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Revi si ons:

in section 3.3 revised input and tristate | eakage
specs, reflecting presence of TTL level shifter

genera! overhaul of tim ng specs. Reversed pins
4825 in pin descriptions (2.2)

replaced mssing pins in section 2.2, fixed
3.4.12,13 timng specs relating to NLD_

added footnote to timng section, spepifyinP_video
outputs, elimnated CCK driven Dx timngs, fixed
W timng spec.

added sheet behi nd cover which addresses changes
to the current revision.

corrected 3.4.12- )
15(SCLK), 3. 4. 20(WDE), 3. 4. 28(vi deo)
r

enoved functional definition already included in
AA spec, corrected desription of ECSENA

SCLK, ML.D , WDE now all spec'd for 2TTL/50pF
nodi fied MLD_, WDB paranetric specs.

cl eaned up paranetric specs,clarified ECSENA
revi sed description of LISAID

noved FMODE to 1FC, added scan-doubling

PINS 24 & 25 REVERSED | N PI NOUT




Li st of changes to Ri:

1.) FMODE now resides at $1FC not $076 as before.
2.) Data bus drivers now disabled on D(15:0)

3.) ‘internal data bus configuration |ogic changes state 1/2 bus
cycle later(should be transparent to ATE)

4.) RDRAM bit noved to BPLCON2 from BPLCON3 (may have al ready
been done to ROA ?7?77?)

5) SE'ri te scan-doubl e nod: FMODE(15) (SSCAN2) when hi gh causes
S 1dO bltugorrp?re of sprite position to be disabled, in other
words a "don

6.) BRDRBLNK | ogic fixed: BLANK=OLDCBD+BRDRBLNK* DSPN~

care .

7.) Newtek fix - hardwired end of bl anking occurs 140nS earlier,
at $05D .

8.) OSPRW bits are now used whenever attached sprites are
active. Choice between OSPRMk and ESPRWk fornerly depended
on attached sprite data content data content.



1.1 GENERAL DESCRI PTI ON

This Specification describes the requirenments for Lisa, a D splay
Controller Integrated Circuit (1.C.) . offering considerable
advant ages to our Am ga product |line, both new features and

hi gher performance.

The basic function of Lisa is to accept bitplane data and sprite
data fromchip ram and serialize and prioritize themto provide
a set of signals suitable for input to a video DAC. Lisa al so
provi des nouse/joystick circuitry and genl ock support.

New features for Lisa (as conpared to ECS Deni se)

¢ 32 bit wde data bus supports input of 32-bit w de
bi t pl ane data and al | ows doubling of nennrx_bandmndth._
Addi ti onal doubling of bandw dth can be achi eved by using
Fast Page Mbde Ram The sanme bandw dt h enhancenents are
avai |l abl'e for sprites. Al so the maxi num nunber of
bgtplanes useable in all nodes was increased to eight

)
¢ The Col or Pal ette has been exRFnded to 256 col ors deep
and 25 bits wi de(8 RED, 8 GREEN, 8 BLUE, 1 GENLOCK?. Thi s
permts display of 256 sinultaneous colors in all
resolutions. A palette of 16,777,220 colors is avail able
in all resolutions
¢ 28Mhz clock input allows for cleaner definition of H RES

and SHRES pi xels. ALICE s clock generator is synchronized
by means of LISA s 14MHz and SCLK out puts. Genlock XCLK
and XCLKEN* pins have been elimnated (external MJX is
nom1reqU|redE :

¢ A new register bit allows sprites to appear in the screen
bor der regions.

¢ A bitplane mask field of 8 bits allows an address offset
into the color palette. Two 4-bit mask fields do the sane
for odd and even sprites.

¢ In Dual Playfield nodes, 2 4~bitplane playfields are now
possible in"all resolutions.

¢ Two extra high-order playfleld scroll bits allow seanl ess
scrolling of 'up to 64 bit w de bitplanes in al
resolutions. Resolution of bitplane scroll, display
wi ndow, and hori zontal sprite position has been inproved
to 3Sns in all resol utions.

¢ A new 8 bitplane HAM node has been created, 6 for colors
and 2 for control bits. Both HAM nodes are avail able in
all resolutions (not just LORES as before).

¢ A RST input pin has been added, which resets all the
Eigilcontalned in registers that were new for ECS or

BPLCON3, BPLCON4, CLXCON2, DI WHI GH, FMODE.

¢ Har dwar e Scan Doubl i ng support has been added(nodified
SPRXPOS SH10 bit definition)



LI SA Chi p El enents:

256 Col or Registers

8 64-bit Bitplane Shift Registers.
Bitplane Priority and Control Registers
Col or Sel ect Decoder

Priority Control Logic

8 Sprite Serijal Lines _

8 64-bit Sprite OIShl ft Registers (2 planes

wi de
%6 Pi t Serial Muse/Joystick/ Configuration
or

Sprite Position Conpare Logic.
Sprite Horizontal Control Registers
Col | i sion Detect Logic.

Col lision Control Register.

Col lision _Storage Register.

Buffer - Data Bus.

Buf fer - Regi ster Address Decode.
Full 25 Bit Digital Video Port



1.2 PI N CONFI GURATI ON

| = = e e e e e e \
73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53
75 51
76 50
77 49
78 48
79 47
80 46
81 45
82 44
83 43
84 4203 42
01 41
02 40
03 39
04 38
05 37
06 36
07 35
08 34
09 33
10 32
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31/

PIN NAME TYPE PIN NAME TYPE PIN NAME TYPE PIN NAME TYPE
1 VSS G 22 SCLK VO 43 C280QJT VO 64 D26 O
2 Do | O 23 Cl140 VO 44 A VO 65 D25 | O
3 D5 | O 24 RST | 45 GS VO 66 D24 | O
4 D4 | O 25 C28M | 46 &6 VO 67 D23 | O
5 D3 | O 26 VO 47 G/ VO 68 D22 | O
6 D2 | O 27 BLANK VO 48 RO VO 69 D21 | O
7 D | O 28 VO 49 Rl VO 70 D20 | O
8 DO | O 29 BC VO 50 R2 VO 71 D19 | O
9 CAS I 30 VDD P 51 R3 VO 72 D18 | O

10 CCK™ | 31 Bl VO 52 R4 VO 73 D17 | O

11 WDE DO 32 B2 VO 53 VSS G 74 D16 | O

12 RGA8 | 33 VSS G 54 RS VO 75 DS | O

13 RGA7 | 34 B3 VO 55 Ro6 VO /76 D14 | O

14 RGA6 | 35 B4 VO 56 VDD P 77 D13 | O

15 RGAS | 36 BS5 VO o7 RY VO 78 D12 | O

16 RGAM | 37 B6 VO 58 BRST_ VO 79 D11 | O

17 RGA3 | 38 B/ VO 59 D31 | O 80 D10 | O

18 RGA2 | 39 @GO VO 60 D30 | O 81 D9 | O

19 RGA I 40 d VO 61 D29 | O 82 D8 | O

20 MDAT | 41 &R VO 62 D28 | O 83 VDD P

21 MD DO 42 &3 VO 63 D27 IO 84 Dr | O



2.1

REG STER MAP

regi ster addr R/ 'Wf unct i on
BPLIDAT 110 W Bit plane data g arallel to_serial
BPL2 DAT 112 converS|on (16/ 32 bits) These reqgi sters
BPL3DAT 114 receive the DVA data fetched from
BPL4 DAT 116 by the bitplane address pointers. They
BPLSDAT 118 may also be witten by either the
BPL6DAT 11A copper or the CPU. They act as a 8 word
BPL7DAT 11C arallel to_serial buftfer for up to 8
BPL8DAT 11E itplanes. The parallel to serlal
conversion is triggered whenever BPl is
witten, indicating the transm ssion of
all bitplanes for the next 16/32/64 pixels.
The M5B is output first and is
therefore always on the left.
BPLCONO 100 W Bi t pl ane control reg. (msc. bItS?
BPLCON1 102 W Bi t pl ane control reqg. horlz scro I)
BPLCON2 104 W Bi t pl ane control reg. eo priority)
BPLCON3 106 W Bi t pl ane control reg. neM/ eat ur es)
BPLCON4 [0C W Bi t pl ane control reg. (mask bits)
These 5 registers control the operation of of the bitplanes and
various aspects of the display as explai ned bel ow
Bl T# BPLCONO BPLCONL BPLCON2 BPLCON3 BPLCON4
15 H RES PE2H7 X BANKZ=0 BPLAM/ =0
14 BPU2 PF2H6 ZDBPSEL2  BANK1=0 BPLAM6=0
3 BPUL PF2H1 ZDBPSEL1  BANKO=0 BPLANMG=0
12 BPUO PF2HO ZDBPSELO PF20F2=0 BPLAM4A=0
11 HAM PE1H7 ZDBPEN PF20OF1=1 BPLAMB=0
10 DPF PF1H6 ZDCTEN PF20F0=1 BPLAM2=0
09 COLOR PF1H1 Kl LLEHB LOCT=0 BPLAML=0
08 GAUD PF1HO RD RAM 0O X BPLAMD=0
07 % PE2HS SOGEN=0 SPRES1=0 ESPRM7 =0
06 SHRES PF2H4 PF2PRI SPRES0=0 ESPRM6=0
0 BYPASS=0 PF2H3 PE2P2 BRDRBLNK= 0  ESPRM5=0
04 BPU3=0 PF2H2 PF2P1 BRDNTRAN= 0  ESPRWA=1
03 y PF1H5 PF2P0O X OSPRMZ =0
02 PF1H4 PF1P2 ZDCLKEN=0 OSPRV6=0
01 %S PF1H3 PF1P1 BRDSPRT=0 OSPRVS=0
00 ECSENA=O0 PF1H2 PF1PO EXTBLKEN= 0 OSPRWA=1

x= don't care; but drive to O for upward conpatibility’
y= reglster bits contained in ALICE, not defined here.
=0/=1"bit values initialized by RST_ pin going | ow

H RES=Hi gh resolutlon node 870nS pi xel w dth)
BPUx=Bi t “pl ane use code 0000-1000 (NONE thru 8 inclusive)
HAM=Hol d and Modi fy node, nom1u5|ng either 6 or 8
bi t pl anes. New node is automatically invoked when
BPU=1000.
DPF=Doubl e pl ayfield (PFl=odd bitplanes PF2=even
bi t pl anes), "now available in all resolutions.
COLOR=enabl es’ Col or Burst output signal GAUD=Genl ock
audi o enable. This |evel appears on the
ZD pln on Lisa during all blanking intervals, unless ZDCLK

SHRES— Super-hl-res node (35nS pi xel w dth)

BYPASS—bltBIanes are scrolled and prioritized
normal |y, pass color table and 8 bit wi de data
pear on

ECSE When Igw(default) the follow ng bits in BPLCON3

dlsabled BRDRBLNK, BRDNTRAN, ZDCLKEN, BRDSPRT, and
EXTBLKEN. These S bits can almays be set by WW|t|ng to



BPLCON3, however there effects are inhibited until
ECSENA goes hcgh This allows rapid context swtching
bet ween re ECS vi ewports and new ones.

PE2Hx= Pl ayft i hori zontal scroll code, x= 7-0

PFl Hx= Pl a f|eId 1 hori zontal scroll code, x= 7-0
wher e PFxHO=LSB=35nS= 1 SHRES pi xel (bits have been
renamed, old PFxHO now PFxHL, etc.) Not e that scrol
range has been quadrupl ed to allow for wider (64 bits)

bi t

ZDBPS Lx— 3 ‘bit _field which sel ects which bitplane is to
be used for ZD when ZDBPEN i s set; 000 selects BP1, 111
sel ects BPS8, etc.

ZDBPEN= causes ZD pin to mirror bitplane selected by
ZDBPSELXx bits. This does not dlsable the D node
defined by ZDCTEN, but rather is “ored" with it,

ZDCTEN= causes ZD pin to mrror bit #15 of the active
entry in the high color table.

Kl LLEHB= di sabl es traHal fBrite node. |If BPU=0110, HAM=O,
DPF=0, and KILLEHB=0 then ExtraHal fBrite node is
defined; this dictates that whenever BP6=1 the col or
se{ecteg by the other S bitplanes is halved in
i nt ensi

RDRAPt caus%s Col or Tabl e accesses to be a read instead
of a wite .

SOGEN= causes SOG gsync on green% outputpPln to 80 hi gh

PF2PRI = PIVGS Plag eld 2 priori over ayfi el
PF2Px= Plrayfi el priorit y code {mnt resp. to sprltesg
PF1Px= Playfield 1 priorit Y code (Wwith resp. to sprites
A priority of O places the playfield in front of all
tpe sprites; a priority of 4 places it behind them
al | .
BANKx= selects 1 of 8 Color Palette banks, x= 0-2
PF20OF2, 1, 0= determ nes playfield color table offset when
Playfield 2 has priority in dual playfleld node:
PF20F2 Aftected Pl aé/'“ eld Oftset
Address Bit
21110 8765|4321 (dec)
0(0]|0 - - - - -1- -1 none
0|01 - - - 0--1-12f- 2
0|1]0 - - - - -1 ]-- 4
0|11 - - - -1 |- - 8
1{0]0 - - -2 -]-]- - 16
1{0]1 - - 1y -1-1-1- 32
1({1]0 -1 - - -]-]-1- 64
1(11 T(-0-1-1-1-1-]1- 128
LOCT dictates that subsequent color palette values wll be
witten to a second 12-bit color palette,constituting the
RGB | oworder bits. Wites to the normal high-order col or
palette wite to the | oworder color paletté as well.
SPRESL1, 0= determ nes resolution of all 8 sprites. ECS default
are 140n5, 140n5, 70n5 for LORES, H RES, and SHRES pl ayfi el ds,

respectively .
SPRES1 SPRESO SPRI TE RESCLUTI ON

0 0 ECS defaults
0 1 LORES(140nS)
1 0 H RES( 70nS
1 1 SHRES( 35nS

BRDRBLNF: "border area " is blackened instead of displaying
col or :



BRDNTRAN= "border area " is non-transparent (ZD pin is |ow

when bor der

is displayed)

ZDCLKEN= ZD pin outputs a 14VMHZ cl ock whose falling edge

coincides with

di sables all other_ ZD pin Tunctions. )
BRDRSPRT= enabl es sprites outside the display w ndow.
EXTBLKEN= causes Blank output to be programmable instead of

reflecting internal fixed decodes.

BPLAVK= 8 bit

addr ess,

ESPR\WKk= 4 bit

field is XORd with the 8 bit bitplane

hi gh-res(7MHZ) video data. This bit en set

col or

thereby altering the color address sent to the
col or table.

field provides the 4 high order color

address bits for even sprites (SPRO R2, SPR4, SPR6)

(def aul t =0001)

t abl e

OSPRW= 4 bit field provides the 4 high order color table
address bits for odd sprites (SPR1, SPR3, SPRS, SPR7)
(def aul t =0001)

CLXCON 098 W Collision Control This register controls
whi ch Bitplanes are |ncludgd (enabled) in
collision detection, and their required
state if included, It also controls the
i ndi vidual inclusion of odd nunbered
sprites in the collision detection, by
logically ORing themwth their
correspondi ng even nunbered sprite

Bl T# FUNCTI ON DESCRI PTI ON

e Sprite ed wWith Sprite 6

14 ENSPS ENable Sprite 5(OCRed with Sprite 4

13 ENSP3 ENable Sprite 3(ORed with Sprite 2

12 ENSP1 ENable Sprite 1 (CORed with Sprite 0O o

11 ENBP6 ENable Bit Plane 6 (Match required ' for collision

10 ENBPS ENable Bit Plane 5 (Match required for collision

09 ENBP4 ENable Bit Plane 4 (Match required for collision

08 ENBP3 ENable Bit Plane 3 (Match required for collision

07 ENBP2 ENable Bit Plane 2 (Match required for collision

06 ENBP1L ENable Bit Plane 1 (Match required for collision

Cb MVBP6 Match Value for Bit Plane 6 collision

04 MVBP5 Match Value for Bit Plane 5 collision

03 MVBP4 Match Value for Bit Plane 4 collision

02 MVBP3 Match Value for Bit Plane 3 collision

01 MVBP2 Match Value for Bit Plane 2 collision

00 MVBP1 Match Value for Bit Plane 1 collision

CLXCON2 10E W Ext ended Collision Control. This register
controls when bitplanes 7&8 are_ included
in collision detection, and their required
state if included.

**x*% BITS I NI TI ALI ZED BY RESET ****

BI T# FUNCTI ON DESCRI PTI ON

15-08 - unused o

07 ENBPS8 ENabl e Bit Plane 8 (Match req' d for collision)

06 ENBP7 ENable Bit Plane 7 (Match req' d for collision)

05-02 - unused _ o

01 MWBP8 Mat ch Value for Bit Plane 8 collision

00 MWBP7 Match Value for Bit Plane 7 collision

NOTE: Disabled Bit Planes cannot prevent collisions.
Therefore if all Bit Planes are disabl ed,
collisions will be continuous, regardless of the

mat ch val ues.



CLXDAT OOE R Collision Data Register (Read and C ear)

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

NOTE: Pl ayfield 1 includes all odd nunbered enabl ed
bi tpl anes gBPl,BPB,BPS BP7)
Playfield i ncludes al | _even nunbered enabl ed
bi t pl anes (BP2, BP4, BP6, BP8)

BIT # COLLI SI ONS REG STERED

15 unused .

14 Sprited4d (or 5) to Sprite 6(or 7

13 Sprite2 (or 3) to Sprite 6(or 7

12 Sprite2 (or 3) to Sprite 4(or 5

11 Sprite0 (or 1) to Sprite 6(or 7

10 Sprite0 (or 1) to Sprite 4(or 5

09 Sprite0 (or 1) to SPrlte 2(or 3

08 Playfield 2 to Sprite 6 (or 7

07 Playfield 2 to Sprite 4 (or 5

06 Playfield 2 to Sprite 2 (or 3

05 Playfield 2 to Sprite 0 (or 1

04 Playfield 1 to Sprite 6 (or 7

03 Playfield 1 to Sprite 4 (or S

02 Playfield 1 to Sprite 2 (or 3

01 Playfield 1 to SPrlte 0O (or 1

00 Playfield 1 to Playfield 2

COLORxx 180- 1BE W COLOR t abl e xx
There are thirty-tmo (32) of these registers
(xx=00~31) and together with the banking bits they
address the 256 | ocations in the Color Palette
There are actually 2 sets of color registers,
sel ection of which is controlled R% the LOCT
regi ster bit. Wien LOCT=0, the 4 B of
RED, GREEEN, and BLUE vi deo data are sel ected al on
with the zD bit for Genlocks, The low order set o
registers is also selected sinultaneously, so that
the 4 bit values are automatically extended to 8
bits. This provides conpatibility with old
sof t war e. f the full range of palette values are
desired, then LOCT can be Set high and i ndependent
val ues for the 4 LSB of RED, GREEN, and BLUE can be
witten. The | ow order col or reglsters do not
contain a transparency(T) bit. he Tabl e bel ow
shows the color register bit usage.

BIT * 15,14,13,12, 11,10,09,08, 07,06,05,04, 03,02,01, 00

LOCT=1 X X X X R3 R2 Rl RO G & Gl GO B3 B2 Bl HO

T = TRANSPARENCY R=RED G=CGREEN B = BLUE X = UNUSED

T of COLOROCC thru COLOR31 sets ZD pin H when color is selected
in all video nodes.

DWHCH 1E4 W Di spl ay W ndow upper bits - start/stop

This is an added regi ster for the ECS chips,
al l owi ng | arger d|56&a¥Fynndomzstart & stop .
L?gg%i.Sthg ART/ DI WETOP set bit#13, while bits



are reset. If DIVHHGH is witten subsequent
DI WSTART and DI WETOP t hen t hese horri zont al
val ues are overridden.

Bit# 15 14 13 12 11 10 09 08 07 06 Os 04 03 02 01
Use X X HIOHLI HO vy y Yy X HIO HL HO y y y
(st op) (start)

to
bi t

Don't care bits (x) should always be set to O to maintain
upwar ds conpatlbllltﬁ, ALICE bits (y) are defined in a
separ ate docunent. i val ues define a 70nS i ncrenent and
HO val ues define a 35nS increnent.

DI WSTOP 090 W Di splay Wndow Stop horiz. bits
DI WETRT 08E wW D splay Wndow Start horiz. bits

These regi sters control the Display Wndow size &
osition, by locating the beginning & end of the

orizontal display |ine .

Bit# 15 14 13 12 11 iO 09 08 07 06 CS 04 03 02 01 00
Use v v v v v v v vy H H H H6 HS H4 H3 H2

Don't care bits (x) should always be set to 0 to nmaintain
upwards conpatibility. ALICE bits (y). are defined in a
separate docunent. In all 3 display w ndow registers,

hori zontal bit positions have been renanmed to reflect .

H RES pi xel increnents, eg. what used to be called HOis
now referred to as H2.

FMODE 1FC w Fet ch Mode
This register controls the fetch nmechanismfor sprites and
bi t pl anes
Bl T# FUNCTI ON DESCRI PTI ON
15 SSCANZ IOB?! enable for sprite scan-
oublin
14 BSCAN2 enablesguse of 2nd P/F nodul us on
an alternate line basis to support
bi t pl ane scan doubl i ng.
13- 04 X unused)
03 SPAGEM Sprite Page Mdde (doubl e CAS)
02 SPR32 Sprite 32 Bit Wde Mde
01 BPAGEM Bi t pl ane Page Mode (doubl e CAS)
00 BPL32 Bitplane 32 " Bit Wde Mde

BPAGEM BPL32 Bitplane Fetch Increment Menory Cycle Bus Wdth

0 0 by 2 bytes(as before) nor mal CAS 16
0 1 by 4 bytes nor mal CAS 32
1 0 by 4 bytes doubl e CAS 16
1 1 by 8 bytes doubl e CAS 32

SPACGEM SPR32 Sprite Fetch I ncrenent Menory Cycle Bus Wdth
0 by 2 bytes (as before) nor mal CAS 16

1 by 4 bytes nor mal CAS 32

0 by 4 bytes doubl e CAS 16

1 by 8 bytes doubl e CAS 32

RROO



HBSTOP 1C6 W Hori zontal STOP position
HBSTRT 1C4 W Hori zontal STaRT position
Bits 7-0 contain the stop and start positions,
respectively, for programed horizontal bl anking
in 280nS increnents. Bits 10-8 provide a fine
position control in 35nS increnents.
Bl T# FUNCTI ON DESCRI PTI ON
15-11 X &unused)
1 O H2 40nS
09 Hi 70nS
08 HO 35nS
07 H10 35840nS
06 H9 17920nS
oS H3 8960nS
04 H7 4480nS
03 H6 2240nS
02 H5 1120nS
01 H4 560nS
00 H3 280nS
JOYODAT 00A R JOYsti ck/ mouse 0 DATa
JOYI DAT 00C R JOYsti ck-nmouse 1 DATa

Mouse count er

These addresses each read a pair of 8 bit nouse
counters. O=left controller pair 1=ri ght
controller Balr (4 counters total) . Each counter
is clocked by 2 of 8 signals fromthe NMDAT seri al
stream Bits 0 and 1 of each counter reflect the
state of the 2 associ ated nouse controller port
pins, all ow ng these pins to double as joystick
switch inputs. These 8 signals are the first 8
S|gnals shifted into LI SA; preceding the optional
LI SAI D configuration bits.

usage:

Bit # 15 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00

ODAT Y7, Y6, Y5, Y4, Y3, Y2, Y1, YO X7, X6, X5, X4, X3, X2, X1, X0

1DAT Y7, Y6, Y5, Y4, Y3, Y2, Y1, YO X7, X6, X5, X4, X3, X2, X1, X0
The follomﬂn% Tabl e shows t he Mouse/ Joystick port
pi n usage. he pins (and their functlon$¥ are.
sanpl ed once every 16 bus cycles, and shifted into
the LI SA chip_during the clock tinmes shown in the
Table. This Table is for reference only, and
shoul d not be needed by the progranmer. )
NOTE: The joystick fuhctions are all “active | ow'
at the port pins.

CONN JOYSTI CK MOUSE PI'N SERI AL SAMPLE

PI N FUNCTI ON  FUNCTI ON NAVE POSI TION ON

Y MDV 15  CCK hi

L3 LEFT* YQ MV 14 CCK io

L2 BACK* X MDH 13  CCK hi

L4 Rl GHT* XQ MOH 12 CCK io

R1 FORWARD* Y MLV 11 CCK hi

R3 LEFT* YQ MLV 10 CCK io

R2 BACK* X MLH 9 CCK hi

R4 Rl GHT* XQ MLH 8 CCK io
NOTE: serial positions listed are MSB first



Mouse. Counters. The LEFT and RIGHT . Hoystick

functions (active high) are directly available on
the Y1 and Xl bits of each counter. “In order to
recreate the FORWARD and BACK joystick functions;
however , it is necessary to (exclusive OR) the
lower two bits of each counter. This is
illustrated in the follow ng table.

To Det ect Read these Counter Bits

Forward Y1 xor YO (BI T#09 xor BI T#08)

Left Y1

Back X1 xor XQ (BI T#01 xor BI T#00)

Ri ght X1

JOYTEST 036 W Wite to all 4 Joystick-nmouse counters at
once. Mouse-counter  wite test data.

Bl T# 15, 14, 13,12, 11, 10, 09, 08 07, 06, 05, 04, 03, 02, 01, 00
ODAT Y7, Y6, Y5, Y4, Y3, Y2, XX XX X7, X6, X5, X4, X3, X2, XX, XX
1DAT Y7, Y6, Y5, Y4, Y3, Y2, XX XX X7, X6, X5, X4, X3, X2, XX XX

LI SAID 07C R Li sa/ Deni se revision |level (fornmerly DEN SEI D)

The 8 LSB of this register identify the chip
revision. The early ni se revision |levels do not
have this register; so whatever was previously
witten to the data bus on the previ ous access
will still be there during this read cycle. ECS
DENI SE(8373Rx) returns hex (FC) whil e protot Ee
8369Rx returned hex (FE). LISA returns hex { 8) .

The 8 |oworder bits bits are encoded as foll ows:
Bl T# Descri ption

7-4 Lisal Denise/ ECS Deni se Revision |evel (decrenment to
PunplgeV|S|on | evel, hex F represents Oth rev.

eve :
maintain as a 1 for future generation
Wien | ow i ndi cates AA feature set (LI SA
%&fn I%M/lndlcates ECS feature set (LISA or ECS

ni se

mai ntain as a 1 for future generation

The 8 MSB are | oaded by the 8 MSB shifted into the
nmouse serial port. These are intended for
configuration junpers on the nother board.

SPRxPCS 140 W Sprite x Vert~Horiz start position data.
148
150
158
160
168
170
178

O FPNW



BIT # SYM

FUNCTI ON

15-Uo

07-00 SﬁlC)SHB Sprite horizontal start value. Low order 3

s are in SPRxCTL register below. |f SSCAN2
in FMODE is set, then disable SH1IO

i zontal coincidence detect. This bitis

n free to be used by ALICE as an

i vi dual scan doubl e enabl e.

bi t
bi t
hor
t he
i nd

SPRXCTL 142 W  Sprite x Vert stop position and control data.

These two (2) registers work together as

152 position, size and feature Sprite control
15A regi sters. They are usually |oaded by the
162 Sprite DVA channel, during horizontal blanking,
16A however they may be | oaded by either processor
172 at any time" (witing this address disables
17A Sprite horizonta
conparator circuit)
BIT # SYM FUNCTI ON
15-08 vy
07 ATT Sprite attach control bit (odd Sprites only)
06-05 vy . . L :
04 SH1 %%ar% horiz. value, 70nS sprite position bit
ar
03 SHO horiz. value, 35nS sprite position bit
02-01 vy
00 SH2 Start horiz. value, 140nS sprite position bit.
SPRxDATA %2?; WSprite x image data register A
154
15C
164
16C
174
17C : : :
SPRXDATB 146 W Sprite x inmge data register B. . )
14E These 2 regiSters buffer the Sprite imge
156 data. They are usually | oaded by either
15E processor at any tine.” Wen horizont al
166 coi nci dence occurs the buffers are dunped
16E into shift registers and serially
176 output to the display, MSBis the first pixel
17E output. NOTE; Witing to the DATA buffer
enables (arnms) the sprite. VVltlng to
the SPRxCTL register disables the Sprite.
| f enabl ed data in the DATA and DATB
buffers wiil be outgut_mhenever t he beam
counter equals the Sprite horizontal
osition value in the SPRxPCS register.
STRE 038 S trobe for horiz. reset with VB and EQU.
STRVBL 03A S Strobe for horiz. reset wwth VB
STRHOR 03C S Strobe for horiz. reset
STRLONG O3E S Strobe for long horiz. line(228 CO)

One of the first 3 strobe addresses above is
| aced on the RGA bus during the first refresh
ime slot, The STRLONG is used during the second
refresh time slot of every other line, to

dentify lines with long counts (228). There are
4 refresh time slots, and any not used for strobes
will leave a null (FF) address on the RGA bus.



VHPOSW 02C WWite vert./horiz. beam position
Bit # 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

USE Yy V YV VYV VYV VYV YV VY H1I0O HO H8 H7 H6 H5 H4 H3

H10 thru H3 allow the programmer to nove the horizontal beam

position in 280ns increnents. This is primarily used for test
pur poses.



2.2 PI'N DESCRI PTI ON

PIN PIN Pl N
NAME NUMBER TYPE  SI GNAL DESCRI PTI ON
DO 59-82 10 DATA BUS (0:31) - 32 bit bidirectional
84 system dat abus. | f BPW DE and SPW DE regi ster
D31 2-8 bits are low, only D31~D16 are used.
RGAL 12-19 | RGA Address inputs - sanpled on falling edge
of
CCK .
RGAS8
WDE 11 @) Goes H when 32 bit bus is required.
MDAT 20 | Mouse data input - 16 bits of serial data is
M. D 21 o) accepted here froman external shift register
running at 3,57MHz. Data transitions should
SCLK 22 o occur at rising edge of
Mouse data shift/load - signals externa
shift register to reload. Signal is |ow
during | ow half of CCK every 16 cycles. M.D
and AT signals are conpatible with use of a
' LS166.
ALI CE cl ock synchoni zation pulse - falling
edge of this signal causes ALICE CCK (O) to
be synchroni zed with LISA s interna
This allows jitter-free tim ng between
ALI CE' s HSYNC/ VSYNC and LI SA's anal og vi deo.
C140 23 CO 14MHz cl ock output - sent to ALICE to
enerate her internal clock phases
Cl,C2,C3,4), as well as C7M CDAC , and CCK
RST_ 24 System Reset - when low, bits in all reﬁisters
new for ECS or LISA are cleared: BPL :
BPLCON4, FMODE, CLXCONZ2, DI VHI GH.
Also LISA's clock generator is reset to a
known st ate.
C28M 25 Cl Master clock for LISA. Al internal video
ti mebases as well as external video timng
are derived fromthis clock. ALICE is
synchroni zed to this clock as well (via C140).
SOG 26 @) Sync- On- G een - goes high when SOG bit in
BPLCON3 i s set. For_ proper operation, ALICE
shoul d send a positive conposite sync.
BLANK 27 @] Bl anki ng - controls blanking pedastal and
i nhibition of RG gquns during bl anki ng
intervals. NOTE: RGB outputs are freeto
wi ggl e _during blank!ng_lnterval defined by
thrs pin allow ng binking of anal og RGB while
non- st andard di spl ay devices are bei ng used.
ZD 28 @) Zero-Detect - active high signal used to

control transparency in an external genlock
devi ce.



RO-R7 48-52
54- 55
57
@-G7  39-42
44- 47
BO-B7 29
31- 32
34- 38
C280UT 43
BRST 58
CAS 9
CCK 10
LI SA
VSS 1
33
53
VDD 30
56

83

c

Red, green, and bl ue gun out puts,
respectively. R7,G7, and B7 are the MSB

Buf fered 28MHz cl ock out used to synchronize
digital video output stream

Burst W ndow out put - occurs at the beginning
of NTSC horizontal lines to qualify an
external ly generated chroma clock. This
wi ndow i s inhibited during equalization |lines

Data Bus Strobe - when in fast-page node,
data bus is | atched durlng both rising edges
of CAS resulting in two data fetches per
menory-cycl e.

Col or dock input - 3.57MHz cl ock used by

to strobe RGA addresses, non-page-node dat a,
and nouse serial input. This clock is
c%h5|dered to be asynchronous to the video
stream

Ground - these should be tied to a conmbn
ground pl ane.

+5V Supply - these should be tied to the main
PCB power "~ pl ane.



3.1 ABSOLUTE NMAXI MUM RATI NGS

Stresses above those |isted may cause permanent damage to the
circuit. Functional oPeratlpn of the device at these or any
conditions other than those indicated in the operating
conditions of this specification is not inplied. Exposure to
t he maxi mnumratings tor extended periods nay adversely affect
device reliability.

characteristic mn max units
3.1. Tanbi ent tenperature under Dbias-25 +125 deg. c.
3.1.2storage tenperature - 65 +150 deP. C.
3.1.3applied suPpIY vol t age -0.5 +7.0 wvolts
3.1.4applied output voltage -0.5 +5.5 wvolts
3.1.5applied input voltage -2.0 +7.0 wvolts
3. 1. 6power dissipation . - 1.5 watt
3.1.7output current(1l pin at a tine) -100 +100 nA
3. 2 OPERATI NG CONDI TI ONS
Al'l electrical characteristics are specified over the entire
range of the operating conditions unless specifically noted.
Al'l "voltages are referenced to Vss = 0.0V.
Condi ti on Mn Max Units
3.2.1 Supply voltage (Vcc) 4.75 5.25 volts
3.2.2 Free air tenperature 0 70 Deg. C.
3.3 | NTERFACE CHARACTERI STI CS
Characteristic Synbol M n Max units Conditions Note
3.3.1 I nput high I|evel Vih 2.0 Vcc+0 . 3volts (1, 10
3.3.2 Input low |evel Vil -0.3 0.8 volts (1,10
3.3.3 Data CQut high Ievel Voh .7 *Vcc volts loh = -40uA (10O DO
3.3.4 Data Qut low |Ievel Vol 0.4 volts lol = +800uA(l G DO
3.3.5 Video Qut high Ievel Voh . 7*Vcc volts |oh = -20uA (VO
3.3.6 Video Qut low |Ievel Vol 0.4 volts lol = +400uA(VO
3.3.5 I nput current lin 0.25 1.0 m Vi n=1. 4V (1)
3.3.6 Tristate Qut current lio 0.25 1.0 mA Vio=1l . 4V (10
(Desel ect ed)
3.3.7 Supply current lcc 400 mA Qut puts open (P)

(Vcc = 5.25V)

1) input pins CAS_, CCK, RGAX, MDAT, RS T_, C28M

1O 1/0 pins Dx
out put pins WDE, MLD , SCLK
VO) out put pins SOG BLANK, ZD, Rx, &x, Bx, C280UT, BRST_, C140
(P) supply pins VDD



3.4 SWTCH NG CHARACTERI STI CS

Swi tching characteristics are specified for input waveforns
switching between 0.4V |ow I evel and 2.4V high level with
10%-90% rise and fall times of 5ns. Tine measurenents of
transitions into high inpedance are referenced to Vol +0. 2V
and Voh-0. 2V | evel s.

Characteristic Synbol Mn Typ Max Unit Notes Load
3.4.1 C28M peri od t pC28M 30 35 10K nSec
3.4.2 C28M width | o/ hi twC28M 15 17.5 -- nSec
3.4.3 C28Mrise/fall  {E&SEM  -- - 5 nSec
3.4.4 C28QUT period t wWC280 30 35 -- nSec 1
3.4.5 C280UT wid lo/hi trC280 15 17.5 -- nSec 1
3.4.6 C280UT rise/fall trC280  _. - 5 nSec 1
3.4.7 C280QUT prop. D K/I t dC280 0 - 20 nSec 1
reference: C28Mri se)
3.4.8 C140 peri od ~ tpd40 60 70 -- nSec 1
3.4.9 Cl40 width 1o/ hi twCl40 30 35 - - nSec 1
3.4.10 Cl40 rise/fall trCl40 - - -- 5 nSec 1
3.4.11 C140 prop.delay tdC140 0 - - 20 nSec 1
(reference: Cl4M f aICI(_zK
3.4.12 CCK period tp 240 280 10K nSec (tpC28M *8
3.4.13 CCK rise/fall trCCK - - - - 10 nSec
3.4.14 CAS period t pCAS 240 280 10K nSec
3.4.15 CAS 'rise/fall trCAS - - - - 10 nSec
3.4.16 SCLK period . t pSCLK 240 280 -- nSec 3
3.4.17 SCLK wi dt h hi t WSCLK 65 70 - - nSec 3
3.4.18 SCLK rise/fall trSCLK - - -- 5 nSec 3
3.4.19 SCLK prop. del a& t dSCLK 0 -- 20 nSec 3
(reference: Cl40 fall)
3.4.20 M.D period t pM.D_ 3840 4480 -- nSec 3
3.4.21 MDwdth io t WMLD_ 240 280 -- nSec 3
3.4.22 MLD rise/fall tr MLD_ - - -- 5 nSec 3
3.4.23 MLD prop. del aé tdM.D_ 0 -- 25 nSec 3
(reference: Cl40 ri se
3.4.24 NDAT setup tine tsNDAT 15 - - - - nSec
(reference: Cl40 ri SN%;
3.4.25 NMDAT hold tine thVDAT 15 - - - - nSec
(reference: Cl40 ri SeCzAx
3.4.26 RGA setup tsR 30 - - - - nSec
(reference: CCK fal IF\2
3.4.27 RGA hold t hRGAX 30 - - - - nSec
(reference: CCK fal I\RV
3.4.28 WDE prop.delay tdWDE -- 30 nSec
(reference: CCK'rise
3.4.29 Dx out dly t dDxo 0 -- 90 nSec
(reference: CCK fal III;x
3.4.30 Dx out hold thDxo 10 -- -- nSec
(reference: CCK rise) .
3.4.31 Dx inp set ugA tsDxi 20 - - - - nSec
(reference: S rise
3.4.32 Dx inp hold t hDxi 20 - - - - nSec
(reference: CAS ri ser
3.4.33 RST_ setup t SRST_ 10 - - - - nSec
(reference: C28M fall
3.4.34 RST_ hold t hRST 10 - - - - nSec
(reference: C28Mfall)
3.4.35 video out skew tdVviD -10 O 10 nSec Rx, &x,Bx 1
(reference: C280 fall) BLANK, ZD, BRST
3.4.36 SOG prop. delay tdS OG -- -- 280 nSec 1

(reference: CCK'rise)



Loadi ng: 1. 3pF + 1LS TTL 1 x 40QuA source
2. 1 F+ 2LS TTL 2 x 40QuA source
3. 50pF + 2LS TTL 2 x 40QuA source
4.1 MARKI NG
Parts shall be marked with Comodore part nunber,
manuf acturers identification and El A data code. Pin 1 shal

be identified.

4.2 PACKAG NG

The circuit shall be packaged in a standard plastic or
cerami c 84 pin |eaded chip carrier



