REABI TS | AA (25-MAY-90) S uff added for Pandora H Res chip set (rjr)

P=newregister in Pandora Chip Set

p= stuff added or changedin hires chips
H= new regi ster in hires chips

= stuff added or changed in hires chips

ADKGON 09E W

ADKCONR 010

ADXLCH h 0AD
ADXLAL 0A2

AIXLEN 0M4

ADXPER h 0A6

R

w
w

w

w

P Audio, Dsk, Uart, Gontrol wite
P Audio, Dsk, Uart, Gontrol read
B T# UsE
15 SET/ AR Set/dear control bit. Deternines if bits
witten wth a 1 get set or cleared. Bts
witten wth a zero are al ways unchanged.
14-13 PREQOWP 1-0 QE PRECOWP VALLE

00 none

01 140 ns

10 280 ns

11 560 ns
12 MAVPREC ( 1=MM pr econp 0=QR pr econp)
11 UARTBRK Forces a UART break (clears TXD if true
10 VIROSYNC Enabl es di sk read synchroni zing on a word

equal to DSK SYNCOXIE, located in
address DEKSYNC (7E).

09 MBBSYNC Enabl es di sk read synchroni zing on the MsB
(nmost signif bit). Appl type QR

08 FAST DO sk data clock rate control 1=fast(2us) O=sl ow(4us)

(fast for MMor 2us QR slowfor 4us AR

07 WSE3PN UWse audi o channel 3 to nodul at e not hi ng

06 WSE2P3 Wse audi o channel 2 to nodul ate period of channel
05 WSELP2 Wse audi o channel 1 to nodul ate period of channel
04 USEOP1 Wse audi o channel 0 to nodul ate period of channel

03 WSE3WN Wse audi o channel 3 to nodul at e not hi ng
02 WSE2V3 Wse audi o channel 2 to nodul at e vol une of channel
01 WSEIV2 Wse audi o channel 1 to nodul at e vol une of channel
00 WSEOV1 Wse audi o channel 0 to nodul at e vol une of channel
NOTE |If both period and vol une are nodul ated on the
sane channel, the period and vol une wil be alternated.
Frst AUDXDAT word is used for V6-\0 of ALDXVOL
Second AUDXDAT word is used for P15-PO of AUDXPER
this alternati ng sequence is repeated

A Audi o channel x location (Hgh 5 bits) (old-3 hits)
A Audi o channel x location (Low 15 bits)
This pair of registers contains the 20 bit starting address
(location) of Audio channel x (x=0,1,2,3) DVA data.
This is not a pointer register and therefore
only needs to be relocaded if a different
nenory location is to be outputted.

P Audio Channel x length
This register contains the length (nunber of words) of
Audi o Channel x DMA dat a.

P  Audi o channel x Period
This register contains the Period (rate) of
Audi o channel x DVA data transfer.



The minimumperiod is 124 col or clocks. This neans that the
snal | est nuniber that should be placed in this register is 124.
This corresponds to a naxi numsanpl e frequency of 28.86 khz.
(124 decinmal = 7C hex). For running wth a horiz. frequency
that is different (VARBEAMEN=1) the sanpling frequency can

be higher. Mnimumperiod is (HTOTAL+21)/2 col or cl ocks.

See BEAMOOND for details of varbeanen.

ADML 08 W P Audio Channel x Vol une
This register contains the Vol une setting for
Audio Channel x. Bits 6,5,4,3,2,1,0 specify 65 linear vol une
| evel s as shown bel ow

B TS UsE

15-07 Not used

06 Forces vol une to nax (64 ones, no zeros)

05-00 Sets one of 64 |evel s (000000=no out put
(111111=63 Ones, one zero)

ADXDAT 0AA W P Audio channel x Data
This register is the Audio channel x (x=0,1,2,3) DVA
data buffer. It contains 2 bytes of data (each byte is a twos
conpl enent signed integer) that are out puted
sequentially (wth digital to anal og conversion)
to the audi o out put pins. Wth naxi numvol une, each byte can
drive the audio outputs with 0.8 vol ts(peak to peak, typ)
The audi o DVA channel controller autonatically transfers
data to this register fromRAM The Processor can al so
wite directly tothis register. Wen the DVA data is
finished (words outputted=Length) and the data in this
regi ster has been used, an audi o channel interrupt request
is set.

BEAMOOND H1IDCW A Beam Gounter control bits
Bt Functi on

15 (unused)
14 HARCD S
13 LPEND S
12 VARVBEN
11 Lans
10 CSCBEN
VARVSYEN
VARHSYEN
VARBEAMEN
DUAL

PAL
VARCSYEN

(unused, fornerly BLANKEN
CSYTRE

VSYTRE
HSYTRLE

OFRPNWAUITO N

HARDDI S= This bit is used to disable the hardw re verti cal
and horizontal windowlinits. It is cleared upon reset.
LPEND S= Wen this bit is a lowand LPE (BPLGOND,B T 3) is
enabl ed, the Iight-pen |atched val ue (beamhit position)
wll be read by VHPOBR WCER and HHPCBR  Wen the bit is
a high the light-pen latched value is ignored and the actual



beam counter position is read by VM PCBR VWPOBR and HHPGER

VARVBENE Use the conparator generated Vertical B ank
(from VBSTRT, VBSTCP) to run the internal chip stuff-
sending RGA signal s to Denise, starting sprites, resetting
light pen. It also disables the hard stop on the verti cal
di spl ay w ndow

LADS= Dsable long line/short line toggle. This is useful
for DUAL node where even multiples are wanted, or in any
single display where this toggling is not desired.

CSCBEN= The vari abl e conposi te sync cones out on the HSY*
pin, and the variabl e conposite bl ank cones out on the VSY*
pin. Theideais toalowall the infornation to cone out
of the chip for a DUAL node display. The nornmal nonitor
uses the normal conposite sync, and the variabl e conposite
sync & bl ank cone out the HSY* & VSY* pins. The bits VAR/SYEN
& VARHSYEN (bel ow) have priority over this control bit.

VARVSYEN= conparator VSY -> VSY* pin. The variable VSY is
set vertically on VSSIRI, reset vertically on VSSTGP, with
the horizontal position for set & reset HSSTRT on short
fields (all fields are short if LACE=0) and HCENTER on | ong
fields (every other field if LACE=L)

VARHSYEN= conparator HSY -> HSY* pin. Set on HSSTRT val ue,
reset on HSSTCP val ue.

VARBEAMEN= Enabl es the vari abl e beam count er conpar at or s
to operate (allowng different beamcounter total val ues)
on the main horiz counter. It also disables hard displ ay
stops on both horizontal & vertical.

DUAL= Run the horizontal conparators with the alternate
hori zontal beamcounter, and starts the UHRES poi nter chain
with the reset of this counter rather than the nornal one.
This all ows the LHRES pointers to cone out nore than once
ina horizontal line, assunming there is sone nenory
bandwi dth left (It doesn't work in 640*400*4 interl ace node)
A'so, to keep the 2 displays synced, the horizontal |ine
| engths should be multiples of each other. If you are
anazi ngly clever, you night not need to do this.

PAL= Set appropriate decodes (in nornal node) for PAL.

In variabl e beamcounter node this bit disables the
long line/short line toggl e- ends up short |ine.

VARCSYEN= enabl e CSY* fromthe variabl e decoders to cone
out the CSY* (VARCSY is set on HSSTRT natch al ways,
and al so on HOENTER nat ch when in vertical sync. It
is reset on HSSTCP nat ch when VSY*, and on both
HBSTRT & HBSTCP nat ches during VSY. A reasonabl e
conposi te can be generated by setting HENTER hal f a
horiz line fromHSSIRT, and HBSTCP at ( HSSTQP- HSSTRT)
bef ore HEENTER with HBSTRT at (HSSTCQP- HSSTRIT) before
HSSTRT.

HSYTRUE, VSYTRLE, CSYTRUE= These change the pol arity of the
HSY*, VSY*, & CSY* pins to HSY, VSY, & CSY respectivel y
for input & output.

BLTXPTHh 050 W A Bitter Pointer to x (Hgh 5 hits)

BLTXPTL 052 W A Bitter Pointer to x (Low 15 hits)
This pair of registers contains the 20 bit address
of Bitter source (x=A B Q or dest. (x=D DVA data.
This pointer nust be prel caded with the starting address
of the data to be processed by the blitter. After the
Bitter is finished it wll contain the |ast data address
(plus increnent and nodul 0).



BLTxMD 064 W A Bitter Mdul o x
This register contains the Mdulo for Bitter source(x=A B O
or Dest (x=D). AMdulo is a nunber that is autonatical |y added
to the address at the end of each line, in order that
the address then points to the start of the next line.
Each source or destination has it’'s own
Mbdul o, allowng each to be a different size, while
an identical area of each is used in the Bitter operation.

BLTAPA 044 W A Bitter first word mask for source A

BLTALVMM 046 W A Bitter last word nask for source A
The patterns in these two registers are "anded" with the
first and last words of each line of data fromSource Ainto
the Blitter. Azeroin any bit overides data fromSource A
These regi sters should be set to all "ones" for fill node
or for line draw ng node.

BLTXDAT 074 W A Bitter source x data reg
This register holds Source x (x=A B Q data for use
by the Bitter. It is nornally |oaded by the Bitter
DVA channel , however it may al so be prel oaded by
t he nicroprocessor.

BLTCDAT 000 W A Bitter destination data register
This register holds the data resulting fromeach word of
Bitter operation until it is sent to a RAMdesti nati on.
This is a dummy address and cannot be read by the nicro.
The transfer is autonatic during Bitter operation.

BLTGCOND 040 W A Bitter control register 0

BLTGONOL HO5A W A Bitter control register O (wite lower 8 bits only)
This is to speed up software-- the upper bits are often
the sane.

BLTGOONL h 042 W A Bitter control register 1

These two control registers are used together to control
Bitter operations. There are 2 basic nodes, area and |ine,
vhich are selected by bit 0 of BLTAQONL, as shown bel ow

AREA MXIE ("nornal ") LINE MIE (line draw
B T# BLTGOND BLTGQONL B T# BLTGOND BLTGONL
15 ASB BS3 15 ASB BS3
14 ASP BSH2 14 ASP BSH2
13 AsHL BSHL 13 AsHL BSHL
12 AS0 BSHD 12 ASD BSHD
11 WsEA 0 11 1 0
10 UsEB 0 10 0 0
09 UWsEC 0 09 1 0
08 WD 0 08 1 0
07 LK DOFF 07 LK DOFF
06 LF6 0 06 LF6 SHe\
05 LF5 0 05 LF5 OF
04 LK BFE 04 LK SD
03 LF3 | FE 03 LF3 SUR
02 LR Fa 02 LR AL
01 LK DESC 01 LK S NG
00 LFO LI NE =0) 00 LFO LI NE(=1)

ASH3-0 Shift value of A source



BSH3-0 Shift value of B source and line texture

USEA Mbde control bit to use Source A

UsEB Mbde control bit to use Source B

USEC Mbde control bit to use Source C

UseD Mbde control bit to use Destination D

LF7-0 Logic function mntermsel ect |ines

EFE Exclusive fill enable

| FE Inclusive fill enable

Fa FIll carry input

DESC Descendi ng (decreasi ng address)control bit

LINE Li ne node control bit

ey Line draw sign fl ag

OF Line draw r/l word overflow flag

SD Line draw, Sonetines W or Down (=ALD)

SUL Line draw Sonetines W or Left

AL Line draw Aways W or Left

S NG Line draw, Single bit per horiz. line

DOFF Dsables the Doutput- for external ALls
The cycl e occurs nornal Iy, but the data bus is
tristate. (hires chips only)

BLTSZE 058 W A Bitter start and size (w ndow w dth, height)
This register contains the width and height of the blitter
operation (in line node width nust =2, height = line | ength)

Witing to this register will start the Bitter, and shoul d
be done last, after all pointers and control registers have
been initialized.
B T# 15,14, 13,12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00

h9 h8 h7 h6 h5 h4 h3 h2 hl hO,ws w4 w3 w2 wl w0
h=Hei ght =Vertical lines (10 bits=1024 |ines nax)
weWdth =Hori z pixel s (6 bits=64 words=1024 pi xel s nax)

BLTSZHHOS5E W A Bitter Hsize & start (11 bit wdth)
Bt# 1514 13 12 11 10 09 08 07 06 05 04 03 02 01 00
X X X X X wi0wwBw ws wswl w3 w2 wl w

BLTSZVHO05C W A Bitter Vsize (15 bit height)

Bt# 1514 12 12 11 10 09 08 07 06 05 04 03 02 01 00
x h14 h13 h12 h1l h10 h9 h8 h7 h6 h5 h4 h3 h2 hl hO

These are the blitter size registers for blits larger than

the earlier chips could accept. The original comands are

retained for conpatibility. BLTS ZV should be witten first,

followed by BLTSZH which starts the blitter. BLTS 2V need

not be rewitten for subsequent blits if the vertical size

is the sane. nax size of blit 32k pixels * 32k |ines

X s should be witten to O for upward conpatibility.

BPLHDAT H O7A Wext logic UHRES bit plane pointer identifier

BAAHMD H1E6 W A UHRES bit pl ane nodul o
This is the nunber (sign extended) that is added to the
UHRES bit plane pointer (BPLHPTL,H every line, and then
another 2 is added, just like the other nodul os.

UHRES (VRAV) bit plane pntr (Hgh 5 bits)

UHRES (VRAV) bit plane pntr (Low 15 bits)

Wien LHRES is enabl ed, this pointer cones out on the 2nd
"free’ cycle after the start of each horiz. line. Its nodul o
is added every tine it cones out. 'Free’ neans priority
above the copper and bel owthe fixed stuff (audio,sprites...)



BPLHDAT cones out as an identifier on the RGA |ines when the
pointer address is valid so that external detectors can use
this to do the special cycle for the VRAMs. The SHRHDAT gets
the first and third free cycl es.

BALHSTAP p 16 W A UHRES bit plane vertical stop
This controls the Iine when the data fetch stops for the
BPLHPTH L poi nters.

Bt# Nane

15 BPLHNRVI
14-11 unused

10-0 VI0-W0
BPLHMRVE Snaps the polarity of ARN when the BPLHDAT cones
out so that external devices can detect the RGA and put
things into nenory (ECS and | ater versions).

BPLHSTRT H1DA W A UHRES bit plane vertical start
This controls the line when the data fetch starts for the
BPLHPTH L pointers. V10-\V0 on DB10-0.

BAXPTH OE0 W A Bt plane x pointer (Hgh 5 bits)
OE4 x=1,2,3,45,6,7,8

BALXPTL OE2 W A Bt plane x pointer (Low 15 bits)

OBE6 Address of Bt plane x (x=1,2,3,4,5,6,7,8) DMA data. This
OEA poi nter nust be reinitalized by the processor or coprocessor
OEE to point to the beginning of Bt P ane data every vertical
OF2 bl ank ti ne.
0F6

P OFA

P OFE

BALXDAT 110 W D Bt plane x data (Parallel to serial convert)
112 These regi sters receive the DVA data fetched fromRAM
114 by the B't P ane address pointers described above.
116 They nay al so be witten by either nicro.
118 They act as a 8 word parallel to serial buffer
11A  for upto 8 nenory "Bit P anes". (x=1-8 The parallel to
P 11C  serial conversion is triggered whenever bit plane #1
P 11E iswitten, indicing the conpletion of all bit planes
for that word (16/32/64 pixels). The MBis output first, and
is therefore always on the |eft.

BALIMD 108 W A Bt plane nodul o (odd pl anes)
BAL2MD 10A W A Bt A ane nodul o (even pl anes)
These registers contain the Mdul os for the odd and even
bit planes. A Mdulo is a nunber that is autonatical |y added
to the address at the end of each line, in order that
the address then points to the start of the next line.
S nce they have separate nodul os, the odd and even



bit planes nay have sizes that are different fromeach
other, as well as different fromthe DO splay Wndow si ze.

BPLQOND p 100 W AD Bt plane control reg.(msc control bits)
BPLQONL p 102 W D Bt plane control reg.(horiz. scroll control)
BPLAQON3 p 104 W D Bt plane control reg.(new control bits)
BPLAQON3 p 106 W D Bt Pane control reg.(enhanced feat ures)
BPLAQOM P 10C W D Bit P ane control reg. (display nasks)

These regi sters control the operation of the Bt M anes
and various aspects of the display.

15 H RES PF2H7=0 X BANK2=0 BPLAW=0
14 BPLR PF2H5=0 ZDBPSH 2 BANKI=0 BPLAVG=0
13 BPUL PF2HL=0 ZDBPSH1 BANKO=0 BPLAVG=0
12 BPLD PF2HD=0 ZDBPHO0  PR2GR2=0 BPLAMI=0
11 HAM PF1H/=0 ZDBPEN PR2CF1= BPLAMVB=0
10 CPF PF1H6=0 ZDCTEN PFR2GFO= BPLAVP=0
09 AR PF1HL=0 K LLBB LGCT=0 BPLAM =0
08 GALD PF1HD=0 RORAMEO X BPLAMD=0
07 UHES PFR2H SOENO SPRES1I=0 ESPRW=0
06 SHRES PFR2HA PF2PR SPRESD=0 ESPRW6=0
05 BYPASS=0 PFR2H3 PF2P2 BRORBLNK=0 ESPRWG=0
04 BPUB=0 PFR2H2 PF2P1 BRONTRAN=O ESPRWMI=0
03 LPEN PF1H PF2PO X CBPRW=0
02 LACE PF1HA PF1P2 ZDAOKEN-0 C5PRW=0
01 ERSY PF1HB PF1P1 BROSPRT=0 CBPRW=0
00 ECSENA=0 PF1HR PF1PO EXTBLKEN=O0 CB5PRW=0

Xx=don't care; but drive to O for upward conpatibility !
=0/=1 bit values initialized by RST_pin going | ow

H RES=H gh resol uti on( 640* 200/ 640*400i nt er| ace) node
BPLx =Bt plane use code 0000- 1000 (NONE thru 8 incl usi ve)
HAVEHDl d and Mbdi fy node, now using either 6 or 8 bitplanes.
New HAM node i s invoked when this bit is set and
BPU =1000. Now available in all resol utions.
DPF=Doubl e pl ayfield (PFl=odd PF2=even bit pl anes)
now available in all resol utions
(If BPU=6 and HAMFO and DPF=0 a special node i s defined that
allows bitplane 6 to cause an intensity reduction of the other
5 bitplanes. The col or register output sel ected by 5 bitplanes
is shifted to half intensity by the 6th bitplane. This is

cal | ed EXTRA- HALFBR TE Mbde.

QO.CR= enabl es col or burst output signal.
GALD=Genl ock audi o enabl e. This | evel appears on the
ZD pin on Denise during all blanking periods, unless
ZDAK bit is set.

UHRES= ultrahi res enabl es the UHRES pointers (for 1k*1Kk)

(al so needs bits in DVAMAN (hires chips only)

D sabl es hard stops for vert., horiz. display w ndows
SHRES= super-hi -res nmode (35nS pi xel width)

BYPASS= bitpl anes are scrolled and prioritized nornal ly, but
bypass color table and 8 bit w de data appear on
R7:0).

LPEN =Li ght pen enabl e(reset on power up)

LACE =Interl ace enabl e(reset on power up)

ERSY =External Resync (HSYNG VSYNC pads becone i nputs)
(reset on power up)



ECSENA= Wien set enables all hits not present in the original
anmiga chip set, when reset Denise returns to nornal
operati on.

PR2H= R ayfield 2 horizontal scroll code, x=0-7

PFlHk= R ayfield 1 horizontal scroll code, x=0-7

vhere PRyHD=LSB=35nS=1 SHRES pi xel (bits have been
renaned, ol d PRyH) now PRyH2, etc.). Note that the
scroll range has been quadrupled to all ow for w der
(32 or 64 bit) bitplanes.

ZDBPSH x= 3 bit field which selects which Bt plane is to be
used for ZD when ZDBBPEN i s set; 000 sel ects BP1 and 111
sel ects BPS.

ZDBPEN= causes ZD pin to nirror bitplane sel ected by

ZDBPSH X bits. This does not disable the ZD node
defined by ZDCTEN but rather is "ored" withit.

ZDCTEN= causes ZD pin to mirror bit #15 of the active entry

inthe high color table. Wen ZDCTEN is reset ZD
reverts to nirroring col or(0).

K LLEHB= di sabl es Extra Half Brite node.

RORAME causes col or tabl e addresses to read the color table
instead of witingtoit.

SOEN= when set causes SOGoutput pin to go high

PF2PR = gives Payfield 2 priority over PFayfield 1.

PF2Px= R ayfield 2 priority code (wth resp. to sprites)

PF1Px= Rl ayfield 1 priority code (wth resp. to sprites)

BANKx= sel ects one of eight color table banks, x=0-2.

PFR2Cx= deternine bitpl ane col or table offset when playfield 2
has priority in dual playfield node:

-1 1

1 -

LQCT= dictates that subsequent color palette values will be
witten to a second 12-bit color palette, constituting
the RB loworder bits. Wites to the nornmal hi gh-order
color palette are autonatically copied to the | ow order

for backwards conpatibility.
SPRESK= deternine resol ution of all 8 sprites (x=0,1):

SPRESL | SPRESD | SPR TE RESQLUTI ON

0 | O | ECSdefaults(LCRES H RES=140nS, SHRES=70nS
0 | 1 | LCREY140nS

1 | 0 | HREY70nS

1 | 1 | SREY35n9

BRORBLNK= "border area" is blanked instead of col or(0).
BRONTRAN= "border area” is non-transparent(ZD pin is | ow
when border is displayed).

ZDAKEN= ZD pin outputs a 14MEZ cl ock whose fal ling edge
coi ncides with high-res(7MZ) video data. This bit when



AXAN

set disables all other ZD functions.

BRORSPRT= enabl es sprites outside the display w ndow
EXTBLKEN= causes BLANK out put to be programmabl e i nstead of
reflecting internal fixed decodes.

BPLAM= this 8 hit field is XORed wth the 8 bitplane col or
address, thereby altering the color address sent to the col or
t abl e(x=1-8).

ESPRk= 4 bit field provides the 4 high order color table
address hits for even sprites: SPR), SPR2, SPR4, SPR6. Defaul t
val ue is 0001 bi nary. (x=7-4)

CBPRVK= 4 bit field provides the 4 high order color table
address hits for odd sprites: SPRL, SPR3, SPR5, SPR7. Defaul t
val ue is 0001 bi nary. (x=7-4)

098 W D @l i sion control

This register controls which B tplanes are included (enabl ed)
incollision detection, and their required state if included.
It also controls the individual inclusion of odd nunbered
sprites in the collision detection, by logically GRng them
with their correspondi ng even nunibered sprite.

15 ENSP7 Enable Sorite 7 (GRed with Sprite 6)

14 ENSPS Enable Srite 5 (GRed With Sprite 4)

13 ENSP3 Enable Sorite 3 (GRed with Sprite 2)

12 ENSPL Enable Srite 1 (GRed with Sprite 0)

11 ENBP6 Enable Bit Pane 6 (Match reqd. for collision)
10 ENBPS Enable Bt Pane 5 (Match reqd. for collision)
09 ENBP4 Enable Bt Pane 4 (Match reqd. for collision)
08 ENBP3 Enable Bit Pane 3 (Match reqd. for collision)
07 ENBP2 Enable Bit Pane 2 (Match reqd. for collision)
06 ENBP1 Enable Bit Pane 1 (Match reqd. for collision)
05 M/BP6 Mitch value for Bt Plane 6 collision

04 M/BPS Mitch value for Bt Pane 5 collision

03 M/BP4 Mitch value for Bt Plane 4 collision

02 M/BP3 Mitch value for Bt Plane 3 collision

01 M/BP2 Mitch value for Bt Pane 2 collision

00 M/BPL Mitch value for Bt Pane 1 collision

AXQON2 P 10C W D Ext ended Gol |i sion Control

QLXOAT

This register controls when bitplanes 7 & 8 are included in
collision detection, and their required state if included.
*xxxx B TS INTIALI ZED BY RESET *****

BT# FUNCTTON DESCR PTT QN

15-08 - unused

07 ENBP8 Enable Bit Pane 8 (Match reqd. for collision)
06 ENBP7 Enable Bt Pane 7 (Match reqd. for collision)
05-02 - unused

01 M/BP8 Match value for Bit Plane 8 col lision

00 M/BP7 Match value for Bit Plane 7 col lision

Note: Osabled Bit P anes cannot prevent collisions.
Therefore if all bitplanes are disabled, collisions
w Il be continuous, regard ess of the natch val ues.

00E R D Qllision data reg. (Read and cl ear)

This address reads (and clears) the collision
detection register. The bit assignnents are bel ow



NOTE P ayfield 1 is all odd nunbered enabl ed bit pl anes.
Payfield 2 is all even nunbered enabl ed bit pl anes
BT# QOLI S ONS REQ STERD

15 not used

14 Srite 4 (or 5)
13 Srite 2 (or 3)
12 Srite 2 (or 3)
11 Srite 0 (or 1)
10 Srite 0 (or 1)
09 Srite 0 (or 1)

to Sprite 6 (or
to Sprite 6 (or
to Srite 4 (or
to Sprite 6 (or
to Sprite 4 (or
to Sprite 2 (or

08 Payfield 2
07 Payfield 2
06 Payfield 2
05 Payfield 2
04 Payfield 1
03 Payfield 1
02 Payfield 1
01 Payfield 1
00 Payfield 1

AALARxx 180- 1BE

bit usage.

BT# 15, 14, 13,12, 11, 10, 09, 08,

L&CT=0 T X X X RREERBRM G & GG BB B B4
LaCT=1 X X X X RBRRRR G&aA® BBBLB

T = TRANSPARENCY R=RD

to Sprite 6 (or
to Sprite 4 (or
to Sprite 2 (or
to Sprite 0 (or
to Sprite 6 (or
to Sprite 4 (or
to Sprite 2 (or
to Sprite 0 (or
to Hayfield 2

w QAR tabl e xx
There are thirty-two (32) of these registers (xx=00-31) and
together with the banking bits they address the 256 | ocations
inthe color palette. There are actually two sets of col or
registers, selection of which is controlled by the LOCT
register bit. Wen LOCT=0 the 4 M8B of RED GREEN and BLLE
video data are selected along wth the T bit for genl ocks. The
| ow order set of registers is also sel ected si multaneously, so
that the 4 bit values are autonmatically extended to 8 hits.
This provides conpatibility wth old software. If the full
range of palette val ues are desired, then LOCT can be set high
and i ndependant val ues for the 4 LSB of RED, GEEN and BLLE
can be witten. The low order color registers do not contain a
transparency(T) bit. The Tabl e bel ow shows the col or regi ster

G= N

07, 06, 05, 04,

B = BLLE

03, 02, 01, 00

X = UINJSED

Thit of QLAV0 thru GOLAGRB1 sets ZD pin H when that color is

selected in al |l video nodes.

QPN h 02E W A Qoprocessor control register
Thisis albit register that when set true, allows

the oprocessor to access the Bitter hardware. This
bit is cleared by power on reset, so that the
Qoprocessor cannot access the Bitter hardware.
B T# NAME FUNCTT ON
01 MANG Qoprocessor danger node. Al | ows coprocessor
access to all RGAregisters if true.
(if O, access to RGASTE)
(on ol d chips- access to only RGA>3E
if ADANG=1) (see VPOER

QrPJMPL 088 S A Qoprocessor restart at first |ocation



aPIMP2 08A
QP1LCH h 080
ariLa. 082
QP2LCH h 084
ar2La. 086
A Ns 08C

S A

W A Qoprocessor
W A Qoprocessor
W A Qoprocessor
W A Qoprocessor

w A

Qoprocessor restart at second | ocation

These addresses are strobe addresses, that when witten to
cause the processor to junp indirect using the address
contained in the Frst or Second Location registers
described bel ow The oprocessor itself can wite to these
addresses, causing it’s own junp indirect.

first location reg (Hgh 5 bhits) (old-3 bits)
first location reg. (Low 15 hits)

second location reg. (Hgh 5 bits)(old-3 hits)
second | ocation reg(Low 15 hits)

These regi sters contain the junp addresses described above.

Qoprocessor inst. fetch identify

This is a dummy address that is generated by the Goprocessor
vwhenever it is loading instructions intoit’s ow instruction
register. This actually occurs every Qoprocessor cycle except
for the second (IR2) cycle of the MDE instruction. The Three
types of instructions are shown bel ow

MOVE Move i nmedi ate to dest

WA T Wit until beamcounter is equal to, or greater than.
(keeps Coprocessor off of bus until beam position
has been reached)

K P Xipif beamcounter is equal to, or greater than.
(skips followng MDE inst. unless beamposition
has been reached)

MOVE VA T UNTI L KKPIF

B T# IRL IR IRL IRz IRL | Rz

15 X RDL5 W7 BFD* W7 BFD *

14 X RD14 VP VE6S VPG VES

13 X RDL3 V2] VES V2) VES

12 X RDL2 VP4 VE4 VP4 VE4

11 X RDOL1 VP3 VE3 VPR3 VE3

10 X RDLO VP2 V2 VP2 VB2

09 X RD09 WPL VEL WL VEL

08 D8 RX08 VRO VED VRO VED

07 DAY RO7 HP8 HEB HP8 HEB

06 D6 RX06 HP7 HE7 HP7 HE7

05 D5 RXO5 HP6 HE6 HP6 HE6

04 DM R4 HPS HES HPS HES

03 DA3  RX03 HPA HE4 HPA HE4

02 D2 RXO2 HP3 HE3 HP3 HE3

01 DAL RX1 H2 HE2 H2 HE2

00 0 RDOO 1 0 1 1

IRI=F rst instruction register
| RR=Second i nstruction register
DA =Destinati on Address for MD/E instruction. Fetched during
IRL tine, used during IR tine on RGA bus.
RD =RAM Data noved by MDVE instruction at IR tine
directly fromRAMto the address given by the DA field.
VP =\ertical Beam Position conparison bit
HP =tbri zontal Beam Posi tion conparison bit
VE =Enabl e conpari son(nmask bit)
HE =Enabl e conpari son(nask bit)
* NOTE BFD=Bitter finished disable. Wien this bit is true,
the Biitter Fnished flag will have no
effect on the Qoprocessor. Wen this bit is zero



the Blitter F nished flag nust be true

(inaddition to the rest of the bit conparisons)

bef ore the Goprocessor can exit fromits wait

state, or skip over an instruction. Note that the V7
conpari son cannot be nasked.

The oprocessor is basically a 2 cycl e nmachi ne that requests
the bus only during odd nenory cycles. (4 nenory cycles per in)
It has priority over only the Bitter and Mcro.

There are only three types of instructions, MOVE i medi at e,
WATuntil ,and SKIPif. Al instructions require 2 bus cycl es
(and two instruction words). Snce only the odd bus cycles are
requested, 4 nenory cycle tines are required per instruction.
(nenory cycles are 280 ns)

There are two indirect junp registers QPILC and QOP2LC
These are 20 hit pointer registers whose contents are

used to nodi fy the programcounter for initalization or junps.
They are transfered to the programcounter whenever strobe
addreses QCPIMPL or QPIM2 are witten. In addition QOPILC
is autonatically used at the begi nning of each vertical

bl ank ti ne.

It isinportant that one of the junp registers be initalized
and it’s junp strobe address hit, after power up but before
Qoprocessor DMAis initalized. This insures a deternined
startup address, and state.

DOFSTRT 092 W A D splay data fetch start(Hori z. Position)

DOFSTGP 094 W A D splay data fetch stop(Horiz. Position)
These registers control the horizontal timing of the
begi nning and end of the Bt Pl ane DVA di splay data fetch.
The vertical Bt Pane DMAtimng is identical to the O splay
w ndows descri bed above.
The Bit Plane Mbdul os are dependent on the Bit H ane
hori zontal size, and on this data fetch w ndow si ze.

Regi ster bit assi gnnent

B T# 15,14, 13,12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00
WBE X X X XX XX XBHHHBHMMBR X
(X bits should al ways be driven with 0 to naintain

upwar d conpat abi | ity)

The tabl es bel ow show the start and stop tining for
different register contents.
DOFSTRT( Left edge of display data fetch)

PURPCBE B, H7, 1o, b, H4
Extrawide (nax) * 0 0 1 0 1
w de 0 01 10

nor nal 0 01 11
narrow 01000



O VETRT

nor nal 1101

w de (nax) 1101
Note that these nunibers will vary wth variabl e beam count er
node set. (The maxes & nmins, that is)

0
1

08E W AD D splay Wndow Sart (upper left vert-hor pos)
DWTGP 090 W AD D splay Wndow Sop (lower right vert-hor pos)

These regi sters control the D splay w ndow size and positi on,
by I ocating the upper left and | ower right corners.

B T# 15,14, 13,12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00

WBE wWWwWVHBWAVBV2VIVOH B H HBH HEHB H

DVEIRT is vertically restricted to the upper 2/3

of the display (V8=0), and horizontally restricted to the
left 3/4 of the display(H=0).*

DVBTCP is vertically restricted to the | ower 1/2

of the display (V8=/=V7), and horizontally restricted to the
right /4 of the display(H=1).*

* Poof.. ( See DWH (H for exceptions)

DWH&p1E4a W AD D spl ay Wndow upper bits for start,stop

DMACIN

This is an added regi ster for the Hres chips, and al | ons
larger start & stop ranges. If it is not witten, the above
(D VBTRT, STAP) description holds. If this register is witten
last in a sequence of setting the display wndow it sets
direct start & stop positions anywhere on the screen.

It doesn't affect the UHRES pointers.

15 14 13 12 11 10 09 08 O7 06 05 04 03 02 01 OO0

X HOH H VIOW WM x x HOH H VIOW \8
(stop) | (start)

Don't care (x) bits should always be wittento O to
nai ntai n upwards conpatibility. HL and HD val ues define

70nS and 35nS increnents respectively, and are new LI SA
bits.

NOTE In all 3 display windowregisters, horizontal bit
posi tions have been renaned to reflect HRES pi xel
increnents, e.g. what used be called H) is now
referred to as H.

096 W ADP DwAcontrol wite(clear or set)
DMOONR 002 R A P DWcontrol (and blitter status) read

This register controls all of the DVA channel s, and contai ns
Bitter DVA status hits.
BT# FUNCTION DESCR PTI ON

15 SETV AR Set/Qear control bit. Determines if bits
witten wth a 1 get set or cleared.
Bts witten wth a zero are unchanged.

14 BBUSY Bitter busy status bit (read only)

13 BZERO Bitter logic zero status bit.(read only)
12 X

11 X

10 BLTPR Bitter DVMA priority(over CPU nicro)

(also called "Bitter Nasty")
(disables /BLS pin, preventing nicro
fromstealing any bus cycles while
blitter DVMA is running)



09 DVRAEN Enabl e al | DVA bel ow (al so UHRES dna)

08 BPLEN Bt Fane DVA enabl e
07 QPEN Qopr ocessor DVA enabl e
06 BLTEN Bitter DVA enabl e
05 SPREN Sorite DVA enabl e
04 DS<EN b sk DVA enabl e
03 ACBEN Audi 0 channel 3 DVA enabl e
02 ALPEN Audi 0 channel 2 DVA enabl e
01 ADLEN Audi o channel 1 DVA enabl e
00 ADOEN Audi o channel O DVA enabl e
DsKPTH h 020 W A Dsk pointer (Hgh 5 hits) (old-3 bits)
DsKPTL 022 W A D sk pointer (Low 15 hits)
This pair of registers contains the 20 bit address
of Osk DMA data. These address
registers nust be initalized by the processor or coprocessor
bef ore di sk DVA i s enabl ed.
DSKLEN 024 W P DOsk length
This register contains the length (nunber of words) of
Disk DVA data. It also contains 2 control bits. These
are a DVA enable bit, and a DMA direction(read/wite) bit.
B T#
15 DVAEN D sk DVA Enabl e
14 VWR TE Dsk Wite(RAMto Osk ) if 1
13-0 LENGH Length (# of words) of DVA data.
DSKDAT 026 W P Dsk DMAData wite
DSKDATR 008 ER P DOsk DVA Data read (early read dummy address)
This register is the Dsk-DVA data buffer. It contains 2
bytes of data that are either sent to (wite) or received
from(read) the disk. The wite node is enabl ed by bit
14 of the LENGIH register. The DVA control |l er autonatically
transfers data to or fromthis register and RAM and when
the DVA data is finished (Length=0) it causes a DO sk
B ock Interrupt. See interrupts bel ow
DSKBYTR 01A R P DOsk Data byte and status read
This register is the O sk-M croprocessor data buffer.
Data fromthe disk (in read node) is loaded into this
register one byte at atine, and bit 15 (DCSKBYT) is set true.
B T#
15 Cs<BYT D sk byte ready (reset on read)
14 DVACN DVAEN DSKLEN & DVREN DMAOON) & DSKEN DVARAON
13 DSKWRTE Mrror of bit 14 (WRTE) in DSKLEN
12 WIRDEQUAL This bit true only while DSKSYNC regi ster
equal s the data fromdi sk
11-08 0 Not used
07-00 DATA D sk byte data
DeKSYNC O07E W P DOsk sync register, holds the match code for disk
read synchroni zati on. See ADKON bit 10
FMICE PO0O76 W Menory Fetch Mde

This register controls the fetch nechani smfor different
types of Chi p Ramaccesses:

Bt# Functi on Descri ption



SPACEM Sorite Page Mbde(doubl e CAS)

SPR32 Srite 32 Bt Wde Mde
BPAEM B t pl ane Page Mbde(doubl e CAS)
BPL32 B tplane 32 Bt Wde Mde

BPAEM BPL32 Bitplane Fetch | ncrenent Menory Gycle Bus Wdth

0 0 by 2 bytes (as before) nornmal CAS 16
0 1 by 4 bytes nornmal CAS 32
1 0 by 4 bytes doubl e CAS 16
1 1 by 8 bytes doubl e CAS 32
SPAEM SPR32  Sorite Fetch | ncrenent Menmory Gycle Bus Wdth
0 0 by 2 bytes (as before) nornmal CAS 16
0 1 by 4 bytes nornmal CAS 32
1 0 by 4 bytes doubl e CAS 16
1 1 by 8 bytes doubl e CAS 32

HBST(P H1B W A Horiz line position for HBLANK stop

HBSTRT H1G W A Horiz line position for HBLANK strt
These are the start, stop positions (in 280ns increnents)
for the HBLANK that cones out on the CSY* pin when
BLANKEN bit in BEAMOOND is 1. It also affects VARCSY--
see BEAMOOND.

HENTERH1E2 W A Hori zontal position (AQXs) of VSYNCon long field
This is necessary for interlace node with variabl e beam
counters. See BEAMOOND for when it affects chip outputs.
See HTOTAL for bits.

HPCBR H1IDA R A DUAL node hires H beam counter read

HPCBW H1D8 W A DUAL node hires H beamcounter wite
This is the secondary beamcounter for
the faster node, triggering the UHRES pointers & doing the
conpari sons for HBSTRI, STQP, HTOTAL, HSSTRT, HSSTCP
(See HIOTAL for bits)

HSST(P H1Q2 W A Horiz Iine position for HSYNC stop
Sets # of color clocks for sync stop (HTOTAL for bits)

HSSTRT H1DE W A Horiz Iine position for HSYNC stop
Sets # of color clocks for sync start (HTOTAL for hits)
See BEAMODOND for details of when these 2 are active.

HIOTAL H10 W A H ghest color clock count in horiz line
Bt# 15 14 13 12 11 10 09 08 07 06 05 04 03 02 10 00

X X X X X X X X h8 h7 hé h5 h4 h3 h2 hl
(x's should be driven to O for upward conpatibility)
Horiz line has this nany + 1 280ns increnents. If the
PAL bit & LADS are not high, long line/short line toggle wll
occur, and there will be this nmany + 2 every other line.
Active if VARBEAMEN-1 or DUAL=1.
INTREQ 09C W P Interrupt Request bits (clear or set)
INTRER OlE R P Interrupt request bits (read)
This register contains interrupt request hits(or flags).
These bits may be poll ed by the processor, and if enabl ed
by the bits listed in the next register, they nay cause
processor interrupts. Both a set and cl ear operation
arerequired to load arbitary data into this register.
The bit assignnents are identical to the Enabl e register bel ow
| NTENA 09A W P Interrupt Enable bits (clear or set hits)
INTENAR 01C R P Interrupt Enable bits Read



This register contains interrupt enable bits. The hit

assignnent for both the request, and enabl e registers

is given bel ow

BT# FUINCT LEVE DESCRPTION

15 SETV AR Set/Qear control bit. Determines if bits
witten wth a 1 get set or cleared. Bts
witten wth a zero are al ways unchanged.

14 | NTEN Master interrupt (enable only , no request)

01 De<BLK
00 TBE

O sk B ock fini shed
Serial port Transmit Buffer Enpty

13 EXTER 6 External interrupt

12 DEKSYN 5 DO sk Sync regi ster ( DSKSYNO nat ches Di sk data

11 RBF 5 Serial port Receive Buffer Full

10 ALB 4 Audi o channel 3 bl ock fini shed

09 AP 4 Audi o channel 2 bl ock fini shed

08 ADL 4 Audi o channel 1 block fini shed

07 AUDD 4 Audi o channel 0 bl ock fini shed

06 BLIT 3 HBitter finished

05 VERIB 3 Sart of \Vertica blank

04 AGPER 3  (oprocessor

03 PORTS 2 |/OPorts and tiners

02 Sexy 1 Reserved for software initiated interrupt.
1
1

JOODAT O00A R D Joystick-nouse O data (left vert, horiz)
JOYIDAT 00C R D Joystick-nouse 1 data (right vert, horiz)

These addresses each read a 16 bit register. These in turn are
| oaded fromthe MDAT serial streamand are clocked in on the
rising edge of SOLK MDD output is used to parallel |oad the
external parallel-to-serial converter. This in turnis | oaded
with the 4 quadrature inputs fromeach of two gane controller
ports(8 total) plus 8 miscellaneous control bits which are
new for LISA and can be read in upper 8 bits of LISAD
Register bits are as fol |l ows:

Mbuse counter usage(pins 1,3 =Yclock, pins 2,4 =Xcl ock)

B T# 15, 14,13, 12,11, 10,09, 08 07, 06, 05, 04, 03, 02, 01, 00
JOODAT Y7 Y6 Y5 Y4 Y3 Y2YL Y0 X7 X6)X5 X4 X3 X XL X0
JOVIDAT Y7 Y6 Y5 Y4 Y3 Y2 YL YO X7 X6 X5 X4 X3 X2 XL X0

O=left controller pair, 1=right controller pair.

(4 counters total). The bit usage for both left and right

addresses is shown below Each 6 bit counter(Y7-Y2, X7-X2) is
clocked by 2 of the signals input fromthe nouse serial
stream Sarting wth first bit received:

Serial bit Name Description

| MOH | JOYODAT Horizontal d ock

| MHQ | JOYODAT Hori zontal d ock(quadrat ure)
| MV | JOYODAT Vertical 4 ock

| MVQ | JOYODAT Vertical A ock(quadrature)

| MH | JOY1DAT Horizontal d ock

| MHQ| JOY1DAT Hori zontal d ock(quadrat ure)
| MV | JOYIDAT Vertical 4 ock

| MMQ| JOYIDAT Vertical 4 ock(quadrature)

Bts 1 and O of each counter (Y1-YO, X1-X0) nay be

read to determine the state of the related i nput signal pair.
This all ows these pins to doubl e as joystick swtch inputs.
Joystick switch closures can be deci phered as fol | ows:



Drections P n# counter hits

Forward 1 Y1 xor YO (Bl T#09 xor Bl T#08)
Left 3 Y1
Back 2 XL xor X0 (Bl T#01 xor Bl T#00)
R ght 4 X1

JOYTEST 036 W D Wite to all 4 Joystick-nouse counters at once.
Muse counter wite test data:

B T# 15,14, 13, 12, 11, 10,09, 08 07, 06, 05, 04, 03, 02, 01, 00
JOODAT Y7 Y6 Y5 Y4 Y3 Y2 XX XX X7 X6 X5 X4 X3 X2 XX XX
JOVIDAT Y7 Y6 Y5 Y4 Y3 Y2 XX XX X7 X6 X5 X4 X3 X2 XX XX

LISADHO/C R D Deni se/ Li sa (video out chip) revision |evel
The original Denise (8362) does not have this register, so
vhat ever value is left over on the bus fromthe last cycle
wll be there. ECS DEN SH8373) returns hex(FO in the | ower
8 bits. LISAreturns hex (F8). The upper 8 bits of this
register are loaded fromthe serial nouse bus, and are reserved
for future hardware inpl entation.

POTODAT h 012 R P Pot counter data left pair (vert,horiz)
POT1DAT h 014 R P Pot counter data right pair (vert,horiz)
These addresses each read a pair of 8 bit pot counters.
(4 counters total). The bit assignnent for both
addresses is shown bel ow The counters are stopped by signals
from2 controller connectors(left-right) wth 2 pins each.
B T# 15, 14,13, 12,11, 10,09, 08 07, 06, 05, 04, 03, 02, 01, 00
RGT Y7 Y6 Y5 YA Y3Y2YLYD X7 X6X5 X4 X3X XL X0
LEFT Y7 Y6 Y5 Y4 Y3 Y2YL YO X7 X6 X5 X4 X3 X XL X0

QONNECTCRS
------------------ PALLA
loc. dir. sym pin pin
RGT Y R 9 33
RAGT X RX 5 32
LEFT Y LY 9 36
LEFT X LX 5 35

Wth normal (NTSCor PAL) horiz. line rate, the pots will give
a full scale (FF) reading with about 500kohns in one

frane tinme. Wth proportionally faster horiz line tines,

the counters wll count proportionally faster.

Thi s shoul d be noted when doi ng vari abl e beamdi spl ays.

POTQD 034 W P Pot Port (4 bit) Drection and Data,
and Pot Qounter start.

POT NP 016 R P Pot pin data read
This register controls a 4 bit bi-directional 1/0O port
that shares the sane 4 pins as the 4 pot counters above.
B T# FUNCT DESCR PTI ON

15 QUTRY Qut put enabl e for Paula pin 33

14 DATRY I/Odata Paula pin 33

13 QUTRX Qutput enable for Paula pin 32

12 DATRX I/Odata Paula pin 32

11 QJILY Qut put enabl e for Paula pin 36

10 DATLY I/Odata Paula pin 36



09 QUILX Qut put enable for Paula pin 35

08 DATLX I/Odata Paula pin 35

07-01 X not used

00 START Sart pots (dunp capacitors,start counters)

REFPTR 028 W A Ref resh poi nt er
This register is used as a Dynamic RAMrefresh address
generator. It is witeable for test purposes only, and
shoul d never be witten by the nicroprocesor.

SERDAT 030 W P Serial Port Data and stop bits wite
This address wites data to a Transnmt data buffer.
Data fromthis buffer is noved into a serial shift register
for output transnission, whenever it is enpty. This sets the
Interrupt Request TBE (transnit buffer enpty). A stop hit
nust be provided as part of the data word. The length
of the data word is set by the position of the stop bit.
B T# 15,14, 13,12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00
UsE 0 00000 SBDDDEDMBDRD D
note: S=stop bit =1, D=data bits

SERDATR 018 R P Serial Port Data and Satus read
Thi s address reads data froma Recei ve data buffer.
Data in this buffer is | oaded froma receiving shift register
vhenever it is full. Several interrupt request bits are al so
read at this address, along with the data, as shown bel ow

B T#
15 ORN Serial port receiver overun
14 RBF Serial port Receive Buffer Full(mirror)
13 TBE Serial port Transmit Buffer Enpty(mirror)
12 TSRE Serial port Transmit shift reg. enpty
11 RXD RXD pin recei ves UART serial data for direct
bit test by the nmicro
10 X Not used
09 STP Sop bit
08 SIP-[B8 Sop bit if LONG Data bit if not.
07 DB Data bit
06 DB6 Data bit
05 D323 Data bit
04 B4 Data bit
03 D83 Data bit
02 (D2 Data bit
01 DBl Data bit
00 D21) Data bit
SERPER 032 W P Serial Port Period and control

This register contains the control bit LONGreffered to
above, and a 15 bit nunber defining the serial port
Baud Rate. If this nunber is N then the Baud Rate is
1 bit every (N¥1)*.2794 M croseconds.

B T#
15 LONG Defines Serial Receive as 9 bit word.
14-00 RATE Defines Baud Rate=1/ ((N+1)*. 2794 mi crosec)

SPRDAT HO078 Wext logic HRES sprite identifier & data
This identifies the cycle when this pointer address is on the
bus accessing the nenory.

SPRPIHH1IEB W A UHRES sprite pointer (Hgh 5 hits)
SPRPILHIEA W A UHRES sprite pointer (Low 15 hits)
This pointer is activated in the 1st & 3rd 'free’ cycles



(see BPLHPTH L) after horiz line start. It increnents
for the next line.

SPRETCPH IR W A UHRES sprite vertical display stop

Bt# 15 14 1312 11 10 09 08 07 06 05 04 03 02 01 00
SFRHMRM x x x x v10 v9 v8 v7 v6 v5 v4 v3 v2 vl vO

SPRHMRVE Saaps the polarity of ARW when the SPRHDAT cones
out so that external devices can detect the RGA and put
things into nenory. (ECS and later chips only)

SPRSTRT H1DO W A UHRES sprite vertical display start

SPRXPTH
SPRXPTL

SPRXPCB

Bt# 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
X X X X X v10 v9 v8 v7 v6 v5 v4 v3 v2 vl vO

120 W A Sorite x pointer (Hgh 5 hits)

122 W A Sorite x pointer (Low 15 hits)
This pair of registers contains the 20 bit address
of Sprite x (x=0,1,2,3,4,5,6,7) DVA data. These address
registers nust be initialized by the processor or coprocessor
every vertical blank tine.

140 W AD Sorite x Vert-Horiz start position data

B T# SYM FUNCTT ON
15-08 SV7-S\0  Sart vertical value. Hgh bit(SW) is
in SPRXCTL reg bel ow
07-00 SHI0-SHB Sart horizontal value. Low order bits are
in SPRXCIL reg. bel ow

SPRXCIL p 142 W AD Sorite x position and control data

B T# SYM FUNCTT ON

15-08 EBEV/-BM0  Bnd (stop) vert. value. low8 hits

07 ATT Srite attach control bit(odd sprites only)
06 S\ start vert. value 10th bit

05 EVo end (stop) vert. value 10th hit

04 SHI=0 start horiz. value, 70nS increnent

03 SH=0 start horiz. value, 35nS increnent

02 S\v8 Sart vert. value 9th bit

01 EV8 End (stop) vert. value 9th bit

00 Sp start horiz. value, 140nS i ncrenent

These 2 registers work together as position, size and
feature Sprite control registers. They are usual |y | oaded
by the Sprite DVA channel, during horizontal blank,
however they nay be | oaded by either processor any tine.
Witing to SPRXCIL disabl es the corresponding sprite.

SPRDATA 144 W D Srite x inage data register A
SPRDATB 146 W D Srite x inage data register B

These registers buffer the Srite inage data. They are

usual |y | oaded by the Sporite DVA channel but nay be

| oaded by either processor at any tine. Wien a horizontal

coi nci dence occurs the buffers are dunped into shift registers
and serially outputed to the display, MB first on the left.
Note: Witing to the A buffer enables (arns) the sprite.



STREQU 038

STRHR 03C
STRLONG h 03E

VBSTCP H 1CE
VBSTRT H 1CC

WCER  p 004
WVCBW  02A

VHPGER 006
VHPGBW  02C

VSSTGP H 1CA

VSSTRT H 1H)
VIOTAL H 138

nununnm

w A
w A

R A
w A

R A
w A

w A

w A
w A

Witing to the SPRXCIL register disables the sprite.

If enabled, datainthe Aand B buffers wll be out put
vwhenever the beamcounter equal s the sprite horizontal
position value in the SPRkPCB regi ster. In | owes node,

1 sprite pixel is 1 bitplane pixel wde. In HES and

SHES node, 1 sprite pixel is 2 bitplane pixels.

The DATB bits are the 2SBs (worth 2) for the col or registers,
and MBB for SHRES. DATA bits are LSBs of the pixels.

D Srobe for horiz sync with VB(vert. blank) and EQJ
D Srobe for horiz sync with \B
DP Srobe for horiz sync
D Srobe for identification of long horz. |ine(228 QO
e of the first 3 strobe addresses above, it is placed on the
RGA bus during the first refresh tine slot.
The 4th strobe shown above is used during the second
refresh tine slot of every other line, toidentify
lines with | ong counts(228- NISC HIOTAL+2- VARBEAMEN-1
hires chips only). There are 4 refresh tine slots
and any not used for strobes wll leave a null (1FE)
address on the RGA bus.

Vertical line for VBLANK stop

Vertical line for VBLANK strt

(V10-0 <- DI10-0) Affects CSY* pin if BLANKENEL &
VSY* Ainif CSCBEN-L (see BEAMOOND)

Read Vert nost sig. bits (and frane flop)
Wite Vert nost sig. bits (and frane flop)
B T# 15, 14,13, 12,11, 10,09, 08, 07, 06, 05, 04, 03, 02, 01, 00
WE LGFI16151413121110,LAL -- -- -- --v10 vO V8B
LO=Long frane (auto toggle control bit in BPLGOND)
10-16 chip identification:
8361(regul ar) or 8370(fat) (agnus-ntsc)
8367(pal ) or 8371(fat-pal) (agnus-pal)
8372(fat-hr) (agnushr),thru rev. 4
8372(fat-hr) (agnushr),rev. 5 =21 PAL, 31 NITC
8374(al i ce) =22 PAL, 32 NTSC
LA=long line bit. Wien low it indicates short raster line.
v9,v10-- hires chips only (20,30 identifiers)

10
00
= 20 PAL, 30 NITSC

Read Vert and Horiz Position of beam or |ightpen
Wite Vert and Horiz Position of beam or |ightpen
Bl T# 15, 14, 13, 12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00

WBE WVWWWBWANEV2VIVOHBH HbH HEHB H HL
RESALUTI ON=1/ 160 OF SCREEN WDTH (280 NS)

Vert. position for VSYNC stop.

See BEAMOOND for nore details. (V10-0 < D10-0)

Vert. position for VSYNC start

H ghest nunibered vertical |ine (VARBEAMEN=L)

It’s the line nunber to reset the counter,

so there's this many + 1 in a field. The exceptionis

if the LAE bit is set (BPLAOND), in which case every

other fieldis this many +2 & the short field is this

nany + 1.



