978 I/70 PORY SPECIFICATIONS | IMTRODITION

SECT I 1

INTRODUCTION

1.1 PURPOEBE

The gpurpose of these specifications is to document Ehe 170
characteristices of the TI 99/8 Home {omputer. These specs are
technical in nature: and should alliow one fto design  havdware to
func tion connected to this port.

1.2 GENERAL CONBTHRAINTE

The propogation delasys inherent in  the F9/8 HMsppey chip
iimit the address sccess Time of ROMs to 350 ng o+ less for
moduiss in an expansion unit connected to the 9%9/8 %y & 47 cable.
fe desreding is rveguired for the memory chip seipct. the access
Lime From CH active must be adjusted faster sccovdingly Ths
same is tvue For (RYU based logic blocks (THESR0L, THEZZOZ, efc. !}
slaa,

The fundamsntal oroblem is that the Mapper chip skews PH3s,
FEMEN®, PHE#, and the PaE Sddvses bits with vespect o the 99/8
i CLROUT. fzta iz taken on the +Falling esdge of $he second
CLAOUT af ths apparent 2 cleck cycls 170 Port (99/8 Physical
Address Space. .. PAB.

an additional constrain eristed st an  sariier dabte which
veguired ws Fto maintain s ¥9/4-99/8 compatibles Ezpansion Hox.
With the demise 0f the 19HE-80 Fipansion Box, fhis vestrichion is
not necessary. but  THAT CUOFMPATIBILITY ALFEADY EYXISTES IM  THE
PSPPER  CHIP.  Unlese o Mapper chip revision iz made f{and none is
currently planned), we will %1l be confinsd %o these usslsss
regkrictions.

The $full chavsctevistics of the 170 Pevrt will not B2 bknowpn

i1 tha Mapper zhip i3 chevacterized %o wverify mssthesmaelical
Iowasiuse.
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F9/8 170 PORT SPECIFICATIONS ) PR/E CHARACTERIZETICS

BECTION 2

FP/8 CHaRACTERISTICE

d. 1 ADDREBD GENERATION

The %978 provides a 24-5i% address on a i&-bit bus by

multinlering two 1&6-Bit guantitiss. The Format iz s% shown
aiow.

W E RO OG0 MMMM MBMMBMD (MBABT#) Word 80

L 4ol . sy, ST G . i o WP O S TR PR TR RS TR ATRCGOES OGS BENE WIKSTUMT WP S0t Wk . A S UM G kS

o= Write Protect, ¥ = Execubts Protect, O = LOW Lewve
R = Read Proftect, M = Most Bignificant 8 Address bit

LA L L LoL b L Lo LLon i (MEMEN2} Hord 81

i e e i e e S i i e 33 0 o e £

whan wevin

In all probability only the Leasd significant 8 bits of Wowed
#03 will bBe of intersst to Bhe Logic Designesy. 0F courss. ths
designer could ssnss the protect Bitfs and zonbtrol iagis
agceavrdingly. 4t present. theve ave no planz in wmind fo use Lhese
Fits other than at the chip fest level.

Kord #®#0 i3 guarsniteed to he stable on Ths FALLING CDGE of
MEABE T, and is stable such that setup and hold time veguivements
of a SBHTELEETE are met when a BNVLLEGE is wsed to inverld MEAETs
for clocking the ‘273 IT IS UP TO THE PERIPHERAL TO BaAaVE  THIS
DATA IF IT I8 HEGUIRED FOR I7S PAS DECODE.

Witk this scheme the 998 hasz 384 &K meamory ssgmzabs. and
the Y9/8B Mapper provides BYTE vesclution within 2 seament The
978 Happer also provides For displacing from one &4%K zegment
intg another ¥ desived.

The Lzast Bignificant 14 addrsszs bits arve Found in dHord  #1,
angd  are atable at the tims PHMEMENS goes asciive LD They will
remain stabls agver most of the time PHEMEM® iz active  What sord
of "gap® at the end of PMEMENY we will have will be detsrminsd
whan 2 Mapeer chip i% chavacherized, In any cass, the LE 14
address lives will be séabdle when PRES lg agctive (LIOW Hae the
Boaction on Timing Diagrams For more inforestinn.
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978 170 PORT GPECIFICATIONS Se/8 CHARACTERIETICEH

2.2 ESHAM CONTHOL

It is highly recommended that the Logic Desigmer include the
term (PDHIN + FMEY in his eguations Ts chip selact the BRHAM., and
bt connect PWER to the READ/WRITE® control of the SBRAM This is
tevmad EARLY HWRITE. snd iz the manner to slsminsie data bus
conflicts some logic degsigners perfer fo desiogn in,

fs was with Rz and CRY bssed devices: an address access of
g siower than 350 ns should be used.

2.3 DRAM CONTROL

This is the stickiezt controlley of 2l1l, 22 one wmust pravide
foar BEaAD¥ and CADY¥, and them still vreturn date %o the F3/2 no
iater than 550 ns From the falling edge of PHMEMEN® while ignoring
any address decode glitches. The saving grace fer this glitch
groblem is that ¢ &4 BYTE or bigosr increments of &4K BYTEs ars
vsed. the space decode will bs on the ME & bits of the address
{whivh orours batusen 00 and 100 ns befors PMEMEM® gous zoiive,

ft wowld be considered good design practice to latech %h
control signal bto the WE  input of the DRAMs for  the snitie
duration of PHEHENS for write glisch probtection.

2.4 MEMOREY ACCESE LENGTH

Thae 99782 rvequires bhrew clock cycles for svery PAE ascosss.
The #appsr chip suppresses one of these clock cycles From tha PAE
By delaying PMEMENME by ane clock cucis. This aliows Far addss
gsebttiing time, etg. . within the HMapger. and for gensrating the
contral sigrnal MBAST#.  An inhsrent sdvantasgs of +this delay isg
that there can be no successive {(back-fto-bacrk) zccessses. snd DHAM
refresh could scocur in this time ¢ desired.

The Happer is Svimed with respect to the P CLEOUT., and in
turn gensrates a2 devivative of &his (PHI®) a2 the PAS analsg af
DLEOUT, Pri3%  serves bhs THEYY0! within the 99/8 28 well as the
F&E pevriphzrais.  and  was generated fop P24 parighsral
compatibility reasonsg.
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F9/8 [/0 PORT GPECIFICATIONS BEDICATED Pal Sraln

BECTION O

DEDICATED PAR SPACE

3.1 CGENERAL

There are gseveral PAS spaces asiready commitied both within
and autside of the 9978 Console. Functions implemented inzside gf
the ¥9/8 ave nat accesssable from the 99/8 /70 Port. ALl are
detailed in the Following paragraphs.

3.2 9978 INTERNAL &4M BYTE DRAM

The 4irst &4K BYTE page (PAE = 0000001 il decoded and
implemented on the ¥9/8 itsslé. HWikile this iz good £fcr  the
conzssle user, it falls well wikthin the "not so very good” class
for the periphersl designer if amuliipgle &4K IYTE Blocks ars
implemented TIPEK S 2ELK FB1 2K, gt ¥, The spacs decods iz
congiderably mors ftediocus if this comfiguration srists,

i an intevface PLEB  fu  the wew????99/8 Expansion Boswx
included a &4E BYTE DRAM, thiszs problem would be minimized.

411 gpaces ars coenbigusus in nature unless noeted in the
individual discussionsg,

2.3 9978 COMMAND MODULE SPAJE

& 14K BYTE space is decoded and based at SFFE000 on bhe 9978
Yo be ussd Pfor Bolid Htats Bafiuavs. Ay ig with the on—baoard &4K
BYTE DRAM, it is wnot sccocessable $Fram the L0 Por it Bus.

2.4 9978 CONBOLE ROM SPaACE

A2 BYTE B is provided on the 99/8, amd iz garviitioned
to have 1&K BYTEs in the FADZ decoded and based at FFAQDOC.  Two
8 ssgments are sreovided to bs CRU paged, and o vespond  in the
Peviphersl spacs based at 2FFA0006. It i3 not acceszable ¥rom the
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F9/8 1/0 PORT SPECIFICATIONS DEDICATED PaAE SPACE

£/ Part.

3.8 PERIPHERAM, BRACE

A B BYTE block is veserved based at SFF4000 to be used in
the paged mode with pevipheval DEEs. The 9978 wuses CBU Paging teo
grnable fthis bloeck., Thers is no reason why & pervigheral DEE cauld
ot based 2t anosther location that doss net conflict with an
infernal F9/8 funciion, The 2978 Uperating Byshtem duss srgect
RéMt o be rontiguows siarting with the on—-board &£48 BYTEs.

3.6  INTERRUPT LEVEL SENSE

& two BYTE READ MLY intervrupt status Bift sense i¢  inciuded
it & 146 Byte PAE based et SFFEOOG.  Thiszs is %o be ifmplementsd on
the intesrface PCR thaet interfaces the Eyxsansiocon HBox with thse
FE/8. A& word MOVE shall access hoth BYTEs.

This funchion was included o allow the F9/8B o saesily
gdigscern which PCE function in the 99/4 Expension Boyr was  the
intervupt sourcs. it is of gquestionables value considering that
we do not have a P9/8 Expansion Bax dafined a3t present

MLE  0S/08/83 o

B
gk
£
iy
P
g
:zg:
S“"i
:
o



Pt

LES
-
oo
L
il
[Ex

FR/8 170 PORT SPECIFICATIONG SIGHAL DEFIN

BECTION 4

SIGHNAL DEFINITIONE

4.1 GENERAL

The following text describes gach signegl in the 50 conductor
I70 Povt. HBignaels suffized with “#Y indicates an Active LOW
stata, Gthers are HIGH Trus.

“I¥ dindicates an input to the F9/E, DY indicates an ouisul
from the 9978, and "B indicates 3 Sidirectional lims.

Many signais may e futher clavifisd by rvesding &he T
THMESIRE ubf Data Manual,

4.2 RS, 1

This 13 the unregulated +3V bus in the 9974 Espansion Bow,
and 12 wussd by the 99/4 cable o powsr logic st bthat snd o8 £he
vonnecting cable.

The 9978 uvses this signel to indizate Lthat s 9974 Ezsansion
Box is comnnected te 1%,

4.3 REBET#, B

This is & Bidivrectional system vesed signal, I% iz driven
By the 99/8 for Fower Up, when a Command Module is just inssried.
angd for & Software Hesed, Tt is active LIMW. Ta insure that the
FH/E uF pules duration ie med, RESETS must be held LOW  far at
least three (3} PH3® clochk cyclss, I% will bBe a good idea to
drive RESET# as a funcition of the falling edge of FHIs

Thiz is a lins thal i pulled wup within the
drivars itheve wmwst drive the minimal load within the
agdition %o the cable &0 the 99/8 Exgansion Box and She 3
i% {if they avre cenneched).

a3
£}
e,

&

PLB DE/OBE/B3 &3 PRELIMINARY

&

&



FELE /70 PORT SPECIFICATIONS BIGMNAL DEFINITIONS

.4 EXTINTs, I

EXTINY2 i an active LOW sigrnel %o dintesrrupt the 9978
Intarrupt Level 1 in the 9978 uP is drivan

£ 5% Al whru A34. O

These HIGH Trus signals form the Most Significant 15 bits of
the lé~bit PAE Hus.

4.8 ALIBACOUY, O
This is the LBEH of the lé~bit PAB Bus 14 a2 Mamory CQucle iz

in gsrogress (PMEMERNs is LOW). IF PHEMENs ig MHIGH., AL13/C0UT is
the CRYU Gutsut Data bit.

4.7 PRRIN, &

=
whr

Thie is the Dats Bus divection indicator far the BPAD, iF
iz HMIGH, the data direction is fram the I[/0 Port into ths 99758

4.8 LO&Ds, I

This input Lo the 978 drives a “LOAD" or "MMI® gpervation in
the uf. i noit inhsrently dong S0, it showuld bBe synchronized
with respect to the $falling sdge of FhilEs.

4.9 CRU{LHEs, O

CrUCLKe i3 the sepsrated CRU Llock of the 9978 ub. it isg
sagarated as a function of MEMENS, [AG/HIOLDA, and WE/CRUCLH®.

4

&, 10 PH3w, O

This ig the Maspesr generated fctive LW Phase 3 Clark nsaded
2%t ong time to waintain 9944 Pervighsral compatibiliby Tha
faiiing adge ofFf PHI® corrssponds Bo the rising sdge of the uF
CLEOUT. but with Mepper introduced sksw

MLE 05708783 f il PRELIMINARY



FR/E 170 PORT SPECIFICATIONG EIGMAL DEFINITIONS

£ .11 PhEs 0

This ig the Active LW Write Enable for thse Pag It is=
timed the same as that For the THEYSOD HWEw, bhut is zkswed by the
Mapper chip.

4. 12 PHMEMENs, O
PHMEMEN® iz memory cycle indicator for the PAE, I+ dig LW

Trus, and iz skewed by the Happer chip from the F9/8 uF HEMENs

4 13 CRHUIN, I

This signal iz CRU Input Data. It ds HMIGH Trus.

This 1s & ling that i3 pullied wup wibhin the 9978, and
dyivers there must drive the minimal leoad within fThe 99/8 in

addition %o the vable To the ¥9/8 Expangion Box and the load in
it (if they sre connegted)

4,014 DO thru ©Y, B

Thege B HIGH True Data lines feed the PAR

4.15% BCLE, O

BULE 13 the 10 7348+ MMz Bystem clock, The falling esdus
BCLY iz phased fto the F9/8 uF. byt due to Magper introdured s
it 1% not dependably phased to PHIE,

a¥
bour,

4,14 1AG/HBA. O

Tais 1s the buffared 9958 ubf Ia8/HDLDA sienal

£17  HEARYe. 4O

The Palling sdge MEARTs indicates that the ME 14 bhits of ihe
Fapper ave stable on Lhe PAS address Bus.

o
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FEE LD PORT SPECIFICATIONS SIGNAL DEFIMITIONS

4,18 HOLD=, I

This attive LOK status signal ds used te put fhe 9970 uP in
the HIED state. Mo internal funcitien in the 9978 ig available ax
the 170 Port, Lhough, it is for Fulture Expanzion Box Direct
Memory AcceEed use.

This 18 & line that iz pulled up within the B9/8, and
drivers there musit drive the minimel load within fthe $9%/8 in
additian %o the cable to the 99/8 Expawnsion Boy and the leoad in
it (iF they are connected’,

4. 1% READY. I

READY is the system READY input te the 9978 It wmust by
synchronized with respect fTo the Falling =dgg of PH3%, and dus to
deiays in the Magpper chip, it must b stabls one ¢lock syrle
hefore fthe 9978 uF recognizes i%. That is., it is syncranized on
Liock Cycle n, @nd the u¥ vecognizes it om Cleck CTuyclie nei.

This &% a line that 1&g pulled up within the 9%/8, and
dyivers theve must drive the minimal ioed within the 99785 in

addition ¢o the gable to the 9978 Expansiocn Bor and the load in
it {i¥ they are connsctsdl.

4. 26  GHND
Logic Ground e this Ffunctien, &#ii dwe cars must be vsed in

cunnecting these signals Yo another systsm Weah Grounds sgualbe
to low mevit revisws.

&. 21 RDEENA=, I
HOPBEMA®2 i3 2 zavryover from the 99/4 Eupasnsion Boy whare 1%

i
snabled 2 data bus driver in the 9974 snd of $he Erxgasnsion oo
Cable. it has guestionable use at the pressnt date.

4. 28 AUDIO IN, B

This is tne dwdic input to the intzvnal 9%/8 Bound Gensvator
zhin.
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FI/G 170 PORT SPECIFICATIONS TIMING DIAGRAME

SECTION 3

TIMING DIAGRAMES

F.1 MEMORY

Memory timing for the PAD was designed $To emulate that of
the TI THMEFZNO for 9F9/4-99/8 compatibility with the EET T
pevripheral #OH. The Hasper chip considerably skews these
gignals. and the result iz a3 considerably shorSened achtual coycls
with vwespect to the apparent 2 PHI® clock cycle {745 ns hase
time. less prop and  sebup fimesd ssmory  SCC85%. Hourst cass
timirg will be betker inown afbter £he |MMapger chip has been
charactevizaed.

Bignal

s i st S SRt

£
%
MEAD T H L H
E
4
Pai g I = 8 - B et
PERECIII R, Lo o e e s o o s i e 20 s e
FOEBIN H i
PE0ns 1Z0ne P 4 Gresaster than O ns
PPEMENS, [ o e
PDBEIN H H _ Btahle _ i
: H
PaL g H i Stable H
=1 3G ns OV Undnown
PREFDRS, e s s
FOBIN i i Ztabhie H
i
R PSS — N S —
PLitw H i H

20 OiES ngld TBEAL VALUES ! 184 ng!
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9/8 170 PORT SPECIFICATIONS

2 CRU

TIMING DIAGHAME

Bag i § Htabls !
4
g‘ e o e it i S8 e s oy, s e e . - st s e
ORUCLEs i H i
> P Unbkoown Valuysgs > b

Bl
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/8 L/0 PORT GPECIFICATIONS Had

SECTION &

DAL

&1 GEMERAL

Divect Memory decese shall be sllswsd within ths 9978
Expansion Bow, byt thig concept will not ellow a8n cutside
function %o  access data inside of the S9/8 I¢ the 99/8
Figpansian HBog, when defined., accepits standard sized F9/4
Evpansion Bsax PCBs, Ehewn fthe signal “AME. A" shall bBe driven Lo
affect & DWMA condition %o the Expansion Box Bus Drivers. it
shall be the vesponsibility of DA requestor to drive HOLDw.  and
senge [AG/HDA and MEMEN=.
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