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SCOPE

This specification covers t,he detai.1ed require:nehts for ahigh resolution
video display chip utilizirq H'10Stechnplcgic=s.. ·T'nis device is intendec:l. for
use in lowend 65G2-based fet'sonal heme ccrnputer sys-tE!!ls.

The· TED chip is, a 48 pin .cevice which controls video output,
dynanic RA11control, oc:M·chip selects, andkeyboard control.
34 control regis·ters which are accessed throDg'h ,the oo stapdard
microprocessor da'ta bus. It .will access up to 64K of rnenary
information.

system timing,
The TED contains

6502
for 'display
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OlARACrERMCOES

In any of the character- modes, ~e 'I'mchip displays 25 lines of 4\3 characters
per lir..e. Each character dnthe screen canbe set t'oany of 16 possible
colors,with 8 p:lssible luninancelev.els.

The ch~racter fOi-ntersin the VIDEOMATRIX~'termine what character will be
displayed. in a par,ticular place. Associ-ate:} wi th each locatfon of the video
tn2.trix is an 8,bit 'color J;r.oEmOry'Ibcat'ion,. taIled the ATl't<..IBUl'Ebyte. The
attribute byte ,de'tennine's the ·eolor ll lun-inance level, and whe'ther that
em,ratter will flash.

The TED chip fetches character minters fron the area of rr.e:nory knOto.l1 as the
VIDEO MATRIX area; ana color infonnation fran the ATrRIBUTEarea.
The video matrix consists, of 1\:L\30'consecutive locations in rrBrlOry, each of
....'hich contains an 8bit character fOinter. The location of tre video matrix
is determined: by the VIDEOMATRIXBASE' 'REGIS-TERin the TED {bits 3-7- of
Regi'ster ¥2'3), which provides the SSMS' ofth'e: video matrix address
(AlS-AlI). The addr~ss AU, is alWays, Se't to aa LL This gives 32 PJssible
locations for the start of the video matrix.

The following chart ma}.;Es, this 'Clear-:

:a;.sE ;'.cQP..ESS LO::ATION BASE AroR.ESS LO::ATION

Ge3iJG S040G lG0G0 S840G300Gl $fiC00 10031 $8CGG3GGW S14GG lGG10 S94G00gG11 SlCG0 10011 S9C33G0100 $2400 lel0G SMoG
"'3161 $2CiJ\3 HJnn $i\CGG
eCflliJ $3400 10113 $400~Hnll S3CiJ{; 10111 $C00G1GeG $440G llHGG $e400.1031 $4C33 llH01 $a:GG."leW $54G3 11010 ~4GGG1Gll $5:G0 nGll $CCGG311GG $64G3 11133 $E4G0Gnel ste30 11101 $EJ:G3GlnG $743G n11G $F4GG\Hill $7CgG lUll SFC3G

EAch lJie'OOry laca,tj.on in video matrix is used as aa pointer to' the actual
chzracter dot, datp which makes up tr...e characters. The eighth (MS3') bit of
each of the character p:linters (\1M?) can Ce interpretea in b-....'Q different
w-ays. If the RVS on bit of TED Regi'ster- 77 is aa 0, the M$ of the'vcideo
matrix (VM7) will qetermine if the character w~ll be displayed reversed or
not. If VM7 is set to iJ, the characte~ will be displayed nonmally. If VM7 is
S_Et to aa 1, the character at 'that loca:tion will be displayep in reverse. Use
0.£ this feature limLts the number of differept 'character definitions to 128.
If m,eRVS ON-bit is set to aI, the reverse £eatur~ feature is turned off,.
...t:lich allows the 'use of 256 different character definiHons.
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VIDEO MATRIX NJDRESS

Al5 A14 AD Al2 All Al~ A9
-- .--,----

A8 A7 A6 AS A4 A3 A2

'Ice VC8 VC7 'VC6v<::S VC4 VC3 VC2 VCl VC~

The ATIRIBlJ!E manory also consists of 1£1'\3"1Jconsecutive locations, and con-
taios the FE.AS't;ibit, ~~ 4' bLts of '.cQlor aQd the. 3' bits of luninance-for each
cr-..a·racter location. The location of, th~ att:ribute tne';ffiOr.yis also controlled
by tte VIDEQ MATfU:{bas~ ,rEgis~er. L~ke t_he vi(jeo matrix', tr..e tipper 5 bits of
the address of the :"9.ttribute'S are the VIBEO,BASE REGISTER. Ho~ver, for:
attribute rnenory, AIG is always set to acr rr so is always 11<below the video
rnatrix. Fm: e..xample, if the video matrix is at $0CfJ0, the attribute bytes are
at $0'80".0.

ATI'lJJl\GTE MEMORYAlXlRESS

Al5 A14 Al3 Al2 All Al~ A9
------ ----------_._-

A7 A6 AS A4 A3 A2 Al A3

VC9 VC.S VC7 Ve6 VCS VC4 VC3 VC2 VCl v'CG
---_._--

Each cr..aracter is matrix of .8 by8 cotS_I stored· · in t..'1echaracter ReM 2S 88
consecutive bytes. The location of this OiARACIlERmenory 'is set by CB4 to G_'"
of Till Register 19. Thes,e bits are used as t.i1e 5 rrost signific.ant bits of the
character base address. Tr-i€next 8.bi ts of tr..e :_'2ddr:essbf aa partttuiar
cb.aracter DCctern ccrne fran the valLE of that particular location in the video-- ..

matrix., (Tt',e last 3bits car>i2fran acotmter.)

0lA.<w:TER DATA ADDRESS'

A2.5 J.~4 Xl3 .li2 ~J.l AlG A9

----- ------------
A7 A6 AS A4 A3 Al

85 CB4 CB3 82 81 'iM7
80

VM.6 \\'15 1IM4 VM3 "'12 \\'11 vM~
(wi th REVE'RSE bit on)

-- ----

In standard character rrcde' JJ the character display is an 8 cot horizontal by8
dot vertical character location formatted in 25 tows of 40' chaz::qcters per 'row.
Each character location in the videO' matrix has al..lr,IiqIJe color set by its
attribute.byte and share ac~on background color. Eight sequential 'bytes
frem character mEnlOryare' displayed directly on the 98 lines of each cr..aracter
locaticn. A'~1' bit causes the col6r/llIninance in'backgr:o~ 'color teg'iste.t 0'
to be used; aa '1_' bit causes t:h~ 'color/lu;rinan.ce pf ,the assoGiated 'hyte of
attribute m~c?ry to- -t?2cHW1.::;yed.

bit of cna'racter data' mlGr source l-uninance sot.irce

backgroll:'d reg iJ, bi.ts 0-3 bkgd reg GGtt bits 4-6

11 attr"ibute bits 0-3 attribute bits ,4-6
TITlE
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MULTICOLOR rnAPACJ.'ER MODE

MuJ:.ticCilor eharacter rrode provides additional colo:r flexibility Cup to four
colors. per character location) a't aa co-st r'muced hOrizontal resolutioo.
Multicolor roode is' selected by setting tbe mt4,tic;olor, bit (TED Regis,ter 7)
to a: LL ,This causes the data in character rnanbry to 't:e interprete:::l in aa
different manner. When in multicolor tn:>Oe, if; bi tt 3of the attribute byte
is aa 0" the character at that location will t:e displayed as porrnal (.hir,es)
charac_ter". If 'hi tt 3, of the' at_trtbute is aa 1, that character will l::e displayed
as' aarnulticolor character. This alllowS cr.e'two cQaracter types to be",mixed
on asingle screen. only the first 88 rolors are available as foregromd
colors, however.When a character is displayed inmultico1or, the character
data is' defined a's eight sequential bytes of character, with 4oot pairs per
byte. The character is displayed as a 4 'PY:8 dot matrix', with the horizontal
dc:ts twice as wide' as in standard character rrode. The dot p3irs are
interpteted as £ollo,-,.,s:

Got F3ir
BB
B1
1B
II

colO!: source
bkgd reg B, bits B-3
bkgd reg I, bits 0-3
bkgd reg 2, bits (1'-3
attribute bits 0-2

1unin.ance so urce
bkgd'reg 3, bit 4-6
bkgd reg 1, bi ts 4-6
bkgd reg 2, hi t.s 4-6
attribute hi ts 4-6-

E2ch character locat-ion em contain 4coiQts, one lJIliqu,e to thec[l.2.rader
loc.ati.o.'"l., tr.e orner 3 in 'cccrrnoh :with a11 other characters- on the screen.

EXTmDroCOLOR HCoE

EXTENDEJJOJLOR MCOE,allows the individlE.1 selection of l::ot.' backgromd and
foregrot.J:n9 colors ineach character locati,on qn rr..escreel. Each charc:cter
locatie,n caB select 'one o'f the 16 foregromd colors and oneof 4ava-Hable
bcckgrbun::::i.registers. -The chatacter dot data -is display.E:ci, as in standzrd
color ·rnX!e (wi. th 'foregrornd color/llIIlinance determine(l by the 2'ttribute: for 22
II' data' bi t)/ but tee t"wO,MEa of the character ~inter at'e used to select
tl'.e oockg-ro'rnd color/lm'1inance fat tm.t s:::reep. 1occti-::n. -Since the 2 MS3 of
tl:":€ cha17.3c'ter pointer- ar~ in use ,this means that only b.1.e.first 64 char-acter
defini tions in .the character rnenbry are ayai-lable. (The TEOchip forces AU3
and A9 to fi)'.

Sits6&7 color sourc~ luninanc:e SOllr'ce

character p::linter

~1

bkgd reg 0, bi,tsB-3 hkgd re:g 0"ii bi ts 4-6

bkgd reg 1,bits B-3 bkgd res 1, bits 4-6

hkgd reg 2, bits (1'-3 bkgd reg 2, bi ts 4-6

b,kgd reg 3, bi ts 0'-3 bkgd reg 3, bits 4-6

1B

11

.;m.~
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STANDARD (HIRES) BIT r:AP H:ODE

In bi tt mpp m:::de there is aa one to one corresponder:l.ce bel:"Neeneach displayed
dot ard mEmory bit. Standard bit mapmode provides aa screen resolution of
32e dots by 2eg vertical dots. Each8 by 8square (correspopcling to the
character locations instandard character mode)can have aq individually
controlled background and fbregroUl)dGOlor.

The start'of the bit map data area ttrnes frqn tbe BIT, Ml\PB~..sEregister. The
3bits of the' bit 'map base -are· used ~, the AlS,...A13of the acdre.ss. The bit
map m"ta area is a:K, therefore pi tt map areas rtn.1Ststart on 8Kboundaries.

BIT HAP BASE

gge
ea·l
gle
HI
leG
101
ue
III

AOORESS

$aeeG
$2ege
$4egG
56Gag
$SgeS
$A09g
$CagG
$EeeG

i..tr:en in bi tt map rr.cCe, tot,h the- video matri'xano the attribute trenary are, used
for color data. Tt.e add1:.essof frebit II}-3!?pedd$1ta is £orrnEd by ccrnbinirq
t.l-Je 33 /pi t- Bl'T KA.,p EJ..5:; regi:St~r as the 1"SB of the .data address wi th 'the 10 bi tt
cb.a.racter fNsi bon counter and t..':e...3 bit raster counte.!". This addressing
scher-.€:resu! ts in each 8 sequential rrEnary laca bons being forrnated as an 8bv
8bleck on the vice0 displaYt saneth,ing like thjs:

byte gg
byte1
byte 22
byte._3.-, ~~
oyze .,.
byte 55••
Qyte 66
byte 77

byte 32g
byte 321.
byte 322
byte 323
byt2 324
byte 325
byte 326
byte 327

etc.
(or it could

bvteS••

br...e 99
byte 19
br-...eH
byte 12
byte 13
b~lte 14
by'-uo 15

'byte 328
byte 329
byte 33g

byte 331
byte 332
byte 333
byte 334
bite 335

byte 1.6•••• '•• '•••••••.•••.•••..•.•••.•••.•• byte 3:12
bYte' 17 ••• ,0 •••••••••••••••• ;, •••••••• ,•••• byte 313
bV-te 18 0."' ••••• 0••• 0•••• b-vte 31:4.,. --
byte 19 ...•••.. '••........••.........•.. _.by:te 3J's
byte :2H••.•....••.•.•..• "" 0•• bb11te 319"
byte 2:1•••.••••. 00 ••••••••••••••••••••••• :b:rte 317
'byte 22·•.•• '.••..••••••...•...•• "'0' .' ••• _•• byte 318'
by+-t-e 23 ••••••• "•••••••••••.•••.••• __••••••• byte 319

byte 336 •••••••••.•.•• 00 ••• 00 ••••••••••••• byte 632
byte 337,;;, 00 byte 633
byte' 338 ••••.••••••••••••••••••••••••• _.• py;te ,63-"-4
byte 339 .•..•. ;, ..•.••••••••...••...•••.• byte 635
byte 34@,.•...•....•..••.•.......•..•.•.. oyte, .636
bby--ce3'41............................ b.:zri:.=637
byte 342.•• ,"_ 00 •••••• 00 ,.byte 638
by't:e'.343 ••..•••••..•••.•.••.....••. 00 •••• byte 639

be represented like this:)

Al5 Al4 AD AU All Am A9 A8 A7 A6 A5 A4 A3 A2

EE2 gEl 880 C?9 CP8 CP7 CP6 CPS CP4 CP3 CP2 CP1 Cpg VS2 VS1 VS0

Trtu
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When in standard bi tt rrap m::de tt the color infoonation is derived fran the data
stored. in the video matrix, while t.he luninance information CaneS iran the
attribute data. This al101.,'5 for 2colors to t:e inde-p2ndently select'ed in each
8by8 area., When the bit to t:e display,,-d is aa '0', the color of the dot
olltpUt is set by the lo~ 44 bi.ts of the video, matrix;, the lunin'ance is
selected by bits 4-6 of" attribute, rrenory. Whe.n a' b~t to' be ,displayed is aa
Ill, the 06101: is set by :theupper 44bits of the video matr'ix; the .ltmincnce
is set by bits g-2 of attrioute memory_

dot
oo
11

color source
video matrix bits 0-3
video matrix bits 4-6

laninance source
attribute bits 4-6
attribute bits 0-2

I1IJLTImLOS BIT HAP M:llE

MULTICOLORbi tt map m:::de 1:ear_s t.l,e.. S2.It'e relat,ionship to standard hi tt rra~ -mode
as rnul ticoI-or character mode dbes to stan.dard ,character roo&:!. H:Jlt'iealar bit
map rrode-allo.ws greater color selection at the cost of horizontal resolution.
Using mUlticolor- rr.oee,up to four di.f£erent colors carl be displayej in each
8by8 bi tt block.

-The bitmap data a,rea is ad9-res~e;1 e!<a~tl-y the sarre a,s, in standard hi t. map
mode. The dot data ?oo color iolomation is intenpreted ,diffe.r,ently, ·rowever.

Multicolor bit map mode'is sele-::::_ted qy, setti_ng Coth the rmIlt:icolar bit.2...'1d the
bit map bit to '1'.

i'--..sin rmil tieolor character m::::de, mul Heolor bi tt map rrode uses the'concept of
'dot pairs' ta specify one of our pbel colors. Sine bn'o bits select one dot
color, the hqrJz9n.ta1 resolution ~s 'nalv~ (l60Hby 200V). Each multicolor
oixel is t-....ice as wide as hire's pixel.•• ••

cot pair color sot.+tce lun,ine.nce source

00 bkgd re<jG, bi ts.0-3 bkgdreg 0, hi ts 4-6

01 video ma'trix bits 4.-7 attribute" 01 ts· 4-6

viqeo roatri-,>; bits 0-3 2.~ttribute., hi ts 4-6

11 bkgd reg 1, bits 0"-3 bkgd r<;g 1, bits 4-6

REV
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"ADOITDNl<.L. FEATORES

Hardware cursor

The hardware cursor is controlled bya l~ bit cursor compare register
(Register 12 arxlD). Tnis allow.; 1924possible positions. Setting the

cursor CCtl1pare'·regis· te·r. hi ts to ·a valUe fran G" to 999' results in ·the- cursor
appearing in thespecified loca·tion .(the top left corner of the screen is GGTT
the l::ottan, r_ight 'corner is 9,99, e-tc.). The, cursor will blink at th,e ,rate of
2Hz, by 'switching the foreg'roLJild a.ncl ba::kgroUnd 'colors in t..'l.at locaticn.
Note: The hard'....-are cursor can only appear during statldard character rrcde.

Flash

The TED chip provides the, ability to Fla-sh anyor all characters on the screen
when using standard character frDCe, when the TED chip Flash bit is enabled.
Flash is selected on 'a' cb.aracter by character basis, -via the txSB of the
attribute menory location for that character4 When a chara.cter is flashing
t.l:-Jeforegr·,QUBd COlor of t.~a,t character will. turn off (change to Cackground
color) aoo on again at the ra'te of '2Hz.

Dynamic Ram Refresh

Dynamic RA.'1 refresh operation is <:"Qnttol1ed by G1.8 TIIi chip. Five, PAS only
refreshes ar:e perfornti2d during-' eve....+yrast"E::r li,I'E, imne::IIately following
cr-.c,r,actel:; fetches-. TED guarentees aa rnax~ delay of 3. 25<:1S€Ci:€r~n the
refresh of aa single row acdress in aa 256, address refresh schE:"!!".t;. Tpis tef:resh
is totally ~ansparent to, the'systeu, since 'reo£resn occurs during ph'ase one of
the single speed system clcck4

syste:n Clock Dmililirog

?ar increased pr:ocess6r t.':J.tougr-..putrr the syst~ cloc='k oul~u,t fran !:ill doubles
fr-equen:::y frem 8'94KHz (tn'S:) to LL788KHZ (NTSC), dUring ncn-display tir.'.es4
The horizon·tal position register counts 456 Gots, iJ to 455. During co,unts of
413'0-344, ;.,.tJ.,ile in. ~aster lines f3' to 20'4, cr.eTED devi,ce outputs single 'clock:.
Our ing t.i-)is t'rr.-e TID is coing proce.ssor hareshaking (COLmts40e-43 2),
char:aGte.~, f:=tches' (counts 432-364), 03'00dyr..aniC RJ.11ref:resh ('C)unts 30'4-344).
Outside of t,"~is horizontal window TEPoutputs co.uble clock (1. 788K'":lz)44 During
raster lines, 2'3"5.-261 for ~"TSC (2JJS-311 for PJ>.L), TID outputs double clcek at
all ,times except horizsntal counts 3~l4-344 w"hich are siegle cicek to allow for
dYT'.arnic RPM re-f:resh. If t,I.l-:-eblat!kittl bit (Register~6) is, ,cleared, the active
display is clear'ed, the s::::reen is .filled witr.1--:loo-tder: color, and ,couble clock
isen2.bled at all times except re£resh4

Sound

The TED device has t:..roseparate squa:re wave -generator>s. The frequency base
Eor voices 11 ar:d 22 are' 10' bit registers (R~i,st_er -i24 and 18 for Voice 1and
Register #15 and 16 for Voice 2.. Voice 2can :t:e .selected to be ei ther aa
square wave g,enerator or a" ~hite noise generator. Tbe voice selection and
volane c::mtro:l r:r:echanisn is Register i17. 'There- a-re 9vo1lIIle levels in TED,
rar:gir:;g fran gg being off to 8being loud. Prograrnning values of 9-15 in the
lower nybble at t.~is regis~er is identical to progr2Imling' the loudest, volune

TITU

COMMODORE

IU ORAWIfoIG HO. Rev
~CA,L! 5HE!T 88 011' 22



8, level. Bits 4-6 of this r.egister each indi'vidwlly select Voice lr Voice
2, or White no'ise rest:ectively. Voice2and white noise cannot be enabled
tcge'ther, instead voice 22 selection will override white 'noise selection. The,
freqt:Jency genera ted by TED is:

FREQUENCY== 111860,781
(1024-<)

== 110840,45
(1024-»

for NI'SC

for PAL

AAsampling frequency chart follo.....s,~

TITU
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NOTE BASE REGI,S,TER VAL_UE ACTIJAL FREG<JENCY (HZ)
UG28-x)

AA 1~17 lU
BB 906 123.5
CC 855 130.8
00 762 146,8
EE 679 164.7
FF 641 174.5
GG 571 195.9
AA 508 220,2
BB 453 246.9
CC 428 261.4
00 381 293.6
EE 339 330
FF 320 349,6
GG 285 .392.5
AA 254 44O,4
BB 226 494.9
CC 214 522,7
00 190 588.7
E. IN 658
FF 16G 699
GG 143 782,2
•• 127 88O,7~~

BB 113 989,9
cc 107 1.G45K
00 95 1.177K
EE 85 1.316K
FF 80 ::..398K
GG 71 1. 575K

TITU
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Internal Operation

1'.11 internal timing operations are basedOnthe horizontal dot co.tlI1tec
Particular· events oc:ur in reSp:Jnse to certain counts of roth the horizontal
pos"i tion register and the vertical line r.egister.

HOR!ZONTAaxnrr
Horizontal Sync Start

stop
Horizontal Equilization Pulse 11

Pulse2

Start
Stop
Start
Stop

358
39G
152
17G
38G
398
344
416
384
4G8
4.32
296
4GG
288
288
328
432
296
451
315

33
3G7
446
364
336

Horizontal Blanking Start
Stop

Burst Start
Stop

Character W-incbw Start
Stop

Ex ternal Fetch Wincbw start
S·top

S·· tart
Stop

SingleClock Start
Stop

Refresh Single Clock

Character Winoow

46 Column Screen S:tart
Stan•• ••

38 Col unn Screen Start
Stop

Video Shift Register Start
StaD

COl!..."1ter
Start
Stop

rncrenent Character Position· Reload
IncrE~ne!1t·  Charac.ter Pasi titon .Start

Stop
Latch Character Posi· t-ion to Reloa::l
End of Screen -- Clear Vertical Line, Ver.tical

Sub and Character Reloa::J. Registers
Increment VerticalLine

Increnent Blink
Increnent Vertsub
Increne..'1t Re'fresh 29'6

33.6
424
432
288
290
384

376

Af-Y
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Hany of the eVents are qualified by avertical line count.

VERrICAL DEXXXlES
VERrICAL ==

En9 of Screen PAL
E'r:d of ScreEn NTSC
Vertical Sync PPL Start

stop
N'l'S!: Start

Stop
Vertical Equalize~~ Start

Stop
NTSC Start

5bJp
Vertical BlankingPAl Start

Stop
<t-I'TSC Start

Stop

311
261
254
257
229
232
251
260
226
235
251
269
226
244

oo
203
204
44
204

88
2gg

Attribute Fe-tch Start
StOD

Fr 2!r..e Hi ncol,.,' Stog-
Vertical Scret:n Win6:Jw25 Row Start

Stop
24 Raw Start

Stop

nn.E
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TID REGIS'l'ER DtSCRIPTlOO

Internal Timers, Re9,ist.er g' throtgh5

Ted conta-ins t.'ree 16 bi tt dec:rrementing interval timers II each partitiooro
into 2, 88hit; r,egisters. To initIate a new 'cot,m.'t vallE, loading the low
Byte inhibi ts co.lIlting Ulti! the hiSfh Byte is loaded. The tirrers
decraoent at aa 894 KHZ rate for N'TSC:televiS'ioh systems, 884 KHzfor PAL
systems. Ea¢h CQll1te·r' gener·ates an Inter·.riJpt upon decr,Eme:nting to 13". The
seqt:epce for writirq to 'the timers should be:

Disable a-ll interrupts
Wri te low Byte
i-i'rite high Byte
Enable desir,e.j interrupts

Cere should be taken that
not occur between wri ti'rq

long
the

time intervals,morE than 125useconds,do
low and thenthe high Bytes,

Timer 1 is asequence interval tijr.er. 'Registers 0' and 1 when writ,ten to
initiate ~~ relo~ val,\.:e ·of the· tinfer. w"h'en .timer 1is decz;etlente::j to 0'1
tte next CJU1t qc,curs frcw. the reload vqlLE. Reeding ~isters \3 and1
gives tr..:ecurrent count valve.

Timers 22 &&3 a~re free ru:ming cornters. (!Fon. oecrenenting to:' ,0" t.''1e timers
roll OVe1; to IT and, cantintE· co,untir.g. Wri'tir:lg ,to timer 2cnd3
registers loads directly into the active 'CCllnt. P~ading t.':lese .resiste:::s
yields tbe cur'rent count.

Register 66

8i ts 0-2, ,of t..l.is r.egister ;cetei:mine, the ver·ticalsc-r:0l.l pDsi tion. Fer ,a
Donnal 25 'rowpict..rre wi t.l-t no scr.o'll itne'se bi ts .should te aa '3 r. ait 3is
b.....e 24/25 row select. A' 0"' in this hit torre_spends to 24 rm;s and -a rrI'
yields 25 toW'S. For vertical scroll to occ,ur" bit 3should b2 cleared and
bi ts 0'-2 all set. Decr.e!iJe1ting bits 0"'-2ITOves cncraqter IXIsi tion U?
scrolling off .the µPP:=l1I:9st charcter row. ,13i't 1. is fhe blc:nking -hit .•
Setting tbi:s bit tb aa '1' ,g,ives 'ii normal picture. -setting i,t t~ a. 1,0'
blanks tr.€ ,screen ano. dei-sables aU fetch.es franoccuri-ng" allowing f~r the
S'j"Sten clock- to nm at 't-.n.ce the frequency (1. 788MHZ t-i"'I'SC, L768/':1HZ for
PAL) except for 5refresh cycles per raster lio:. B,its 5and 6are.
display mode Bits. Setting Bit 5, to aa 'I' enables Bit mapped rrode, wilile
setting bit 6enables extended color rr.oCe. Bit 7is, a bit l!Se::J for I.C.
testing and must remain aa '0'.

Register 77

8i ts 0-2 ,Ce"tenrl'-inet.~e r.,ori"zontal scroll w5i tion. A' 0" in thes<::! bi ts
allows for ,po scr.oLl. To institute scroll bit 3of this register II the
38/40: coll.II'U'l bit., should be set to lei". This displays 38 colunns and
s....--roll can occur ..cleanly. Incrementing the 3 L.:B of this register pans
t.l;.e character p:Jsitions ,to the right.

REV
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eit 4is multicolor rrode bit. Setting 'this bit to 'I' enables multicolor.
The freeze bit is bit 5. Setting ..freeze high stops Till frem incrementing
the oorizontal p:lsition, the timers and the vertical fOsition. The system
is forced into single clock (894KHZ)andsystem refresh of dynamic rams.

88it 6is PALl. Setting this bi tt high forces m'SC m:Jde, low corresp:mds to
tre PAL mode. Bit 7is the reverse video off bit. Uooer nonnal condi-
tions, bit 7='J, tpere ar,e 128cha,r-acter loc;a"tions. The reverse video
character is irnplirneritEd by- sett,ing, tpe- ,11$ 'of the videO matrix pointer __to
aa Ill. This en?bIes ql'e Tm chip to invert the character data 'and thus
reverse video. If an a1'ternate character set oE256 locations is desired,
this bi,t can 1:::eset high turning the reverse v:id_e{lfeature off and.
allowing the,Ms3 of the video matrix to define t-he additional d'lar-acter
lcca ti'ons•

Regista: aa

This regist'er is the keyboard latch. i-olriting to
keyooat"d lines and latches tl-...eappropriate data.
reads the latch~ data.

Register' 8scans the
Readir.g the register,

Regista: 99

The inter:-rupt register indicates any TIDinterru;:Jt sot.JJ:;ce. Possible
in'-te:!!;rupt sOurces are:

Bit 11 raste.r ihterrL."'Dt -co:n;;ares raster register to active
count

-Bit 33 timer 11inte.;rt.!pt -'timer 1has cecrEmt?:J':tedto '0'
8-1t: 44 tiIner 22 interr-upt -- HH

22 nn HH .. HH ..
Bit 66 .. 33 HH .. HH

33 .. .. .. .. HH--

Bit 22 indicates aa light pen interrupt. The TED ccmpµter does not r...ave
lightF€l. This bit is for future expcnsioo. 8it 7is the interrupt bit.
It is t."-1e imlersion Qf t..'-leinte,rrupt pin. Writing ,a'I' to the interrL-nt
r<23i-ster clears t:1:'.eindividl.12i interrUf:it bit. ..

Register 1'J is 'the interrupt mask registe:c ,The indiv-idLEl mask bit
corresPJoos to eachoftha possible inte.rrupt sources. Sebting t.he bi tt
high enables interrupts to cc,c.ur,. The LS3o,f this register is tbe 'H.5abf
the raster register. {see -Regis,ter 11 descriptibn}-

pp ,,
.:eglster 11

In an ill'SG tele,Vision system, 252 raster lines are 'proou::'oo ('G to -261) tt

312 for PAL H3-3,l1). To detect all pess_ible raster liq,es, a 9bit r'egister
is needed. Reg ister 11 contains t..~elow ordet' 8b~ ts of t.~is ras.ter
register. Reg-ister l'J contains' the ,..-..5:).The raster register is an
interruot source. The raster r~ister val-u: is: cCm:FBred,-"to the cu:rrent
vertical line ''Count. ~n interrupt is g,eneq:1tecl. ,'8 cycles ;be'fore the
character window. Fot a 25 rowdisplay :the vi,sible ras_fer lines are fran
,, cu ..

TJTLl!

COPv'lPv'lOOOR~

--=:!. DflA W?MG N-O. A.V

ec~u SH!:ET 14 011" 22
..



Reqister 12,,

Register 12 c,ontains' the 2 MS3 of the cl.l!:::sot"FOsition register. B,its cr
and 1cor~;espond to cursor bits 8aoo 9.

Register 14

Register 14 co~tains the low hyte of Voice l. freque_ncy base. AlI.TEO
soun:::J generators ~prcd.'uce square waves,.

R~iste:r :15

The low oz;ce.r eight bi ts 0'[ the ,ftegJJency base for the seco.nd VOIce ~l1r"ce
are contained in to-is reg'is-ter. fhis voic~ is selectable for eitber white
noise or arlOther square wave ·generator. This selection is available in
Reqister 17.

Regist'e!' 16

This regis,t.er ,ct1.mt,ains the 2MS3 of- Voice 2.

Register 17

Register l7 1'"-.as4 bits of volune control ranging fran 00 ==OFF to '8-
being 100::L .Hso JJ voice selects are ava-ilable. VO':ice-1 'sele<;:t, Voice2
sq_uare w-ave select and Voice 2'w"hite noise .select. The I"Sa of -this.
reg,,i,s.ter is ,a bit used fO'r testiog_. The SQ,)..lI)d z:eloqq hit ,will clear the
somd togg,l'e flops and initiate 'the re;loa~ valLE of each vdice to
initiali-z:e the active sound count ,du.:-lng' tile appropriate vo~-:e
incre:ne..'1ting time. This bit will also initiate the wllite noise ranoc-:n
n~er generator to 'l's.

A.V
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Register 18

This r~ister contains the three bit bit ~~p mode address base, the
FD1IRN1bank bit, and the 2bit Iilll of voice 1freqceocy base. The bit
rcap rose determines ...mere in the l'DEm:Jrymap the bi.t map dot data can
resi&!:. Bits 3throtJ;jh 5correspond to BM3'0 to B~2. During TED dot
fetches in the bit map rrode, BI132 will t:eccme AlS" 8M31_ A14, and Bl-BB-
A13. The rovAA'1-bank bit, bit 2, will f0rce T-ED-dot and character
fetches fran ei t.l-Jer roM or RN1. AAIII in thi.s- bi twill far,ce 'R:)'1
execution a' 1(3'II will force RAM:.

Register 19

'Itlis regis,ter contain's the character ,re,se, fo,rce single clock bi-t, and the
status bit. The force ,single clock bit, when set high, inhibits tl:e rn
out of TED fran doubling frequency during horizon-tal blanking. The status
bit is aread only bit indicatir~ the state of the 22phantcm Registers 62
am 63. If this bit is high ~t indicates that TEO is oferating for t..'"1e
R01 bank menory. This bit ,does n'ot il'ldicate,wl'lere Tn} will fetch
character' or dot information is 'caning, t"ron.

Register 2113'

The 5bit video matrix base, bits 3throt:lgh 77II ccmprise Register 20'. The
video ,matrix base deter::mine the me-nory ma_pping of ,the video mabrix
p:Jinters and the attribute data as sho....n:

AlS
VM4

Al4
V113

lU3
VM2

1'12
IiMl

All
'1M3

The attribute and v'ideo matrix :fetJ:he~ ,ce',curon the raster: line precee:::ing
t...'-:.ec,haractor row (attribute:) and,. t):-..e fix;st t::as-p!2r line' O'f' tr..e cr.c:racter
ro,,,,",. Ot::ring these fetche·s TED will CMA the m-0¢essor .2nd- take- ca:nplete
concrol of t:.."1esy-sten bus for both f1-?lvesof ,the clock, cycle', for 4-(3'
ccnsecuti'/e clock cycles.

Register 21

This reg'ister contains aa three bit luninance code anda four bit color
code-for backgrolInd REgister fJ. This alloW'S for eight separa,te lunioance
level for eac.h 16colors.

p.egist.er 22

FJ2gi;;;ter: 22 cdnta.ins the same data as.Register 21 for backgroUJ,d Register
LL

TITU!
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Fegiste.r 23

Backgrornd p.egis:.er 2data is stored here.

Fegister 24

Register 24 is co:nprised of luninance a..'19color data f':J-~ Cack;'r'OlIld
Register3.

Register 25

Lunlnance and'- color inf.ormation for the ex-t-e!::lor:::egister Oxn:der} is
store:3. in REgist=:r 25.

Register 25

'The~ ME2 of t.1.e d:ar~cter gJsiticn relcad reg-is"ter are bi ts 0' and 1cf
this register. The charact·er posi:tip[1 I:~19ad_inc~r-enentsbJ~ fo!:ty .(:JI: each
c'raracter row C'C')('O.,ple:t'ed'. Eo":' exZcf;pl€, d'8:t-Lng the "first c}..2;r_aCb~IrolY t.~is
r,egister will co:rta.in I~ I. UfOh ccrnpletion of the eightn ["aster line of
t:.-,e' ro'W u;€ cr...z'ra· ::ter :;:05:itio':1 bit mep reload reg is,ter ...ii 11 t:e upda ted te·
40_

.::"'1j) RA'.W't'NG
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Pegister 27

'Ihe low byte of the character pJsition reload register is located b2re~
(See Register 26).

Pegister 28

This register contains only 11bit, the MSa of the vertical line register.
T11e vertical line r[29'ister contains -the current raster line be~ng
displayed. For NTSC'Systems this register will count from ~ to 261, for
f?F-.L, Bto 311.

Pegister 29

'!t:e low byte of the vertical line regis.ter is 'contained. in Register .29.

Rl2g iisst.e.:r 33gg

Reg,ister 313 is the oo,rizont,al p:Jsiti.on register. RegJster 30- contains t..l>e
upter 88 bits of this nine bit r'egis'ter. The LS3'inGranents at aa rate too
fas;t to be of any use in ,prcgra,rrrning. since the horizon'tal PJ'si tion
reg'is,ter actually ~ncrEn1ents fran ,{3" tQ 455, Reg,ister· 3'tJ will- contain
valms of \J to 22'8". Negat,ive trce ciefta is to Ce wr;,itteq ,to thi~ register
w"hile posi'five trte data is re2Cl.

Rogister 31

This res-is'toer contains t....1e4 bi tt blin,k rate register and the JJ bit
vertical st.±.ac-dress reg,ister. The blink rate reg-ister contains t.'e
CiZrent cot.:nt of the blink rate timer. This register is increnented once
per scree1.. Ct1 overflow aa 2HZ signal is generated initalizir.g the cursor
reve:!:"se video 2nd anv flashing characters. The vettical sutaGdres'S cornts
ere eight rester line per character ~ow.

Registers 62 and 63

These resisters co not physically exist on the TED chip. A....-rite to these
locations cc'ntrols the TEDsystEm manory map. P;.ny write to Re:gister 62
results in RCM being selected in menory locations $80'00"(h7X) to '$l:'d t' (HEX)
exclooing .$cD_0"\J(flEX)to $F3FF(HEX) for I/O space aOO -TEDspace. The T.ED
chip will generate the necessary chip selects and inhibit as tmtil aa
wri te to Register 63 oq::urs. ppon this occurrence, the samelocations
$8QH.J\3"(i-iEX) to, $uE"'(P.EX) excltxEng $FOIJg--(f-lEX) to $F3FF(HEX) are banked to
R..ZI..'1. C:;S CC::U::-S when appropria te and chip seJects are susp2nded.

All TED registers" tnless otherwise noted ,are read/wri te.
noted that care srJOuld be taken when wti,ting to REgister 26
These are internal~y controlled registers. 'Wri ting to than
aa fl ic-ker on the scree:1.

It sho uld t.=
throu:;h 3l.
can resu! tt in

TITl!
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PIOCOT

PIN ##
SIGNAL
DI=ION

SIGNAL
POLARITYDESIGNATION

11
22
33
44
55
66
77
88
99
10
II
12

A2
Al
Ail
vro
CS0
CSl
R/W
IRQ
MUX

HAS
CAS
t;Jout

input/output
II "" ""
II II

""
input
output
output
input/output
output
out out

""

'5V
-alE

""
+troo
-trLle

""
""

"" ""
"" ""

13
14

COLOR
0'in

"" +troe
input ""

15
16
17
18
19
20
21
22
23

Kf1
Kl
K2
K3
K4
K5
K6
K7
Lll1'1

inp~t/int pullup
11 1t ""

""
""

"" "" "" ""
"" "" "" ""
"" "" "" ""
"" "" "" ""
"" "" "" ""
"" "" "" ""

output ""

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

VSS
CBG
CB1
CB2
CB3
CB4
CBS
CB6
CB7
SlID
BA
AEf:-
h1S
Al4
AD
Al2

input
input/output.

"" ""

0V
++alE

""
II. "" ""
If, ""

""
"" "" ""
"" "" ""
"" 11 ""
"" "" ""

OL..'to'ut
output

""

+true
+tr1.E

""
input/output

II II
""
""

II "" ""
"" "" ""

DESCRITP ION

addressbit 22
"" "1
"" "13'

p::lwer su~ly
low 'ROM chipselect
high ROMchip select
read/'w'Ti te
inte;rr;upt
adore'55. mul tiple:c 5'......ii ten
'R}J1 row address strobe
RAMcolunn address strate
894.9KHZ CPU clock (~"rSC)
886,7:-:}lZ CPU dock (PAL)
chrcrnh"l.ance
14.31818MHZsinglephase

+/- 10% (NTSC)
17.734475MHZ single Dhase

+/- 10% (PpL)
keyboardlatchee

"" "1
"" "2
"" "3
"" "4
II "" 55

66
77
2...'1d

11 ""

"" ""
CCD~site S'jTIc

laninance
PJwer su:-ply
data bit 00

II "1
tI uu 22
II "" 33
"" 11 44
"" "5
"" "" 66
"" II 77

sornd
bus available
tr i-statecorl'trol
address bit 15

II .. 14
to "13
"" "15

COMMODORE
TITlE
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SIGNAL SIGNAL
PIN ## DESIGNATICN orREX:TION POLARITY DESCRIPrION

40 All input/ootput ++true a<:Jdress bi tt II41 A10 "" "" "" "" nn
l~42 A9. "" "" "" "" "" 9943 A8 "" "" "" nn

"" 8844 .A7 "" "" "" "" "" 774S A6 "" "" "" "" "" 6646 AS "" "" "" nn .. 5547 A4 "" "" "" "" "" 4448 AJ "" "" "" "" "" 33

TITll!
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PIN=IooS

AOORESS BUS pins 11 thru 33an::! 36 thru '48

'Itle 16 bi tt address- bus is bidirectional. Asan input, the mlCrOprocessor can
access any qf the- 34 TED contral reg,isters.. In the output,ID?de TED uses the
addre'sses to· fetch videoMatrix Pointers, AttribwteFointers or character cell
info~aticn4 For microprocessorinterface TEDresidesin locationsF2Ge-FF3F
in me:r.ory ..

DA'l'A BUS pins 25 thru 36

The 8 bit data bbs is also bidirectional .. The data b,us activity C2n be
separated into 22categori.es: microprocessor interface aoo videa data
interface q,ur,Jng t..':le ahoye' mentioried fetches.,

pins 15 thru 22

Tr.e 8bi tt keyt:ca'rc 1a tch ts used as ·the keYCQa;n;l interface.. UfOn -an
instruction by the miCE,OprQCessortowri te to the keyboard latch, the
informa,tion on the k~Yb::la:r:dpi-os is la-tched by '!.'EDand stored until it is
re't:deved by the m,lcro:proce"ssor on s' read. k~,yboq~d instruction. The keyooard
pins also provide the ,ac.tiye_ pull up on the keytoatd matrix lines. These pi.lll
ups source aa minimum 600,Par:;ps and rnaximcrn 900(tl ,;.""TI-f'$eu~rent. :_Tri12tr-ip FOint
of the keytoard latch 1's 2.0 Volts.

"['<....0of the keybJard pi.ns also, :provide tes,ting funct-ions. v-i'f:en these pins are'
externally oriv~ to 1I:l volts, tf-.rey provide sp:sif'ic testing- features. Kfl
generates aa system freeze fmption, stoping t.l-Je horizont3'l comter ,thus
freez,ing the p:;sition, zoo sets all ,hqritontal flip-flot:G to forCE TED' into
tr..e dynamic &ZV1refresh p2rioo and single clock. All flir;--flops or'e tn-en
release:3 to allow thei!" manipdlation by tr-,-2; hor_izqntal register,. Kl forces
the Itlte~nal cIo'ck eli vision into the l>1fSCrri::>de,.

GlIP SELECTS pins 5and 66

Ted generates ROMchip selects based on address c.eccding. CSIJ is active
during the me.nory blcck of 8000-BFFF (HEX). CSI cO;t;res:fbt:ds to CfHH},"":'F-,FFF
(HEX) in msnory. Tr.-e RDMa,rea 'of mer.orycan f.e canked out, to ov-eday F:.~J1,see
the oeser iption of Reg-isto-L"S ':3'£' and 3'F ,(f--rEX)••

DYNA.'1IC pm cet-rrR:JL pins- 99 thru II

TED genera tes RAS and CAS for dynamic
generated to ,e.xternally 'multiplex the

PAl-1access,.
AA"1 rowan;]

The-, sigl'l3il. MUX is
<;ollI1'i:l addresses.

also

,,
pln 77

--
TrTU:
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R/W 'is" an input to'TED to di:st.::ing.u,ish the tyw of ,Qper;,at'iot'l to 'Be fierfcinnea.
T-EDwill actively ,pull up t'b~' 'system read line during a"ll TED fetches. Tte
read signal ~$ ,q1,laIiJied ~ith" MU)f. -The pin is qn ot;:en source output.



INrERPlJPr pIn 88

The interrupt pin is
sources: 3i.nternal

an open,drain output.
timE!rs and the raster

TED contains
canpara tor.

fau::z::-interrupt

pin 12

For increa-'Sed' proce'ssor throUjhput, ,TEO doubles
cleek during oo'riztona1 am verti,c 991, blanking.
oomaries are:

the frequency af th S}'stem
The actual s1ngle clock

1) raster lines @-294 andhorizontal positions 49~-344
2) horizontal positions 304-344

GIN pin 14

E'or use 'in ursc t.e'levis-ion sys.tens, TED r;,~ires aa 14 .3I.818MHZsingle pbase
clock input. For PAL syste:t1s rr L~€ input clock must l:e 17.7J'4475'1HZ siaglepOa&o•

=SITE COLOR

The '9010r output contains a+1 chraninance information, incll:ding, the color
reference burst signal ,and the color 'of .a:ll.di-splay data. The color output IS

open SOlJrce and should ce terminat!2d with lK ohms to gro'lnd.

pin_ 23

The lllrtinance outPl1t contains all
iilforma-tion of the video display-.
external pullup. JJ

video synchroni za ti on as
This pin ,is Cip€!'l drain ff

~ll as lcrninqnce
re<]Uiti r:g an

scmm pi!1 33

This pin !;Zov:i:oe$- t..ge"o'u.t;nit o~ the 22 tone generators. Th'e output must be
int,eg-rated thro,ug,h an R: net- ...ork arid then buffered bj drive an exte:rna1see a 1.::2r•

OS AVAIUBLE pin 34

88us Av:ailable indicates the sta te o~ TED,wi th respect to video me-nary fetches.
aA ,-will go lowduring pr..25e I, 3.,s,,ingle clock: cycles before Till per'£orrns any
mer,ory access and will remain low for 'the entire fetch.

pin 35

During ooubleclock ~e, AECis ali<.'a.Ys higb allOwing the 6'51£1"tcrnplete
control of the sys:tan buses. For single cIcek time ~ricds, whenSA has -not
gone low, AEC will tpggle with fJ20llt. This allow'S TED PHil., tirre to complete
its rrenory accesses af video qqt information while the 6510 fertorms during
PI·Ii2. y.·ihen TEJJ needs l:::oth halves Q£_ t11e -C~'tde' to. ,perfo'rm it' custq:nar-y PHil
cot fetches, aOOPHi2 a-ttribu-tE'and ,pointer. ;Ef.;tcbes", SA,_wilI go -lb'W. en the
fourth Ft1ilo,Lltll AL-CWill remain low lntil ~~ end "of' the FH,i'2 video fetch.

Rev
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7360R7 TIf1HIG SPECIFICATIO~IS -- -NTSC I)HL'/-- __

Sin<4t ...:.10':'k 10 Singl.. .:.loc.khiDoubt~ c.loc.kto

Min ••
•• ••

m~ min M~ min max min ftl.a.x----- -- -- ----- -- -- -- -- ------- --T.:.y.:.••
69.81 09.881n

PlolIn to 2~ 4~
PW in hi 2~ 4~
Tc.yc. 1117 1118 1117 111:3 !i~8 :5:59 ~:58 :5~9Cto.:.1< PW ~3~ :5>3~ ~3~ :5$~ 27:5 23:5 .... -:oJ --:>~..:. P;) pp ".~Tc:.lL.,.~ Ih c>0 1113 60 11'3 66Ii) 119T.:.lk,.~h11 ........13 :<:613 .....,13 2ce 229 269.."" ,-Tc.lkmuxlh 6'3 1113 6'3 1113 013 lleTc:.lkmuXh11 25'3 29'3 2613 ....~13 26~ 2913,-Tc:.lk.:.~lh 61i) 119 613 1H) 513 119T c. Ike.u,.t;./ 3138 35:5 3<1e 36:5 3'J~) 35:5TTC. lkc..3.$lur-

4213 4713 4213 479T,.~s Imuxtt -13 213 213
.:.

Tmux t.:.3..5tt 3:5 3~ 3:5Tr-~ le.~s11 7:5 7:5 7:5Te.a.$wr-ash 16~ 1513 1613Tc:.lkcs11 3e~ 3e:5 3tl:5 3a:5Te.lkc.sh 4~ 11~ 413 1113
1H3Tc:..lk~e. 113 413 113 4~)

PIoIr-.~ t.:, 36 ..)) 4..l1=1
PIoI".t.shi 1-~' 2813.....
PIoIc:.3.st· :) 1713 oo:.-~~.,=,
P~l.:.~.; hi 2<1Q 3':?13

Ta.ddo...-t.a.c. 1::"0 1~13T3.ddo ....tr 11 413 413Tdou-trtp
168

151i)Tdouthld
48 1213

413 1213Tdinstp SI~J 913
913Tdinhld 113 H)

<lilaT~din:stp
4~Jc:l

4eaT~dinhld
aa aa

COMMODORE
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