) must
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LEENDIS When this bit is a logical O and lpe is enabled, the light pen latched

value {(hit location) will be read by VYHFOSK, VFOSFE and HHFOSR. When the bit is

a logical 1 the light pen latched value i=s bvypassed and the actual beam counter
positon 1= read By VYHFOSR, VYFOSR and HHFOSE.
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LoliBENM The variable composit svnc comes out on the HEY# pin, and the variable
compoaslt blank comes out on the VEY#* pin. The i1dea 1 allow all the inform-—
ation to come out of the chip the chip +or dual mode oalv. The normnmal

manl tor uses the normal composit svnoc, and the variab pos1t swvnc and

nlambk come out of the MSYs anmd YESYs 1. The bits VERVSYEM and VARHEYEN have
priority over this contirel bit.
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RVYEYN Comparato
VYERTRT, reset ve
reset HSTRT on s

long fielde (every ot

tor VoY —: x> VEY#* pin. The variable VS8Y is set verticallvy on
lly on VS5TOF, with the haorizontal position fro set and
fields (all field are short if LACE =1) and HCENTER on
her +tield 1+ LACE = 1)
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VARHSYN Comparator HSY —3>»> HSY#* pin. Set on HSSTRT value, reset on HSSTDP vaIue
R AR S . R g B R T N T SRR e e e e i G | " L 9" |
VARBEAMEN Enables the variable beam counter camparatmrs to operate (allowing

diftferent beam counter total values) on the main horizontal counter. It also
disables hard dispaly stops both horizontal and vertical.
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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. Thise allows the UHRES pointer to come ocut more than once in a
norizaontal limne, assuming there 1s some memncry bandwidth left (1t doesn’'t work
1 &40 #® 400 % 4 interlace mode)., Also, to keep the two displavs synced, the
norizontal line lenghts shouwld be multiples of each other. If vou are clever,
vyouw miaht not need to do this.

ol Det the apporopriate decods (i mormal mode?) +or FARll. In variable beam
i !

counter mode this it disaplisgs the longlshort line toggle {(sewsvall lines
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shorc) when FARLD 1 reset to & low, the dwvlﬂﬁ w1lll enabhle the NTLHOC mode de
arredl e longdsshoart line toggle 1s re-enabled.

oy kEnable CEY#% +rom the variable decoders to come out the CS5Y#* pin
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viErtical svncl. 1t 1s reset on HLOSTUOF matoch when YDyY+ and on BT and
ER T U matches durl VaY. & reasonailes composit can be gererated by sstiing
e tER halt & horizontal lineg line from HoBTRT, and HESTOF at (HSTOP-HETRT)
aEror e HEahTET,

BlL.aMEEN Enable CB# (composit blank? to come out the CEY#* pin. HEB or VB that are
generated from caomparators. If neither BLANMEENM or VARCSYEN are high, the normal
LeY#* +rom the regual decode comes ocut. This may be rather strange in variable

beam modes, as some of the fixed decodes may not happen.
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HaYTRUE, VSYTRUE, CSYTRUE Thesese change the polarity of the HYS#®, V8Y¥Y#%, and CSY=
(311 'ﬂ”pmﬁtl?l;f'?ﬂ” Lrput and output.
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REGISTER o FUNCTION il

EHLTOCONO Hlitter control register O

BLTCOMOL Hlitter control register O (write lower 8 bits only)
This 1s to speed up software — the upper bits are often
the same.

ELTCONLT HBlitter control reqgister 1
These two control reglsters are used together to
control Blitter operations.
There are two basic modes, area and line, which are

cs@lected by it O of BLTCOML, as shown beslow.
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LML, M 1R W A UHRES (VREAM) Dot plane pointsr (low 13 2its)

;,_=;... rress qoen Y O el gl e A J——. T N o sees o guw ahe sese i T g - 3 ——— boe Joon aees cose semn e .j T ey e A I o R N
W) LA S 1S 2hial)d € . 12 3% LA T M e LM (0L S It SOy T e L. WVl.d & o&T L e

T R e 3 A T L wip: g gornibe. 2o B it o I L R S S R O SO v R RO b S e G
te start of ach horlizontal line. 1ts modulo 18 added every Ltime 160 comes outb.
!

g !I..“ aHE e - . s ema e T T T - - [ -II N . sme ™ T o el ‘-llﬁ “' T ses :'i--lr [— ¥ [ --1-- I'-— . '.' -l - » rame ---; T 1-- :._ I“ . smm “'= qqqqq T - p: *:uu R T —
!-.. i!. E::_"-. "':.:‘i.‘ ! ! i l-l '::r .;:::E* g 1 ‘-::. !::ll I:— :l- E:-lr -r=- T-..:lu- I|“I:.||":r ':::!ll !llﬂ! Il-lll.-ii .‘1:.'.' {-.-.:i' !-!-III' ipln-lulE -i ~ ! I‘.:‘:.;'i ! : l-ll-. !Il.q.i* !:::-' -.!q- I--H-.[ I;;-q-! !.-... % ! I:.:--I -FE‘“ 1- .:l:- !.:.':: t--...; .::::- .?.-- ’...-!- "?' .*:'“ il-- .T::!- Lqid- !--i-ri-! -;r t-l'llI =1 .-l:::' :-u-‘ !. aii I---. t';.:.' :‘ 4 | n ]
¥ % gl W o L O e LIRSS AL | Myt LRIt Iy T e CY T ER o Lol miEses MTEr L D DDl e
A :
: i caEE i M & aas 1 .-i . 1 sam .1.-. ...",'._ .E-. -j.- salli T -, - g 0 oalsr hemm 0 . msel  ssal I r— e i =,
IRV s s o ] ] T U W e T i 8o TS 0 .=ttt Lisst 22 OB I BES : 3 L. % 1 b
- 2 l = - ‘ F: l‘- ‘;.l-r- = l- ‘ l-!"_ . ’ lH:_-| i_ _.[ ' I' -ll-l-l ‘I'I.".I' =m ’ - L] I -; L o] : e e = - : i L | lIli - l g :::_ - e - !_ L -
l i v o I'H I - on W & % - SV F B %l L.. "'...5 ol W 5 L I - -1} ..j et E X ¥ X i gl e = = T e

Bl LGS i | 4 ¥ £ 8 R b vy T e s A s e | den ofes  seva gese
ErlHo A 1 Lbe W oM LiHRED bit plane vertial stop

iiiiiiiiiiiiiiiiii

M1z cantrols the line when the data ftetch stops for the BFLHFTH.L pointers.
vio-Y0 on DE1O-0

-
T T b e s il o =

BPLHSTRT H 1D4 W A  UHRES bit plane pointer vertical stop.
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1s a number that i1s automatically added to the address at the end of each line,
in arder that the address then points to the start of the next line. Since
they have seperate nmdulmﬂ, the odd and even bit planes may have sizes that are
difterent from each other, as well as different from the displavy widow size.
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REO0ISTER FUNCTION

kP T Lopper restart at first location
IS IE o B i Lopper ¢ E*E‘.—Etfr”t at second locatlon

These addresses are strobe addressss, that when written to cause Copper to Jjump
indirect using the address contained in the First or Second Location registers

described bel ow. The Copper i1tself can write to thecse addresses, causing its

DWW JumD 1ndirect.
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L2 generated by the Copper whenever 1t 18 loading
e ‘ rer. Thls actually accurs every

| : t +tor the second (IRE) cycle of the move instruction. The

three Dvpes of instructions are shown bhelow.

WNE Mowve immediate To destination

L until the beam counter 1s & to, or greater than.
(keeps Copper off the bus until beam position has been reached)

sk 1P akip 1+ beam counter is equal to or greatesr than.

(skips the Tollowing Move inmstruction unless besm position

Mas been reached)
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BIT# IR ] IR2 IR IRZ TR e 2 B IRZ
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mi = Flrst 1nstruction regilister
IR = becond i1nstruction reglister
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Destination Address +or MOVE instruction. Fetched during IRl time,
used during IFHZ time on HGEA bus.
REM data moved by MOVE instruction at IRZ time directly from HAM to the
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# MUTE: BFED Hlrtter finitshed disabhle. Whem this bhit 18 truese, the Blitter
Flnlshed tlag willi have no ettect on the Copper. When this bit is zero the
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st e true (1n addition to the rest ot T
walt state, o skip bhetore the Coppesr can edit from 1ts
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ttter Finished +1ag
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COMmMEDAarLsSarE) , F o
Wwalt state, or skip over an instruction. Mote that
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The Copper 1e bhasically a Z cvcle machine that regues
memory cvcles. L4 omemary ovclese per 1n) This prevents col
Audio, Disk, Hetresh, and Sprites, all of which use onlvy even cvocles. ;-

1
cheretore needs (and has) priority over only the Blitter and Micro.

L:

te the bus only during odd

1s10ns with Displavy,
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There are only three typese of instructions: MOVE immediate, WAIT until., and
1 A E S o ALl 1nstructions (except WAIT) reqgquire 2 bus cvcles {and two
instruction words). Since only odd bus cycles are requested., 4 memory cycle

times are requlired per instruction (memory cvcles are 280 nS).
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pointer reqgisters whose contents are used to modify the program counter for
inittialization or Jumps. They are transfered to the program counter whenever
strraobe addresses COFRFJMF1 or COFJIJMFZ are written. In addition COFILC 1s
automatically used at the beginning of each vertical blank time.

[t 1 1mportant that one of the jump registers be initialized and its jump

stirobe address hit, after power up but before Copper D*1F-—'a 1e 1nitialized. This
1Lhsures a determined startup address and state
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DIWSTUF 1s vwrti:all; r&m+r1r+rd to the lowesr 172 of the display (N8=/=V7),
anag horizontally restricted to the right 1/4 of the display (H8=1).
DIWSTRT is vertically restricted to the upper 2/3 of the display (v8=d),
and horizontally restricted to the left Z/4 of the diseplay (HB8=0),
REGISTER FUNCTION
BIMHIGH H Uisplay window upper bits for start, stop.
1118 18 an added register for the hires chips, and allows larger start and stopo
anges. Lt 1T 1 not written, the above (DIWSTRT, STOFP description halds, bt

Chile regirster 1 woitten last in & sequence of setting the dienl avy widow, 11
s@ts direc 'i: start and stop positions anvwhere on the screen. It does not
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These registers control the horizontal timing of the beginning and each end of
the Bit Flanmne DMA displav data tetch. The vertical Hit Flanm DMA timing 1s
identical to the Display windows described above. The Bit Flane Modulos are
dependent on the Bit Flane hnorizontal €i1z=2, and aon this data fetch window size.
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Masty", disable /BLS pin preventing micro from stealing
any bus cvcles while blitter DMA 1s running
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(3 DFLEN Bit plane DMA enables

07 COFEN Copper DM& enable
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(3.5 =LA gl o chanmel 3 DFG enable
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ReEFFTR Refresh pointer
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