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1.8 Introduction

This dacument describas the hardware and sofbware interfaces bebuwesn
the console and geripherals of the 9974 gersonal computer family. Ths
purpsss of this document is For the refervance of 3 third pariy, wha wanis
to design new geripherals arvcund the $9/4 family,

i.1 Interface in Benersl

The 9974 cansole has & 4d-pin male sard sdge-conngoiay, callied the [0
Bus, on ifte viakt sdge. The /0 Bus rontains a3ll the informations nssdad
for the Conscls fTo communicats with the peviphsrals. It is suggested that
sach peripheval has its own power sfuppluy: instsad of sharive the voltages
with the conseols throwgh the /0 Bus,

Esch gerviphsral should includes s non-volabtile Device Bervices Boubtina{DER)
sefiware packeges to drive the peripheral. The DEE communicates wiith ths

vz through ceviain memory locations, The conzsole softuware sets
up information in these memory locations and pasggses them o the user sslscied
gerigharal. From there orn, the ssiscted peviphsral ¢ DER should have the
capability fo intevpret the information seftup hy the zongole softwars,
physically drive the pevripheral and pass the perigheral’s data or status to
€he consuels sonfiware i€ nscessary




2.0 1/0 Bus

The purposs of this section is to describe the pin assignments of the 1/0

Busg., functions
gf Input Signal:

2.1 170 Bus

28 I/0 sigrale. souvrces of Ouipui Signals and destingbions
g

Fin Assignments and Degcripfions

in &

3R eg @ 0 B L B e

13
i4
15
ié&
i7
18
1Y
20
21
P
23
24
25
24
27
28
Z%
3G
2%
32
33
34

aE
e b

&
37
38
3%
44
41
&2
43
4.4

Botation

70

& F
HEE
BEEEET
~EET [RTY
&%
&1
ad
&il
DEIN
&%
AL2
HOLD/READY

~L04D
&R
&13
&1 %
&7
&%
CRUDUT /813
A
&b
~LEUCLEA
GHD
~PHI3
L
~RE
D
~PRE
Sy
#1
&0
~FRMEN
CRUTH
o7
G4
L&
3 %
03
B2
]
HULDA/ Lok

e G2 T D0 e 0O

L0 S o N R o e s e o

%

TR S e S T B T

By Terd
L £

DPesgription

Y Power Bupply

low when MPU resd from 2P0UX / write So F4¥Y msmor

Master Reset. low active

Frternal Interrup®, low aciive

Address Bit 3

Addrese Bit 10

Addrass Bit £

Sddrsss Bit 11

dovived from MPU ¢ DEIN sin, sams parify

Address Bit 2

kddvases Bl 12

i device/memory it ready affer being addrossed by
By MPU in memory R/W tysle, device/memory should
cavse this input €o go high

b 99007s LOAD pin

adddrses Bit &

Address Hit 13

fddress Hit 14

Address Bik 7

address Bit ¢

CRU Dudput/address Biz 135, LEE

AGddress Bit 2

Signal Sround

inversion of FMPil‘e CHUCLK oin

Signal Ground

inversion of Phasze 3 Clock

Gignal Ground _

derived from MPUs WE sin. same pariiy

Zignal Sround

low when MPU gddrassing 24000 — HEFPP Memary

Gddress Bit &

Adddress Bit I

Addrass Hit O, MEB o

devived from MPU ¢ MEMENM 2in, szame pavilby

CRU Input $o MPU

Data Bus Bit 7, LGB

Date Bus Big £

Dates Bus Bit &

Dots Bus Biv O, HMZE

Dats Bus Bit 3

Dates Bus Bitv &

Bata Bus Bit i

iggic OR of MPU’s HOLDA and IAG pins

Data Bus Bit 3

~BY Power Suppiy

fo Sound Sepsratar Contreller s AULID

o
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3.0 Hardwars Sirvuciure of DER

3.1 DBR ROM

slormailiy, a DEH 1 written in 9900 dscsembly Lenguage and g houssd in a
ROM, which is itsel? pard of $he F9/4 family’s pervripheral. ALl DER sust Begin
5% sddress X000, and shouid noet excesd FHEFF. ALl the B fata Fing of the DER
R}l must be budfered before connseting to the date bBus of the 170 Bus., This
nutfer iz szrnablasd and divabled by & pre-assigrned CRU sutput bBi, which is
cantrallied by the consocle sofitware. so that not moerve than one D8R is sccesssd
at any time.

2.2 CRU Magoing

The CRU /0 ig vsed by the system to soesss the servipherals, 1F the speed
6f data transtar is not %oo crucial., The decoding format for the CRU addresging
is indicated as

&0 AL A2 43 A4 &5 &f AT AE AT ALD &1L ALZ A13 Al AL/ CRUDUTY
I B sayr ID Device CRUY I/70 Bit Decode 3

The CRU address space. vanging ¥froam 20 to ZIFFE with AL, &1, AR and A15 unussd.
iz brobesn intos 2 blocks of 312 Bite each. The User ID, indicated throush the
fddvress Decoding of A3, A4 and A5, vepreznsis zach of the 512 Bit Block, They
arg assigned as folliows

MEU Address A2 AL AD fAszignment

OOO0~-0EFE G o o Congole Use

A 7FE g a1 Third Parity Peripheral without DER
GROG-GEFE o1 0 Future Peripheral without DEE

OC OG-OFFE g 1 1 Future Paripheral without DER
G601 3FE EA S S & TI Peripheral Bpace &1

L 400~1 7FE I8 1 TI Pevipheral Space &2

15001 8FT A T & T Peripheral Scace %3

OO0 1FFE i1 8 T Peripheral Space #4

The standavrd device decoding through Ad& and &7 gives a ftotael of 4 Device Blaok
within each Usay ID Blaock., The CRU I/70 Bit decoding fthrough AD-4L4 allows 128
addressable bits sach of feput and gubtpul. In bthe 128 CRU Ouitput &its. ths
Ffivst bif:, with &8-414 all 8%z, i3 resegrved for enabling the Dats Buffzr of fhe
OBR ROM in sach peripheral s mentioned in the last subssction. Sstiing this
tit bto logic one esnables the DEE HOM whils setiing it fo logiv zevco disables
the HEH ROM.



4, 0 Softwsrs Structure of DER

2 BEE must follow 3 revisin specific farmalt in order fo compunicaite with
the congdle software progevriy. The purpose of this predefined format i3 to let
the consoie sofiwsre have the least sverhead and Lhe DER have the maxiasum
#Flevibility in davice gerviging.

A DER, in gesneval, conftsins the following elemsnis

Bymbol Definition Black.
MHeadsr and Linkage Blook,
Pawer-up Foubinsliogptionall,
Main Device Hervice Boutine,
Intarrunt Routinel(optionall.

H

CESTEIE

Each of ihe above slements will be discussed in detail in the follaowing
setbiong.

%, 1 HBumbol Definition Hlock

The Symbel Definition Block szerves two purposes. Fivst, it equates
Fraguently uzed Dafta or Addrezs %o & Symbol for sase of recognitiecn. Secondly.
it snecifiss the CPU HAM Eata%iﬁﬁ in cevbain way. zo Lhat sach DER can ke used
around diffsvent 597K Conso.Les WiLh Che L8a8t MOCITILS8CIONG. INE PLITEL FUrpOSE
is common in svery program. buof the second one needs some move @xplanastion,

In the 99/% family., ecach modsl has a different memory structure wibthin ths
ronsoale. Therefare. care must be Saken in handling memory sddressing in 2 DER.
so that the S8R can suppert different 99°Y models. The console software always
snters the DER Shyough the instruction

],

-
Zﬂi

Hi.

where HY contasing the DEE sntvy sddress. ison snivy of the DER, the Movik %g&as
Pointer contains the bsginning address of the Hegister File, which the console
Zsoftware uses. I¥ 2ll the CPU RANM which the DER may access ars predef ined
with respect o thiz Work Spsce Fointer, the DER doss net have wo dnsw the
memary map of szch consple. The DER can asddrsss sach CPU BAM through Index
sddressing via the Work Spasce Pointer. For erample. 1f one wants to move fthe
content of & CPY BAM, having & dizsplacsment 'DIEPY wilh respect s the HWori
Space Pointer, %o RGO, he doszs the following

EMTRY BTWP R4 sntry of DER

LAY 2DISGP R4 HG

Home of {hs Freguently used CPY RAM's symbele and locations are Lizted
e low.
BaAL EGU - 2EG start of CPU RAM i ¥9/4 consoie
Fad e FAD+ 44 start of 3& byktes svaeilable to DER
HOLE RE LS Faleil lower buyte of RO
g EEREAE PAAED lower byte o¥ Hi

ik

OpConE  Egu
FLEeETE  EGU

pin,
v

beginning of PAE, I/0 asevration cods
FaE -~ Flag/lStatus

T
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BUPFADE RGU FACHZE YHaE ~ Data Buffer AddTess

LRECIN QU e Y Falk —~ Loglical Hecord Lenghh

OHHECNT Eau Falle B PéaE ~ Chavactsy Count

REOMUM QU Ealrs FP&E ~ Record Number

BONDEF EQU FAC+E FABR - Hersen offsed

SETLEN EaU Fale@ Fal - dption Lsnoth

DEMLEN  E4U FaRC+10 Pag -~ Devics Length

BARVINF  Equ FAC L2 &R —~ FPoalnter fo PAR in VDF HAM

YA EgQls PECGZ addrass for VOF Write-fdddress apsrabtion
GRD ERCLE SEREGG address for SROM Hezd-Dats operation

4. 2. 0 Hesder and Linkaneg Black

Sl

The D8R must gonfain & cevrdain header stavriting at 24000 so that fthe linkag:
to the zonsciz sofiware can be sztablished groperiy. This hzader containg the
following informationsg

Yalidatbtion flagl &8 §.

Mamai{s ! of devicels! being ssrviced bg this DER,

the device name should be 7 charschers vy lass.

Entry pointis} of the devigel{s? being sesrviced by this DER,
Entry soint of Powsr-up Routine if necsssary

Entry point of Intervupd Routine 14 nescessary.

G 3 B3 e

4. Z.1 A Sampie Prooram for Heeder and Linkassge Hiack

This seciion gives asn exampls af the Heasdev and Linkage Block in 2
tgpical DER. The syntax of DELO Assgeablisr is cbeged in this program.




B S H H R SEEE SNRE SR L S S SRS SRR SRS EHE S S EE S SRR B

# %
= Bampile Progras Showing DER Headesr Format #
#* #
G S I B Y S S SR SN B B RS S B RS
RORG 4000 skart af LER
EYTE a4 telling consols thizs iz a wvalid LDER
BYYTE 1 vertsion #. always 1
BaTa O moat used in DBER cails, sz lzawve 1% O
DATA PHECHK Pogsr-—~uyp Routinss ® Link, “FRELMLY iz rep!
# by ‘GF LF powesr-up met up iw nobt nzress
DaTA O aot ysed in DB cellis, leave it O
DAaTEA DERLNK DEA Link, ran't be O kers
DatTe O not gsed in DBR caelis: leave é‘ G
BATA TR MK Iintevrrupt Houtine ‘g Link. ?ﬁ&%*i is
#repiaced by 07 if iﬁ&@??ugé iv nod used
Bava o not vsed in DEH cgils., leave 1% O
#
* #a% Thiz Power-up PFoutine can be omitted 14 powsvr-up
# #%u initislization s not nscessary for thig pesvigharal
#*
PWRLAMK DaTsa O linksgs, set to O
DATA FERLUP gntry point of powsr-up rouobtins
BYTE O mams length, szsft to O
EVER
FRREUE entry of power_up routine
B #E11 return to consols software through K1

iF it iz not destrogsd

e
& 34 This Intervupgt Houtine can be omitted if Interrupt
% #¥% Hegussd s never igsusd by thiz pariphesral
@
IMTLNK DATA U linkage, sst te O
DATA IMTDGH gntryg point of the Interrupt Houline
BYTE O name lesngth, set ta O
EVEN
INTDER | entry of intesvrupt routinsg:
i¥ interrupt_rveguest_ from this _pgevish
= frya
than

begin interrupi_sevrvice ;
reset Inftervupd _roguest:
gobto INTEND
gy
#lse goto INTEND

INTEND

i
ki
i
Tl
ot

reburn o console softwers thvough Hii,
it 1% i3 not destroywzd

®

# #wg Maio Deviceg Service Houting, dssuming &6 hree devices.
# 2#2 wibh nswmas TDEVICES, CREVICE/LY, TREVICSE/Z are

# #a¥® sypporksd in this pariphesrael.
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DL

D&TA DERLKZ
DATA EMTHYL
BYTE &

TEAY ThEvicES
EVER

F DATA DORLKS

ENTHYL

EMTHEYZ

ENTRYZ

EXIT

BATA ENMTRYZ
BYTE &8
TELT "BEVE
EVERM

BATA G
BATA EMTHYE
BYTE &

TEXT "DEVIC/ZS
EVEM

F17

%

.
]
v
f
W ek

[

o

finvage o nezxd devige Ffield
gntry poing of lst device
name length of izt device
name of izt device

linkage %o next device Pisld
gntry point of End device
name langth of ZEnd device
name of Znd device

linkage to next dovice #isldinone’
gntry point of Ivrd dewice

name Length of Grd device

name of 3rd device

gntry of izt device serviging

gntry of Znd device servicing

entry of 3rd device servicing

return to console sofdware through
# Hii {I%t must not be dessSroysdl,



& 3 Poueyr~up Houting

Far sams pevipherals. 1% is nascessary Lo initialize the hardware at
nogwer~ug $ime. It 18 suggeseted that 2 power-up roulbine be included %o do the

T initialization through soffuware far these pheviphevals. Powsv—us Link zhould

bz set in the Mesadesr Fileld as degsevibad above,

Fower—up roubines eare syscuted whensver the sgstem i3 reseb by githar
hadrware ov sofimwsre. The congole sofftware ssavches il speviphsral DED far
power—upg routine sddresses and grscubtses them if Lthey ave Ffound. Each sowsr-up
routing tan wvese HO-RIG. Upon entry, HIZ ig sst to the beginming sddrszs of the

LRU space fov %thaet gevipheral DER{note that this address i+ vesed to 2nsble the
BER RO BLL contains the reiurn sddress. RIZ and I3 contein the messry-mapps
zddresses of &GN Fead Dstae snd VIF Hrite Address. rvespectively. &L VBPF gnd

GROM gperatans can be indsred from these Z vregisters, The gowsv-us roufineg may
use VIF BAM from O to the location pointsd by COPU HAM 570, offzefted from

{ Horkspacve Pointer — FEO 5. 1% fﬁﬁ wse all CPU RaM but lozatian 235, 240 and
2CO throunh DDF offsetted From ( Workspace Poindter -~ ECS .

5

A1 1 powsr—yp routine must veturn with B #1511,

& 4 Intervunt Bauting

I# &he povighsval issyss Intervupt Regusst to the 9900 [PU. the DEHE should
aisg inciude an inftervupt roubineg and Interrupt Link in fthe Header as descvribe:
abhove. Ewvsvy inzervupt HBhat ifsn’t recognized as @ conscis interruphiVDHF ar 990

Timer: causses bha ronzsole sofbware &5 sxscubs swvery intervusd raubineg 1% can
1, The interrupt routine must check whether the Intarrupl Reguest iz raize:
by this gerighsral. IF¥f it i% nod, s2it bo: B #HLL.

The intervupt routing may use RI-RIG, The contents of Hil-H1% avre Lthe zame
#3 thoese of ke Power—-up Houtine Section The intervupt rovtbtine and Magin UER
can aplit the allocation of CPU REaM from 044 Lo 260 offgetied From {Wovispace
Pointer - FEG )

#i1 intevrupt voubtines end with B #Rii. Interrupt Heguest raiseds By ihe

N"

gpevigpheral must be cleaved before exili,

& D Fain Bevicrs Bevvicas Bautins

Please refer fo the following documents

1. @PL Ussr’s Guids, éApgendix M. I

., File Managemsnt HSpeo For the TI 9974 Home Computer

To @it She DER, 49
INGT #2111
2 #HEL



