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This document contains information concerning the architecture,
hardware descriptions timing analusis, perirheral specification
and driving softuare descrirtion for the Commodore sustem based
on the 7340 I.C. (hereafter referred to as the TED I.C.) and the
TED system. This document does not attemert to fully describe
software aspects of the TED system znd information cornicerning
this subJect can be found in the arprorriate documents listed

in sectionm II.



1. SYSTEH OVERVIEW

The TEDl' system is based on the 7501 microprocessors which is

arn HMO0S version of the 6510, working in ceonJunction with the

7250 Ted video Frocecsor. System RAM consists of 64K bwtes of
dwnamic RAM comrosed of eidht &4k X 1 devices. System Prodram is
cecntsined in two 16K X 8 ROHssy and in it’s standard confiduration:
consists of Kernal amd Rasic version 3.5 + The current
implementation of the architecture for the Ted system surrorts ur
to 128K X 8 of ROM banhked in 146K sections. ROM can be completelwvw
banked out and RAM baznked in for a true 44K of RAM (minus two 254
bute =3des). This allows 40:4671 bhytes available for Basic. The
ROM/RAM banhking ics controlled by the 7360 under software

conmntrol.,

Keuboard scanning is done by outrutting the row
data on the Datz bus while addressing a pazrticular register in
Ted:r which will in turn cause Ted to latch the column information.
Josstick scanning is done in the same manner.

Ferirherals consist of standard serial bus rroductsy (1541
disk driver serisal printers ect.) cassetter TTL Serial ASCII which
is intended to drive an RS-232 azdzerter, The exransion port surpports
ROM cartridzes and a3 rarallel disk drive interface.,

SUMHARY OF TED SYSTEH FEATURES

~ 750t ( 4502 comartible) B bit CFU
- 7340 VLSI video: voicer DRAHM contreller
- 44KEgte FEAM
- 32KBete ROM for use im Kernal and Basic
32KNEwte FEOM for Functiornn Key software
- 32KEBvte ROH for Cartridde softuare
- Version 3.5 Rasic with advanced srarhics arnd DOS
( compatihle with Cé4 )
- 30 X 25 diseplav with 128 colors
- IZ20 X 200 ¢rarhics resolution
VMopices and white noise
1 baus including funciion keus
cvaeen Editor with virtual windows
- [13]l semawd =2ctem clock for increased processing throushrut
- E.sternsl sower sursely (same as céb4)
L2t chi= counmty hidh system intedration

]
WU )



a4 SYSTEH ARCHITECTURE

—— o —— T —— T —

The Ted syustem employs 2 shared bus concept which 3llowus
the video processor and the microeracessor to sccess the same
memory and I/0 devices on alternate halves of the sustem clock.,
Rius access control is generated by the 7340. To increase
microrrocessor throudhreutr whén this interleavind is not needed;,
the system clock doubles in freauency and the microrroccessor
is 3llowed full time on the bus. This occurs when no video
information is being fetched by the 7340 (horizontal or vertical
retracer blank screen). There is an e:xcerption to thiss and that is
whenm the 7340 IMA‘’s the 7901 micro Lo sccomeplish atitribute fetch
and chzracter pointer information.

Il'ymamic RAM control ciznzls are denerated by the 7360,
/RAS is gernerated once esch memory cycler while /CAS is
gsererated derendind on whether the memory cycle is 3 [IRAH memory
cycle or not. HUX is dgererated to control the multirlex of
the Fow and Column addresses doind to the D[RAHs. HUX also
controls the holdoff of the R/W line as denerated by the 7501,
The R/W lins is latched by the 7501 until the HUX line does hisgh
signifuing the end of the memory cwcle. Refresh is provided by
the 73602; refreshing 5 row locations (RAS onlwy refresh) every
raster line.

Celection of either ROM or RAH is accomplished by
writing a bit in s Ted register, When RAM is selected: the
whole é&4N memory mers is comrrised of RAM with the exception of
2 registers for 73501 portr 1 Page for Ted contrel redisters:
and 1 rasge for I/0. This method yields 60s671 butes of RaXM
awvailasble for Rasic rrodram storade. Whenm ROH is selected: the
Frogrzm residing in ROM arPears in place of RAM. The excerption
to this is a write oreration to ROM will 3lwavs 'bleed throusgh
tc underlying RAH.

Kernzl and Basic can also be selectivly swaerpred out
and rerlaced with other 16 K sections of ROH. 2 sockets are
rrovided internzlly for sepplication prodrams (reffered to as
function key software) and address space is allocated for
2 ROMs e2xternal to the system ( cartriddge user ect.).

Zfwarring is taken care of by 3 Kernal rouwtine that does not
zwz2r outs (located at &FCOQ ).



The cacsselte rort and the Commodore serial bus port
are imelimented wusing the zero rade ports availsble on the
7301 and wsing softuare control of hardware handshake.

The serial bus works with Commodore serial components;
excert for older rerirerals that have 2 handshake timing
gsroblem.

The User Fort is intended for external RS5-232 adarters;
and modem adarters. Transmission and recertion is accomplished
using 3 6551 ACIA with handshakindg assistance from a 6529 sindle
rort I.C.

The Jovstichk rports are functionally comratible with the
standard Commodore 5 switch ture Jouystick. Thew are not compatible
with analog tyre reripherals such a3s raddless tablets) etc.r as
well as not beine rin comratible.

The video connector has comrosite video as well
55 sererate chromz and luminance outputs for use Wwith monitors,
The 1701, 1702 tyre Commodore monitors interface directly to
this connector.

The RF outeuyt Jack swurplies an RF sidnal conratible
vith the redulations pertzining to TV interface devices:
and is switch selectible between channels 3 and 4. Koth
MTS5C and PAL television standards are sueportied.

3. SYSTEH SFECIFICATIONS

- ——— T ———— ——

This section covers the range of system oreration by
discussing various constraints and features of the TED svstem as
3 uhkole. Included 3are descrirtions of the sustem as confidured
and limiting factors of rowers loadings and environment.
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I TOTAL
(TYF)

£ 4 1.53 A TYF.

FOWER CONSUMFTION

[ ]

K

I TOTAL
(HaXx)

A HAX.

ma
ma
ma
ma
ma3

ma

KRERNALERSIC

W/0 FUNCTION KEY SOFTWA
FUNCTION KEY ROM

TED W/FUNCTION SOFTWARE
CARTRINGE ROH

TED64 FUNCTION AND CART

TED&4 FUNC. W/CART
& RS-232



3.4 BUS LOADING

RAS
DEVICE ADDRESS DATA R/W CAS
7501 12 15 12 - pr
7360 10 10 10 10 P
4164 - 20 80 80 pf
7700 8 - - 8 Pt
4551 10 10 10 - £
(25529 - 20 20 - £t
74L5257 5 - - - o f
(2)23128 18 16 - - pf
&1 91 132 98 pf X
77 107 132 98 Pl X%
93 123 132 98 Pf XXk
% TED&4
£ X TEDG4 W/FUNCTION ROMS

X k¥ TEDS&4 W/FUNCTION % CART



THE 7340 TEXT DISFLAY CHIF

- —— iy  ——————— - ——
i ——

This charter will discuss various aserects of the 7360
TExt Diseplzw chir.
1.1 OVERVIEW
The 7340 (or TED) is intended for low end 6502 family
: y person3l home comrputer systems.s The 7260
s 48 #in deviee which contraols video outputs: (3ll
s:4nsls nessecary to create comrosite video)r susteaw timinaz,
gurnemic RAHM control: ROM control:s and kevboard scanning,
The 7360 contains I4 control redisters which are accessed
throuszh the standard 6592 microrrocessor datz bus,

The 7340 uses the MOS technolodgy HHOS srocess» and is
u~dradible to HEOS 2.

4.2 FEATURES

sARDWARE FEATURES!
nYNAMIC RAM REFRESH
SOUND GENERATION

FROGRAMHABLE VILNED TIHE STAMDARDS
‘comratible with either MTSC or FAL stendards)

40 COLUMN X 25 ROW CHARACTER DISFLAY
S X & CHARACTER DOT MATRIYX

320 X 200 FPIXEL RESOLUTIOM

15 UNIQUE COLORSs 8 LUMINENCE LEVELS
HARIWARE FLASH

HARTWARE CURSOR

HARDWARE REVERSE VIDED

FROGRAMHABLE CHARACTER INFORMATION SOURCE
(R0H or RAK)

DUAL SFEED CLOCK

ECREEN BLAMNKING FOR DMA SENSITIVE ENVIROMENTS



4.3 LHALE LHARALIERISILILS

This section discusses some of the rhysical characteristicg

> *he TED chir.

¢.3.1 PINMOUT

FIN DESIGNATION DESCRIFPTION

1 A2 ADDRESS RIT 2

2 Al ADDRESS BIT 1

3 a0 ADDRESS ERIT O

] vcce FOWER SUFFLY +5

S €cso LOW ROM CHIF SELECT

) €51 HI ROHM CHIP SELECT

7 R/U REAI/WRITE LINE

8 /IRQ INTERUFT REQUEST

4 HUX AUDRESS MULTIPLEX COHNTROL
10 /RAS DYNAMIC RAM ROW ADDRESS STROEE
11 /CAS DYNAMIC RAM COLUMN ALDRESS STROEE
12 oouT SYSTEM CLOCK

13 COLOR CHROMA QUTPUT

14 OIN HASTER CLOCK

15 KO KEYHROARD LATCH O

15 K1 KEYEOARD LATCH 1

17 K2 KEYROARD LATCH 2

15 K3 KEYBOARD LATCH 3

19 N4 KEYROARD LATCH 4

20 KS KEYBOARD LATCH S

21 Ké KEYEOARD LATCH 4

22 K7 KEYBOARD LATCH 7

23 LUM COMPOSITE SYMCE AND LUMINENCE
24 Uss POWER SUPPLY GROUND

25 LEO DATA RIT 0

235 DRl DATA BIT 1

2 nEe2 DATA ERIT 2

28 DE3 DATA BIT 3

29 OE4 DATA RIT 4

3 [ES aTa RBIT S

31 nes IATA RIT 46

32 DR7 DATA BRIT 7

ZZ SHI SOUND OUTFUT

34 EA BUS AVAILAELE

35 AEC AIDRESS ENAEBLE CONTROL
3 AlS ADNDRESS BIT 15

37 Al4 ADDRESS RIT 14

38 Al3 ADDRESS RIT 13

=29 Al2 ADDRESS BIT 12

40 Aa11 ADDRESS RIT 11

41 Al10 ADDRESS RIT 10

42 AP AIDRESS RIT ¢

43 48 AIDRESS BRIT 8

44 A7 ADIRESS BIT 7

45 As ADDRESS BRIT &

45 AS ADDRESS BIT S

47 A4 ADDRESS BIT 4

42 A3 ADDRESS BIT 3



4.2.2 SIGNAL DESCRIFTION

AODRESS RUS Pins 1 thru 3 and 36 thru 48

The 16 bit address bus is bidirectional. As an inrut, the
nicroprocessor can access any af the 34 TED control registers.
rn the outrut mode TED uses the addresses to fetch Video
Mstrix Pointerss Attiribute Fointers or character cell
infermation., For microrprocessor interface TED resides in
locztions FFOG-FFJIF in memory.,

paTA EUS Fins 23 thru 36

The 8 bit data bus is zlso bidirectional., The data bus
setivity can be serarated into 2 categories! microrrocessor
interface and video data interface during the above
mentioned fetches.

VEVEOARD LATCH Fins 15 thru 22

The 8 bit hkevboard latch is used as the kevwbosard interface.
U=or instruction by the microrrocessor to write to the
hewbeard latchs the information on the kevboard pins is
latcked bz TEDN and stored until it is retrieved by the
microrraoceszor on a3 read khevboard instruction., The

7360 a3lso rFrovides zctive pull wrs on the keuboard matrix

1iriesu

K0 and K1 (2 of the hevbosrd lines) slseo provide testing
functions.lWnen these pins are externalls driven to 10 volts:
they rFrovide srecific testing feastures. It should be noted
howeverr that these #ins are high impedance and if subdected to
nizh enerav electromotive fieldss could cause false generation
of the testing functions. This cam eprotected azainst throwsh
ugue of diodes to imsure the rotential onm KO and Ki never
rucedes VCC, KO generates 3 system freeze functionr and

zetz 311 horizemtzl flip-flops to force TED into the dyrniamic
£AY refresh seriod and sinsle clock. All flip-flors are

‘hen relezsed to sllow their manirulation by the horizontal
register., X1 forces the internal clock division into the

NTSZ mnode.

“HIF SELECTS Fins 5 snd &

TEl zZernersztes ROM chim selects based on address decodinsg,

£€0 iz active during the memory block of B0O0Q-RFFF (HEX).
CS1 correzronds to COQO-FFFF (HEX) in memory. The ROH
res of memcry czn be banked out to overlaw RAHs see the
2s32rirtion of Redisters 3E and 3F (HEX).

DYNAMIC RAM CONTEOL Fins 9 thru 11

TED 3enerstes /RAS and /CAS for dunamic RAM 3ccess, The
iiLnzl MUY is-also-=enerated to-externallvy-multirle:x the

:_ -
07 rou and column addresses,



5Eﬁ['-fuRITE Fin 7

g/W iz an ineput to TED to distinguish the ture of oreration
to be serformed, TED will actively pull ur the system read
1:ipe during 211 TED fetchess The read signal is aualified
uith HUX. Th2 rin is an oren source outrut,

THTERFUFT Pin €

The interruet rPin is an oren drain output. TEI' contains
raur interrurt sources! 3 internal timers and the raster
comrarator.

FHI OUT Pin 12

fFor increased processor throughruty TED doubles the freauency
-f the system clock durind horizontal and vertical blankind.
The actuzl single clock boundries are!

1) Raster lines 0-204 and horizontal rpositions 400-344
2) Horizontal rpositions J04-344

€HI IN Fin 14

LR, ]

use in MTSC television swstemsy TED requires 2 14.31818
+/= 70 7pm single rhase cleck ineput., For PAL swystems:s
inPput clock must be 17.734475 HMHZ +/- 70 ppm sindle
~hz2ze.

£ N

o
H
h

-
Wl

L

TOMFOSITE COLOR Fin 13

The color outrut contains 2ll chrominance information:
racluding the color reference burst signasl and the color
+f z11 dismlay dsts. The colaor outitput is oren source
‘rnt shculd be terminsted with 1K ohms to ground,.

TOHFOZITE SYNMC AND LUMINANCE Finm 23

The luminsnce outsut contains all video synchronization
>3 well as luminance infermation for the video display.
™2 sin is oren drsine requiring an external Ppullue

aof 1K Ohm,

SQUND Fim 23
Thiz #in zrovides the output of the 2 tone Zenerators.

The outzut must b2 intedrated throudgh anm RC network and
“a-n butfared to drive an external sreaker.



RUS AVAILAELE Fin 34

nus Availsble indicates the state of TED with respect to
video memory fetches. BA will g0 low during rhsase 1, 3
sipgle clock cuycles before TED performs any memcry access
snd will remain low for the entire fetch.

A7DRESS EMARLE CONTROL Fin 35

puring doubhle clock moder AEC is always high allowinsg

tl.e 7501 comrlete control of the system buses. For

simgle clock time periods) when BA has not done lauwr AEC
vill toggle with FHI2 out., This 2llows TED FHI1, time to
comemlete its menmory accesses of video dot information
while the 7501 performs during FHI2, When TED needs both
r3lves of the cwucle to rerform its customary PHI! dot
fptches 2nd FHIZ2 attribute amd rointer fetchesrs KA will do
lows On the fourth FHI1 outs, AEC will remain low until the
enng of the FHI2 video fetch.



4.4 ELECTRICAL SFECIFICATIONS

This section discusses some of the electrical eprorerties

and considerstions of the 7340 TED chie.

1.4.1 ARSOLUTE MAXIHUM RATINGS

IMPUT YOLTAGE (Vin) -2V to +7.0 VIC
SUFFLY VOLTAGE (Vce) -2V to +7.0 VIC
OPERATIMNG TEHMP (T3) 0 to 70 ‘C
STORAGE TEMP -39 to 150 ‘C
INPUT LEAKAGE CURRENT -1.0 wA

DYMAHIC CHARACTERISTICS Yee = 5.0V +/-5%
INFUT HIGH VOLTAGE (VIH) Vss+2,4V to VectlV
IMPUT LDW VOLTAGE (VIL) VSS-2V to Vss+.8V
QUTPUT HIGH VOLTAGE (VOH) V55+2.4V
(I0OH=-209ua VCC=4,73VIC)

OUTFUT LOW VOLTAGE (vVOL) VSS5+.4V
(I0L=-3.,2ma YCC=5,25V) '

MAX FOWER SUFPFLY CURRENT 250ma

4.4.2 VIDED VOLTAGE SFPECIFICATIONS

CHROHA OUT 1Ve-p min. w/2V0OLT OFFSET OFEN SOURCE

LuM OUT 0-3V (blankind = .5V) OFEN DRAIN
Y. 303 LUHIMANCE LEVELS (R7)

LEVEL VOLTAGE

30 2,00 v

o1 2.4 y

02 2.53 v

03 2.7 v

04 2,9 v

(035 3.3 v

0% 3.6 v

07 4.1 v

08 4.8 v



COLOR FHASE ANGLES

404'4
COLOR . HUE FPHASE (relative to SIN: in desrees)
NTS PAL
ELACK ik s
WHITE - -
RED _ 70 102
CYAM 250 283
MAGENTA 20 53
GREEN 208 241
ELUE 314 347
YELLOW 134 167
ORANGE ?0 129
EROWN 115 148
YLLW-GRN 142 195
FINK 50 83
ELU-GRN a3 2435
LT-BLU 290 323
OK-EBLU I30 23

LT-GRN igo 21



GENERAL TIHING

4.5

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

4.5.1  EUS TIMING

FafRAHETER SYMEOL HIN HAX UNIT
TED ADDR SETUP TADS - 150 ns
INFUT DIATA SETUF TOSU 30 - ns
IHFUT DATA HOLD TOH 10 - ns
DUTFUT DATA STAELE TOSO 160 - ns
CUTFUT DATA HOLD TOHO 80 120 ns
k/W STABLE FPERIOD TRUS - 178 ns
HUX TO R/W SETUF THRWS - 70 ns
HUX TO R/W HOLD THRWH 30 = ns
CHIF SELECT SETUF TCSS - 320 ns
CHIF SELECT HOLD TCSH 70 - ns
ADDRESS HOLD TAH 60 ns

AODDRESS IN TRISTATE TADTH - 135 ns



nHA TIMING

4-5‘2

The 7360 performs Qﬁﬂ‘s to fgtch additional information to
maintsin 8 video diselau. Twice per each rou of charactersy

(a character beind defined as a cell 8 X 8 bits) to obtain

the attributes for each character 2nd to obtain the character
cointer which roints to where the charcter pattern cen be
round. In bit mar moder these DHA’s still occurs but the
information is interepretted differently. The seauence of events
1n 3 DHA cwecle are! 1)The system clock comes out of double
szeed for 1 cucle., At the same time AEC starts to tosggle,
s1lowing the 7350 on the bus, 2)The Fus Available line does
low., 3)Three cycles are dgiven to the 7501 to comrlete

gereration before [HA bedins., 4)40 cucles of sindle clock

where the 7340 is doing 2 fetches per cucle, S)EA does

nizh 2t the same time as AEC allowing the 7501 back on the bus,
315 cecles follow of sindle sreed where the 7360 is engazed

iri refreshing the dynamic RAM. 7)1¢ cycles of double speed
t2auiv. to 8 cucles of single) 8) If last DMA was row B

ef chzsracter, then IMA fTor row 1 of next character is initiated.
If screen is blanked: the 9 cycles of sindle sreed are still
ar2sent for dynamic RAM refresh,

7.2.2,1 TED DHA TIMING (REFER TO 4.,5.2.2 TED DHA TIMING DIAGRAH)

cycles time
TOMA 40 4éus TIME, DHA
THALT 3 Jus TIMEs HALT
TRESH S Sus TIHEs REFRESH
Tns 14 Pus TIHME, DOUBLE SFEED
TE 1 lus TIMEs SYNCHRONIZE
——f

64 s~ 2l

D:3grzm 4.3,2.2 rerresents the occurence of whern two DHAs are
*>2ck to back', I.E. character row 8 OHAe: then character row 1 of
the neuxt charzscter I[IMAsy serperated onlwy by one horizontal

retreca,



$.5.2. UMA-Taming

Der 7Zs0 (TED) baildet DMA-Zyklen (DMA: Direct memory access,
direkter Speicherzugrif+f) um wverschiedens Informationsn zum
Erhalten des Videcobildes zu holen. Zweimal fiir jede Zeile eines
Zeichens (2in Zeichen besteht aus einem Feld wvon 8%8 Bit): Zum
Erhalten der Farbinformation fir jedes Zeichen, wund zum Erhalten
des Zeigers auf den Zeichensatz des entsprechenden Zeichens. Im
Bitmap-Mode wird dieser DMA ebenfalls durchgefihrt, aber die
Information wird anders interpratiert.

Der DMA-Zyklus unterteilt sich in folgende Schritte:

1.} Der Systemtakt wird il aginen Zyklus auf npormale

Geschwindigkeit gesetzt Gleichzeitig startet ein AEC-Takt, der

den Bus dem 8360 zTur VerFugung stellt,

Z2.) BA wird low.

.Y Drei Zyklen werden der CPU noch gegeben um den arktuslien

Zef=nl zu beenden bevor der DMA beginnt. (CFU wird hochohmig)

1.) 40 ZIyklen vom Einfachtakt. In jedem Zyklus macht der TED
e

zwel Zugriffe. (MUX hat doppelten Takt!)

} BA wird high und gleichzeitig erlaubt AEC, dad die CFU
wieder auf d=n Bus darf.

6.) Es folgsn 5 Zyklen mit Einfachtakt in denen der TED den

(_I‘] =

BHA Lale 4
durch+iiniF-t. (Im zwaiten Teil jedes Taktes hat die CF'U?C’)DJ
’77

Buszugriff.?

7.¥ 15 Zyklen mit dopp=sltem Takt. (=8 Ivklien Einfzchtakt.) Der
TED hat keinen Buszugriff. Alle Leistungesn stehen der CPU z=ur
Verfilgung.

8.) War der letzte IMA fir Zeile 8 gines Zeichens, wird der DHA
filr Zeile 1 des nachsten Zeichens vorbereitet.

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

mit dem Refresh mit Einfachtakt durchgefithrt. Alle ibrige Zeit
steht der CFU mit doppelter Takfreguenz zur Vefigung.

4.5.2.1 TED DMA Timing

Titel Zyklen Zeit Takt Eemerkung

THALT 3 SIps OLB3 TIME, HALT (kein CRU-Zugriff)

TDMA 40 45ps .85 TIME, DMA (80 Zugriffe des TED!)

TRFSH b Sps  0.8B5 TIME, RFS8H (5 CFU-Zugriffe)

TDS 16 Fus 1.7 TIME, DOUBLE SFEED (1é& CPU-Takte)

T8 1, ins 0.85 TIME; SYNCRONIZE (1 CPU-Zugriff)
&5 bdpus = eine EBildschirmzeile

Bei eingeschaltetem Rildschirm stehen der CFU somit 20 Zyklen
zur Verfligung. Dabei am rechten Rand des Bildschirms (rechter
Rahmen) 16 Zyklen mit 1,7MHz Takt.

Loy &

.4’
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5 THE 7501 MICROFROCESSOR

——— i ————— e —— T

This section describes some of the rrorerties and
functions of the twre 7501 microprocessor.

S.1 7501 DESCRIFTIOH

The 7501 is an HMOS version of the 4502 family or more
seecitTicallys the &510CHEM., The 7501 is software
com~atible with existing 6502, 6510 code.

The 7301 coritains 3 7 bit bi-directional rort

uysed to directly drive the serial bus and cassette.
The rport is 3t locstion $0000 while the datas direction
register is at 80001, The 7501 is Tri-statable and
throudh use of the AEC (address enable control) lirne
and is wused extensivly in the TED shared bus concert.
OIMA is accomrlished wusing the AEC line and the RIY
line (cz2lled EA on TED). A control line is provided
(GATE IN) to hold off the R/W line until /RAS makes
the transicstion Trom low to hi, This eprevents the

FR23d lineg from making an earlw transistion to the
write stzte which wonld cause an imeroeper Early

Writo Cz2zle 1o occur.



7501 FINOUT

(%]
(5]

FIMN NAHE DESCRIFTION
1 FHI IN SYSTEM CLOCK INFUT
2 RIDVY oA RQAST
I /IRQ INTERUFT RQST
4 AEC AUDRESS ENABLE CONTROL
S vcc FOWER SUPFLY +3V.
& A0 ALDDIRESS RIT O
7 Al ALUDRESS ERIT 1
8 A2 ADDRESS BRIT 2
? A3 ADORESS EKIT 3
10 A4 ADDRESS RIT 4
11 AS ANDRESS BIT S
12 Ad ALDDRESS BIT 6
13 A7 ADDRESS EIT 7
14 AB ADDRESS BIT 8
13 A9 ADDRESS RIT ¢
14 AlQ ADDRESS BIT 10
17 ALl ADDRESS RIT 11
18 nA12 ADDRESS BIT 12
17 AL ADDRESS RIT 13
20 GND POWER SUPFLY GROUND
21 Al4 ADDRESS ERIT 14
a2 AlsS ADDRESS BIT 135
23 GATE IN R/W GATE
24 P# FORT BIT 7
23 Fé PORT EBIT 6
26 F4 PORT BIT 4
27 FZ PORT BRIT 3
g F2 PORT EBIT 2
29 F1 FORT RIT 1
30 Fo FORT BIT ©
31 D=7 DATA BIT 7
32 nzé DATA BIT 4
33 OES ATA BIT S
34 E4 DATA BIT 4
S OR3 DATA RIT 3
35 DE2 DATA BRIT 2
37 nEl DATA RIT 1
38 J1R:Ro] DATA BIT ©
39 F/4 READ/WRITE

qC RES RESET



5.3 7501 ELECTRICAL SFECIFICATIONS

This section describes some of the electrical
~onstreints and srecifications of the svustem.

5,3.1 HAXIHUH RATINGES

Reting Sembol Value

Suserly Voltage Vee -0.3 to +7.0
InrFut Voltasge Vin -0.3 to +7.0
O#erating Temrerature Ta 0 to +70

Storzse Temrerature Tstd -39 to +150

Unit

Ude
Vdc



5.3.2 ELECTRICAL CHARACTERISTICS
Chzracteristic Sumhol ¥in

Inrput Hish Veltase VIH
F‘hiO(inJ Uss+2,4
/RESJF'O‘P?J/IRQ!DE'ta Vess+2.,2

Inerut Low Voltase VIL
FhiOo(in) Uss=-0.3
/RESsPO-F7:/IRQ;s;Data ———

InFut Leskade Current Iin
(Vin=0 to S5.25V»
Vee=5,25V)
Logic ——
Fhio(inm) -——

3-State{Dff) Inep. Cur. IT8T
(Uin=0.4 to 2.4V,
Vece=5,25V}
[lats Lines —_———

OutPput High Voltage VOH
(ICH=-100uAdcy
Ucec=4,73V)
Data,A0-A1S,R/WsFO-F7 Uss+2,4

Outrput Low WYoltasge VoL
(I0L=1.&mAdcy
Vecec=4.,75V)
ats,A0-A1SsR/WIFO-F7 -

Fower Surprly Current ICE -
Csrzcitsnce G
(Yim=0sTa3=25 C»
- P=1FHHZ)
LozicsFO=-F7 Cinm —-——
[lata Cout -———
AQD=-A7 Cout —
fhil CPHil -
Fhi2 CFHi2 -

Tyur

———

0]
50

Ma»x

Vee

Vss+0
Vss+0

=
ooy

10.0

Vss5+0

10
13
1d
S0

80

5
+ B

Unit

Vde
Vde

Vdc
Vde

JA
1A

uA

Vde

Vde

mA

rF
EF
rF
PF
Pf



5.4

CLOCK

SIGNAL DESCRIFTION

( FHI 0 Y = This is the dual sreed system clock and

is a standard TTL level ineput,

ADODRESS BUS ( AQ - ALS) =~ TTL outeuwt. Carable of driving 2 TTL loads

at 130 e#f.

pATA BUS ¢ D0 - D7) - Ri-directional buws for transferring dats to

RESET

and from the device and the rerirherals, The aoutruts are
tri-state buffers carable of drivind 2 standard TTL loads
and 130rf.

This imeut ic wused to reset or start the ueprocessor froa

a3 rower down cordition, Durimg the time that this line

is held lowr writing to or from the urrocessor is inhibited.
Wherm 3 rositive edde is detected on the insut, the uprocess
will immediatly bedgin the reset seauernce., After a3 svstem
initialization time of & cvclecsr the mask interupt

flag will be set znd the rrocessor will load the prosgran
counter from the contents of memory locza2tiomns S$FFFC and sSFFFD.
This i3 the start locztion for prodgram control. After VCC
reaches 4.75 volts in 2 power wur rowutiner reset must be helz
low for 3t lesst 2 cuvcles. At this time the R/W line will
become w3lid,

THTERUFT REQUEST (IRQ) - TTL ine=ut: reauest that the processor

ARDEEES
179 FCART
R

initiste an interrurt seauence. The pProcesscr will
comrlete emecution of the current instruction before
recognizing the reauest. At that times; the interrust mask
in the Status Code Recister will bhe examined. If the interrust
mssk 1is not setr the 7rocessor will bedin an interruet
sequence. The Frodram Counter and the Processor status
redister will be stored on the stack and the interrurt

izzble flazg ic set sc thst no other interruepts canm occur.
The processor will then lozd the Frosram counter from
the memory locstions $FFFSE and $FFFF.

EMABELE COMNTEROL (AEC) = The Address Rue i3 only valid uhen
the AEC lime itc high., Wh2n lowr» the s3ddress bus is im 3
hich im=zedsnc2 stzte. This allows essvy DHA’s for shared

tuz sustaoams.

(FI-FA3FL£sF?7) - EKidirectionzl rport used for transferrinsg
data to and ftrom the srccessor directly., The Dats Outeut
Facicter is locsted at leccation %0001 anmg the [ata Direction
Regizter is located at locationm $0000.

evel owuteut from rrocessor to control the direction
dzbta trsnzfer betueern the srocessor snd memory:s
irhierzles 2te., Thiz l:ine ie hish for rezdine memorw

rnid louw for vritins. This line is latched by the Gate In
lire 40 swchronize between & [RAH memarwy cucle and the
~rocessor clock cwxcle. I{ AEC is low when Gate In makes a
low te hizh trensitions the R/W lime will do to 2 high
imredence until the next transition of the Gste In line
and AEC is hizh prior to the transitioh.



GATE IM - TTL level ineut, used to date the R/W line to rrevent
the R/W line from dgoind low durind 3 read cvycle: before
RAS and CAS do high (resultimg in 3 Read/Urite cucle).
Normally connected to the MUX lime in 3 sustem configurat:
to sychronize the [FRAM memory cucle to the rFrocessaor
clock cucle.

DY - Fead=z. TTL level inruts wsed to DMA the 750L., The erccessor
orerstes normally while RDY is high. When RDY makes 3z
trzansition to the low stater the Frocessor will finish
the oreration it is on: and zny subseauent orerstiaon
if it is a write eycle., Or the next occurence of
read cucle the rFrccessor will haltr meking it
rossible to tri-state the sprocessor to gzin camslete
accees te the swsiem bus.,



FROCESSOR TIMING

(41
w

This section exrlores the timining considerations of the
7501 srocessor unit.

2.5.1 TIHING CHART
o c
Electrical Characteristics Vcec = Sv + J%» Vss = 0vy TA = 0 C to 70

Charzcteristic Sumbol HMin Hax Units
MUX imsput high THH 60 110 ns
AEC setus time TAEC a5 &0 ns
MUX to RW setur or tri-state THRUWS 70 ns
HUX to RW hold THRUWH 30 ns
Ur datz setur from FHO THDS 130 ns
Us write datz hold THW 80 ns
Ur datz setupr from Mux THXDS 120 ns
Nzta bus to tri-state from HUX THXDT 30 ns
Data bus to tri-state from AEC TAEDT 120 ns
Read dazta stable TDOSU 40 ns
Read data hold THR 40 ns
Address setus from PHO TADS 40 150 ns
Address hold THA 40 ns
nddrese setur from AEC TAADS 75 ns
Address tri-state from AEC TAEAT ] 120 rns
Fort inrut setur . TPDSU 105 ns
Fort inrut halft TPDH 45 ns
Fort outrut data valid TFDW 195 ns
Cvcle time TCYC 500 ns
FHO(in) pulse widith B1l.5v PHHFPHO 230 275 ns
FHO(in) rise time TRFHO 10 ns
FHO(in) fall time TFPHO 10 ns

RIY setur time TRDY 890 ns



5.5.2 7501 TIMING DOIAGRAM

R/or

DATA

MPU

DATA

TTENORY
—

ADR

.:READy

PORT




namic

6.1

DYNAMIC RAMS

This charpter covers the constraints and features of

random access memories used in

ELECTRICAL SPECIFICATIONS

INFUT VOLTAGE (Vin)

SUFFLY VOLTAGE (Vcc)
OFERATING TEHP (Ta2)

STORAGE TEHP

INPUT LEAKAGE CURRENT

DYNAMIC CHARACTERISTICS
INFUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (VIL)
OQUTFUT HIGH VOLTAGE (VOH)
(I0OH=-200uA VCC=4.,73VDC)
QUTFUT LOW VOLTAGE (VOL?
{IBL=-4.2ma VCC=3,25V)
HAX FOWER SUFFLY CURRENT

the TED suystem.

-1V to +7.0 VDC
-1V to +7.0 VILC

0 to 70 ‘C

-595 to 150 ‘C
-10.0 wA

Vece = 5,0V +/-5%
Uss+2.,4V to VectlV
VSS5-1V to Vss+.8V
VS5+2.4V

USS+.4V

80ma



5.2 CHARACTERISTICS

This sectiorn covers some of the characteristics of

the 44K by 1 bit RAH that is used in the TED é4 sustenm.

b.2.1 FACKAGE FINOUT

FIN NAME DESCRIFPTION

1 NC

2 Iin nDATA IN

3 /UWE WRITE ENABLE (ACTIVE LOW)

4 /RAS ROW ADDRESS STROEE (ACTIVE LOW)
S AQ ADDRESS RIT 0

] A2 ADDRESS RIT 2

7 Al ADDRESS BIT 1

g vece FOWER SUFPLY +5

9 A7 ANIRESS RIT 7

10 AS ADDRESS RIT S

11 A4 ADDRESS BIT 4

12 A3 ADORESS RIT 3

13 Ad ADDRESS BIT &

14 Dowt ODATA OUT

15 /CAS COLUMN ADDRESS STROBE (ACTIVE LOW)
& Vss FOWER SUPPLY GROUND

G2l SELECTION CRITERIA

The TED sustem uses low cost 200 ns access RAHs.
iTied £3arts must meet 311 timindg parameters as
=citTied in section 6.3.1 *TIMING CHART" and 6.3.2
TIAIMNG DIAGRAM®. '

3]

1

=\

Qu
I

6.3 TIMING

This section illustrates -

: e h i =
constraints in dealing with DRAN. € reauired timins
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7. THE USER FORT

e - —— i ——————————

This charter details the system User Port.

7.1 DESCRIPTION

The USER FORT is included to allow various terminal
and modem devices teo connect to the TED system. Transmission
and raceeption is wvia @ 6551 ACIA: with handshaking assistance
from a &529 single rort device. The £&551 and the 4529 are each
accesszble to the TED system in scftwarer thus allowing their
prodramming for various aepplications,

The 6351 ACIA is enzabled by addresses $FDQ0 to
$FDOF., The least significant two bits of the address will
choose the modes which may be set for tramsmit/reciever recieve
statuss or programming of either the command register or the
control register, Similarlys the 4529 is activated by the
3ddresses $FD10 to $FDIF. It permits seven bits of either inrPuv
ar outputy derendindg uporn the status ef the Read/Write line.
eighth bit; bit two to be exact: is wsed as the cassette sense
imrut. It mavy be rossible to utilize this bit if certain
#rec3utions 2re taken in software, ( I.E. Insure that cassette
sense is not srournided,)

The User Port itself provides sccess to variows sidgnals
genersted by these itwo chirsy, in addition to the ATN and Buffered
Feset (ERESET) lines of the TED sustem, The port also eprovides
sround:; +SVDC and +?PVAC for use bvy connected devices.



7.2

FIN

VONOCCUSWHNHZICrZLCITIMODO®D

10

FHYSICAL PFINQUT

NAME

GND
FO
RxD
RTS
DTR
F7
ICD
Fé
CTS
LS8R
TxD
GNI
GND
+35
/RRESET
P2/CST SENSE
F3
F4
FS
RuC
ATHN
+9
+9
GND

DESCRIPTION

Ground
1/0 Port

Bit ©

Recieve Data
Reauest to Send
Data Terminal Ready

I/0 Port

Bit 7

Dazta Carrier Detect

1/0 Port
Clear to
Data Set
Transmit
Ground

Ground

+5 VIC

Euffered
I1/0 Port
I1/0 Port
I/0 Port
I/0 Port

Bit &
Send
Ready
Datsa

Sustem Reset
Bit 2
Bit 3
Bit 4
Bit 5

Recieve Cloch

Attention

+9 VAC
+9? VAC
Ground

DIRECTION

InPut/Duterut
Inrut

Outrut
Outerut
Input/Outrut
Input
InpPut/0utput
InFut

Inrput

Outeput

- ——— - ————
—— —

OQuteput

Input/Output
InPput/0utrut
InPut/Output
InPut/Quteput
Input/Outeut
OQuteut



7.3 ELECTRICAL SFECIFICATIONS

I/0 Forts (FO:P2..F7)
These ports 2re carsble of driving up to four TTL tupe
loads each in outrput confisuration.

Fuffered Reset (/BRESET)

The buffered reset line is carable of drivindg at least
one TTL level load. It can drive a total of ten TTL loads
between the User Portr the Serizl Forts and the Exransion Fort.

Attention (ATH)

This lirie is carpabhle of drivindg at least one TTL level
load., It cam drive 3 total of tenn TTL loads between the User
Fort and the Seriszl Port.

Recieve Data (RxD)
The Recieve Rata inrut may be driven by 3 single TTL
vel driver.

Gther Inmneuts (ICDs DSRs CTS)

The remainindg data inruts are huffered by TTL buffers.
Each may be driven by 3 sindle TTL level driver. TTS is sensed
wia 69529 under software control.

RKecieve Clock (RxC)

The Recieve Clocksy when actind as an outeput: can drive
3 single TTL level load. As zan inpwut, it must be driven by at
lezst one TTL level load.

Tramemit Dats (TiD)
The Transmit Ilata owtrut is carable of driving a3 single
TTL level load.

.ner Outeuts (RTSs DTR)
The remainind outputs are each buffered by a TTL buffer:
thus each of thes will drive ten TTL level loads,

Five volt source (+3)
The five volt source is redgulated [Cy carpable of surrlgins
100 mA worst case.

Nirne volt source (+9)
The nine volt saource is anm unresulated nine volt (RHS)
sur~lys carsble of suprlving 2 worst case current of 400 OC mA.



7.4 TINING

ARAHMETER SYMBOL HIN HAX UNIT
Transmit/Receive Tcey 400 - ns
Clock Rate
Transmit/Receive Tch 175 - ns

Clock High Time
Transmit/Receive Tecl 175 - ns
Clock Low Time

@ ——— T —— T —— T —— T ———— i —— i ————

XTAL!1 to TxD Tdd - S00 ns
Froradztion Delaw

—— i ——— . ———— . o .

Froradation Delay Tdly - 500 ns
(/RTS» /DTR)

—— T i o o o . | .

/IRA Froradation Tira - 500 ns
Ilelay (Clear)

|ty

e /

Intsrrugt snd Output Timing

i texw
— ot nd ;

H H
BrALY | i
TR A '
ELOSK e Th -
*“_b__%
l—‘n —
il

w X —

WOTE. TaD rim = 418 ToC rome WOTE B0 evrs = 1198 Ral rane

Traneme Timing with Extarnal Clock Recave Extarnal Clock Timing



6551 6529 TIHING

naT

PARAHETER SYHEOL HIN HAX UNIT
======-============'= 1 &3 1 & F > F ]
PHI 2 PW PWO2 248 350 ns
ADDRESS SET TACR 72 - ns
UP TIME TACW
ADDRESS HOLD TCAH 25 - ns
TCAR
R/W SETUP TWCW 71 - ns
TWCR
R/W HOLD TCWH 93 - s
TWCR
DATA BRUS TDCW 148 - s
SETUP
READ ACCESS TCDR 195 - ns
READ DATA THR is - ne
HOLD
Yilte Cycle g
| —
N ) / .
Y Il_ln“_“- “-_1 - v,
u.n..ag.m_m% ! 1 XQ&&WEX\W "
’-ﬁu—-—l 1

oo R T AT

Read Cycle e

Bara wA
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8. THE VIDEQO SECTION

——— T ————

g.1 VIDEDO INTERFACE

The TED viedo interface hardware allouws the connection of a
standard NTSC or PAL commercial television and/or 3 colar monitor.
The monitor may sccept either 3 comrposite video sidnal or separate
chroma 2nd luminance/sync sidnals in addition to am audio sisgnal.

8,2 HODULATOR SFECIFICATIONS

The modulator provides & broadcast twee RF signzl carrving
the comrosite video and a2udio sidgnals., The NTSC modulator is
switchable between channels 3 and 4 to helr minimize local
broadcast interference., The sidgnal generated by the RF modulatar
com=lies with FCC rulind concerining FCC Class Esy TV Interface
[levices.

=3 HONITOR OUTFUT

The monitor cuteut provides the following signalsi

Luminance/Svynic 1 V p-p 75 chas
Chroms 1V p-p 75 ohms
Audio 1V p=-p

LComrosite 1V p—p 75 ochms

8.4 VILDED COMNECTOR PINOUT

The video connector provides the following signals}

FIN SIGNAL

b Luminance/Svnc
2 Ground

3 Audio Out

4 Comrosite

g5 adudio In

& Chroma

7 HtCn

e N.C.



9, THE SERIAL BUS

PEEs——

Pin Trpe
1 SERIAL SRQIN
9.1 SERIAL BUS SPECIFICATION 2 GND
3 SERIAL ATN IN/QUT
4 SERLAL CLX IN/QUT
5 wMAIWOUI
& RESET
DATA BYTES
ATH
READY - TO -SEND
TALKER SENDING
JUuduiL oLl liL freeR
. .BPI ; S b DATA
ﬂ_Jl_IUU SRS i
DATA vALID —d'r'—--"H'--
NER READY-FOR- DATA L L1STENER DATA-ACCEPTED
SISIAL EUS TIMING
g [SymBOL: MIN | TYP | MAX.
ATN RESPGMSE (PEQL:EZIS) @ | Tax ©~ — - — |1200us
LISTENER HQLC -0OFF s ; e | - o0
NON-EQI RESF ous- T =2 @ Ty ¢ =— 42,3 | 200 .5
BIT SET-UP TALKE @ 15 | 28us) 72.s - 7
DATA Y2LIT Ty ! 20us | QL -
FRAME HANDS~AKE )] T= 1 e 29 1023..s |
| FRAME TO RELEASE TO ATN T ! 2Qus - = g
! BETWEEN BYTIS TIME Jzg . 199u3 = § = 1
, EOI PISPONSE TiME e | 200.s | 25@us i —
© £J] PESPONSE HOLZ Tivwe ® , T: €D s - —
i TALKER RESPONSE LIMIT - 2 38,5 | €Tus
I EYTE - 2IKNOWLIDGE @ ToR 20@us 3@.us —
I raux - ATTENSION RELEASS T4 20us | 30us | 10Qus
i TALK - ATTENSICN 2CANGwL-DGS| Tge ) - —
TALK ATTINSION ACK, HOLD Tea £Qus =5 =5
EQI ACKNO#LICGE Ten §0us | — —

(® T MIN. MUST EE 8045 FOR EXTERNAL SIVIZE 7O 22 A TALKER.

@ T AND TPR MIN MUST BZ €0.s FOR EXTERNAL GEVICE TG 8 A TALKER.
IF MAX, TIME EXCEEDED, FRAME ERROR.

81; MAX. TIME EXCZEDEC, EOl RESPONSE REQU:RED.

1) IF MAX, TIME EXCEEDED, CZVICE NGT PRSSENT EIRROR.
NOTES:



1U. inc EXFANSION BRUS
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10.1 EXFANSION BUS PINOUT

FIN NAME FIN NAME
¥ GNI A GMNID
2 +5 B CiLOW
3 +5 C /BRESET
4 /IRQ D /RAS
5 R/W E PHIO
& CIHI F AlS
7 C2L0W(reserved) H Al4
8 C2HI(reserved) J A13
9 /CS1 K AL2
10 {/CSO L All
11 ZCAS N Al0
12 HUX N A
13 BRA P AB
14 n7z R A7
1S Lé S Ab
16 0s T AS
17 D4 U Ad
i8 D3 v A3
19 D2 W A2
20 b1 X Al
21 Do Y A0
22 AEC T NC
2 EXT AUDIO AA NC
24 PHI 2 BE NC
25 GHD ge GND
i) EXFANSION CONNECTOR SIGNAL DESCRIPTION
A0 - AlS SYSTEH ADDRESS RUS - UNEUFFERED. OUTPUT.
0o - 07 SYSTEM DATA BUS -UNRUFFERED. QUTEUT.
/CS0,/CS51 INTERNAL ROHM CHIF SELECTS. OUTFUT.

CLLOW,C1HI
/RAS

HUX

/CAS

kA

1§ 2

R7UW
ZIRQ
/BRESET

EXT AUDIO

EXTERNAL CARTRIDGE CHIP SELECTS. ACTIVE LOW. OUTPU
DRAM ROW ADIDRESS STROERE. OUTPUT.

DRAM ADNRESS HULTIFLEX CONTROL SIGNAL. OUTPUT.
DRAK COLUMN ADDRESS STROEE. OUTPUT.

EUS AVAILARLE. LOW FOR DHA., OUTFUT ONLY.

ARTIFICIAL PHI 2, ADDRESS VALID RISING EDGE.
DATA VALID FALLING EDGE. OUTFUT.

SYSTEM READ WRITE LINE., OUTFUT.
INTERUPT REQUEST. INFUT.

EXTERNAL AUDNIO. INPUT, 1 V p~r FULL SCALE.
AC COUFLED,



READ DMLY HEMORY

1141 SYSTEM ROH DESCRIFTION

Ir 2 Szsic configurations the TED orerating sustem
resides in I2X of read only memory contained in two 16K X B
FECNM., The KERMAL resides in the urper 16K ROM (referred to
35 HIGH RCOM) 2nd some of the lower 16K ROHM (LOW ROM).
The Kernsly by definitionrs is the orersting sustem of the
comruters with fixed entry roints into wsable subroutines
to fzeilitate use by higher level programs. The entry tahle
for the Kernal is located above the 73460 in memorwy. ($FF40 -
$FFF?) Contained in the srace sllocated for the Kernal is the
chzracter FOM 3t locatiom $0000 - $D7FF. *BASIC' is
contazined in the lower ROM not used by the Kernsal.

2 EANKING ROM OFERATION

Although the sestem can only °"see® 32K of ROH
at 2 timer ur to 84N can be installed on boardry with
an additienal 22K on as external cartridge. This
iz rossible using the scheme known as 'banking®,
Benkine iz 2ccomrlished by writting to thee address
renge of S$FINO - £FDIF, Whem 2 write to this address
ranze occurcy the lower four bits of the address bus
zselect 2 of & banks (each 146K). Refer to the chart below,

AQ A1 HANK

o} 0 low internal #1, *RASIC®

0 1 low internal #2y °*FUNCTION LOW®
i 0 low enternal #1» 'CARTRIDGE LOW®
1 1 reserved

(2 AZ RAaMKN

- — i —— ——— ]

0 hi internal %1, "KERNAL®

1 hi internal #2, *FUNCTION HI*
0 hi external #iy» 'CARTRIIGE HI®
1 reserved

Even when the Kernal is banked outy part of
the Kernal remains zccessable, This is the part of
the Kernsl thast does the actual bankingd and is loacted
in the address rande of $FC00 to $FCFF. This section
of FOH will not assert itself if ROM is banked out
for EAH.



11.3

rROM ELECTRICAL SFEC

Abselute Maximum Ratinds

INFUT VOLTAGE (Vin)
SUFFLY VOLTAGE (Vce)
OFERATIMG TEHF (Ta)
STORAGE TEHNP

I,C. Characteristics

INPUT LEAKAGE CURRENT
LDYNAMIC CHARACTERISTICS
INPUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (VIL)
DUTFUT HIGH VOLTAGE (VOKH)
{IDH=-200uA VCC=4,75VDC)
OUTFUT LOW VOLTAGE (VOL)
(I0L=-3+2ma VELC=5.,25WV)
HAX FOWER SUPFLY CURRENT

-5V to +7.0 VIC
-5V to +7.0 VIC
0 to 70 ‘C

=55 to 150 ‘C

-10 vA

Vee = 5.0V +/-3%
Vss+2.4V to VeectliV
YS5-,5V to Vss+,8V
VUSSt2, 4V

VSS+.4V

120 mA



11.4

FIN

VMOoDNOU S WD

-
= O

B ED P 1 B = = b b s e e
LG OO LI

ra
w

[N
o

23128 ROHM FINOUT

MANE

NC
AlLZ2
47
Ad
AS
A4
AZ
A2
Al
AQ
no
D1
n2
GNI
03
04
ns
Is
n7z
/CS
Al0
/CE
All
A%
A8
Al3
CS or CE
vce

DESCRIPTION

AIDRESS BIT
ADDRESS ERIT
AODDRESS EIT
ALDRESS BIT
ADDRESS ERIT
ADDRESS EIT
ADDRESS BIT
ADORESS RIT
ADDRESS RIT

IATA
DATA
DATA

BIT ©

RIT 1

FIT 2

h

FOWER SUPFLY GROUND

DATA
DATA
DATA
DATA
DATA
CHIP

BIT 3
BIT 4
BIT S
BIT 4
BIT 7
SELECT

ADDRESS BIT

CHIP

ENABLE

ADDRESS RIT
ADDRESS PBIT
ALIDRESS RIT
ADDRESS EIT

CHIP

SELECT

/ ACTIVE LOW

10

/ ACRTIVE LOW

11

?

8

13

OR CHIP ENABLE / ACTIVE HIGH

FOWER SUPPLY +5



11.35 ROM TIMING SFECIFICATION

FARAMETER SYHEOL HIN, HAX.
ACCESS TIME THCC 300 - ns
DUTFUT ENAELE TOE 120 - ns

Note! TACC avzilable from system is 33Bns and TOE available is 12

LDDAESS ¥ N /7
INBUTS THNAL 10 _11\\_ VALID _:)1\_ INVALID
CHIP :
SELECT DisABLED | o ENEZBLED | DISABLED
INPUTS : N\ ;o
I r tco ‘i ‘ I
DATA HIGH S/ + >< HIGH
gelal Caun X 2010 5 s —
OUTPUTS  MpEdANCE I N a1 P i IMPEDANCE

'ace




a2 THE KEYROARD

13,1 KEYROARD CONNECTOR PINQUT
FIN NAME DESCRIFTION
1 1 ] DATA RIT S
2 3 K7 KEY LATCH EIT 7
3 0o GND LED GND
4 - +5V LED +5VOLT 20ma MAX.
s b D7 DATA BIT 7
6 T X4 KEY LATCH EIT 4
7 4 D1 ODATA BIT 1
g 9 KS KEY LATCH BIT 5
$ 10  Ké KEY LATCH BIT ¢
10 41 @3 DATA BIT 3
11 1T p2 [IATA BIT 2
12 43 D4 I'ATA BIT 4
13 44 K2 KEY LATCH EIT 2
14 45 Ki KEY LATCH BIT 1
15 4¢  ng DATA HIT &
16 1% K2 KEY LATCH BIT 3
17 4% Ko KEY LATCH EIT ©
18 11 o DATA BIT ©

Plusy C1¢

KEYBOARD MATRIX

g.Q @9 @) 14
@?xs 2); \3r9'/_'61?3£us*f

I
v }
3 I
RUN I !
. T raFLﬁtdcr iﬁ 2
Oz —% Y1 77
_ I& I'W_AA fpmrr;[z is é& it —
1 T. T, 1 1 SHIFT Lock
r‘\a f‘\H r"\U I\J
I I o |
L ) n: ,--1— ‘1}
et 1£J.€‘\: rL+ ¢
IﬂELEEM‘« L :@ if: fa \fa I HELP
.68\ LT S— J e kT
kTQ RTf! Klz k?l y K& KE H3——= 77"40
] M\
Plus y




3 KEYZ0ARD ELECTRICAL SFPECIFICATION

1) MAXIMUM RATING 13YDCy 200uS PULSE WIDTH 1,50 DUTY EYCLE
Ima
2) CHATTERING SmSzZC INITIAL» 10mSEC OVER LIFE

3) COMTACT RESISTANCE S00 OHK HaX.

4) CAFACITANCE 100pf MAX

51 INSULATION RES. SOM OHM HINM.
&) WITHSTANE VOLTAGE 250VAC tmin.
7) OPERATING FORCE 65¢ TYP.

ZERO T&AVY FORCE 15+/-10g AT «Smm TRAV

FULL TRAV FORCE 90+¢s/-25¢ AT .ZSmm AROVE FULL TRAV

8) OFERATING LIFE 300 HILLION TIHES
FUNCTION KEYS 300 HILLION TIMES
) OFEARATING TEHF =3 = 450 *C

1¢) STORAGE TEMF -20 - +435°C



7360RT

Single clock 1o

TIMIMNG SPECIFICATIONS

——————NTZC LY

Single clociz hi

Doulsls clock ta

—_——

Qoub la clock mi

min makx min max minm =1 mfn max
Towe in £9,91 53,88
PW tn To 23 435
PAd in ni b 43
Tere 1LL7 lilg 1117 i3 =538 353 38 538
Cleck FU 533 535 S35 583 2735 223 252 28T
Te kras lh 50 119 £6 1.8 (=51 119
Tae lkrashl aze 258 22e 2€9 220 <5d
TC lkmuwc Lh £8 118 AA 118 1=} 119
Te Tkauxh 1 =53 258 252 rachs) =252 259
Te Yoz as th =153 Ita 53 119 F=12] 11
Tc lecaerg 3en 2635 398 33 99 263
Tec kcazswr 428 479 4729 473
Tra= Imux L = 22 28
Tmuxlcas L 33 33 35
Traslcss | vy =] P
Tcasorash 1812 1se 152
Te ezl 383 245 i3 1o ] o]
Te lkesh 48 ER L] 49 1192 43 1ie
Telkasc 18 492 19 48
Plras 1o 2543 44/
Pra= hi |2 283
Pucas 1o e 50
PWcas hi 90 399
Tacdoutac 159 159
Tadcloutr 1 43 49
Tdoutste 168 1s9
Tdouth 1 49 128 48 12¢
Tadinste 9 99 52
Teinh o 19 23] 4 Lle
Taddinste 4490 402
Taddinh Ld ] a
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SCOPE

This specification covers the detailed requirements for a high resolution
video display chip utilizing BMOS technolegics. This device is intended for
use in low end 65@2-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 6582 -
microprocessor data bus. It will access up to 64K of memory for display
information.
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CHARACTER MCDES

In any of the character mcdes, 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 mewory known as the
VIDED MATRIX area, and color information fram the ATTRIBUTE area.

The video matrix consists of 18689 consecutive locations in memory, each of
which centains 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 £28), which provides the 5 M® of the video matrix address
(A15-all) . The address Alg is always sat to a 1. This gives 32 possible
locations for the start of the video matrix.

The following chart makes this clear:

EASE ADDRESS LOCATION BASE ADDRESS LOCATION
goeed $0469 160499 $8400
gegal $8CEa 18681 $8CEg
ggglg $14806 18818 $9409
geg11 $1C@08 16611 $SCgg
208199 52400 18108 SA4E63
gg181 $2C89 18191 SACGE
80116 S3409 16114 B 460
ggllL $3CG8 19111 S8C98
g168g $4490 11960 SC409
91091 $4C00 11891 S$CCag
g19le $5488 11919 SD43¢
g1g11 $5CE0 11911 SDCag
g118¢ $6480 11168 SE404d
g11g1 S6Cag 11191 $ECe0
g1118 $7499 11110 SF4G0
g1111 $7C3@ 11111 SFC@g

Each memory location in video matrix is used as a pointer to the actual
character dot data which makes up the characters. The eighth (MS3) 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 M of the video
matrix (VM7) will determine if the character will be displayed reversed or
not. If VM7 is set to 4, the character will be displayed nommally. If VM7 is
set to a 1, 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 a 1, the reverse feature feature is turned coff,
which allows the use of 256 different character definitions.

TITLE

COMMODORE

ZF |IDRAWING NQ, ' REY
. RCALE SHEET 3 ar



VIDEO MATRIX ACDRESS

AlS Al4 Al13 Al2 All Al A9 A8 A7 A6 A5 A4 A3 A2 AL Ag

M4 VM3 VM2 MVI ™M@ 1 VY W8 W7 Ve VC5 VC4 VC3 VC2 VC1 vCg

The ATTRIBUTE memory also consists of 1988 consecutive locations, and con-
tains the FLASH bit, the 4 bits of color and the 3 bits of lunminance 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, Alf is always set to a ¢, so is always 1K below the video
matrix. For example, if the video matrix is at $0C@d, the attribute bytes are
at $08649.

ATTRIBUTE MEMORY ACDRESS

als BAl4 Al3 Al2 All Alg AS A8 A7 A6 A5 A4 A3 A2 Al Ag

M4 VM3 VM2 VML VM@ @ 0 VC9 VC8 WC7 WVCE VC5 VL4 VeI yve2 V1l Vg

Fach character is matrix of 8 by 8 dots, stored in the characker ROM as 8
consecutive bytes. The location of this CHARACTER memory is set by (B4 to B4
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 particular
character pattern ccme from the value of that particular location in the video
matrix. (The last 3 bits came from a counter.)

CHARACTER DATA ADDRESS

A15 Al4 A13 AlZ All Al A9 AB A7 A6 AS A4 A3 a2 Al Ag

@5 B4 &3 B2 Gl w7 ws Vs vM4 w3 vM2 VMl VMg
g (with REVERSE bit on)

STANDARD CHARACTER MCDE

In standard character mede, the character display is an 8 dot horizontal by 8
dot vertical character loccation formatted in 25 rows of 4@ characters per row.
Each character location in the video matrix has a wique color set by its
attribute byte and share a common background color. Eight sequential bytes
from character memory are displayed directly on the 98 lines of each character
location. A '8’ bit causes the color/luminance in background color register @
to be used; a 'l' bit causes the color/luminance of the associated byte of
attribute memory to be displayed.

bit of character data color souxce luninance source
g tackgrowmd reg g, bits ¢-3 bkgd reg @, bits 4-6
1 attribute bits -3 attribute bits 4-6
ITITLE
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MULTICOLOR CHARACTER MODE

Multicolor character mode provides additional color flexibility (w to four
colors per character location) at a cost reduced horizontal resolutica.
Multicolor mode is selected by setting the multicolor bit (TED Register 7)

to a 1. 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 leccation will be displayed as nommal (hires)
character. If bit 3 of the attribute is a 1, 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 foregrowmnd
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 mode., The dot pairs are
interpreted as follows:

dot pair color source luninance source
ég bkgd reg @, bits g-3 bkgd reg @, bit 4-6
g1 bkgd reg 1, bits g-3 bkagd reg 1, bits 4-6
1@ bkgd reg 2, bits g-3 bkgd reg 2, bits 4-6
11 attribute bits g-2 attribute bits 4-6-

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

EXTENDED COLOR MODE

EXTENDED COLOR MCDE allows the individwal sslection of both backgroumd and
foreground coleors in each character location on the screen. Each character
loecation can select one of the 16 foregrowmd colors and cne of 4 available
beckground registers. The character dot data is displayed as in standard
color mode (with foregrownd color/luminance determined by the attribute for a
'1' data bit), but the two M= of the character pointer are used to select
the background color/luminance for that screen location. Since the 2 MSB of
the character pointer are in use, this means that only the first 64 character
definitions in the character memory are available. (The TED chip forces Alg
and A9 to 9).

Bits € & 7 color source luninance source

character pointer

ga bkgd reg 8, bits ¢-3 bkgd reg g, bits 4-6
gl bkgd reg 1, bits g-3 bkgd reg 1, bits 4-6
16 bkgd reg 2, bits ¢g-3 bkgd reg 2, bits 4-6
11 bkgd reg 3, bits g3 bkgd reg 3, bits 4-6
TITLE
COMMODORE
= |DRAWHG NO. REY
' SCALE SHEET 5 oF =2




STANDARD (HIRES) BIT MAP MCDE

In bit map mede there is a one to one correspondence between each displayed
dot arnd memory bit. Standard bit map mode provides a screen resolution of
320 dots by 260 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
gge $9900
ga1 $2899
g1g $4006
g1l §6060
186 $8060
161 $AGGE
116 $Ca6a
331 SE@GE

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 as 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 seqguential memory locations being formated as an 8 by
8 bleck on the video display, samething like this:

byte @ byte 8 bte If.isvicavewvoannmranveonsnsessiseobipte 312
byte 1 byte 9 BYEE 1T .s sesonnsnncs S S e iesescessoDyte 313
byte 2 byte 190 bk T8, vue s wwmimsioisn s cinvemmanaen foeeessnbybe SEE
byte 3 byte 11 L S S T R byte 318
byte ¢ byte 12 B BB cnivis 5 i 5iop o G A ,.....bvte 316
byte 3 byte 13 Byt 2Lt cesnnes Won w0 SRy m SesERE 31T
by’:e 5 byte 14 byta 22‘....-.....-,....._....._..--.......-.--..by‘ﬁe 318
byte 7 byte 15 R BB evsiitinsinposnsnsvintsnsivasessiyee 319
byte 326 byte 328 byte 336ceavgecciinannonsosssnsaannansss byte 632
byte 321 byte 329 T s A oe byte 633
byte 322  byte 33¢  byte 338...... e SR e et w0 B3
byte 323 byte 331 Byte 8% escii e e o e e byte 635
byte 324 byte 332 BYEE Q80 s.05 dosone snn st nessos cuvnes orwe DY 36
byte 325 byte 333 byte 34l....... sHmeBEe b ebie e aeseDYLR 637
byte 326 byte 334 BYte 344, suvwnasis oo sanvoniapsemaveseseullyts 638
byte 327 byte 335 e QAR v s fn swi omiemin o 6 e sssseessDYtEe 639
etc.

(or it could ke represented like this:)

Al5 Al4 Al3 Al2 All Ale A9 AB A7 A6 AS A4 A3 A2 Al Ag

B82 BBl BBG CPS CpP8 CP7 CP6 CP5 CP4 CP3 CP2 CPL Cr@ Vs2 VSl vsd
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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 cames fram the
actribute 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 @-2 of attribute memory.

dot color source luninance source
g video matrix bits @-3 attribute bits 4-6
1 video matrix bits 4-6 attribute bits §-2

MULTICOLOR BIT MAP MODE

MULTICOLOR bit map mode tears the same relationship to standard bit map mode
as multicolor character mode does to standard character mode. Multicolor bit
map mode allows greater <olor 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 'l'. ;

As in malticolor character mode, multicolor bit mep mode uses the concept of
'dot pairs' to specify one of cur pixel colors. Sinc two bits select one dot
color, the horizontal resolution is halved (160H by 206V). Each multicolor
pixel is twice as wide as hires pixel.

dot pair color source luminance source

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

g1 video matrix bits 4-7 attribute, bits 4-6

16 video matrix bits -3 attribute, bits 4-6

JBE bkgd reg 1, bits ¢-3 bkgd reg 1, bits 4-6
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ADDITONAL FEATURES
Hardware Cursor

The hardware cursor is contreolled by a 19 bit cursor compare register
(Register 12 and 13). This allows 1824 possible positions. Setting the
cursor compare register bits to a value fram @ to 999 results in the cursor
appearing in the specified location (the top left corner of the screen is @,
the bottcam right corner 1s 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 mcde.

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 every raster lipe, immediately following
character fetches. TED guarentees a maximum delay of 3.26msac between the
refresh of 2 single row address in a 256 address refresh scheme. This refresh
is totally transparent to the system, since refresh occurs during phases one of
the single speed system cleck.

System Clock Doubling

For increased processor throughpuf, the system clock output frem TED doubles
frequency from 894KHz (NTSC) to 1.788KHz (NTSC), during non—display times.

The horizontal position rsgister counts 456 dots, @ to 455. During cownts of
40@-344, while in raster lines @ to 294, the TED device outputs single clock.
puring this time TED is doing processcr handshaking (counts 499-432),
character fetches (counts 432-364), and dynamic RAM refresh (counts 364-344).
OQutside of this horizontal window TED cutputs double clock (1.788KHz). During
raster lines 285-261 for NTSC (295-311 for PAL), TED outputs double cleck at

all times except horizontal counts 364-344 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 sguare wave generators. The frequency base
for voices 1 and 2 are 19 bit registers (Register #24 and 18 for Voice 1 and
Register $1S 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
volume control mechanism is Register $17. There are 9 volume levels in TED,
ranging frem ¢ 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 individmlly 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 selecticn. The
frequency generated by TED is:
FREQUENCY = 111860.781
(1824-x) for NTSC
= 11¢840¢.45
(1824-x) for PAL
A sampling frequency chart follows.
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SCALE

NOTE BASE REGISTER VALUE ACTUAL FREQUENCY (HZ)
(1628-x)
A 1817 119
B 9g6 123.5
C 855 13@.8
D 762 146.8
E 679 164.7
F 641 174.5
G 571 195.9
A 508 228.2
B 453 246.9
c 428 261.4
D 381 293.6
E 339 338
F 329 349.6
G 285 392.5
A 254 449 .4
B 226 494.9
o 214 522.7
D 199 588.7
E 178 658
F 1648 699
G 143 782.2
A 127 B8@.7
B 113 989.9
e 197 1.045K
D 85 1.177K
E 85 1.316K
F 88 21.398K
G 71 L.575K
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Internal Operation

all internal timing operations are based on the horizontal dot counter.

particular events occur in response to certain counts of both the horizontal

position register and the vertical line register.

HORIZONTAL DECODES

Horizontal Sync Start

Stop
Horizontal Egquilization Pulse 1 Start
Stop
Pulse 2 Start
Stop
Horizontal Blanking Start
Stop
Burst Start
Stop
Character Window Start
Stop
External Fetch Window Start
top
Refresh Single Cleck Start
Stop
Character Window Sincle Cleck Start
Stop
4@ Column Screen Start
Stop
38 Colunn Screen Start
Stop
Video Shift Register Start
Stop

Increment Blink
Increment Vertsub Counter
Increment Refresh Start

Stop
Increment Character Position Reload
Increment Character Positicn Start

Stop

Latch Character Position to Reload

End of Screen — Clear Vertical Line, Vertical

Sub ard Character Reload Registers
Increment Vertical Line

HORIZONTA COUNT

358
390
152
170
380
398
344
416
384
478
432
296
400
288
288
328
432
296
451
315

387
444
364
338

296
336
424
432
288
299
384

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

VERTICAL DECCDES

VERTICAL CCUNT

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 260
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 Skop 204

Vertical Screen Window 25 Row Start 4
Stop 204
24 Row Start 8
Stop 209

TIMLE
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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 value, loading the low
Byte inhibits counting mntil the high Byte is loaded. The timers
decrement at a 894 KHZ rate for NTSC television systems, 884 KHZ for PAL
systems. Each comter generates an interrupt upon decrementing to @. The
sequence for writing to the timers should be:

Disable all interrupts
Write low Byte

wWrite 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 comt occurs from the reload valwve. Reading Registers @ and 1
gives the current count valve,

Timers 2 & 3 are free ruining coumters. Upon cecrementing to @ the timers
roll over to FF and continue comnting. Writing to timer 2 and 3
registers loads directly into the active comt. PReading these registers
yields the current count.

Register 6

Bits -2 of this register destermine the vertical scroll position. For a
normal 25 row picture with no seroll these bits should be a '3'. 3Bit 3 is
the 24/25 row select, A '@" in this bit corresponds to 24 rows and a 'l’
yields 25 rows. For vertical scroll to occur, bit 3 should be cleared and
bits ¢-2 all set. Decrementing bits @-2 moves character position up
scrolling off the uppermost charcter row. Bit 4 is the blanking bit.
Setting this bit to a 'l' gives @ normal picture. Setting it tg a '@’
blanks the screen and disables all fetches from occuring, allowing for the
system clock to run 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 'l’' 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 g-2 determine the horizontal scroll position. A 'g@' in these bits
allows for no scroll. To institute ‘'scroll bit 3 of this register, the
38/40 colum bit, should be set to 'g'. This displays 38 colums and
scroll can occur cleanly. Incrementing the 3 LSB of this register pans
the character positions to the right.

[TrrLE
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Bit 4 is multicolor mode bit. Setting this bit to 'l' enables multicoler.
The freeze bit is bit 5. Setting freeze high stops TED fram incrementing
the borizontal position, the timers and the vertical position. The system
is forced into single clock (894KHZ) and system refresh of dynamic 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=8, there are 128 character locations, The reverse video
character is implimented by setting the MSB of the video matrix pointer to
a '1'. 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 M3 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 8

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 interzupt -timer 1 has decremented to 'g@!
Bit 4 timer 2 interrupt - " 2 " ¢ > oW
Bit G " 3 n n - 1] 3 n 1" " 1} "

8it 2 indicates a light pen interruot. The TED computer does not have
light pen. This bit is for future expansien. 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 individuwal mask bit
correspords to each of the possible interrupt sources. Setting the bit
high enables interrupts to occur. The LS8 of this register is the MSB of
the raster register. (se2 Register 11 description)

Register 11

In an NTSC tslevision system, 262 raster lines are prodwced (B 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 10 contains the MSE. The raster register is an
interrupt source. The raster register value is conpared to the current
vertical line count. 2an interrupt is generated 8 cycles before the
character window. For a 25 row display the visible raster lines are from
4 to 203, -

TITLE

COMMODORE

23 |ORAWMG NOQ, REY L
SCALE sHEET 14 orF

22




Register 12

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

Register 14

Register 14 contains the low byte of Woice 1 frequency base. BAll 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 sguare wave generator. This selection is available in
Register 17.

Rﬁi ster 16

This register contains the 2 M8 of Voice 2.

Rggister 17

Register 17 bhas 4 bits of volume control ranging fran @ = CEF 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
somnd teggle flops and initiate the reload value of each voice to
initialize the active sound count during the appropriate voine
incrementing time. This bit will also initiate the white noise randem
number generator to 'l's.

—
.
o
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Register 18

This register contains the three bit bit map mode address base, the
ROM/REM bank bit, and the 2 bit MS3 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 BM2@ to BMB2. During TED dot
fetches in the bit map mode, BMB2 will become Al5, BMBl -~ Al4, and BMBG-
Al3. The ROM/RAM bank bit, bit 2, will force TED dot ard character
fetches fram either ROM or RAM. A 'l' in this bit will force ROM
execution a 'g' 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 phanteam 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 fram.

Register 28

The 5 bit video matrix base, bits 3 throwh 7, comprise Register 2d. The
video matrix base determine the memory mapping of the video matrix
pointers and the attribute data as shown:

A15 Al4 al3 AlZz All
™4 VM3 vM2 VML VM@

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
contrel of the system bus for both halves of the cleck cycle, for 4G
consecutive clock cycles.

Register 21

Tnis register contains a three bit luminance code and a four bit color
code—for background Register @. This allows for eight separate luminance
level for each 16 colors.

Register 22

Register 22 ccntains the same data as Register 21 for backgrownd Register
Ly
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Register 23
Background Register 2 data is stored bere.
Register 24

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

Register 25

Luninance and cclor information for the exterior register (border) is
stored in Register 25.

Register 25

The two MS2 of the character position relcad register are bits g znd 1 of
this register. The character position reload increments by forty for each
character row completed. For example, during the first character row this
register will contain '8', Upon campletion of the eighth raster line of
the row the character rosition bit mep relecad register will be updated to
49.
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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 MSB of the vertical line register.
The vertical line register centains the current raster line being
displayed. For NTSC systems this register will count from @ to 261, for
PAL, @ to 31l1.

Register 29

The low byte of the vertical line register is contained in Register 29.
Register 3¢

Register 3¢ is the horizental position register. Register 30 contains the
upper 8 bits of this nine bit register. The LS8 increments at a rate too
fast to be of any use in programming. Since the horizontal position
register acteally increments from @ to 455, Register 3¢ will contain
valuss of @ 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
cirrent cownt of the blink rate timer. This register is incremented cnce
per screen. On overflow a 2HZ signal is generated initalizing the cursor
reverse video and any flashing characters. The vertical subaddress cownts
the eight rzster line per character tow.

Registers 62 and 63

These recisters do not physically exist on the TED chip. A write to these
locations controls the TED system memory map. Any write to Register 62
results in FOM being selected in memory locations $8(68(HEX) to SEFEF (HEX)
excluding $£D@Q (HEX) to SF3FF(HEX) for I/0 space and TED space. The THD
chip will generate the necessary chip selects and inhibit CAS until a
write to Register 63 occurs. Upon this occurrence, the same locations
S80GJ (KEX) to SFEFF (HEX) excluiding $FD@G (HEX) to SEIFF(HEX) are banked to
RAM. CAS occurs when appropriate and chip selects are suspended.

All TED registers, tnless 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 scresn.
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PINOOT

SIGRAL SIGAL
PIN # DESIGATION DIRECTION POLARITY DESCRITPION
1 a2 input/cutput +troe address bit 2
2 Al n [1] " n n l
3 Pug " " " " " G
4 VoD input 5V power supply
5 CsS@ output ~troe low ROM chip select
6 cs1 output L high RCM chip select
7 R/W input/output +true read/write
8 IRQ output -true interrupt
9 MUX output L address multiplex switch
1g RAS i » RAM row address strobe
11 CAS " " RAM colum azddress strobe
12 gout " " 894.9KHZ CPU clock (NTSC)
886 .7KHZ CRU clock (FAL)
13 COLOR o +true chraninance
14 gin input L 14.31818MHZ single phase
+/- 18% (NTSC)
17.734475MHZ single phase
+/- 18% (PAL)
15 K4 input/int pullup b keyboard latch @
16 IG. n 1 1" " : 11 " l
l? m (1] 1] w [F] 11} L1} 2
18 {G " " L1 " L] L1} 3
1.9 Kd’ n 11} L1} " m m 4
2@ Ks 11} (1} m n un (1] 5
21 Ks " L1} w " u n 6
22 K7 v i " " W " 7
23 LUM output " cauposite sync and
luninance
24 VSS input oy power supoly
25 B¢ input/output +true data bit @
26 I:Bl 1] n u 113 " l
2-7 mz " [1] 1] 11} L1 2
28 mB i 1] n 114 " 3
29 [B4 " " [} 1] L1 4
38 BS L] " 1] L1 L1} S
31 Es n " 11 1 1 6
32 EB? n 11} w (1] i ’?
33 SND output +true sowmd
34 BA output +true bus available
35 AEC s " tri-state control
36 Al5 input/output L address bit 15
37 Ald " " o " v 14
38 3‘313 " " 1] 1] " 13
39 Alz " " [1] w [1} 15
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SIGAL SIGNAL

id

PIN # DESTGNATICH DIRECTICHN POLARTTY DESCRIPTION
4g All input/output +Erue address bit 11
41 AlY " " " " " o1g
42 Ag " w " " n 9
43 AB " W 11 " " 8
44 A? n i 1] L1 1] 7
45 AG i " L1} 1] " 6
46 AS "W " (1} H " 5
47 A4 " 1 " 1 1] 4
48 A3 it L " w " 3
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PIN FUNCTIONS
ADDRESS 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
2ddresses to fetch Video Matrix Pointers, Attribute Pointers or character cell
information. For microprocessor interface TED resides in locations FFP@@-FE3F
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: microprocesscr 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 until it is
retrieved by the microprocessor on a read keyboard instructicn. The keyboard

'pins also provide the active pull up on the keybcard matrix lines. These pull

ups source a minimum 6@Q« amps and maximum 968m Amps current. The trip point
of the keyboard latch is 2.9 Volts.

Two of the keyboard pins also provide testing functions. When these pins are
externally driven to 18 volts, they provide specific testing features. K@
generates a system freeze function, stoping the horizontal counter, thus
freezing the position, and sets all horizontal flip-flops to force TED into
the dynamic RAM refresh periocd and single clock. All flip-flops are then
released to 2llow their manipulation by the horizontal register, KL forces
the internal clock divisicn inte the NTSC mece.

CHIP SELECTS pins 5 and 6

Ted generates ROM chip selects based on address deccding. CS@ is active
during the memory block of 8@@GU0-BFFF (HEX). CS1 corresponds to C@@G-FFEF
(HEX) in memory. The ROM area of memory can be banked out to overlay REM, see
the description of Registors 3E and 3F (HEX).

DYNAMIC RAM CONTRAOL pins 9 thru 11

TED generates RAS and CAS for dynamic RAM access. The signal MUX is also
generated to externally multiplex the RAM row and column 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. The
read signal is qualified with MUX. The pin is an open source output.

e
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INTERROPT  pin 8

The 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
clock during horiztonal and vertical blanking. The actual single cleck
bomdries are:

1) raster lines @-204 and horizontal positions 490-344
2) horizontal positions 304-344

gIN pin 14

For use in NTSC television systems, TED requires a 14.31818MHZ single phase
cleck input. For PAL systems, the input clock must be 17.734479MHZ single

phase.
COMPOSITE COLOR  pin 13

The color output contains all chrominance information, including the color
reference burst signal and the color of all display data. The color output is
open source and should be terminated with 1K obms to grommd.

COMPOSIT SYNC AND LUMINANCE pin-23

The luminance output contains all video synchronization as well as luninance
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 throuwgh an RC network and then buffered to drive an external
speaker.

US AVAILZBLE pin 34

Bus Available indicates the State of TED with respect to video wemory fetches.
8A will go low during phase 1, 3 single clock cycles before TED performs any
merory access and will remain low for the entire fetch,

ACDRESS ENABLE CONTROL pin 35

During double clock mode, AEC is always high allowing the 6519 ccmplete
control of the system buses. For single clock time periods, when BA has not
gone low, AEC will toggle with @2out. This allows TED PHil, time to complete
its memory accesses of video dot information while the 6513 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 Pdilout, AEC will remain low until the end of the PHi2 video fetch.
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