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This document contains information concerning the architecture, 
hardware descriptions timing analysis, peripheral sPecification and driving software description for the Commodore system based 
on the 7360 I.C. (hereafter referred to as the TED I.C.) and the 
TEL system. This document does not attempt to fully describe 
software asrects of the TED system and information concerning 
this subJect can be found in the arprorriate documents listed 
in section II.



te SYSTEM OVERVIEW 

The TEL system is based on the 7501 microprocessors: which is 
an HMOS version of the 6510) working in conJdunction with the 
7260 Ted video rrocessor. System RAM consists of d4K bytes of 

dunamic RAN comrosed of eight 64k X 1 devices. System Program is 
comt3sined im two 16K X 8 ROMS: and in it’s standard configuration, 
consists of Kernal and Basic version 3.5 . The current 

implementation of the architecture for the Ted system suprorts ur 

to 128K X 8 of ROM banked in 16K sections. ROM can be completely 

banked out and RAM banked in for a true 64K of RAM (minus two 256 

byte sades). This allows 6074671 bytes available for Basic. The 

ROM/RAH banking is controlled by the 7360 under softwere 

control, 

Keyboard scanning is done by outrutting the row 

data on the Pate bus while addressing 3 particular resister in 
Ted, which will in turn cause Ted to latch the column information. 

Joystick scanning is done in the same manner, 

Ferirherals consist of standard serial bus products, (1541 

disk driver serial printer, ect.) cassette, TTL Serial ASCII which 

is intended to drive an RS-232 adapter, The expansion port supports 

ROM cartridges and a rarallel disk drive interface, 

SUMMARY OF TED SYSTEM FEATURES 

- 759: ( 4502 comartible) B bit CPU 

- 7360 VLSI videor voicer DRAM controller 

- S4KEute RAM 

- Z2Nkute ROM for use in Kernal and Basic 

S2NREwte ROM for Function Key software 

- 32NkKvte KOH for Cartridge software 

- Version 3,5 Kasic with advanced grarhics arid DOS 

( compatible with Cé4 ) 

- 40 X 2§ display with 128 colors 

- 320 X 200 erarhics resolution 

Voices and white noise 

A v-eys including function keys 

sraen Editor with virtual windows 

- P31 seeed euetem clock for increased processing throushrut 

- E.v-ternmsl sewer surrly (same 35 c64) 

- Law chisr count, high system intedration 

! 

ir
 
i
n
e
)



2. SYSTEM ARCHITECTURE 

The Ted system emrloys 3 shared bus concert which allows 

the video rrocessor and the microprocessor to access the same 

memory amd I/0 devices on alternate halves of the system clock, 

Bus access control is denerated by the 7340. To increase 

microprocessor throuwsheut, when this interleaving is not needed, 

the system clock doubles in freauency and the microrroccessor 
is allowed full time on the bus. This occurs when no video 

information is beind fetched by the 7360 (horizontal or vertical 

retracer blank screen). There is an exception to thiss and that is 

when the 7360 IMA’s the 7501 micro to accomplish attribute fetch 
and cheracter pointer information. 

Iyrnsmie RAM control siznals are generated by the 7360, 

“RAS is generated once esch memory cycler while /CAS is 

generated derending on whether the memory cycle is a IIRAN memory 
cycle or not. HUX is generated to control the multiplex of 

the Row and Column addresses doing to the DIRAKs. MUX also 

controls the holdoff of the R/W line as generated by the 7501, 

The R/W line is latched by the 7501 wntil the HUX line does high 

signifying the end of the memory cycle. Refresh is provided by 

the 7269; refreshing 5S row locations (RAS only refresh) every 
raster line. 

Selection of either ROM or RAH is accomplished by 

writing a bit in s Ted resister, When RAM is selectedr the 

whole 64K memory mer is comprised af RAK with the exception of 

2 resisters for 7501 Port, 1 Pade for Ted control registers, 

and 1 rage for I/0. This method yields 60;:671 bytes of RAM 

available for Basic rrodram storage. When RON is selected, the 

»rrosrsm residing in ROM arrears im Place of RAM. The exception 

to this is a write oreration to ROH will always ‘bleed through 

tc underlying RAM. 

Kernel ard Basic can also be selectivly swapped out 

and rerlacesd with other 16 K sections of ROM. 2 sockets are 

eroviged internezllyv for areplication programs (reffered to as 

function key software) and address space is allocated for 

2 ROMs external to the system ( cartridgse user ect.), 

warring is taken care of by a Kernal routine that does not 

zu2e outs (located at $FC0OO ).



The cassette rort and the Commodore serial bus Port 
are implimented wsing the zero rade Ports available on the 
7501 and using software control of hardware handshake, 

The serial bus works with Commodore serial components» 
excert for older rerirerals that have a handshake timing 
rroblenm. 

The User Port is intended for external RS-232 adartersı 
snd modem adarters. Transmission and recertion is sccomplished 
using 3 6551 ACIA with handshaking assistance from a 6529 single 
rort I.C,. 

The Joystick weorts are functionally comratible with the 
standard Commodore 5 switch twre Joystick, They are not compatible 
with analog tyre peripherals such as Fraddless tabletsı etc,r as 
well as not beine rin comratihle, 

The video connector has comrosite video as well 
3S sererate chrome and luminance outputs for use with monitors, 
The 1701, 1702 tyre Commodore monitors interface directly to 
this connector, 

The RF outeut Jack supplies an RF signal compatible 
with the regulations pertaining to TV interface devices» 
and is switch selectible between channels 3 and 4. Roth 
NTSC amd PAL television standards are surrorted, 

3. SYSTEM SFECIFICATIONS 
ee ee ee ee i a a ee ew ew we ee -——— ee 

This section covers the range of system operation by 

discussing various constraints end features of the TEL system as 

3 whole. Included are descriptions of the system as confidured 

and limitins factors of rower, loadings and environment.
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$A00Q__} 

RAM   $8000 — 

$656 
  

TEXT SCREEN 

  

j CoroR+ ATIAIBUTE 
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BASIC VARIBLES 
108 TF 
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tes [ERO ICE 
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452   

  

  

      
3.2 

TED MEMORY MAP 
64K



3.3 FOWER CONSUMFTION 

FART I TOTAL I TOTAL 
(TYF) (MAX) 

7501 89 125 ma 

7360 200 250 na 

23129 155 220 ma KERNAL? BASIC 
74LS257 24 38 ma 

nıcaulstor 80 150 m2 

555 10 15 m2 
F405 32 Si ma 

74L508 4 9 ma 

74L504 4 7 ma 

7700-x» 85 120 ma 

4164-2 336 480 ma 

3551A 34 60 ma 

„5297ER 56 80 ma 

S52°R 56 80 ma 

1156 14685 na W/O FUNCTION KEY SOFTWA 

23128 155 220 na FUNCTION KEY ROM 

1311 1905 ma TED W/FUNCTION SOFTWARE 

23128 155 220 m2 CARTRIIGE ROM 

1466 2125 na TENS4 FUNCTION ANI! CART 

RS - 232 1536 2225 ma TED44 FUNC. W/CART 

& RS-232 

xx 1.53 A TYF. A MAX, Kx No
 

1
3



3.4 BUS LOADING 

RAS 
DEVICE ADDRESS DATA R/W CAS 

7501 12 15 {2 - ef 
7360 10 10 10 10 ef 
4164 - 20 80 80 ef 
7700 8 - - 8 ef 
6551 10 10 10 - ef 
(2)8529 - 20 20 - ef 
7ALS257 5 - - - ef 
(2)23128 16 16 - - pf 

61 91 132 98 Pf x 
77 107 132 98 pf xt 
93 123 132 98 ef xtk 

x TEDS4 
+k TEN&4 W/FUNCTION ROMS 
XK TENS4 W/FUNCTION & CART



THE 7350 TEXT DISFLAY CHIF 
zen zen oT nn nn nn nn nn 

-_————— 

This charter will discuss various asrects of the 7360 
Text Disrley chir. 

et OVERVIEW 

ne 7360 (or TEL) is intended for low end 6502 family 
» rersonsl home computer systems.s The 7260 

48 rin device which controls video output: (all 

s:tnels messecars to creéste comrosite video)» system timinsar 

d:nenic RAM control: ROM controls and keyboard scanning, 

The 7360 contsins 34 control registers which are accessed 

throweh the standard 6592 microrrocessor date bus, 

The 7350 uses the MOS technology HHOS rrocess» and is 
yeirad3ble to HHOS 2, 

FEATURES 

GARDWARE FEATURES: 

DYNAMIC RAM REFRESH 

SOUND GENERATION 

FROGARAMNHABLE VIDEO TIHE STANBARES 

fcomratihble with either NTSC or FAL stendards) 

49 COLUMN X 25 ROW CHARACTER DISPLAY 

S$ X 8 CHARACTER DOT MATRIX 

329 X 200 FIXEL RESOLUTION 

1% UNIQUE COLORS» 8 LUMINENCE LEVELS 

HARIWARE FLASH 

HARDWARE CURSOR 

HARDWARE REVERSE VITIEO 

FROGRANAABLE CHARACTER INFORMATION SOURCE 
(RON or RAK) 

DUAL SFEED CLOCK 

SCREEN BLANKING FOR DMA SENSITIVE ENVIROMENTS



8 Lnir LHARMLIENISILUS 

This section discusses some of the physical characteristics 

or the TED chir. 

4.5:1 FINOUT 

FIN DESIGNATION DESCRIPTION 

1 A2 ANDRESS BIT 2 
2 At AUDRESS BIT i 
3 AO ADDRESS RIT 0 
4 vcc FOWER SUFFLY +5 
5 cso LOW ROM CHIF SELECT 
6 csi HI ROM CHIP SELECT 
7 R/W READ/WRITE LINE 
8 /IRQ INTERUFT REQUEST 
? MUX ADDRESS MULTIPLEX CONTROL 
10 /RAS DYNAMIC RAM ROW ANDRESS STROKE 
ti 7CAS BYNAMIC RAM COLUMN ADDRESS STRORE 
12 OOUT SYSTEM CLOCK 
13 COLOR CHROMA QUTPUT 
14 OIN HASTER CLOCK 
is KO KEYROARD LATCH O 
15 Ki KEYROARD LATCH 1 
1.7 K2 KEYROARI LATCH 2 
15 K3 KEYBOARD LATCH 3 
19 K4 KEYEKOARD LATCH 4 
20 KS KEYROARDT LATCH S 
ad Ké KEYBOARD LATCH & 
22 K7 KEYBOARD LATCH ? 
23 LUM COMPOSITE SYNCE AND LUMINENCE 
24 ¥Ss POWER SUPPLY GROUND 
25 TRO DATA BIT 0 
25 NEL DATA BIT 1 
2 tB2 DATA BIT 2 
28 LES DATA BIT 3 
29 gıH4 DATA KIT 4 
so IRS CATA BIT § 
31 NES TATA KIT 6 
32 DIR? DATA BIT 7 
23 SNE SOUNE OUTFUT 
a4 BA BUS AVAILABLE 
35 AEC APTNRESS ENABLE CONTROL 
36 ALS ANDRESS BIT 15 
37 414 ATIRESS BIT 14 
38 A1I ADDRESS BIT 13 
3°? A12 ADDRESS BIT 12 
40 411 ADLRESS RIT 11 
41 A1O ADDRESS BIT 10 
42 A? ANDRESS RIT 9% 
43 A8 ADDRESS BIT 8 
44 AF ADIRESS BIT 7 
45 AS ADRESS BRIT 6 
45 AS ADDRESS BIT 5 
47 A4 ADDRESS BIT 4 
48 AZ ADDRESS BIT 3



SIGNAL DESCRIFTION 
4.02 

ANDRESS BUS Pins 1 thru 3 and 36 thru 48 

The 16 bit address bus is bidirectional. As an input,» the 
microprocessor can access any af the 34 TED control resisters. 
tn the outrut mode TED uses the addresses to fetch Video 
Metrix Pointersr Attribute Pointers or character cell 
infermetion. For microrrocessor interface TEI resides in 
locstions FFOO-FFSF in memory. 

paTA EUS Fins 25 thru 364 

Tne 8 bit data bus is also bidirectional. The data bus 

setivity can be serarsted into 2 catedaries! microrrocessor 

imterface and video data interface during the shove 

mnemtioned fetches. 

SEYEOGRID LATCH Sinn iS thew 30 

The 8 bit keyboard latch is used as the keyboard interface. 
Urom instruction hy the microprocessor to write to the 

Keyboard latchs the information on the keyboard pins is 
latched be TEI send stored until it is retrieved by the 

microrroceszor om 2 read Keyboard instruction. The 

7360 also Provides zctive pull urs on the keyboard matrix 

lines. 

MO and Kl (2 of the kevhosrd lines) also provide testing 

functions, When these pins are externally driven to 10 volts; 

“hey srovide srecific testing features. It should he noted 

hoveverr thst these rins are high impedance and if subjected to 

nish enersdy electromotive fields: could cause false generation 

of the testing functions. This can protected asxainst through 

„se of diodes to insure the rotential on KO and Ki never 

»tcedes VCC. KO Senerstes 3a system freeze functions and 

setz sll horizontel flir-flors to force TED into the dynamic 

SAM refresh zeriod and sinsele clock. All flir-flors are 

‘hen relezssed to ällow their marirulation by the horizontal 

resister, Ni forces the internal clock division into the 
MTS mode, 

IF SELECTS Fins 5 snd 6 

TZl senerstes ROM chir selects based or address decoding, 
CSO ig active during the memory block of 8000-RFFF (HEX). 

[51 corresronds to COOO-FFFF (HEX) in memory. The ROM 
=Tes cf momcry cen be banked out to overlay RAH: see the 

®@siriztion of Registers JE and 3F (HEX). 

DYNAMIC RAM CONTROL Pins 9 thru ii 

TED senerstas /RAS and /CAS for dynamic RAM access, The 
aime) 4UX is-slso-senerated to-externally-multiplex the emis 
“OH row and column addresses,



SEAL/WRITE Fin 7 

R/W iz an input to TED to distinguish the tyre of oreration 
to be eerformed. TED will actively pull ur the system read 
tsne during all TED fetches. The read sidnal is aualified 

with HUX. The ein is an open source output, 

THTERRUFT Pin @ 

The interrurt rin is an oren drain outrut. TEL contains 

rour interrurt sources: 3 internal timers and the raster 
comrarator. 

PHI QUT Pin 12 

Fer increased Processor throughrut, TED doubles the freauency 

-f the system clock during horizontal and vertical blanking. 

The actusl single clock boundries are? 

1) Raster lines 0-204 and horizontal positions 400-344 

2) Horizontal Positions 304-344 

SHI IN Pin 14 

Tor use in NTSC television systems, TEI reavires a 14.31818 

“HI +/- 70 rzrı sirisle rhase clock input. For PAL systemss 

the input clock must be 17,734475 MHZ +/- 70 ppm single 

shese. 

COMPOSITE COLOR Fin 13 

The color out>rut contains all chrominance informstiorr 

ıncludins the color reference büurst sigdnal and the color 
sf tll diszlay dats. The color outrut is oren source 

‘m4 should be terminated with 1K ohms to ground, 

TOMPOSITE SYNC AND LUMINANCE, Fin 23 

The luminsmee outeut contains 211 video synchronization 
25 well as luminance information for the video display. 

"Se sin is oren drsinr reauirfins an external zullur 

of 1K Ohm. 

SOUNTI Fin 33 

Tniz rin zrovides the output of the 2 tone generators. 

The outzut must be integrated through an RC network and 

“aem buffered to drive an external sreaker.



RUS AVAILABLE Fin 34 

tos Available indicates the state of TED with resrect to 
wideo memory fetches. BA will go low during rehase 17 3 

simsiie clock cycles before TED performs any memcry access 
sid will remain low for the entire fetch, 

AZTDRESS EMASLE CONTROL Fin 35 

fyrins double clock moder AEC is always hish allowing 

thea 75901 complete control of the system buses. For 

sinsle clock time periods, when BA has not gone lows AEC 
will. todsle with FPHI2 out. This allows TED FHIl, time to 
complete its memory accesses of video dot information 
while the 7501 performs during FHI2, When TED needs both 

halves of the cycle to perform its customary PHI1 dot 

fetches end FHI2 attribute amd rointer fetchesr RA will go 
lowe On the fourth FHI1 outs AEC will remain low until the 

end of the FHI2 video fetch.



ae 

an 

ae 

d considerstions of the 7360 TED chir. 

4.1 

ELECTRICAL SFECIFICATIONS 

This section discusses some of the electrical properties 

ABSOLUTE MAXIMUM RATINGS 

INPUT VOLTAGE (Vin) 
SUFFLY VOLTAGE (Vcc) 
OPERATING TEMP (Ts) 
STORAGE TEMP 
INPUT LEAKAGE CURRENT 
LYNAMIC CHARACTERISTICS 
INFUT HIGH VOLTAGE (VIH) 
INPUT LOW VOLTAGE (VIL) 
OUTPUT HIGH VOLTAGE (VOH) 
(IQH=-200uA VCC=4.75V0C) 
OUTFUT LOW VOLTAGE (VOL) 
(IOL=-3.2ma WCC=5,25V) 
MAX FOWER SUFFLY CURRENT 

VIDEO VOLTAGE SFECIFICATIDNS 

CHROHA OUT 

LUM OUT 

LUMINANCE LEVELS (K7) 

LEVEL VOLTAGE 

20 2.00 y 
61 2.4 V 
22 2.55 Vv 
03 2.7 V 
24 2.9 Vv 
05 3.3 V 
9$ 3.6 V 
07 4,1 y 
08 4.8 v 

-2V to +7.0 VDC 

-2V to +7.0 VIC 

o to 79. ’C 

-55 to 150 ’C 

-1,0 uA 

Yee = 5.0 +/-5% 

Vsst2,4V to VectiV 

VSS-2V to Vsst.8V 

VSS#2.4V 

VSS+.4V 

250m3 

iVp-P min. w/2VOLT OFFSET OFEN SOURCE 
O-SV (blanking = .5V) OFEN DRAIN



COLOR PHASE ANGLES 

COLOR 

BLACK 
WHITE 
RED 
CYAN 
HAGENTA 
GREEN 
BLUE 
YELLOW 
ORANGE 
BROWN 
YLLW-GRN 
PINK 
BLU-GRN 
LT-BLU 
DK-BLU 
LT-GRN 

HUE PHASE (relative to SIN» 

NTS( 

70 
250 
20 

208 
314 
134 
70 

115 
162 
50 

232 
270 
350 
180 

PAL 

103 
283 
53 

241 
347 
167 
129 
148 
195 
83 

265 
323 
23 

213 

in desrees)



45 GENERAL TIMING 

This section explores the various timing considerations 
and constraints related to the TED chir. 

4.5.1 BUS TIMING 

PARAMETER SYMBOL MIN HAX UNIT 

TED ADOR SETUP TADS - 150 ns 
INFUT LATA SETUP TDSU 50 - ns 
INPUT DATA HOLL TIH 10 - ns 
OUTFUT IATA STABLE Tso 160 - ns 
CUTFUT LATA HOLD TOHO 80 120 ns 
R/U STABLE PERION TRWS - 178 ae 
MUX TO R/W SETUP THRWS - 70 ns 
HUX TO R/W HOLD THRWH 30 - ns 
CHIF SELECT SETUF Tess - 320 ns 
CHIF SELECT HOLD TCSH 70 - ns 
ADDRESS HOLD TAH 80 ns 
ADLRESS IN TRISTATE TALTH = 135 ns



4.5.2 BMA TIMING 

The 7360 rerforms DMA’ s to fetch additional information to 

maintsin # video display. Twice per each row of characterss 
(a character being defined as a cell 8 X 8 hits) to obtain 
the attributes for each character and to obtain the character 
rointer which Points to where the charcter pattern cen be 

found. In bit map moder these DHA’s still occurs but the 

information is interrretted differently. The seauence of events 
in a@ DMA cycle are: 1)The system clock comes out of double 

szeed for 1 cycle. At the same time AEC sterts to toddler 
sllowins the 7350 on the bus. 2)The Bus Available line goes 
low. 3)Three cycles are given to the 7501 to complete 

operation before DHA begins. 4)40 cycles of sindle clock 
where the 7360 is doing 2 fetches per cycle, 5S)BKA soes 
nish et the same time as AEC allowing the 7501 back on the bus, 

515 czcles follow of single sreed where the 7360 is engased 

in refreshins the dynamic RAM. 7)iE cycles of double speed 

(zauiv« to 8 cycles of single) 8) If last DMA was row B 

ef chsracter, then IIMA for row 1 of next character is initiated. 

If screen is hlankedı the 5S cycles of sinsle sreed are still 

r2sent for dynamic RAM refresh. 

4.5.2.1 TED DMA TIMING (REFER TO 4.5.2.2 TEM BMA TIMING DIAGRAM) 

cycles time 

TEMA 40 Abus TIME, DHA 

THALT 3 Zus TIME, HALT 

TSTSH Ss Sus TIHE,s REFRESH 

THs 16 Sus TIME, DOUBLE SFEER 

TE i lus TIME» SYNCHRONIZE 
Fe 

64 us ~ zul 

S:3grem 4.5,2,2 represents the occurence of whem two DNAs are 
‘reek to back". I.E. character row 3 [IHMAsı then character ro» I uf 

the next character [IMNAs, seperated only by one horizontal 

retreca,



+... 2. UMNA-Taming 

Der 7260 (TED) bıldet DMA-Zyklen (DMA: Direct memory access, 
direkter Speicherzugriff) um verschiedene Informationen zum 
Erhalten des Videobildes zu holen. Zweimal für jede Zeile eines 

Zeichens (ein Zeichen besteht aus einem Feld von 8*3 Bit): Zum 
Erhalten der Farbinformstion für jedes Zeichen, und zum Erhalten 
des Zeigers auf den Zeichensatz des entsprechenden Zeichens. Im 

Bitmap-Mode wird dieser DMA ebenfalls durchgeführt, aber die 

information wird anders interpretiert. 
Der DMA-Zyklus unterteilt sich in folgende Schritte: 

) Der Systemtakt wird für einen Zyklus auf normale 
jeschwindigkeit gesetzt. Gleichzeitig startet ein AEC-Takt, der 

den Bus dem 8360 zur Verfügung stellt. 
-) BA wird low. 

3.) Drei Zyklen werden der CPU noch gegeben um den aktuelien 

efehl zu beenden bevor der DMA beginnt. (CFU wird hochohmig) 
») Al Zyklen vom Einfachtakt. In jedem Zyklus macht der TED 

zwei Zugriffe. (MUX hat doppelten Takt!) 
5. BA wird high und gleichzeitig erlaubt AEC, dag’ die CFU 

wieder auf den Rus darf. 

6.) Es folgen 5 Zyklen mit Einfachtakt in deren der TED den BA 

a
h
 

e 
+
 
O
t
a
 

. 
Mm

 

durchfünrt. (Im zweiten Teil jedes Taktes hat die CFUZ 

Buszugritt. > 
Ls % 15 Zyklen mit doppeltem Takt. (=8 Zyklen Einfachtakt.) Der 

TED hat keinen Buszugriff. Alle Leistungen stehen der CPU zur 

Verfigung. 

8.) War der letzte DMA fiir Zeile 8 eines Zeichens, wird der DMA 

fiir Zeile 1 des nächsten Zeichens vorbereitet. 

Falls der Screen abgeschaltet ist, so werden nur die 5 Zyklen 

mit dem Refresh mit Einfachtakt durchgeführt. Alle übrige Zeit 
steht der CFU mit doppelter Takfrequenz zur Wefügung. 

4.5.2.1 TED DMA Timing 

  

Titel Zyklen Zeit Takt Bemerkung 

THALT pa Zus 985 TIME, HALT (kein CFU-Zugriff) 
TDMA 40 4$ns 0.85 TIME, DMA (80 Zugriffe des TED!) 

TRFSH Si Sus 0.85 TIME, RFSH (5 CFU-Zugriffe) 
TDS 16 Pus 1.7 TIME, DOUBLE SPEED (16 CFU-Takte) 

TS 1 tus 0.85 TIME, SYNCRONIZE (1 CFU-Zugriff) 

65 ö4us = eine Eildschirmzeile 

Bei eingeschaltetem Bildschirm stehen der CFU somit 20 Zyklen 

zur Verfügung. Dabei am rechten Rand des Bildschirms (rechter 
Rahmen) 15 Zyklen mit 1,7MHz Takt.
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5 THE 7501 MICROFROCESSOR 

This section describes some of the rrorerties znd 
functions of the tyre 7501 microprocessor, 

Sl 7501 NESCRIFTION 

Tne 7501 is em HHOS version of the 6502 family or more 

srecificallyr the 6S5S10CEM. The 7501 is software 

compatible with existing 6502: 6510 code. 
The 7501 contains a 7 bit bi-directional port 
ysed to directly drive the serial bus and cassette. 

The Port is at locstion $0000 while the data direction 

register is at $0001. The 7501 is Tri-statable and 

through use of the AEC (address enable control) line 

and is used extensivly in the TED shared bus concept. 

[MA is saccomrlished usins the AEC line and the RIY 

line (celled KA om TER). A control line is Provided 

(GATE IN) to hold off the R/W line until /RAS makes 

the transistion from low to hi, This prevents the 

Resd line from making an early transistion to the 
write stete which would cause an imeroeer Early 

Write Cxzle to occur.



7501 FINOUT uw
 

13
 

FIN NAME DTESCRIFTION 

1 FHI IN SYSTEH CLOCK INFUT 
2 ROY UMA RQST 

z /IRQ INTERUFT KQST 

4 AEC ALUDRESS ENABLE CONTROL 

5 vec FOWER SUPFLY +5V, 

& AQ ADDRESS BIT 9 

7 Al AUDRESS BIT i 

8 A2 ADDRESS BIT 2 

9 AS ADIRESS BIT 3 

10 A4 ADDRESS HIT 4 

£1 AS ALTRESS BIT 5 

12 AS ADDRESS BIT 6 
13 A? ADRESS KIT 7 

14 A8 ALTRESS BIT 8 

PS A? ALDRESS RIT 9 

16 A10 ADDRESS BIT 10 

17 ALL ADDRESS BIT 11 

18 A12 ADERESS BIT 12 

1? A13 ANDRESS BIT 13 

20 GNI POWER SUPFLY GROUND 

21 A143 ANDRESS BIT 14 

22 A15 ADDRESS BIT 15 

23 GATE IH R/W GATE 

24 F7 FORT BIT 7 

23 Fö& FORT BIT 6 

26 F4 PORT BIT 4 

27 FS PORT BIT 3 

ag F2 PORT EIT 2 
29 Pl FORT BIT 1 

30 FO FORT BIT O0 

31 DA? DATA BIT 7 

32 Tes DATA BIT & 

33 ERS [ATA BIT 5 

34 ıB4 DATA BIT 4 

5 ERS DATA KIT 3 

35 22 DATA BIT 2 

37 Tey DATA BIT fi 

3S reo IATA BIT O 

39 E/ i READ/WRITE 

4¢ RES RESET



5.3 7501 ELECTRICAL SPECIFICATIONS 

This section describes some of the electrical 

constraints end srecifications of the system, 

5.3.1 MAXIMUM RATINGS 

Reting Symbol Value Unit 

Susrely Voltage Vee -0.3 to +7,09 Vde 
Ineut Voltese Vin -0.3. to +7,0 Vdc 
Orerating Temreratiure Ta 0 to +70 c 
Storase Temrerature Tsta -55 to +150 c



§.3.2 ELECTRICAL CHARACTERISTICS 

Cheracteristic Symbol 

Ineut Hish Voltage VIH 

Fhi0lin) 

/RESıFO-P7, /IRQ» Data 

Input Lou Voltase VIL 
Fhiotin) 
/RES+PO-F7ı/IRQ, Data 

Ineut Leakage Current Tin 

(Vin=0 to 3.25Vs 

Vec=5,25V) 

Logic 

PHiotin) 

3-State(Ofr) Ine. Cur, ITSI 

(Vin=0.4 to 2.4V, 

Vec=5,25V} 

[lata Lines 

OQuteut High Voltage VOH 

(ICH=-100uAdcr 

Vcc=4,75V) 

Data, AO-A1S:R/W»FO-F7 

Guteput Low Voltage © VOL 
(IOL=1,46mAdcy 

Vec=4.75¥) 

Datsı AOD-ALSı R/Wı FO-F7 

Fower Surrly Current Icc 

Csrecitsnce Cc 

(Vin=0,T3=25 Cr 
= P=reR=) 

LosicsFO-F 7 Cin 

[late Cout 

AO-A7? Cout 

FNLI CPHil 

Fhi2 CFHi2 

Min 

Vss+2,4 
Vss+2,2 

Vss-0,3 

Vss+2,4 

Tyr 

30 
30 

Max 

Vee 

YVsst0 

YVsstoO 

10.0 

10 

15 

i2 

30 

80 

3 
«8 

Unit 

Vdc 

Vde 

VYde 

Vde 

uA 

WA 

uA 

Vdeo 

Vde 

mA 

FF 

FF 
FF 
PF 

Pf



5. 

CLOCK 

4 

( 

SIGNAL DESCRIPTION 

FHI O - This is the dual sreed system clock and 
is a standard TTL level input, 

ADEDRESS BUS ( AO - ALS) =~ TTL onteut. Carable of driving 2 TTL loads 

at 130 Ff. 

DATA BUS ¢ [TO - 017) - Ki-directional bus for transferring data to 

RESET 

and from the device and the rerirherals, The outruts are 

tri-state buffers carable of driving 2 standard TTL loads 
end 130rf. 

This imeut is used to reset or start the urrocessoör from 

@ rower down coridition, During the time that this line 

is held lawr writing to or from the werocessor is inhibited. 

When @ Fositive edge is detected on the insut: the uprocess 

will immediatly begin the reset senuernce,. After a system 

initialization time of & cycles, the mask interupt 

flag will be set end the processor will load the program 

counter from the contents of memory locetions sSFFFC and sFFFI. 

This is the start locetion for Program control. After VCC 

resches 4,75 volts in 3 Power we routine, reset must be held 

low for at lesst 2 cycles. At this time the R/W line vill 

become valid. 

INTERUFT REQUEST ¢IRQ) - TTL imeut: reauest that the processor 

AFDFESS 

I’) FERT 

GER - T 

initiate ar interrurt seauence, The Processor will 

complete execution of the current instruction before 

recosmizing the reauest. At that time, the interrurt mask 

in the Status Code Resister will be erxramimed. If the interrurt 

mask is mot sets the rrocessor will bedin an interrupt 

seauerce, The Frosran Counter and the Processor status 

resister will bs stored or the stack and the interrurt 

dizseble fleg ie set se thst no other interrupts cam occur. 

The rrocessor will then losd the Frosrsm counter from 

the memory lorstiorzs $FFFE and SFFFF. 

ENABLE CQNTROL (AEC) - The Address Kus is only valid when 

the AEC line is high. When low, the sddress bus is ima 

hish imzedsne2> etzte. This allows easy DMA’s for shared 

Cut sustams. 

CPO-P4,;PS2F7) - Ridirectianel rort wsed for transferring 

dats ta snd from the erecessor directly. The Data Outeut 

Fecister is locsted at lecation #0001 and the [late Tlirection 

Resister is located at location $0000, 

l auteut from rrocessor to control the direction L leve 

of dzsta transfer between the Frocessor send memory, 
rarirheräls» ete. This line is high for reading memory 

zd low for writins. This line is latched by the Gate In 

lire te szechronize betveen 2 IRAN memary cycle and the 

erocessor clock cycle. If AEC is low when Gate In makes a 

low te hish trensitions the R/W line will do to 2 high 

imeedence until the next transition of tne Gete In line 

and AEC is high prior to the transitioh.



GATE IN - TTL level invsut, used to gate the R/W line to prevent 
the R/W line from going low during 2 read cycle, before 

RAS and CAS go high Cresulting in 2 Read/Write cycle), 
Normally connected to the MUX line in @ system configurat: 

to stchronize the IRAM memory cscle to the Frocessor 
clock cycle. | 

RL - Readv. TTL level input, used to DMA the 7501. The erecessor 

orerstes normally while ROY is hish. When ROY makes a 

trensition to the low state, the Frocessor will finish 
the orerstion it is ons and any subseayert orerstion 

if it is 3 write cycle, On the next- occurerce of 
read cycle the rrecessor will naltı mekins it 

rossihle to tri-state the rrocessor to dein caomelete 
access te the system bus,



3 FROCESSOR TIMING ao
 

This section explores the timinins considerations of the 

7501 erocessor unit. 

Sa dwt TIMING CHART 

o c 
Electrical Characteristics Vee = Sv + S%r Vss = Ove TA = 0 C to 70 

Cherscteristic Symbol Min Max Units 

MUX inzut high TMH 60 110 ns 
AEC setue time TAEC 25 60 ns 

MHUX-.to RW setur or tri-state THRUS 70 ns 
MUX to KW hold THRWH 30 ns 

Uz data setup from PHO THOS 130 ns 

Ur write date hold THW 60 ns 

Ur date setup from Mus TMXDS 120 ns 

Data bus to tri-state from HUX THXDT 30 as 

Tata bus to tri-state from AEC TAEIT 120 ns 

Read dsta stable TDSU 40 as 

Read data hold THR 40 ns 

Address setur from PHO TADS 40 150 ns 
Address hold THA 40 ns 

Address setur from AEC TAAIS 73 ns 

Address tri-state from AEC TAEAT a 120 ms 

Fort input setup TPDSU 105 ns 
Fort inrut half TPDH 65 ns 

Fort outrut data valid TEDW 195 ns 

Cyele time TCYC 500 ns 

FHOtin) Pulse width @1.5v PHHPHO 250 275 ns 

PHOCin) rise time TRPHO 10 ns 

FHOCin) fall time TFPHO 10 ns 

kRIY setur time TRDY 89 ns



5.5.2 75017 TIMING DIAGRAM 
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6.1 

DYNAMIC RAHS 

This charter covers the constraints and features of 

random access memories used in 

ELECTRICAL SPECIFICATIONS 

INFUT VOLTAGE (Vin) 
SUFFLY VOLTAGE (Vcc) 
DFERATING TEHP (Ta) 
STORAGE TEMP 
INPUT LEAKAGE CURRENT 
DYNAMIC CHARACTERISTICS 
INFUT HIGH VOLTAGE (VIH) 
INFUT LOW VOLTAGE (VIL) 
OUTFUT. HIGH VOLTAGE (VOH) 
IOH=-200uA VCC=4.75V0C) 
OUTFUT LOW VOLTAGE (VOL) 
tIOL=-4.2ma VCC=5.25V) 
MAX FOWER SUFFLY CURRENT 

the TED system, 

-1V to +7.0 VOC 

-1V to +7.0 VIC 

0 to 70 ‘C 
-55 to £150 “€ 

-10,0 uA 

Vee = 5,0V +/-5% 

Vsst2,4V to VectlV 

VSS-1V to Vsst.8YV 

VSSt2.4V 

USSt.4V 

80n3



6.2 CHARACTERISTICS 

This section covers some of the characteristics of 

the 64K bs 1 bit RAM that is used in the TED 64 system. 

6.261 FACKAGE FINOUT 

FIN NAME DESCRIPTION 

1 NC 
= bin IATA IN 
3 /WE WRITE ENABLE (ACTIVE LOW) 
4 /RAS ROW ADDRESS STRORE (ACTIVE LOW) 
5 AO ADDRESS BIT 0 
5 A2 ALDRESS RIT 2 
7 Al ALDRESS BIT 1 
3 vcc FOWER SUPPLY +5 
? A? ADURESS HIT 7 
10 AS ADDRESS BIT 5 
11 AA ADNRESS BIT 4 
42 AS ADLRESS BRIT 3 
13 AS ADDRESS BIT 4 
14 Dont DATA OUT 
15 /CAS COLUMN ADERESS STROBE (ACTIVE LOW) 
1é VSS FOWER SUPPLY GROUND 

by 202 SELECTION CRITERIA 

The TEL system uses low cost 200 ms access RAMs. 

Quslified rarts must meet 31] timing Parameters as 

srecified in section 6.3.1 "TIMING CHARTS and 6.3.2 

“TIHING DTIAGRAM'. 

6.3 TIMING 

This section illustrates +t 
constraints in dealing with DRAM, 

he required timing
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a. THE USER PORT 
=. no .. 7. . ..=..—— 

This chapter details the system User Port. 

7,1 DESCRIPTION 

The USER FORT is included to allow various terminal 
and modem devices to connect to the TED system, Transmission 

and reception is via a 6551 ACIAr with handshaking assistance 

from a 6529 single rort device. The 6551 and the 6529 are each 
accesssble to the TED system in softwarer thus allowing their 
programming for various applications, 

The 6551 ACIA is enabled by addresses $FROO to 

$FDOF. The least sisnificant two hits of the address will 
choose the mode: which may be set for trarsmit/reciever recieve 

status: or rrosrammins of either the command resister or the 

comtrol resister, Similarly: the 6529 is activated by the 

sddresses $FD10 to $FDIF. It permits seven bits of either inpu 

or outputs derendingd upon the status of the Read/Write line, 

eighth bit, bit two to be exact, is tused as the cassette sense 
input. It may he wossible to utilize this hit if certain 

Precautions are taken in software. ( I.E. Insure that cassette 

sense is not srounded.) 

The User Port itself rrovides sccess to various sidnals 

genersted by these two chirs, in addition to the ATN end Buffered 

Reset (ERESET) lines of the TEN system, The port also provides 

srounds +5VDC and +9VAC for use by connected devices,
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FHYSICAL PINOUT 

NAME 

GND 

FO 

RxD 

RTS 

DTR 

F? 

ncD 

Fé 
CTS 

USK 

TxIı 

GND 

GND 

+5 

/BRESET 
F2/CST SENSE 

F3 

F4 

FS 

Rx 
ATN 
+9 

+9 

GNO 

DESCRIPTION 

Ground 

I/O Port Bit 0 
Recieve Data 

Reauest to Send 

Dsts Terminal Ready 

I/0 Port Bit 7 
Data Carrier Detect 

I/O Port 

Clear to 
Data Set 

Transmit 

Ground 

Ground 

+5 VIC 

Ruffered 
I/O Port 

I/O Fort 
I/O Port 

I/O Port 

Bit 4 

Send 
Ready 

Date 

System Reset 

Bit 2 

Bit 3 
Bit 4 

Bit 5 

Recieve Clock 

Attention 

+9 VAC 

+? VAC 

Ground 

DIRECTION 

Ineut/Outeut 

Input 

Qutrut 

Outeut 

Inrut/Dutrut 

Input 

Input/Qutrut 

Inrut 
Inrut 
Dutrut 

Dutrut 

Fneut/Outeut 

Input/Dutrut 
Inrut/Outrut 

Input/Qutrut 

Inrut/Outrut 

Qutprut



7.3 ELECTRICAL SFECIFICATIONS 

I/O Forts (FOrP2.+F7) 

These ports @re capable of driving up to four TIL type 

loads each im output confisuration. 

Buffered Reset (/BRESET) 

The buffered reset line is capable of driving at least 

one TTL level load. It can drive a total of ten TIL loads 

between the User Portr the Serial Fortı and the Exransion Fort, 

Attention (ATN) 

This line is carahble of driving at least one TTL level 

load, It can drive a totel of ter: TTL loads between the User 

Fort and the Serisl Port, 

Recieve Data (RxD) 

The Recieve Rata inrut may be driven by 3 single TTL 

vel driver. 

other Irıruts (ICD: DSRs CTS) 

The remaining data inputs ere buffered by TIL buffers. 

Each may be driven by = single TTL level driver. CTS is sensed 

via 6529 under softwere control. 

Recieve Clock (RxC) 

Tne Recieve Clocks when acting as an output: can drive 

a single TTL level load. As an input, it must be driven by at 

leest one TTL level load, 

Trormemit Lats (TxD) 

The Transmit Iista outrut is carable of driving 3 sinsle 

TTL level load, 

‚ner Qutruts (RTSs DTR) 

The remaining outputs are each buffered by a TIL buffers 

thus each of them will drive ten TTL level loads, 

Five volt source (+5) 

The five volt source is redulated [Cy capable of surrlyiris 

100 mA worst case. 

Nire volt source (+9) 

The nine volt source is an unresulated nine volt (RMS) 

surely, carsble of surprlying a worst case current of 400 [IC mA,



7.4 TIMING 

ARAMETER 
—— eee 

Transmit/Receive 

Clock Rate 
—e ewe ee ee ee ee ee eee ee eee 

Transmit/Receive 

Clock. Hish Time 

Transmit/Receive 

Clock Low Time 

XTAL1 to TxD 

Froradetion Delay 
——K eee ee eee ee ee eee eee ee 

Froradation Delay 

(/RTSr /DTR) 

/IRQ Frorasation 

Ifelas (Clear) 

OYA KTS 

———— oe 

— we i 
’ ’ 

ata 
man 

<Lock N 

too   
  - X 

MOTE. ToO rem a 5/96 ToC ome 

Transmet Timing with External Clock 

eel 
svmpot MIN Wax UNIT 
a ae sas 
‘Teh m 0. ns 

‘Tel m - ns 

TE - co ns 

Tl - 050 ns 

‘Tire - 500 ns 

    
  

Interrugt. and Dütpur Timing 

  

I—_ 
MOTE BIO mem DIE Rule 

Recerve External Clock Timing



0551, 6527 TIMING 

  

  

  

PARAHETER SYMBOL MIN HAX UNIT 

EZZ=Z3222222 222 SS S3=2S5S5325ZSZ22ES32 5225225552525 22555 

PHI 2 PW PWO2 248 350 ns 

ADDRESS SET TACR 72 = ns 

UP TIHE TACW 

ADDRESS HOLD TCAH 25 = ns 

TCAR 

R/W SETUP TWCW 71 - ns 

TWCR 

R/W. HOLD TCWH 93 = ms 

TWER 

DATA BUS TDCW 148 = ns 

SETUP 

READ ACCESS TCDR 195 = ns 

READ DATA THR 35 = ns 

HOLD 

Write Cycle 

  

    

  
~~ SN AW RE OTT, 

  

  

Read Cycle eee 

  

      

  
    

  

  

  
Darapy 

 



PLA PROGRAM CHART 7.6 
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8. THE VIDEO SECTION 

8.1 VIDEO INTERFACE 

The TEI viedo interface hardware allows the connection of 2 

standard NTSC or PAL commercial television and/or a color monitor. 

The monitor may sccept either 2 composite video signal or separate 

chroma and luminance/syne signals in addition to an audio signal. 

8.2 MODULATOR SPECIFICATIONS 

The modulator provides 3 broadcast tyre RF signal carrying 
the composite video and audio signals. The NTSC modulator is 

switchable between channels 3 and 4 to hele minimize local 

broadcast interference. The sisnel generated by the RF modulator 
Comslies with FCC ruling concerining FCC Class EK; TY Interface 

Tlevices,. 

"3 MONITOR OUTFUT 

The monitor outeut rrovides the following signals: 

Luminance/Syne 1 V p-p 75 ochas 

Chroms 1 VU pop 75 ohms 

Audio i V p-p 

Comrosite 1 V pp 75 ohms 

8.4 VIDED CONNECTOR PINOUT 

Tne video connector Provides the following signals} 

FIN SIGNAL 

Luminance/Sync 
Ground 

Audio Out 

Comrosite 

Audio In 
Chroma 

N.C. 

N.C, 
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9, THE SERIAL BUS 
mae ewe ewww wwe 

  

Type 
  

SERIAL SRQIN 
GO 
SERIAL AIN IN/OUT 
SERIAL CLIX IWOUT 
SERIAL DATA IN/OUT 
RESET 

91 SERIAL BUS SPECIFICATION 

e
u
a
u
n
-
l
|
}
 

      
  

Data BYTES 
— 

ATTY 
  

READY - TO -SEND 
TALKER SENDING 

UUUSUEUL I „LUSLUL erser 

  

      
  

| gr. Seh DATA 
STEEL 
DATA VALID Tui Fa 

NER READY-FOR-DATA | \STzNER DATA-ACCEPTED 

SERIAL BUS TIMING 
  

  

  
  

        

SYMBOL: MIN I TYP | max. 

ATN RESPONSE (PEQUZES) DO | Tr ° —- : —- [12004 
LISTENER HOLC-OFF Tus @ t= oo 
NON-EO2 RESFONSE TS =°5 Ws tb — | 235; 299,5 

BIT SET-UP TALKER ©! te | 2603! 70.5] — | 
DATA yELid ty | 2@us! gus: — | 
FRAME HANOS-AXE © Tt |! @ 29 1800.5 | 

i FRAME TO RELEASE TO ATN Tg | 2Qus _ = 
BETWEEN BYTES TIME Tes ; '89xu3 = | i | 

| €OT PESPONSE TIME Tye | 2004s] 258.) — 
i EQ] PESPONSE HOLS TIME ©, Tz | E84 _ — 
| TALKER RESPONSE LIMIT Tay @ 3845 | EGus 
| EYTE - ACKNOWLEDGE @ | Tor 2Gus | 3Gus = 
| Fark - ATTENSION RELEASE Tre 20us | 3045 | 100,5 

TALK -ATTENSICN SCKNGWL-DOS] Toc @ — _ 
TALK ATTENSION ACh. HOLS Tea EQus = = 
EOI ACKNOWLEDGE Trp 6Gus _ _ 

© Tzı MIN. MUST EE 89.5 FOR EXTERNAL DEVITE TO Gf A TALKER. 
G) Ty AND TeQ MIN MUST BE 60us FOR EXTE RNAL one TG. BE A TALKER. 

IF MAX, TIME EXCEEDED, FRAME ERROR. 
Or MAX. TIME EXCEEDED, EOL RESPONSE REQUIRES. 

IF MAX, TIME EXCEEDEG, CEvICE NOT PRESENT ERROR. 
NOTES:



LUe ınct EXFANSION BUS 

10.1 EXFANSION BUS PINOUT 

FIN NAME FIN NAME 

1 GNI A GNE 

2 +5 B CILOW 

3 +5 c /BRESET 

4 /IRQ D /RAS 

g R/U E PHIO 

& CIHI F ALS 

7 C2LOW( reserved) H A14 

8 C2HI(reserveg) J ALS 

9 7CS1 K Ai? 

10 “CSO E: Ali 

11 {CAS = ALO 

12 MUX N Ag? 

13 RA P A8 
14 D7 R A7 

15 Lö S AG 

16 ns T AS 

17 D4 U A4 

18 DS Y A3 

19 p23 W A2 

20 bi x Al 

24 no Y AO 

22 AEC Z NC 

23 EXT AUDIO AA NC 

24 PHI 2 RE NC 

25 GNI ce GNP 

<2 EXFANSION CONNECTOR SIGNAL DESCRIPTION 

AO - A15 SYSTEH ADDRESS RUS - UNEUFFEREI, OUTPUT. 

bo - I7 SYSTEM DATA BUS -UNBUFFERED. OUTFUT. 

/CS0,/C51 INTERNAL ROM CHIF SELECTS. OUTFUT. 

CiLOW,CL1HI EXTERNAL CARTRIDGE CHIP SELECTS. ACTIVE LOW. OUTPU 

/RAS DRAM ROW AIDRESS STRORBE. OUTPUT. 

MUX IRAM ADDRESS MULTIPLEX CONTROL SIGNAL. OUTPUT. 

/CAS ERAM COLUMN ADLRESS STROBE. OUTPUT. 

RA BUS AVAILABLE. LOW FOR DMA. OUTPUT ONLY. 

I $ 2 ARTIFICIAL PHI 2, ADDRESS VALID RISING EDGE. 

DATA VALIN FALLING EIGE. OUTPUT. 

R/U SYSTEM KEAN WRITE LINE, OUTFUT. 

/IRQ INTERUFT REQUEST. INFUT. 

/ERESET BUFFERED RESET. OUTPUT. , 

EXT AUDIO EXTERNAL AUDIO. INPUT. 1 V P-r FULL SCALE. 

AC COUFLET,



REAL ONLY MEMORY 

11,1 SYSTEM ROM DESCRIFTION 

Je @ bssic confisurations the TEI orerating system 
resides in Z2X of reed only memory contsined in two 16K X 8 

ECH, The KERNAL resides im the urrer 16K ROM (referred to 
as HIGh RGM) and some of the lower 16K KOM (LOW ROM), 
The Kernaly by definitionr is the orereting system of the 

computer, with fixed entry roints into usable subroutines 

to fecilitate use by higher level programs. The entry table 

for the Kernal is located ahove the 7360 in memory. ($FF40 - 

S$FFF9) Contained in the space ellocated for the Kernal is the 

chsrecter FIOM st location $2000 - $D7FF. "BASIC" is 

cortzined in the lower ROM not used by the Kernal. 

2 BANKING ROM OFERATION 

Although the system can only 'see" 32K of ROM 

at = timer we to $4K can te installed on board, with 

am additional 32K on as external cartridge. This 

is Fossible using the scheme known as "banking’,. 
Bonking is 2ccomrelished by writting to thee address 

rsrıse of S$FDDO - tFDIF, When @ write to this address 

rarıze oceyrsı the lower four bits of the address bus 

select 2 of © banks (each 16K). Refer to the chart below, 

ee ae a eee ee ee ee ee ew ew on... ee 

9 9 low internal #1» "RASIC"' 
0 1 low internal #27 "FUNCTION LOU" 

t 0 low external #1, "CARTRIDGE LOW" 

1 1 reserved 

2 Ag RANK 

0 0 hi internal #1r "KERNAL® 

o 1 hi internal #2, "FUNCTION HI* 

1 9 hi external ti "CARTRIDGE HI‘ 
1 1 reserved 

Even when the Kernal is banked outs part of 
the Nernmsl remains sccessable, This is the part of 

the Kernsl that does the actual banking and is loacted 

in the address renge of $FCOO to SFCFF. This section 

of ROM will mot assert itself if ROM is banked out 

for RAM.



ii. ROM ELECTRICAL SFEC 

Absolute Maximum Ratings 

INFUT VOLTAGE. (Vin) 
SUFFLY VOLTAGE (Vee) 
OFERATING TEHF (Ta) 
STORAGE TEMP 

Io,C. Characteristics 

INPUT LEAKAGE CURRENT 
LYNAMIC CHARACTERISTICS 
INPUT HIGH VOLTAGE (VTH) 
INFUT LOW VOLTAGE (VIL) 
OUTFUT HIGH VOLTAGE (VOH) 
{IOH=-200uA VCC=4.75V0C) 
OUTFUT LOW VOLTAGE (VOL) 
(IOL=-3.2ma VCC=5,25V) 
HAX FOWER SUPPLY CURRENT 

-.5V¥ to +7.0 VIC 

-.5V to +7.0 VIC 
0 to 70 ’C 
-55 to 150 ’E 

-10 uA 

Veco = 5,0V +/-5X 

Vsst2.4V to VectiVv 

VS5-,5V to Vss+,8V 

USSt2,4V 

VSSt.4V 

120 mA
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23128 KOM FINOUT 

NAHE DESCRIPTION 

NC 

AL2 ALDRESS BIT 12 
A7 ADDRESS HIT 7 

fd ANDRESS BIT 6 

AS ADDRESS BIT 5 
AA ADDRESS EIT 4 

AZ ANDRESS HIT 3 

A2 ALDRESS BIT 2 

Al ANURESS BIT 1 

AO ADTRESS RIT 0 

rio IATA BIT 0 

D1 DATA KIT 1 

2 DATA EIT 2 

GNI FOWER SUPFLY GROUND 

rs DATA BIT 3 

4 DATA BIT 4 

us DATA BIT 5 

16 DATA BIT 6 

I? DATA BIT 7 

7CS CHIP SELECT / ACTIVE LOW 

A10 ADDRESS BIT 10 

/CE CHIP ENABLE / ACRTIVE LOW 

All ANDRESS RIT 11 

Ag ADDRESS BIT 7 

Ag AUDRESS BIT 8 

ALS ADDRESS BIT 13 
CS or CE CHIP SELECT OR CHIP ENABLE / ACTIVE HIGH 

VCC FOWER. SUPPLY +5



11.5 ROM TIMING SPECIFICATION 

FARAHETER SYHROL HIN, HAX. 

ACCESS TIME TACC 300 = ns 

OUTFUT ENABLE TOE 120 = ns 

Note! TACC aveilsble from system is 338ns and TOE available is 12 

  

  

  

  

  

  

  

OUTPUTS IMPEDANCE 

LOORESS u PA 
INPUTS INVALID 7 VALID x INVALIO 

CHIP | if 

SELECT DISABLED ‘ ENABLED pIsags 
INPUTS ie | N : nid 

| co | DATA HIGH Kon. r RIGH 
in ALIO VALID X Ua ———— 

r IMPEDANCE 

acc |  
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Plusy C1 

THE KEYROARD 

KEYROART 

NAHE 

DS 
K7 
GND 
+5V 
07 
KA 
Di 
KS 
Kö 
113 
02 
114 
Ko 
Ki 
lié 
Kz 
KO 
to 

CONNECTOR FINOUT 

DESCRIFTION 

DATA KIT 5 
NEY LATCH BIT 7 
LED GND 
LEI +5VOLT 20ma MAX. 
DATA HIT 7 
KEY LATCH BIT 4 
DATA BIT 1 
KEY LATCH BIT 
KEY LATCH BIT 
DATA BIT 3 
[t'ATA RIT 2 
ITATA BIT 4 
KEY LATCH EIT 
KEY LATCH BIT 
HATA BIT 6 
KEY LATCH BIT 
KEY LATCH HIT 
DATA BIT © 

5 
6 

1
 

KEYBOARD MATRIX 

BIO DY 9) 0) 79) C46 

  

  

  
    
  

    
  

  

      
  

    
  

    

io 
Sé (4) 73) ( DDO 48} Plus 4 

| ml 
| | i, 

RUN | ; 

Ir Lee era! ror eke & je 2 

no Le lw lo bods Is le Ir ott 
TI TI Ir | SHIFT LOCK 

ff R pe) 1x ict iF ad "3 IW 

7 7 oe rors nen 

I» Ir Is Iv la In lu Is 
T ~~ wo Ppa T =~ I 

1? df ly IN IM LK lo | 
7 —< i — yy Se 

ao ar dh | ea 

DG le * 13 |7 leel= [+ |e 

J ocu feum & Ifr |fa lf To 

ale shy Kiz A . Kis ke jp» TED 

AN 
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3 KEYZOARI ELECTRICAL SFECIFICATION 

1) MAXIMUM RATING 

2) CHATTERING 

3) CONTACT RESISTANCE 

4) CAPACITANCE 

5S) INSULATION RES, 

6) WITHSTANE VOLTAGE 

7) OPERATING FORCE 

ZERO TRAY FORCE 

FULL TRAV FORCE 

8) OFERATING LIFE 
FUNCTION KEYS 

9) OFERATING TEHF 

16) STORAGE TEMF 

12¥0Cr 200uS PULSE WIDTH 1/50 DUTY CYCLE 
ima 

5nSöEC INITIAL» 10mSEC OVER LIFE 

500 OHM MAX. 

100rf MAX 

50M OHM HIN. 

250VAC tain, 

658 TYP. 

15+/-108 AT «Smm TRAV 

90+/-258 AT .Smm ABOVE FULL TRAY 

500 MILLIGN TIHES 
309 MILLION TIMES 

-5 - +50 °C 

-~20 - #65°C



7360R7 

Single clock to 

TIMING SPECIFICATIONS --——-——-NTSC ORL'Y--—-- 

Single clock hi Double clock to Double chack ni 

    

  

  
    

min max min max min tat min max 

Teyc in 9,51 53,88 
PU in lo 235 435 

PA in ni 25: +5 
Tere thi? 111g 1117? 1113 5353 353 S33 553 
Clock FH 535 535 335 535 275 225 259 225 

Telirasin 50 113 68 119 6a 11d 
To lkRash 1 228 259 22¢ 269 229 269 
Te Ikmun< Ih 63 116 54 118 58 Liv 
Te laxmuxht 253 258 253 233 asa 299 
Te lec as Sh 58 tie 52 119 sg 118 
Tc Ike merry sen 265 398 383 393 265 
To Ikeasur $20 479 422 473 
Tress Iiux L = 23 28 
Tmuxlcast 35 35 35 
Tras loss L 7S 7S 75 
Teas»rash 163 Lse@ 159 
Te lkes 1 3e3- 305 293 225 
Te lkesh 46) 119 +9 119 49 118 
Talkası 18 44 ie 49 

Plicas Ic 354 srt 
Puras hi 124 299 
Phicas lo 17s 255 
Pilcas hi zen 323 

Taddoutac 159 158 
Tadcdowtr 1 +2 43 
Tdoutstp 169 159 
Tdouth 1d 49 129 +3 128 
Tdinstp sy 33 33 
Tainh td 19 19 418 
Taddinste 408 4$ae 
Taddinh ld 8 a 
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COMMODORE 
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SCOPE 

This specification covers the detailed requirements for a high resolution 
video display chip utilizing HM0S technologies. This device is intended for 
use in low end 6542-based personal home computer systems. 

The TED chip is a 48 pin device which controls video output, system timing, 
dynamic RAM control, ROM chip selects, and keyboard control. The TED contains 
34 control registers which are accessed through the standard 65¢2 
microprocessor data bus. It will access up to 64K of memory for display 
information. 

  

TITLE 

COMMODORE 

  

hi 
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CHARACTER MODES 

In any of the character modes, the TED chip displays 25 lines of 49 characters 
per line. Each character on the screen can be set to any of 16 possible 
colors, with 8 possible luminance levels. 

The character pointers in the VIDEO MATRIX determine what character will be 
displayed in a particular place. Associated with each location of the video 
matrix is an 8 bit color memory location, called the ATTRIBUTE byte. The 
attribute byte determines the color, luminance level, and whether that 
character will flash. 

The TED chip fetches character pointers from the area of memory known as the 
VIDEO MATRIX area, and color information from the ATTRIBUTE area. 
The video matrix consists of 1989 consecutive locations in memory, each of 
which contains an 8 bit character pointer. The location of the video matrix 
is determined by the VIDEO MATRIX BASE REGISTER in the TED (bits 3-7 of 
Register #29), which provides the 5 M® of the video matrix address 
(Al5-All). The address AlG is always set to al. This gives 32 possible 
locations for the start of the video matrix. 

The following chart makes this clear: 

BASE ADDRESS LOCATION BASE ADDRESS LOCATION 

99998 $848¢ 18898 58499 
gagel SECHE 18991 $8C8G 
gegldg $1486 18018 59498 
gegll s1C8g 18811 SEE 
819g 32498 131898 SA4Gg 
gelel 32C89 18181 SACBE 
gell 53499 18118 $3 486 
gellı $3C9¢ 19111 SaC8G 
81999 S4498 11888 $C40G 
vlogl $4C8G 11991 $Coeg 
G191¢ $5489 11916 $D49G 
@1911 SEG 11911 SDC8E 
81188 56208 11198 SE4G9 
g11g1 SECEG 11181 SETBR 
1116 $7493 11118 SE460 
gılll $7CGG Ill1l SECIS 

Each memory location in video matrix is used as a pointer to the actual 
character dot data which makes up the characters. The eighth (MS) bit of 
each of the character pointers (VM7) can be interpreted in two different 
ways. If the RVS on bit of TED Register 7 is a @, the MS of the video 
matrix (VM7) will determine if the character will be displayed reversed or 
not. IE W7 is set to @, the character will be displayed normally. If vN7 is 
set to a l, the character at that location will be displayed in reverse. Use 
of this feature limits the number of different character definitions to 128. 
If the RVS ON bit is set to al, the reverse feature feature is turned off, 
which allows the use of 256 different character definitions. 
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VIDEO MATRIX ADDRESS 

AlS Al4 Al3 Al2 All Al@ AD AS AT AG AS AS AZ AZ AL AG 
  

vM4. VM3 W2 MVL WG 1 Wo W8 VO? we WS w4 WR V2 Wl WS 

The ATTRIBUTE memory also consists of 1999 consecutive locations, and con- 

tains the FLASH bit, the 4 bits of color and the 3 bits of luminance for each 
character location. The location of the attribute memory is also controlled 
by the VIDEO MATRIX base register. Like the video matrix, the upper 5 bits of 
the address of the attributes are the VIDEO BASE REGISTER. However, for 
attribute memory, Alg is always set to a 9, so is always 1K below the video 
matrix. For example, if the video matrix is at $0C9@, the attribute bytes are 
at $9899. 

ATTRIBUTE MEMORY ADDRESS 

AlS Al4 Al3 Al2 All Al@ AQ AS AT AG AS AS AZ AZ AL AG 
  

ms VM3 VM2 WI We @ VCS W8 V7 We WS W4 VOR V2 V1 VG 

Fach character is matrix of 8 by 8 dots, stored: in the character ROM as 8 
consecutive bytes. The location of this CHARACTER memory is set by (4 to Gg 
of TED Register 19. These bits are used as the 5 most significant bits of the 
character base address. The next 8 bits of the address of a partitular 
character pattern come from the value of that particular location in the video 
matrix. (The last 3 bits cane from a comter.) 

CHARACTER DATA ADDRESS: 

AIS Al4 Al3 Al2 All AIG AD AB ATF AG AS A AZ AZ AL AG 
  

5 @4 G3 G2 GL W7 WM6 VMS wM4 VM3 V2 VML Mg 
CE (with REVERSE bit on) 

STANDARD CHARACTER MODE 

In standard character mode, the character display is an 8 dot horizontal by 8 
dot vertical character location formatted in 25 rows of 49 characters per row. 
Each character location in the video matrix has a wmique color set by its 
attribute byte and share a common backgroud color. Eight sequential bytes 
from character memory are displayed directly on the 98 lines of each character 
location. A '@' bit causes the color/luminance in background color register @ 
to be used; a '1' bit causes the color/luminance of the associated byte of 
attribute memory to be displayed. 

  

  

  

bit of character data color source luminance source 

8 backgroud reg g, bits 9-3 bkgd reg 8, bits 4-6 

5 attribute bits 9-3 attribute bits 4-6 
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MULTICOLOR CHARACTER MODE 

Multicolor character mode provides additional color flexibility (ww to four 
colors per character location) at a cost reduced horizontal resolution. 
Multicolor mode is selected by setting the multicolor bit (TED Register 7) 
to al. This causes the data in character memory to be interpreted in a 
different manner. When in multicolor mode, if, bit 3 of the attribute byte 
is a @ the character at that location will be displayed as nomal (hires) 
character. If bit 3 of the attribute is al, that character will be displayed 
as a multicolor character. This alllows the two character types to be mixed 
on a single screen. Only the first 8 colors are available as foregrownd 
colors, however. When a character is displayed in multicolor, the character 
data is defined as eight sequential bytes of character, with 4 dot pairs per 
byte. The character is displayed as a 4 by 8 dot matrix, with the horizontal 
dots twice as wide as in standard character mde. The dot pairs are 
interpreted as follows: 

cot pair color source luninance source 
87 bkgd reg G, bits 8-3 bkgd reg 8, bit 4-6 
Gl bkgd reg 1, bits 6-3 bkgd reg 1, bits 4-6 
1g bkgd reg 2, bits 8-3 bkgd reg 2, bits 4-6 
11 attribute bits 9-2 attribute bits 4-6- 

Each character location can contain 4 colors, one unique to the character 
location, th& other 3 in common with all other characters on the screen. 

EXTENDED COLOR MODE 

EXTENDED COLOR MODE allows the individual selection of both background and 
foreground colors in each character location on the screen. Each character 
location can select one of the 16 foregrowmd colors and one of 4 available 
background registers. The character dot data is displayed as in standard 
color mode (with foregroud color/luminance determined by the attribute for a 
'|' data bit), but the two MS of the character pointer are used to select 
the background color/liuminance for that screen location. Since the 2 MS of 
the character pointer ere in use, this means that only the first 64 character 
Gefinitions in the character memory are available. (The TED chip forces Alg 
and A9 to 9). 

BACKGROUND. COLORS 

Bits 6&7 color source luminance source 

character pointer 

  

  
  

ag bkgd reg 8, bits 0-3 bkgd reg 8, bits 4-6 

el bkgd reg l, bits 8-3 bkgd reg 1, bits 4-6 

18 bkgd reg 2, bits g-3 bkgd reg 2, bits 4-6 

ıl bkgd reg 3, bits 8-3 bkgd reg 3, bits 4~6 
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STANDARD (HIRES) BIT MAP MODE 

In bit map mode there is a one to one correspondence between each displayed 
dot and memory bit. Standard bit map mode provides a screen resolution of 
328 dots by 290 vertical dots. Each 8 by 8 square (corresponding to the 

character locations in standard character mode) can have an individually 

controlled background and foreground color. 

The start of the bit map data area comes from the BIT MAP BASE register. The 
3 bits of the bit map base are used as the Al5-A13 of the address. The bit 
map data area is 8K, therefore bit map areas must start on 8K boundaries, 

BIT MAP BASE ADDRESS 

995 30998 
gel 52808 
e1g $4998 
gell 36088 
189 $8969 
181 SAG69 
119 SC39g 
LIT SEBEg 

When in bit map mode, both the video matrix and the attribute memory are used 
for color data. The address of the bit mapped data is formed by combining 
the 3 bit BIT MAP BASE register es the MSB of the data address with the 18 bit 
character position counter and the.3 bit raster counter. This addressing 
scheme results in each 8 sequential memory locations being formated as an 8 by 
8 block on the video display, sanething like this: 

byte 8 byte 8 byte Lb os vve ciaseswcsseccapeccocsceseceeeRyee 312 
byte 1 byte 9 BYE LT ix des ccncanadocessdsrevcsvopeeecebyte 313 
byte 2 byte 19 DYER IB se nenunnnunien nein enden ee S14 
byte. 3 byte 11 DYte 10.5 cescssvsse <n RT Sawa oie ewe ewe ere byte 315 
byte 4 byte 12 DYER: Davies tev gee cer ccnnins eesevesesovwscdyte 316 
byte 5 byte 13 BER: Diane Vike 60 6 sae weceven 317 
byte 6 byte 14 DOVES DI nenne nenne FR 
byte 7 byte 15 DYES Yen siaiseschn ensure. bite 319 

byte 328 byte 328 PYG 336 wsinagie cds usin ¥ dca ese se-neceveeee te 632 
byte 321 byte 329 DYES BSLiwisiee series tee evec sewesvacservessboyhe 633 
byte 322 byte 338 DYtE Ian san anne te EN 
byte 323 byte 331 DIE Men einen niert 635 
byte 324 byte 332 byte 30.0005 00 sivecind oes ces codes s cow Byte: 636 
byte 325 byte 333 DYES 241s se ccscasccvaccnsescescaveceees cyte 637 
byte 326 byte 334 BYEC 344. owewwinesd 06 cevseesesiospocecccratyte 638 
byte 327 byte 335 DEE Minnie erneute 639 

etc. 
(or it could be represented like this:) 

AS Al4 Al3 Al2 All Al@ AS AS AT AG AS AS AB AZ AL AG 
  

BB2 BBl BBG CPS CP8 CP7 CP& CP5 CP4 CP3 CP2 CPl CFG vs2 VS1 VSG 
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When in standard bit map mode, the color information is derived from the data 
stored in the video matrix, while the luminance information canes fram the 
attribute data. This allows for 2 colors to be independently selected in each 
8 by 8 area. When the bit to be displayed is a 'g', the color of the dot 
output is set by the lower 4 bits of the video matrix; the luminance is 
selected by bits 4-6 of attribute memory. When a bit to be displayed is a 

'1', the color is set by the upper 4 bits of the video matrix; the luminance 
is set by bits 9-2 of attribute memory. 

dot color source luminance source 
@ video matrix bits g-3 attribute bits 4-6 
I video matrix bits 4-6 attribute bits 9-2 

MULTICOLOR BIT MAP MODE 

MULTICOLOR bit map mode bears the same relationship to standard bit map mode 
as multicolor character mode does to standard character mode. Multicolor bit 
map mode allows greater color selection at the cost of horizontal resolution. 
Using multicolor mode, up to four different colors can be displayed in each 
8 by 8 bit block. 

The bit map data area is addressed exactly the same as in standard bit map 
mode. The dot data and color information is interpreted differently, however. 

Multicolor bit map mode is selected by setting both the multicolor bit and the 
bit map bit to '1!. 

As in multicolor character mode, multicolor bit map mode uses the concept of 
‘dot pairs’ to specify one of our pixel colors. Sinc two bits select one dot 
color, the horizontal resolution is halved (160H by 20¢V). Each multicolor 
pixel is twice as wide as hires pixel. 

  

  
  

dot pair color source luminence source 

6g bkgd reg @, bits 6-3 bkgd reg @, bits 4-6 

el video matrix bits 4-7 attribute, bits 4-6 

1g video matrix bits 8-3 attribute, bits 4-6 

11 bkgd reg 1, bits 9-3 bkgd reg 1, bits 4-6 
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ADDITONAL. FEATURES 

Hardware Cursor 

The hardware cursor is controlled by a 19 bit cursor compare register 
(Register 12 and 13). This allows 1924 possible positions. Setting the 
cursor compare register bits to a value from @ to 999 results in the cursor 
appearing in the specified location (the top left corner of the screen is @, 
the bottem right corner is 999, etc.). ‘The cursor will blink at the rate of 
2Hz, by switching the foreground and background colors in that location. 
Note: The hardware cursor can only appear during standard character mode. 

Flash 

The TED chip provides the ability to Flash any or all characters on the screen 
when using standard character mode, when the TED chip Flash bit is enabled. 
Flash is selected on a character by character basis, via the MSB of the | 
attribute memory location for that character. When a character is flashing 
the foreground color of that character will turn off (change to background 
color) and on again at the rate of 2Hz. 

Dynamic Ram Refresh 

Dynamic RAM refresh operation is controlled by the TED chip. Five, RAS only 
refreshes are performed during évery raster line, immediately following 
character fetches. TED guarentees a maximm delay of 3.26msec between the 
refresh of a single row address in a 256 address refresh scheme. This refresh 
is totally transparent to the systen, since refresh occurs during phase one of 
the single speed system clock. 

System Clock Doubling 

For increased processor throughput, the system clock outsut fran TED doubles 
frequency from 894XHz (NTSC) to 1.788KHz (NTSC), during non-display times. 
The horizontal position register counts 456 dots, @ to 455. During counts of 
499-344, while in raster lines 9 to 294, the TED device outputs single clock. 
During this time TED is doing processor handshaking (counts 499-432), 
character fetches (counts 432-394), and dynamic RAM refresh (counts 344-344) . 
Qutside of this horizontal window TED outputs double clock (1.788KHz). During 
raster lines 295-261 for NTSC (285-311 for PAL), TED outputs double clock at 
all times except horizontal counts 304-344 which are single clock to allow for 
dynamic RAM refresh. If the blanking bit (Register #6) is cleared, the active 
display is cleared, the screen is filled with border color, and double clock 
is enabled at all times except refresh. 

Sound 

The TED device has two separate square wave generators. The frequency base 
for voices 1 and 2 are 19 bit registers (Register #24 and 18 for Voice 1 and 
Register #15 and 16 for Voice 2. Voice 2 can be selected to be either a 
square wave generator or a white noise generator. The voice selection and 
volune control mechanism is Register #17. There are 9 volume levels in TED, 
ranging fran @ being off to 8 being loud. Programming values of 9-15 in the 
lower nybble at this register is identical to programming the loudest, volume 
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8, level. Bits 4-6 of this register each individwally select Voice 1, Voice 
2, or white noise respectively. Voice 2 and white noise cannot be enabled 

  

  

  

together, instead Voice 2 selection will override white noise selection. The 
frequency generated by TED is: 

FREQUENCY = 111869.781 
(1924-x) for NTSC 

= 11984¢.45 
(1924-x) for PAL 

A sampling frequency chart follows. 
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NOTE BASE REGISTER VALUE ACTUAL FREQUENCY (HZ) 
(1828-x) 

A 1817 119 

B 996 123.5 

e 855 134.8 
D 762 146.8 

E 679 164.7 

FE 641 174.5 

G 571 195.9 

A 508 229.2 

B 453 246.9 

G 428 261.4 

D 381 293.6 

E 339 339 

FE 329 349.6 

G 285 392.5 
A 254 449.4 
B 226 494.9 
€ 214 522.7 
D 199 588.7 
E. 178 658 

F 168 699 
G 143 782.2 
A 127 888.7 

B 113 989.9 

Cc 187 1.945X 

D 95 1.1778 

E 85 1.316K 

F 88 1.398K 

G 71 1.575K 
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Internal Operation 

All internal timing operations are based on the horizontal dot cownter. 
Particular events occur in response to certain coumts of both the horizontal 
position register and the vertical line register. 

HORIZONTAL DECODES 

Horizontal Syne Start 
Stop 

Horizontal Equilization Pulse 1 Start 
Stop 

Pulse 2 Start 

Stop 
Horizontal Blanking Start 

Stop 
Burst Start 

Stop 
Character Window Start 

Stop 
External Fetch Window Start 

Stop 

Refresh Single Clock Start 
Stop 

Character Window Single Clock Start 
Stop 

46 Column Screen Start 
Stop 

38 Column Screen Start 
Stop 

Video Shift Register Start 
Stop 

Increnent Blink 
Increment Vertsub Counter 
Increment Refresh Start 

Stop 
Increment Character Position Reload 
Increment Character Position Start 

Stop 
Latch Character Position to Reload 
End of Screen - Clear Vertical Line, Vertical 

Sub and Character Reload Registers 
Increment Vertical Line 

HORIZONTA COUNT 

358 
398 
152 
178 
388 
398 
344 
416 
384 
498 
432 
296 
4088 
288 
288 
328 
432 
296 
451 
315 

3 
397 
449 
364 
336 

296 
336 
424 
432 
288 
299 
384 

376 
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Many of the events are qualified by a vertical line count. 

VERTICAL DECODES VERTICAL COUNT 

  

End of Screen PAL 311 
End of Screen NTSC 261 
Vertical Sync PAL Start 254 

Stop 257 
NTSC Start 229 

Stop 232 
Vertical Equalize PAL Start 251 

Stop 269 
NTSC Start 226 

Stop 235 
Vertical Blanking PAl Start 251 

Stop 269 
NTSC. Start 226 

Stop 244 
Attribute Fetch Start g 

Stop 293 
Frame Window Stop 294 
Vertical Screen Winöow 25 Row Start 4 

Stop 294 
24 Row Start 8 

Stop 299 
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TED REGISTER DESCRIPTION 

Internal Timers, Register @ through 5 

Ted contains three 16 bit decrementing interval timers, each partitioned 
into 2, 8 bit registers. To initiate a new count valve, loading the low 
Byte inhibits comting wmtil the high Byte is loaded. The timers 
decrement at a 894 KHZ rate for NTSC television systems, 884 KHZ for PAL 
systems. Each couter generates an interrupt upon decrementing to @. The 
sequence for writing to the timers should be: 

Disable all interrupts 
Write low Byte 
Write high Byte 
Enable desired interrupts 

Care should be taken that long time intervals, more than 125u seconds, do 
not occur between writing the low and then the high Bytes. 

Timer 1 is a sequence interval timer. Registers @ and 1 when written to 
initiate the reload value of the timer. When timer 1 is decremented to @, 
the next cout occurs from the reload valve. Reading Registers g and 1 
gives the current count valve. 

Timers 2 & 3 are free running cowunters. Upon decrementing to: @ the timers 
roll over to FF and continue comting. Writing to timer 2 and 3 
registers loads directly into the active comt. Reading these registers 
yields the current count. 

Register 6 

Bits @-2 of this register determine the vertical scroll position. Fora 
nomal 25 row picture with no seroll these bits should be a '3'. Bit 3 is 
the 24/25 row select. A ‘'G' in this bit corresponds to 24 rows anda 'l' 
yields 25 rows. For vertical scroll to occur, bit 3 should be cleared and 
bits @-2 all set. Decrementing bits 8-2 moves character position w 
scrolling off the uppermost charcter row. Bit 4 is the blanking bit. 
Setting this bit to a 'l' gives a nommal picture. Setting it to a '@' 
blanks the screen and disables all fetches fran occuring, allowing for the 
system clock to rum at twice the frequency (1.788MHZ NTSC, 1.768MHZ for 
PAL) except for 5 refresh cycles per raster line. Bits 5 and 6 are 
display mode Bits. Setting Bit 5 to a ‘1’ enables Bit mapped mode, while 
setting bit 6 enables extended color mode. Bit 7 is a bit used for I.c. 
testing and must remain a ‘@'. 

Register 7 

Bits 9-2 determine the horizontal scroll position. A '@' in these bits 
allows for no scroll. To institute scroll bit 3 of this register, the 
38/48 column bit, should be set to 'g'. This displays 38 colums and 
scroll can occur cleanly. Incrementing the 3 LS of this register pans 
the character positions to the right. 
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Bit 4 is multicolor mode bit. Setting this bit to '1' enables multicolor, 

The freeze bit is bit 5. Setting freeze high stops TED from incrementing 
the borizontal position, the timers and the vertical position. The system 
is forced into single clock (894KHZ) and system refresh of dynanic rams. 
Bit 6 is PAL/. Setting this bit high forces NTSC mode, low corresponds to 
the PAL mode. Bit 7 is the reverse video off bit. Under normal condi- 

tions, bit 7=9, there are 128 character locations. The reverse video 

character is implimented by setting the MB of the video matrix pointer to 
a 'l'. This enables the TED chip to invert the character data and thus 

reverse video. If an alternate character set of 256 locations is desired, 

this bit can be set high turning the reverse video feature off and 

allowing the MS of the video matrix to define the additional character 
locations. 

Register 8 

This register is the keyboard latch. Writing to Register 8 scans the 
keyboard lines and latches the appropriate data. Reading the register, 
reads the latched data. 

Register 9 

The interrupt register indicates any TED interrupt source. Possible 
interrupt sources are: 

Bit 1 raster interrupt -compares raster register to active 
count 

Bit 3 timer 1 interrupt -timer 1 has decremented to 'g'! 
Bit 4 timer 2 interrupt- " 2" " mS 
B it 6 “ 3 n "W an u 3 " " " 1. " 

Bit 2 indicates a light pen interrupt. The TED computer does not have 
light pen. This bit is for future expansio. Bit 7 is the interrupt bit. 
It is the inversion of the interrupt pin. Writing a 'l' to the interrupt 
register clears the individual interrupt bit. 

Register 19 

Register 19 is the interrupt mask register, The individual mask bit 
corresponds to each of the possible interrupt sources. Setting the bit 
high enables interrupts to occur. The LS of this register is the MSB of 
the raster register. (se& Register 11 description) 

Register 11 

In an NTSC television system, 262 raster lines are produced (@ to 261), 
312 for PAL (@-311). To detect all possible raster lines a 9 bit register 
is needed. Register 11 contains the low order 8 bits of this raster 
register. Register 19 contains the MB. The raster register is an 
interrupt source. The raster register value is compared to the current 
vertical line coumt. An interrupt is generated 8 cycles before the 
character window. For a 25 row display the visible raster lines are from 
4 to 293,   
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Register 12 

Register 12 contains the 2 MB of the cursor position register. Bits g 
and 1 correspond to cursor bits 8 and 9. 

Register 14 

Register 14 contains the low byte of Voice ] frequency base. All TED 
sound generators produce square waves. 

Register 15 

The low order eight bits of the frequency base for the second voice source 
are contained in this register, This voice is selectable for either white 
noise or another square wave generator. This selection is available in 
Register 17. 

Register 16 

This register contains the 2 MS of Voice 2. 

Register 17 

Register 17 has 4 bits of volume control ranging fran @ = OFF to '8' 
being loud. Also 3 voice selects are available. Voice 1 select, Voice 2 
square wave select and Voice 2 white noise select. The MSB of this 
register is a bit used for testing. The sound reload bit will cleat the, 
sownd toggle flops and initiate the reload value of each voice to 
initialize the active sound count during the appropriate voice 
incrementing time. This bit will also initiate the white noise random 
number generator to '1's. 
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Register 18 

This register contains the three bit bit map mode address base, the 
BOM/RAM bank bit, and the 2 bit MSS of voice 1 frequency base. The bit 
map base determines where in the memory map the bit map dot data can 
reside. Bits 3 through 5 correspond to BM39 to BMB2. During TED dot 
fetches in the bit map mode, BMB2 will become Al5, BMB1 — Ald, and BMBg 
Al3. The ROM/RAM bank bit, bit 2, will force TED dot and character 
fetches from either ROM or RAM. A 'L' in this bit will force ROM 
execution a '@' will force RAM. 

Register 19 

This register contains the character base, force single clock bit, and the 
status bit. The force single clock bit, when set high, inhibits the PH 
out of TED from doubling frequency during horizontal blanking. The status 
bit is a read only bit indicating the state of the 2 phantan Registers 62 
ard 63. If this bit is high it indicates that TED is operating for the 
RCM bank memory. This bit does not indicate where TED will fetch 
character or dot information is coming fran. 

Register 29 

The 5 bit video matrix base, bits 3 through 7, cmprise Register 29. The 
video matrix base detemine the memory mapping of the video matrix 
pointers and the attribute data as shown: 

AIS Al4 AB Al2 ALL 
Wa wa W2 WL Mg 

The attribute and video matrix fetches occur on the raster line preceeding 
the charactor row (attribute) and the firSt raster line of the character 
row. During these fetches TED will DMA the processor and take complete 
control of the system bus for both halves of the clock cycle, for 48 
consecutive clock cycles. 

Register 21 

This register contains a three bit luminance code and a fow bit color 
code-for background Register 9. This allows for eight separate luminance 
level for each 16 colors. 

Register 22 

Register 22 contains the seme data as Register 21 for backgrowmd Register 
Es 
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Register 23 

Backgrownd Register 2 data is stored here. 

Register 24 

Register 24 is comprised of luminance and color data for backgromed 
Register 3. 

Register 25 

Luminance and color information for the exterior register (border) is 
stored in Register 25. 

Register 25 

The two MS of the character position relead register are bits @ and 1 of 
this register. The character position reload increaents by forty for each 
character row completed. For example, during the first character row this 
register will contain '9'. Upon cmpletion of the eighth raster line of 
the row the character position bit map reload register will be updated tc 
4g. 
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Pegister 27 

The low byte of the character position reload register is located here. 
(See Register 26). 

Register 28 

This register contains only 1 bit, the MS of the vertical line register. 

The vertical line register contains the current raster line being 

displayed. For NISC systems this register will comt from 9 to 261, for 
PAL, @ to 311. 

Register 29 

The low byte of the vertical line register is contained in Register 29. 

Register 39 

Register 39 is the horizontal position register. Register 38 contains the 
upper 8 bits of this nine bit register. The LS increments at a rate too 
fast to be of any use in programming. Since the horizontal position 
register actually increments from @ to 455, Register 39 will contain 
values of G to 228. Negative true data is to be written to this register 
while positive true data is read. 

Register 31 

This register contains the 4 bit blink rate register and the 3 bit 
vertical subaddress register. The blink rate register contains the 
current comt of the blink rate timer. This register is incremented once 
per screen. On overflow a 2HZ signal is generated initalizing the cursor 
reverse video and anv flashing characters. The vertical subaddress comts 
the eight raster line per character row. 

Registers 62 and 63 

These registers do not physically exist on the TED chip. A write to these 
lecations controls the TED system memory map. Any write to Register 62 
results in ROM being selected in memory locations $8009 (HEX) to SFFEF (HEX) 
excluding $¢D@@ (HEX) to SF3FF (HEX) for I/O space and TED space. The TED 
chip will generate the necessary chip selects and inhibit CAS mtil a 
write to Register 63 occurs. Upon this occurrence, the same locations 
$8999 (HEX) to SFEFE (HEX) excluding S$FDGO(HEX) to SE3FF(HEX) are banked to 
RAM. CAS occurs when appropriate and chip selects are suspended. 

All TED registers, wnless otherwise noted, are read/write. It should be 
noted that care should be taken when writing to Register 26 through 31. 
These are internally controlled registers. Writing to them can result in 
a flicker on the screen. 
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SIGNAL SIGNAL 

PIN # DESIGNATION DIRECTION POLARITY DESCRITPION 

1 A2 input/output ttre address bit 2 
2 AL u u i " w 1 

3 AG " " Ww " Ww Gg 

4 VDD input 5V power supply 
5 CSG output -true low ROM chip select 
6 csı output ¢ high ROM chip select 
7 R/W input/output +true read/write 
8 IRQ output -true interrupt 
9 MUX output s address multiplex switch 

1g RAS. " “ RAM row address strobe 
LI CAS " " RAM colum address strobe 
12 gout ” " 894.9KHZ CPU clock (NTSC) 

886.7KHZ CEU clock (PAL) 

13 COLOR = +true chraninance 
14 gin input " 14.31818MHZ single phase 

+/- 19% (NTSC) 
17.734475MHZ single phase 

+/- 18% (PAL) 
15 KG input/int pullup " keyboard latch @ 
16 KL n w " " . u uw ı 

17 K2 “ w u " " w 2 

18 x nt “ “u w un u 3 

19 Ka " ih} u m Ww u 4 

29 K5 u uw vw " u“ uw 5 

21 K6 w " Ww 1 „ u 6 

22 K7 u n wv tt u n 7 

23 LUM output " conposite syne end 
luninance 

24 VSS input OV power supoly 
25 [B6 input/output +true data bit 9 
26 cal u uw u u u 1 

27 82 uw u “ 12} 1 2 

28 83 it uw u Ww LU 3 

29 [84 u " “u " u 4 

38 Ess " " " " " 5 

31 DB6 " it u u st 6 

32 C87 u u ir n “ 7 

33 SND output +true sound 
34 BA output +true bus available 
35 AEC " " tri-state control 
36 ALS input/output " address bit 15 
37 Al4 “u " w u" u 14 

38 Al3 a" w ” “a uv 13 

39 Al2 ar Ww "n " uw 15 
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PIN # DESIGNATION DIRECTICN POLARITY DESCRIPTION 

4g All input/output +true address bit 11 
41 Alg " " ” " " 19 42 AQ u itd w " i 9 
43 A8 Ww u uw " u 8 
44 A7 us tr Ww uw te 7 
45 AS “ i‘ a we "u 6 
46 A5 uw " “ n w 5 
47 A4 uw u " 1 uw 4 
48 A3 1 1 ir we " 3 

TITLE 

COMMODORE 

DRAWING NO, REY 

SCALE SHEET 20 OF 22        



PIN FUNCTIONS 

ADORESS BUS pins 1 thru 3 and 36 thru 48 

The 16 bit address bus is bidirectional. As an input, the microprocessor can 
access any of the 34 TED control registers. In the output mode TED uses the 
addresses to fetch Video Matrix Pointers, Attribute Pointers or character cell 
information. For microprocessor interface TED resides in locations FFO@-FF3F 
in memory. 

DATA BUS pins 25 thru 36 

The 8 bit data bus is also bidirectional. The data bus activity can be 
separated into 2 categories: microprocessor interface and video data 
interface during the above mentioned fetches. 

KEYBOARD LATCH pins 15 thru 22 

The 8 bit keyboard latch is used as the keyboard interface. Upon an 
instruction by the microprocessor to write to the keyboard latch, the 
information on the keyboard pins is latched by TED and stored ıntil it is 
retrieved by the microprocessor on a read keyboard instruction. The keyboard 
pins also provide the active pull up on the keyboard matrix lines. These pull 
ups source a minimum 609 amps and maximum 990m Anps current. The trip point 
of the keyboard latch is 2.8 Volts. 

Two of the keyboard pins also provide testing functions. When these pins are 
externally driven to 1@ volts, they provide specific testing features. kd 
generates a system freeze function, stoping the horizontal cowmter, thus 
freezing the position, and sets all horizontal flip-flops to force TED into 
the dynamic RAM refresh period and single clock. All flip-flops are then 
released to allow their manipulation by the horizontal register. Kl forces 
the internal clock division into the NTSC mode. 

CHIP SELECTS pins 5 and 6 

Ted generates ROM chip selects based on address decoding. CS@ is active 
during the memory block of 89@0-BFEF (HEX). CS1 corresponds to C9GG-FFEFF 
(HEX) in memory. The ROM area of memory can be banked out to overlay RAM, see 
the description of Registors 3E and 3F (HEX). 

DYNAMIC RAM CONTROL pins 9 thru 1 

TED generates RAS and CAS for dynamic RAM access. The signal MUX is also 
generated to externally multiplex the RAM row and columa addresses. 

READ/WRITE pin 7 

R/W is an input to TED to distinguish the type of operation to be performed. 
TED will actively pull up the system read line during all TED fetches. Tre 
read signal is qualified with MUX. The pin is an open source output. 
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INTERRUPT pin 8 

qThe interrupt pin is an open drain output. TED contains four interrupt 

sources: 3 internal timers and the raster comparator. 

BOOT pin 12 

For increased processor throughput, TED doubles the frequency of th system 
elock during horiztonal and vertical blanking. The actual single clock 
boundries are: 

1) raster lines @-294 and horizontal positions 490-344 
2) horizontal positions 394-344 

gIN pin 14 

For use in NISC television systems, TED requires a 14.31818MHZ single phase 
clock input. For PAL systems, the input clock must be 17.734475MHZ. single 
phase. 

COMPOSITE COLOR pin 13 

The color output contains all chraminance information, including the color 
reference burst signal and the color of all display data. The color output is 
open source end should be terminated with 1K ohms to grotd. 

COMPOSIT SYNC AND LUMINANCE pin-23 

The luminance output contains all video synchronization as well as luminance 
information of the video display. This pin is open drain, requiring an 
external pullup. 

SCOND pin 33 

This pin provides the output of the 2 tone generators. The output must be 
integrated through an RC network and then buffered to drive en external 
speaker. = 

US AVAILABLE pin 34 

Bus Available indicates the State of TED with respect to video memory fetches. 
BA will go low during phase 1, 3 single clock cycles before TED performs any 
memory access and will remain low for the entire fetch, 

ADDRESS ENABLE CONTROL pin 35 

During double clock mode, AEC is always high allowing the 6519 complete 
control of the system buses. For single clock time periods, when BA has not 
gone low, AEC will toggle with g2out. This allows TED PHil, time to complete 
its memory accesses of video dot information while the 6519 performs during 
PHi2. When TED needs both halves of the cycle to perform it customary PHil 
dot fetches and PHi2 attribute and pointer fetches, BA. will go low. On the 
fourth PHilout, ABC will remain low until the end of the PHi2 video fetch. 
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