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OEM MANUAL - INTRODUCTION 

This m~nual is intended to provide information to the OFM 
ctJstomers of Chrom~ti~s9 Incorporated9 concerning the int.ern~l 
details of the eGC 7900 Color Gr.phic~ Computer System. The 
information cont~ined in this manual should be considered 
propriE·tary in na.ture. It is provided solely te. aid our OEM 
customers in interfacing to the end-user. 

This manual should be used in conjunction UJith th@ CGC 7900 
Operol! tor"' s Manu •. l. The Opera tor"' t; Manila 1 !!lives mt:lre d@te.i 1 ed 
information about the 7900 ~ystem software. 

While the information in this rlocument is believed to be 
accurat"9 no !!Iuarant .. es are made. Chromatics reserves the ri!!lht 
to make prt:lduct chan!!les at any time. 
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CGC 7900 HARDWARE OVERVIEW 

The CGC 7900 i~ a ~elf-contained computer system. It is cap~ble 

of extremely hi9h-resolution color 9r~phics di~play.. The 7900 
Central Proce~sin9 Unit (CPU) u~es the MC68000 microprocessor. 
The ~yst@m may be equipperl with a hard disk and two floppy 
disks~ a li9ht pen~ Joystick~ and several Me9abytes of memory 
for images and pr09rams. 

The chassis contain~ a motherboard with 12 or 24 card 
r.onnector~. The lower portiorl of the chassi~ hOIl~e~ the di9itol\l 
electronic~~ and the upper portion contain~ the anal09 
circuitry. Power supplie~ and the hard di~k rlrive are m~unted 

in the bottom of the cha~si~. Six fan~ mounted below the card 
cage ventilate the chas~is. The system i~ mounted on casters 
for easy transportation. 

The anal09 chas~is contain~ a hi9h-re~olution~ 19-inch color 
Cathode Ray Tube (CRT) • The CRT is tr'eated wi.th a 1 on'!' 
persistance phosphor, to minimi,ze the problem of inter 1 a.ce 
flicker. All high voltages are present only in the an~ 1 c.'!' 
chassis. 
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CPU CARD 

,.--~-. ,._--.. 

~he£GC 7900 Central Processins Unit (CPU) card 
MC68000 microprocessor~ which can directly address 
of memory. This card senerates most of the control 
bv the processor t~ control memory. 

\ 

contains the 
16 ME>slllbvtE>s 
sisnels used 

ThE> CPU card contains 4K bytes 
optionally be replaced by CMOS 
backup supply on this card. 
Real-Time Clock~ also locatE>d on 

of static memory. This may 
memorY, powered bv /It battery 

The CMOS option includes a 
the CPU card. 

All inputloutput interfacE> hardware in thE> standard 7900 system 
is found on the CPU card. This includes thE> keyboard, Joystick, 
disk, bezel keys, and two serial ports. 1/0 is connected to the 
CPU card by edse connectors on the back of the card. Each of the 
lID interfaces is discussed in a separate section of this manual. 

A Prosrammable Sound Generator is installed on the CPU card. It 
may be operated by the CGe system prosrams or by user prosrams. 
It connects to a speaker, below the keyboard, on the ~hassis 

front. A Quiet Lock key on the keyboard disables the speaker. 
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EPROM/RASTER PROCESSOR CARD 

EPROM so~kets on this card are addressed from 800000 to 80FFFF. 
The EPROMs must be 2532 type (32K bits)., 350 nanoseconds I')r 
faster. See the "Memorv Map" section of this manual for 
pro9rammin9 requirements. 

The Raster Processor is a bipolar circuit., micropro9rammed to 
perform an address translation flJnction in the 7900 system. 
This device assists the MC68000 in movin9 pixels on the image 
memory screen. 

This card also contains bus terminators which decrease noise on 
the motherboard. Because of the extremely hi9h processor sp~erlst 
(up to 8 MHz), these terminators are very important in the 7900 
system. 

\ 
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BUFFER MEMORY CARDS 

The 7900 contains one or mor~ Buffer Memory cards. Eech card 
nolds 129K bytes of dYnamic RAM for system memory r.~uirements 

.nd user programs. The first card is addressed at zero, and 
other cards are usually addressed on 129K boundaries above zero. 

Each card stores a.parity bit for each byte of data stored. 
Parity is stored with e~ch write, and checked with ea~h r~ad. 
If a parity error is detec~ed the card will ass.rt a low level 
on the parity error line of the bus. If the parity flip-flop is 
enabled, this will interrupt the 68000 processor. System~ which 
use the parity checkin9 feature must write data to ALL buffer 
memory when the system is powered-up, or risk a parity .rror if 
a location is read that was not previously written. 

IMAGE MEMORY CARDS 

Up to 16 Image Memory cards, or planes, may be installed in the 
7900. The number of planes determines how many simultaneous 
colors may be displaye~ in the high-resolution Bitmap memory. 
Typical systems will contain 1, 4, S or j6 Jmage planes. 

Each plane may be accessed throu9h several addr~ssin9 modes. 
These are discussed under " Image Memory" in the Memory Map 
section of this manual. Because of the varied ad~ressin9 modes, 
a plane mi9ht respond to addre~s.s anywhere between AOOOOO and 
E1FFFF. 
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CGC 7900 SYSTEM MEMORY MAP 
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CGC 7900 MEMORY MAP 

addre-ss;. n!l 
blJs. The 

reserves 

The ~r~cessor in the CGC 7900 is capable of directlv 
over 16 Megabytes of memorvy using a 24-bit adrlress 
addressinsa rlSl.nsae is 000000 to FFFFFF (hex). Chromatics 
the upper half of this spacey besainninsa at 900000 (hex). 

The lower half of the 7900 address space will normallv contain 
~ne or more Buffer Memorv cards. Each carrl cont~ins 128K bvte-s 
of dvr,ami cRAM. Thtrt first card must be located at addres!' 
000000-lFFFFF (the first 128K of memorv) to provide the 
processor with room for interrupt vtrtctors. The remaindtrtr of 
this cardy plus anv other Buffer Memorv cards which m~v be 
insta"edy is allocated amon9 various svstem functionsy 
and user progr~ms. 

The "Thaw" command allocates memorv amonsa input/output buffers~ 

stacks~ the Create Buffery function key buffersy etc. If 
batterv-powered CMOS RAM (optional) is installed in vour svstem~ 
the parameters set UP by "Thaw" will be reme,bered and used to 
allocate memorv next time the svstem is powe~ed UP. If CMOS RAM 
is not presenty memorv will be allocated adcordin!l to default 
parameters in PROM. 
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EPROM 

SYste", EPROH b~!,!lin. at add,.e.. 800000. The Raste,. p,.o':esso,.. 
ca,.dcont"in. EPROM fo,. the standa,.d system. $pac·e i. p,.ovitfett 
fo,. 321< wo,.d. (641< bytes), add,..s!h'tdf,.ora 800000 to 80FFFF.. Tbe 
card wi 11 ac:comodat. Moto,.ola2532-C35 EPROMs(o,. ellfuivahtht, 
which have access times of 350 nanoseconds 0,. faster. 

2532 EPROMs a,.e·capableof sto,.in. 321< bits of data, a'('"'f""n9~IHf. as 
41< of 8-f)i t bytes.. Since the 68000 fetches all in.st"uctions as 
t6~bit wo,.ds, two 2532s must be access.d simultaneously fo,. each 
inst,.uction fetch. This ,.e"ui,... that dat.. in the 2532s be 
sefltarated into "orid" byte. and "even" bytes. Each 41( of wo,.d. 
in EPROM thus "e"uires two 2532s. one containin. all th. "odd'· 
numb.,.ed byte. in the p,.o.,.am, and on. cont~inin9 all the "even" 
numb.,...d byt.s. A total of 16 253215 may be ins.rted in the! 
sockets p,.ovided on the Raster p,.ocesso,. card. 

A special mappin. is p,.ovided fo,. convenience durin. proce~so,. 
startup. When .>cte,.n.1 Reset is ,l\pplied, the 68000 fetches tts 
stack pointe,. and p,.o.,.a", counte,. a. two 32-bit wo,.ds, from 
atid,.esses 000000 and OOOO~spectively. The EPROM cirr.uit,.y 
meps addresses \$~and~O-!) into this space. Thus, the 
first two It)n9wo,,~s: in EPROM ~hou1d contain the initial v~lues 
of stack pointer a~d pro.,.am c~unte,.. 

1 ' \ 

, ~~v 

tt(JY~ '11<--("" fl>' , , 
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IMAGE MEMORY 

image memor-v on t'hE.' CGC 790(1 consists of f~('tm onE.' t('t sixteE"n 
Ref~esh Memorv c~~ds. Each Refresh Memorv ca~d~ O~ pl~ne, 
contains l28K bytes of dynamic RAM. The bits on the!>e fltlant"s 
are maniPIJ lated by softwa~e to p~od'Jce h i~h-~esollJt i on Bi tma.p 
images. Then~ the i nfo~mat i on in the pl anes i s b~c,u!!!lht out 
th~ou~h the image cont~ol logic ~nd the Colo~ Lookup Table~ to 
produce an image on the 5c~een. 

~11 areas of the memo~v m~p desi!!!lnated as image memory &~e 

p~otected against Bus E~rors. Regardless of thE" numbe~ of 
planes installed in the image memo~v of a 7900 system, it is 
impossible to ~eceive a Bus E~~or f~om imagE.' mE.'mo~Y aCCE.'sses. 

ThE' CGC 7900 p~ovides sE've~al ways to add~E'ss image m.mo~Y. 

F-ach of these methods is discussed in turn. 



cae 7900 PreliminarvOEM "o1lnu&l Pa,e j2 

PLANE MODE 

In Pl ... ne mctd., .... ch- .. lane of ima.. memory is acces.ed as an 
ind .... nd.n~i. 128K chunk of memory. Wri tin. a byte, word, or 1 t)n!IJ 
word into the ima.e m.morv in Plane mode' iIIill write only into 
th ... t "'ane. Plane mode addressing 1. e .. uivalent to the ."".,. 
memory 1. addres •• d in most computer sYstems, and is the s~me 
W4lY that Buff.r Memorv is addressed i.n the 7900. 

Plane mode addressing be.in. at address COOOOO and ends at 
DFFFFF( hex). Each plane Gccu .. ie. 1 '28K byte.. The- .. lane. are. 
number.d from 0 to 15, a,lthough many systems will not have all 
.. lane. in.tall.d. In .. ~rticular, most systems ~ill be 
confi.ured in one of the following waysl 

Total Planes In System Pl~ne Numbers Assi.ned 

1 •••••••••••••.• () 
4 0,1,2,7 
8 ••.•••••••••••• 0 thru 7 

16 0 thru 15 

Plane 7 i. normallv assi.ned for use a. the .tbl ink" .. lane., 
is im .. ortant that a ~lan. 7 exist in all but the most 
systems. 

so it 
basic 
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l! MODE 

Z m(ld. j~ (lne (If the tW('l ~pecial m(lde~ pr(lvided for ~c;.C:~~!I!io"~ 
tm~ge mem~rY Planes. 

C(ln~ider the image memory to be arran~.d a~ a 
~n. in fr~nt ~f an(lther. Each plane c~ntatn~ 

~et of 16 plan~~, 

1024 x 10?-4 bit~,. 

represent.d by a 
mode ~11o~s the 

have each bit 

or l28K byt.~. Each pixel on the ~creen i~ 
~ingle bit from each of the 16 plane~~ Z 
proce~~or to wri te a lb-bi t "Jord to memory,. ar.d 
fall into the corresp~nding location of it~ plane. 

For example, consider an instruction to write the first pixel in 
image mem(lrv (the upper left corner of the screen): 

MOVE.W *PixelData,. ZScreenStart 

Bit 0 (If "PixelData" will be moved into the first bit (If image 
plane O. Bit 1 will be moved int(l the first bit (If image plane 
1,. and so on. The Z mode hardware allo~s writing to individual 
bits,. without the problem of modifvin~ adjacent bits in each 
plane. 

Z mode addressing occupies a full 2 Megabvt~s of the address 
space. It begins at addre~s AOOOOO and ends at BFFFFF. Note 
that since only 768 lines of the image memory are visibl~ at a 
time,. the pixel addressed at BFFFFF is not n~rmallv visible. 
The last visible pixel of image memory is addres~ed at B7FFFF 
(a~suming pan and zoom are not in effect). 

In Z mode, no a~sumptions are made concerning the number of 
planes in a sv~tem. If a plane does 'not exi~t,. any bits whic:h 
should be written into that plane are simplY thrown away. When 
reading ba~a in Z ".ode,. any bits which should cl:'"me ~ 
non-exi~tant planes will be returned as l(l9ical high~, or one~. ~ 
-------------------------~----~-----------------------------------------------

Z mode access to individual plane~ is restricted bv Plane 
Select. Plane Select is a 16-bit latch, located at addre~s 
E40012. If a bit of thi~ latch is a one, the corresponding 
plane is enabled. If a bit is zero,. the plane is disabl~d. 
[Iisabled planes may not be written into using Z m.,de,. a.nd 
readin9 from them in Z mode will return a zero in the bit 
positions of the di~abled planes. In thi~ way, non-exi~tant 
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~l.nes may be masked u.in, Plane Select so that bit. returned 
from them will be. zeros. 
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COLOR STATUS MODE 

,,-, -.~ --. 

.co lor Status ",ode p""ovi cles a very fast way to '"I''' i te co lor 
information into tfl1t-lme.9 ...... or..."!:JlaotrL Color Stat .. s occupies 
128K bytes~ the same area one image plane occupies in Plane 
mode. Color Status mode is mapped from EOOOOO to E1FFFF. This 
is a "1I,rite-only" area of memory. Attempts to read from this 
a.rea wi 11 be' 9reeted wi th byt~u, of all FFs. 

Before using Color Status mode, it is necessary to load the 
Color Status Foreground and Background latches. Each of th~se 

contains a 16-bit number. Color Status Foreground is located at 
E40016, anrl Color Status Background is at E40018. Each of these 
should be loaded with the 16-bit quantity YOU would write into 
image memory if you were using Z mode addressing. For example~ 
if the foreground of the pattern you are writin9 re~uires color 
number 5~ yOU would load the Color Status Fore9round latch with 
5. Similarly, Color Status Background mi9ht be loaded with 
color number O. (These numbers refer to entries in the Color 
Lookup Table.> 

After 10adin9 the' latches, you may write to the Color Status 
area of memory. Each bit yOU write wi'll affect a sin91e pixel 
of the image, one bit in each of the 16 image planes. If you 
write a bit which is a\_1, the pixel will be written in 
foreground color., as definea~~ by the Color-Status Foreground 
1at-c-h~--lf--a-b-:i.t isO~ the pixel will be written in bar:kgrotJnrl 
color, defined by Color Status Background. 

For example: to make the first 32 pixels of the screen white, we 
might execute the followin9 code. 

Foreground latch 
Back9round letch 

ForeO EQIJ 
BackG EQU 
Col Stat EQU 

$E400t6 
$E40018 
$EOOOOO Color Status mode starts here 

MOVE.W *7, For-eG set UP FG Color Status 
(assume color 7 • white) 

WRITE MOVE.L *$FFFFFFFF~ColStat 
-::-~~ \ . 

write 32 bits of ones 
'l-C "~) QJJ ,US f'" 

(. ,. (,( (. C' ~ (f 9 !t c) c) ( ,r) 
, f 

The single instruction at label WRITE modifies the 
pixels. The same operatiorl lI.ou1d re14uir-e 32 writes 
or 16 writes in Plane mode (to write all 16 planes). 

color 
in Z 

of 32 
mode, 
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The follo~tn. example will write an alternatin, series of 32 red 
and green pixels into the first 32 pixels of the screen. 

MOVE.W 
MOVE.W 

*4~ForeG 
*2, BackG 

make fore9round color ~ 4 
make back,round color ~ 2 
(assume 4 ~. red, 2 ~ 9reen) 

MOVE.L *$AAAAAAAA,ColStat write alternating bits 

Color Status mode allows writin, bytes, ,uords, or lon, words,. to 
modify 8, 16, or 32 pixels, respectively. 

The ima.e memory planes are ,rouped into two sets of 8 pl~nes 
each. Each of these two sets mav contain an ima,e, and Plane 
Select is normallv used to decide which of the two is~ritten' 

into when a 16-bit Z mode write is performed. When writin, with 
Color Statug, it mav be useful to write both images with the 
same color (otherwise one ima,e would be written with zeros). 
To prevent thi s prob 1 em from occurri n" a 1 ways 1.)o\\d the Co lor 
Status latches with the same number in the upper and lower 
bytes. Followin. this rule, our first exo\\mple above must be 
corrected to contain the statement 

set UP FG Color Status 
(assume color 7 = white> 

(CoPYin. the lower byte into the upper byte of the latch 
information.) 

\ 
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COLOR LOOKUP TABl.E 

"he Color Lookup Table consists of 2~6 locations, each of ",hich 
.olds a 24-bit number. Eisht of these bits determine the red 
:omponent of a color, eisht for sreen, and eisht for blue. A 
tixel in the Bitmap (imase memory) is siven a color by summins 
:he bits in ",hichever set of e planes is beins viewed (~eishted 
~inary sum), and the resultins value points to an entry in the 
;olor Lookup Table. The color components in that entry of the 
~olor Lookup Table provide the color of that pixel. 

rhE' tablE' is arransed as 256 long words UK bytes), startins at 
Lddress E30000. Each lons word is or9anizE'd as follows: 

Bits 31-24 23-16 l~-e 7-0 

rhe hish byte (bits 31-24) of each entry are undefined~ so they 
~ead out as FF hex. The next 8 bits SE't the red int~nsity~ 
Fol10~ed by sreen and blue. 

rhe Color Lookup Tab'-e may be read or written at any time. 
lalues IIJ,..itten into the table a,..e not 'Ised on the screen IJnti 1 
the next vertical rE'trace, 50 it is not useful to write a sin~le 

~ntrY more than once per screen scan (1/60 second ~ith 60 Hz 
Dower). Writin9 to the Color Lookup Table at any time will not 
:allse the display to "slitch." 
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COLOR LOOKUP. TABLE ADDRESSES 

o E300oo. 52 E300oo. 104 E301AO 156 E30270 208 £30340 
1 E30004 53 E300D4 105 E301A4 157 E30274 209 E30344 
2 E3OO08 54 E30008 106 E301A8 158 E30278 210 E30348 
3 E3000C 55 E300DC .107 E301AC 159 E3027C 211 £3034C 
4 E30010 56 E300EO 108 E30180 160E30290 212.E30350 
5 .E30014 57 E300E4 109 E30184 ., 161 E30284 213 E30354 
6 £3001$ 58E300E8 110 E30188. 162 E30298. 214 E30358 
7 E3001C 59 E300EC 111 E301BC 163 E3028C '215 E3035C 
8 E30020 60 E300FO 112 E301CO 164£30290 216 E30360 
9 E30024 61 E300F4 t 13 E30tC4 165 E30294 217 E30364 

10 E30028 62 £300FS 114 E'301CS 166 E30298 218 £30368 
11 E3002C 63 E300FC 115E301CC 167 £3029C 219 E3036C 
12 E30030 64 £30100 116 E30.100 168 E302AO 220 E30370 
13 E30034 65 E30104 117 E30104 169 E302A4 221 E30374 
14 E30038 66 E30108 118 E30108 170 E302A8 222 E30378 
15 E3003C. 67 E3010C 119 E3010C 171 E302AC 223 E30:37C 
16 E30040 68 E30110 120 E301EO 172 £30280 224 E30380 
17 E30044 69 E30114 121 E301£4 173 E30284 225 £30384 
18 E30048 70 F3011e, 122 E301E8 174 £30288 226 £80388 
19 E3004C 71 £30tlC 123 E301F.C 175 E302BC ?27 E303SC 
20 £30050 72 E30120 124 E301FO 176 E302CO 228 E30~~90 
2t £30054 73 E30124 i25 E30tF4 177 E302C4 229 E30394 
22 £30058 74 E30128 126 £301F8 178 E302C8. 230 £30398 
23 E3005C 75 E3012C 127 E30tFC 179 E302CC 231 E3039C 
24 E30060 76 £30130 128 £30200 180 £302DO 232 E303AO 
25 £30064 77 E30134 129 E30204 181 E302D4 233 E303A4 
26 E30068 78 £30138 130 E30208 182 E30208 234 E303A8 
27 E300bC 79 £301:'30 13t E30200 183 E302DO 235 E30:3AC 
28 E30070 80 E30140 132 £302 J. 0 184 E302EO 236 E30380 
29 E30074 81 E30144 133£30214 1135 £:302£4 237 E30:184 
30 £30078 82 E30148 134 E30218 186 £302E8 238 E303Fc8 
31 E30070 83 E3014C 135 E3021C 187 E302EC :239 E803BC 
32 E30080 84 E30150 136E30220 188 E302FO 240 E303CO 
33. E30084 85 E30154 137 E30224 189 E302F4 24t E303C4 
34 E30088 86 E30158 138 E30228 190 £302F8 242 E303C8 
3.'5 E3008C 87 E3015C 139 E3022C 191 E302FC 243 E303CC 
36 £30090 88 £30160 140 E30230 192 E30300 244 E30300 
37 £30094 89 E30164 141 E30234 193 £30304 245 £303D4 
38 £30098 90 £30168 142 £30238 194E30308 246 E30308 
39 £3009C 91 E301bC 143 E30230 t95E303OC 247 E3030C 
40 £300AO 92 E30170 144 E30240 196 £30310 248 £303EO 
41 E30QA4 93 £30174 145 E30244 197 £30314 249 E303E4 
42 E300AS 94 £30178 146 E30248 '198 E30318 250 £303£8 
43 £300AC ' 95 E30170 147 £30240 199 E303tO 251 £303£0 
44 E3008Q, 96 E30180 148 £30250 200 £30320 252 E303FO 
45 E3OO84' 97 E30184 149 E30254 201 £30324 253 E.303F4 
46 £30088 98 E30188 150 £30258 202 E30328 254 E303F8 
47 £3009C 99 E3018C 151 E3025C 203 E:3032C '2!i55 E303FC 
48 £300CO' 100 £30190 152 £30260 204 £30330 
49 F.300C4 101 £30194 153 E30264 205 E30334 
50 £30OC8 102 E30198 154 E30268 206 £30338 
51 E300CC 103 £30190 155 E3026C 207 £30330 
52 £30000 104 E301AO 156 E30270 208 £30340 
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OVERLAY MEMORY ADDRESSING 

~e Overlay consists of 4080 character cells7 arransed 85 p.r 
ine and 48 1 ines. Each cell is addressed ~s ~ lQn9 'eJord (32 
its). The Overlay is mapped from a.ddreoss~u E38000 to E3BFBC. 

ach cell of theo Overlay uses 19 of the 32 bits allQcated for it. 
o c -t-01 c ( 'f, t, '!"'" (". ",-r-
{) ! 
I '-, 
I \ 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 26 
---------------------------------------~------------------------
CUR:SLK: : VF: VB: I PLI : SRI SGI BBI 
-------------.---~~---------------------------------------------~ ~ tZ> >~ 'BYTE ~ ~ 

2.5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

: FR: FGI FBI ASCII or Plot Dot charact.r 

~----- ~/TE- -z. -,. ----..:~~<:....--- ByTe :3 

CUR places a cursor in the cell if SET 
BLK blinks the foregrQund character in the cell if SET· 
VF makes the foreground visible if SET (else tran~parent) 
VB makes the background visible if SET (@lse tr~nsparent) 
PL uses bits 0-7 a.s e.bOT~ DOL~~p..:t..o.r:: .. if SET (e l-.!.! __ .ASQl.I ) 

BR 
SG 
SB 

FR 
FG 
FB 

tlJrns 
turns 
turns 

turns 
turns 
turns 

on 
on 
on 

on 
on 
on 

Red in backsrolJnd if SET 
Green in backsround if SET 
Blue in backgro.md if SET 

Red in foreground if SET 
Green in fore.,rollnd if SET 
Blu. in background if SET 

:.'/. ' . 

. "," " 

"1.> 

", ( <; , 

'. 
": ,. < .... ' ,\ 
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If pt. i$ CLEAR~ ilR .. lvin~ ASCII C;h.,..c;te ... sh bits 0-6 a .... 
select e.nASCl'1 che.r,acte ..... Ifbtt ,7 is CLEAR, the 
will be. taken·frolllth.·st.nd.rdASCII ch ...... ct.'" ROM. 
is SET., the ch ........ ct .... will b. t .. k.n f ... Om the ... It .... nilltt. 
set ROM. 

, f 

Pa,. 20 

used to 
charillcttt ... 

If bit~7 
charac"t:i",. 

If .PL is SET, implvin. Plot Dots, e.ch of. th. bits 0-7 is used 
tot~ ... n • Plot Dot on 0,. off~ The dots in e .. ch ch .. r .. ct.r celT 
ar •• rr .. n,ed .. s followsl 

: ---1"---1 
I 0 , 4 , 
J--":~"'-I 
: 1 I !5 , 
:---:-~: 
, 2 I. 6J 
1-1---: 
: 3 I 71 
:---I~""-I, 

The Plot Dots .. bove ...... numbe .... d to correspond with the bi"ts 
which control them. If .. bit is SET~ the Plot Dot ~ssociillted 
with that bit will be'!n fore,round color, as determined by FR, 
FO .. nd Fe. I-F .. bi t is CLEAR, the .. ssociated Plot Dot ,,,i 11 be 
in back,round color, det.rmined bv SR, 80 and BB. 

I 
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OVERLAY CHARACTER CELL ADDRESSES 

Line No. First Cell Last Cell 

1 E38000 E38150 
2 •••••••••• E38154 •••••••••• E382A4 
3 E382A8 E383F8 
4 •••••••••• E383FC •••••••••• E3854C 
5 E38550 E386AO 
6 •••••..••. E386A4 •••••••••• E387F4 
7 E387F8 E38948 
8 •••••••••• E3894C •••••••••• E38A9C 
9 E38AAO E38BFO 

10 •••••••••• E38BF4 •••••••••• E38D44 
11 E38D48 E38E98 
12 •••••••••• E38E9C •••••••••• E38FEC 
13 E38FFO E39140 
14 •••••••••• E39144 •••••••••• E39294 
15 E39298 E393E8 
16 •••••••••• E393EC •••••••••• E3953C 
17 E39540 E39690 
18 •••••••••• E39694 •••••••••• E397E4 
19 E397E8 E39938 
20 •••••••••• E3993C •••••••••• E39A8C 
21 E39A90 E39BEO 
22 •••••••••• E39BE4 •••••••••• E39D34 
23 E39038 E39E88 
24 •••••••••• E39E8C~ ••••••••• E39FDC 
25 E39FEO E3A130 
26 •••••••••• E3AI34 •••••••••• E3A284 
27 E3A288 E3A3D8 
28 •••••••••• E3A30C •••••••••• E3A52C 
29 E3A530 E3A680 
30 •••••••••• E3A684 •••••••••• E3A7D4 
31 E3A7D8 E3A928 
32 •••••••••• E3A92C •••••••••• E3AA7C 
33 E3AA80 E3ABDO 
34 •••••••••• E3AB04 •••••••••• E3AD24 
35 E3AD28 E3AE78 
36 •••••••••• E3AE7C •••••••••• E3AFCC 
37 E3AFDO E3B120 
38 •••••••••• E3BI24 •••••••••• E3B274 
39 E3B278 E3B3C8 
40 •••••••••• E3B3CC •••••••••• E3B51C 
41 E3B520 E3B670 
42 •••••••••• E3B674 •••••••••• E3B7C4 
43 E3B7C8 E3B918 
44 •••••••••• E3B91C •••••••••• E3BA6C 
45 E3BA70 E3BBCO 
46 •••••••••• E3BBC4 •••••••••• E3BD14 
47 E38D18 E3BE68 
48 •••••••••• E3BE6C •••••••••• E3BFBC 
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HARDWARE LATCHES AND CMOS/STATIC RAM 

he area of memorv from E40000 to E40FFF serves several 
urposes. First, the CPU card contains 4K bytes of memory at 
hese addresses •. This will either be static RAM (2114) or CMOS 
AM (6514). CMOS is only installed if vour svstem contains the 
ptional batterY backup supplv, which allows the CMOS to store 
nformation while svstem power is off. 

econd, several svstem features use hardware latches mapped onto 
he same addresses as RAM. Writing to anv of these addresses 
ill write into both RAM and the latch. Reading from the 
ddress will not affect the latch, but RAM will respond with the 
roper information. 

f CMOS RAM is installed, the procedure for 
atehes at power-up is simple: Read the RAM and 
·ack into the same address. This will cause 
'esume the state thev had when the CMOS RAM was 

Address Function 

configuring these 
write the data 
the latches to 

last written. 

E40000 Bitmap Roll Counter 

[
E40002 ••••••• x Pan 
E40004 Y Pan 
E40006 ••••••• X and Y Zoom 
E4000e Unused (reserved) 

[
E4000A....... Used 
E4000C Bv 
E4000E ••••••• Raster Processor 

E40010 Blink Select 
E40012 ••••••• Plane Select 
E40014 Plane Video Switch 
E40016 ••••••• Color Status For~ground· 
E40018 Color Status Background 
E4001A ••••••• Overlav Roll Counter 

This area of mem~rv is also 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 bv the 
batterv-backed CMOS RAM (if installed). If the user requires 
",ore than 2K for his function key definitions, the function key 
buffer mav be moved .with the "Thaw" command. 
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BITMAP ROLL COUNTER 

The Bitma~ Roll Counter i5 a 10-bit latch at address E40000 
The value Itored in thi. latch i5 left-shifted by 10 bits7 ~n 
added (modulo 2"'20) to ANV address in theZ mode of Bitma 
memOrY7 durin. any read7 write7 or screen refresh access to th 
Bitma~. This latch has the effect 04 determinin, which phYsica 
set of RAM bits will be accessed by addresse. AOOOOO thru A003F 
(the top raster line of the Bitmap). 

Since the value in this latch is added durin, all Z 
mode accesses to the Bitmap7 its function is 
transparent to the CPU. That iS7 the CPU can always 
read and write to AOOOOO as the first pixel on the 
Bitmap. 

This latch is useful for hardware scrol1in, the Bitmap. If th 
current Bitma~ character height is N pixels~ adding N to th 
Bitmap Roll Counter will have the effect of movin, all pixels 0 

the screen u~ N raster lines (one character line). Then th 
software need only erase the bottom line of the Bitmap, and th 
scrollin9 is com~lete. Scrollin9 down is accomplished b 
decrementin9 the Bitma~ Roll Counter. 

The Bitmap Roll Counter is independent of the V Pan register 
although both latches have the ability to cause the Bitm~p ima9 
to scroll UP and down. Altering the V Pan register causes 
given point on the screen to have a different address in memor~ 

alterin~ the Bitmap Roll Counter will never change the ~ddre5 

which corresponds to a ,iven screen location (although it wil 
cause a different RAM chip to be associated with that location) 
See ltV Pan." 
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X PAN 

ne X Pan resister is a lO-bit latch at address E40002. The 
~lue in this latch is added (modulo 1024) to the screen refresh 
ddress counter as each line of the Bitmap is beins display.d on 
he screen. The X Pan resister has the effect of determinins 
here the left edse of the imase (the vertical column of pixels 
elo~ the pixel at AOOOOO) ~ill appear on the screen. 

NOTE: The lo~est 2 bits of the X Pan resister are NOT 
sisnificant. X Pan ~ill only allo~ the imase to be 
moved in increments of 4 pixels. You must increment 
or decrement the X Pan resiste~ by at least 4, in 
order to alter the screen display. 

t is desirable to sync Pan to 
.lterins the Pan resisters (X Pan 
tear ins" of the imase. 

vertical retrace, 
and Y Pan) will 

so 
not 

that 
cause 
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Y PAN 

The­
added 
line 

Pan 
the 
to 

The Y Pan re.ister is a lO-bit latch at address E40004. 
value in this latch is left-shifted by 10 bits, and 
(modulo 2 A 20J to the screen refresh address counter as each 
of the Bitmap is bein9 displayed on the screen. The Y 
re.ister has the effect of determinin, where the top ed,e of 
ima,~ (the horizontal rollt of pixels addressed from AOOOOO 
A003FF) lItil1 appear on the screen. 

All 10 bits of the Y Pan re,ister 
lowest two bits of the X Pan 
diagonal pan may be accomplished 
Y Pan in steps of 4. 

are significant. Since the 
register are NOT significant, 
by inr.rementing both X P~n and 

TheY Pan re9ister has an especiallY importan~ use. Recall 
the screen only displays 768 1 ines., but there are ilctlJally 
lines of pixels in the Bitmap memory. Incrementing the Y 
register allows the remaining 256 lines to become visible. 

that 
1024 
Pan 
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X AND Y ZOOM 

he X and Y Zoom resisters are addressable 
c.rd oper-atio.ns ...... o .. r. individlJa;Uy by a-bit 
etC''!' is a 4-~tt __ ... e_~ister at 1.540006~ and 

tosether by 16-btt 
byte operations. X 
Y Zoom is • 4-bit 

.91ster- at l!:~OOO~ 

he CGC 7900 perfor-ms zoom by pixel masnification. With no 
oom .. the X andY Zoom resisters are both zero, and each pixel 
n memory is refr-eshed to the screen only once. This provides 
he default conditions of 1024 pixels per hor-izontal line.. and 
68 lines visible. If each pixel in memory was brousht out to 
he screen twice .. there would be room for only 512 of them on 
ach screen line; this cor-r-esponds to an X Zoom factor of two .. 
nd occurs when the X Zoom resister contains the value 1. 

f each line of pixels is brousht out to the screen twice, each 
dot" placed on the screen would be twice as tall as before. 
here would then be room for only 384 lines of information, with 
ach line twice its previous heisht. This corresponds to a V 
oom factor of two, and occur-s when the V Zoom resister contains 
he value 1. 

In seneral .. the 4-bit contents of a Zoom 
one less than the current magnification 
hishest masnification possible is 16 
occur-s when one of the Zoom resister-s 
value 15. 

resister- is 
factor. The 
t i ",e-S .. 
contains 

wh i eh· 
the 

hen zoom is in effect, not all of the pixels in memo~y may be­
iewed on the screen at a time. The X Pan and Y Pan resisters 
etermine what ar-ea of the memor-y is viewed. They contain the 
ixel number- on the line .. and the line number-, of the fir-st 
ixel placed on the screen. 

t is desir-able to sync zoom 
.lter-ins the Zoom resister-s will 
",a.se. 

tel ver-tical 
not ca.use 

r-etr-ace., 
"teari.ns" 

so 
of 

that 
the 
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BLINK SELECT 

Blink Select is a 16-bit latch at address E40010. Each bit of 
the latch eorresponds to one of the 16 possible planes in Bitmap 
memorY~ numbered 0 thru 15~ 

If a bit in the latch is SET. the information from the 
corresponding plane is masked to zero a.nd unmasked at a t.9 
hertz rat.. This causes a pixel containing that bit to chan.e 
color numbers (point to a different color in the Lookup Ta.ble). 
The. ~ixel then changes colors at 1.9 hertz. 

If a bit in the latch is CLEAR. the information from the 
corresponding plane is not altered by the Blink Select latch. 

NOTE: Blink Select should only be read or written 
using word (16-bit) operations. 
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PLANE SELECT 

la.neSelect is a 16-bit latch at address E40012. Each bit of 
he 1.tch c~rreponds to one of the 16 possible planes in Bitmap 
emory, numbered 0 thru 15. 

\ 
'lane Select controls Z mode access to the BitlFlap pl.,nes. 
it in the latch is SET, the Z mode har~ware is allowed to 

.nd tlJrite infor".atio'n in that plane. 

f a bit in the latch is CLEAR~ the 
Irite into the' correspondin9 plane. 

Z mode hardware 
Readin9 a .. ixel 

..,i 11 
in Z 

'ill cause the correspondins plane to sho~ UP as a zero bit. 

NOTE: Plane Select should only be read or written 
usins word (16-bit) operations. 

If a 
rear.! 

not 
mode 
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PLANE VIDEO SWITCH 

Plane Video Switch is a t6-bit latch at address E40014. Each 
bit Or the latch corresponds to one or the t6 possibl. planes in 
Bitmap memory. numbered 0 thru 15. 

Plane Video Switch determines'which planes are allowed to reed 
the Color Lookup Table. Ir a bit in th. latch is SET~ the plane 
is enabled to reed the Lookup Table normally. 

Ir a bit in the latch is CLEAR., the inrormation in the plane is 
masked to zero berore reedins to the Color Lookup Table. This 
restricts the total number Or available colors in the system., 
Just as if a plane had been removed from the system. 

NOTE: Only 8 planes at a time feed the Color Lookup 
Table. An image may be composed or UP to S planes~ 

either pla.ne numbers 0 thru 7., or numbers 8 thru 15. 
The Image S.lect Switch (see "Overlay Roll Counter») 
determines which set of 8 planes is being viewed. 

NOTE: Plane Video Switch should only be read or 
written using word (16-bit) operations. 
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COLOR STATUS FOREGROUND/BACKGROUND 

:olor Status Foreground is a 16-bi t 1 atch at address E40016. 
:olor Status Background is a 16-bit latch at address E40018. 
~ch of these contains 16-bit pixel data, used when writin9 to 
he Bitmap memory in Color Status mode (addresses EOOOOO thru 
:lFFFF) • 

~e "Image Memory Addressing - Z Mode" for details on the use ~f 
:hese registers. 
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f OVERLAY FfOLL COUNTE~ 

Th. Ove",laY Roll Count.", i. a latcb at add",.s. E4001A. 
12 bits a",_ used fo'" Ov.",lay sc"'oll in!" and the u ..... '" 
have s ... cial US •• as discussed below. 

The 
3 

low 
bit. 

The Ov.",l.y is an .Nta of m.mory containing 4096 long wo"d. (32 
bits eac.h). Of th •••• 4080 a". visible on the sc" •• n at on. 
tim •.•• ",'an •• d 85 ho",izontal1y by. 48 v."ticallv. Th. low 12 
bit. of the Ov.",lav Roll Count.", d.cid. which of th.s. 4096 
loca~ions is consid.r.d as the first ch.r.ct.r c.ll of the 
Ov.rlaY, by .dding the 12-bit valu., modulo 4096, to an-.,.. addr.ss 
whiCh tries to access m.morv in the Ov.rl.v .ddr.ss s .. ac •• 

Bvalt.",in. the low 12 bits of the Overlav Roll 
Count.r, vou d.t.rmin. which .. hvsical RAM location is 
.ddr.ss.d as the be.innin. of the Overlav. As f.r as 
the CPU is concern.d. how.v.r, the first cell of the 
Overlav is alwavs addre.ss.d .t E39000. 

Th. Ov.rl.y Roll Count.r is .. "'im.rilv us.ful for scrollin9. Bv 
addin, 8S to the lower 12 bits of the l.tch, the ..... ar.nt .ff.ct 
is th.t every lIne of ch.r.ct.rs on the Ov.rl.v scr •• n h.s mov.d 
u~ one line. Then, the softw.r. n •• d onlv .ras. the last line 
of the Ov.rlav (Is,hich i. in • kn(lwn location in memorv) and 
scrolling is com .. l.te. Scrolling down is accomplish.d by 
subtr.ctin. 85 from the low 12 bits of the Ov.rlav Roll Counter. 

It is no~ n.c.ssarvto scroll a line at a time. If the low 12 
btts of the Ov.rlay Roll CO'JOter aNt increm.nt.d bv (In., 
charact.", on the .cr •• n will move l.ft on. p~sition. 
characters at the be9innin. of •• en lin. wtll move to the .nd 

.verv 
The 

of 
th~ previous line. Th. first charact.r on tn.scr •• n will move 
into the t6-cell ar.a that is not visibl •• 
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IMAGE SELECT 

_it 13 of the Overlay Roll Counter (E4001A) is the Ima!!e 
-witch. If CLEAR., Bitmap planes 0 thrlJ 7 are sel~ct.d 

ma!!e to be displayed in Bitmap. If SET., planes 8 thru 
.elected. 

OVERLAY CURSOR BLINK 

Pa!!e 33 

SE'lfl'ct 
titS th~ 

15 arE' 

~it 14 of the Overlay Roll Counter (E4001A) determines whether 
~he Over·lay cursor wi 11 bl ink. If SET., artY Overlay char'acter 
:e11 with the C'Jrsor bit or, will cc,ntOlir, a blinking cursor. If 
~LEAR., Overlay cursor(s) will not blink. 

lverlay cursors are produced by hardware., so their color is 
t 1 wa y s III hit e • 

OVERLAY CHARACTER BLINK 

Bit 15 of the Overlay Roll Counter (E400tA) determines whether 
the Overlay characters are allowed to blink. If SFT., any 
lverlay character cell with the blink bit on will blink 
(fore9r'c,und cCll (H' wi 11 b 1 i r,k tel back~H"c"Jnd). If CLFAR. r,(1 
~harollcters in the Overlay will blink. 

[f this bit is clear., the blink bits in each Overlay cell may be 
used for other purposes., such as a fla9 for protected fielrls on 
the screen. 
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I/O MAP 

eriphE'ral input/output is mapped into the last 32K of memorV7 
e9innin~ at o.lddress FFaOOO. 

FF8(1(1X RS-232 Ser'ia 1 Port 
FF804X RS-449 Serial P ..... rt 
FF808X Keybc.ard 
FF80CX .JoYstick 

FF810X Disk 
FF814X Bezel Switches 
FF81.8X Bo.ll.Jd Ra.te Genera.tor 
FF81CX Reo.ll Time Clock 

FF82C1X Interrupt Mask 
FF824X Bus Chip Select 1 
FF828X BIJS Chip Select 2 
FF82CX Bus Chip Select 3 

FF83C1X Bus Chip Select 4 
FF834X BIJS Chip Select 5 
FF83::3X B'JS Chip Select 6 
FF83CX SOIJnd Generator' 
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SERIAL PORTS 

The RS-232 and RS-449 !uH''''ia 1 interTaces are located on 
card. Peripheral. connect to these port. through 
D-tvpe connector. on the back OT the CPU card. 

The RS-232 and RS-449 ports are mapped identically. 
conTi9ured with an Intel 8251A USART. 

RS-232 Serial Port 

Data re,ister: FF8001 
Control/Status register: FF8003 

RS-449 Serial Port 

Data re,ister: FF8041 
Control/Status re9ister: FF8043 

the CPU 
stand.ard 

Each is 

NOTE: The seria 1 ports shou 1 d be accessed on 1 v throlJ9h 
byte (:3-bit) operations. 

The user is reTerred to Intel literature Tor details on 
pro9rammin, the 8251A. 
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SERIAL PORT PINOUTS 

RS-232 (25-pin connE"ctor) 

Pin .. Signal Description 

2 TxD Transmitted [lata (OutPllt) 

3 RxD Received Data (input) 

4 RTS Rectuest To Send (output) 

5 CTS Clear To Send (input) 

6 DSR Data Set Ready (input) 

7 Gnd Si9nal Gr·olJnd 

20 DTR Data Terminal Ready (output) 

other pins are not connected in the 7900. 

RS-449 (37-pin connector) 

Pin" Si9na1 Description 

4 SD-A Send Data (output: ectuiv. to TxD) 
22 SD-B 

6 RD-A Receive Data (input: ectuiv. to RxD) 
24 RD-B 

7 RS-A Rectuest to Send (output: ectuiv. to RTB) 
25 RS-B 

9 CS-A Clear· to Send (input: e ... uiv. te. CTS) 
27 CS-B 

11 DM-A Data Mode (input: e ... uiv. to DSR) 
29 DM-B 

13 RR-A Receiver Ready (output: e ... uiv. to DTR) 
31 RR-B 

18 
20 

TM 
RC 

Test Mode (input: ectuiv. to DSR) 
Receiver Common (used for TM only) 

Other pins are not connected in the 7900. 



eae 7900· 

INTERFACING RS-232 AND RS~449 

Both RS-232 and RS-449 ar. sp.cifications for interconnectin, 
datoil e ..... ipm4lu'tt. Ori,inallv desisned fo,.. connectin, a terminal 
to a modem. these two "standards~ a,..e now applied to 
inte,..connect a wide variety of data svstems. 

RS-449 is a more ,..ecent specification. It is designed to be 
upward compatible fr-om RS-232, .0 that RS-232 systems can 
inte,..face to RS-449 with a simple wirin, chan,e. RS-449 allows 

. much lon,er-. cable lensth. between systems, as it employs 
balanced line dr-iver-s and r-eceiver-. for ,r-eater- noise immunity. 
RS-449 also allows higher- data r-at.s, although the cae 7900 
limits data r-ates to 19,200 baud (thiS insur-es compatibility 
between the RS-232 and RS-449 sYstems.) 

RS-449 outputs may be fed to RS-232 inputs. The 
i'hi!!lh" side of the RS-449 output tiriver sht)uld be 
connected to the RS-232 input receiver-. The "low" 
side of the RS-449 o'Jtput d,.. i v.,.. shou 1 d be !!Ir-ountied. 
The "high" sid. is termed "-A" in the pinout chart. 

RS-232 output. mav be fed to RS-449 inpt'Jts. The 
RS-232 output driv.,.. should be connecteod to theo tlh;.9h" 
side of the RS-449 input receiver. The "low" sideo of 
the RS-449 input r-eceoiver should be connecteod to 
RS-232 signal sr-ound, pin 7. 

In theose configur-ations, RS-232 limits for cable 
length and data r-at. must be ft)lll')wed.. Ca.ble length 
should not exceed 50 feoet. 
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BAUD RATE GENERATOR 

he 7900 uses a Motorola K1135A Dual Baud Rate Oenerator, 
apable of ~roducins two independent clocks. One ~f these 
locks feeds the USART for the RS-232 serial port, the other 
eeds the RS-449 USART. The output fre~uencv of the B~ud Rat~ 

enerator is 16 times the selected baud rate. The USARTs should 
e pro9rammed to accept a 16x clock. 

his is a "write-only" area ~f memorv; the contents of the BRG 
lav not b@ read. 

loth baud rates are set simultaneouslv by an a-bit byte written 
'0 the B~ud Rat@ Generat~r, at address FF8181. The upper 4 bits 
letermine the RS-449 baud rate, and the lower 4 determine the 
~-232 baud rate, accordin9 to the followin9 table. 

BalJd Rate 4-t'tit Value 

50 •••••• 0 
75 1 

110 •••••• 2 
134.5 3 
t50 •••••• 4 
300 5 
600 •••••• 1::. 

1200 7 
1800 •••••• 8 
2000 9 
2400 •••••• A 
3600 B 
4800 •••••• C 
7200 D 
9600 •••••• E 

19200 F 

::xo1lmplel to set the RS-449 "ort to 9600 baud, ".nd the RS-?,~?, 
~ort to 110 baud, do a 

MOVE.B #$E2,$FF8181 

NOTE: The Baud Rate Generator should be ac~essed only 
throush byte (S-bit) operations. 
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'-

JOYSTICI(' 

.Jovstir.k dat_ addresses. 

X,, FFSOC2 

VI FF8OC4 

ZI FFSOCe 

The Jovstick incorporates a to-bit anal09-to-di9ital converter. 
The A-to-D can only conv.rt on. axis of Jovstt~k dollt~ at " tim., 
and it re~uires approximately 23 microseconds to perform a 
conversion. 

The procedure for readin. a Jovstick axis is as follow~: Re~d a 
luord from the address listed for the desired axis. This selects 
the axis, and causes the A-to-D to be9in conversion. Then, tt,ait 
for conversion to ocr.llr. VO'J Colln t:e,ll ItJhen r.onversion is 
complete by readin. back hit 11 of the SAME addr.s5. Or,. simply 
• .,a it for oil t tm.interval greater than 25 mi r.ro!ler.:or.ds. When 
conversion is complete, read back the data. For example: 

MOVE.L #$FFSOC2yAO point AO to X-axis 

I".OOP MOVE .. W (AO)' DO select the axis and read data 
BTST #1 bDO eonv4rsii)n tion4? 
BNF-.S LOOP no, 50 wait 

ANDI. L .$3FF,DO mask to 10 bits 

When this routine exits, DO contains valid data from the 
Jov!ltick X-axis. 
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he ~~dress y~u re~d from has the eff~ct of selecting which axi~ 

f analog data is sent to the A-to-D conv~rter. However, 
eading_from any of the addresses above will r~turn output ~ata 

rom the A-to-D. Taking advantage of this fact, it i~ possible 
~ read data from a previous conversion while beginning the next 
onversion. For example: 

MOVE.L 

BSR 

MOVE.L 

MOVE.W 

.. etc ... 

#$FF80C2,AO 

WAIT 

#$FF80C4,AO 

point to X-axis 

wait for conversion (~s above) 

point to V-axis 

read converted X-value, and 
also begin conversion of V 

NOTE: Accessing any addresses other than those listed 
above may cause more than one axis to be 
simultaneously selected. The analog signals would be 
combined in unpredictable wa.ys. 

rhe Joystick has the capacity to produce an interrupt wh~never 

it is moved in any of the three axes. If the Joystick interrupt 
lit is unmasked (in the Interrupt Mask register), moving the 
joystick "off top dear.! center" wi 11 callse an interrupt. The 
ioYstick continues to produce interrupts for as long as it is 
",el d off center ir. any of the thr-ee l!lxes. Ir,terrlJPts '-,cr:':ur- OEI.t 
)ne of two rates. Slow (approx. 10 hertz) is the normal rate. 
3v press i rI';;1 the aE~EaI key on the k.;.yboarr.!, the i nter-rlJPt 
~ate may be incr~ased to approximatelY 50 hertz. 
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BEZEL SWITCHES 

Bezel $witchdatal 

Read (byte) from FF8141 

The state, of all e Bezel Switche, are read 
readin. a byte from the Bezel S~itch address. 
re~res4nt the ~ondition of the 8 switches. 

simultane~uslY by 
Bits 0 thru 7 

Bezel S~itch data is ACTIVE LOW. If a sillitch is deprE'ssE'd., thE' 
correspond in. bit ~ill be ZERO. 

PN!ssin •. any Beze' Switch tI,i 11 cause an interrupt if th.. PN."tPEor 
bit is cleared in the Interrupt Mask re.ist4r. 

:r 
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INTERRUPT MASK 

,e Interrupt Mask is • 16-bit latch which deter~ines what 
~terrupts are passed through to the 68000 processor. The Mask 
i loaded bv a 16-bit Word written to address FF8200. This is a 
drite-onlv" latch. Prosra~s which ~odifv the Interrupt Ma9k 
nould keep a COpy of its contents in RAM. 

he following table describes which interrupt is affected by 
ach bit in the Mask. If a bit is SET7 interrupts are INHIBITFD 
rom the correspondin9 device. 

Vector Addr. Mask Bit Device 

12C •••••••••••• 0 ••••••• Real Time Clock 
110 1 RS-449 Tx Ready 
130 •••••••••••• 2 ••••••• BINT 2 (Pl-tOO) 
10C 3 RS-232 Tx Readv 
10S •••••••••••• 4 ••••••• Disk 
134 5 BINT 3 (PI-102) 
114 •••••••••••• 6 ••••••• Bezel K~vs 
128 7 Keyboard 
t24 •••••••••••• S ••••••• RS-449 Rx Readv 
119 9 Lish.t Pen (Pl-9b) 
13S ••••••••••• 10 ••••••• BINT 4 (PI-104) 
104 11 ,Jovstick 
100 ••••••••••• 12 ••••••• Vertical Retrace (P2-94) 
13C 13 BINT 5 (P1-106) 
l1C ••••••••••• 14 ••••••• BINT t (Pt-9B) 
17.0 15 RS-232 Rx Ready 

~ere is the sa~~ informati~n (orsanized by vector addresses): 

100 ••••••••••• 12 ••••••• Vertical Retrace (P2-94) 
104 11 ,Joystick 
10B •••••••••••• 4 ••••••• Disk 
lOC 3 RS-232 Tx Ready 
110 •••••••••••• 1 ••••••• RS-449 Tx Ready 
114 6 Bezel Keys 
118 •••••••••••• 9 ••••••• Light Pen (P1-96) 
tie 14 BINT t (P1-9S) 
120 ••••••••••• 15 ••••••• RS-232 Rx Ready 
124 a RS-449 Rx Readv 
12B •••••••••••• 7 •.•.••• Keyboard 
12C 0 Real Time Clo~k 
130 •••••••••••• 2 ••••••• BINT 2 (P1-l.00) 
134 5 BINT 3 (Pt-t02) 
t38 ••••••••••• 10 ••••••• BINT 4 (PI-104) 
13C 13 BINT 5 (Pt-t06) 
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BUS tNTERRUPT~(BINT) 

Five interru .. t 1 ine •. ar. provided on th. bu. for .peripherals to 
IJ ••• 

BINT1< and BINT2 aN!' in use by th. 7900 .vstem or are reserve.d 
for flJture use. BINT3. BINT4 and BINT5 are avai 1 able for user 
peripherals. Each of the •• is pulled-up on the CPU card. User 
circuits should provide an open-~ollector ,ate to pull down the 
line to .round when an interrupt is desired. The line must 
remain low until the interrupt is serviced bv the CPU. 

Sisnal Name Vector Addre.s 

BINTI llC 
BINT2 130 

BINT3 134 
BINT4 138 
BINT5 13C 

When the interrupt is serviced. the 
address of the interrupt service 
locations listed above. BINTs must 
throu,h the Interrupt Mask R.sister. 
mask bit assisnments. 

Bus Pin .. Use 

Pl-98 S ..... stem 
PI-IOO S ..... stem 

PI-IO;a IJser 
PI-I04 User 
PI-lOb UstiOr 

processor will fetch the 
routine from the memorv 

be enabled and disabled 
See the precedins pa9. for 



GC 7900 Preliminary OEM Manual Page 45 

BUS CHIP SELECTS 

ix lines are provided on the system bus for selecting system 
nd user peripherals. Each of these lines ~ill gO LOW ~hen the 
ppropriate block of memory is accessed. 

:CS1? BCS2 and BCS3 are in use by the 7900 system or are 
eserved for future use. BCS4, BCS5 and BCS6 are available for 
iser peripherals. It is suggested that the user completelY 
ecode the low 6 bits of the address, in order to make efficient 
Ise of the available address space. 

~ block of 64 memory addresses is reserved for each Bus Chip 
;elect line. The table below lists the starting address for 
~ach block. 

Signal Na.me Block Address Bus Pin .. Use 

BCSI FF8240 PI-73 System 
BCS2 FF8280 Pl-76 System 
BCS3 FF82CO Pl-75 System 

BCS4 FF8300 Pl-78 User 
BCSS FF8240 PI-77 User 
BCS6 FF8280 PI-SO User 

Logic on the CPU card provides DTACK whenever BCS addresses are 
accessed, so the user's devices do not need to assert this 
signal. 

All BCS lines assert VPA. This a.llows slow peripherals, such as 
MC6S00 series devices, to use BCS lines for selection. 
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BCS1 ADDRESSES 

Several system peripherals are selected u5ins the 5isnal 
The •• are th. lisht pen, buffer memory parity functions, 
sync information (vertical and horizontal retrace timins). 

LIGHT PEN 

Enable Light Pen: Write (word) to FF8240 

Write a 1 to enable blue flood, or 0 to disable it. 

BCSt. 
and 

Writins to FF8240 will enable the light pen, or re-enable it 
from a previous "hit." If bit 0 of the data written is CLEAR, 
the blue flood is disabled. If bit 0 is SET, touching the li9ht 
pen will cause the Overlay to flood blue in areas which have the 
"Foresround Visible" bit set. After a hit, blue flood is 
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 pen hit. 

After an interrupt, read back the location of the hit: 

X address: FF8242 (0 <= X <= 1(22) 

Y address: FF8244 (I) <= Y <= 766) 

Each address holds a 10-bit number, correspondins to the 
. absolute screen coordinates where the hit was detected. Bit 0 

of the number will always be zero, so the effective resolution 
of the light pen is 511 by 383. 

NOTE: Bits 15 through to of the hit 
float high, and be r~ad back as ones! 

location will-

NOTE: Light Pen addresses should be accessed only 
throu9hword (lb-bit) op.~ations. 
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SYNC ADDRESSES 

;ync: 

R@ad (word) from FF824C 

~ll sync information is available by reading a word (16 bits) 
:rom address FF824C. Th@ bits reveal the following information: 

Bit 0: Low durin9 v@rtical r@trac@ 

Bit 1: Int@rlac@ Flag 

Bit 2: Low during horizontal r@trac@ 

~11 other bits float high. 

~it 0 is low while the CRT beam is being blanked during 
'@trace. The falling edge of this bit coincides 
Falling @dg@ of signal VERT (P2-94 on the bus), and the 
~etrace interrupt, if enabled. 

vertical 
wi.th the 
Vertical 

Bit 1 is high during the first field of the interlaced display. 
Field one is the field containin9 the first visible line of the 
CRT. This bit is low during field two, the field containing the 
secor,r.I 1 ir,e. 

• 
Bit 2 is low while the CRT beam is being blanked durin9 
horizontal retrace. 
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BUFFER MEMORY PAR lTV. 

Chttckfor parity .rrorl 
',,1-

To check if a paritv .rror has be.n detected in a 
card. read _ word (16 bits) from address FF8246. 
low .. it means one or more buffer memorv cards have 
error. 

Paritv flip-f10PI 

Write (word) to FF9248 

PalM 48 

buffer memorv 
If bit 0 is 
sismal1ed an 

The paritv flip-flop is set or rttset bv writing a word (16 bits) 
to address FF8248. Writin, a one to this address sets the 
paritv flip-flo~ which .enerates an immediate bus ttrror. This 
is used for testin, the bus error handlin, software. The 
software must read the other paritv address to see if the bus 
error was a result of paritv, or other causes. 

To recover froa a paritv error, the software mu.t reset the 
paritv flip-flop bv writing a zero to FF8248. 

NOTE: Each buffer memorv card has a Jumper which must 
be installed before paritv checkin, will function. 

NOTE 1 If paritv checkin, is enabled, th. software 
should write into ALL buffer memory ".hen the svstem is 
powered UP. Othttrwise, if a pro,ram reads from a 
location that was not previouslv written into.. a 
paritverror will result. 
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DISK PORT 

Read/Write (word) at FF8100 

tatus: 

Read/Write (word) at FF8120 

he disk port communicates over e bidirectional data lines ~nd 8 
~ntrol lines. Hardware on the CPU card handles 16-bit data 
r~nsfers over the a-bit port. 

'he CGC 7900 disk interface ",as designed to e.ccomodate an 
ntelligent disk controller~ the D~ta Technology Corporation 
403D. This controller uses a protocol which requires the 
ontroller to take the initiative in most exchanges of d~ta. 

'he CPU selects the controller~ after which the controller asks 
:or its instructions. 

'hen the CPU wants to write data to the disk, it first selects 
'he disk by writing to FF8120. This s~ts Select low, and also 
.ets Data Bit 0 low. This disk controller recognises this and 
,sser·ts Busy low. Asserting BIJSY immed;.atfl!tly resets Select to 
'he high state. The controller will request instructions 
:oncerning the type of operation about to take place, and the 
:PU responds by writing data. 

"he CPU writes its 16-bit data words to FF8100. This causes 
~cknowledge to gO low. The disk controller sets Request high 
lnd the high-order (most significant) byte is transferred to the 
jisk. When this first byte is accepted by the disk, it sets 
iequest low again and the low-order byte is transferred. 
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When the disk. r.:ontroller h.. data for the CPU, or needs 
information from the CPU, it set. Messa,. 10 ...... hich initiate. a 
CPU tnterru ... t •. The CPU may then read the st8.tus of th6 disk 
cont ... oll .... to d.termin. whati ....... uir.d. Bit. in the statu, 
re,ist.r ..... -d.fin.d as followsl 

15 thru 6 5 4 3 2 1 o 
------.. ---------... --~-.....------------------~----------• ,. unused 

-----~----------------------------~-------------------

Bit 5is Re8.Qy, which ts low when the hardware has assembled a 
16-bit word for the CPU to r.ad.· Other bits 8.re as defined in 
the pinout chart (5 •• followin, Pa,.) • 

. . 
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DISK PORT PINOUT 

~e disk connects to the CPU card at connector "A". the bottom 
onn~ctor on the card. The following table describes the 
i!!lna.l s on this connector. Control 1 ines are ACTIVE I_OW if 
ndicated with an asterisk <*>. 

Pin No. Description IH r(loct i on 

1 Datol1 Bit 0 Bidirttctional 
2 Oata Bit 1 Bidirectional 
3 Data Bit 2 Bidirectional 
4 Data Bit 3 Bidirectional 
5 Data Bit 4 Bidirectional 
6 Data Bit 5 Bidirectional 
7 Data Bit 6 Bidirectional 
S Data Bit 7 Bidirectional 

9 Acknowledge* CPU to Disk 
10 Reset* CPU to ['isk 
11 Select* CPU to Disk 

12 Busy* Disk to CPU 
13 Request* Disk te. CPU 
l,4 Message* Di5k to CPU 
15 1* 1 0 ,Disk to CPU 
16 C* 1 D Disk to CPU 

17 Ground 
II .. .. 

26 .. 

Reset* is an open-co 11 ector 1 i ne. All (.ther output 1 i nes are 
driven by TTL bus drivers. All control inputs are' terminat~d on 
the CPU card by 220/330 ohm resistor networks. 

1*10 is used by the disk to tell the CPU wh~th~r the next 
exchan!!le is to be an input or output. 

C*/D is used by the disk to t~ll the CPU whether control or data 
information is to be exchanged. 
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REAL TIME CLOCK 

National Semiconductor MM58167 Real Time Clock may optiona"y 
i i~sta"ed in your 7900 syst~m. This d~vic~ ~~nt~ins 
egisters for months~ days~ etc.7 down to milliseconds. A set 
f latches may al so be .. rogramm~d to prodlJce an int~rrl.lpt at 
elected intervals. / 

11 access to the Real Time Clock should be throu~h byte (a-bit) 
p~r~tions. Th~ val·ues transferred to and from th~ clock ~ill 
e in the form of two BCD values, concatenated in an eight-bit 
,yte. The following table describes what th~ upp~r an~ lower 4 
,its of each register will contain • 

\ddress 

:F81Cl 
:F81C3 
::F81C5 

::F81C7 

::'F81C9 

::-F81CB 

::F8tCD 

FF81Dl 
FF81D3 
FF81D5 

FF81D7 

FF81D9 

FF8J.DB 

FF8tDD 

FF~HDF 

•••••••••••••••• Register Contents •••••••••••••• 

(bits 7-4) (bits 3-0) .. ,J~. 
,-c. ")'/ 

tholJsandths (0-9) 
ter.ths hundredths Seconds COllriter-s (00-99) 
.... ens units I, (00-59) 

tens units Minutes counter (00-59) 

t4!'r. s units Hours cO'.Jrlter (00-23) 

urlits Da.y (If Week counter· ( i. -7) 

t~ns units n~y of Month cOIJnter- (1-::11) 

terls urd ts Mc.r.ths counter- (1.-12) 

tholJsandths 
tenths hundredths SeC(.nd5 1 atches 

units 

tens units Mi nllte5 1 a tch 

units HOlJrs latch 

units Day of Week latch 

units Day of Month latch 

units Mc.r.ths 1 a.tch 

I ,. 

\' -I '? ~ 
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Th. followin9adrl,..esses in the Real Time Clock ~,... us.d fo,.. 
command 0,.. status info,..mation (not BCD). 

FF91El 
FF91E3 

FF91ES 
FFS1E7 

inter"'IJPt status registe,.. 
inte,..,..upt ~ont",ol register 

counter ,..eset 
latch reset 

(~~ilE9 statu. bit 
-~------.---
FF91EB "00" command 

FF91ED standbY inter,..upt 

FF91FF test mode 

W,..iting to the "00" add,...ss ,..esets all count@rs f,..om s@conds to 
thousandths of seconds. 

(/The status bi t 
\ The lOllJ bit of \l changed du,..in9 

"'@ad again for 

should be ,...ad afte,.. reading 
this data will be a one iF 
the ,..ead, meaning the time 
valid data. 

anv time ,..egister. 
the time register 

,..egister should be 

The bits in the inter,..upt control and status registers are 
d~fined as follollJs: 

Bit No. 

o 
1 
2 
:3 
4 
5 
6 
7 

Function 

Comparator (latch equals real-time> 
Every Tenth of a Second 
Every Second 
Eve,..y Minut. 
Eve,..y, Hou,..s 
Every Dav 
Eve,..y Week 
Every Month 
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, enable an interrupt at the specified rate~ write a "1" into 
le correspondin~ bit of the interrupt control re~ister. (y~u 

lIst als.o enable the Real-Time Clor.:k interrlJPt in the Inter"rupt 
lsk Re!'lis'ter of the C-PU.) To clear the interrupt7 and discover 
~at bit ca~sed it, read the interrupt status register. 

he user is referred to National Semiconductor literature for 
urther details on programming the MM58167. 
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PROflRAMMABI_E SOUNO GENERATOR 

The 7900 u5e.:a Oeneral Instruments AY-3-9910 Programmable Sound 
Generator (PSG). The PSI) is located on th. CPU card., "long with 
its a550ciated amplifier circuitrY. A volume control is also 
located on th.CPU cll.rd. 

AddreS5 

FFS3Cl 
FFS3C3 
FFS3C5 

Function 

I .. atch Address 
Read From PSG 
Write To PSG 

The PSO uses a multiplexed addressin, system, which is not 
directly compatible with the MC68000 processor. It is ner.eg5ary 
to perform two operations to write a value to the PSO: First 
t4ll it Idhich register VO'J want to I'Jrite into, then provide the 
data which goes in the register. 

If desired, further values can then be entered into the same 
register without performin9 the "Latch Address" function again. 

Exampl~ of code to write "Value" to ~Regist4r" in the PSG: 

MOVE.B 
MOVE.B 

#Register,$FFS3Cl 
#Value,$FF93C5 

tell it which register 
put the value in it 

All of the PSG re9isters mav be read, as well as written. It is 
neC4SSary to perform the same se~u.nce as for writin!lII lol11tch the 
register address (usin, a write)., then read the register (using 
a ",ead). 

NOTEITh. PSG should be accessed through bvte (S-bit) 
operations onlv. 
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PROGRAMMING THE PSG 

~e CGC 7900 feeds the PSG with a clock frequency of 1/9 
~in system clock frequency. In the standard 7900 system, 
rovides the PSG with a 1.780 Mesahertz clock. 

the 
this 

he frequency of a tone from any of the 3 analog outputs (A, B 
r C) is defined to be 

Ft = Fclk I (16*TP) 

here Ft is the frequency of the desired tone, Fclk is the PSG 
lock frequency, and TP is the number which must be entered into 
he PSG Tone Period resister to produce the desired frequency. 
;01 vi ns for TP, 

TP = 111250 I Ft 

F is allowed to be UP to a 12-bit number. The lower eisht 
Lre entered into the Fine Tune resister, and the upper four 
Lre entered into the Coarse Tune resister. 

bits 
bits 

~he calculations for noise period are identical: 

NP = 111250 I Fn 

~here Fn is the desired noise frequency, and NP 
~hich must be entered into the PSG Noise Period 
~ay be UP to a 5-bit number. 

is the rlumber 
resister-. NF' 

~nvelope period (the duration of a tone) is defined to be 

Te = 256*EP I Fclk 

~here Te is the desired 
the PSG clock frequency 
number which must be 
resisters. Solvins for 

EP = Te * 6953 

envelope duration (in seconds), 
defined above. and EP is the 
entered into the PSG Envelope 
EP, 

Fclk is 
16-bit 
Period 
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PSG REGISTERS 

The PSG contains 16 internal re!!listers., each of which mav be 
accessed by the Latch Address/Write to Re!!lister procedure 
mentioned earlier. The re!!listers are defined as follows: 

o 
1 

2 
3 

4 
5 

6 

7 

8 
9 

10 

Purpose 

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

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

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

NOise Period (5 bits) 

O~tput Enable (active lo~) 

A Amplitude 
a Amplitude 
C Amplitude 

(5 bits) 
(5 bits) 
(5 bits) 

11 Envelope Period Fine (8 bits) 
12 Envelope Period Coarse (8 bits) 

13 Envelope Shape/Cvcle Control (4 bit~) 

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

7 6 5 4 3 2 1 o 

X: X: An : Sn I Cn I At : Bt I Ct : 

I logic zero on any of the Un" bits enables noise from 
:hannel. A logic zero on any of the "t" bits enables tone 
hat channel. Unused channels are turned off by writing 
Ines in the desired bits. 

~gisters 8~ 9 and 10 control the output amplitudes: 

7 6 5 4 2 1 o 

X: X: X: A: manual level ctrl 

that 
from 

logic 

~ logic one in bit 4 specifies the channel/s amplitude to be 
:ontrolled by the envelope generator (Auto mode>. If bit 4 is a 
~ero, the amplitude is fixed by the value in bits 0-3. 

rhe .nvelope generator is controlled by register 13: 

7 6 5 4 3 2 1 o 

X: X I X: X Icontlattkl ~ltlholdl 

Bits 0-3 describe the env~lope with "continue." "~tta~k." 

"alternate~" and "hold." See General Instruments literature ~or 
the envelop~ waveforms. 

The fo 11 owi ng tab 1 e pr·ovi des va 1 ues W'h i ch may be . er,tered into 
the Tune registers (A~ S or C) to produce the musical notes 
shown. Please note that the siven values are approximation~ 

which best fit the re~uired fre~uencies for ea~h note. It is 
necessary to divide UP each value and load the low S bits into 
the Fine Tune resister. and the upper ei9ht bits into the Coarse 
Tune register. 
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PSG MUSICAL NOTES 

Not. Fr.~. D.c. H.)( Not. Fr .... O.e. H.)( 

C 1 32. "f/"'. 3402 a04A C .5 523.2 213 0005 
C* 1 34 •• ·· 3211 aC8S" . C# 5 554.4 201 00C9 
0 1 36.7 3031 0807 0 5 587.3 189 008D 
0# .1 38.9 2861 0820 0# 5 622 •. 3 179 0083 
E 1 41.2 2700 OA8C E 5 659.3 169 00A9 
F 1 43.7 2548 09F4 F 5 698.5 159 009F 
F# 1 46.2 240.5 0965 F# 5 740 150 0096 
G 1 49 2270 080E G 5 784 142 008E 
G4t 1 51.9 2143 085F G* 5 830.6 134 00136 
A 1 55 2023 07E7 A 5 seo 126 007E 
A* 1 58.3 1909 0775 A# 5 932.3 119 0077 
8 1 61.7 1802 070A 8 5 987.8' 113 0071 
C 2 65.4 1701 06A5 C 6 1046.5 106 006A 
C# 2 69.3 1605 0645 C* 6 1108.7 100 0064 
D 2 73.4 1515 05E8 0 6 1174.7 95 005F. 
0# 2 77.8 1430 0596 0# 6 1244.5 89 0059' 
E 2 82.4 1350 0546 E 6 1318.5 84 0054 
F 2 87.3 1274 04FA F 6 1396.9 eo 0050 
F4t 2 92.5 1203 0483 F* 6 1480 75 0048 
G 2 98 1135 046F G 6 1568 71 0047 
G4t 2 103.8 1072 0430 mt 6 1661.2 67 0043 
A 2 110 1011 03F3 A 6 1760 63 003F 
A* 2 116.5 955 0388 A# 6 1864.6 60 003C 
8 2 123.5 901 0385 8 6 1975.5 56 00313 
C 3 130.8 850 0352 C 7 2093 53 0035 
C# 3 138.6 803 0323 C# 7 2217.5 50 0032 
0 3 146.8 758 02F6 0 7 2349.3 47 002F 
0* 3 155.6 715 02C8 0# 7 2489 45 0020 
F- 3 164.8 675 02A3 E 7 2637 42 OO?A 
F 3 174.6 637 0270 F 7 2793.8 40 0028 
F# 3 185 601 0259 F* 7 2959.9 3a 0026 
G :3 196 568 0238 13 7 3135.9 35 0023 O. 3 20?7 536 0218 G# 7 3322.4 33 0021 
A 3 220 506 01FA A 7 3520 32 0020 
A* 3 233.1 477 0100 A# 7 3729.3 30 001E 
8 3 246.9 451 Olea 8 7 3951 28 OOtC 
C 4 261.6 425 01A9 C 8 4t96 27 0018 
C# 4 277.2 401 0291 c.. 8 4434.9 25 0019 
0 4 293.7 379 0178 0 8 4698.6 24 0018 
0# 4 3U .• l. 358 01~ O. 8 4978 22 0016 
E 4 329.6 33$ 0152 E 8 5274 21 00.15 
F 4 349' •. 2. 319 013F F 8 5587.6 20 0014 
F* 4 370/, 301 012D F4t 8 59i9.9 19 00.13 
G 4 392 284 01le G 8 6271.9 18 0012 
G* 4 41.5.3 268 010C G* 8 6644.9 17 001t 
A 4 440 253 OOFD A 8 7040 l~ 0010 
A# 4 466.2 239 OOEF A. S 7458 .. 6- t5 OOOF 
8 4 493 .. 9 225 00E1 B 8 7902.1 14 OOOE 
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KEYBOARD 

'he CGC 7900 contains. an intel1igertt kevboa~d, with its. own 8035 
licr-opr-oceossor-. The CPU commlJnic.ates to the 
,ver- a 12-bit da.ta. bus.~ 8 bits. of which a~e 
nte~face is asvnch~onous: each processor 
,ther when it has. s.omethin9 to s.av. 

kevbo~rd p~ocess.o~ 

bidi~ect;.onal. Th. 
lui 11 interrupt the 

Iheon a key is pres.s.ed, the keyboard p~ocessor d.teormines an 
~-bit code to tra.nsmit. Most of thes. are 7-bit ASCrT codes. 
~xcept the labeled kevs on the top of the keyboard produ~e 
ipecial 8-bit codes which the CPU software must interpret. The 
tl. M2. CTRL and SHIFT modifiers are used by the kevboard 
trocessor to modify the transmitted code. These four k.vs ar. 
llso brought out to the 12-bit data bus. 50 that the CPU can 
-ead them directly if necessarv. 

"he keyboard p~ocessor next presents the data to the CPU. and 
.trobes the Key Strobe line on the keyboard bus. Keybo~rd 

Lnterface logic on the'CPU card sets the Host Acknowleodge line 
ow to indicate that data has not vet been accepted by the CPU. 

Ihen the CPU services the Key Strobe interrupt. the Host 
~cknowledge line is set high once again. The CPU services a Key 
~trobe inte~~upt by reading a wo~d (16 bits) f~om add~ess FF8080. 

Jhen the CPU wishes to modify the keyboard lishts. it must w~ite 

:0 the keyboard add~ess. Afte~ writing to the keyboard li9hts 
~nce, the CPU must wait for data to be accepted befo~e ~ritin~ 

19ain. This re~uires waitin9 approximatelY 100 mic~ose~onds 

~etween writes to the keyboard lights.. 

NOTE: After the kevboard p~ocessor has .accepted d.ata 
for the lights, it will strobe the Key St~obe line on 
the CPU car-d. This pulse is "inte~cepted" by the 
keyboard interface losic on the CPU card a.nd does not 
actuallY gene~ate a CPU inte~rupt. 
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RESET" provides an active-lo ... output directly to thE' CPU card., to 
reset the entire system. Thisi. independent of the keyboo.lrd 
processor. 

QUIET LOCK is an alternate action kev, ~iving a hi~h or lo~ 
output to the CPU card. The 7900 uses this to enable and 
disable the speaker. This is independent of the keyb~o.lrd 

proce •• or. 

ALPHA LOCK "is an alternate action kev "Ihich modifies the 
a I ,.habetic ASCI I· characters produced bv the tvPt!ltlri tel'" area of 
the kevboard. -When Up, al,.ha charact.rs are normally upper 
ea.e. and SHIFT modifies them to lower case. When DOWN, ~lpho.l 
kevs are normallv lo ... er cas. and SHIFT modifies them to upperi 
case. Thi. is under cQntrol of the kevboard processor. 

All key. on the kevboard are two-keY rollover, except the cursor 
movem.ent (arrow) kev5. These four are N-kev rollover,. ~nd 
produce uni~ue codes when two are pressed simultaneouslv. When 
properlv interpreted by the. CPU, these uni~ue codes .110'" 
diagonal cursor movement. 

All kevs on the kevboard have two repeat speeds (except for the 
'special kevs mentioned above). Auto repeat is invoked if ~ kev 
is depressed for more than 0.75 second. Auto repeat oC(,,\lrs at 
10 hertz. Manual repeat i~s invoked bv pressin9 the- desired kev 
and simultaneouslv holdin, the REPEAT key. Manual repeat or("urs 
at 50 hertz. The REPEAT kev is also IJsed to '!Iener~te interrlJPts 
a. part of the Joy.tick interface. 
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KEYBOARD CABLE PINOUT 

--.... ---
'hE- kE-yt.oar-d connects to the CPU over a. 26-pin ribbon C'tl).ble. 
~e l~nes are defined as follows: 

Pin No. 'Function 
\ 

1 RESET to CPU (active low) 

2 Data Bit 0 
3 Data Bit 1 
4 Data Bit 2 
~ Data Sit 3 
6 Data Bit 4 
7 Data Bit ~ 
a Data Bit 6 
9 Data Bit 7 

10 Data Bit 10 
11 Data Bit 11 
12 Data Bit 9 
13 Data Bit a 

14 Quiet Lock (keY UP = lO!lic hi!lh) 

15 LED Strobe (active low) 

16 Key Strobe (active 1 OUI) 

17 H04St Acknollll erJse (hish if CPU rt!'ady) 

18 Repeat ( loul 'llhE-n REPEAT depressed) 

19 Grourtd 
21 Gr-ound 
23 Ground 
2~ Ground 

20 +5 Volts 
22 +5 Volts 
24 +5 Volts 
26 +5 Volts 
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KEVBOARD DATA BUS. 

The keyboard data bus bits are defined as follo~SI 

Bit Read (keyboard to CPU) Write (CPU to keyboard) 

0 Key Data Bit 0 LED Select Bit 0 
1 Key Data Bit 1 LED Select Bit 1 
2 Key Data Bit 2 LED Select .Bit 2 
3 Key Data Bit 3 LED Select Bit 3 
4 Key Data Bit 4 LED Select Bit 4 
5 Key Data Bit 5 
6. Key Data Bit 6. 
7 Key Data Bit 7 LED Switch: 1-on, O-off 

S SHIFT Key (active high) 
9 CTRL Key (active high) 

10 Ml Key (active high) 
11 M2 Key (active high) 



:OC 7900 PreliminarY OEM Manual 

• KEY80ARD LED SELECT CODES 

'0 control an LED on the keyboard, it is neces~arv to place the 
'roper LED select code on bits 0 thru 4 of the data bus, ~nd set 
dt 7 high to turn the LED on, or low to turn it off. The 
:o110wing table provides select codes for each keyboard LED. 

Key Name Select Code (Hex) 

Fl 01 
F2 02 
F3 03 
F4 04 
F5 05 
F6 06 
F7 07 
F8 08 
F9 09 

FlO OA 
F11 08 
F12 OC 

Calc Mode OE 
Rubber Band OF 

Plot 10 
Roll 11 

Create 12 
Bl i rtk 13 

Fi 11 14 
Overlay 15 

Cursor' OrtlClff 16 

2-color LED (Red) 17 
2-color LED (Green) 18 

Two special select codes are provided for direct control of all 
_EDs: Select code 00 turns all LEOs off (tncludin9 the 2-color 
_ED>. Select code IF (hex) turns on all LEOs (except the 
2-color LED), regardless of the state of bit 7. 

NOTE: You mu~t wait approximately 100 microseconds 
between successive writes to the keyboard li9hts. 
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INTERFA.CING PERIPHERALS. TO THE KEYBOARD PORT 

Some user. My wi.h to interrace their 
keyboard port on the 7900 CPU card. Anv 
thi. port sh'oul d conform to the cab 1e 
given earlier~In addition~ the f~110win. 

own device. to the 
device connected to 

1II1rln. specirication. 
item. should be noted' 

Ir the keyboard device i. pOlllered bv the supply provided on the 
keyboard port, it mu.t draw less than 1.5 amperes at +5 volts. 

All 10.ic level. on the keyboard bus are TTL. 

When the keyboard device wishes to present data to the CPU, it 
must provide an active-low· Kev Strobe or 10 to 30 microseconds. 
Data must be pre5ented on the bus durin. Key Strobe, and be' 
valid at least one microsecond berore and after Key Strobe. The 
keyboard device must reco.nize that while Host Acknowledge is 
10lih the CPU is unable to receive new data. 

When the CPU wants to wri te data to the keyboard devi Cf.h it wi 11 
set LED Strobe low. The keyboard device must reco.nize this 
si.na1 as puttin, the keyboard bus into a "write" mode. When 
LED Strobe i. low, the keyboard device must accept data from the 
CPU; then, IT MUST STROBE THE KEY STROBE LINE TO INDICATE 
ACCEPTANCE OF DATA. Thi. strobe must also be 10 to 30 
microsecond. in duration. 

NOTE' To maintain compatibility with ('ether 7900 
features, the keyboard device should provide a means 
ror settin, ~uiet Lock high or low (to enable or 
disable the speaker), and ror settin, Repeat hi.h or 
low (to enable interrupts from the ~oystick). 
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KEYBOARD TIMING 
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eGe 7900 SYSTEM BUS 

he 7900 system bus uses two connectors, P1 and P2. P1 is the 
ain connector for address, data and control lines, interfacin9 
he CPU to memory and peripherals. P1 is the upper connector in 
he digital chassis. 

2 is the lower connector in the digital chassis. P2 
or video data and control, including signals used to 

j, s used 
contr·ol 
it is 

for 
USER 

he analog high voltage supplies. For this reason, 
ecoR'lmended that P2 be cons i dered a reserved ar·ea., 
:hromatics'" use onlY. DAMAGE TO THE SYSTEM COULD RESULT IF 
tEVICES ARE CONNECTED TO P2! 

:GC 7900 circuit cards have the same phYsical dimensions as 
'equired by the Motorola VERSAbus specification. However., the 
IUS arrangement differs significantly (see the fol1owin~ pages). 
:n general, VERSAbus cards MAY NOT be plugged directly into the 
;GC 7900 card cage. 

• 
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Pt CONNECTOR tDENTIFICATION 

Odd Pin NO";· Si,na' Even Pin No. Si!mal 
Com .. onent Side Name Circuit Side Name 

,,:'" 

1· +5" 2 +5Y 
3 GND 4 GND 
5 000 6 001 
7 002 8 D03 
9 D04 10 005 

·11 D06 12 D07 
13 D08 14 009 
15 D10 16 011 
17 012 18 013 
19 D14 20 015 

21 CMOS +5V 22 CMOS TRIGGER 
23 GND 24 GND 
25 LDS* 26 UDS* 
27 aND 28 OND 
29 OTACI<* 30 AS* 

31 OND 32 GNO 
33 34 READ/WRITE* 
35 36 AOt 
37 A02 38 A03 
39 A04 40 A05 

41 A06 42 A07 
43 A08 44 A09 
45 Al0 46 All 
47 A12 48 A13 
49 A14 50 A15 

51 Al6 52 Al7 
53 Al8 54 A19 
55 A20 56 A21 
57 A22 58 A23 
59 60 

61 GNO 62 ONO 
63 64 
65 66 
67 GND 68 GND 
69 70 SVSCLI< 

.;::, 

'. 
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71 uNO 72 uNO 
73 BCS1* 74 SVSRESET* 
75 BCS3* 76 BCS2* 
77 BCS5* 78 BCS4* 
79 80 BCS6* 

81 BUSERR* 82 
83 FCO* 84 FC1* 
85 FC2* 86 
87 IRQ1* 88 IRQ2* 
89 IRQ3* 90 IRQ4* 

91 IRQ5* 92 IRQ6* 
93 IRQ7* 94 INTON* 
9S IACKIN* 96 LPEN* 
97 800* 98 BINT1* 
99 8G1* 100 BINT2* 

101 BG2* 102 BINT3* 
103 BG3* 104 BINT4* 
105 . B84* 106 BINT5* 
107 BRQO* 108 BRQ1* 
109 BRQ2* 110 BRQ3* 

111 BRQ4* 112 
113 BGACI<* 114 BVPA* 
115 8VMA* 116 
117 118 AOORO-7* 
119 GNO 120 GNO 

121 -12V 122 -12V 
123 GND 124 GND 
l.25 +12V 126 +l.2V 
127 +12V 128 +12V 
l.29 +5V 130 +5V 

131 +5V 13:2 +5V 
133 -5V 134 -5V 
135 GND (FOR CMOS +5) 136 GNO 
137 GNO 138 OND 
139 GND 140 GND 
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P1 SIGNAL DESCRIPTIONS 

DOO-015 (pin. 5-20)1 The tristat~h bidirectional data bus. 

CMOS +5V (pin 21)1 Supplv for CMOS RAM on the CPU c~rd, 

maintained durin, power outa,es bv a batterv. 

CMOS TRIOOER (pin 22)1 Ooes low to 
durin. power down and start-upt, 
writ.s. 

disable CMOS memory 
ptreventin, spurious 

access 
memorv 

LOS* (ptin 25)1 Lower Data Strobe. An active 101lh tri$t&.te 
si,na1 which indicates a data transfer on DOO-D07. 

UOS* (pin 26)1 Upper Data Strobe. An active low, tristate 
si,na1 which indicates a data transfer on D08-015. 

OTACK* (pin 29). Data Tra.nsfer ACKnowled,e. An active low, open 
collector si,nal ,enerated bv a peripheral or memorv device. It 
indicates acceptance of data durin, a write, or that data has 
been placed on the bus in response to a read. If a non-existant 
memorv loca.tion is accessed and DTACK* does not occur, a bus 
error is ,enerated. 

AS* (pin 30). Address Strobe. An active low, tristate si,nal 
I~hich indicates that a valid address'is present on the adrlress 
line5. 

READ/WRITE* (pin 34): A tristate si,nal used to define the tvpe 
of cvcle in pro,ress. This line is hi,h for a read cycle, lGW 

for a. write cvcle. 

A01-A23 (ptins 36-58). Tristate address bus. Note that th. 
10Idest bit of the address is simulated bv UDS* ~nd LDS*, for 
a-bit accesses. 

SVSCLK <pin 70)1 Svstem Clock. This is the hi,hest freCfuencv 
c10ck IJsed on the bus, 14.24 MHz in the standard 7900 system. 

BCS1*-BCS6* (pins 73. 75, 76,77, 78, 80)1 Bus Chip Select$. 
Active low outputs from the CPU use Ii to sEolect certain arEo~S of 
memo.rv. See "Svstem Memorv Map. II 

SVSRESET* (pin 79): System Reset. 
sisnal used to reset the svstem. 

An active lo~, open collector 
It mav be ,enerated bv the 
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~ocessor or by external devices. This line is held low during 

~SERR* (pin 81): Bus Error. An active low, open collector line 
hich is pulled low in the event of a catastrophic system 
ailure. The 7900 uses this for memory parity error. 

CO*-FC2* (pins 83-85): Function 
ines which indicate the state 

Code. 
of the 

Ac t i ve lOll,., 
bus ",aster', 

hether an interrupt acknowledge cycle is in progress. 

tristate 
SIJch as 

RQ1*-IRQ7* (pins 87-93): Interrupt Request. Open collector, 
.ctive low lines which may be pulled low by peripherals to 
equest an interrupt. IRQ7* is highest priority and is used 
IJr i ng pCllller-IJP. 

NTON* (pin 94): Interrupt On CPU. Active low signal which 
ndicates one of the 16 interrupts on the CPU card is pending. 
;hould be tested by secondary bus masters, to allow them to 
'elease the bus if an interrupt is waiting for service. 

ACKIN* (pin 95): Interrupt Acknowledge In. Active low si9nal 
Ihich indicates the CPU is fetching an interrupt vector • 

. PEN* (pin 96): Light Pen Interrupt. Active low, open collector 
~i~nal ass~rted by the Light Pen logic when a hit is detected. 

AI:: t i ve 1 01l.1 

oi9rla.ls which inform a device that it may become the blJS master. 
[ssued by the CPU in response to Bus Request. All tristate 
;ignals will gO to a high impedance at the end of the· bus cycle 
in which a Bus Grant is asserted. 

BINT1*-BINT5* (pins 98, 100, 102.. t04, 106): Bus Irlterrupt. 
~ctive low .. open collector signals which allow peripherals to 
i nterr'upt the CPU car·d. See It I nterrupt Mask" fc.r· deta i 1 s. 

BRQO*-BR(~4* (pi ns 107-111): B\JS Request. 
collector signals used by secondary bus masters 
to the bus. BRQ4* is highest priority. 

Active 
to 

1 011" 
gain 

BGACK* (pin 113): Bus Grant Acknowledge. Activw low 
asserted by the secondary bus master when it has assumed 
of the bus. 

sigrla 1 
contr'o 1 
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BVPA* (pin (14). B~s Valid Peripheral Address. A~tive lo~ 
~j!mal which ini=orms the CPU that an MC6BOO peripheral device is 
responding to the current b~s cycle. 

BVMA* (pin 115)1 Bus Valid Memory Addre!l!l. 
line which is asserted in response to 
sYnchroni!le MC6800 Pffripherals. 

Act i ve 10tth 
BVPA*. 

tristate 
Used to 

ADDRO-7* (pin l1B): Addresses 0-7 in use. Active low signal~ 
asserted when memory locations 000000 thru 000007 are being 
accessed. Used d'Jr i ng power-IJP to di sab 1 <i!' RAM ~ntj .:-nab 1 Eo EPROM. 

GND (i=or CMOS +5) (pin 135): This is the supply return for the 
CMOS batt.:-rv power. It shoultj not be used for normal grounding 
purposes. 
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P2 CONNECTOR IDENTIFICATION 

Odd . Pin No • Si gr.a 1 Evert Pin No. Si9rla 1 
CCfmpOntl!!'nt Sir.le Nam4!' Ci.rcuit Side Name 

t ground 2 "round 
3 9rolJnd 4 ground 
5 "round b ground 
7 

\ 
+5V 8 +5V 

9 +5V 10 +5V 

11 +-t2V 12 +12V 
13 14 
t5 IBITO 16 IBITt 
l.7 IBIT2 18 IBIT3 
19 PWO 20 R* 

2' CSF* 22 CSB* 
23 PWE 24 PSF.L* 
25 VMO 26 VM1. 
27 VM2 28 VM3 
29 VLC 30 VDEO* 

31 VDEl* 32 IBBEL 
33 VBOO 34 VBOI 
35 VB02 36 VB03 
37 VB04 38 VB05 
39 VB06 40 VB07 

41 VB08 42 VB09 
43 VBI0 44 VBtl 
45 VB12 4l:. VBl ;;: 
47 VB14 48 VB15 
49 VB16 50 VB17 

51 VBl8 52 VB19 
53 VB20 54 VB21 
55 VB22 56 VB23 
57 VB24 58 VB25 
59 VB26 60 VB27 

61 VB28 62 VB29 
63 VB30 64 VB::: 1 
65 VB32 66 VB3:=: 
67 VB34 68 VB35 
6';' VB36 70 VB37 
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7t VB39 72 VB39 
73 74 
75 BLINK 76 OLe 
77 IVLC 78 PSW* 
79 LBNK* 80 RAl 

81 RA2 82 RA3 
83 RA4 84 RA5 
85 RA6 86 WU* 
87 WL* 88 BIT* 
89 CSE 90 EP* 

91 92 LXZ* 
93 MRAS* 94 VERT* 
95 RFSH* 96 OMEM* 
97 MCAS* 98 CROLL* 
99 RAS* 100 CAS* 

101 ground 102 ground 
103 CH 104 HO 
105 VMUX 106 
107 RCO 108 RCt 
109 RC2 110 RC3 

111 RC4 112 RC5 
113 RCb 114 
115 116 
117 118 14M 
119 -5V 120 -5V 

\ 

"'--~ .. ".~-.-
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P2 SIGNAL DESCRIPTIONS 

BITO-IBIT3 (pins 15-18): These lines hold a 4-bit number 
o select one of 16 planes (in Plane Mode) or one of 16 bits 

Mode)y according to the state of IBSEL. 

'WO (pin 19): Plane Write Override. Keeps Plane Select 
:rom affecting memorv accesses in Plane Mode. This line 
'hen Plane Mode addresses are used. 

~ (pin 20): Read (active low). 

latches 
is high 

~SF*~ CSB* (pins 21 and 
~ack9round strobes. These 
:olor Status latches. 

22) : 
lines 

Color Status Foreground 
strobe information into 

~WE (pin 23): Plane Write Enable. This line enables Plane Mode 
lccess to memory when low~ and Z Mode or Color Status Mode when 
~igh. When asserted~ this line overrides the IBIT lines. 

~SEL* (pin 24): Plane Select strobe. This line strobes 
information into the Plane Select latch (1 bit per plane). 

VMO-VM3 (pins 25-28): Video Mux select. Selects which 4 bits 
are currentlv being brought out on VBOO-VB39 for display. 

VLC (pin 29): Video Latch Control. This line strobes data from 
video RAM into latches~ prior to bit selection bv VMO-VM3. 

VDEO*-VDE1* (pins 30-31): Video Data Enable. One of these 
lines will be low~ determining whether image planes 0-7 or 
are currently being displaved. 

IBSEL (pin 32): Selects Bit (Z mode) or Plane mode access to 
image IT.elT.c,ry. 

V800-VB39 (pins 33-72): Video Bus. Data from video RAM is 
brought out on these lines~ 4 bits at a time~ from each of 10 
possible planes. (Note: only 8 planes, 0 thru 7~ are currentlv 
suPPorted bv the CGC 7900.) Ea~h of these lines is n~med in the 
form VBbp~ where b is the bit number (0-3) and p is the plane 
number (0-9)~ of the data on the line. 

BLINK (pin 75): A 1.9 Hz blink signal used to blink information 
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OLC ( .. in 76)' Out .. ut Latch Control.. Thi. line strobe. data out 
of imase memol,'''' when the CPU , .. ishes to read from ima9t!' memory. 

IVLC ( .. in 77)1 Internal Vid.o Latch Control. This lin. 
do.\ta from lma,e RAM into "holdin." latches .... rior to the 
strobed by VLC. 

5trob~Ul 
latches 

PSW* ( .. in 78)1 Plane Video Switch~ This line strob.s 
the Plane Switch latches, to determine which .. lanes 
the Color Lookup Table for di5 .. lay. 

data into 
are fed to 

LBNK* ( .. in 79)1 Load Blink S-.lect. This line strobes data into 
the Blink Select latches, to determine whether the data from, 
each .. lane will blink (be mask.d to zero) at the rat. set by I 

BLINK. 

RA1-RA6 ( .. ins 80-85). RAM Address. In Z Mode.. these 
sel.ct a .. ixel to be r.ad or written. In Plane Mode .. 
choose one 16-bit word from the 64~bit int.rnal data bus of 
RAM card. 

WU* .. WL* ( .. ins 86-87)1 Write', U .... er/Writ. Lower. Active­
si9n,als formed by satins' UOS* ;;lfrt:" LOS~ tilt th t.he Wri te 1 ine • 

. . ,_, ,",;, i . 

lin.s 
they 
the 

low 

BIT* ( .. in 88)1 Bit mode. Active low signal indicating a Bit 
mode (Z mod.) acc.ss is in .. r09reS!!., 

CSE ( .. in 89): Color Status Enabl.. This signal allows th. Color 
Status addr.ssin, mod. to become activ •• 

EP* ( .. in 90): Resel"'ved for future use (hardt'lou"e erase-.. ag. 
fIJnr.tion) • 

LXZ* ( .. in 92). Load X Zoom. This active low signal strobes a 
4-bit. number, i~to the X Zoom resister on the Color Looku .. card. 

MRAS*, MCAS*(pins 93 and 97): Memory Row Address 
Column Address Strobe. These RAM control lines are 
CPUaccesges. 

Strobe and 
I.JSE-d durin., 

VERT* ( .. in 94)1 Vertical Retrac •• This lin. i5 low dt..rin!' the 
vertical retrace blanking interval. 
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~F~;H* (pin 95): Refresh. 
'efresh cycles. 

is used durin!! m~mory 

lMEM* (pin 96): This si!lnal pre-decodes some of the CMOS address 
;p~ce for video hardware latches. 

~ROLL* (pi n 98): Char-acter Ro 11 strclbe. Th i 5 str-clbe 1 oad~ the 
)verlav Rr.cll COIJnter latch. 

Co 1 unm 
fr-om 
the 

~AS* .. CAS* (pins 99 and 1(0): RClw Address Strelbe and 
~ddress Strobe. All other memory control lines are derived 
these two si!lnals .. which are always present re!lardless of 
type of memory cycle in pr09ress. 

:H (pin 1(3): Character Horizontal. This 
f~tch of data for video display. It is 
compensate for delays in fetchin9 pixel 
LooklJp Tab 1 e. 

si9nal enables the 
advanced from HG to 
data thru the Color 

HG (pin 1(4): Horizontal Gate. 
sign.al. 

This is the horizontal sync 

VMUX (pin 105): Video Mux. This clock runs the counters whose 
outputs appear on VMO-VM3. 

RCO-RCb (pins 107-113): Row/Column addresses. These 
~ontain the addresses of whatever image mem~ry is 
accesses, in the matrixed form required by dynamic RAM. 

1 i nes 
b~in!l 

14M (pin 118): The 14.24 MHz master clock. SYSCLK on PI is 
synchronized to this si9nal, however its phase is different due 
to propa9ation delays. 
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SYNC SIGNALS 

I"te cac 7900 uses interlaced scan. Odd-numb.red raster lines 
re scanned during one field, and even-numbere~ lines are 
canned during the next field. The fields are synchronized to 
he 60-cYcle power line, 50 each field lasts 1/60 secon~, and it 
akes 1/30 s.cond to displav an entire frame. Interlacin!! is 
chieved bv delaving the start of vertical sweep on odd fields. 

he display scans 768 lines, with 1024 pixels per line. 
'ixe1 is scanned for 35.11 nanoseconds. Three 
i9ita1-to-analos converters receive red, green and blue 

:rom the Digital Chassis and convert this data into three 
,i9nals. ROB video output is available. 

Each 
S-bit 

data 
vidtl!'o 

~ll of the following signals are available at the Analos 
~hassis, behind the CRT tube of the 7900. All sync signals ar~ 

iifferential TTL, and mav be received with Advanced Micro 
levices AM26LS33 or e~uivalent. Note that the polarity of the 
~eceived signal m~y be altered to suit Yo~r e~uipment by 
~wapping the input lines to the receiver. SYnc signals are 
Found at J6, a 10-pin right-angle conntl!'ctor near the front 
:orner of the Deflection Module. It is suggested that a V-cable 
lrrangement be used to feed these signals into the 7900 and the 
user~s e~uipment. 

NOTE: To prevent possible damage to the CGC 7900, 
insure that J6 is properly connected BEFORE ~pplvin~ 

power to the system. External devices connected to J6 
must NOT impair the normal sync signals at this 
connector! 

(1) Clock: J6 pins 4 and 9 (red/black pair). A 1.78 MHz s~uare 
wave, from which all other syncs are derived. When video is 
active, 16 pixels are scanned during each cycle of this clock. 

(2) Horizontal Reset: J6 pins 2 and 7 (yellow/black 
sync signal which triggers each horizontal line. 
912.9 nanoseconds after Horizontal R~set goes high. 

p&ir). The 
Video begir.s 
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(;3) Vertical R.lease: .J6 pins 1 and 6 (!Jreen/black pair). The 
sync si!Jnal which tri!J!Jers vertical sweeP, and inhibits sweep at 
the prt")per tim •• to provide interlace. On even fields, this 
si,nal rises simultaneously ~ith a Horizontal Reset risin, ed,e. 
On odd fields, it is delayed by 20.79 microseconds for 
interlace. The fallin. ed!Je of this si9nal is trig,@red by 
p,)wer 1 ine frequency (60 hertz). 

(4) Analo. Video: These three si!Jnals are available on the Video 
Amplifier card, on the back wall of the Analo, Chassis. PI 
provides ,reen, P2 is blue, and P3 is red. These si,nals should 
be received by a 50-ohm coaxial cable in each of the connectors. 
For best results, a 50-ohm load should be provided at the user~s 

end of the cable. The volta!Je levels at each of these 
connectors are: zero for black, minus one volt (nominal) for 
maximum intensity. This level may not be adJu$ted ~ithout 
disturbin!J the 7900 video alignment. 
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HORIZONTAL TIMING 
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VERTICAL. TIMING 
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CONFIGURING BUFFER MEMORY CARDS 

he two rotarY switches on the edge of the Buffer 
etermine the card's address. To set UP a card, 
o11owing steps: 

Page 85 

Memory card 
perform the 

Determine what the memory address of the card should be. 
Ine card must have address 000000, and if other cards are 
nstal'ed, they will normally have consecutive addresses 
:ollowing the first card. Consult the table below to see what 
.itch settings correspond to the card's desired memory address. 

NOTE: The 7900 memory map re~uires that Buffer Memory 
cards be addressed below 800000. 

NOTE: All possible memory addresses re~uire 

first switch be set to a number between 0 and 
SYSTEM WILL FAIL if The left-hand switch on 
is set to 8 or higher! 

that 
7. 

the 

the 
THE 

card 

!. Arrange the card so that the component side is UP, and the 
,old edge connector is pointing away from you. The two r~tarY 
;witches should now be visible on the right side of the card's 
-ear ed~@. 

~. Using a small screwdriver, set the two switches so that the 
Lrrow on the left switch is pointing to the first digit of the 
~e~uired setting, and the arrow on the ri.ht switch i~ pointing 
to the se~ond di.it. For example, if YOU are installing a card 
It address 020000, the table says that the correct setting is 
)1. Set the left switch to 0 and the right switch to 1. 

(Some switches may not be marked at the odd numbered 
positions. If yours is not, assume that position 1 
lies halfway between 0 and 2, and so on.) 
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8UFFER MEMORY CARD ADDRESS SELECTION 

Switch Memory Stili tch Memory Switch Memory 
Position Address Position Address Positicln Ad-iress 

00 000000 2C 580000 58 BOOOOO 
01 020000 20 5AOOOO 59 920000 
02 040000 2E 5COOOO 5A 840000 
03 060000 2F 5EOOOO 59 B60000 
04 080000 30 600000 5C B80000 
05. OAOOOO 31 620000 50 BAOOOO 
06- OCOOOO 32 640000 5E 8COOOO 
07 OEOOOO 33 660000 5F BEOOOO 
08 100000 34 680000 60 COOOOO 
09 120000 35 6AOOOO 61 C20000 
OA 140000 36 6COOOO 62 C40000 
08 160000 37 6EOOOO 63 C60000 
OC 180000 38 7000()0 64 C80000 
00 1 AOOOO 39 720000 65 CAOOOO 
OE 1COOOO 3A 740000 66 CCOOOO 
OF 1 EOOOO 3B 760000 67 CEOOOO 
10 200000· 3C 780000 68 000000 
11 220000 3D 7AOOOO 69 020000 
12 240000 3£ 7COOOt) 6A 040000 
13 260000 3F 7EOOOO 68 D60000 
14 280000 40 800000 6C 080000 
15 2AOOOO 41 :320000 60 DAOOOO 
16 2COOOO 42 840000 6E OCOOOO 
17 2EOOOO 43 860000 6F DEOOOO 
18 300000 44 880000 70 EOOOOO 
19 320000 45 8AOOOO 71 F.'2000c) 
1A 340000 46 8COOOO 72 E40000 
1B 360000 47 8EOOOO 73 E60000 
1e 380000 48 900000 74 E:~OOOO 
10 3AOOOO 49 920000 75 EAOOOO 
lE 3COOOO 4A 940000 76- ECOOOO 
IF 3EOOOO 4B 960000 77 EEOOOc) 
20 400000 4C 980000 78 FO()OOO 
21 420000 40 9AOOOO 79 F20000 
22 440000 4E 9COOOO 7A F40000 
23 460000 4F 9EOOOO 79 F60000 
24 480000 50 AOOOOO 7C F80000 
25 4AOOOO 51 A20000 70 FAOOOO 
26 4COOOO 52 A40000 7E FCOOOO 
27 4EOOOO !53 A60000 7F FEOOOO 
28 500000 54 AaOOOO 
29 520000 55 AAOOOO 
2A 540000 56 ACOOOO 
28 560000 57 AEOOOO 
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CONFIGURING IMAGE MEMORY PLANES 

~ch Ima~e Me~orY plane is assi~ned a unique number, from 0 to 
5. tWO pl anes in a system may NOT have the same number 
.ssisned. 

\ 
Arran~e the Ima~e Memory card so that the component side of 

'he card is facing YOU, and the gold edge connector is to the 
·jght. Locate the ~otary switch, in the lower left corner of 
:he board. The switch has a slot, which is facing down (towarris 
~U). On this side of the switch is also tn arrow, which will 
.oint to one of 16 positions around the switch. 

~fer to the following table, and use a small screwdriver to 
turn the slot until the arrow points to the proper position for 
(our card. 

Ima~e Plane Number Switch Position 

o ......... 0 
1 1 
2 ......... 2 
3 3 
4 .•...•... 4 
5 5 
6 ........• 6 
7 7 
8 ••••••••• :3 
9 9 

1 (J ••••••••• A 
11 
12 ••••••••• C: 
13 [f 

14 ••••••••• E 
15 F 

The odd numbered positions on th~ switch may not be labeled. If 
not, assume that position 1 lies halfway between 0 and 2~ and so 
or,. 
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2. A.ain? arr .. n.e the card $~that the 90ld &4 •• connector is 
to the ri.ht. Locate the two vertical rows of .. ins near the 
center of th. ri.hted.e. Ref.r to th. following chart, 4nd 
.. lace one (1) Jumper on one of the pair5 of .. ins,. to select the 
desired pIa". numb.r. Remove any other JlJmper. on these two 
ro",. of pin ••. 

. 0.15.0 

0.14 •. 0 

0.13.0 

0.t2.0 

0.11.0 

o.to.o 

0 •• 7.0 o •• 9.0 

0 •• 0.0 o •• 8.0 

0 •• 5.0 

0 •• 4.0 

0 •• 3.0 

0 •• 2.0 

0 ... 1.0 

o •• 0.0 

Jumper Jl 

\ 
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~. Locate the two vertical rows of pins near the lo~er ri~ht 

:orner of the card. Refer to the folowin~ chart, and place one 
:t) Jumper on the pair of pins marked "0-7", or on the pair 
~arked "8-15", dependin~ on which of these ran~es includes the 
fesired plane number. 

.Jumper J3 
Jumper J4 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 8 15 

0 0 0 7 
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4. NOllh if th<!! desired .. lane number is 9r4!'Olter than 7, $f.tbtract 
eight f~m it. ThIJs., .. l anee becomes 0., 9 becomes 1, and so on. 
(If your .. fine number is less than 8, do not alter it.> Refer 
to-thfll- follo .... ing table., and place four (4) Jumpers on pairs of 
pins marked .... ith the plane number YOU have Just cOi,lculated. 

,"-Ium~er .... 3 
Jumper .... 4 

o (I 

o 0 

0 •• 7.0 
0 •• 6.0 

0 •• 5 0 
CI •• 4.0 

0 •• 3.0 
0 •• 2.0 

o •• 1.0 
0 •• 0.0 

o 0 

o 0 
0 •• 7.0 

0 •• 6.0 

0 •• 5.0 
o •• 4.0 

0 •• 3.0 
0 •• 2.0 

o •• 1.0 
o •• 0 •. 0 

o 0 

o 0 

0 •• 7.0 

0 •• 5.0 
0 •• 4.0 

o •• :3.0 
0 •• 2.0 

0 •• 1.0 
0 •• 0.0 

o 0 

o 0 

0 •• 7.0 
0 •• 6.0 

o •• S.o 
0 •• 4.0 

0 ... 3.0 

o •• 2.0 
0 ... 1.0 

0 •• 0.0 

o 0 

o 0 

'I 
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IMAGE MEMORY CONFIGURATION ,JUMPERS 
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