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I , SCOPE
-------------

This document contains information concernin,g the architecture,
hardware description I timing analwsisl peripheral specification
3f'Iddriving software description ~or the Comnlodore s~stem based
orl the 7360 I.C. (hereafter referred to as the TED I.e.) and the
TEll 5~ste~I' This docuarent does nat attecpt to full~ describe
software aspects of the TED 5~stem and information concerning
this subJect can be found in the appropriate documents listed
in section II.



1 . SYSTEM OVEF:,VIEW
-----------------------

The TED ssstcnl is based Ofl the 7501 microprocessor, ~hich is
~~ HMOS ver~ion of {he 651,0, uorkins in conjunction ui~h the
7360 Ted \'ideo proceSSD,r. SBstem RAH consists of 64K b~tes of
d~naITlic RAM conl~osed of eight 64k ~ 1 devices. System program is
ccrll3ined i,(1 two 16K X 8 ROMs, and in it's standard configuration,
corlsisls of Kernal and Basic version 3.5 • The current
inlPIenlerltation of t,he architecture for the Ted system SUPPorts UP
to 1~8K X 8 of ROM barlked in 16K sectiOflS. ROM can be coalPlstelw
b3nl~ed O'Jt arid RAM banked in for a true 64K of RAM (roinus two 256
b~t~ ?33es). This al1o~s 60,671 bwtes available for Basic. The
ROM,'RAM b~rlk_irls is corllrolled bw the 7360 under software
control.

Ke~board scarlriinS is dorle by Qutpultirlg the row
d~ta or, the Data bus while addressing a particular resister in
Ted, which uill irl tlJrn cause Ted to latch the col0mn irlformation.
JQ~stick scarlrlins is done in the same manner.

Peripherals consist of standard serial bus prod'Jcts, (1541
disk driver serial prir,ter, eet.) cassette, TTL Serial ASCII ~hich
15 interlded to drive an RS-23~ adapter. The expansion part sUPPorts
ROM cartrid~es arid a parallel disk drive interface.

SUMMARY OF TE[r SYSTEM FEATURES

- 750~ ( 6502 cQ~laptible) 8 bit CPU
7360 VLSI video, voicer [IRAM corltroller

- 64K?yte RAM
- 32~E(~tQROM for 'Jse in Kernal and Basic

32K8~te RON for Functiorl Key software-
32KB~te ROM for CartridSe softuare
Ve~sior, 3.5 Basic with advanced-graphics arid DOS

( conl?atible with C64 )
40 X 2~ disp13~ uith 128 colors
2:0 X 200 ~raphics resolution
~ ~'oices and \/hite r,oise
t,j ~e~3 ir:clrJ~irl~ function ke~s
:~=:"?~r,E'Jitor uitM virtual Yirldows
[!'IJI 5~e~,j s~sterrl =lock for irlcreased processirlg thrOU9h~IJt
E.'~err,~l ~~~Qr sUPpI~ (same as c64)
!,~J ch£~' COI~rlt. high s~stem irltesratior.



2 SYSTEM ARCHITECTURE
----------------------------

The Ted systeal emplo~s a shared bus concept ~hich allows
the video ~rocessor and the nlicroprocessor to access the same
nle"IOr~ arlo I/O devices on alternate halves of the 5~stem clock.
BIJ5 access car,tro! is serlerated by the 7360. To increase
microprocessor throu~hput, ~h~rl this interleavins is not needed,
the sYstenl clock doubles' in fre~uenc~ and the microproccessor
ii allowed full time on the bus. This occurs when 1'10 video
inform.atiorl is bein~ fetched by the 7360 Chorizotltal or vertical
rE.'traCE'1 blank screen}. There is an e::ception to this, and that is
whe!~ tile 73,60,r'HA's the 7501 aticre to accomplish attrib,ute fetch
and charact~r poirlter information.

[Iyrl~alic'RAM control 5i~nals are generated b~ th,e 7360.
,'RAG is gene'rated orlce c~ch menlor~ c~cle, ~hile ICAS is
serlerated "depend"inS or. whether the nlenjor~ c~oIe is a _I'RAH me,mor~
c~cle or not. HUX is generated to control the (I,yltiplex of
the F:ow, and Colullin arj'dresses !:Ioir)sto the [lRA'Ms. HUX also
controls the ho'ldoff of the R/W lin~ as generated b~ the 7501.
The R/W lirl~' is latched by the 7501 'Jntil the HUX line ~oes high
signif~in3 the end of the n,ealory·cycle. Refresh is provided bv
the 7360, refreshing 5 row locations (RAS orll~ refresh) ever~
r<3ster line.

Selectior, of either ROM or RAM is accomplished bw
writir,.:3 a bit. in Q Ted resister,. When RAM is selected, the
whole 64K men.ory m2P is coalPrised of RAM with the exception of
1 re~ist~rs for 7501 portl 1 page for Ted control resistersJ
~rld 1 pa!e for I/O. This alethad yields 60,671 bytes of RAM
avail;;ble for Basi,c progralT, storage. When ROM is selected, the
prosr~~1 residin~ irl ROM ap?ears in pla~e of RAM. Tht e:(ception
to this is a write a~eratiDrl to ROM will alwa~s 'bleed throlJsh
tc 'Jrld,erl~ir.g RAM.

Kerrlzl arId Bas,ic ca'r,also be seleclivlY sWBPpe'd OIJt
and repl~ced ~it'h other 16 K sections of ROM. 2 sbekats are
r;,'ovided inter'nzll~ -for application proSrar.15 (retfe-red to as
flJnctiorl ke'Y sQfth'3re) and address space io; alloca'tetj for-
~ ~OMs e:·:ternal to the s~stem ( cartridge use, eet.),
~wap~·in3 is tak~n care of by a Kernal rOlJtine that does nat
':',J2F allt1 (located ilt SFCOO ).



The cas-setle port ar.d the COIIIII,odoreserial bus port
are implill.erlted vsirlg the zero pase ports available en" the
7501 and usirl~ softu~re control of hardware handshake.

The serial bus works uith Commodore serial Components,
e:-:cept for old'er per~perDls that haye a handshake tiffiin~
f"'robll?lI'•

The User Port is intended for external RS-232 adapters,
3nd rno·jem adapters. Transmission and rec-eptiOfl is accomplished
using 3 6551 AC1A with harlds-hakin~ assistance fraRI a 6529 sir"sle
port I.C.

The Jo';:>'sticr.,po,'rts are_ ,func:ti:onalh ..co,mpatible ,~ith t..he
standard COIlIil'!bdore5 sklilen type JO'::lstick. Th.e,=,are ,not- c,eRIPatibIe
with ar,i3'logt'::fpeperipherals slJch as paddles, tablets, etc., as
!4ell a's flot beih£ pir, caRIPatible.

The video connector has cOR,posite video as well
as seperate chroma and luminarlce OUt-PIJtS for use with monitors.
The 1701, 1702 t~pe COlI'Rlodore IIlorlitors interface direcll~ to
this cor,r,ector.

The RF output Jack slJPplie~ an RF signal corupatible
~ith the res1Jlations pertairlins to TV interface devices,
arId is switch selectible between ,charlnels_ 3 and 4. ,Both
tlTSC arid PAL t~levisior, standards are supPorted.

3 , SYSTEM SPECIFICATIONS
~----------------------------

This section covers the ran~e of s~stem operation b~
disclJssir,:i! Y<3riolJ.s corlstrainls and feature-s of the TE[I system as
~ whole, Irlcluded are descriptiorls of the 5wsteITI as configUred
and lirr,iting factors of power, loading, and er.viror,ulent.
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3.3 F'OWER COt/5UMPTION

F'A F:T I TOTAL
(T Yf')

I TOTAL
(MAX)

--------------------------------------
7501
7360
23129.
74LS257

. J •IT,OOIJ z"or
555
7~·06
7.4LS08
74LS04

80 125 ma
200 ?<O rna_0

155 ""'0 rna KERNAL,BASIC--
24 38 ma
80 150 n, a
10 15 ,ma
32 51 "a
4 9 rna
4 7 rna

85 120 rna
33·6 480 rna
34 60 ma
56 80 rna
56 80 ma

41'64-2
,sS51A
<?9BJ.J _ '

6529B
-----------------------------------------

1156 1685 ma ~/o FUNCTION KEY SOFTWA

155 220 rna FUt/CTlON KEY ROM
----------'---------------------------------

1311 1905 "a TED W/FUNCTION SOFTWARE

23128 155 rna CARTRIDGE ROM
--------------------------------------------

1466 2125 TED64 FUNCTION AN[' CART

Rc "3"- -- 1536 2225 ma TED64 FUNC. ,W/CART
X: RS-232

1.53 A TYF'. 2.2 A MAx.



3.4 BUS LOA!IING

DEVICE ADDRESS DATA R/W

7501 12 15 12
7360 10 10 10
4164 - 20 80
7700 8 -
6551 10 1.0 10
(2)6529 - 20 20
74LS257 5 -
(2)23128 16 16

RAS
CAS

----------------------------------------------------

ef
10 pf
80 pf
8 pf

?f
ef
pf
pf

61
77
93

91
107
123

132
132
132

98
98
98

P' f *
pf **
pf ***

•
H
*U

TED64
TED64
TED64

W/FUNCTION ROMS
W/FUNCTIOH l CART



,. THE 7360 TEXT ['ISf"LAY CHIP
-----------~----------------------

This chapter will discuss variolJs aspects of the 7360
TE;:t [li~p-l;::':1 chip,

1.1 OVERVIEW

Til,: 7.360 (or TE[I) is intended far lc~ end 6!102 famil'::l
~]se~J personal ho~e corrlPuter s.~stems.sThe 7360
i3 ~ 48, pin de\'ice which cOfltrals video outPtJt, (all

~:~r,a15 nesseC3rv to cre3te CQmposite video), s~ste~1ti~lin~,
(j'.;rl~:rlicRA'M control, ROM control, and keyboard scanrdng.
Tl:e 7360 cOf,t.ains 34 aorltrol registers which are accessed
(.hr~IJ~h It,le star!d~rd .6,502n,icroprocessor dat~ blJs.
The- 73.6.0 IJses the tWOS te'c:hhology HMOS foracess, and is
'J:",::!r.3d lbl~ to HKOS 2"

oj. 2 ,~EATUF\ES

HAR[IWARE FEATURES:

DYN,~Hlr RAM REFRESH

SOUtH' GE:NERAT10N

F'ROGF:I-;M-M'ABLE \F):"[lEO TII1E STANDARDS
~corrl~iltible with either tlTSC o,r F'AL stzndards)

40 COLUMN X 25 ROW CHARACTER DISF'LAY

5 X e CHAR~CTER DOT MATRIX

320 X 200 PIXEL RESOLUTIOfl

IS UtlIDUE COLORS. 8 LUMINENCE LEVELS

H:~F:[lWARE REVERSE' VIrrEO

PROGRAMMABLE tHARACTER INFORMATION SOURCE
(~O~ or RAM)

DUAL Sf'EED CLOCK

SCREEN BLAtlKING FOR DNA SENSITIVE ENVIROMENTS



1 . 3 LMlr" LHI~K{ILr~K·l~JlL~

This section discusses sonia of the ph~sical characteristics
~1- ~he TED chip.

P I1IOUT

F'li'J DESIGNATION DESCRIPTION
------------------------------------------------------------

1
2

A2
Al
AO
VCC
CSO
CSI
R/W
IIRO
MUX
/RAS
ICAS
OOUT
COLOR
OIN
KO
Kl
K2
K3
1\4
K5
K6
K7
LUM
V5S
[180
DB1
('82
[I B3
!)B4
['85
'p.'~, ,6

ADDRESS BIT 2
ADDRESS BIT 1
ADDRESS BIT 0
F'OWER SUPPLY t5
LOW ROM CHIP SELECT
HI ROM CHIP SELECT
!"EAD/WRITE LINE
INTERUPT REaUEST
ADDRESS MULTIPLEX CO'ITROL
DYNAMIC RAM ROW ADDRESS STROBE
DYNAflIC RAM COLUMN ADDRESS STROBE
SYSTEM CLOCK
CHROMA OUTPUT
MASTER CLOCK
KEYBO,ARD LATCH 0
KEYBOARD LATCH 1
KEYBOAR[I LATCH 2
KEYBOARD LATCH 3
KEYBOARD LATCH 4
KEYBOARr, LATCH 5
KEYBOARD LATCH ,6
KEYBOARD LATCH 7
COMPOSLT.-E SYNGE AND LUMINENCE
POWER SUPPLY GROUND
DATA BIT 0
DATA BIT 1
nATA BIT 2
[lATA BIT 3
DrlTA BIT 4
[lATA BIT -5
DATA BIT 6
DATA BIT 7
SOUND OUTPUT
BUS .AVAILABLE
AI'DRESS ENABLE CONTROL
ADDRESS FIT 15
AtIDR'ESS BIT 14
A[I[lR_ESS BIT 13
ADDRESS BIT 12
ADDRESS BIT 11
A[lDRESt; BIT 10
,AD[!RESS BIT 9
A:'!:rRESS BIT B
ADDRESS .FIT 7
A!)DRESS FlT 6
ADDRESS BIT 5
ADD.RES·S P.,lT4
ADDRt'SS BIT 3

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

~--.
I1B7
St/[I
eA
AEC
A15
A14
A13
Al~
All
AI0
A?
A8
A7
A6
A5
A4
A3

36
37
38



SIG~jAL ['ESCRIF'TION

Pins 1 thru 3 ,and 36 thru 48

The 16 bit add,ress OIJS is bidirection"al. As an input, the
~Iicroprocessor can access any of the .34 TEll control resisters,
!r, the outPIJt nlodc TE[I uses the' addresses t6 fetch Video
Matri~:, F'ointerst AttriblJte Pointers or character cell
irdcrn,2,t.ion,. For IlIicroF'roc-essor inte,rface TED resides 1n
loc,~tion5 FFOO-FF3F in "Ienlor~.

F'ins 25 thru 36

fhc 8 bit data bus is also bidirectional. The data bus
~cti·.'i,t~ c~r'lbe separated irlto 2 catesorie's! nli.cropro,cessor
interface arl_dvideo data interfa'ce dIJri-rl!the above
n,(~rLtiol,ed fetches.

Pins 15 thru 2~

The S bit ~.e~board latch !s IJse-d as the keyboard interface.
U~ort' irlstrlJction by the "Iicrop,rocessor to write to the
~:c~bcard latch, the infornlation on the keyboard pins is
l~;tc~:ed b~ TE[I and stored urltil it is retrieved by the
~Licro~rocessor orl a read ke~board instruction. The
7360 also provides actiye plJII UPS orl the keyboard matri:~
lir;E':;.

~0 srld 1\1 (2 of the ~,eyboard lirles) also pro,vide testin~
~LJr.ctions,When these pins are e:·:ternally, driyen to 10 yoitsl
~h~~ ~rovide specific testirt~ featlJres. It should b,e noted
hl.,H..IC've-r,tl"13t theso:? ?ins are high imperj,a,nce and if subjected to
;li~tl erleris electrorrloti'/e fields, c01Jld, calJee false Seneratiorl
or the testirlS flJrlctions. This Cd'rlprote'cted asai'n,t thr01Jsh
'..I!.~of diodes to irlslJre the po~erltial orl KO arid K1 never
:::;C?tj'2S I)CC. KO £'.?nerates -3 s,s-s-temfr_ee~e f'unciion, arid
~?t5 311 hori=orlt~l flip-flops to force TED irlto the dYrramic
~:."I:~r~fresh ,;:.'eriodand sin:::1,eclock. AJl fl,lP-flops are
~t;~~1 r2!~~sed to allow their "Larli~,tJlation by the horizor.tal
resister. Xl f,or'ce! the irlt'ernal c10c~, divi-sion irL~o the
,JTS-C Cllode,

F'ins :; 3nd 6

TE:[I S'ener:;ies ROM chi~' sel:ecls trased on ,a':ddre--s-sdecodins.
CSO, i; ~C'tiv..~ dl.Jrin~ the merltor'ybloch o_r 8000-BFFF (HEX).
CSt corres-:,""Jontjs to ,COOO-F'P'FF (,HEX) .in memor';:{. The ROM
:I'~'C cf nl0~lcrs C3n be bank.ed out to overla~ RAM, see the
d~s,=ri?~iQn of ReSisters 3E arid 3F (HEX).

F'~f!S 9 thrlJ 11

TEO ~~rlerJt~~ ./R~S and leAS for dynamic RAM access. The
;'::.tI21'iUX i':::>~315o-senerated to-externall~-Ihult.iple~: the~~.' .
•L.:",: r'JU .:::lndcolumn addresses.



,C:;"EAP/WRITE Pin 7

R/~ is Dr. irlPut to TEll to distinsuish the t~pe of operation
to be ~e·rfornled. TED ~ill actiYel~ pull UP the s~stRm read
l~rlC dlJrir,9 all TED fetches, The read signal is Qualified2ith MU::. Tn':? pin is .in a'p,en source O'JtP'Jt.

:HTEF:F:UF''T Pin e
The int~rr,~pt pirl is an
"O'Jr interrupt sources:
corrIF'3rator.

OF-'cn drain output.
3 i'rllernal timers

TED contains
and the raster

F',YI GUT Pin 12

Fer il7lc-reased p,ro_C'_essor thrOIJEhpu-t" TED do.~bles the fre(luenc';l
-f the S';Jsterr, cloc+:. dl~ring hori::onta'l _and vertic'al blanking,
TIle ~ctu~l sin~le cleek boundries ~re:'

in NTS'C 'j:.eI<:vision s~ste'mSI TED realJires a 14.31818
70 pp-nl sirl~le phase clock input. For PAL s~st~ms,

th~ inplJt clock must be "17.,734475 MHZ +/- 70 ppm sir,sle
'M""'''', __ c::- •

1)
c)

CH! IN

:-a r u-;;C?
"H- t/-, -

Raster lines 0-204 and horizontal positions 400-344
Hori=ontal positions 304-344

Pin 14

':!'JMF'OSIT=: COLOR Pin 13

"!"hG color ,output contains all cAremina'ncE? info'rm~tion,
::-lcl'Jdi;"lg ~ne ,color r"'ef'e>r"'ence"b,urst si9nal and the color
"~r :11 'd.i·s~la~ ,d~t~. The color OIJtPI~t is operl SO!JrcE'
"r,~ ~hctrld 'be t~r~,inatE'd with 1K ohnl~ to' grolJrld.

~O~f'02ITE SYflC AND LU~I~IANCE" F'in 23

T;,£, l'J17lir,3nc-(? QlJt'PIJt c'ontairl$ all video s':l"ncnro'rd::ation
:~ ~~ll as IIJ17lirlance irlfc'rmation for the video dis?la':l.
-',,? ~in is QPcrl dra,in, reoui rirls an e:,:terrJal PIJIIIJ?
'.if 1~:Oh17;,

3:0Lrnr, F'in :!3

T,'liz;:-in ;:>ro·/.i:d.;,s the (JtJ'lPIJt of thE' 2 tone ~,enerators.
The· OIJt,"I~'.. mIJ!::'l b:? integrated t,-hr'otJgh an'RC n'et,,"ork and
',:j·"n b~Jff"~r(?d. to d'rive an e:-:ternal speaker.



BUS AVAILABLE fin 34

B'~s Available i~dicates the state of TED ~ith respect to
'.'ideo rnemor~ fetches. FA l-lil1 90 lo~ during phase It 3
;in~!e clo'ck cYcles before TE,D perfornl,s anw m,enl,Cr~aCCess
~fld will rerTlain low for the entire fetch.

J~·'DR£SSE/1ABLE CONTROL F'in 35

[I'Jrin~ rJolJble clock mode, AEC is alwa'::lshisn allowing
tJ.c 7501 cOlflPlete control of the s!:{stem buses. For
9iflgle clock time periads, when SA has not gone 10,1-/1 AEC
~i!l_ to~g,le with F'HI2 out. This allows TED PHl!, ti,me to
~o~J?lete its nleffio:r~accesses of video dot information
uhile the 7501 perfo,rms during PHI"2. Whe,n TE[! needs both
~31~es of the cycle t'o perforffi its custom~rv PHIl dot
:>t;:-hes and F'HI2 attribute ar.rdpoi.nter fet.ch-€s,I FA \.Iill go
101-1. On the 'foIJ:rt'h PHIL out, AEe uil'l remain 101./until the
crld of th~ F'HI2 video fetch.



ELECTRICAL SF·ECIFICATIONS

This sectiof. discusses son,e of the electrical properties
:lnrjcon'.iider~tions of the 736.0 TED chip.

flBSOLUTE MAXIMUM RATINGS

It/PUT I)OLTAGE (Vir,)·
SU.f'F'LYVOLTAGE (Vec)
OPERATING TEMP (T.)
STO'F:AGE TEMP'
INPUT LEAKAGE CURRENT
DYNAMIC CHARACTERISTICS
INPUT HIGH VOLTAGE (VIH)
ItlPWT Law VOLTAGE (VIL)
OUTPUT HIGH VOLTAGE (VOH)
CIOH.=-200IjA V·CC=4.75V['C)
OUTF'UT LO·W VOLTAGE CUdLl
(IOL=-3.2·ma UCC=·S.25V)
MAX F'OWER SUPPLY CURRENT

-2V to +7.0 V[lC
-2V to +7 •.0 V[tC
o to 70 'C
-55 to 1,::;0 ~C
-1.0IJA
Ycc = S.OV t/-5Z
V?s+2.4V to Vcc+1V
VSS-2V to Vsst.8V
V5St2.4V

VSSt.4.V

VIDEO VOLTAGE SPECIFICATIONS

CHROMA OUT
L UM OUT

IVp-p nlin. ~/2VOLT OFFSET OF'EN SOURCE
0-5V (blank-ing = .5V) OPEN IIRAIN

,).~,::. LUMI~lANCE LE'JELS (R7)

LEVE!.... VOLTAGE

')0 2,00 V
01 2.4 V
02 " 5C V"'-. ..)

03 2.7 V
04 2,9 V
05 3.3 V
06 3.6 V
07 4 • 1 V
08 4.8 V



4 • 4 • 4 COLOR PHASE ANGLES

COLOR HUE PHASE (relative to SIN, in desrees)NTS! PAL

BLACK. -- --
WHITE
RED 70 1,03
cYAN 250 283
MAGENTA 20 53
GREEN 208 2-41
BLUE 314 347
YELL.OW 134 167
ORANGE 90 129
BROWN 115 148
YLLW-GRN 162 195
PINK 50 83
BLU-GRN 232 265
LT-BLU 290 323
DK-BLU 350 23
LT-G-f:N 180 213



GENERAL TIMING

This section explores the various timing considerations
• constrairrts related to the TED chip,arl'J _

-l.S.l BUS TIMING

F'4F:AMETER SYMBOL MIN MAX UNIT-----------------------------------------------------
TED H[J[In: SETUP TAnS - 150 ns[ ,',If' U T DATA SETUP TDSU 50 - nsUIF'UT DATA HOLD TDH 10 - nsOUJP'UT DATA STABLE TD50 160 - nsOUTPUT DA'TA HOLD TDHO 80 120 CoSR/W STABLE PERIOD TRWS - 178 nsMUX TO R/W SETUP TMRWS - 70 CoSNUX TO R/W HOLD TMRWH 30 - nsCHIP SELECT SETUP TCSS - 320 nsCHIP SELECT HOLD TCSH 70. - n5A[I[lF\ESS HOLD TAH 60 - nsADDRESS IN TRISTATE TADTH - 135 ns



[lMA TIMIIIG

The 7360 performs DMA's to felch ~dditional information to
aint3in a video displaY, T~ice per each row of characters,

~a character bein~ defined' as a cell 9 X 8 bits) to obtain
the attributes for each character and to obtain the character
pointer which points to ~here the charcter pallerr. c?n be
fO/Jr.';. In bil lIlap rlode, these DHA's still occur, blJt the
ir,forn,atiorl is interpretted differerrtly, The seauerrce of events
1n a DHA cycle are! l'The sYstem clock comes out at daub'Ie
s~eed for 1 cycle. At the sanle tin,E'AEC starts to toggle,
~110wing t,Me 7360 on the brJs. ~)The BIJS Available line goes
lou. 3JThl'ee CYcles are giv"en to the 750'1 to cOI'I'IP!ete
Q,?eration before ['HA begin5.- 4)40 cycles of sinsle clock
w~lcre the 7360 is doing 2 fetches'per CYcle, 5)BA goes
hi~h at- the sanle t,ime as AEC alloijing ~he 7501 back on the bus.
6)5 c~cles follow of 5in~le s~eed where the 7360 is enSaged
in refreshins the d~narrl,ic-RAM. 7)16 cycles of dOIJble sP,eed
C~alJiv, to 8 cc':Jcles of s-insle',- 8) If last" DHA was row B
cf character1 then [IMA for row 1 or next character is irlitiated.
If s,creen i,s ,blanked, the '5 c';:IclE'sof single speed are still
?r~s~rlt for d':Jn3mic RAM refresh.

·1.~.~.1 TEr, ['MA TIM,rNG (REFER TO 4,5.2.2 TED DHA TIMING DIAGRAM)

c':JclE'S time
T riMA 10 ,46us TIME" DMA
;:L~LT 3 3us TIME, HALT
r:::~SH < Sus TIME, REFRESH":-[JS 16 91JS TIME, [IOUBLE SF'EED
TO 1 IIJS TIMEI SYNCHRONIZE. - -

7J.1 &f 'f)1' -

~1!32~anl 4.5.2,2 repr'es,ents the occurence of wheT'1 two DMAs are
'~ec~_ to bac!~,·. I,E. ch~racter ~ow 8 [IMAs, then character raw 1 wf
~h~ ne;,:t character ['HAs, sE'perated onlv b~ one horizorltal
'·elr~c2.
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THE 7501 MICROF'ROCESSOR---- - - - - - -- --.- --- - - ----_._- - ----
This section describes SOIlI.eof the properties and

fur.ction~ of the t~pe 7501 microprocessor.

5.1 7501, DESCRIF'TION

Ttle 7501 is an HMOS version of the 6502 falllil~ or more
s,CoL'cifical1~, the ,6510'C'BM, The 7501 is softl.Jare
corrl?atible ~ith e~:,i_5tirlg 6502, 6510 code.
The 7501 contains 'a 7 bit bi-d.irectional port
IJselj t.o directl':J drive' the sE'Tial bus <3l'1dco'ssette.
The porl is at locatio,~1 $0000 while the data direction
re~i~t2" is at 10001, The 7501 is Tri-s,tat.able and
thrOIJsh use of the AEC (address enable control) lirle
arId is IJsed' e?:tensivl~ irl the TED shared' blJS concept,
[IMA is acconl'?l,ished U.sins the AEC line and the RDY
lirlE' (called BA or, TED),. A corltrol line is provided
(GATE Ill) t.o hpl'd ,ofr the Rlw line' urlt'il IRAS makes
the t.r'arlsistior, fro~ 16u to hi, This preverlts t'ne
R~ad li~I~'fronl makirlg an earl~ transistior, to the
writ~ s,t~tQ \Jhich wOIJ.ld calJse ar, inl,~ro?er Earl~
Writ0 C~=le to OCC'Jr.



5,2 7501 F'INOUT

F'IN NAME DESCRIF'TION
-----------------------------------------

1 FHI IN SYS,TEM CLOCK INF'UT
0 RDY riMA RaST.., /IRQ INTERUF'T RQST"
4 AEC ADDRESS ENABLE CONTROL
0 VCC f'OWER SUPFLY +SV.~, AO ADDRESS BIT 0"
7 Al ADDRESS ~IT 1
8 A:2 ADDRESS BIT ""9 A3 A['DRESS BIT 3
10 A4 ADDRESS BIT 4
11 A5 ADDRESS BIT '5
1 :2 Ao A[IDRESS BIT 6
13 A7 ,ADDRESS BIT 'I
14 A8 "AD[lRESS BIT 8
15 A9 ADDRESS BIT 9
1,6 AlO ADDRESS BIT 10
17 All ADDRESS BIT 1 1
18 (112 ADDRESS BIT 12
19 A'- AI1DRESS BIT 13_0

2,0 GN!I POWER SUPF'L Y GROUND
21 A14 AD[IRESS BIT 14
"" A.15 ADDF:ESS BIT 15--", GATE Ui R/W GATE""
24 F'7 F'ORT BIT 7
0< P6 PORT BIT 6""26 F'4 PORT BIT 4
27 F'3 PORT BIT 3
"0 F" :: PORT BIT """ "29 PI r'ORT BIT 1
30 F'O FORT BIT 0
]1 DBi DATA BIT 7
-0 Ii~".:. DATA BIT 60_ .-
00 [lMC" [lATA BIT 5."
34 II B 4 DATA BIT 4
-0 [!B3 D I< TA BITj~

0
00 [122 [lATA BIT 2]7 [181 (lATA BIT 1-c [IB 0 [IA T A BIT 0Oc

39 F:j':.J READ/WRITE
H' Flee RESET' "c



5.3 7501 ELE~TRICAL SF'ECIFICATIONS

This sectiofl describes some of the el~ctrical
~or,strairlts arid, sP'eci,ficatiofls of the s~stem,

5. 3 . 1 MAXIMUM RATINGS

S~l%lbol

51JPpl~ Voltage
IrlP1Jt Valtase
O:~erating iemperatlJre
Stol'2se Te~perature

Vee
Vin
Ta
Tst.9'

VallJe Unit

-0.3 to +7.0 Vdc
-0.3 to +7.0 Vdc

0 to _+70' C
--55 to +150 C



.5.3,2 ELECTRICAL CHARACTERISTICS

Ch;;;ract.eristic

IrIP'Jt High Voltage
F'hiO(in)
IRESJF'O-P7JIIRO,Data

IrIP'Jt Lou Volta~e
PhiOCin)
IRES,PO-P7,/IRO,Data

IrlPut Leakag~ C,urr~rlt
(Virl=O to' 5.25,V.,
Vec=5.2~V)

Logic
F'hiOCirl)

3-State(Dfr)
(Vin=O.4 to
Vcc=5.25V)

I'ata Lines

Output Hi.h Voltage
(IOH=-lOOuAdcI
Vcc=4.75V)

Da~aIAO-A15,R/W,F'O-F'7

O'JtP'Jt Low Voltase
( I OL= 1.6mAdc,
Vcc=4.75V)

[lata,AO-A15,R/W,F'O-F',

F"ower SIJ?pl~ Currerlt

[z;pael tarlce
(\"'i.rl=OJTa=25
_ f=lr.H=)
La:::icIF'O-F'7
[, a t a
AO-A7
Phil
F'hi 2

c,

S !::I'm b'o 1

VIH

VIL

lin

ITS I

VOH

VOL

ICC

C

Cin
Cout
Caut
CPHil
CPHi2

Min

'Vss+2.4
Vss+2,2

Vss-O,3

Vssf2.4

---

125

30
50

Vcc

VssfO,5
VsstO.8

1 0 • °

10,0

Vss-rO,4

10
15
P-
50
80

Unit

Vde
Vdc

Vde
Vdc

uA
uA

uA

Vdc

Vde

rnA

pF
PI'



5 • < SIGNAL (rESCRIPTION

CLOCK ( F'HI· 0 ) - This is the dual speed s~steal cloc~_ arid
is a standard TTL level inPIJt.

A[,[!DRESS B:US ( AO - A151'
at 130 pr.

- TTL QIJtPIJt. ~ap<,>ble of driving 2 TTL lOdds

[lATA B·U5 ( [10 - 07) - B-i-d,irectio'nal brJS for trarlsferrirrs data to
and from 'the device arid the pe~ipherals. The O'JtPIJts are
tri-stale blJffers capa'ble of drivirl~ 2 star,dard TTL loads
arid 130,:.f.

RESET Ttlis irl~IJt is IJsed to reset or start the IJPtoCE'ssor rro~1
a. power dowr, corldiliorl, [IIJrir19 the tin,e that this line
is held 10\..11IJ(itir,9 to or fronl the uprocessor is inhibited'.
Whet' a positi~'e ed~e is detected orl the in~utl the IJProcess
will imlTlE'rJiztl':J besirl the reset SeCllJerrC'E'. After a SYstE'll,
irlitio31 i::03tior, ti~le of .5 c,""cles, the n,ask interupt
fla~ ~ill be set arid the processor ~ill load lhe prosra~,
CO'Jnter frO~1 the conter,t~ of flle"IOr~ locatior,s !FFFC arid SFFF(',
This is the start loczliorl for prosraril control. After VCC
r('aches 4,75 !o.'olts lr, .3 po'~'er 'J? rDIJtin'?, reset must be hell:
lou for at least ~ c~cl~~. At this liflle the R/W line will
become 1;'.31io::'.

:liTEf\·L1F·TF:EGlUEST (IRO) - TTL irl.<>ut.1reQuest that. the processor
initiate ar, irlt.errupt se~'Jer,ce, The processor uill
corr,plete e:·:eCIJticrl of the c'Jrrerlt irlstrlJctian before
recagclizirlg the reO'JE'st. At that tinlE'1 the jr,terrl)pt mask
i" thl2 St3t.US Cod!:' Re~istE'r will be e::<lmif'led, If the interr'JP'_
fl' a s-~. i 5 riot 5 E' t, the pro c es 5 C' r w ill be s ir, ani r, '. err 'JP t.
~QQ'JerICe, The F·resranl .Co'Jr,ler ar,d the Processor slat.'Js
register will be store~ arl the stack. arid th~ inlerr'JPt
di:~ble flas is set so th5l no other interrupts can aCC'Jr.
Th~ processor will therl lea~ the pre~ra~ ca'Jr,ter fron,
th~ mcnlor~ lO~3'tiorl3 ·$F~F~ and ~FFFF,

,,,\~' [, ,~.:: = :. ErU'iE..·L E CO~lTF:r:JL (AEC) - TMe Atjrjres's B I)S 1; or,l':Jya 1 i d ..'herr
t,r,,>:, AEC 1 i rle " hi:::h, '.Jh"'rr 10 W I tho 3ddress bus 1 S 1 n- o
'h i :..:11 i fl,:=-0d~r,C·2 sL:te, T r: ; - al10lJs t:'C"';Y DMr'l's r a :- share-:J. ' ..' ~
t ',I 0- :; .~ c; t .,:,r,1 ~ •

F-[RT (F"'-F'~IF'.~rF'7) - Bi·directiar,zl port 'Jsed
(jot) to 3r,d from the ~rcc~s,;or directl':J,
R~si5ter is located at locatio,l $0001 arid
R~'si~·ter is loc3ted al location $000·0.

for lransferrir,s
The D·a.la OI)tPIJt
the ['ala ['irectior,

TTL Ie'lei O'JtF·'Jt fronl p'rOCC5sor to corltro_l tile ~irectian
0;' rj~la trar,,:;fer b",tu(>o?r, the ·processor and nlenlor':!1
perip~ler=15' ~·tc, Thi~ 1::,[' is high for readirlS memor~
~r"J 101) for uri·tins. This line is latched b':l the Gale In
li~e tc sschronize betueer, 2 [IR~M men,or~ escle 3rld t.Me
2rocessor clock c~cle. If AEC i~ low wherl Ga·t_~ Irl ma~.es a
Ie:: to hi~h tr3nsitior" the R/W lir,E' will So to a hi~h
iiTl.':·edence l.Jntil the ne:-:t t;-ansit·ian of t.ne Gcte In line
arid nEe is hizh prior to ~he trQrlsitia~l.



GATE It! - TTL le\'el irl~IJt, IJs~d to Sate the R/W line to ~revent
the R/W lirle from 90irl3 lo~ during a read cwcle, ·before
RAS arid CAS SO hi~h C·res'JltinB in a Read/Write c~cleJ.
Nornlall~ conrlecled to the HV_X Iir,E' irr a s~ste~, configurat:
to s~chroni=e the r'R~M nlenror~ cscle to the processor
cloc~.c~cle.

F:[I'( - F:-ead':!. TTL le..,£,1irll:?ui.r used to [IMA the 7501. The pre.cessor
o:~Qrates normall~ while RO'f is high. When RDY makes a
tr.::nsition to the lo~ stale, the F-roceS5.0r ".,i11finish
the o·~er3tion it i.s on~ -and ~r,s--s'JbsearJerlt o~·~ration
if it is a write c9cle. Orl the rle::t,occurerlce of
read c~'cle the pr.cc·eS,"5;or µill halt, me-Idns it
po.ssible to tri-state the processor to sain ccnrPlete
access t6 the s~stom bIJS,



5.5 F'ROCESSOR TIHltlG

This sectiorl e~:plores the tialirlinS' considerations of the
7501_ ~rocessor I~nit~

c < 1 TlliING CHAF:T_, .. ...J ,

0 c
Electric.,l Ch3r3cteristiC'5 Vec - 5y. t 57., V,S - o ...u TA = 0 C to 70

C~2/"zct2r:st:c S"=Imbol Min M a:{ Units

NUX i rlr'IJt high TMH 60 110 n,
(-lEe setuP .timE' TAEC 0< 60 ns"~
tWX, to RW setup or tri-state TMRWS 70 n,
HUX 'to RW hold TMRWH 30 ns
Uc- data se,tup from PHO TMDS 130 ns
U !"" I-Jrite d'a t 3 hold THW 60 ns
Ue' data setlJp frolt! H t.J >: TMXDS 120 ns
Dzta b IJs to tri-state fro nl MUX TMXDT 30 ns
[i3ta bus to tri-state' fronl AH TAEDT 120 ns
Read data st._able TDSU 40 n,
Read data hold THR 40 ns
Address setuJ=- {ronl PHO TAOS 40 150 ns
Address hold THA 40 ns
r.dcr:-ess. setup f ro r~ AEC TAADS, 75 ns
Address tri-stdte f r.om AEC HEAT 120 os
fort iru"ut setlJp TPDSU 105 os
F'art irl....~ut half TPDH 65 os
F' or ....O_Ut,PIJt dat.a valid TF'DW 195 os
C':fe',!e _ time TCYC 500 noS
r'HO(inl pulse l.Jidth e 1 . 5v PWHPHO 0<0 :U 5 os,,;:... ...J.

PHOCin)· r1st? time TRPHO 10 ns
F'HO<in) fall tin,e TFPHO 10 ns
RIly setup time TRDY 80 ns



5.5.2 7501 TIMING DIAGRAM
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6, Dn{AMIC RAMS

This chapter Covers the constraints and features of
rlan,le randon, access menlories used in the TED swstem.

6,1 ELECTRICAL SPECIFICATIONS

INF'UT YOLTA:G-E,CVin)
SUF'F'LY VOLTAGE (,Vee)
OPERATING TEMP CT.)
STOf\flGE TEMP'
-INPUT LEAKAGE CURRENT
DYNAMIC CHARACTERISTICS
INPUT HIGH VOLTAGE (UIH)
INPUT LOW VOLTAGE lUlL)
OUTF'UT HIGH VOLTAGE (UGH)
CIOH=-200'JAVCC=4.7'5VDC)
OUTPUT LOW VOLTAGE (VOL)
.CIOL=-4.2n,s VCC=5.25V)
H~X POWER SUPPLY CURRENT

....-g1' to +7.0 VDC
-lV to +7.0 V[iC
o to 70 'C
-55 to 150 'C
-10.0 uA
Vee = 5.0V +/-57.
Vss+2.4V to Vcc+1V
VSS-1V to Vss+.8V
VSS+2.4V

VSS+. 4V

SOma



6.2 CHA-.F:ACTERISTICS

This sectiorl covers same of the characteristics af
the 64K bs 1 bit RAM that is used in the TEl" 64 s~ste~.

6 • 2 • 1 PACKAGE F'INOUT

F'I N Ni1M::::: DESCR I PHON

1 NC
0 (lin [lATA IN-
3 IWE WRITE ENABLE (ACTIVE LOW)

" IRAS ROW ADDRESS STROBE (ACTIVE LOW)
< AO ADDRESS B'J T 0"
0 A2 AIiORESS BIT 2
7 Al ADDRESS BIT 1
8 VCC f'OWER SUF'PL Y +5
9 A7 ADDRESS BIT 7
10 A"5 ADDRE-SS BIT <

0

11 A4 ADDRESS BIT 4
1: A3 ADDRESS BIT 3
13 A6 ADIIRESS BIT 6
14 IieJl.,! t DATA OUT
15 ICAS COLUMN Arl[IRESS STROBE (ACTIVE LOW)
16 V,S5 f'OWER SUPP.L Y GRDUND

SEL~CTION CRITERIA

The- T~I' s~steITI uses lou cost 200 rls access RAMs.
a'~31ified parts ITrlJStmeet all timin~ parameters as
s~~.:ified irl section 6.3.1 'TIMING CHART' and 6.3.2
'TIHI~IG r'IAGRAM',

6,3 TIMING

This sectiorl illustrates the
cOfJstraints in dealing with DRAM.

required timing



:!
<t'rr
(!J
~-0
(!J
2-
~-I-
~

~a:
CI)Q :l
c:
0u.
w
>'" ...,OJ: -'

<)
>-Cl <)

Z
- a:lO .0(
- OJ
;- 0:• •

zrl)<,,/
,1_! i ,

~bll' ~
•>

,
•: y. ,

" '.. :, , l
!, t;~,H-1. "': T·., •, .

•
,~ -

• 'v

l.
f :C-:Z=ht~J.-++1
"••,
• •.; -; :: ,.•••

I~• 13 J l

/-

• 'X•
".) -

,

•,• X .. ~ x,
• • >· , .•" " , ,~ k i l • 'dI , ,• , , -•" >rX I 'I ,• • ••

• /': •X
•--•
l
•"'. ,

:
,
• •" . • •~ ,;: • • • • •• • • •" • •

1;: - ,
• •,

. -.:: ~

'"..J
~
<)

OJ...-a:
:I:•

OJ
..J
<)
>-
<)

w...-0:
OJ:
•>-
"--ao
:1

,
o
-(

'"a:•



-~T-Pi
r '...L -1- 1
',~I:l.r-l.AI 'x

. !,..
% ' -. ~LL , ,; I~
c1 rJ ~,;

o
T)(
~

•

• •-ifJ-I-µ'-'-2":=h.'-/ ::
••

; :1',....... '
,

'" I I I ~

.J
U>-
U

'",..-a:
~
•>-...-a
0
:lE
•a
;;j
0:

~,..-a:
:J:
•a
"""'a:•

,

;1 "•I,, , , ,
i ~f'\.

, •,,

OJ
-'u
>-
U
J:
en
OJ
a:
IL

'" 13DO,
>-
.J
Z
0
•

~,..

~ -lr'~
,;;: ........ - ..

J
o

,
o

T
l I :,

~IJ,
•

• y •
~('\. ;

••,
1 I~

,
J



7. THE USER PORT
~--------------------

This chapter details the s~6te~ User Port.

7.1 DESCRIPTION

The USER F'O~T is included to allow variolJs terminal
and modelll devices to corlnect to the TED· swstem. Transmission
arid r2ception is ,via a 655-1 ACrA, with h·andshakins assistance
fr'om a 0·52.·9 5ing1·£;o r~ort device. Th~ 6551 and the 6529 are each
access.::ble to the,£' TErl s!:Istem in soft\..,lare, thlJS allowins their
pr,osrammirr~ for various ~pplication5.

The 6551 ACIA is enabled b~ addresses SFnOO to
$·FDOF, The least significant t\..,lO bits of tile address \..Jill
choose the mode, \.Jhich ma':Jbe 5.,el -ror transmit/recieeve, reCleve
St3tUSr or pros_rammins at eit~er the command register Dr the
cor,trol resister. Sinlilar'l~, the 6529 is activated b~ the
~ddresses SFDI0 to $'FD1'F. It pe'rmits seven bits or either irlP~
..Jr OJJtF'IJt,oeperloin!:i 'UP-on the startus or the Read/Write line.
eighth bit, bit t~o to be Q}:act, is IJsed as the cassett'e sense
ir,PIJt, It ma~ be possible ~o ulili=e this bit if certain
'~r~c3utians ar'e taken in ~oftware. ( I.E. Insure that cassette
~ens~ is not sroufided.)

The User Port, itself provides sccess to various signals
~er,er5ted b~ these twb chips I in addition tb the ATN and BIJffered
Reset (BRESET) lirl'es of the TED swstem. The port also provides
~rO!Jr,d, +5VDC and, +9VAC for IJse b~ cor,nected devices.



7.2 PHYSICAL PINOUT

F'IiI NAME DESCRIPTION DIRECTION

A GND Ground ---------
B F'O IIQ Per"t Bit 0 Inpu,t/Output
C R:<D Recieye Dat,a Input
D RTS Reauest to Send Output
E DTR Data Termina'l Read~ OIJtput
F F'7 I/O POI"t Bit 7 Input/O'Jtput
H DCD Data' ,Carrier De'tec·t Input
J P6 I/O POI"t Bit 6 InputlOutput
K CTS Clear to Send Input.
L DSR Da ta $et Read~ Input
M TxD Transmit, Data Output
N GN,D ,G round ---------
1 GND Ground ---------
2 +5 +5 VDC ---------
3 /BRESET RufferE'd S':.IstenlReset Output
4 P2/CST SENSE I/D p'orl Bit 2 rnput/Outpr.Jt
< P3 I/O Pprt Bit 3 Inp'Jt/Output"6 PA. I/O Port Bit 4 Input./Output
7 F'5 I/O Port Bit S InputlOutput
8 R"C Recieve Clock InputlOutput
9 ATN Attent.i,on Outpl.lt
10 +9 +9 VAC ---------
1 1 +9 +9 VAC ---------
12 GND Ground ---------



7.3 ELECTRICAL SPECIFICATIONS

I/O Ports (POrP;:!' ,P7)
------------------

These ports are capable of drivins u-p to fOUf TTL twp~
loads each irl output confi-~uration.

Buffered Reset (/BRESET)
------------------------

The buffered reSet line is capable of driving at least
erie TTL level load. It can drive a lola 1 of len TTL loads
betweerl the User Port, the Serial Porl, and the EXPB,nsiorJ Port.

Attention (AH-/)

---------------
This lirle is capable of drivirl9 at le'ast one TTL lev~l

load, It can drive a lolal of lerl TTL lo·ads bet~e-en the User
F'ort arid the Serial Port.

Recie'/e Dala CR:<D)
------------------

The Recieve Dala input ma~ be driven by a single TTL
ve,l driver.

Other IM·uts ([lCD, DSRr CTS)
----------------------------

The re~aining dala inpljts ar~ buffered b~
Each rrl3W,be driven bw a sinSle TTL level driv~r.
'/ia 6~29urlder $oftuare control.

TTL buffers.
CTS is sensed

Recie\'€ Clock 'CRxC')
-------------------

The Recie,Y€ Clock,
a si~~le TTL level load.
least orl2 TTL level load,

I,.Jhen
A 5 an

acting
input,

as
it

.an output I can
mlJst be driven

-------------------
The TrarlS,mit Data OIJtput is capable of driving a sir,sle

TTL level load.

------------------------
Th,e rerrlainirl! outputs are each bllffered bY a TTL buffer,

th'JS each of the:1 ~ill drive ten TtL level loads.

Five volt source (+5)
---------------------

The five volt source is reslJlated [IC, capable of sIJP~l~irJ~
100 "In uorst case.

~Iir(e volt SOIJrce <+9)
---------------------

The nine valt source is arl unre!IJlated nirle valt {RMS}
swp~l~, capable af sUPplwin~ a uorst case current of 400 ['C alA.



7.4 TIMING

ARAMETER SYMBOL MIN MAX UNIT
==:=================================================
TransITlit/Receive
Clock Rate

Tcc~ 400 ns

---------------~----------------------------------
Trar,sITlit/Receive
Clock Hi~h Tirrle

Teh 175 ns

--------------------------------------------------
Transmit/Receive
Clock Lou Time

TeI 175 ns

----------------------------------------------------
XTALl to TxD
Propa~~tion Dela~

Tdd 500 n5

---------------------------------------------------
F'ropasatiorl Dela~
{/RTS, IDTRJ

Tdl~ 500 ns

----- --- -'- ------------ ------,---- ---- ----- ---------
IIRQ Propagation
['ela~ (Clear)

Tiro 500 n5

,
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05511 6529 TII1ING

PARAMETER SYMBOL MIN MAX UNIT
= =-==== = == == = == === == ===== = =======:::::: = ==::: ==:-=::::
PHI 2 P~ P~02 248 350 ns
.-------------------------------------------
ADDRESS SET
UP TIME

TACR
TACW

72 ns

-------------------------------------------
ADDRESS HOLD TCAH

TCAR
25 ns

-------------------------------------------
R/W SETUP TWCW

T~CR
71 ns

---------------------- ---------------------R/W, HOLD TC~H
TWCR

93

------------------------, -------------------
DATA BUS
SETUP

148 ns

-- ------- - -- ----- ----- ----- --- -- -- - -- -- - - ---
READ ACCESS TCDR 195 ns
-----------------------------------------
READ DATA
HOLD

THR 35 nS

Write Cycle
,

'" II ,
IIi \

I~=-j 1-"--1
•• I , ~~~'~~~1R~~=r ,

i-------;,

'-

'-

"

I. ,
I,,,
I,

f,,
_'u-o_1--'''--'

ri-~~~~'BI I 'f~'~"':~''i...~.:;",.--"~< '-"';,"'" :,.>::~:,,::,.:'.:~:- " '" .... :::'-"~~,

'-
"

< .. -0, ....._., '-

0 ... "'"

•• ) I ,
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i ,- -,- I ' =,-J.'X }<------
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7.6 PLA PROGRAM CHART

:-------------------------------------! :---------------,,
I PRODUCTTERM I
1-------------------------------------1
I I INPUT VARIABLE I
1 N 1-------:---: I
fUlll1 1111:---:-------:-------1
I H 154321109817654132101
1=====1=======1=======1=======1=======1
IOI----I---HI----I----1
I 1 IL - - -1- - - -1- - - -1- - H HI
121-HHHILHH-IHLLLILHH-1
13ILHHHILHH-IHLLLIHHHHI
14ILHHHILHH-IHLLH1HHHHI
I 5 I -H H HILL H - IH - - - I - H - - I
16ILHHHILHH-IHHHLIHHHHI
17ILHHHILHH-IHLLHILHH-1
,'-----.'-------.------~.-------.-------.• • • •

I ACTIVE LEVEL I
1---------------1
IH H L L L L H LI
1---------------1
10UTPUT FUNCTIONI
17 6 5 413 2 1 01
1=======:=======1
IA ••• I •. ,.,r
IA ••• r •• A,1
I •••• rA •• ,I
/,.,.J.A.,/
I •• A,I., •. /
I.A •• )., •. J

/, •• AI •• , ,/
I ••• ,I."A/
:-------:-------:
A K K A 6 6 P S
R E E D 5 5 H F'
H R Y D 5 2 I E

N P R 1 9 2 E
0 C
R C s s C H
T L F F L

K 0 D K s• 0 1 F
F • X X D
D F 2
3 D X
X D

X



-.;,

'" "
- -- - - -

, .

,

/ " / "
I

ILl -- r- - ,-"'-

.J
~~.

~•
~,~..
~i'. ~
,.,
~•~
~

"
J
"
,

0 ", c:'"" "

\§1 ~

z
0- tlJ- -c:l;, "II 0W ..IZ

..IW
c:l;" ;2

t1i II- WX l-e. 2-0 c:l;iii
.JI-
Dor-.•r-.

~s-~~t~B
:t1
l' d ', .• •.,... -::. ' !.-

~ ~• I;.,
~~

~

I<
'1:

• '{1.' ~
.,

'"
•

I~\;:2
> '"- ~-"

>
!oJ

'"
111 "-i0,,'- ,

..0
"C til0 !oJ

T-E "' Vl,>-

I
::JE 0
~v0 Q ,LJ e

"U l- ew;;,
'" ....1 r- <l;.t'.~ - N U·, - ",I- Vl

e--I- ,
> [" ., ,,• " ,'., • ,,,

I,
", ,

,,..
> "C

0
Z .. " .. 0
~ a = .. '...
< " " • '0z z z • ,a ,'J ~ <

•
,", 'i ..
':3 ...
l; z"'a 0 .."', <"'<'_ ...... IJ!l ><§cf~~- ..
I~z .J

Vi::..;.' '" 0(
~ rJt c:: :l x

~~ .. x
-l ...J'J ' < "§l 0" .. -z ..> 0

w "..• zx • • ..
H , •

I

,
,...J.
<. ,-

~
L.-

- -'- ,

-'-

~" -
/" 0:t .....

•



8. THE VIDEO SECTION
-----------------------

8.1 VIDEO INTERFACE

the,TE[t viedo interface hardware allows the' corlflectior, of a
sta~dard NTSC or PAL comnlercia1 television and/or a color monitor.
The monitor nla~ accept either a composite video signal or separate
chronIs and IIJITlinance/sYnc signals in addition to arl audio sisrls1.

8.2 MODULATOR SPECIFICATIONS

The rrlodul_ator provides S' broadcast type RF 5is(lsl cart~in9
th~ composite vi,dec and audio sisnals. The NTSC madlJlstor is
switch~ble betwee'n channels 3 arid 4 t6 help minialize local
broadcast irllerfe-rence,. The 5.i5nal serlerste,d by the RF mod~lator
CO~t~lies ~ith FCC ruling concerinins FCC Class ,B, TV Interface
(Ievice,s.

r 3 MONITOR OUTF'UT

The marlitar QutPIJt provides the following si~nals:

Ll.!minance/S'::Inc 1 V p-p 75 ohm 5
eM ronla 1 V p-p 75 ohms
Audio 1 V ?-p
.Composite 1 V p-p 7S ohrns

8.4 VI [lEO CONNECTOR PINOUT

The video conrlector provides the follo~irlg signals:

FIN SIGNAL--- ------
LlJmi na,nce/S!:In c
Ground
-Audio Out
Com'F'osi te
Audio In
Ch T"Oll',a

N • G •
N.C.

3
4
5
6
7
8



9, THE SERIAL BUS
----------------------

9 • 1 SERIAL BUS SPECIFICATION
,,,
•

~H'A1 !Fa-IN
0"0
~£RIA.l ,oJ'N IN/OUT
SlIllA.l ClX IN/OUT
H/tIAt DAl'" IWOUT
RI3H

,
o

OA.P. ByTES

Rt.A [j'y' - TO - 5 END
TALKER 5END1N'G

'ulUlJSLfLrul I L1F~li1.
r~' 9~l- ~L""""1sIV,r -- '~-C~. ___
ziT 2,1 ",£,6,<}:--I : :---
~ ',.:........, ~ ~

~ -- -'D'?>r.;vALID ~'F~-'l-1""""
NER READY-FOR- ~.u),

cLoc7<'
D -'I T~

L US r :.I...'ER

5;:::;1..\:., EuS T II•• I i'.t C.

ISYMBOl; /,./'1 N I T yp' I /,.J. A X,
~TN RESPQUSE (PEOl.".=:Jl CD r· - - -

J I'Z!!~i" ,
L\STE~"E~ HOle: -OF.F - , e ,'- , -, ,
/'iON-EO! --S-C)/YS· T'-' - -- 0 T,\( :: ! - I ~2 -! 2GG ,.....:l

r-:. t. .- : .... - - .... ~,
81T ScT-UP TJ.L!<2;:; ® I ,

TS , 2G .....~ , 72.,.,
O..l,TA Y~li:', TV I 20 .....~ , 2 (l' '__d, ,

GJ I ,F~AME HA''-I~S'''':''<'E T, , 0 20 i 1000.......5)r~:..\lE TO RC' c-:'S;- TS ATN Tr; , 20 .....5.,. - - ... ,e:: T· .....-E E N 8 '( " =- S ...I \/2 _T -- IGfL ...!":::OJ P:SPO,,';E !" 1/.,;( :: I -- ."(:: , 200-.5 I 2-';i:3 ...~I:: 'J 1 P E S,PO'·o,·tS E HCL: T I '.1 E 0J T, E'G .....:5, - ,
T ~ i...KE R :;£5,;:'], ...5:: [j,'AIT T::;y g 3(J,..... 5 I E,a~5
EyrE - .!.-:KNOWl~OGE @) T?R 213 .....5 J0 ......~

, ,.T.l.'l/< • ATT'E~SIO.·1' RtLE~S: T7-< 2,0...5 JO..., I 100 .....5
TA_Lr< • ATTc,~SI.':~ :'~;';~G-.1Il"QOS T 0 -'c: C.':'"..I.LK AT r;::"ISJ(j"l '"'-0:. HOlO TC,,), ~ G3' ....s
EOI A(XNOn-lECCE

T'R 60~

(3) T::'J ....!'IN. ·...H...S7 EE 8(;3,.I's FOP ::XT-ER''1AL C.:::,;,-::.:: 70 ;::: ;. tALKER.
§!l'v.,),NG Tpq. \110"1MuS'T Be; E,0, ..~ '"OR~E:XTERNAi.. CcYICE TO 2E;'" TAlr<::;:(.
ClIF MAX. ,rl_".iE EXCEEDED. !='.:i'A.''vIE ERROR.
(6l rF ....'A;X. TIME EXC':::EDEC. EOI RESPONSE REQU!RES.
C1J1~ M....X. TIM,E fXC'::'::OEQ. C..::...'.I.:-: Nor ,PR~5::NT ERRO.:l.

N'OTES:



In~ ~X~'ANSION BUS
-------------------------

10 • 1 EXPANSION BUS PINOUT

F'IN NAME PIN NAME

1 GNI' A Gun
2 +5 B C1LO~
3 +5 C IBRESET
4 IIRD D IRAS
5" RIW E PHIO
6 CI,HI F A15
7 C2LOW(reservE?d) H A14
8 C2HI(reserved> J A13
9 ICSI K A12
10 (CSO L All
1 1 (CAS M AI0
12 MUX N A9
13 IA P A8
1.4 D7 R A7
IS I,6 S A6
16 I) 5 T AS
17 104 U A4
18 D3 V A3
19 D2 W A2
20 [,1 X A1
21 DO Y AO
':l':l AEC Z NC
23 EXT AUDIO AA Nt
24 PHI 2 II NC
0< GND CC GND""

• 2 EXF'ANSION CONNECTOR SIGNAL DESCRIPTION

AO - A15 SYSTEM A[II'RESS BUS - UNBUFFERED, OUTPUT.

SYSTEM ['AlA BUS -UNBUFFEREIr. OUTF'UT.

/CSO,/CSl INTERNAL ROM CHIF' SELECTS. OUTF'UT.

CILOW,C1HI EXTERNAL CARTRIIrGE CHIP SELECTS. ACTIVE LOW, OUTPU

IFi'AS DRAM ROW ADDRESS STROBE. OUTPUT,

NUX I'RAM A[J[IRESS H"ULTIPLEX CONTROL SIGNAL, OUTPUT,

ICAS DRAM COLUMN ADDRESS STROBE. OUTPUT.

BA BUS AVAILABLE. LOW FOR DMA. OUTPUT ONLY.

ARTIFICIAL PHI 2. A"DDRESS VALID RISING EDGE.
DATA VALID FALLING EDGE. OUTPUT.

R/W SYSTEM READ WRITE LINE. OUTPUT.

/IRQ INTERUPT REOUEST. INPUT.

IBFi"ESET BUFFERED RESET. OUTPUT,

EXT AUIllO EJ.:TERNAL AUDIO, INPUT. 1 V p-p FULL SCALE.
i1C COUPLED,



REArl O~!LY ME~IORY

1 1 , 1 S)·STEM ROM DESCRIPTION

Ic! a t~5ic c(Jnfi~PJrationl the TE[' operating swstem
r2s1des in J2t( of rE"2d onl~ rrl'el'flor~.contained ,irltL.lO 16K X 8
POM. Th'E KER~IAL resides in the uPper 16K ROM (referred to
a~ H!Gtl ROM) ~cld som~ of tM.e Ibwet 16K ROM (LOW ROM),
The Kerrl.31, h: definitif!lcl' is tM,e or-era·t"icI9s!::Ister:rof the
COI1IPIJterr with fi;·:ed entrw r-oints into usable subroutines
tCI facilitate use bw highe·r· level ·programs" The entr~ table' ,

for ,the Kernsl is located above the- 7360 in mell'lor~. '-'SFF40 _
'FFF9) Contai,rled irl the s~ace allocated fo'r the Kernal is the
chC'lraC'ter F:OM at location S[lO'()O- S·D7FF. '-BASIC' is
contained in the lower ROM no.t_ used.-b.!:Ithe Kerna!.

BANKING ROM OPERATION

Although the s~s,teaJ ca8 onlw 'see" 32K of ROM
at a ti"I£"1 11;'- to 64/\ can he inst-·alled on board, lJith
an additio~lal 32/\ on as e>:terrlsl cartridge.· This
is F-cssi-ble IJsirlg the schelfre kno-..n as 'banking',
Bocrkin~ i~ scconlPlished b~ -"ritting. to thee address
r~clge of $FD['O - !FDI'F. When a IJrite to this address
"~rl~e cccur~, the lower four bits' of the address bus
s;:>lect :: of 8 o2rlks (each 1·6K). Refer t·o the chart bela ...

P.0 A 1 "9ANK
--------------------------------
0 0 l~w internal .1 , 'BASIC'
0 , low interrlal 1=2, 'FUNCTION LOU'
1 0 low e~·~terrld1 t 1, 'CARTRIDGE LOW'
1 1 reserved

! ",- A3 BANK
--------------------------------
0 0 Mi int.ernal t1, 'KERNAL'
0 1 hi internal *2, • FUNCT ION HI', 0 hi e:·:terna 1 fl, 'CARTRIIrGE HI'1 1 reserved

E'~erl wheci the Kernal is banked out, part of
the Kerrlal renlains accessable. This is the part of
the Kerrlal that does the actual barlking arid is loacted
iCI the address range of SFCOO to SFCFF. This section
of ROM will not assert itselt if ROM is banked out
for RAM.



11 ,3 ROM ELECTRICAL SPEC

INF'U,i \JOLTAG'E (\'"irl)
SUF'F'LY VOLTAGE (Vee)
OF'ERATII~G' TEHF' (Ta)
STORAGE TEH~

-,5V to +7.0 VDC
-.5V to t7.0 VI'C
0 to 70 ' C
-55 to 150 'C

D,C. Charact.eristics

INPUT LEAKAGE CURRENT
['YNAMIC CHARACTERISTICS
INPUT HIG,H VOLTAGE (VT'H)
INF'UT LOW VOLTAGE (VIL)
OUTF'UT HIGH VOLTAGE (VOHI
(IOH=-200uA VC~=4.75VDC)
OUTPUT LOW VOLTAGE (VOL)
'lOL=-3,2ma VCC=5,25V)
MAX POWER SUPPLY CURRENT

-10 uA
Vee =. S.OV +/-5%
'Vss-+2,4V to Vec+lV
VSS-,~V to Vsst,BV
VSSt2 • .<1V

VSSh 4V

1-20 mA



11 . 4 23128 ROM F'INOUT

F' I tI NliME DESCRIPTION

1 NC
0 A12 ADDRESS BIT 12-
3 "7 A[<DRESS BIT 7
" 1,6 A[<DRESS BIT 6
5 A5 A[<[<,,'ESS BIT 5
6 A4 ADDRESS BIT 4
7 A3 A[<DRE,SS BIT 3
8 A2 A[<DRESS BIT 2
9 ,AI AD[<RESS BIT 1
10 AO AD"I1RESS Bn 0
1 1 DO DATA BIT 0
12 Dl [lATA BIT 1
13 [12 DATA BIT 2
14 GND POWER SUPPLY GROUND
15 [13 DATA BIT 3
16 Ii4 DATA BIT 4
17 Ir5 DATA BIT 5
18 D6 DATA BIT 6
19 Ii7 (lATA BIT 7
20 /CS CHIP SELECT / ACTIVE LOW
2,1 1'110 ADDRESS BIT 10
0" ICE CHIP EN'ABLE / ACRTlVE LOW--
0- All ADDRESS BIT 1 1"'..)

24 A9 ADDRESS BIT 9
0< A8 AD[lRESS BIT 8""26 A13 AD[JRESS BIT 13
27 CS or CE CHIP SELECT OR CHIP ENABLE I ACTIVE HIGH
28 VCC POWER. SUPPL Y +5



ROM TIMING SPECIFICATION

F'ARAMET£R SYMBOL MIN. MAX.
--------------------------------------------

ACCESS TIME
OUTF'UT ENABLE

J(,CC
TOE

300
12-0

os
ns

Note: TACC available from ,vstem is 338n5 and TOE available is 12

.:.00'::;::55
tN'ItJ.LlD '1/ VALID 1( INVAll,Q,r./P\.:T 5 l'

I I
C"'IP

1< fS'::!..::CT DISA SLED I (i'H.3L-EO' I D'S:'BLEDIN P;.,! T $

I
I I ,

I co-----+i,
D.: T':' Hie H ,

1'1' GM
O'JTPVTS IN'.'!" liD \1:. ....10 I.·~'''':''LJO

IMP'::j~NC~

~

II.\P::O!.NCE

1,,,.(""



" THE KEYBOARD~ ..:.. .
1 2 . 1- KEY80ARD CONNECTOR PINOUT

F'JiI NAME DE:SCRlf'TION

, -f £is DATA BIT 5•
" 3 K7 KEY LATCH BIT 7
0 '-/ GND LED GND
4 - +5V LED +5VOLT 20ma MAX.
< 6 [17 DATA BIT 7"6 7 K4 KEY LATCH BIT 4
7 \I' [,1 DATA BIT 1
8 ':I K5 KEY LATCH' BIT 5
9 1. K6 KEY LATCH BIT 6
10 11 [>3 DATA BIT 3
11 12 [12 [lATA .BIT 2
12 13 D4 [rATA BIT 4
1] ~q K;; KEY ,LATCH BIT '2
14 ~,Ki KEY LATCH BIT 1
15 -I' D6 DATA BIT 6
16 " K3 KEY LATCHBI.T 3
17 ~~ >:0 KEY LATCH BIT 0
18 11 DO DATA BIT 0

'Pius 'I Cl'

KEYBOARD MATRIX

®
@
0)
@
@

T.,..........,..........,..'r~-, ", ,

I i
PU)o.,j I '

. ,n~' IcH CTIit. lSTOf'1;1?ICli or 1G :2
S~ ~'

II ~-" J W ,A J!HIFT I Is TEl" -
,\ 7 T T ~ T" S II. lD x CF !r 6 ~HI!T LOC
/ / "w

n3 7 Y G V B .H U ~
10 r ~,

D4 9 I IJ, N H /( 0 8'__
12 T ~ --
(/\ ~(' i (} P L. J • : - ,.::..1't_

,~ n, T? 11- i / £,,(T= + 0}
1,0 '
(18\ be £f:L ..l. @ fI h fJ Nll.l'

c..::/
Ic~ 1<1 11.:1•• 11 /, 'I 1<S H k,~ ~ TF/)

®@® ® (j)~10 (ii) C1b
. ,r:'I ,'><' f'.(j)(ji))j) (i)~.;"8/ I.}, ':'6) ?Lu5 '-/

~

\--

\..J
(£)
is)',-
@-

K

4

3 r1, .

j



KEBOAR[< ELECTRICAL SF'E.CIFIC,ATION

1) MAXIMUM RATING

::!! CH';TTEF.:ING

3) COtlTACT RESISTANCE

4 :' CAF'ACIT,ANCE

< ' INSULATION F\''::5." !

, , kiITH'ST..AN[I VOLTAGEc •

7l OPERATING FORCE

12VIIC, 200uS RULSE WI['Th 1/50 DUTY' CYCLE
1m3

IN-ITIAL,. l'OrTISEC OVER LIFE

500 OHM MAX.

lQOpf MAX

,5'OM OHM lUN.

250·VA·C lClin.

65g TYP,

ZERO T:=:AV FOF~C-E15'f/-l0s AT • ::i~lnl TRAV

FULL T.=IAV FORCE 90+/-259 AT ._,~'rrlm_ABOVe: Fl..ilL TRAV

8) OPERATING lrFE
FUNCTION KEYS

9) O-F'[,;"ATIrtG TE~'P

]0) STOR~qGE T:._r.F'

50C MILLION TIMES
300 MILLION ,orMES

-.5 - +50 'T

-20 - t65'C




