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OEM MANUAL. — INTRODUCTION

This manual is intended to provide information to the OFM
customers of Chromatics., Incoarporated, concerning the internal
details of the CGC 7900 Calor Graphics Computer Svystem. The
information contained in this manual should he ennsidered
proprietary in nature. It is pProvided solely toa aid our OEM
customers in interfacine to the end-—user.

This manual should he used in candunction with the CGC 7900
(peratar’'s Marual. The Operator‘s Manual aives mnre detailed
information about the 7900 svystem software.

While the information in this document is believerd to he
accurate. no auarantees are made. Chromatics reserves the riaht
to make praduct changes at any time.
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CGC 7900 HARDWARE OVERVIEW

The CGC 7700 is a self—-contained comPuter svstem. It is caprahble
of extremely hish-resclution color srarphics displavs. The 7900
Central Processine Unit (CPU) uses the MCA2000 microprocessor,
The svstem may be equippPed with a hard disk and twe Ffloppy
disks, a light pen, Jovstick, and several Mesahvtes of memory
for imases and Prosrams.

The chassis contains a motherboard with 12 or 24 card
connectors. The lower portion of the chassis honses the digital
electraonics, and the upPer rPpartion contains the analaos
circuitry. Power supplies and the hard disk drive are maounted
in the bottom of the chassis. Six fans mounted below the card
cage ventilate the chassis. The svystem 1is mounted on casters
for easvy transportation.

The analos chassis contains a hish-resolution, 1%-inch color
Cathode Ravy Tube (CRT). The CRT is treated with a lone
rersistance ephosphor, to minimize the problem of idinterlace
flicker. A1l hieh voltages are present only in the analos
chassis.
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CPU CARD

The CGC 7900 Central FProcessine Unit (CPU) card contains the
MC62000 microprocessars which can directly address 1464 Mesabvtes
of memory. This card senerates most of the control siesnals used
by the Processor to control memory. :

\

The CPU card contains 4K bvytes of static memory. This mav
opPtionally be replaced by CMOS memarvy, powered bv a batterv
packur supPpPly on this card. The CMOS aption includes a

Real-Time Clock, also located on the CPU card.

A1l input/autput interface hardware in the standard 7900 svstem
is found on the CPU card. This includes the kervboard, Jovstick,
disk, hezel kevs, and two serial ports. I/0 is connected to the
CPLl card bv edse connectors on the back of the card. Each aof the
I1/0 interfaces is discussed in a serparate section of this manual.

A Proarammable Sound Generator is installed on the CPL card. It
mav he operated by the CGC svstem prosrams or by user Prosrams.
It connects to a speaker. helow the kevboard, on the chassis
front. A BQuiet Lock kev on the kevboard disables the speaker.
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EPROM/RASTER PROCESS0R CARD

EPROM sockets on this card are addressed from 2800000 to {0OFFFF.
The EPROMs must be 2532 tvpe (32K bits), 350 nanoseconds ap
faster. See the "Memory Map" section of this manual for
Programming® requirements. '

The Raster FProcessor is a biepolar circuit, microeprosrammed to
Pperform an address translation function in the 79200 svystem.
This device assists the MC63000 in moving pPixels on the imase
memory screen.

This card also contains bus terminaters which decrease noise on
the motherboard. Because of the extremely high Processar spPeeds
(up to 8 MHz), these terminators are very important in the 7900
srstem.
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BUFFER MEMORY CARDS

The 7900 contains one or more Buffer Memory cards. Each card
holds 128K bytes of dvnamic RAM for svystem memory reauirements
and user prosrams. The first card 1is addressed at zero., and
other cards are usually addressed on 123K boundaries above zero.

Each card stores a. pParity bit for each bvte of data stored.
Parity is stored with each write, and checked with earch read.
If a Parity error is detected the card will assert a low level
on the Parity érror line of the bus. If the parity fliep—-flop is
enabled,. this will interrupt the 68000 processar. Svystems which
use the pParity checking feature must write data to AlLL buffer
memory when the svstem is pPowered—up, or risk a parity error if
a location is read that was not previously written.

IMAGE MEMORY CARDS

Up to 14 Imase Memorwy cards, or Planes, mav be installed in the
7700. The number of pPlanes determines how many simultanecus
colars may be displaved in the hish-resaclution Bitmar memorvy.
Tvrical svystems will contain 1, 4, & or 14 Imase Planes.

Each pPlane mav be accessed throush several addressing maodes.
These are discussed wunder “"Imase Memarvy” in the Memary Map
section aof this manual. Because of the varied addressine modes,
a pPlane misht respond to addresses anvwhere bhetween AQQOOO and
ELFFFF.
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CGC 7900 MEMORY MAP

The eracessor in the CGC 7700 is capable af directly addressina
aver 14 Megabvtes of memarvy, usine a 24-bit address bus. The
addressing ranse is 000000 to FFFFFF (hex). Chromatics reserves
the uepper half of this space, besinnina at 200000 (hex).

The lower half of the 7900 address space will normally cantain
one or more Buffer Memorvy cards. Each card contains 128K bvytes
of dvnamic RAM. The first card must be 1located at address
QO0000—-1FFFFF (the first 128K of memory) to Provide the

eracessar with room for interruet vectors. The remainder of
this card, pPlus anvy other Buffer Memory cards which wmavy be
installed, is allocated amonsg various svystem functions.

and user Prosrams.

The "Thaw” command allocates memary amaong inpPut/ocuteput buffers,
stacks, the Create Buffer, function kev buffers, etc. 1€
tatterv—-pawered CMOS RAM (opticnal) is installed in vour svystem.,
the pParameters set up bv "Thaw" will be remembered and used tao
allocate memory next time the svstem is powened up. I1f CMOS RAM
is not present. memary will be allocated adcording to default
parameters in PROM. . '
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EPROM

Svstem EPROM besins at address 300000, The Raster Processor
card contains EPROM for the standard svstem. Space is Provided
for 232K wards (44K bytes), addressed from 200000 to 20FFFF. The
card will accomodate Motorola 2532-C35 FEPROMs (or equivalent)
which have access times of 350 nanoseconds or faster.

2532 FEPROMs are capable of storine 32K bits of data, arvansed as
4K of 8-bit brtes. Since the &2000 fetches all instructions as
16-bit words, two 2532s must be accessed simultaneously for each
instruction fetch. This reauires that data in the 25328 bhe
separated inta "odd" bvtes and "even" bvtes. Each 4K af wards
in EPROM thus requires two 2532s, one containines all the “"odd”
numbererd bvrtes in the Prosram, and one containine all the “even"
numbered bvtes. A total of 16 25325 mavy be inserted in the'
snckets provided on the Raster Processar card.

A special mappPins is provided for convenience durins pProcessor
startup. When external Reset is arpplied, the A3000 fetches its
stack pointer and eprogsram counter as two 32-bit words, from
arddresses 000000 and 000004, respectively. The EPROM circuitrey
maps addresaes\SOQQQQ/and\8Q9004, into this spPace. Thus, the
first two lone words in EPROM> thuld cantain the initial  wvalues
of stack rpointer and ProSram counter.

i 5{"0(,%5 § Y T
A e e pet

S
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IMAGE MEMORY

Image memary an the CGC 79200 consists of from one to sixteen
Refresh Memory cards. Each Refresh Memorvy card, or elane,
contains 128K bvtes of dvnamic RAM. The bits on these planes
are manipulated by software to eprodiuce hish-resolution Bitmae
imases. Then» the infoermation in the pPlanes is bhrousht out
throush the imase control loeic and the Color Lookuyp Tables, to
Praduce an imase an the screen.

A1l areas of the memory map desianated as imase memory are
protected asainst Bus Errors. Resardless of the number of
rlanes installed in the imase memory aof a 7900 svstem, it is
impossible to receive a Bus Error from imase memory accesses.

The CGC 7900 provides several wavs to address imase memorvy.
Fach of these mgthods is discussed in turn.
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'PLANE MODE

In Plane mode, each rplane of imase memory is accessed as an
independent 128K chunk of memorv. Writins a bvte, word, or lons
word into the imase memorvy in Plane mode will write only inte
that plane. Plane mode addressine is eauivalent to the wavy
memory is addressed in most computer systems, and is the same
way that Buffer Memorvy is addressed in the 7900.

Plane mode addressine besins at address CO0000 and ends at

DFFFFF (hex). Each pPlane occupies 123K bytes. The erlanes are
numbered from O to 135, althoush manvy svstems will not have all
Planes installed. In pParticular, mast svstems will he

confisured in one of the followine wavrs:

Taotal Planes In Svstem Plane Numbers Assigned

1..'.'...--.-‘-0

4 0:1:2,7
8. .V.'.'....-Q..O thr‘u 7
16 O thru 13

Plane 7 is normally assisned for use as the "hlink” eplane, so it
is important that a Plane 7 exist in all but the most hasic
systems.
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Z’ MODE

Z mode is one of the twn special modes provided for accessin
imase memory Planes.

g

Consider the image memory to be arransed as a set of 14 planes,
one in front of anather. Each plane caontains 1024 x 1024 bits,
or 128K brtes. Each pixel on the screen 1is represented by a
sinale bit from each of the 16 pPlanes. Z mode allaws the
processor to write a 16-bit word to memory. and have each bit
fall inta the correspandine location of its elane.

For example. consider an instruction to write the first pixel in
imase memary (the upper left corner of the screen):

MQOVE. W #FPixelData, ZScreenStart

Bit O of "PixelData" will be moved into the first bit of imase
Pplane 0. Bit 1 will be moved into the first bit of imase pPlane
1. and so on. The Z mode hardware allows writine to individual
bkits, without the problem of modifvine adijacent bits in each
Pplane.

Z mode addressing occupies a full 2 Mesahvtes of the address
sPace. It begins at address AOQODOO and ends at BFFFFF. Naote
that since only 748 lines of the imase memary are visihle at a
time, the pPixel addressed at BFFFFF is not neoermally visihle.
The last visible pPixel of imase memory 1is addressed at B7FFFF
(assuming pPan and zoom are not in effect).

In Z mode>, no assumpPtions are made concernine® the number of
planes in a svstem. If a plane does not exist, any bits which

should be written intoe that plane are simplivy thrown awav. When

readine back data in Z mode, anvy bits which should come from

non—existant planes will he returned as losical hishs, ar ones.
W‘

Z mode access to individual planes 1is8 restricted by Flane
Select. Plane Select is a 16-bit Tatch, located at address
E40012. If a bit of this latch 1is a one, the correspondins
plane is enabled. If a bit is zero, the plane is disahled.
Disabled pPlanes mavy not be written into usina Z made, and
reading from them in Z mode will return a zero in the bit
Positions of the disabled planes. In this wav, non—-existant

1
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planes mavy be‘masked usine Plane Seiect so that bits returned
from them will be zeros.
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COLOR STATUS MODE

Color Status mode Provides a wvery fast way to write color
information into tngmiggggﬂﬂgﬁggxmﬂlﬂngsa Color Status  occupries
128K bvtes, the same area one imase elane occuries in FPlane
mode. Color Status mode is mapped from EOQOONO to EILFFFF. This
is a "write—conly” area of memory. Attempts to read from this
area will be greeted with bvtes of all FFs.

Before usina Color Status mode. it 1is  necessary to 1lcad the
Calor Status Foreosround and Backearound latches. Each of these
contains a 146-bit number. Color Status Foreerocund is located at
E40016, and Color Status Backeround is at E40018. Each of these
should be lcaded with the 1é—-bit quantity vou would write into
image memary if vou were usine Z mode addressins. For exampPle,
if the forearound of the pattern vou are writine reauires color
number S, vou would load the Color Status Foresround latch with
5. Simitlarlvy, Color Status Backerocund misht be loaded with
colaoar number O, (These numbers refer to entries in the Color
Lookur Table.)

After loadine the latches, vou may write to the Coalor Status
area of memary. Each bit vou write will affect a single epixel
of the imase, one hit in each of the 146 imase planes. If wvou
write a bit which is a\ 1, the prixel will be written in
foresround color, as defined by the Color Status Foresround
latch. If a bit is O, the Pixel will be written in backeround
color, defined by Color Status Backsround.

For example: to make the first 32 pixels of the screen white. we
miaht execute the fallowine cade. '

Farel EQi $E40016 Foreeround latch

BackG e $E40012 Backeraound latch

ColStat EQL $SEOOOOQO Color Status mode starts here
MOVE.W #7.ForeG set up FG Coalor Status

(assume color 7 = white)

WRITE MOVE.L. #$FFFFFFFF.CalStat write 32 bits of ones
nel ol 4's )
GO oall Sor 7 fk"‘"'”: ’:“‘(’//)
The sinele instruction at label WRITE modifies the color of 32
Ppixels. The same operation would require 32 writes in Z maodes

or 14 writes in FPlane mode (ta write all 14 Planes).
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The followine example will write an alternatins series of 32 red
and green Pixels into the first 32 pixels of the screen.

MOVE.W #4,ForeG | make foresround color = 4
MOVE.W #2,BackG make backsround color = 2
(assume 4 = red, 2 = green)

MOVE.L #$AAAARAAA,ColsStat write alternatins bits

tbl

Colar Status mode allows writins bytes, words, aor lons words,. to
modify 8, 16, or 32 pPixels, respectivelvr.

The imagse memorvy Planes are srourped into two sets aof 3 planes
each. Each of these two sets mavy contain an imase, and Plane
Select is normally used to decide which of the two is written'
into when a 16-bit Z mode write is performed. When writins with
Color Status, it mavy be useful to write baeth imases with the
same color (otherwise one imase would be written with zeras).
To prevent this problem from occurrine, alwavys 1load the Calapr
Status latches with the same number in the uprPer and lower
bvtes, Faollowine this rule, our first example above must be
corrected to contain the statement

MOVE.W #$0707,Forei set up FG Colaor Status
(assume colopr 7 = white)

(Copvine the lower bvyte into the upPer bvte of the latch
information.)
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COLOR LOOKUP TABLE

"he Color l.cokur Table consists of 2546 locations, each of which
wolds a 24-bit number. Eisht of these bits determine the red
:omPonent of a colory eisht for sreen, and eisht for blue. A
*»ixel in the Bitmap (imase memory) is siven a color by summine
‘he bits in whichever set of 8 planes is being viewed (weiahted
sinary sum), and the resultine value points to an entry in the
‘olor Loockur Table. The color compPonents in that entry of the
alor Lookur Table provide the color of that epixel.

The tahle is arransed as 2546 lone words (1K bwvtes)s startine at
rddress E20000. Each lone® word is or=anized as follows:

Rits I1-24 23-16 15-8 7-0

FF i &bit red | 8-bit ereen | 8-bit blue !

e hish brte (bits 21-24) of each entrvy are undefined. sao thevy
ead nout as FF hex. The next 2 bits set the red intensity,
Fallowed hy sreen and blue.

The Color Loakup Tahble mavr be read or writtenm at any time.
/aluyes written into the table are not used on the screen until
the next vertical retrace, so it is not useful to write a =sinsle
sntrv more thanm once pPer screen scan (1/60 second with A0 H=z
sower). Writine to the Color Lookup Table at anvy time will noat
ranse the diseplay to "elitch."” :
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COLOR LOOKUP
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106

107

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

133

134
135
136
137
138
139
140
141
142
143
144
145
146
147
142
149
150
151
152
153
154
155
156

TABLE ADDRESSES

ER01A0
E301A4
E301A8
E301AC
E301BO

E301B4

E301B83
E301BC
E201C0
E301C4
E301C8
E301CC
E30100
E201D4
E20108
E301DC
E201E0
E301E4
E301E3
E301EC
E301FO
E301F4
E301F3
E201F2
E30200
E30204
ERQ0202
E3020C
E30210
E30214
E20218
E3021
E30220
E30224
E30228
E3022C
ER0230
E30234
E30238
E3023C
E30240
E30244
EZ0248
E2024C
E30250
E30254
E30258
E3025C
ER0260
E302464
ERQ268
E302460C
E30270

156
157
158
159
160
161
162
163
164
165
166
167
1683
1469
170
171
172
173
174
175
176
177
173
179
180
131
182
183
1234
135
126
187
188
139
190
191
192
193
194
195
196
197

198

199
200
201
202
203
204
205
204
207
2083

E30270

E30274
E30278
E3027C
E30280
E20284

E30228

E3022C
E20270
E30294
E30298
E3029C
E302A0
E302A4
EI02ZAR
E202AC
E302EB0
E302B4
EI0Z2RS
E302BC
E202C0
E3020C4
E302CR
E302CC
E30200
E302D4
E20208
EROZDC
E302F0
E30ZE4
E30ZER
E202EC
ER02F0
E202F4
E302F82
E302FC

E30300

E30204
E30z202

E3030C

E20210
E30314
E20313
E203tLC
E30320
E20324
EZ0323
E3032C
E303220
E203324
E20333
E3033C
E203240

2083
2079
210
211
212
213
214
215
216
217
213
219
220
221
222
223
224
225
224
227
223
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
244
247
243
249
250
251
252
293
254
285

Pase 18

E30340

E30344

E30243
E30324C
E30350
E30354
E30353
ER03SC
ER03260
ER03464
E30342
ER03ALC
E30370
E30274
E303273
E3037C
E20380
E30324
E30z22
ERQ33C
E30390
ER0394
E303298
E3Q32C
E303A0
E302A4
E302AR
E303AC
EROZRO
E303RB4
E302R=
E2Q038C
E203C0
E303C4
ER03C2
EROZCC
ER02N0
E303N4
E20303
E30300C

E303EQ

E203E4

E302ES

E303EC

ESQOZFO

E303F4

ERO2F8
E30O3FC
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OVERILAY MEMORY ADDRESSING

he Overlay consists of 4080 character cells: arranged 85 per
ine and 48 lines. Each cell is addressed as a Jons word (32
its).. The Qverlay is marrPed from addresses EIZ000 to EIRFRC.

ach cell of the Overlay uses 19 of the 32 bits allocated for it.
) o +otal Lo ¢ beos o
S o i
| =
b
M RO 29 28 27 26 25 24 22 22 21 20 19 18 17 11é

CURIBLK? i VFi QB: : P PLY : ! : : { BR! BG! BRI
= BTE & —>|e BYTE 4 >
15 14 13 12 11 10 9 8 7 & ) 4 3 2 1 o

: T t i FR! FGI FB! ASCII or Plot Dot character |
BYTE 2 — < BYTE 3 >

CUR pPlaces a cursor in the cell if SET

BLK blinks the foreernund character in the rcell if SET

VF makes the foresrocund visible if SET (else transearent)
VR makes the backeround visihle if SET (else transeparent)
PL  uses bits 0-7 as PLOT DNT descrietar if SET (else ASCII)

ER turne an Red in backsround if SET
BRG turns on Green in hackeround if SET
RR turns on Blue in backsround if SET

FR turns on Red in forearound if SET
FG turns on Green in foresround if SET
FE turns on Rlue in backsround if SET

. - \\
«:;» .
o

(..4
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Bits 0-7 are interpreted in a number of wavst

If PL is CLEARs implvine ASCII characters, bits 0-4 are used to
select an ASCII character. If bit 7 is CLEAR, the character
will he taken from the standard ASCII character ROM. If bit 7
is SET, the character will be taken from the alternate character
set ROM.

If PL is SET, impivins Plot Dots, each of the bits 0-7 is used
to turn a Plot Dot on or off. The dots in earh character cell
are arransed as follows:

et Rt
POt 4
R e A
1115
i
P21 68
e
13174
f——m1

-

The Plot Dots above are numbered to correspond with the bits
which control them. If a bit is SET» the Plat Dot associated
with that bit will be in foresround color, as determined by FR>»
FG and FB. If a bit is CLEAR, the associated Plat Dot will be
in backsround color, determined by BR» BG/gnd BB.
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- OVERLAY CHARACTER CELL ADDRESSES

Line No. First Cell lLast Cell

1 E38000 E32150
2.rsecees.EZ8154..........E382A4
3 E382A8% E333F8
4.ciencacesERRIFC...0un.e..E3BT4C
S E32550 EIBLA0
Geveeveese s EZBLAS..........E3B7F4
7 E387F8 E38948
BeevsneesaERBY4C. .. .. ... . ERRAYC
9 E32AA0 E38BFO
100 cccecees e ERBBF4 ... . E3RN44
11 E38D4&2 E32E982
12ccecence s EBBEFC.caeeees. . ESEFEC
13 E38FFO E39140
14.cceceeess.E39144..........E239294
15 E39298 E393ES
16ceececese e EBP3EC. e e uesesa EIPSIC
17 E39540 E3946%0
18cccecaces s EZ?94...c.c.....E397E4
19 E397ESB E39938
200 ceceaces s EZY9RCe e ERZVABC
21 E39A%0 EZ9BEO
22cca0vsees s E3PBE4c e EZYDRE
23 E39D38 E3?ESR
24, .ccceeeeERPERBC. v « ESFFDC
25 E39FEO E3A1320
26ccencceesEZAL134....0.....E3AZE4
27 E3A233 E3A3DS
28 canceeee s EZARMOC. v us v e s EBATZC
29 E3AS30 E3A&LE0
B30ceceecees s EBRGEE. . v ... . .EBATDS
31 E2A7D& E3A728
BZececeeeeas s EBAP2C. 00 eev e« EBAATC
33 E3AARO E2ABDO
34..00neseesE3ABDG. . 0ue.s .. ERALZE
35 E3AD28 E3AE73
Sbeeeeneas s sESAE7Co v enenee. s EZAFCC
37 E3AFDO E3B120
3C.euueneasE3R124..........EZR274
39 E3B27& EZB3CSE
4000 cveeeee e EZBECC. s 0 useas sESBTIC
41 E3BS20 E3B&70
A4Z.aececees s EZBBL74. .00 . ERR7CE
43 E3B7C2 E3B918
44..c0c00eesEZBY1C. 0 ee e EBRALC
45 E3BRA70 E3EBBCO
4. cennnese EGBRBCY. . usane.. . EGRINNG
47 E3EDIS8 E3BESLSE
48. . cc0ewwe+EBBESC. v . EBRFRC

Pase 21
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HARDWARE LATCHES AND CMOS/STATIC RAM

he area of memory from E40000 to E4OFFF serves several
urroses. First, the CPU card contains 4K bvytes of memery at
hese addresses. .This will either be static RAM (2114) or CMOS
AM (&514). CMOS is only installed if vour svystem contains the
ptional battery backup surpPly, which allows the CMOS to store
nformation while svystem pPower is off.

econd, several svystem features use hardware latches marrPed onto
he same addresses as RAM. Writine to anvy of these addresses
i1l write inte both RAM and the latch. Readina from the
ddress will not affect the latch. but RAM will respond with the
rorPer information.

f CMOS RAM is installed, the eprocedure for confisurine these
atches at pPower—upP is simple: Read the RAM and write the data
ack into the same address. This will cause the latches to
esume the state thevy had when the CMOS RAM was last written.

Address Function
E40000 Bitmar Roll Counter
E40002.......X Fan
E40004 Y Pan
E4000b.ceee.X and Y Zoom
E40008 UUnused (reserved)
E4000A. cecnve Used
E4000C Bvy
E4000E.......Raster Pracessaor
E40010 Blink Select
E40012...cc-a.Flane Select :
E40014 Plane Video Switch
E40016...cce.Color Status Foaresround:
E40012 Calor Status Backsround

E4001A. ceceae.0Overlay Rall Counter

This area of memory is alsa the default area for user—defined
function kevs. Function kev definitions are stored in the upPer
2K of this memorv, so the definitions can be maintained by the
hatterv—backed CMOS RAM (if installed). If the user requires
more than 2K for his function kev definitions, the function kevy
buffer mavy be moved with the "Thaw” command.
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BITMAP ROLL COUNTER

The Bitmar Roll Counter is a 10-bhit latch at address E40000
The value stored in this latch is left—-shifted by 10 bits, an
added (modulo 2°20) to ANY address in the Z mode of Bitma
memory. durins anvy read, write, or screen refresh access to th
Bitmar. This latch has the effect of determinine which phvsica
set of RAM bits will be accessed by addresses ACOO00 thru AOCO3F
(the top raster 1ine of the Bitmar).

Since the value in this latch is added durins all Z
mode accesses to the Bitmar, its function is
transparent to the CPU. That is, the CPU can always
read and write to AQOQOO as the first pPixel on the
Bitmar.

This tlatch is useful for hérdware scralline the Bitmar. If th
current Bitmap character heisht is N pixels, addinea N to th
Bitmarp Roll Counter will have the effect of movine all pixels o

the screen uPp N raster lines (one character line). Then th
software need only erase the bottom line of the Bitmaps and th
scrollins is complete. Scrolline down is accomplished b

decrementine the Bitmar Roll Counter.

"The Bitmap Rall Counter is independent of the Y Pan resister
althoush both latches have the ability to cause the Ritmap imas
to scroll up and down. Alterine the Y Pan register causes
asiven pPoint on the screen to have a different address in memory
alterine the Bitmap Roll Counter will never change the addres
which correspPonds to a siven screen location (althoush it wil
cause a different RAM chip to be associated with that location)
See "Y Pan.”
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X PAN

he X Pan resister is a 10-bit latch at address E40002. The
alue in this latch is added (modulo 1024) ta the screen refresh
ddress counter as each line of the Bitmar is heine displaved on
he screen. The X Pan reqister has the effect of determinins
here the left edoe of the imase (the vertical column of pixels
elow the pPixel at AOOO00O) will appear on the screen.

NOTE: The lowest Z bits of the X Pan resister are NOT
siganificant. X Parn will only allow the imase tao be
moved in increments of 4 pPixels. You must increment
or decrement the X Pan resister by at least 4, in
order to alter the screen diseplavw.

t is desirable to svnc Pan ta vertical retrace., sn that
lterine the Pan reaisters (X Pan and Y Pan) will not cause
tearine”" of the imase.
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Y PAN

The Y Pan resister is a 10-bit 1latch at address E40004. The
value in this latch 1is left-shifted by 10 bits, and added
{modulo 2°20) to the screen refresh address counter as each line
of the Bitmar is beins diselaved on the screen. The Y Pan
reaister has the effect of determinins where the top edse of the
imase (the horizontal row of pPixels addressed from AOCOOOO to
AQCO3FF) will appear on the screen.

A1l 10 bits of the Y Pan resgsister are significant. Since the
Towest two bits of the X Pan resister are NOT sisnificant,
diasonal pPan mavy be accomplished by incrementing both X Pan and
Y Pan in sters of 4.

The Y Pan register has an especially important use. Recall that
the screen only displavs 7463 lines, but there are actually 1024
1ines of pPixels in the Bitmar memarvy. Incrementine the Y Pan
register allows the remainine 256 lines to become visible.
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X AND Y ZOOM

he X and Y Zoom resisters are addressahle tosether by 16-hit

ord orperations, or individually 8-bit byte opPerations. X

oom is a 4Ii%t“rqgister at | E40006 and Y Zoom is a 4-bit
E

eaister at 40007.{

he CGC 7900 performs zoom by pixel masnification. With na
com» the X and Y Zoom resisters are both zero, and each pixel
n memory is refreshed to the screen only ance. This eravides

he default conditions of 1024 pixels Per haorizantal line, and
A2 lines visihle. If each Pixel in memory was brousht out ta
he screen twice, there would be room for only 512 of them oan
ach screen lines this corresponds to an X Zaom factor of two,
nd accurs when the X Zoom register contains the value 1.

f each line of pPixels is trousht cut to the screen twice, each
daot" placed on the screen wauld be twice as tall as befare.
here would thten be room for only 384 lines of informatiaon, with
ach line twice its pPrevious heisht. This coarresponds to a Y
aom factor of twa, and occurs when the Y Zoom resister contains
he value 1.

In seneral, the 4-bit contents of a Zoom regsister is
ane less than the current masnification factor. The
hishest masnification pPossible is 16 times, which
accurs when one of the Zoom resaisters contains the
value 15,

hen zoaom is in effect, not all of the pixels in memory may he
iewed an the screen at a time. The X Pan and Y FPan resisters
etermine what area of the memory is viewed. They caontain the
ixel pumber on the line, and the 1line number, of the first
ixel placed on the screen.

t is desirable to svnc zoom to vertical retraces sa that

lterine the Zoom reaisters will not cause "tearins" of the
mase.
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BLINK SELECT

Blink Select'is a 146-hit latch at address E40010. Fach bit of
the latch corresponds to one of the 14 possible pPlanes in Bitmap
memorys numbered O thru 15. :

If a bit in the 1latch 1is SET, the information fraom the
corresrPronding Plane is masked to zero and unmasked at a 1.7
hertz rate. This causes a rpixel containines that bit to chanse
color numbers (point to a different colar in the Lookur Tahle).
The rixel then chanses colors at 1.9 hert:z.

If a bit in the latch 1is CLEAR, the information from the
corresrpandine plane is not altered by the Blink Select latch. i

NOTE: Blink Select should only be read or written
using word (146-bit) orerations.
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PLANE SELECT

Iane‘Sefézf is a 16-hit latch at address E40012. Each bit of
the Yatch correrponds to one of the 16 pPossible Planes in  BRitmae
emorys numbered O thru 15.

-

\
Tane Select controls Z mode access to the Bitmarp Planes. If a
‘it in the latch is SETs the Z mode hardware is allowed ta read
nd write infaormation in that elane.

£ a bit in the latch is CLEAR, the Z mode hardware will nat
irite into the correspondine pPlane. Readine a pixel in Z mode
1111 cause the correspondine plane to show up as a zerao bit.

NOTE: Plane Select should only be read or written
using word (146-bit) operations.
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PLANE VIDEQ SWITCH

Plane Video Switch is a 146-bit latch at address E40014, Each
‘bit af the latch corresponds to one of the 14 pPossible Planes in
BitmarP memorvy», numbered O thru 15.

Plane Video Switch determines which Planes are allnwed to feed
the Color Lookue Table. If a bit in the latch is SET., the prlane
is enabled to feed the Lookup Table normallry.

If a bit in the latch is CLEAR, the information in the pPlane is
masked to zero before feedina to the Color Loaokup Table. This
restricts the total number of available colars in the svstem.
Just as if a plane had been removed from the svstem.

NOTE: Onlty &8 pPlanes at a time feed the Coloar Lookup
Table. AN image mavy be composed af uPp to 8 pPlanes,
either plane numbers O thru 7, or numbers 3 thru 15,
The Image Select Switch (see "Overlay Rall Caunter™)
determines which set of 2 pPlanes is heins viewed.

NOTE: Plane Video Switrch should only be read or
written using word (146-bit) operations.
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COLOR STATUS FOREGROUND/BACKGROLUND

alor Status Foresround is a 16-bit Jatch at address E400164.
anlor Status Backsround is a 146-bit latch at address E40018.
ach of these contains 1é-bit pixel data, used when writina ¢to

he Bitmar memary in Color Status mode (addresses EOOOOO thru
AFFFF).

ee "Imase Memary Addressine — Z Mode” for details an the use af
‘hese reaisters.
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- OVERLAY ROLL COLUNTER

The Overlay Roll Counter is a latch at address E4001A. The Tlow
12 bits are used for Overlay scrolline, and the upper 3 bits
have special uses as discussed below.

-The Overlay is an area of memory containines 4094 lane words (32
bits each). Of these, 4080 are visible on the screen at one
time> arransed 85 horizontally by 43 verticallvw. The low 12
hits of the Overlay Roll Counter decide which of these 4094
locations is considered as the first character cell of the
Qverlay, by addins the 12-bit value, moduleo 4094, to anvy address
which tries to access memory in the Overlayvy address spPace.

By alterina the 1low 12 bits of the Overlay Roll
Counter, vyvou determine which pPhyvysical RAM location 1is
addressed as the besinnins of the Overlav. As far as
the CPU is concerned, however, the first cell of the
Overlay is alwayvys addressed at E3I2000,

The Overlay Roll Counter is primarily useful for scrolline. B
addine 85 to the lower 12 bits of the latch, the arpparent effect
is that every line of characters on the Overlavy screen has moved
upPp one line. Then, the software need only erase the last 1Tine
of the Overlavy (which is in a known location in memory) and
scrolline is complete. Scrolline down is accomplished 'Y
subtracting 35 from the low 12 bits of the (Overlay Raoll Counter.

It is not necessary to scroll a line at a time. If the low 12
bits of the Overlar Roll Counter are incremented by one, every
character on the screen will move left one pPoasitian. The
characters at the besinnine of each line will move to the end of
the pPrevious line. The first character on the screen will move
into the 16—-cell area that is not visible.
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IMAGE SELECT

tit 13 of the Overlay Roll Counter (E4001A) is the Imagse Select
wwitch. If CI.EAR, Bitmar pPlanes O thru 7 are selected as the
mase to be displaved in Bitmar. If SET» planes 8 thru 15 are
ielected.

OVERLAY CURSOR BLINK

it 14 of the Overlay Roll Counter (E4001A) determines whether
‘te Overlay cursor will blink. If SET, anv Qverlay character
cell with the cursor bit on will contain a blinkine cursor, If
JLEAR, COverlay cursor(s) will not blink.

lverlavy cursars are produced by hardware, sa their color is
slwavs white.

OVERLAY CHARACTER BLINK

it 15 of the Overlay Raoll Counter (E4001A) determines whether
the (verlay characters are allowed to bilink. If SET. anv
verlay character cell with the blink bit aon will Blink
(forearcund colar will Blink to backsround). If ClLFAR, no
tharacters in the Overlay will blink. '

[f this kit is clear, the blink bhits in each (verlay cell mav bhe
used ¥for ather Purposes, such as a flas for protected fields on
the screen. -
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I/0 MAP

esinning at address FF2000.

FF&00X
FF304X
FFzoeX
FFg0CX

FF210X
FF314X
FFa1&X
FFS1CX

FF220X
FFa24X
FF222X
FF220CX

FFa30X
FF234X
FF223X
FFazCX

R5-232 Serial Port
R5-449 Serial Part

Kevboard
Javstick

Disk
Bezel Switches

Baud Rate Generator

Real Time Clock

Interrurt Mask

Bus Chip Select
Bus Chip Select
Bus Chip Select

Bus Chir Select
Bus Chip Select
Bus Chip Select
Sound Generatar

WM -

cub

32K

of

Paae 35

Memoary,
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SERIAL PORTS

The RS-232 and R5-449 serial interfaces are located on
card. Peripherals connect to these pParts throush
D-tvre connectors on the back of the CPU card.

The RS-232 and R5-449 ports are maprrPed identicallvy.
confisured with an Intel 3251A USART.

R5-222 Serial Port

Data register: FF2001
Control/Status registers: FF3003

R5-44% Serial Port

Data reeister: FF2041
Cantrol/Status resister: FF23043

Pase

the

36

CPU

standard

Each

NOTE: The serial ports should be accessed only throush

bvyte (3-bit) opPerations.

The user 1is8 referred to Intel literature for details

prosramming the 3251A.

is

on
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SERIAL. PNORT PINOUTS

RS-232 (25-pin connector)

Pin # Sienal Descrieption

2 TxDi Transmitted Dlata (ocutrput)

3 Rx=D Received Data (inPut)

4 RTS Request To Send (ocutput)

S CTs Clear To Send (input)

& DsR ata Set Ready (input)

7 Gnd Sianal Ground
20 OTR NData Terminal Ready (autput)

Other pins are not connected in the 7900.

RS5-44%2 (37-pin coannector)

Pin # Sienal [escrieption

4 Sli-A Send Nata (ocuteut: equiv. ta Tul)

22 Sh-R

b RII-A Receive @Nata {(inpPut: equiv. ta R«

24 RU-E

7 RS5—-A Request tao Send (auteput: esquiv. ta RTE)
25 RS-EB ’ :

9 CS-A Clear to Send (input: eauiv. ta CTS)
27 CS-R

11 I'M-A Data Made (input: esuiv. to DSRf

29 DM-E

1= RR-A Receiver Ready (outputi: equiv. ta NITR)
31 RR-E

ic ™ Test Made (input: equiv. to NSR)

20 RC Receiver Comman (used for T onlw)

(ther pins are naot connected in the 7900.
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INTERFACING RS-232 AND RS-449

Both RS-232 and RS5-449 are specifications for interconnectine
dJata equipment. Originally desisned far connectins a terminal
to a modems these two "standards® are now aprlied to
interconnect a wide variety of data svstems.

RS—-449 is a more recent specification. It is desisned to he
upward compatible from RS=-232, so that RS-232 svstems can
interface to R5-449 with a simple wirine chanse. RS=442 allowus

much longer cable lenoaths between svystems, as it emPloyrs
balanced line drivers and receivers for sreater noise immunitvy.
RS-44%9 also allows hisher data rates, althoush the CGC 7900
limits data rates to 17,200 baud (this insures campPatihility
between the R3-232 and R5-447 svstems.)

R5-449 outputs mavy be fed to RS-222 inPuts. The
"hish" side of the RS-449 output driver should be
connected to the R3-232 inrut receiver. The "low"
side of the RS5-449 output driver should be srounded.
The "higsh" side is termed "-A" in the pinocut chart.

R3-232 outputs mavy be fed to RS-449 inpPputs. The
R8-232 output driver should be connected to the "hiah"
side of the RS5-449 input receiver. The "low”" side of
the RS-449 input receiver should he connected to
R8-232 sisnal eround, pin 7.

In these confisurations, RS5-232 1limits for cahle
lenath and data rate must be follawed. Cable Tensth
shauld not exceed SO feet.
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BALD RATE GENERATOR

he 7900 wuses a Motorala Kl11235A Dual Baud Rate Generator.
arable of producinag twoe independent clocks. {lne af these
locks feeds the USART for the RS-232 serial weart, the other
eeds the R5-44%9 UUSART. The output frequency of the Baud Rate
enerator is 16 times the selected baud rate. The USARTs shauld
e pProarammed to accept a 1léx clock.

his is a "write-onlvy"” area of memorvys the contents of the ERG
ay not be read.

tath bkaud rates are set simultanecusly by an &hit bhvte written
‘e the BRaud Rate Generater, at address FFR2121. The upper 4 bits
letermine the R5-44%9 baud rate. and the lower 4 determine the
{S=-7232 baud rate, accordine to the followine table.

Eaud Rate 4-tit Value

10 TR ¢
75 i
1100 0eeee2
134.5 2
150.00...48
200
AOO. ...
1200
1800, ...
2000
2800, 00 ...
3600
42000 cee.
7200 K}
9600......E
19200 F

OV QON>N

ZxampPle: tno set the R5-44%9 part ta 9400 bauds and the RS-237
rpart to 110 haud, do a

MOVE. B #$EZ, $SFF3181

NCOTE: The Raud Rate Generataor should he acressed onlwy
throuah hvte (8-bit) aperations.
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LJAYSTICK

Javstick data addresses:

X: FFQ0C2
Y: FF30C4
Z: FF80CS8

The Jovstick incorporates a 10-bit analos—to-digsital converter.
The A-to-D can only convert one axis of Jovstick data at a time,

and it reauires approximately 25 microseconds to perform a
canversion.

The pProcedure for readine a Jjovstick axis is as follows: Read a
ward from the address listed for the desired axis. This selects
the axis, and causes the A-to-D to hesin conversion. Then, wait
for conversinon to acaur. You can tell when conversion is
compliete by readine back hit 11 aof the SAME address. 0Or, simplyvy
wait for a time interval areater than 25 microseconds. When
conversion is complete, read back the data. For examples

MOVE. L HEFFROC2, A0 Ppaoint AN tao X—-axis
1.00P MOVE. W (AO0) D0 select the axis and read data
BTST #11.00 canversinon done?
BNE.S 1L.OOP na, so wait
ANDI.L. #$3FF, DO mask to 10 bits

When this routine exits, DO cantains valid data from the
Joavetick X—-axis.
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he address vnu read from has the effect of selectine which axis
f analaoa data is sent to the A-to-II converter. However,
eadine _fraom any aof the addresses ahave will return output data
rom the A-to-0. Takine advantase of this fact, it is possihle
o read data from a Previous cenversiaon while besinnine the next
onversion. For examplest

-

MOVE.L #EFF&OC2., A0 Point to X-axis

BSR QAIT wait for caonversion (as abave)
MOVE. L #SFFR0OC4,A0 point to Y-axis

MOVE. W (AO),TO read converted X-value, and

also besin coanversion af Y
ee€@tCoan

NOTE: Accessings any addresses other than those listed
above mavy cause more than one axis ta be
simuitanecusly selected. The analos signals would bhe
combined in uneredictable wavs. ’ :

The Jovstick has the caracity to produce an interrurt uwhenever
it is moved in any of the three axes. If the Jovstick interruept
it is unmasked (in the Interrurt Mask resister)s movina the

jaovetick "of+f toep dead center” will caluse an interrupt. The
ioavstick continues to produce interrupts for as lone as it is
1e¢ld off center in any of the three axes. Interruepts accur at

ane af two rates. Slaw (aPpPrax, 10 hertz) is the rnarmal rate.
Iv pressine the BREPEAT kev aon the kevboard, the interruept
~ate mav he increased to approximately 50 hertz.
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BEZEL SWITCHES
Bezel Switch data=

Read (byvte) from FF2141

The states of all 8 Bezel Switches are read simultaneously by
readins a bvyte from the Bezel Switch address. Bits O thru 7
rerresent the rcondition of the 8 switches.

Bezel Switch data is ACTIVE LOW. If a switch is depressed. the
carrespondine bit will be ZERO.

Pressins anv Bezel Switch will cause an interrupt if the Praoper
bit is cleared in the Interrupt Mask register.
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INTERRUPT MASK

e Interrupt Mask is a 16~hit latch which determines
rterruprts are passed throuah to the A3000 erocessor. The
5 1oaded by a 146-bit Word written to address FF&200, This
grite—onlv" latch. Prosrams which modify the Interruet
hould keer a corPy of its contents in RAM.

he followine table descrihes which interrupt 1is affected
ach bit in the Mask. If a hit is SET. interrupts are INHIR
rom the correspaondine device.

Vector Addr. Mask Rit Device

12C.cecancenseeQuceaeeReal Time Clock
110 1 RS-449 Tx Ready
130.ncenccccusalecanss s BINT 2 (P1-100)
10C 3 R5-232 Tx Readwy
102, caeeencnasebacecaaaDisk

1324 S BINT & (FP1-102)
114, v cvevenccesBacencs s Bezel Kevs

128 7 Kevboard

124, ccancecsnseBennces . R5-449 Rx Readwy
112 9 Liaht Pen (FP1-94)
138 s ereeneeeesl0ieeea. . BRINT 4 (FP1-104)
104 11 Javstick

100, ccnaeeneealZenanweVertical Retrace (P2-94)
1320 13 RINT & (F1-104&)
110, s esneeeeneldience e tBINT 1t (F1-92)
120 15 R5-232 Rx Readw

Here is the same information (oreanized by vector addresses):

100, i severeeasdZaceeeeVertical Retrace (PZ-74)
104 11 Jovstick

108, . ceeveanneedecen.Oisk

10C 2 RS-232 Tx Ready
110, . veneenanccleceees  R5-449 Tx Readvy
114 é Bezel Kevs
118.ccevevreccsaPenncecliaht Pen (P1-94)
11 14 BINT 1 (P1-?22)
12000 0eucsesselTecncee e RE=232 Rx Ready
124 = RS-449 Rx Ready
12€ . ncesansacsaZeanssssKerboard

12C 0 Real Time Claock
130, cscenoessenlaansas BINT 2 (P1-100)
134 o BINT 3 (P1-102)
138, ceeenneneelOineeea. . BINT 4 (F1-104)
120 13 RINT 5 (P1-106)

e 43

what
Mask
is a
Mask

by
ITED
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BUS INTERRUPTS (BINT)

Five interrupt lines are Provided on the bus for pPerirherals to
use. : 5 ) '

BINT1 and BRINT2 are in use by the 7900 svystem or are reserved
for future use. BINT3, BINT4 and BINTS are available for user

perirherals. Each of these is pPulled—upr on the CFPU card. Iiser
circuits should pProvide an orpen—collector sate to pPull down the
line to sround when an interrupt 1is desired. The 1ine must

remain low until the interrurt is serviced by the CPlLL.

Sisnal Name Vectaor Address Bus Pin # lise
BINT1 11C PL1-98 Svstem
BINT2 130 P1-100 Svstem
BINT3 134 P1-102 Usepr
BINT4 138 P1-104 User
BINTS 13C . P1-1046 User

When the interrupt is serviced, the pProcessor will fetch the
address of the interrupt service routine from the memory
locations listed above. BINTs must be enabled and disabled

throush the Interrupt Mask Resister. See the pPrecedine pase for
mask hit assisnments.
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BUS CHIP SELECTS

ix lines are pProvided on the svystem bus for selectina svystem
nd user pPeripherals. Each of these lines will g0 LOW when the
pProprPriate bloack of memory is accessed.

CS1, BCS2 and BCS3 are in use by the 7900 svystem or are
eserved for future use. BCS4, BCSS and BCS& are available for
ser pPeripherals. It is suggested that the wuser completelw
ecode the low & hits of the address, in order ta make efficient
1se of the available address spPace.

Yy block of 64 memary addresses is reserved for each Bus Chip
select line. The table below 1lists the startine address for
s\ach block.

Sianal Name Block Address Bus Pin # Use
BCS1 FF23240 P1-73 System
BCSZ FFa280 FP1-76 System
BCSZ2 FF22C0 P1-75 Svstem
BCS4 FF2300 . P1-7& User
BCSS FF8240 P1-77 User
BCSé& FF3280 F1-80 User

lLegic on the CFU card praoavides DTACK whenever BCS addresses are
accessed: soa the user“s devices da not need tao assert this
sigsnal.

All RCZ lines assert VPA. This allows slow peripherals, such as
MC&L300 series devices, to use BCS lines for selectian.
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BCS1 ADDRESSES

Several svystem rperipherals are selected using the sisnal BCSi.
These are the lisht pens buffer memory pParity functions, and
svync information (vertical and horizontal retrace timins).

LIGHT PEN
Enable Lisht Pen: Write (word) to FF3240

Write a 1 to enable blue flood, or O to disable it.

Writine to FF3240 will enable the 1lisht pPens or re—enable it
from a previocus "hit." If bit O of the data written is CLEAR,
the blue flnod is disabled. If bit O is SET. touchine the lisht
Pen will cause the Overlay to flood blue in areas which have the
"Forearound Visible"” bit set. After a hit, blue flood 1is
disabled until explicitly re—enabled.

If blue flood is disabled, only bright blue or white areas of
the screen will be able to cause a lisht ren hit.

After an interrupt, read back the location of the hits

X address: FF3242 (0 <= X <= 1022)
Y address: FF23244 (0 <= Y <= 7466)
Fach address holds a 10-bit number, correspondinse to the
- absolute screen coordinates where the hit was detected. Bit O

of the number will always he zeros so the eFFective\ resalution
of the lisht pen is S11 by 333. -

NCOTE: Bits 15 throush 10 a«of the hit location will —
flvat hish, and be read back as ones!

—~—

NCOTE: Liaht Pen addresses should be accessed only
throush ward (146-bit) operations.
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SYNC ADDRESSES

vnes
Read (ward) from FF824C

11 svync information is available by readine a word (146 bits)
‘rom address FF824C. The bits reveal the followine information:

Bit 0: Low durine vertical retrace
Bit 1: Interlace Flas

Bit 2¢ Low durine horizontal retrace

311 other hits float hish.

it O is Tow while the CRT beam is beine hlanked durinea vertical
~etrace. The fallines edse of ¢this bit coincides with the
Falling edae of signal VERT (P2-94 on the bus), and the Vertical
Retrace interrupt,. if enabled.

Bit 1 is hish durine the first field of the interlaced diseplav.
Field one is the field containine the first visible line of the
CRT. This bhit is low durina field twa, the field containina the

second line.
[ ]

Bit 2 is low while the CRT heam is being blanked durine
horizontal retrace.
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| BUFFERJMSMORY PARITY
Check Foryrafjtvyerrorl
Reéd (word) from FF3246

To check if a pParity error has been detected in a buffer memory
card, read a word (16 bits) from address FF2244. If bhit O is

low, it means one or more buffer memory cards have sisnalled an
error.

Parity flie-floms
Write (word) to FF22482

The pParity flip—flop is set or reset by writins a ward (14 bits)
to address FF2243. Writine a one to this address sets the
Pparity flip—flop which senerates an immediate bus error. This
is used for testins the bus error handlins software. The
software must read the other pParity address to see if the bus
error was a result of pParity, or ather causes.

To recover from a parity error, the software must reset the
Pparity flip—flor by writins a zero to FF8243.

NOTE: Each buffer memorvy card has a .Jjumper which must
bhe installed before parity checkins will function.

NOTE: If pParity checkine is enabled, the software
should write intoe ALL buffer memorvy when the svstem is
powered up. fOtheruwise, if a pProgram reads from a
location that was not previously written into, a
Paritr error will result.
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DISK PORT

atas

Read/Write (word) at FF2100

tatus:

Read/Write (ward) at FF2120

he disk port communicates over £ bidirectional data lines and &
antroel lines. Hardware on the CPU card handles 146-bit data
ransfers aver the 8-bit port.

he CGC 7900 disk interface was desisned to accomodate an
ntellisent disk controller, the Data Technolasy Caoreporation
4030. This controller wuses a pProtocol which reauires the
aontroller to take the initiative in most exchanees of data.
‘he CPU selects the cantroller, after which the controller asks
‘arr its instructions.

Ihen the CPU wants to write data to the disk, it first selects
'he disk by writine to FF2120. This sets Select lows and also
ets Nlata BRit O law. This disk controller recoenises this and
iseserts Busy low. Asserting Busy immediately resets Select to
‘he hiah state. The controller will request instructions
oncerning the tvpe of operation about to take pPlace, and the
PU respoands by writins data.

"he CPU writes its 1é-bit data words tao FF&100, This causes
icknowledse to o low. The disk caontroller sets Request hish
ind the hist—order (most sisnificant) byte is transferred toa the
iisk. When this first bvte is accepted by the disk., it sets
tequest low asain and the low-order bvte is transferred.
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When the disk «controller has data for the CPU, or needs
information from the CPU, it sets Messase low which initiates a
CPl) interrupt. The CPU may then read the status aof the disk
controller to determine what is required. Bits in the status
reaister are defined as follows:

15 thru & S 4 3 2 1 0o

]

! unused | ROY# | BSY# | REQ# | MSG* | C#/D ! I=#/0 |}

Bit 5 is Ready, which is low when the hardware has assembled a
16-bit word for the CPU to read. Other bits are as defined in
the Pinout chart (see followins rase). '
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DISK PORT PINOUT

he disk cornnects to the CPU card at connector "A", the hottom
onnector on  the card. The followine table describes the
ianals on this connector. Control lines are ACTIVE .OW 1if
ndicated with an asterisk ().

Pin No. Descrietion Direction

1 Data Bit O Bidirectiaonal
z2 Nata Bit 1 Bidirectiaonal
3 Data BRit 2 Bidirectional
4 Data Bit & Bidirectional
S Data Bit 4 Bidirectional
& Data EBit S Bidirectional
7 Data Bit & Bidirectional
8 Data Bit 7 Bidirectional
9 Acknowledae® CPLI to Disk
10 Reset# CPU ta DNisk
11 Select# CPL to Disk
12 Busv#* Disk to CPU
13 Request#* Disk ta CPL
14 Message#® ODisk to CPU
15 I* /7 0O Disk ta CPU
16 C¥ /7 I Disk to CPU
17 Ground
26 "

Reset# is an open—collector line. A1l other outeut lines are
driven by TTL bus drivers. All contral inputs are terminated an
the CPU card by 220/330 ohm resistor netwarks.

I#/0 is uysed by the disk ta tell the CPLl whether the next
exchanae is to he an inpPut aor outeput.

C#/0 is used by the disk ta tell the CPL! whether control or data
information is to he exchansed.
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REAL TIME CILOCK

National Semicenductor MMSR1467 Real Time Clock mav optionally
€ installed in wvour 7900 svystem. This device contains
eajsters for months, davs, etc.. down to milliseconds. A set
f latches may also be programmed to produce an interrupt at
elected intervals. -

AN

11 access to the Real Time Clock should he throuah bvte (8-hit)
pPperations. The values transferred to and from the claoack wil]
e in the form of two BCD values, concatenated in an eisht-bit
wte. The followine table describes what the upper and lower 4
its aof each register will cantain.

\ddress sesssecansensscsReaister Contents.eeececcecernns

(hits 7-4)  (bits 3-0)  _ . DR (R A
FR1C1 thousandths o (0-9)
FRIC2 - tenths hundredths Seconds counters (00-99)
FeICS tens units . ’ (00-59)
TFRICT tens units Minutes caunter (00-59)
=F8109/, tens units Hours counter (00=-23)
=F81¢B . units Dav of Week counter (1-7)
SFRRLCD tens units Navy aof Manth counter (1-31)
SFRICF tens units Manths counter (1-12)
FF21D1 thousandths
FFeiDnz tenths hundredths Seconds latches
FF21DS tens units
FF21in7 tens units Minutes latch
FF21D9 tens units Haurs latch
FF21DR units Davy of Week latch
FF21D0 tens units Davy of Manth latch

FF&I1DF tens units Manths latch
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- The Folfamins-addresses in the Real Time Clock are used +¢op
- command or status information (not BCN).

FF31E1
FFR1E3

FF31ES
FFR1E7

s

FFR1EB
FFS1ED

FF31FF

Writine to the
thousandths_oF

~"The status bit

|
\
\

The low bit of
chansed durins
read asain for

interrupt status resister
interrupt controal resister

counter reset
latch reset

status bit
"30" command
standby interruet

test mode

"GO" address resets all counters from secands to
seconds.

should be read after reading anvy time resister.
this data will be a one if the time resister
the read, meanins the time resister should be
valid data.

The bits in the interruept cantral and status resisters are
defined as follows:?

Bit No.

NOU L WN~DO

Function:

Comparator (latch equals real-time)
Every Tenth of a Secnnd

Every Second

Every Minute

Every Hours

Evervy Davy

Every Week

Every Month
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» enabhle an interrupt at the specified rate, write a "1" inta
¢ correspandine hit of the interrupt control reaister. (You
st also enable the Real-Time Clock interrupt in the Interrupt
ask Reaister of the CPU.) To clear the interruept. and discover
hat bit caused it, read the interrupt status resister.

he user is referred to National Semiconductor 1literature for
urther details on proarammine the MMS2147.
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PROGRAMMABLE SOUNU GENERATOR

The 7900 uses a General Instruments AY-2-8910 Prosrammable Sound
Generator (PSG). The PSG is located on the CPU card, alona with
its associated amplifier circuitry. A volume contrel is also
located an the CPU card. :

Address . Function
FF33C1 l.atch Address
FF83C3 Read From PSG
FFa3cs Write To PSG

The PSG uses a multirlexed addressins svystem, which i
directly compatible with the MCA3000 pracessar. It is necessary
to perform two operations to write a value to the PSG: Fi
tell it which resister vou want to write into, then pPraovide the
data which goes in the resister.

I1f desired, further values can then be entered intoe the same
reaister without performine the "Latch Address" function asain.

Example of code to write "Value” to "Resister" in the P3G:

MOVE.B #Resister, $FF32CH tell it which resister
MOVE.B #Value, SFFI3ICS put the value in it

A1l of the PSG registers mavy be read, as well as written. It is=s
necessary to perform the same sesuence as for writins: latch the

resister address (using a write), then read the resgsister (usins
a read).

NOTE: The PSG should be accessed throush byte (8-bit)
orperations onlvy. :
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PROGRAMMING THE P3G

he CGC 7900 feeds the PSG with a cloack freauency of 1/8 the
ain svstem clack frequency. In the standard 7900 svstem, this
ravides the PSG with a 1.720 Mesahertz clock.

he freauency of a tone from anvy of the 3 analos ocutputs (A, B
r C) is defined to be '

Ft = Fclk /7 (16%TP)

tere Ft is the freauency of the desired tone, Fclk 1is the FPSG
lock frequency, and TP is the number which must be entered into
he FPSG Tane Periad reaister to produce the desired frequency.
alving for TP,

TP = 111250 / Ft

F is allowed to be ur ta a 12-bit number. The l1ower eisht bits
re entered into the Fine Tune resister, and the uppPer four bits
re entered into the Coarse Tune resister.

'he calculations for noise pPericod are identical:
NP = 111250 / Fn
Jhere Fn is the desired noise frequencys and NP is the number

shich must be entered inta the PSG Noaise Periocd resister. NF
nay be up to a S-hit number.

cnvelaope pPeriod (the duration of a tone) is defined to Lbe
Te = Z56#EP / Fclk

dhere Te is the desired enveloare duratiaon (in seconds)s Fclk is
the PSG clock freauency defined above, and EP is the 14-bit
number which must be entered intoe the FSE Envelorpe Period
reaisters. Solvina for EP,

EF = Te # 6953
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PSG REGISTERS

The PSG contains 16 internal resisters, each of which mavy be
accessed by the Latch Address/Write to Resister Procedure
mentioned earlier. The resisters are defined as follows:

Resgsister # Purrose

Fine Tune A (3 bits)
Coarse Tune A (4 bits)

-0

Fine Tune B (8 bits)
Coarse Tune B (4 bits)

2

3

4 Fine Tune C (8 hits)

S Coarse Tune C (4 bits)
&
7
a2

Noise Periad (5 bits)
Outeut Enable (active lTow)
A Amplitude (5 hits)

o B Amplitude (5 bits)

10 C Amplitude (S5 bits)

11  Envelope Period Fine (3 bits)
12 Envelopre Periqd Coarse (8 bits)

13 Envelaorpe Share/Cvcle Contreol (4 bits)

14 not used
15 not used
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ane and/or noise are enabled by register 7:

7 & S 4 3 2 1 o

¢ X1 X1 An i Bn i Cn I At | Bt | Ct |

y Yeaic zero on any of the "n" bits enables noise from that
‘hannel. A losic zero on any of the "t" bits enables tone from
‘hat channel. Unused channels are turned off by writins loeic
nes in the desired bits.

leaisters &, ¢ and 10 contral the ocutrput amplitudes:

7 é S 4 2 2 1 0
X

H X i i Xt A | manual level ctrl |

Y loeic one in bit 4 specifies the channel“s amplitude to be
ontrolled by the envelore senerator (Auto mode). If bit 4 is a
rerco, the amplitude is fixed bv the value in bits 0O-3.

The envelore senerataor is controlled by resister 133

7 6 S 4 3 2 1 o]
H X ¢+ X 1 X i X lcontiattk! alttihold!
Bits O0-3 describe the envelope with "continue," "attack."

"alternate," and "hold.” See General Instruments literature +For
the envelape waveforms.

The followine table provides values which mavy be -entered into
the Tune reaisters (A B or C) to pProduce the musical nates
shown. Flease note that the eoiven values are arproximations
which best fit the reauired freauencies for earch note. It is
necessary to divide up each value and load the low & bhits into
the Fine Tune register, and the upper eisht hits inta the Coarse
Tune resister.
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C#

D#

F#
G#

A#

C#

D#

F#
G#

A#

C#

D#
E

F#
G
G#
A%
c
C#
Di#
F#

G#

AH

o
PLP LI PPPPPPUNNONW WD WRDONNNNNNNNN NN N - -

Frea.

32.7

34.6
36.7
38.9
41.2

43.7

46.2
49
51.9
55
53.3
61.7
635.4
69.3
73.4
77.8
32.4
87.3
92.5
98
103.8
110
116.5
123.5
130.8
133.6
146.3
155.6
164.83
174.6
133
196
207%.7
220
233.1
286.9
261.6
277.2
293.7

329.4

349.2

370
392

415.3

440

4466.2

493.9

Preliminarr OEM Manual

Dec.

3402
3211

- 3031

2861
2700
2548
2403
2270
2143
2023
1909
1302
1701
14605
135135
1430
1350
1274
1203
1135
1072
1011
955
901
350
303
7583
715
675
&37
601
562
336
S06
477
451
425

401

379
as8
338

319

301
284
263
253
239
225

PSG MUSICAL NOTES

Hex

Note
OD4A c
OCSB * C#
OBD7 D
OBZD D#
0A3C E
09F4 F
0965 F#
O3DE G
035F G#
07E7 A
0775 A%
070A B
06AS c
0645 C#
OSEB D
0596 D#
0546 E
04FA F
04B3 F#
044F G
0430 : (xt ]
03F3 A
O3BB A%
0335 B
0352 [
0323 C#
02F4 D
02CB C D#
0263 E
027D F
0259 F#
0238 G
0213 G4
01FA A
010D A%
01C3 B
01A% N
0191 C#
017B 3 D
01646 D#
0152 E
O13F - F
o1z F#
011C . G
o10C G#
OOFD A
OOEF A%

GOEL B

DOV HDODOVODDNNNNNNNNNNNNGFrGrTTOTRIAUTAATAAAANGN

Frea,

523.2
554.4
587.3
622.3
659.3
&£98.5
740
734
330.6
220
932.3
987.8
1046.5
11028.7
1174.7
1244.5
1313.5
1396.9
1430
154682
1661.2
17460
1364. 54
1975.5
2093
2217.5
2349.3
2489 -
2637
2793.83
2959.9
2N35.7
3322.4
3520
3729.3
75
4134
4434,.2
4492 A
4973
S274
5587.4
5919.9

 AZTL.9P

bHH4E, P
7040

7453. 6
7702.1

Pase 6460

Dec.

213
201
18?2
179
169
1359
150
142
134
126
119
113
1046
100
5
29
24
20
75
71
&7
63
L0
Sé
53
S0
47
45
42
40
33
35
33
32
30
28
27
29
24
22
21
20
19
ia

t&
13
i4

Hex

o0oDsS
Q0C?
0O0OBD
00B3
00A?
009F
0096
O0OSE
0036
Q0O7E
0077
0071
00LA
00464
005SF .
0059
0054
Q050
004B
Q047
0043
QO3F
0032C
QQ38
0035
Q032
Q02F
Q02D
002A
Q028
00246
0023
0021
QOZ0
Q01E
001
0018
a0y
0013
0016
0015
0014
0013
o012
0011
0010
O00F
O00E
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KEYBOARD

‘he CGC 7%00 contains an intellisent kevboard, with its ocwn KO0ZS
icroprocessor. The CPU communicates to the kevboard erocessor
wver a 12-bit data bus., 8 bits of which are bidirectional. The
nterface is asvnchronous: each pracessor will interruet the
ther when it has sacomethine to sav.

lhern a kev is pPressed, the kevboard processor determines an
i=bit code to transmit. Most of these are 7-bit ASCIT codes.
wwcept the labeled kevs on the top of the kevboard produce
pecial &-bit codes which the CPLU software must interpret. The
11, M2, CTRL and SHIFT modifiers are wused by the kevboard
roacessar to modify the transmitted code. These four kevs are
L1sa brouaht out to the 12-bit data bus, so that the CPU can
‘ead them directly if necessarvy.

"he kevboard Processor next Presents the data to the CPU, and
itrobhes the Kevy Strobe line on the kevboard bus. Kevboard
interface logic on the CPU card sets the Host Acknowledese line
ow to indicate that data has not vet been accerpted bv the CFPLU.
lhen the CFU services the Kevy Strobe interruet, the Host
\cknowledae line is set hiah once asain. The CPU services a Kevy
strobe interrupt bv readine a word (14 bhits) from address FFS0Z0,

lhen the CFU wishes tao madify the kevhoard lights, it must write
o the kevboard address. AQfter writine to the kevhoard lishts
mces the CPU must wait for data to be accerpted hefore writins
i@ain. This requires waiting appProximately 100 micrasecands
retween writes to the kevboard lishts.

NOTE: After the kevboard processar has accepted data
for the lishts, it will strobe the kKev Strohe line an
the CPU card. This pPulse is "intercepted" bhbv the
kevboard interface lasic on the CPU card and doaes not
actually senerate a CPU interrurt.
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Several kevs on the kevboard produce special functions:

RESET Providés an active-low cuteut directliy to the CPU} card, tao
reset the entire svystem. This is inderendent aof the kevhoard
Processor. : ‘ :

QUIET LOCK is an alternate action kevy, aivine a hish or JTow
outrut to the CPUJ card. The 7900 uses this to enable and
disahle the spreaker. This is inderendent of the kevhoard
Processor. = - : :

ALPHA LOCK 'is an alternate action kevy which modifies the
alphabetic ASCII characters produced by the typPewriter area of
the kevboard. When P, alpha characters are normally uppPer
cases and SHIFT modifies them to lower case. When DOWN, alpha
kevs are normally lower case and SHIFT modifies them to upper:
case. This is under control of the kevhoard pracessor.

All kevs on the kevboard are two—kevy rallover, excerpt the cursar
movement (arrow) kevs. These four are N-kevy rollover, and
Produce unique codes when two are pPressed simultaneouslvy. When
proprPerly interpreted by the CPU, these unique codes allow
diascnal cursor movement.

All kevs on the kevbcocard have twa repeat speeds (except foar the
-special kevys mentioned abhove). Auto repeat is invoked if a kev
is depressed for more than 0.75 second. Aute repeat accurs at
10 hertz. Manual repeat is invoked by pPressins the desired kevy
and simul taneously holdinas the REPEAT kev. Manual reereat accurs
at 50 hertz. The REPEAT kevy is alsn used to senerate interrupts
as pPart of the Jovstick interface.
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KEYBOARD CABLE PINOUT

he kevhoa;ﬁ connects to the CPU over a 26-pin ribbon
‘he lines are defined as faollows:

Pin No.

\

1

DORNINDON

Fad
D

11

1%
21
23
25

20

22

24
2é&

“Function

RESET to

" Data
Nata
Data
Data
Data
Data
Nata
Data
Data
Nata
Data
Data

Rit
Rit
Bit
Rit
Bit
Bit
Bit
Bit
Rit
Bit
Bit
Bit

CPU (active low)

VY=~ N ADWON-T
Hno

Guiet Lack (kev up = laaic hiah)

LED Strobe (active low)

Kev Strobe (active low)

Host Acknowledae (hieh if CPIl ready)

Repeat (low when REPEAT depressed)

Ground
Ground
Ground
Ground

+5 Valts
+5 Volts
+5 Valts
+5 Volts

Pagse &2

cahle.
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KEYBOARD DATA BUS,’

The kevhoard‘data hus bit§ are defined as followss

- Bit

-,
=090 NOPAPON-DO

Read (kevhoard tao CPL)

Kev Data Bit
Kev Data Bit
Kev Data Bit
Kev DNata Bit
Kev Data BRit
Kev Data Bit
Kev Data Bit
Kevy Data Rit

NOCUPLAN~O

SHIFT Kevy (active hish)
CTRL. Kewv (active hish)
M1 Key (active hish)

M2 Kev (active hish)

Pagse &4

Write (CPU to kevboard)

LED
LED
LED
LED
LED

LED

Select Rit
Select Rit
Select Bit
Select Bit
Select Bit

HWN- DO

Switchs: 1-an, O—off

[ 5
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KEYBOARD LED SELECT CODES

‘o cantrol an LED on the kevhboard, it is necessary to pPlace the
wrorer LED select code on bits O thru 4 of the data bus, and set
it 7 hish to turn the LED ony or low to turn it off. The
‘0llowine tabkle Provides select codes for each kevboard LED.

Kev Name Select Code (Hex)
F1i 01
F2 0z
F2 03
F4 04
FS o5
Fé 0é
F7 07
Fa o2
Fo o9
F10 0A
Fii OR
Fiz ac
Calec Mode QE
Rubter BRand OF
Plat 10
Ralil 11
Create 12
Blink 13
Fill 14
Overlaw 15
Cursar Qn/0ff 14
Z=color LED (Red) 17
2=calor LED (Green) i

Twe special select codes are provided for direct control of all
-Ells: Select cade OO turns all LEDs aoff (includine the 2Z-color
-Ell). Select code IF <(hex) turnse on all LENs (excert the
2=calor LED)s resardless of the state of bit 7.

NOTE: You must wait approximately 100 microseconds
between successive writes to the kevboard lishts.
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INTERFACING FERIPHERALSHTO THE KEYBOARD PORT

Some users mavy wish to interface their own devices to the
kevboard Port on the 7900 CPU card. Anv device «connected to
this port should conform to the cable wirins specifications
siven earlier. In addition, the followins items should be noted:

iF the kevboard device is powered by the supprly pPravided an the
‘kevboard part, it must draw less than 1.5 amperes at +5 valts,

All I@sic levels on the kevboard bus are TTL.

When the kevboard device wishes to pPresent data to the CPU, it
must provide an active—~low Kevy Strobe of 10 to 30 microseconds.
Data must be pPresented on the bus durine Kevy Strobe, and be’
valid at least one microsecaond before and after kKevy Strobe. The
kevhoard device must recognize that while Host Acknowledse is
low, the CPU is unable to receive new data.

When the CPU wants to write data to the kevhoard device, it will
set LED Strobe low. The kevboard device must recosnize this
signal as Putting the kevbocard bus into a "write" maode. When
LED Strobe is low, the kevboard device must accert data from the
CPlIs then, IT MUST STROBE THE KEY STROBE LINE T INDICATE
ACCEPTANCE OF DATA. This strobe must alsoe he 10 tao 20
micraseconds in duration. ’

NOTE: To maintain compatibility with ather 7700
features, the kevboard device should pProvide a means
for setting Quiet Lock hish or low (to enable or
disable the speaker), and for setting Repeat hish or
low (to enable interruprts from the .Jovstick).
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KEYBOARD TIMING
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CGC 7900 SYSTEM BUS

te 7900 svystem bus uses two connectors, Pl and PZ2. Pl is the
ain connector for address, data and control lines, interfacine
he CPU to memory and perirpherals. Pl is the uepper connector in
he digital chassis.

2 is the lower connector in the digital chassis. P2 1is used
or video data and control, includine sienals used to contraol
he analas hiah vaoltase suppPlies. For this reason, it is
ecommended that P2 be considered a reserved area-, for

hromatics” use aonlv. DAMAGE TG THE SYSTEM COQULD RESULT IF USER
IEVICES ARE CONNECTED TO P2!

GC 7900 circuit cards have the same physical dimensions as
‘equired by the Motorola VERSAtus specification. However, the
wws arransement differs sianificantly (see the followina pases).
‘n senerals VERSAbus cards MAY NOT be pluggsed directly into the
GC 7900 card case. ~
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P1 CONNECTOR TDENTIFICATION

Sisnal - Even Pin No.

Name ' - Circuit Side
+5V
GND 4
Doo &6
Do2 3
Do4 10
DOs 12
Dos 14
Dio 16
D12 18
Di4 20
CMOS +5V 22
GND 24
LDS#* 26
GND 23
DTACK#» 30
GND 32
24
36
A02 23
A04 40
AOS 42
AO3 44
Al1O 44
AL2 43
Al4g S0
Alé 52
Al8 sS4
A20 S6
AZ2 S8
60
GND 62
64
b6
GND 48
70

2 :

Pase 70

Signal
Name

+3V
GND
0ot
Do3
0os

no7z
no9
D11
D13
013

CMOS TRIGGER
GND
UDS%

GND
ASH*

GND
READ/WRITE#*
AOL
AO3
AOS

AO7
ADP
ALL
A13
ALS

ALl7
ALY
AZ21
A232

GND

SND
SYSCLK
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71
73
75
77
79

81
a3
85
87
&9

91
93
G
o7
o9

101
103

105

107
109

111
113
115
117
119

121
123
125

127
129

131
133
135
137
139

Preliminary OEM Manual

GND
BCS1#
BCS3#
BCSS#

BLUISERR#
FCO*
FC2#

IRGIL #
IRQZ*

IRGS*
IRGQ7 %
IACKIN*
BGOs#
BG1#

BG2#
BG3#
BG4 #
BRRIO*
BRGIZ#

BRGIG#
BGACHK #
BVMA#

GND

-12V
GNID
+12V
+12V
+5V

+5V
-5V

GND' (FOR CMOS

GND
GNL

20

Page 71

GND
SYSRESET#*
BCS23#
BCS44#
BCS6#

FC1%

IRQZ*
IRGOG+*

IRGIA#
INTON#®
LPEN#*
BINT1#
BINTZ#

BINTZ#
BINT4#
BINTS+#
BRI #
BROZ#*

BRVPA#

ADORO-7 %
GNI

-12v
GNIO
+12V
+12V
+5V

+5V
-5V
GND
GNII
GND
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P1 SIGNAL DESCRIPTTONS
DOO-01S (pins S5-20)t The tristate, bidirectiona? data bus.

CMOS +5V (ein 21): Suepply  for CMOS RAM on the ©CPU  card,
maintained durines power ocutases by a batterv.

CMOS TRIGGER (Pin 22): Goes low to disable CMOS memarvy access
durine  pPower down and start—-ue, Preventine sPurious memory
writes. '

LDS#* (pin 25): Lower Data Strobe. An active 1ow., tristate
signal which indicates a data transfer on DOO-DO0O7.

ups#* (pin 26):  Upper Data Strobe. An active 1low., tristate,
sianal which indicates a data transfer on DO3-D135.

DTACK#* (pin 29): Data Transfer ACKnowledse. An active 1ow. oPen
collector sional senerated by a perirheral or memorvy device, it
indicates accerptance of data durine a write, aor that data has
been Placed on the bus in response to a read. If a rnon-existant
memory location is accessed and DTACK#  does not occur, a bus
error is senerated.

AS#* (pin 30): Address Strobe. An active low, tristate sisnal
which indicates that a valid address is present on the address
1ines. :

READ/WRITE#® (pin 34): A tristate signal used to define the tvpe
aof cycle in Progress. This line is hish for a read cvcle., Tow
for a write cvycle. :

A0L1-A2Z23 (Pins 36-58): Tristate address hus. Note that the
Tomwest bit of the address is simulated by UDS®* and LDS%,. for
S~-bit accesses. , ‘

SYSCLK (pin 70)2 Svystem Clock. This is the hishest freauency
clock used on the bus, 14.24 MHz in the standard 7900 svstem.

BCS1#-BCSé6# (pins 73, 75, 7é&s 77+ 783, 20): Bus Chip Selects.
Active low outpPuts from the CPU used to select certain areas of
memory. See "System Memory Marp."

SYSRESET#* (pin 79): 5vstem Reset. An active law, opPen collector
sianal used to reset the svystem. It mavy be gsenerated by the
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rocessar or by external devices. This line is held low durine
pWer—upP.

LUSERR* (pin 81): Bus Error. An active low, oren collector line
hich is Pulled 1ow in the event of a catastrophic svstem
ailure. The 7900 uses this for memorvy pParitv error.

CO#-FC2% (pPins 23-85): Function Code. Active low, tristate
ines which indicate the state of the bus master. such as
hether an interrupt acknowledoae cvcle is in pProaress.,

REI#-IRQ7# (pPins &7-93): Interrupt Request. Cpen coallector,
ctive low lines which mav be pPulled low by pPeripherals to
equest an interrupt. IRG7# is hishest epriority and 1is wused
uring Power—up.

NTON# (pPin 94): Interrupt On CFU. Active low sigsnal which
ndicates one of the 14 interrupts on the CPU card 1is ependins.
hould he tested by secondary hbus masters, to allow them to
‘¢elease the bus if an interrupt is waitine for service.

ACKIN# (pin 95): Interruprt Acknowledse In. Active low sianal
thich indicates the CPU is fetchine an interrupt vector.

PEN# (Pin 946): Liaht Pen Interrupt. Active law. orPen callector
iienal asserted by the Lisht Pen l1ogic when a hit is detected.

IGO#*-RG4%# (pPins 97, 99, 101, 103, 105): BRus Grant. Active louw
signals which inform a device that it mav become the bus master.
[ssued by the CPU in response taoa Bus Request. A1l tristate
signals will ea to a hish impedance at the end of the . bus cvcle
in which a Bus Grant is asserted.

BINT1#-BINTS# (Pins 92, 100, 102, 104, 104): Bus Interrupt.
Active Tow, oprPen callector sisnals which allocw pPerirherals to
interruprt the CPU card. See "Interrupt Mask" for details.

BROO#-BRZ4%# (pPins 107-111): EBus Request. Active 1low, aPeéen
callector sianals used by secandary bus masters to e=ain access
ta the bus. BR44# is hishest prioritv.

BGACK#* (pin 1132): PBus Grant Acknowledoe. Active low sisnal
asserted by the secondary bus master when it has assumed control
of the bus.




-
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BVPA%# (pin 114): Bus Valid Perirheral Address. Active low
signal which informs the CPU that an MC4AB800 peripheral device is
respandine to the current bus cycle.

BYMA* (pPin 115): Bus Valid Memory Address. Active low, tristate
tine which 1is asserted in response to BVPA*®, llsed to
synchraonise MCA2300 peripherals.

ADDRO-7# (pPin 1123): Addresses 0-7 in use. Active Tow sisnal,
asserted when memory lacations 000000 thru 000007 are heins
accessed. Ilsed durine power—up to disahle RAM and enable FEPROM.

GND (for CMOS +5) (pin 135): This is the supply return Ffar the
CMOS battery pPower. It should not be used for noermal arocundins
PUrPOSes, ' :
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P2 CONNECTOR IDENTIFICATION

Sienal
Name

around

around

around
+35V
+5V

+12V

IRITO
IRITZ
FWO

CSF#
PWE
VMO
VM2
vLC

VDE1+#
VEBOO
VBOZ
VEO4
VEBOA&

VEBOS
VE10O
VE1Z2
VE14
VE16

VE1&
VEZ0
VRZ22
VE24
VR2&

VBz&
VB30
VEEZ
VEz4
VB26

Even FPin Na.
Circuit Side

26
28
20

32
34
346
38
40

4z
44
46
45
50

52
54
Sé
S&

&0

&2
&4
&6
&3
70

Sienal
Name

around

arocund

arcund
+5V
+5V

+12V

IBRIT1
IRIT2
R3¢

CSB+#
PSEL#
VM1
VM3
VIOE O+

IBSEL
VRO1
VRBOZ
VRBOS
VRO7

VRBO¥
VELl1
VEL1=
VEIS
VE17

VE1%
VRZ1
VE2Z3
VEBZS
VBZ7

VBZ9
VEB3I1
VE3Z=
VR3S
VRBRZ7
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71
73
75
77
79
21
23
835
37
39

1
I3
93
7
99

101
103
105
107
109

111
113
113
117
119

Preliminary OEM Manual

VB33

BLINK
IVLC
LBNK*

RAZ2
RA4
RA&
WL #
CSE

MRAS#
RF3H#*
MCASH
RAS*

around
CH
VMUX
RO
RC2

RC4
RCé&

-3V

72
74
756
73
20

a2
34
a6

70

2
74
6
78
100

102
104
106
103
110

112
114
116
112
120

Page 76

VB39

aLc
FPSW#*
RA1

RAZ
RAS
Wit
BIT#
EP#

LXZ#
VERT#
OMEM*
CROLL*
CAS®

around
Hi3

RC1
RC3

RCS

14M
-3V
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P2 SIGNAL DESCRIPTIONS

RITO-IRITR (rins 15-18): These lines hold a 4-bit number used
o select one of 14 planes (in Plane Mode) or one of 16 bits (in
Mode), accordina to the state of IBSEL.

WO (Pin 19): Plane Write Override. Keers Plane Select latches
‘rom affectine memory accesses in FPlane Mcde. This line is hish
then Plane Mode addresses are used.

(% (pPin 20): Read (active low).

SF#, CSB* (pPins 21 and 22): Color Status Foresround and
fackercund strotbes. These 1lines strobe information intce the
alor Status latches.

WE (Pin 23): FPlane Write Enable. This line enables Flane Made
access tao memary when low,. and Z Mode or Colar Status Mode when
1iah. When asserted, this l1ine overrides the IRIT lines.

2SEL# (pin 24): Plane Select strobe. This line strobes
information into the Plane Select latch (1 bit pPer pPlane).

VMO-VM2 (pins 25-228): Videa Mux select. Selects which 4 bits
are currently being brousht ocut aon VROO-VEZ? for diseplav.

VLLC (pin 29): Videao Latch Contrael. This line straobes data from
videao RAM into latches, pPrior to bit selection by VMO-VMZ.

VOEO#-VIE1# (pPins 30-321): Video Data Enable. One of these two
lines will be law, determinine whether imase pPlanes 0-7 oaor &-15
are currently beina displaved.

IBSEL (pin 32): Selects Bit (Z mode) or Flane maode access to
imase memory.

VRBOO-VERZ27 (pPins 23-72): Video Eus. Nata from videao RAM is
treusht out on these lines, 4 bits at a time, from each of 10
rpassibhle pPlanes. INote: only & planes, O thru 7. are currently
supParted by the CGC 7200.) Each of these lines is named in the
form VBbe, where h is the bit number (0-2) and P is the plane
numbtier (0-%), of the data on the line.

BLINK (pin 75): A 1.9 Hz blink sianal used to blink information
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from imase memory.

aLec (ein 76)? Outeut Latch Contral. This line strobes data out
of imase memory when the CPU wishes to read from imase memorvy.

IVLC (pin 77): Internal Video tatch Control. This 1line strobes
data from imase RAM into "heoldine" latches, prior to the latches
strobed by VLC. :

FPSW#* (pin 72): Plane Videoc Switch. This line strobes data into
the Plane Switch latches, to determine which rlanes are fed to
the Color LLookup Table for disrplav. ‘

LBNK# (pin 79): Load Blink Select. This line strobes data into
the Blink Select latches, to determine whether the data from
«ach pPlane will hlink (be masked to zerno) at the rate set by
BLINK.

RA1-RA4 (pPins 80—-85): RAM Address. In Z Maode these lines
select a pPixel to be read ar written. In Plane Mode. thevy

choose one 146-bit word from the 4A4-bit internal data bus of the
RAM card.

C WU%, WL#* (pins 86&-87): Write Upper/Write Lower. Active low
si@nals formed by satine UDS# and LDS% with the Write line.

BRIT# (pin 28): Bit mode. Active jow sianal indicatina a BRit
made (Z mode) access is in pProarsss.

C3E (pin 89): Color Status Enable. This signal allows the Colar
Status addressine mode to become active.

EP# (pin #Q): Reserved for future use <(hardware erase—page
function). ’

LXZ# (pin 92)% Load X Zoom. This active 1Jlow sisnal strohes a
4-bit number into the X Zaom resister on the Colar Lookur card.

MRAS#, MCAS#* (pins ?3 and 97): Memory Row Address Strobe and
Column Address Strobe. These RAM control lines are used durine
CPU accesses. : - ‘

VERT# (rin 94): Vertical Retrace. This line is 1low durina the
vertical retrace blankins interval. ‘
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IFSH#E (pin 95): Refresh. This sianal is used durine memarvy
-efresh cycles.

MEM# (pin ¥4&): This sianal pPre—decodes same af the CMOS address
ipace for videao hardware latches.

ROLL*® (pPin 98): Character Rall strobe. This strabe l1ocads the
iverlavy Rall Counter latch. '

AS*, CAS#x (pPins 99 and 100): Row Address Strobe and Column
Address Strobe. A1l aother memory caoantrol lines are derived from
these tuwa siganals, which are alwars present recardless of the
tvepe of memory cvycle in Prosress.

“H (pin 103): Character Horizontal. This sienal enables the
fetch of data for video displav. It is advanced from HG ta
comPensate for delavs in fetchine pixel data thru the Color
Lackup Table.

HG (epin 104): Horizaontal Gate. This is the haorizaontal &EVvYNC
sianal.

VMUIX (pin 10T): Videao Mux. This clack runs the caunters whaose
acutrPuts arpPear on VMO-VMZI,

RCO-RC& (pins 107-1132): Row/Column  addresses. These lines
contain the addresses of whatever imase memary is heing
accesses, in the matrixed form required by dvnamic RAM.

14M (pin 113): The 14.24 MHz master clack. SYSCLK on P11 is
synchronized to this siesnal,. however its phase is different due
ta Propasation delavs.
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SYNC SIGNALS

he CGC 7900 uses interlaced scan. Qdd-numbered raster lines
re scanned durins one fieldy and even—-numbered lines are
canned durins the next field. The fields are svnchronized to
he &60—cvcle pPower line, so each field lasts 1/60 second. and it
akes 1/30 second to display an entire frame. Interlacina is
chieved by delavins the start of vertical sweep on odd fields.

he display scans 7468 lines, with 1024 pixels pPer line. Each
ixel is scanned for 35.11 nanoseconds. Three S-bit
igital—-to—analoe converters receive red. osreen and blue data
‘rom the Digital Chassis and convert this data into three video
isnals. RGR video output is available.

A1l af the followineg sienals are available at the Analos
-hassis, behind the CRT tube of the 7900. A1l svync sianals are
iifferential TTL, and mavy be received with Advanced Micro
levices AMZ4L.S33 or equivalent. Note that the polarity of the
~eceived sisnal mavy be altered to suit vour equipPment bv
iwarrPing the inpPut lines toa the receiver. Svync sigonals are
Found at Jé, a 10-pin risht-anele connector near the front
corner of the Deflection Module. It is suaaested that a Y-cable
arrangement be used to feed these sisnals inta the 7200 and the
Jser s equipPment.

NOTE: To prevent possible damase to the CGC 7900,
insure that JA is pProrerly connected BEFORE apprlving
power to the svystem. External devices cannected to &
must NOT impair the normal svnc sisnals at this
connectar!

(1) Clock: J& pins 4 and 9 (red/black pair). A 1.78 MHz square
wave, from which all other svncs are derived. Whern videa 1is
active, 16 pPixels are scanned durine each cvcle of this clack.

(2) Horizaontal Reset: J& pins Z and 7 (vellow/black wmair). The
svync signal which trissers each horizontal Tine. Videa besins
P12.9 nanoseconds after Horizontal Reset soes high.

R R e
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(3) Vertical Release?: Jb6 pPins 1 and 6 (9reen/black pair). The
svync sisnal which trisgers vertical sweer: and inhibits sweer at
the Proper times to provide interlace. On even fields, this

" sisnal rises simultaneously with a Horizontal Reset risine edse.
On odd fields, it is delaved by 20.79 microseconds for
interlace. The falline edse of this signal is trisgsered bY
power line freauency (40 hertz).

{4) Analaa Videos: These three sisnals are availabie on the Video
Amplifier card, on the back wall of the Analos Chassis. P1
pProvides sreens, P2 is blue, and P3 is red. These sisnals should
be received by a S50-ohm coaxial cable in each of the connectors.
For best results, a SO-ohm load should be provided at the user”’s
end of the cable. The voltase 1levels at each of these
connectors ares zero for black,. minus one volt {(nominal) for
maximum intensitvy. This level mavy not be adiusted without
disturbineg the 7900 video alisnment.
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CONFIGURING BUFFER MEMORY CARDS

the two rotarvy switches on the edse of the Buffer Memory card
etermine the card’s address. To set up a card, perform the
ocllowins steps?t

. Determine what the memorvy address of the card should be.
ine card must have address 000000, and if other cards are
nstalled, they will normalily have consecutive addresses
‘'cllowine the first card. Consult the table below to see what
witch settings correspond to the card’s desired memorvy address.

NOTE: The 7900 memory mapP requires that Buffer Memory
cards bhe addressed below 200000.

NOTE: A1l pPossible memory addresses require that the
first switch be set to a number between O and 7. THE
SYSTEM WILL FAIL if The left—-hand switch on the card
is set to 8 or hisher!

’« Arranse the card so that the component side is up, and the
wld edoe connector is pPointine awayvy from you. The two rotarvy
switches should now be visible on the risht side of the card-’s
~ear edae,

3. Using a small screwdriver, set the two switches so that the
airrow on the left switch is pPointine ta the first disit of the
“equired settinas., and the arrow on the riesht switch is pPointine
to the sercond disit. For example, if vou are installine a card
at address 020000, the tahle savs that the carrect settins is
J1. Set the left switch to O and the risht switch to 1.

(Some switches mavy not be marked at the odd numbered
pasitiaons. If vyours is not, assume that eosition 1
lies halfway between O and 2, and so on.)
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Switch
Position

00
01
02
03
04
03
06
Q7
o8
09
0A
OB
oc
oD
OE
OF
10
11
12
13
14
15
16
17
1R
19
1A
1B
ic
1D
1E
iF
20
21
22
23
24
25
26
27
28
29
2A
2B

Preliminary OEM Manual

BUFFER MEMORY CARD ADDRESS SELECTION

Memory
Address

000000
020000
Q40000
0460000
Q20000
0A0D0O
QCQ00Q0
OEOQ0Q
100000
120000
140000
160000
120000
1A0000
1CO000
1EQ000
200000
220000
240000
260000
280000
2A0000
2C0000
Z2EQ000
300000
320000
340000
360000
220000
3A0000
JCO000
3E0000
400000
420000
440000
4460000
420000
4A0000
4C0000
4E0000
500000
520000
540000
560000

Switch
Position

2c
2D
ZE
2F
20
31
a2
33
24
35
36
37
a8
39
2A
3B
3c
3D
3E
arF
40
31
32
43
44
a5
44
47
43
49
4a
4B
ac
4n
4E
4F
50
51
52
=3
54
55
S6
57

Memory
Address

5230000
SA0000
SCO000
SE00Q00
AQ00Q0
AH20000
&40000
660000
&80000
AHAQQ00
HC0000
AEQQQD
700000
720000
740000
760000
720000
7A0000
7C0O000
7EQ00Q0
200000
220000
240000
2A0000
220000
SA0000
2C0000
REQOQOO
00000
220000
240000
60000
FRO000
PAN000
FC0000
FEOONO
AQOOO0
AZDON0
A40000
ALOOO0
AROO00
AANONO
ACO000
AEQOOO

Switch
Poasition

58
59
SA
oB
sC
5D
SE
SF
&0
61
L2
63
&4
65
&6
L7
A8
a9
&A
AR
A0
AD
&E
&F
70
71
72
73
74
75
T&
77
72
79
7A4
78
7C
7D
7E

7F

Memorvy
Address

BOOOQO
BRZ0000
B4OQO0
BAOOOO
B20Q0OOQ
BEAOOQOO
BCOO00
BEQOOO
CO0000
C2Z0000
C40000
CA0O000
CROOO0

CADOOO
CCO000
CEQOOQO
julelaleiale)
jdalelaly)
[40000
NAOO0O0
020000
IADONOO
DCOOGO
NEOOOO
EQOQOQQQ
E 20000
E40000
EA0000
E20000
EAOOOD
ECOGO0
EEQOQOO
[alalelels]
F20000
F40000
F60000
F30000
FAOOOO
FCOOOQO0
FEOOQOOQOO
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CONFIGURING IMAGE MEMORY PLANES

——

ach Imase Memory Plane is assisned a uniaue number, from O to
5. Two pPlanes in a system mav NOT have the same number
ssianed.

-

\
« Arrange the Imase Memory card so that the comPonent side of
'he card is facine vyou, and the 9old edeoe connector is to the
iaht. Locate the rotarvy switch, in the lower left corner of
‘he hoard. The switch has a slot, which is facing down (towards
'ou). On this side of the switch is also an arrow, which will
waint to one of 14 pasitions around the switch.

tefer to the followine table, and use a small screwdriver to
turn the slot until the arrow pPoints tn the eproper position for

rour card.

Image Plane Number Switch Position
Oceassanaald
1 1
2eansennenl
3 3
4.cencensad
S o
Arenennnnah
7 7
= P,
9 <
10 cceenaeaf
11 E
120 eeccensals
13 o]
14. ... aE
15 F
The odd numbered positions on the switch may not be labeled. If

not. assume that position 1 lies halfwav between O and 2, and sa
af.

R Rk AN TR AT e
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2. A92ain, arransgse the card so that the 901d edose connector

to the risht. Locate the two vertical rows of pPins near
center of the risht edse. Refer to the foliowine chart,
place one (1) Jjumper on one of the Pairs of Pins, to select
desired plane number. Remove anvy other JumpPers on these
rows of pins.

. 0.15.0
0.14.0
0.13.0
0.12.0
c.l1.0
0.10.0
0ceZ.0 0..?.0
' Y o..8.0
%..5.0
Jumper J2
0..4.0
Oee3.0
O.e2.0
o0..1.0
2..0.0

Jumpeer W1

¥

38

is
the
and
the
two

—
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3. Locate the twn vertical ronws of pins near the lower right
rarner of the card. Refer to the folowins chart, and eplace one
1) Jumper on the pPair of Pins marked "0-7", ar on the pair
narked "&-15", derendina on which of these rangses includes the
iesired plane number.

Jumeer J3
Jumper J4

[} [}

Q Q
(o] O

Q [«]
] 0

€ o
Q (=}

Q Q
[} [«]

[ c-
[a] Q

Q [}
[} a

(] [}
o] O

[ o]
[ (=]

(] [
0 [

(<} [«
2] [x}

(=] a
[a] [}

o [x]
) )

-‘.‘- Q
(o) Q

o] Q
0 a]

O Q
Lx] (<}

(=] (<}
(] Q

Q Q
[} (<}

o] [
(<} [}

O O
o [x]

Q O

o 0 8 - 15
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L , T , , ‘ :
/ 4. Now, if the desired plane number is greater than 7, snbtract

eiaht from it. Thus, plane 8 becomes 0, 9 becomes 1, and so on.
(1f vour Plane number is less than 8, do not alter it.) Refer
to the followine tables, and place four (4) jumpers. on Pairs of
pins marked with the plane number vou have .just calculated. :

dumger J3
- Jumper J4
] o

) o
Oea/a0

Geob.0
CuaD O

CGaebd.0
Oce3an .

Y . ]
D..1.0

0..0.0
o o

o o
Oaa/eD

O..b.0
Cea3.e0

Oeed.0
[ P Y,

' J . ]
Ceal.n

0..0.0
o o

o 0
L Y,

Geebao
CeeTa®d

0..4.0
R ]

OueZel
Ocel.n

[ & Y. ]
o o '

, ) (]

L A

[ L |
0..3.0
‘ 6..4.0
0..3.0 :
‘ Oeelel
Gaalen

P Y Y

o o

o Q



[

GC 7900 Preliminary 0OEM Manual Paae 91

TMAGE MEMORY CONFIGURATION JUMPERS
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