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CHAPTER 1
OVERVIEW

1.1 IFETROINICTION

Tae EXTIL-CA& (K76lé) 13 an A0 processar hased  on the JI-11
WictoRroCes50r chis. [b is & guad-heighl, extended  lencth,
single=-width rodule thal executwes Lhe extended POO=11 LosbraclLicn
ezl tall 147 imstructions including €loating-paint) wiLh memory
mansgement. The KETLI-CA zan oporalse as o {-BUS3 slave 4ovice under
the direction of a 0O-Dus ackiter proceszor, oo can aclh as 2
gLandalung Processar -

The EXJ1l-in mests Lthe speellicabion forF A D=hus slave and G-3us
DMA  master, and can intecfeoes with most of Digital's lavge family
af o-2us modeoles  described  in tne  Microcomputuar Iaterfavas
Nandbook and the Hicracomputuces and Memsrices flancbuok . o

1.2 EXJ11=C& HARDWAEREFR FEATUERES
e KEJL1-08 has the follawing Leatures:
o J-11 inoJll-ac) te-bit pilornoproccssar
Crecubhes axtendad por-11 instrackian set LLED

1ngbrections including flaating-point}

Contains mewmory management unil  for  three lswels of
memocy pralection apd 4 MR addrossing :

Opeoraces at 14 Mu=
» Memory
512 EB of dvnanic RAM

ran be accessed by local (on-board] davices and O=Gus
Jdavlces

up ®o 64 KB of PROM; 16 EBR of which is allacated for
firmware



O—-Bus inkerface

16 word, cwo-ported kA (TPR) register Eile foc passing
commends and parammetsrs

Mechanisa for posting intercupts 0 the D-Bus
Two shannael progoemmabiie RMA transior corkeoller (DTC)

Ferforms btrensfecs betwesn local  22-bitc addresses &nid
ia=hit, 18=bift, or 22-bit -Bus addrosses

Bight aombralsfakatus cegistess
Consala asynohronous zoerlal line
DL-compatible

RTA I5=-422/MS-423/R3-2120—compalktinls

Programnabls bauwd rabes af 300 £o 33400 bhaud

-
.-

Frimary aynchronous/asynchronaoas serial lire un
Full movlem supact

LA RE=443 (COLDT VW.24) and BRS-422/05-423/RG5-2324-
compatibzle

Programmable Zaud ratos of 110 Lo Je200 naud

Bit-orienced or charavter—oriontod synechronous protoocel
Supporl

Secondary synchranoussasynohranovs serlal liae unik
=349 [QOTTT V.24) data and Liming only
ER-422/Bs=d21,/R8-2320-comnpatible

I

Pragrammable Saud rates of 110 o Te800 Daud

Bit-oriented or character-aciented synchroanous protoool
Suppork

Farcy line operation

Two  proegramiabls cimers for the synehronoesSasynchranoua
gerigl line units and one watceihdag timer



L Faraliel IS0 Interface
Two S=bit bidirecticnal dosuble-puffered 150 pOrta
sne 4-bit specizl purpose LSO port
Pattern recognition logic
Three laodesendent l6-bit counter/tincrs
IEEE 485 ¢lechrically—compatille
1.3 EXJ11-CA OPERATING MODES
The ExJl]1=0% can operats  in either standalone mode or Lo
nariphoral processor mode. The sections that [ollow descrine these

rodes. The Al and DO chacacteriatics of the EXJ11-CA ars identical
in both modes=.

1.2.1 Standalona Mode
The EXJ11=0CA can be  coaliguved B0 operate as a ghandalone
aroouzenr. 1o standaloas modes, pommunication with other G-Dus

devices [includiing the system arbiter) is disakled. The backgplane
imEs which the ExJll-ca is plugoed acls as a source of beth power
anid gEaund. The KxXJ11-CA  presecves  bhe continuiby aE  the
datrv-chainad inkocrrupt ackoovledos  and  LDMA grank lines on ko=
bacxplane.

Ta asiece standalone mode, position the on-baard ID switch ab 0O ar
1. 1n the operational descriptions Ehal appear in thia snd ather
mhaphters, ignore any references ta D-Rus acbivity 1f Lhe RETI11-CA
ig operating in standalone mode.

1.3.2 Peripheral Processor Hode

The EXJ11=03 is  desigooed primacily as  &n IA0 processcr. In 2
typical aystem, a KXJ11-TA 15 connected bo one of move 10 devices
Ehat would otherwise ke  inkterfaccd divectiy with the Q-Bu2. In
peripheral processor  mode, ohe KET11-Ca nandles intertupbs and
data processing associated with the I/0 devices, [resing the D-Bu=s
Erom  LraFfic that would ordinarily degrade aystem perfocmence. Op
tex 14 - peripheral processcers per System Lo lbe accomnodaled.
peripneral precesscr mode iz gelectod When the cn-board ID switch
iz in pasitions i chrough 13,



1.4 EXd11=Ch SPECIFICATIONS

Physical
Hoight {qguad) 6.6 cm (10.5% 1in)
Lungth [extended) 22.% cm (.2 1in)
[includes module handle}
Width {single) 1.27 cm (0.5 im)
Waight 83 0 (22 o=z] maximum

Power requivementa
operational power  +5Y + 5% B.O A maximum

#12v ¢ 5% 1.4 A maximum  with DLW1l-Kn
aption
+12¢y  + G3% 0.4 A maximum without DLVI1I-EA
opkicn '

bus loads AC loads = 2 units

cC leads = 1 unit

Environmental
Temparaturs o o
Starage =d0 to EE O =40 to %EG I3
Oparcating B to @0°¢ (41 to L4DTFD
Melative humidity
StoEsygg 10% £o 90%  {noo-condonsingl
oporatiog 10% Eo 80% {non-caondensingl
Altitude
Starage Dp o= 0 km {50,000 Ft)
Cpacating Tp to 1% km 53,000 EE)
Air quality Alir must ba non—caustic.
1.5 TEERIMOLOGY USED IN THIS MOCUMERNT

Soma terms uvaaed throughousn this docement are defined below.

Losal device/memory ~- Tefars ko an T/0 davice or memorcy thot is
Tacated on the EXJI11-CA Doard.

Clobal or Q-Bus — Eofoes to any D-Bus address,. inclouding EXJL1-CA
p-pus addrzsses.

Zhared memory -—-—-— Eofces to the arsa 0F pooory in local address
space that s also assigned to a P-Pus addeoss rango.

Arhiter -- The o-Bus delault master, ioterrupk acknowledger, DEA
Arantor, and power upSdown and  resot cabtrel devico (vsually
rezides 1o the Eicst slokb of thoe D0-3us].

GDAL bus —— Tha $-Bus {backplanc)] multizlexed data and addrozss
linas,

1-4



D~Bug kransceiverz —— The intecface ebwesn the -BUD anid the DNAL
bus.

ephal. bus == The 22-hit address and lé6-bit data path betwaeen the
BNRAL transceivers znd Lhe KIAL transceivera.

KLAL bus —=- The KEXJILL-Ca  inkernal module multiplexed data and
addrass Dus, which Ls comman to all local memcey and [F0 devices.

JoaL  bus - The 22-bit address and lé-bit data path heliwsen the
KAl tronsceivers and thes J-11 microsracessar.

Instructinn  cycle =— The saeguence of bus Lransactiong involwed in
the execalion nf an entire imstruckian by the J-11 micraprorassor.

Transaction -- ®ither a EXJ11-CA wddeess and dats cxchange or a
DMa  maskcer address aod dala exchange with the necossary handshake
gignal asscrtions.

DT -= ERefers Lo the 28016 divect mewoyy accaess  Lransfer
cantroller.

BT0 -— Refers to the @8036 marallel 150 unit and counter/Limer.

UPD7201 =- Refcrs ta the WEC 7201 multlsrolbocol asclal contraller.
Also referrcad Lo 23 SLI)Z.

Native firmwara -— EOM=based program that direckts ant cocordinsfes
the operation of the EXILL-CA, and allows  the ExJll-ca  fo
interpret and ecspond bo coneands From the arbiber processcr.

DLART - refers te the DL-compatihle asynchronous
receiver/transmitter used as Lhe corsols porbt. Alsoc raloarred to &5
S5L01.

1-5% RELATFRD SOFTWARE PRODOCTS

The toolkils iiated below suppect Lhe developmenl of applicaLions
on the KYJil-ch, Refer to Lhe @nftwars Praduct Descriptions {(SPODS)
fFor mora Sektailed informatbian,

peripheral Processck Tool Kit - BED 12.70
Er=11, Vorsion 2.3

Peripheral Processor Toal Kit - SrD 131.25
BS¥E, Version 2.3

MicroPowoP Fascal-RSX, Version 2.3 SrD 14.33
Moduiar Executive and Microcomputer
doftware Development Toolsest

MiproPower,/Pascal-Micra/REd, Varsion #.3 SED 18.21
Modular EXecutive and Microoompubselr
anftware Development Toolsst



Faervigheral Praocesanc Tool ¥it - SPD 18.4R
Mioco/REK, Version 2.3

MicroPower/SPascal =1k, Version 2.3 P2 19.12
viodular FErecntive apd Klorocompuhbol
Sollwars Dewvelopment Toolset

MiccoPower / Poscal -vMs, Vorsion .3 SPD 204,44
Modular Execulive and Eicrocomputer
Boplftwars Dewveleoprenl Toolsel

1.7 AVATTABRLE OPTIONS
The Eallowing cption 13 available with the KNITI-CA,

DLY1l-EM —— EIA Lo 20 wmA canvarter. This aptlon cvoasists of the
ODLW1l-EE ETa—to-20 m4 canverter pnit and a BO2LA-U03 EIA iontkterface
cable, Detailed infarmaticon is previded in the DLYLLI-EA ETA Lo 20
pd Installaticn Guide (EX-DLVEA-IM), the TDIVTI-EA Maintonancs
Frint Sckb  (MPJJE24}, and thz Microcomnuker Tnkerfaces Handoook
[EB-253i44-10]).

1.8 ETZLATED DOCTMENTE

This User's Guide is the primarvy vreference in bhe documcatation
packagas that accompanies the EXJI11-Ca. The ather docoments 1o bhe
packags includes

oCTll Micraprocessor llasr's Guide

AMEANIRSMMEES3s Jouncer,/ Timer, Pacallel IS0 Technical Manual
pLT201 vultiprotoonl ferciol Controoller Techalical Manual

AU RT1RSAmES0LE DHA Conteoller Technical Manual

2254 Pragrammable Tnterwval Tireer CGata Sheel

DLANT ata Sneetc

KxJ1i=Ca Schematics

KXJd1l=Ca Pitmware Listings

The order rpumbsre for the documentation package is EE-XXEJCA-CE, il

additional sets are vequirvred, The dorumentaticon paciiage 18 alao
referrod o as the EXJLL-CA Nardwsre Documentation Eit.

Cther documents Lhe reader may firpd useful include:

Title order Humbher
Micracomputers and Memories Fandbook EE-20%312=20
Nicrocomputer Interfacea Handbook EE-21144-13
POP-1]1 Architecture Usndbook EB—23557-13
TN56 Techbhical Manual EE-OTOSA--THM
DLV11-#& EIA b 20 mA Instcallation Suide EE-DLVEA-IN
OLWI1-FA Mainkenance Print L=t LA IR E

Thoese docwnents are availabhle froms

Digital Eguipament Covparatbion
Accesacries and Suppliea Group
P.O. Box CE20DE

Mashua, KL 03061

Avrtention: Cocumentabich Prodoaots
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CHADTTER 2
INSTALLATION

2.1 INTRODUCTION
Thisg chapter describes how to inskall bhe KXJ1l1=-Ch module.

L
Before changing the factery-shippad
jumper configuration, make sure the
jumpers mateh tha jumpers shown in
Plgure 2-1, and werify that the noduls
iz operating as described in Section
2.7.

rnatallation incslodes the Eallowing aotivities,

L. delecting aperating charactocristics and Inztalling
appropkiace Jumpers.

2. Determining power supply requiecmenta.
3. Installing the board into a backplane.,
4, salecting and connecking cables from gecial and parallel

[0 interfaces to sxtarnal devices.
G Verifving proper opsration.

P d BELESTING OPERATIMG FEATUORES

Several charactaristies o[ the KXJ11-CA  are ceflined by jumpor
settings. This sockion describes the charackoristices that are part
af thke [actory-shipped cocnfiguration. [t #lsn shows how o chang2
these characteristica by changing the appranriate junpera.

o 2-] illustrates the factory-ahippoed jumpsac secbings. Table
1 summarimes the  meaning of cach juaper getting. The sactions
Ehat L[ollow desgrine  the warious jumpsr  asttlng altarnakivas
availabhli=s.

=1
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Table Z-1

Factorv-Shippsd Jumpay Ceafiguration

Function Bezeing Junpars Installed
O=lus SLzd 22 bita M3 T M3
ME b WO
O-Bua Base Address 17374400 ML bo M2
ID 2witeh Poslbion &
oMA REeguesta
SLLE2 Cnonoel A& Receiver Enahled MLD ko MLl
A036 Conunter/Timer Dizakled
51112 Channel & Transmitter Enabled MT Eo MB
Lackad Instructlon Enable Cizabled MaS Lo MBS
EREAF Enable Enaklead ML to M13
HALT Option Selsctian Micrcop? M14 Lo MI1G
Power-Up Opkion Saloction Firaware Mo jumper
FROGM Addrsssing 15-kik Her jumpers
57011 Baud Rats HE0LO M6 ta M55
MED o M523
SLU1 Transmitber it | MEZ to Mel
SLU]l Recsivor n3423 Mo junpor
aL? Channcl & Regeivers E34Z22 Mid bEo M3E3
M3? to M3Z
M2 o M25
M28 to M27
Fi2e bt MES
[P S
SLU2 Channal B Transmitter Bid422 M3l to MI6
MET o ME0
SL02 Channel B Recelver Esd2z M3 to MiL
M4 o M39
M20 to M21
Feal=1ime Clock Intercupt B0 Hz M2 to 53
&

JUMPEES »

connecter

but 1S

Tl

Poot Scli-test Swilkch Pasibiop

Marte: fhe SLOZ Channel A Tranamitter is

ot configured with

crnfiqured by selecting appropriakte &lgnals an



Z2.2.1

Book/Self=teal Switch

The bootfaelf=test switch ia a 1% poaition sawikch that is uwsed if
the booard is-configured to execute ficmware [rather than Miocrodom)
upan power=up. 1t haa three functiana,

L.

1t determinee how the KXJ11=CA will ack when a epecial
interrupt candition exista, including whether ot not
srelf-tests will ron (see Seckion 3.h).

It Jdetecaines whether special Lntersupt handliog i1is
merformed eithberc by usar code or oy flrooware.

IL determines where in memory Lhe on=hozvd FPROM i3
mapped. There are Ewo altaenativas — low memoey o hlgh
mamary, Tha memoary maps associated with low and high PROM
mapping are shown in Figures 21-7 and 2-3, respactivelsy.
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Figura 2-4

I

BaalfHdelf=test Switch

lecation of the booifsell-Lest switch is shown In Plogure 2-4.

nach =witch



=witoh
Positilon

Table 2-2 Boot/Saelf-test Swiltch Functlions

Spacial
KEJL1-CA Interrupt
gpecial Interrupt Response Aandling

U

|-4

1o

Uuwl PROM appllication cods is Firmware
exarutod, No seli-kests are
perforncd.

User BROM application code Is Ficowars
pracutad. Auto self-Le3ts ars
performod.

Moer 2R0OM application code is Flemwals
eyecytad. Aukno salf-tests are

performed. The umer [P]ROM

checksem kest is alsao pecforned.

application code s booted fron FPlirmwWwars
a TUSS wia BLIIL. Auto se] f-tests

ars pertocmsd, then Ehe TOS5E

arimary boolztrap is cxecuned.

MicroulT ig antered. No self-tests  Pilcmwarc
are perttormnsd.

auka self-btasts are psebarmed. Fivrmwacs
Tho ExJL1-CA awaita commnand from
Fhe arbiter wla TPRD.

no sell-tests arc performed. Firmware
Thae EXJ11=0A awaita & comowand
from the arhitar wia TPRA.

aukn self-tests are performed Hone
cont Llruously. Ko appligatlion
coda iz booted or evwecutod.

“toopback coanectors [see

Saction 2.3.31 are installed
tor these tests.

tzer PROA appllcatian codo is User Codse
exacgkad, Wo scelfi-teat:s are
parLcrmed.

Usar PROM appilcation code is Tser Code
grosubed, Auto seli-tesks are
performed.

Teer PAOM application codo is User Code
executed. Auto self=ftwests are
performed. The user [P RDM
ohackaym test is alsn pacfoarmed.

PROM

Happing

IR

T.lw

Lowr

High

High

Hiqh

High

High

LW

Loy

Li




Table 2-24 Dot Relf-teat Switeh Functloss (Conk)

Spaclial

Switch EXJ11-Ch Intarrupk PRIM

Pesition Speclal Intervupt Eesponse Handiing Kapping

11 appligaticn code ia booted Econ Tacr Code High

a T8 wia SL001. Acte self-tosks
are pertormed, Ehen the TOSE
primary bootstrap 1s oxecukbsad.

12 Migrolp! 13 entered. Ho self-tests Oser Code High

are performed

13 Auto self-testa are performed. Cascr Code High

Tha E#J]l1l=C0A await= @ command
fram the arhiter wia TPERI.
14 Mo self=taats ace partormsi. Neaer Code High
The EXJ11-CA awaits a command
Fraom the a2rhiter wia TPRO.
15 Luta geli-testa are performed Hona High
continuously. Ho appllcakion
code 15 bpoobed or exscutad.
Loophack connzctocs {maa
Sackian 2.5%.3) are installad
Cor these Lecsta.

Hotez:

1. Swikch posibicn f is the factory-shipped configuratlon.

%, The encoded wvalue of the hoot/self-test switch pozicion is
available i the EXJUSRE reqgister in bits <7:4>. For example,
awitoh positicen 1 would he encoded as 0001 1n KAJCSREE <7:d>,

3. The user [(PIEOM chegksum test loocks for a checksum ak the
higheslt ward addresa of user (P}ROM. Similarly, the firmwars
checksum Lest looks for a checksum at the highezt word addrsas
af the EFirmware PROM, Sither checksum 12 calcoulated and
chacked according o the following DECPROM algorithm:

CJHECKESIM = 0

FOR I = number of PROM addreases to bha  checkzumed DO
CHECESUM = CHECESUM + caontentse of addrass
fhigh order carey from addition is dizsscarded)
CHECESUM = ROTATE LEFL_ONE BIT .
(bikd -> Dbiktl, bitl =* bit2, .... (b0itl5 —-» bit0}

HEXT L

4. sSpecial interrupt handiing can be performed by usar codo in

awitch positions H-15. This functicon ia useful in applications
that need to centioue rutnning after the D-Busa ={gnal BHALT or
the C=Dua signal BINIT has been asserted. For awlbch positions
0 through 7, =spscial Interrupt handling is done by Elrmware.

2=5



Table I-2 Poot/Balf-test Switeh Funckions [(Cont)

K. IF the KYJiLl-ca is in standalana mode, swibch pesSibicns . 6,
11, and 14 =should not be used. These pasticns cause the
EXJll=0p to  idle and walt for a command. In standalone mode,
the EXJ1i~0A wWill idle fndefinitely, waiting for an arbiter
agormatnd that will never CoRd.

2.72.2 Q=Gue Size

Thy EXJ11-CA may be configueed bto harndle 1&-, 18-, or 22-biL -Rus
addressing. This is accomplished with the Q-Bus sime junpors fses
Pigure 2=8)}. 22-bit addressing ia szoleockted aa park oE the
faclory=shipped configueration.

Jumpar Conneckion Besccipbion

143 E E i b 22=hit addresaing seloected®
o4 MG

M3 oo i M5 18—-hit addressing selwected
Md o ]

M3 o o ME 16-bit addressing selected

Md o a Ma

Ul— '=I“| I_If —lu i o

- R

1O
Moo o

Figqura -5 (=-Bus Size felection

% Pantoey-shipped configuration
1 ]



2.2.3 O~Bus Base Address Selection

in aystems wikh multiple T/0 processor haoards, make sure cach
hoard fas a4 onigue Q=Bua base address Lo discinguiah thes boards
from one ancther, This iz accomplishoed on the EXJ11-CA by sottiag
the T0D switch mod installing ar remowlng & jumper thst connects ML
and Mi.

Table 2-3 lists the Dase addresses that coo be selected, Table 2-3

lists 22-hit addresses, Ef the EAILL-CA iz canfigured for lé- ar
1&-bit addressing, use the lowar 18 or 18 bics af the addoesso:s
apecified in Table 2-3.

Tahla 2-3 C-Buz Base fhidrazs Selaction

Baze addreas Base Address

ID Switch Position (Jumper IM) (Jumper OUT}
0 * ¥
1 " *
2 17760700 1778 21dd
3 17760140 1TTazl4d
4 L77a0200 17762200
5 L7 78k240 17 7a2de0
B 17760300 17762200
7 17780340 17762340
a4t 1777544004 17777400
o 17775440 »TI77TA40
10 17335500 iF77TIEA0
11 133775540 173777544
L2 177754600 L7 T777a0
L3 177756840 17777641
L4 17775700 173773700
17737740

L5

17735740

1 Factery-shipped confliguraticn

210

* Those swibch positicns dlsakle the (Q-Rus ilnterface. That is, the
EXJ1i-CcA is running in standalore mode.



Figurs 2-6 shows toe
and the ID awiteh. The

Jumpalr Connection

oW

lacations of jumper connecticons MI and M2

[aciory=shipped base address ia 177754400
Dezcriptico

Factory—shipped configuratlon

Baae acdross = 17772400
i
ST p— s
| aroomh |
. @f#;i:
|—T_':
E
1w gls
1 ] i ] [

Figqure 2-&

D-Bus Jdase bhddress Lelection

=11



2.7r.4 CMA Fequezits

DA roguests Lo the an=board DMA transfer conbrallier [NTC} may
come from seweral soureas. The KXJL1-CA has a2 ==t af jumpars which
enable or dizable DMA  roaguoskts From: (1) the 8L02 channcl &
CEaElVEr, (2} the 5LU2 chaonel A transmitter, or (3} the on-ooarcd
5036 DID countersiimer. The lacation of thedo jumpers i3 shown in
Tigure 2-7. 0Opnly cwa af the theose sSpurces may be specified
fjumpered) at ono time. The twoe sourcea that are jumpered as part
of  the factory-shipped eonfiguration are SLUZ channel & receiver
and 5102 <shannsl A Lransmicber.

Jumpar Connection Descripkion

M1: 10 S M3 M7 Allows DMA channel [ regquests trom SLOZ
a o 0 o [ chanacl & receiver®

M1l M1t M9 R M7 Bllews DM& chanmnel 1 requests feom ZIC

2 0 (S * counterStince
M1l M1lo =9 3 M7 Allows DMA channel 1 recuests troa SLUZ
a2 o o — channsl & cransmitter™
HOTE
Lo not connect a Jumper betwesn
conneckrons M10 and MG . Thi=s

configuration is not supported.

R WIE W@ RE WY
o = Hi I o

i s it
L

1 ] I Il il

LN}

Figure 2-7 DHMA Regquasts
# Pactory-shipped configuration
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2.2.8 Locked Instruction Fnablo .

The KxJil-Ca haz a =ot of Jjumpers which @nahle_nr ?LEﬂhlﬂ the
locking chacacteriatic of the WRTLCE, 1TETSET, and ﬁEEE intorlacked
instructicns. The location of the jumpers iz shown in F%gurc a8
Locking im disabled as pari af the factory~shipped confilguratlcmn.

vor most  spplications, lacking must he disapied. fF luck;ng ias
enabled, & $-Bus ftimecdl may cawnse d trap to lgcatxun 4 iFE the
O-Bus  is  beavily leaded.  and  onc af thess instructions 1S

executaed.

Jumper Connaction Nescripbion

MBS  MAZ MGG
a— o

rhe locking
TSTESET,; and

characbaristic of
LSRE instructians

Che WEFTLOE,
15 enabled

ME&  MES FEES The locking characteriati; of ;he WRTLOK,
o L— ——3 TMOTSET, znd ASEB instructloins 1=
dizakbled?
[
] I A | ]
112 H ;E —
L) H
- ._¢_-\.\\ H
i L :
VDS MES ““I“'__--- S .
4 " =k I
| L fl N
Figure Z-f Locked Instrouctiion Enable

* Pactory-shipped conficuration
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"2.%.0 BRERE Enable Seleckion

There is a jumper on the hoard that enablea or disables console
BREAE cequeskts from SLUL {kthe on-beoard oLakl) ko the J--11. The
location of this Jumper iz shown in Figure 2-9. A BRERK is
nanerated by EBLOL when a gonzale terminal is attached to che
aystem  and the BREAE key coh the parngcle Keyboard is prosssoed. When
AREAK  is recelved, the J-11 executes MicroQDT. BRRAEAK regquosts aro
enabled as par:t of thne Eaciavy=-shipped configuration.

Jumpar Conneckion pescription
ML3: ©o—a Ml2 Console GREAK requests snabled®
MLI > Ml2 Congnls ARFAE regquests dlsabled

..... HI I J_ ;l—lu
'“'1@ :'.'_'_.. - |
—‘ _ 1
S B
Figure 2=% BEREAK Enable

¥ Pactory-shipped configquratbian

2-14



2.2.7 HALT Doticn Selsctian

3 junper on the EXJLL-CA determines what acktion will be taken 1L 2
HALT instruction iz oxcculbed in keenoal oode. The location of this
jumper  is  shown L Figure 2-10. The junper affects the state ol
hit % af +the Maintciance Beqlster {S¢e Sectiom 3.2.100. IL the
jumpor  is  inatalisd {the factory-shlpped configuraticn), a HALT
tnstruction executed in kernel mode cauges LChe processcl to ocober
MiccedDT. If  the Jjuunoer i3 nat installed, bthe KEJI1-{& traps ko
location 4  in keeowl instrugtion space and seta bLit 7 1o bhe CPU
arcor boedister.

Jumper Connecklon Descrlipuion

Ml1s o—a Mld MicroouT is cnkored whan a HALT
instructian ia execoted in Xernel mode™®

MLS o a Mid ENJLE-0n  trape to  location 4 in kernel
instruction sSpace and sets bit 3 of the
Cpl) error register if a HALT instruckicrn
iz executed in kernel mode

o

I ]

_— e

[EL N L -

Figuesa 2-10 AALT apticn Selecticon

" Tactory-shipped configuraticn



2.Z.8 Power=Un Optich Selsction

The powsr=up junpee (3ee Figure Z=11) determincs what action the
XNJL1-0aA will take when Lhe baard is powercd uo ar resebk. The
jumper =fFects the stake of it 2 of ths Kaiotcnance Register (sce
gection 3.2.101. &t wowsr-up, 1f the jumper i5 installed, tha
sroceasnr  entera  MicroQDT with the PR register cleared. Thils 1s
alas known a= powck-uo apbion 1,  TE the jusper i3 neb installed,
the (factorv-shipped confiquration), thoe KEXJ11-04 executes the
firmware power—up code at Tocation 173000 during power-up (PO =
173000, P& = 34J). This i3 2lsc known as power—-up aphion 3. Only
power=up opticns 1 and 3 are used Ffor the EXJIL1-CAa,

Junper Conascticn Descripticn
M17 o—o W15 WicroOlT is entorod during power-up®
M1T7T o o MLla The KXJ1!-CA bootslraps throuab location

173000 dourcing powor-up?

ns ma
i
r
T iy e
e = ra a
Edn Y
El

Jl i CT

— M Za nYIG

| I .f

Figure Z-11 DTower-Up Option Selaction

ME R

* Factory-zhipped configquration
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2.2.5 PFOH Addressing

The EAJI1-CA can be jumnperwsd to accoomodate warioua PROM typea.
The location of the PROM  addressing jumper is shown in Figure
2-12. If the Jumper 1is pot Installed, the on-baard PRAMa use
15-—-pir addresae=s, PROMS such as the intel 2764 (BE ¥ 8) and Z7128
[LBK % &) use 15-bhit addresses. I{ Lhe jumper is installed, the
PROMs use 16=bit &addresses. This accommedates PROMs such as the
Intel 27254 (32K % A that usc ld-pit addresmes. 15-bit PROM
addrass ing is gpacified as part of Line fachory-shipped
contiguration.

Jumper Conneslkion Description

o Mla 15-hikt addreasing selectod*

o il d

E M19 16-hit addreasing selocted
Mla

] i [

Figure 2-12 PROY Addressing

L LA L0

* Fagtory-shipped configuration



E..E- IE EL“]. Eauﬁ RELE

The Jumpars shown in Figurs 2-13 select the default baud rate for
the SLU1L transmitter and receiver., The default haoed rabte for ELUL
iz get when the Kifll-CA ls powered up or reinitialized. This rate
oan be changod under software contral, If EXJCERJCI> L& sel. Tahle
2-4 shows the various baud ratea that can he selected. & defrult
baud rats of 9600 iz =specified as part of the factory-shipped

configuratlcon.

Jumper Coonsckion Dezeription
MED o—o  MS5%9 Factory-shipped canfiguraticn
MRl o P LA 6040 hawd

M56 o—o M55

WL G o Ve
whll = oz R

vhE S o WED ‘-\-\-\"‘-\-\.\_\_\_\_

|

1 [ B f

dTadEt

Figure 2Z-13 BL01 Bawd Raks



FBaud Rata M53 to MGG MEE te H3T MEDQ ko MHEN
IgL0D0 In In In
LAz200 In Tm L
NeO0* in fut In
J400 In Lt aTh i o
2400 ot Tn In
1200 ouk In ouk
00 out ook In
2080 out Duk ot

* Pactoary-shipped configuration

2.2.11 SLUl Transmittar

Thee SLU1  tranemitter can ba Jjumperoed Lo 3end sither single-ended
{BS423) nr differential (RS422) asynchronous serial data via
copneciar J3, The location of tho jumpers is shown in Figuce 2-14.
B5423% Lransmiszion is selected as part of the factary-shipped
conElouraltion.

Jumpar Copngskion Jegcrintion

MEZT MEZ MGOL BS423 transmission gelectod*
g L—

ME2 HMEZ Mil Asd22 transmission selectod
L ) o

“RI el RES
v 1i L

L 7 [

Figurno 2-14 SLU]1 Transmitter

ELLh Fr-L

# ractory-=shippsd configuration
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2.2.12 SLU]l Eeceivar

The SLO]1 receiver can be Jumperad ko racsive elthor single-anded
{RS473) or differential (Rs422) asynchronoua =erial dats via
connector  JF3. The loeation of the jumper is shown io Figurs 2=15.
BS42% reception 1ls selected as patrl «f thoe factory=-ahippad
conEiguracian,.

Jumpar Connection pescription
m4s  HM4a7 E5422 recepbtion asolecled
——
M4g  M47 RS4239 receptian selocted®
o 0
S R
v
e III
IIIII _I | .

(T

smL

ez
=
o

1 ] Tt

Wit

Figure 2-=13 gLl Receiver

* ractory=shipped configuraticn
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2.2.12 2L02 Channel A Recaiver

The SLU2 channel & 2 receiver oan be jumpered to receiwve sithar
=ingle—-ended {(RS4231) or differential (R5422) garial data via
copnactor Jl. The logakion of the jumpers ia shown in Figure 2-16.
(5422 reception is  selected as part af the factory-shipped
configuratiocn,

Jumper Connectlon Desgription
M24d ow—-0o X33 B5422 recepticn selected®
M32 op—o M3l
Min o—o NI
28 o—o MET
Mis o—o M23
MZ24 o—a M23
Mi4 o oo M33 RE423 reception selected
M32 o o M3l
M3d o o MES
M28 o o M27
M2 = o M25
M24 o o M23
EETIE N |
RIED 3 A A

[ T Rl
KT’ O O [T
WIE O 2 KIS
RTMG 0N pALE

L T M ri 1

Figurs Z-1h ELU2 Channal A Receiver

* pPactary-shipped configuratice
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2.2.14 SLUZ2 Channgl B Transmitter

The ELUZ channel B trapsmltter can e Jumpered tTo  send
gingte-snded {(B5423), differsntlal (R5422), or party line {(CCITT
R1360}) serial dsta wvis connector J&. The locaktion oE the jumpers
is shown in Figure 2=17. T3422 transmlssion ig selected as part of
the factory=-shipped configuration.

JuKMper Connection Deaceiption
naia BRS422 kransmission selected®
Mdth  Mah  M3Y I mM3n
L) 0 k] L&)
Mg
[ 3 11

M51 M50 m45

M3E REA23 transnisslon solocted
o
M4 & Mis M3 MiE
] n] 2= o L]
MZ2G
o) ] ]

Mzl M30 M4%

M3E Party line transmission soelooted
(%)
Wie M45 ¥37 M35
L — 2 Cor-—0
M36
a o] e

M51 M50 M43

e e g

EL b

[ ]
| FAs Wl AT O WIN N
—_— w C =] o] o

. -

15

o6 WG R
= (=] =

"! | 1 [ r

Figure 2=17 GLIO2 Channzl BE Transmikbtar

* Factory=shipped configurakion
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2.2.15 SLUZ Channel B Revsiver

Thes SLIT® channal B receiver <fan bhe  junpsared Lo recelive
gingle—ended (RS5423), dJdiffacential [RS422), or parcty line (CCITT
EYISN] serial data wvis  ecnocctor J2, lwe groups of jumpers are
invalved and shown in Pigure 2-18. R84Z2 reveption 18 selecied as
part of the fackory-shipped contdigurabien.

Jumpsr Conoacticn Leacription
M4 o M43 M20 ERs#d422 reception selected®

L
Ma2 o —a M4l M2l
M3 o——o M3% o M22

G

Mdd o o Mil o «M20  RS413 recepbion aelected

M2 o o @4l o MIl

Mik o o Nn3I% o M2Z

Mdd o—-a M43 o MED Party line recsphiaon selocked
Md2 o o M4l Mzl

M4 o o M3ig E 22

LI ER Pl ol S nrdZd
wWeld kM M.
L Rk LR a Ay
r— 1 — - -
..... N | J
ar .!- kY
| TR s

w

1 | [ [ —

Figure 2-15 SLU2 Channal B Receiwsr

% Pactory-shipped configuration



22016 Fzal=7ime Qlack Interrupt

SLUL  the on—boavd PLART] can ganerate real-time glock intarcupts
at trequencles of 50 and 60 H=. Jumpary M52, M53, and M3d aelect
aithar the S0 Uz or the 60 H:z esal-time cleck za input ko tha
interrupt conirel lagic. Tf interrupkts are enahbled, each clock
"Lick™ reosulis in a maakabla prloerity level 6 intevrupt raguesk to
the on-board J-11, The lacation @f the real-time clack interrupk
jumpers is shown in Piguee 2-1%. & roal-tims clack rake of 60 Hz
s speciEied as part of the fastory-shippsd configuration.

Jumper Cotinaction Degscriptican

o M5 2 60 Nz real-tlme clock selected?

= ME3

& P52

E #5d 20 Hs real-time clock selected
MR

a ME2

O

|
i

L e a

| I 7

Figure 2=-1% Real-Timae <lock Intervupt

¥ Factory=shippned cenfiguration
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2.3 PCWEER SUPPLY CONSIDERATICHE

Whan installing tho EXJ1l=CA, make sure the power SUpply can
hanrdls the extra lead presented by the bozed. The EXFLI-CR draws a
maximod oF 64 at +5V. In addition, the KXJ11=CA draws a maximum of
1.4A at +12v, for syotoms with the DLV1I-EA opkicn, or .43 maximum
ac +12¥, for systema withouk the LRLV11-EA optiaen. The board adds
2,7 ac Loands and 1.0 de loads Lo the bus.

In atandalone mode, at least four power fingers [backplane
comnecticons]l  and four ground Fingera for +5 Wdc must be connected
ko tie power supply. 1o addltien, at least two power fingers and
twe ground  flogers fer +12 Wdc must be ponneckted to the poder

supply.

Zad [HSTALLING THi EXJ11--CA IHTO A BACEFPLANE

The KxJ11-CA& plugs inko any DEC  atandard guad halght Q-Bus
backplane {#oc Figure 2-20). WNo specizl backplane wilring or
jumpering is reegquired to accommedate the KxXJll-Ch., Howewer, the
yeant structure must be presecved if there are Rlank slots betwaan
tha EXJLL=CA and the tap of the backplans., This can b
aceomplished by  laserting grank cards whaee appropriate {Figure
9-2]1 iz an exaaple of the uwse of grant cards.) The dusl helght
grant card {MBG5Y] preserves grank continuity for slots A and B,
and grant card G7272 presmsrves both the DMA and incerrupt grant
conbinuity for slet ©. The KXJL1--CA hoard must alsc be conflgured
Eor the proper {-Bus address slac.

Figuee Z-20 Backplane Installatian

2-25



e Liar g 8 3

Figure 2-21 Osing Grant <ards

2.4.1 Edge Coaneckol Pin Assignments

Takle 2-5 suwnarlees kthe edge caonnector pin assignmenks for che
¥¥J1t=0A. The board 12 designred to mate with DEC standard quad
helght backplanoes Lor Q-Buz-bagsed syatems.



Table 2=5

Component Side

Pla

AR
ARL
A1
Al
Akl
Nyl
aHL
s TFL
Akl
all
ntl
anl
npl
aRl
asl
AT1
anl
avl

2al
BBl
BC1
BC1
EE1l
EF1
BH1
3J1l
ReEl
oLk
RM1
Brl
BEEl
4121
kSl
KT
FLE
i1

EXJ11=-CA
signal

[

mc
3IDALLG L
BDALLY L
(b

[

nc

GHD

HC

L2118

GHD
SDME L
BHIALT L
HC

Hc

GXD

ac

+hVE

[ H
BPLE B
RALIE L
BNALLY L
apalzi L
LpafZl L
C

GHD

NC

L

GHD
BSACK L
(1%

HC

HL

GO

r

+5%

EXIL1-0Cn Pin Idaeantificacion

Saoldar Side

rin

i=-27

ARk
Aapa
acz
ADZ
AEZ
AF2
AHZ
AJZ
AEZ
ALZ
AMZ
ANz
APZ
ARZ
AS2
ATZ
ATZ
AT

BAZ
REZ
BOZ
BD2
BR2
BFZ
BH2
BJ2
Bk
1Ll
B
B2
P2
BRZ
Bs2
BT
BO2
BV

EXJ1l-CA
Signal

+ 5
MC
e R
/L
WO T L
LEPLY L
HNTH L
ESYHC
BWTHRT
BIRG4
LiIAKT
RIAKD
nmEsT L
HIIMIRL
BMG0
AINET
RTALG
BROATT

o

MeECO OO

+5v

W

GHU
F1AV
BDALZ
BDALS
BDALY
BDALS
3IDALE
BOALY
Boacd
BOALY
BCALlD
EDALL]
BDALL1Z
BDALLZ
EDALL4
EDALLS

b e i T o o B

|l e L



Tahle Z-5 ¥XJil-0A Pin Identification [(Cont)

Component Side

Ynlder Side

FXF11-CAa
Pin Eignal
a2 +EF
[ 2] NI
) GINL
CO2 HNo
CEZ M
CEZ N
CHZ N
CJ2 L
CEZ HL
cra A
. IAK o [(Mote 2)
oN2 A% L, (Mote 2)
CEZ W
L= DMG L [ Note 3]
] M3 F [(HNote 1)
T2 N
e N
oWz N
oAz G
chE2 NI
oo LM O
[ ™
CE 2 MNiZ
CF 2 Mi
CHZ Mz
LT 2 HC
CE 2 EC
oL2 [
CM 2 M
O 2 Mz
CE2 ]
CR2 i
Ls2 ]
OoT2 (]
ooz Hi
L2 R

Pin CH2Z 12 jumpered o pin [MN2 for the interrupt acknowledge

EXT11=Ch

Fif Signal
cal L [
Cal W
L § mC
ol [
ZEL b [
[ N
CHL [l L
Crl b
CEL i
Ll i L
il M
CHl N
| b
CEL HC
CEl MC
CTl M
Qs Ma
il W
Dal i
Lrl W
ocl HC
ool HC
LR} W
QFL ML
H1 ML
nrl [
0El o
NLl W
MMl Mo
el N
LEl HT
DEL HLC
nsl ML
oTl RO
ool MC
ol He
Wotes:
1. HN- = Nok connected
2.

Jdaisy chain.
3.

Fin CRZ is junpered ko pin {52 for the DMA grant daisy chain.



Zeh COHMECTORS AMD EXTEENAL CABLIHG

The EXJ11=0CA communicates with extaenal devices via a parallel I/0
conneotor  (J4Y  and thoee serial T/0 connectors (J1, JZ, and J3).
Thiz section specifi=a the pin assignments of these connectors and
lists rthe tvpes of cables that can be used with =ach connectar.

2.5.1 Paraltlel 1/0 Interface [(Ji}

The parallel 170 {PIC} interface signals app<ar at connector J4,
These aignals are buffersd. They can be driven over a 59 ft.
dlatance wia a ribbkon cable, or round cable with a 4d-pin AMP
eantact housing  (AMP  part number 746473-9) at each end. & PIC
pable  is nok provided with the #XJ1h-Ca. The tfollawing PIO cables
ara recommended Eov use in the KEJ1L and are availabla Eram
pigital Equipment Corporation.

BCOE E shiclded ecibbon cakle
BCAaG L "mirror imaygs® cakle

Figure 2-22 lists the plin assignoanks for J4, the parallel T/0
connactalr.

= 3 F 1 1 M i~ T » = 7 EB LZTF= M0 11 =% A% 7 ¥ |

';L:I'a::liﬁ S BT T T R S QU T SZ | BC | BG | D Ha 1

sl sd| A Azl A -".I:i:'.l <l Il TR B TR -] R R ] B
: ! L

r
|ﬁ?|hh

R = B [ A I LU Y I T S R b 1 KE WR e &S
Wi Ea INTO T COHKLL R SRR TAF /e BEOGE

izt EIGHAL SR04
ajemy - PURT L

mi-ne=riE<l |
ol | IR e I e | I
Figueo 2-22 Farallel T/0 Interface Plp Asaignuznts

2-249



2.5.2 gerial IS0 Lines {(JT1, 72, J3}
The KXJ1ll=Ch has three serial IA0 lines.

- 3LU2 channel A (J11.: & synchronous/asynchronaus serial
line with modem contbrol

& 5LUZ channel B [J2), a gynchronoussasynchronous serial
ling without madem gcantrol

- SLUl (J3), the console asynochronods serial line {no mnodem
control)

Each sorial lins iz compatlble with the EIA RSE232-C  and
F5422/85423 protocols, In addicion, SLUZ  channel 6B (J2]  ia
compatible with the CCITT Rl3ied party line protocol. Intevrfacing
the ¥EXJ11-Ca with a&a 1-20 ma currant loop device wia Lne serial
linas can bhe donse hy using the DLVLII-EA option,

Errial 1lnm cables omwsk be supgplicd by the dzcr. The followicg
cables  ars racommwndod for uso Ece tho F2 and J3 sorial I70 lines
and arg availabla £rom Digikal Equlpneont Zorporaticn.

ECZON-0L 4 S=fagt BEIA RS23Z-C null wmodem <abhle [or a direct
connection between the EXJ17=2A4 and an REIE terminal.
Thisz gable has a 10=pip {2 % 5) AMP female conmectar on
ong 2wl and a 23-pin BS232Z--C femals connechkor an Lhe
ather.,

AC2113=05 & S-foot EIA RE23Z-C modam cable ftar & cocnoection
between Che  EXJ11-CA and a2 modem or acoustic couplsr.
This <able has a 10-pin (2 x 5] AMP [omale conneckar oo
one end and & 2%-pin BS233-C male conncotor o the
oLher.

BC20M—-30 A &B-fook FRIA RSA22 or R3423 cable faor a dirveck
copnection betwsaen the EXJ11=-Ca and & cemabe pracessor,
leed  in  applications  reguiring high data transmission
spazde: {up to 19.2  Baod), this rable has a 10=pin (2 X
5] AMP fomals cooneckoar on sach end.

The pin designations Lor J2 and I3 ara shown io Flguee 2-23.

Al Lhroo gerlal  linpes are Efactory configuesd tEo kandle
Aiftferentlal inpots aod outpoks. If you change the saonfiguration
of  any of the saelal liogs to hapdle single-anded inpots o
optputbs, make sure Ehe reburo () signalis] on the cable are tisd
Lo gignal ground.

BECALLSES thera  is  no atandard gable avwailabhle fram Digitat
Equipment Corporation £for LI02 channel A, wou nead o construct
vour  own cable. A standard 40-pin AMP conppactos may be gased {AMP
pare e r T464T3-0 for eopnaction o Jl.  Flguece 2-24
illustrates kthe pin assigmmanks Eor SLIOZ channal & [J1).
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Taklea 2-6 through 2=3 show the corvesnondence hetween the pins of
the standard connectees Cor the RS5422/R5423, RIZ32, and CCIwr
protocols. and the pins of Jit. These Ttables make iC eagy ko
consktruct Bh appropklate ecable. The EXJ11=CA reglister address
asgociated with each signal is spacified in the last column aof
gach tahle For ease of programmer reference. The register
descriptions in Chapterz 3 and 6 provide [urther detalls.

L]
'
1
L
[



Takle 2=-4

R3422/R5423 Inkterface to J1

FPipg Clirouit Dlrsction

e G [ =

1

4 B

i}
-~

12

13
14

15
L6
17

| §:!
ET
20

21
24
23
24
25

26
27
28
29
34

a1

33
34
45

<HIELD
eI
FUARE
8D

5T

RO
ES

RT
C5

[.L

D
TE

1212
EL

ic
BEFAER
TT

'I'M
eG
RC

5 PARE
SDR
STR
ROR
RSE

RTE
CHE
s

DMHE.
TEZR

RER
55

20
Hs
TTE.

Function

From Modem

T Meadzm
From Modam

Froum Modem
Ta Modem

From Modemn
From HModem
To Modem

From Modem
To Modem

From Modedan
T Madem

From Modem
I'z Moden
To Modem

From dodam
To Modem
Fram XModem

To Madem
From Modem
Fram Modem
To Modom

Frizm Madem
From Modaom
Tea Moden
Friom Madem
T Moden

From Hodon
Ta podem

From riodam
T Modem
Ta Madem

Protactlve Graund

gend nata {+}

Sand Timing {+3

Receive Data (+]
Eeguast ko Send [+)
Receive Timing [+
Clear to Send {4+
Lacal Laoo

ata Moda [+)
Torininal Ready [+]
Eeceiver Ready (+})
Remote Loop

Inocoming Call

Selecl Freguency
s4ignal Rata Selecr
Teeminal Timing {+3

Taal Made
Zignal Grournd
HEosLve Commom

Send Data (—;

Sand Timing (=]
Reciaive Data (=)
Fegueset to Sweod (-}

Racelive Timning =}
Clgar to Heond ()
Terminal in Scrvice
Data Mode (-3
Terminal Ready

Eaceiver Raady
Salect Standby

Signal Jualiby
Mew Sigoal
Termlnal Timing (=]

BE5—-232 COITT Pin
CI 11z 2:+E
Bi 103 23,4008
EpF
OE 114 12.N
I 104 BT
o8 Las L3, F
L8,
oo 114 14, R
Ch LOa la,T
141 25 00
Sar .
oo 107 22,:Z
20 1982 33.M
2G . DD
CF 109 24 .BH
140 L
Ger,
CE Las 20X
1zc z,C
H 111 i, C
D 113 20,00
10, L
1i2 5,E
an 10z 4,
1020 2:N
31,kK
3B, TT
15,5
12.LL
37,58
35, PP
3,0
17,
13 ,W
i
11n 28, F
Gon.
] 110 -
27,EE

Location

17777522
17775706
1T7TTSZ0

1972702
17775704

17775720
LFTTFETO0
Duimy

L?7357TL0
L3y 73524

L77735700
| L

17775710
17777520
17777530

17777522

17773520

Cruimmy



Tahle Z=-6 nsd27/RE427 Interface to J1 {(Cont)

Pin Clrcuit Dirsctlon Fanctlon F5—~2312 CCITT Pin Lacat

38 EB From Modem Standby Indication 117 -

i7 &L Tr: Modem Sond omman 102a 1.4

Notes on Figurs 2-2% &nd Table 2-6:

1, Pios ¥ %, 25 a2, and 28 FF are driwen by dutimy genercaktors Lhat
disable RL (CCTrr 1403, LL (9OITT 1410, and S5 [CCIET 1141
rtespectlvely.

2. The label HWC indicatas no connection.

2. The suffix ® 1o a thres-lstber pin lahsl fEsusn A3 RDRY
slgnifies that the pin is associated with thne return gide of a
diffsrantial driver or receiver.

4, Circuit IS5 can be redefined to mean 5F. Or IS5 can be radefinad
as SR, In tha second case, TM ia alse redsfined as SI.

Table 2=T R3232-C Interface Lo JL

Plp Civcuit Direccion Function CCITT PFin Location
L oA - rotective Ground 1ol 3900
2 na Ta Madem Transmittad Data 133 c,F 177757046
3 BE Hoom Madem PFecalyed Daka 104 L 17775702
4 Ch To Modem Ragquast to Sond 105 18,V L7775704
) {6 Trom Moo Clear to Send 104 18,7  I77TRTAO0
& (W From wodam Data #at Raady o7 22,3 LTTTRT10
7 AR - SFiqnal Growund 102 a0,
B CE From Modom Gecelycr Ready Lag 24,00 17775700
g - {Pram Modem] {4 DC Test Volbage) -
r - (T Modem) {— DI Test Valtage] ~-
11 - - Unaasigned -
12 BCF From roden Secondary Carrior 122 -

Dekacbor
L3 HCE Fraom WModen Secondary Cigar Lo 121 -

Send
L4 5§EL To Madem Secondary Traos- 118 -

mitted Data
17 DB From Modem Transicllbler Qlock 114 I A =L
s 5006 Fram idodem Seqondary Roeceiwved L1 -

Daka
17 wbh From sodoem Baceiver ClooX 115 1d, B LTTTYSZED
s - Ta Madem Beceivar Jiklik Ciock
1% 3CH Ta Madem Sacandary Roagusesit fo Lan -

Send
29 D To Modwi pData Terminal Ready 108 /2 26,00 1¥7775324

2353




Table 2=7 E523>—C Tpterface to 31 {Lonk)
Pin Qircuit HMrection Funetion CCITT Fin Location
2l Iy From Hodon Gignal guality 110 -
Zetactor
22 CE From Maodem  Ring Indicator 125 2. 1ITRIG
23 CHA) To Modom Caba Rakce felecior 111 7 pE 13377522
112 i.C 17777524
24 DA To Modem Extarnel Transmitter 113 10,L 1%777530
Clock
25 ¥ o Moden Force Busy -
fable 2-§ CCITTAV.3% Interface to Jl
Fin Clrouit Direction Function RE232 ES44% Pin Location
Fy 101 - Proteclive Ground LR 359,00
B g2 - 3ignal Ground AR =1 a0 W
o 105 To Modem Waguest bo Sond Ch [ eV 177735704
D 145 From Modem Ready for sending ZH c la,T 17377533400
| 1a? Fran Modem Data et keady CC k| 2E.E 1771745710
F 144 Fruom Modow RCV Line 5ignal Dec HE: 24 .88 1F773FO0
1 1081 Ta Modem Connech Daka Jet
. 103/2 T'o Modem Data Taowloal Ready CD TFE 26,00 1FTITSZ0
J 125 Frou Modom cCalling Indicacor CR I 20,.% 17373710
B 104 From ®Madem EREeceived Ilata A ER ED H,T 17775702
s 104 Frosn Modem  Tecelived Daka B 70 -
v | = From Madem EBReczive Timing A RN BT i1,k 1777REE0]
% 115 From #odem  keceive Timing B ET -
¥ 114 From Modem Traosamlt Timing & [ ar 12.4 17377524
Axn 114 Frow hodem Transmit Timing B ST -
r 103 T Mode:a Transmit Data A BA ED &,F YITT506
c 103 o Modam Transmlt Data B an -
i} il13 T Modsm Toermlinal Timing & 135, TT 10,0 17777530
W 113 To Madem Termiral Timing B TT -
2.5.3 Loopback Conagobolrs
Loopback cunncctars (not provided with the EXJ11-CA) are attached

to the scrlal or parallel communication ports to datermips whether

ar mnot  they are operaticg correctly {see Figuwve 2~15). They ars
typically wuaed in  coonjunckion with  the rvurning of clagnostic
prucrans, asnd  ln  mome [irmware gelf-tests (sse Secticns 2.2.10.

These conneclors may he crdered from Digleal Equipment Corporaticn
or may beg Zuilt by the user.
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Theras are Gthree differsnt types af Lloeopback canneckors available
fram Digital, & LO0-pin loopback connector (DHT part number HIXTD)
j= plegged  into egither J2, to Lest 8TUZ channel R, O inta J3 to
rezt  SLOY. A 40-pin loophack connschor (DEC park owskber (1303227 is
nlugged inte JU to best SLUZ channel &. This loopback connectokE
~an aliso be eonfigered bta  tesk 25422 0r R5423 operation {saa
Figuee 2-25%). rha khird type of lcopback connecihor iz also 40 pins
({DEC part number HA3IG21Y, and 1S plugged inte J4 to test Ehe
parallel IO pori.
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2.6 ERROR DETECTION AND EEPOETING WITH TI1E LEDS

There are four LED:® on the edge of fhe EXJ1I-CA board which the
native firmware uses ko indicate the state of the hoard. These are
especially wseful f[for diagnostic pueposes during DowsSr=up or
reinitializatlion. Thess LEDE werify that the board is cperating
propecly oc, LE there is & problem with the board, <an help the
user locate the difficulty. Tanle 2-9 suukarizes Lhe conditions
the LEDs ran indlcate.

uring power-up or relnitialization, all fouc LEDS are illuminated
for  approximately 172 esecond Lf they are working prapecly. Wheo
the EXJF1l-ca is installed in a boackplaone in a box, the LEDs are
labalod T4 throuch L1 from left to right. D the EXJ11-CA runs its
salf-tasts fthis ig determinad by the getting ot the
oot/ self-test switchl. L4 12 off and L3 - Ll should ke an as che
aeltf—tests run. If one of the self=-teats falls, L4 is illuminated
and L3 - L1 indicate the test that falled. Self-tests are run in
the order listed in Tahle 2-93, Thus, if a test £ails, the user can
alsn determine which tests (if any) passesd.

If all the self=teats run wlthout error, the XJI1-CA& perforwms a
hoot operation. Tha bootsself-rest awitch setting dokermines which
functinn 18 pertormed. L4 remains off and L3 - L1 indicate the
status of the ssacutlag code. Note that the boot/seli-test awitch
may D& aet so self-kests are nob vun. TE salf-tests have naot been
run, then L4 is off and L3 - L1 indicate the state of the bhaard as
in sgxecutes code.

Table 2-5 LED Display Definitions
LED=

L4 L L2 Ll Meaning

X ¥ ® X A1l TLEDE cn [or 152 =ec. at khe astart of a
powers-up ar reinitialization opceration

X X x X Can't  access  Oontrol/Staktus  REegistersa in TS0
L [fatal erroe]l OR  the power=up Jjumper
[Mi6--ML17; is installed, which precludas
soell—-tests {din Micoo QDT).

X a a0 oa DMA orF BTC Lest failed

¥ n] 0 a RAM test faile:d

¥ 0 ® a 2OM checksum fest failed

I ] ¥ x Gurial line test of ALUL failed

¥ M ] o Sarial line Lest of SLUTZ channei & failed

X X n] X Gurial lins rtest of SLIOZ channel B £failed




Table 2-9 LED Disgplay befinitiocas {(Contl

LECs
L4 L3 L2 LI Meaning
= ¥ x o Tarallel port test Eailed
) e x ¥ auka gelf-tasts running. Autc gali-tosts do not

regquire loopback conneclorTs.

o £ x ) Loopback tests and auto self-kesis runalng
o X Ly ¥ n-Bus OUT mode

e X a3 o Unusad

O [n} x ® Waiting Lor comnand

o) a x o] Pevforming irfT laad

') ] ] X TNSE nrimary boobstrap axeciabing

o (ol €3 (s} Executing non-native cods

guick LED Referance

LEDs&
L4 L3 L2 Ll Meaniog
o - - - Ea]l F=test error deteched
x i® u H Tatal self-tegt error debtocted
o - - - Mo aelf-btear errors dekected
(o) - (o) 0 rppllcatrion running without error
Legand
X = [n
a = Qff

= mean' b care feither On or DIL0)



ZaT DIAGROETIC TESTIAG WITH XIDP+

The EXJ11-CA can bo  kested Dy running XX0P+, a dliaghostcic
cperabting  sSyvs2tea that 12 bocted Crom the uscr's system disk. This
sacbion Cxplains hoo o ruan bhee ZXDP+ diagnostics o Lest Lhe
EXFL1-CA. Mopse inforaakion on XXDP+ is Zound in tho HXXDP+ Sysbkem
Uger's Manual (AC-FIi48F-MC).

When wou have =zuccesafully booked XXDO+ From the swysten disk, a
wzxesage such oz Ehoe opos shown  2olow appears con the consale
Loerninal. Thoe itsws  kEhat arfo blank (codoeseorc) indicate values
that apse sysconn doepandont.

BOGTLMG JE £X10p= MOm Lo

X =5 MONLTOR VERSLON
B3OTEL Y ROH

Kk OF MENORY
HOR—UNI2IS SYSTEM

RLSTART ADCR: .
TiIL4 IS XXDP= _ TY¥YPL "[Y or "ILLT O POR ELS
Wacen the "peeliod" prompt appears,. the user Lypes in

OREMATILOR
This Lnitiates tihe runaing cE Bhe testz. The nessage
ZEA __LBIN

appears on the consgole, followed Dy seoveral lines of system
intormation {(the undacscore iodicates characksrs thabt are aystem
~dopendent] . Then the following message shooeld appesr.

TI5E <E=Crx TO HALT

KD FUNCLIONAL TRST

SWR AL U TR,

L5 TOCOEN RALT ON ERROR

14 400 i THHTIETT ERROR SUMMARY

113 A2GOGD INETBIT ERROE EERIRTS

L2 RRALA R K INP ToF ENOWN GOOD FOR TESTING
11 Q04000 MFEET STANDE ALDNE TOF

11 A 2060 FHAELR EXTEMNCED MEMDRY TESTE
0% Q07 M LOOP O ERRWOR

Cd aano4a0 LOOF OW TEST IN SWRE<E:D>

Gy QO020G0 INHIBIT TEST WUMBER,TITLE

BYR = 140000 HNEW =



At tils  oeinkg, typw <CR* . which puhs the tests unkil an ercar is
derected. As the Essts vun, chelr resulbs ave displayed on tho
conaole. If an evvor ls detected, o scell-expla-tatory eTEar nesdage
ig displayad, and the tests nalt if kit 15 in Ehe SWER i3 serk o 1.
Tha halt causes an entcy inkc PierndDT. To aohbinue alter an error
has caused & halt, Lype

PCRY
uzing the console kevboard.
1F 7o ercors are dekscted, beating can be berminakbed by pressing
Lhe FRSCAPE key f{which halts bthe EXTLE-CA [amd cauzps microl!IT ko

me  enterodd if Ethe EREAK enable  jumper is  lestalled, or by
oreseing the BREAR key [Which halts Ele arniter).

2=






CHAFTER 3
BERCHITELTUERR

3.1 INTRODDCTION

Yhis chapler describes the architecture of the EXJLI-CA and
explaing the operation of the warious dger-accessible portions of
the KLILL-CA.

In the case of the or—board /0 devices (chips), more detailed
ifnFarmation 1is Found in  the Lechniczl maouwals included Lo this
documentation package. This chapter describes how the 1/0 devices
cperate on the EXJ11-CA. The infarmation in the chaptar may differ
Fram the infapmation in the tochnical maouals, since the technical
manuals only descrihe the operations on a chip level. The
dilferences, whers Lhey axist, are noted.

3.4 KxJ11l-CA BLOCK DIAGRAM

Figute 3~1 illustrates the wmajor aperaticnal elements and data
paths af tha ¥XJ11-Ca. The sSections that [ollow descrcibe the
lpporLtant characteristics of thesoe components.

3.2.1 J-11 Microprocessory

Tha J-11 mwicroprocessor operates at 14.0 Whe. Tt conlains a fukl
POF-11 memory oa@cagemsnt  onit  (HHU)  and  axoecutes  the PDoP-11
Extanded Insbkructicn Set (FTS). The processor  also  contains
mleradiagneatics and consale ODT. Cache memokby and the Floatiog
Point Accelsraktnr [(FPA} are not included as park of Lhe KXJ11-CA
architucture. The start address is fixed at 173900 and ihe veatarh
address i3 set ak 173004, stztus bits are used to doetermine the
reasen for a restart. J-11 power-up optiana 1 and 3 can be
selected using jumper MIT-Mla.

3.2.4 RAM

The EXJ11-CA empiovs 256K ¥ 1 dynamic RAM chips, and a 312 XB w 1B
nit  arvay is provided For mematy and parity atorage. Ral may oe
arcassod lozally or may be configured as shared memory (accessible
batl  loeally and trom the @-DBus} in quaniities of O EB Lo 312 KR.
Sharod memcty is  assignable in 8 EB- hlacks on § KU address
boundaries, @l il were than one block is conflgured, all blocks
are  contigious. The memery  is  configured with Lhe KAJCSRF @nd
KXJCSEH  rvegisters, and i3 enabled by a bit  in  The KXJOSRT
raglster,  EXI0SRFP contalng the atarting Q-0ua addrass, a3 well as
the nuomber of 8 KB bloghks assigned to Lhe shared mowory. KXJCSRH
containg  the ending 9-Bus addreas assigned co the shared memory.
Section 3.8 provides note details on shated memory and how Lo =sek
it up.

3-1
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3.2.3 Twe Port Register (TPRI File

The ‘'l'wo Port EBegister (TPR) File i= a lé word set of registers
that can be acgessed either by Lhe on-board J-11 microprocasssi oF
by the Q-Bus. The TPH file k2 the primary wmeans by winich the $-Bus
arhiter ocenkrals and  cownunicates  with the KEJLL=-CAL Thero acc
four groups of TPRs. TPRO thraugn TPRI is 4 communicatlon channel
natwaen the EKidl1-0CA nabive firmware snd the arbiter. The clher
thres grouos, TPRE therouwgh TERY, TPRE through TPRLL, and TER1Z
Enrougn TPEEG, typically act as comnuoicatilon channcls between the
ugser's application and Lthe aAarkiter. ALL TFUE rasgide In the GAP
on-hoacd gate arzray (D7035Eb. The TPRs are anapled by a hit in
the ®XJOSED register. IE TPEs are disabled, all TPRs exc=spt T'PLRO
are road-only froem Lthe arhiter side and always read as reros.
Writes ko any regluter ewespt TPRO will cime cut il Lhe TFPERE are
digavled. Writing +o TPRO wikh the TPEs disabled succeeds but
reads & 2ero. This allows writing to TPROCLA> to cguse A hardware
reast. Flgure 1=-2 illustraites the TMR [ile,

CELE WIVIESS LoCAL ADDPLGE
— —_—
%] BREE < ID+ 3K Tk | 1:175026
SRR 12 TLIES 17775824
g 22 TRA! 17776032
RS INTERRUPT GF WL i TPF" & PITFE0E0
nivEL 5YECTOR 124 : --
B T TN 1} iTANES
|R-4 24 HELT I S 1TTRGEA
I ESTATUR, WR TES TWECUT 22 Ta50 17TTEOZ2
JFA0 INTSAAUPT ON R TE 200 TPAE 177TE021
AENL, EWOTOR 124 i
IEAW i TPA? 17773010
IR 4 TFF& 17775014
(R0 STaTLES. WARITES 1w lim 3 TFES Tk 1L HE
A INTERPUT CHPWRIE 1] R 177 5810
JLEYEL 5 “ECTZA 12U —
mesn 8 T=A3 TAFTR00n
[R 4 TPA? 1TFVEDA
|Fa3| STATLEE W5 I EaLT ca TFR" : 177700612
| WA BASE 1 ID+ DO TFFO (L
INTEFRUPT Z¢4 WAl - T :
wor- A KEELE RESTART TFAR
VR 17T
Plgure 3=2 Two Part kegister {TPR) Fils



3.2.3.1 Arhiter/TPR Communlicarion Protogol ==~ The Iollowing
general protocol iz implomented by EXJL1=CE firmware. Tb 13 used
ten handle arbiter commands when the arbiter is comweunicabing with
the KxJ11=-CA  reglsters TPRO Ehyough PERAL TE the user wants the
Eitmware ta he ready to recoive a command from the acbitor during
powetr  up. the hantfself-tost swlich should be set ko positians S
ot B,

1. TPED] [(the command reglistar}l is tested to determino 1E It
iz rezdy Eno reoceive a copmand. The KAJ11-CA 1s ready Lo
recaeive a command ooly wheo all hits in TPRO crd wcc.

2. If the command eegulres Datramebers; bhe urkiter loads
therm inta TPR2 andfor TPRI.

3. Tha arbiter writes the command iabo DR,

q. Mhe arbltoer waits  faor PRI o be zoro, indicating the
completion of Lhe execution of Lthe ¢ommand by Lhe
firmware,

5. The arbikter <an <heck for aoy  crrors  Lhab may have
oeeurrad  during  command  execukion, by  examining Bl
appropriaks bits in TPRI.

I.2.3.2 TPRO0 —- From the J-Hua, TERD can be intsrpreted or used
in Ethree dillerent wavs: aa a KXJL11-Ca cantral vegister, as a
tost raglestor, or as a Q-3us DD registor.

HOTE
This Jdescription of TPRO assumas Lhat
bit & of EXJCERJ (NMI EHable) is set.

If bit 15 ls oloared when TPRED is written Erem Lhe Q=@ua, TRRO 15
interprated as  a control repister., Tf it 15 is set wheo TPRO is
Firat accessed [from the g=RBus, TPEI 15 interprebed &8 a Lest
register. After a “"Stact O=Bus ODTY command is issued [thak is,
when it 3 is set while T2RG is used as a contral registar), TPRD
is inkerpreted as a O=fua  ODT coomeand register until an "EXiL
0-Bus  ODT". "Proceed", or "Start Trogram® command is imswced (that
iz, wuaatll bit 15, hkir 4, or bit 3 iz set). The =sections that
[ollew provide bit descriptions for all three incerprekaticns of
TR .

BEit 14 nof TPRD is always usod as a "hard reset®, which whan set
from  the QO=RBos, caosaes & KEJ11-CA initiafization that is bandlaed
by the EXJ11=CA pative firmware. & harvdware or soEbware resst or a
Q-Bua AT G0 comeand diszables non-maskabla intorrupts.

To aveld unpredictable rtesolts, the aser shouwld nok alter Lhe TPRs
used ko peEEs parametses while a command oe test is executing. Tha
bit descriptions In the sections thak fellow spocify the TPRs arc
usad to pass pasamekers Lor the variouvs commands and teste.

after any command, test, or Q-Buz ODT oparatian ia exscuted (wlth
o without ertor), TPR] i gleared.

)



.z .3.2.1
contral
COmmA v .
parametars

TPH3.

Bits

15

11

L1311
10

TPR2 as

anly  ong

i

tontrol EBegister == IE TPRO i3 used as a
registar (Flgure 3-3)}, a set biv in TPRE<S:0r specifiza a
copmand at a time <an be spocified. IT any

accompany  a command, thay are passed through TPRZ and
1€ |Id 0g 0@ ap g o8 M 0T U Ul b
| ; |
'r% 1 SHIIA RS i -:‘:q.||T I :J.U:.
5HHKA 1 LT
HF wru DB E EHS F: TA&®
cHr GHMA con 1811
[ N - F N

Figubs

Mamg

ToT

HA

WRU

SHOW S1IM

I=3

TER] as a Control Eagister

Description

rest/Contenl  Tndicator - When sebk, TERO
iz ueed as a test register. Wheon clearaed.
TOR] iz waed os a4 conkrol caglster.

Hard resget = Wheo 2ob, a local powel-—-uD
saguehce  occars during the weolte portion
of  the current 2-Bus oycle. The selting
ot khis Bit cancels any previously
invoked operatiens. &etbing  this  bit
rauses a hardware geseb and s oguivalent
tn powcering wp  Ehe hoard. This occurs
regardless of whether or nokt the native
Firmwara i3 installad, or if the TRRs or
non=maskabhle interrupts are enabled.

Hot used [read wriite)

wWhat are you - When =set, oGcauses the
firmware to wrike a value of 1 in TFERZ,
indicating that the bcard is a EXJILL-CA.

Hot uzed {readfwrite)

iaable shared mEma Ly = When =soet.;
diwables shaved memncry. When set. and
when aharaed memocy 1 already disabled,
aets kit 15 of TPR1 to indicate a cocwnand
STTLD .

Show shared oemory - Whon s8et, hits
€2%:13> of Lhe atarting address oi shared
memory are  laaded inka TPR2Z bita <820,
e  pusksr of  poges Lo he Ehared wlous
one 1z losded intoe TPRI, When sot and
when ahared memory iz disanled. sets bit
1% af TPEL.

-5



Weams

EN 5UM

MNOFE

SHO CON

20T

RE INIT

CHMA LOAL

Description

rnable shared mamocey - Whon sck, snablas
shared memnory. Bits <Z1:13> of the QO-Rus
startiog addrewss are taken [rom TPEZ. The
number of pagoes to e shared minus ans
are takon Zrom TRRI.

Mo aperation - This bibt s regserved for
uae by Digital BEgulpmenk Corporaticon. It
vurrently has no effect on EXFL1=CA
oporatiocon.

Show ocontfigukration - When sek, locads the
boot fself-tost switch garCting into
TERA<T:d>., Alsa, write= TPEI<2:13> with
che type af ROMs uged on the hoacd aca
shown pelow,

TPRE<Z2L> RCM s

a0 a ¥ X a

i 16 £ ¥ 3

10 ‘3% K A &8

11 Mok used

Ltart Q-Tus ODT - Whon sob, forces LS

[ A - Lntu o-Bus D2DT mode. TPROD is
redatined  {soo Scckicn 3.2.302.37 until
bit LS [EXIT] . it 3 (3], ot hit 4
{(PROCEED) i= sot.

Hgatars/Tnitislize — Whon sot, [orcss ths
native firmware to pocfocm lts powver—up
EEUENTE . It TrR1 contains an B
vdecimall ; tha boot/sell-Lest =swibsh
setting i nged  to determine  which
cperations to parform. IL TER} containa 0
through 7 (docimal), bthal wvalus i3 used
inatead of  the boot/sell-Lezl switch
gattimg. TPRE values grealker than 8
{dacinall are nob walid.

oA laad = When set,. skarts a shain Taad
af the DTC. TPE1 Ls userd ta pass &
"eegmnent tag" parameler, and TPRZ ia used
ko pass an "effsat tag® parametar of a
chain conkrcel table {see Section 4.3.730.
After the operaticn is complete, it 14
of TPRL  Ls 2ot and Lhe conkbenka af the
NTE Status  Rogister ars writben  into
TPEZ.

-6



Blis Hame

i TRAE

3+2,3.2.2 TPRO @g &
regiaster [Figure 31-43,

only oo Eest at a time can be specitied.

TRERZ anid
TPRD

Lhrough 1TFiR3

caompleted, ia

cleacod.

Descripbion

Trap - when set, causes a trap emulatlon.

The Liap vaokor i in TPR2  (which
containsg the PCY and TFYE {whilch conbains
the pES). The Lrap vechtor 15 assomed Lo

ke in kernel I spacs.

Tast Begister —— IL TPRI i=s used as a Lest

a sel bit in TPRO<1O:0> speocitios a bBesl.

Tezb resulks are passed
b low. ~fter a test is
agpplication  should e

describad
The uger

A5

relosded after any of these tosts are pecforaed.

T I R 1

il 1

o o2 o e

Tl

Figure 3-4

RBits Kame

15 TC I

14:11

1 TDR

G DIk

a oy )

T PIO

SRLET T 11T 1 1 TTT]

VE 1SRN

TPRD &5 a Test Regiscer

Description

Test/tantral  lndicacer - Whon sel, TPEQ
iz used ns a tesgt register. When clesrad,
TPH} 18 usad a3 a control roglsblet.

Mot used (read as 2oros)

PR tosk - wWhen sot, performs read and
write rests on the local ailde of the TER
fil=. 7TPRad through TPELS are sob at zZera
upon completicn of this test.

Ol test -
Lnbarruapt
lnterrupt
this Lest

when set, Lesks Lths —-Bus
mnschanism. The address of ihe
vartar must be ino TPRY belore
15 run.

M2 controller teak — When seb, tests the
an-board DMA cuntroller by perfooming DHA
translers betwesn moamory logations.

PID? test - ¥When =set,
/0 port and its  assoclated btimera.
loopback connsctor  must Qe
J4 beforo this test is run.

tasta Lhe parallel
A

inatalled on



Bits Hame Descciptlon

3] SL1Z G2 Terst - When sei, Lesta Ehe
multiprotoonl serial controller. Loopback
connertors tor J1 and J& wmyst  he
installad bDefore this Lesi i run,. & ona
in T2EZ indicake= rthat SLUZ2 channel A
will ba tested. & twoe in TPRI indicatea
that SLOZ channel B Owill he ceatesd. A
zero in TPRI indicales Chat SLUZ channelz
hoand B will be btasted.

S SL01 SLUE  teat - When set, tests the conscle
sarial line., & loapback connector mu=bk be
ILnstalled on J3 before this test is fun.

4 2EVENT BEVENT test - When set, werifies that the
line ocleck interrupt [(REVENT] can  he
pnanioed, asserted, and disabled, The

inktarrupt associated with BEVENT is at
priority level & with a vecteor of 104,

3 P oPr nest = When set, E2zts Lhe on-hoard
J-11 migropeocassor.

2 TOM TOFM  Lest = ¥When set., perlorms a checksum
test «af the on-bkoard ROM. TPED must be
get to ), L1t tho user {(PIROM and thae
native firmware are to be tested, or set
al geroe, 1f only the native firmware is
ia he Lested,

i M RAM Losk — When sek, pocborms a nan-
destructive teak ot all on—bocard EoM.

(¥ LSE CiHR test — When sek, pervforms read tests
o)) ¥NJCERA  ehrough EXJOSRJ, and  the
cantrol fstatus registers  far all the
obher aon-board I/0 devices.

PPRZLIN:0r indicsts which testis), if apy, have Lailed {(3ees Figure
3=5). A set bit indicates a failed tast. HNHobLe the covrespondonco
hetween TPRZ<1D:0% and the teats szpecified by TPRO<10:G
reapectively, TPR2Z<15:11> are unused.

TPFR2 and TEFRI provide detailsd infoematiaon about cortaln Lallea
beasts, a8 summarized in Table 3-1. Bites <10:12> of TPR3 (Figuie
I-f) cantain an octal value [see Figure 3-5}, which indicatea the
last test if it failed {Figure 3-3).

This walue eguals che TPRZ error bit khat was set plug one, Far
example, If the RaM  test falled, TPRY bkits <13:12> agual twno,
gince TPRE2 bit 1 i3 the RAM best crror bit,



Failed
TesE

CER

DM

CD

CLOCE

SLLY

&LUT2

Takhle i=1

TPREZ and TPR3 as Test Hesult Repistars

TER2 Bit
=0 o

l

Sat

TPEI =it

Tafinition

G~ rmn B b B = O

|
—
—

—
——

] OF L a3 2O S e ol B =
| 1
— —_
— -

1
—
=

os Mmoo g R — 8
1
-

W

-
]

Bus error at 3R adderess
Bus erroy at QIR addrees
Bus errar at PR address
Bus erripy at 3LU1 addrass
Bus ervatr at SLUE addras:s
gus error at ALUZ counterstimer address
pus =rtnr at PIO addross

Bus errar at 0Ma controller address
Chde Finead

R2M errar. TPE] will have tho MNiM or parity
arror  flags set if appropriate. Othaerwise
the data read did mnot match the data
written.

Undafined

WMative tlroiowere checksum evror

Uzer appliration (TYRON checksum arror
Mo user (PIROM space gxists

Undefined

TndaLCined

odefined

Cleck interrupt not masked at level &
Claock doespn’t interrupt

Can't ahur it off

Mndatinad

Undef Lnad

XMTR interrvupt nok measked at lovel 4
XMTE intervupt not received

ROVE interrupl oot maziked at level d
ACVE lotorruplt not recelved

hecieved data lncorreck

Ho ROVR done, loopback open
Undefined

Mndzfined
SLITZ2 oounkber/timer 2 dossn'kt lokerrupl
azych mode, data transfor incomoleta
gynch mode, ROF-A30LC not recelved
Synch mode,. dats transfcor incomolete
Synch/Sagynoh moce, poscived data incoriect
Cndefined
Status ingorreck ocr 0o Lnlerrupt reguest
with "request to scend™ set
Skakus ingcarrect or no inktarrugpt request
Wwikh "R5-422" mer

tatus incarrect or oo fnEarrupk roguost
wikk "terminal in aervice® sot

1=0



Failed TFPRE2 Bit

TesE

Takble 3-1

TEFEZ and TPR3 as Test Result Eegiaters (Cont}

Set

TPEZ Bit

set

FIOD

T A

IR

TER

10

O i g s kY — [ - I T N =]
|
—
—

|
-
—_

&

Dafinition

Mndefined

Posek stalke incorrect

Timer did nhet skhart

Timaer nevetr stops

[nierrupt not maskoed ac leawvel 4
[nkterrupt not reocelwad

Laop timeeuk, data teansler i1ncomplete
heceived Jdata incorrooct

Undefined

Undefined

0-Bus addrzas undetined. acoess not teabted
Channel inkerrupk oot recelived

CMa channel hung [(TO/EBOR both cleared)

DHe abarted (EOR = 1 = HXM)

M data srroar

Undeafinad

o-Bus wectar nob definod

D-Rus inlerrupt requast povorg poghed
lndat lned

Local intercupt ot maskasd ak level &
Teeal iobterrupt nob recalved

Interrupt acknowladns didn't clear
interrupk reguest

dnief ioed

The data rocad did nok match the data
weletan

HxM aIrol

Indef incd

j-1a
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Figues 3-5 TPRZ? as @ Tesb Fesult Registar

1= 14 -1 w3 n i} LH i 1) K] oz M s v "1 vl

I T T T 1 1 T T il I
Zars [ SCAETE FRAORE J
1 1 I 1 1 1 1 L I 1 1 .
_._\.h ! - e
vibi W GE OF LaET 13%:KETEE T EMIZZEZ ERFSA O 1 AT 10300
R I B i S
Figure 3-4 TFEI a3 a Test Rosult Register

3:2,3,2.2 TPRDO  a= a O-Bueg ODT Hegister == Wheo tho EXJLI=CA is in
g-Bus ODT wodse, TPRD is intervpreted as shown in Migure 3-7. This
interpretatien of TPRD continues uwntil bit L5 is set.

21 D0
!
I
SPEY
| RER
(114 HLF T E*
FAERA
Figura -7 TFREO 3= a [p-Su= ODT Reglister
Biksz Fame Lesdcription
LS BELIT Zxit 0ODT - When set, $-Bus OLT mode i3

exitad, The EXJI11-CA  than awaits a
command from the arbiter,

14x5 Not used {rcead/writa)

as

L2

-11



Biks M ams

4 PRO

E| G0

2 DEPR

1 OF EX R2BEG
T OF BE¥X MEM

BeEscripklion

Proceed = When fet, the context of an
interrupted program  dis costorved and the
azecutiaon of Ehe program resumes at the
aldress specifled by the restored FC.

Stark program - When =set, a restart
oparation  is parformed and the executicn
af the pregram begins ai the TC addreas
pagsad through  TPRI. The systen bus isa
initialized. A EFSET instruction 15
pxccubed to initizlize the Iocal I/40
davices, The WME0<15:03,0> and MYRE
registers are get at zero by Aicro/O0T,
amd are aget at zerc an this system whon
RESET i= executed. The followlng
reglsters are cleared: P3, PIRG, UPUERER,
Memory System  Errar, and Floating Foint
Status. The cystem Memory ErFrar kKeglster
(1777447 iz cleared by Wicro/ODT but doos
naot exist on tho EXJ11=CA.

Depozit - When =set, the cantents of TPRZ
ara lasgdod inko the current open MEmICY
tmcation or registor.

Open and examine cagister = When se2t, the
register speacitied by PRI is opened and
ita wcontenits are loaded into TPRZ. Tho
reqisters are encoeded in TPRI as follows
[note that kit 11 of the PS selects the
reqister Sabl:

Code Eagister
A043000 B ar RO
Fooo0L k1l or E1'
oonoez E? or R2'
ooooo0z BE3 or BRI
noooa4 74 or R4
Qa5 F5 or R5'
0uaa0e mé, EP
00007 BT, BC
Gooolo PSH

aoy other oocde will set RIit 15 af TPR1 .
indicaking a command ereor.

Spen abd examine memcey — When =et, opens
a  Mmemory location and deposits  its
contenta  im TPR2. The address of the
memary location has 22 bits, The six most
significant bits are obrained from the
six lesst significant bits of TPRZ. The
lower 16 bhits are ohtained from TERZ.

3-1z



4.9.3.2 TPR1 —-- The firmwara wuses TPR] to record KMNILL-CR ereors
[ses Figure 3-8}. This register is read—oniy from the QO-Bus but
cazn ba read or weitter by the on=boaed J-11.

15 P IR RO Fx Y Y IR T e O T | G S - W 2 |
< H # H ' " -\.-:d 1
L s T I
CkiD M= FA'L'L
ENH ERAGR =MH i
I'aRITH ain L REE]
AR ERilLA UEEA
Figure 3=3 TTE1L
Hits BT Artis Dozcription
13 MDD ERR Comnand errer — 32k when  an ercor is
dekacted during the oxecution of a
CEELTLA L
14 nMa BERR DEA eFrar = Sat when the DTC aborkbs atter

A DMA LOAD copnand from TERQ (it 1) has
bacn issued.

13 Mot weeod {readfwroita)
1z Gy s5kE Hon-exlgcent memory evEor — 3ot when a

non—-ciiatent memory trap occurs  whila
n-Bus ODT or sclf-testa ace runbing.

11 EARITY ERR Parity error - Seb when parily Etrap
ocours  while D-Bus ODT nr selif-baests are
cunning.

1G:5 Hot nsad (read/write)

5 FLTAL HHR Fakzl error - 92t when a fatal error is
detseked during auto srlf-tast, or D=Tus
contralled self-ktest. Tha EXJ11={0

hecomes  whawailoble and does nob respond
rn  any commands Erom the arbiter, cxcept
Lhe =setking of PRI biv 14, whlich causes
a4 hardware rosel.

é SIH WEER Speclal incerrupt handliog - Set when
uzer applicsticn code  handles special
interrupta. Clear when firmware nandles
spacial intersupts.

3 Hot used [(read weita)



Bits Famse Dasareipklon

2:a STATE Grate - Neilecks the state of the
K11 -C:

ap0 Zevao Shate - EXILI1-CA nol available.
yn  commands should he s=nt from tha
O—-Bus.

01 Powet-up Euto Szlf-teszt ~ Tha
EXJLi—-CA iz performing its aubd
salf-ktesks.

0la Dedicaced ‘ezt State - ThE
broot fself-test awitch  1s  zek o
alther 7 or 15. Mo commznds should
bz senlk fram the O=Ms.

111 <-Bus ODT Mode = The BEI1L-CA iz
partbicipating in a -Bus apT
cperation. Only  -Bus ODT commands
gshowld be senk foom tha 0-Bus.

100 Waiting Foar Command = The TAILL-CA
ia  idle and waltlng [or a commancd
fram the arbitec.

101 TLosdlng Application pram TUSH - The
ExJll-ra iz 1nading forc atkcapking
Lo load] a pant bhlock foom the TUSE
canneckad Lo the consoele serisl
line.

il10 Heserwved - Thiy state i3 reaercwved
for future uge by LRigital Rgulamont
Coarporatini.

211 Exepcuting TUser applicatian Code
The EXJli-CA 1is executing a wser
application programs

Eobe +what ATATE  is  indeiermiaate when
J-11 conanle ONT is ackive.

*.2.2.4 TPFRZ -—— TPR: is uged to pase parancters requiresd to
execote compands. see Lhe description of TPRO {Section 3,2.3.2)
tor  the comoands and parametera that involwe TPRE.  This registec
can bo read or written by hoth the Q-Bus &nd tha on-board J-11.
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2.2.7,5% TFRX -—— TPRI} is used Lo pass parameters required to
execyte comopands or pertorn  tests. Refer Lo Ssctiona 3.2.3.¢
through  3.2.31.2.3  for kthe commands. tests, and parameters that
invelye TPR3I.  Spon harvdware roget, TPR3 nhas the following format
iFigure 3-%).

L I - I T T I B P WL

L 4=
[ L I— T i
TR |_'|||:| :uI:ln:u 13 I':H-':TI LU | i
- - 1

Flguro 3-8 TYRE Pormat During Hardeare Kesst
Bits Hame Ceacriptlion
1%:8 Nab used [recad as =eros)
Trd [0 oot scli-rest gwitch = Retlecskts  Lhe
encoded awitch paslbion ok the

boob/self-tast awitch.
Z:D ot usad [(read as zeeos)

This reyglster car bhe read or written by kath the (-Rus aiid the
oo—board J«11.

3.2.3.6 TER4 Through TPRIS -=- If the TPRs are enalbled and the
approprlate  enable  Dbit in EETCERDE ie sat, regiaters TPRE througn
[PR1S are used by the user’s appllication to pass status and
contrel  inFormation between  the {-Bus arbiter and the KXJ11-CA,
All the TPRs may be ecad or written by the on-bosrd J-11. From
+ha O-Eus, hnowewer, TPRl, TPR3, and TPR? are read-only and the
okEher TERs are read/ wrilte.

Weites +o TER4, ‘IPR&, and TPELZ fTrom the Q-Bus cause maskable
leval 5 intercrupts. The vectors associatod with these inkerrupts
are 120, 124, and 134 respectively. The stakus of the snables and
intarropt reguests are conkained in the EXJCSRD register.
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3.2.4 PRCM and Filrmwars Conbtrol

The operativn of khs EXJ11-CA 15 canteolled by tirmwsars that
residee Iin twoe dE ¥ & PROM3 [(Lntsl 2764 or equivalont). The
tirmware cuocuples & KB ol PROM space. The cther B KE of DPROM space
is awzlilable [or the user's application program. Wots khak PROM
data at addresses 21400040 through 2177777 alsn appears ak obther
addresses,. The address apace Evom 2140000 - 2177777 is duplicated
threo times for Lhe ZE X & EFROM= {3ee Figurse 3-11).

It wouu want Eo enter wour appligation in PROM, you will need a
PROM programner and a program calied DECPROM ofF itks eguivalent,
Osing these iteas, blast your new PROM= that contain boih a copy
of khe firmware and ths applicabkion. The procedurs fotv doindg this
is explalned in appendix .

The EXJ11=0f can also accomeodats Lo I6E X 8 {Intel 27124 oc
gguivalent} or two 32K X % (Intel 2725%6 or eguiwvalent] PROMs il
vou need more than & KE of PROM for your application. Figurs 3-11
ghows hnow addreas space s allocated for the L6k X 8 PROM=. Tha
data at addressea 2100000 theouwgh 2177777 iz duplicsbed onee.
Figure 3-12 shows the addreas space allocaticn for che 32K X B
PROMS, There ia no doplication of address space when usiog the
32K % & PrOMa. The firmwors always cccuplies 8 KB of space.

BE & & PRCRKE

217N

F R'WiaRE —|
ERRHCHIN k
lo—

| j
eyl o L i
Figure 1-10 PROM Space Allocation

- HK x B PREOM:=



22 w K =300

HITIT |
ZIEMEIST b
o000 —
SLF 708
0 )
AL
Figure 3-11 FROM Space Allocaticn
- lak x & PROM=s
- Jzd X EFAQKYG
- = FetiuqE
BFE
SIE S
E o H
Figure 3-12 TROM Epace Allecation

- 32K = & PRIMS



3.2,4,1 Firmware Usage Coosstdscabions —-— Duriog power-up, tha
Elpmware aszigns BPART and PRE 7 1in kernel I [(instructian!) space ta
map b khe IS0 page. Do nolt modify the mapping registers in your
program  1F you continue ta use your nacive fivmware, Ln sddition,
if you opable Kernel D (data) space mapping, then PART and FDE 7
in kKernel data 2pace must alsc be mapped to the L0 page.

I [ireware cosmands are going bto be issued whils a user
aoplicakicn iz runping oo Lhe EXJI11-CA, Chere must z2lways oe 123
oykes  availlable on the kerael stack. Upon eptering the [ivmware
Larough a spocial inkerrupt conditicoh [see Sectlon 3.5), 125 hytes
snoulad  be used an Ltne kernel stack Lo zave the user's cantaxlh and
for internal work space.

Do oot alter MMRD, MHEI, or aby ol the xernel mapping regjislsrs
uzing QBUOS 0O0T. The registers may examined, but 2 command erfror
will bo rekurned in TPRL 1L an attempt i1s made ta wvifte to &ny af
chem.

Wien wuwsing filemwarke to load oF skart a uscf applicsbion programm,
no  coda or data should be loaded inko loceticons 1657604 through
L57777. This 12 where the Eirmware stachk reeides,

In noprder far the arbitac te conmunlcsats with the native firmware,
bit & of EXJICSRI  [HMI  cnable)] mnust  be 3et. Hote Ehat iT the
EXJ1L-0A wexecutsez a RESET instruction, EXJUSREI i3 cleared, Lit &
af EXJCEZRD O (TER onable)l musk alss 2e seb. when the Fimware i=
walting ko roecoelve a command ar i3 in the procesa af ewiting to
user code, 1k sets bIE & of EXJICSRI and bitc & of KEJCEBLD.

3.2.4.1.1 Self-tests == The netive firmware determioe:s Whathoer cor
ot zelf-tests are Lo be nerformed, davendlng upon the sslbing of
the haat/selif=teat switch [zes Sockion 2.2.1). & subsstb of the
sal f=teats 18 called ths auto self-tests, aod includes tests of
the on=boavd CFU, [AM, ROM, controlf/status registers [(CSREs),
two-port  RAM  (TPR) registera, the line clock (BEVENT) mechanism,
and the laocal DMA mechanism, Teat cesulbs ara deposilbed in TPE2
and TPRI at the conpletion af the auko selt-tegks [Scotion
3,2.3.2.2). Test status is displayed on the LFDs (Teble 2-Y}).

3.2.4.1.% Bootdlerg - I[ kne self-tests rvun successfuclly, Ehe
fitmware is Lhen ready to boot the user's applicabion speoilfied hy
the setting of the boatfself-test switch {(Soction 2.2.1). The
ezpplication can be booted either ftreowm ROM or from a TUSE cape
driva, IFf the application ia booted from ®BOM, the native [iraware
tranzsfers cantral to the application in ROM by omulating a trap to
lacation =24, If the application 1= hooted feom a TOSE, a hoaol
lock iz Lrapsferred Lo the EXJI1=CA wvia SL01 [(kEhe vconsole serial
porit)l. IEf the firat hyte of the receiwved boot block matchaz an
actal walue af 240 to 277, the boot block 12 considered wvalid and
exacytian is transferred ta locatinn 0, Tf a match £afs pol ooour,
the hoot operation is repeated alternatwly on TOS8 units 6 oand 1.
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an epplivation may slso be loaded ints BAM chrough eithor shared
memary, b hy zegucsting kthe [iroware to perlortm a OMA load
cperation Lhat transiers the applicacian foom cxbarndl Q=Hus
memary ta the ENTLI-CA lacal meancry. Once the apopl icacian iAa in
Tpcal  momory, KETLL-CA oraceasor axesulian is transferred cao the
applivation by requesting the firmwars ta perform a O-BUs OLL " GEo"
crommand .

3.2.4.2 Hative Firmwars ¥a. (Oser=-Desiqnod Firmware -—- The
KxJl1l-oa is  shipped with Eirmware that is roferred to as "native
[irmyare". Nacive tirioware provides the KXJL1-CA with  the

funccians descrihed in the section= that fellow, The handling of
A-Bus excepticons, interrupbts, and vresets arc zll funckions which
involve the nabive ficmwars.

If wou wish to design your own Lirmware, your user—designed
Firiaware should have an entcy paint at physical lacation 173004,
tn ontry poink  in fivoware  for location Y3000 should also bea
provided far powse-up handling.

J.2.5 CET I} Gwiteh

A hen cncoded IN switch is used to select either sitandalone oo IOD
moda  of operztion. ID numbers range from O through 13, with 0 and
! clgnifying standalone opecation, and 2 through 15 signlfylng
systom  O3age ot bhe  g=jdus. The ID switvbh cods can e taad wia
EY¥ICSRC,. lhere are bwo jumpers {M3-94 and M5-M6) that corcespond
with the address widch (16-, 18-, or 22-bit) of the [-Bus
hackplanz Heing uwscd. These  Jjunpers determing the size nf the
memory decade requirced Eor shared memoTy.

3.2.6 DA Daontroller
4 lé—bik DMA controller is addeesscod by the logcal processor as an
/0 device, ‘fhe DMA contreller has two indopendent channels and

can perfarm  transiers betweeo any local 22-bit addresa and any
16—, 1A-, nr 22-pit Q=Hus Dbus addreas. Transfers can oalso be
pecformed  bebween any Lwa Lozl Z22-bit addressas oF any twa -Bus
addrossazs. word, high hyte, and low bybe operatiohs are supporctod
lacally. oOnly word opervations are supported acrass Che [-Bus
intarface. Fithar Lhe sourca or ths dastination may  have
increnonting, decremenbing, or fired addresscs. Words may bo
compared with a mask Tegiater as  they flow Lhrough the DHA
conkpeoller or as they ars read. DMA opevatlons can be interieavod
with the local wrocessar and the other chanoel. or may ocour in
varlousz burat sizes. Chanoel 0 ar channel 1 can service hardwars
requasts Erom  ALD2 ar the PID, or can be iavoked by software
commands afrer certaln mask conbcol bits ave clearcd,

3.2.7 Wake-0p Civouit

The wako-ip oirveult provides  actomatic gengration of the THIT
=ignal an the J-11 te dnitialiée tThe LOCAL syslem {is2., the
E¥J11l—CA  beoard anlyi. The waks-up circuit does oot support powar
down =sguercing, and asgsumes  that 45V and +12IV rise togetber.
D=Rus signals GBDCOE and GPOY acd u=ed to aynchronlze the Q-Bus
with the LOCAL system bus. With Woo rising in agproximately 30 -
40 ms, powek-up occues Lo appreximataely 409 ms for standalone
mode, and 558 ns far peeiphoral procesSsocr Mode.

3-1%



i.z.8 BEXJ11=-CA& Cantrol and Status Fegisters

Tha H®ATiI1-CR has eight registeras  that are usaed to monitor and
control  the gawevail opevation of Che board. They are Lhe ExJ1l
Contruwl  &and Status Registers, and both  are descriked in che
sc¢otinns that €ollow. All the KXJll CaontrolfStatus Registers are
contained in the on-board gate arvaya,

3.2:.8.1 KXJL1 ControlfStatus Feqizrer A {EXJCSRA} -
Conkcal /Status Repgister & (FPigure 3=13) 1= used o monitor and
popntrnl SLUE and  the resl  cime clieck (RIC). Thia register is
glearsd vpon hardware reast.

SLORESE: 145 F 0 R20

Th 1% T 4F 1 @ B MY DR OO W op3 JH
| T
toco|ofe|afajofa) & i

CMT F TEJ'.-' WMl A SN E
3]
ATSIE E1 ELlU=a

Treosz N

IOTRLLL |

Figure 3-173 KiFll ConkrolsStatus Regliskter &
Bits Marna Descriptlion
15:8 ot used (read &8 onos)
T CT IE PFrogrammnable oounker ioksecupt enable -
when 22t, interrdpts from programnmalls
timersScounkber 2 ara enabliad, When

Cieared, Lthese inkerruplLs are inhibited.

b FTC 1IE Eeal timc  <clock inkcrrupt onable — When
SET, interTupts from Che ohn=baasd
lirne=time clogck (L17] are enabhled. When
cleared, these interrupts are disabled.

3 ot used [(roadswrice)

4 TERM I SER Tarmingl In seorvice - For use wWlth
modaens, When sSet, Terminal In Servica
{I3] iz asserted and incaming <alls can
ke connected. wWhen ¢leaved, [5 i= nat
agssertad.

3 TT1A8.,2 Modati connected - For uge with modems.
When sst Tarminal Reradiy TR 1=
asgertad. When cleaed, TR is oot
assarted.



Bits Name Description

& SYNTHM A Clock selsct channel A - When set, SLA2
channel A raceives  its clock Trom the
an-hoagd baud rate gqonaerator. When
elagred, chanoel A reczives 1ts clock
from an external source.

i SLU2iE BN Tarty lins anable - Used whoen the
ENT11-CcA iz configured for party line
operation. When seb, SLU2Z  chanknel 0
canonk receive wparty line data. When

clearad. party line data recspbion for
channel B iz enablad.

0 S¥HCHM & 1ok #elecst channal B - When set, ELT2
channel B receives 1cs clock Lrom the
an-hoard bauvd rate gqenarakbtar.  When

eleared, channel B receivas 103 clock
fromn an external source,

3.2.8.2 EXJ11 Control/Status Regiater B {XAJCSRE] -
tonteols5katuys Reglster LB [Flgure 3=14) Ils used Eo monitor the
state of the hactfseli-teak swlich, the base address jumpor, Lh=
bus siza jumpers, and the SLU2 mcdem teakt function. The coglister
ia read-cnly, with the exception of bits <7:42, which are
read writo.

ALDHESE: ' FFFFELL

I 1 "3 12 11 0 Op o7 uE G 4 0 %Lé” ]
. | 1 - | HI
0l ] [} I n a il 1] i | E= i SIZE
BLE
Iz
Figure 3-14 ¥xJ11 Contrcol/Stactus Keglis=ksr B



Rita [ ame

1538

Tod FHET

3 BAGE

2:1 aifis S5IZ0
0 TT1a2

Description
Not waed [read za zero=}

hoot/aelf=-teat ewitch = Cantzins  the
encodead value of  the booct/faelf-test
ewitch position [smae Section 2.2.10 for a
Gescriptlon oE tha hootSsalE-test
switchl. ooaa corcesponds o swiltoh
positton 0, 00601 eorresponds Lo switch
pozsition 1, and =0 on. These bits ars
read/write. BST iz lepaded with the
wonoodad value of  the hDootrsseli-tosk
siriteh during harkdware reset, and can e
changad by the uger's softwars. Excrclse
caution when wreitlopg BST, simea 1k
cantrcols  the mapping =f REOM to high ar
low addrezsas.

gase address Jjumper = %When set, indicates
that the D=Rus hase address Jjumpar ls
instalied (see Seckion 2.2.3). This 2it
1= loaded durlng hardware essel Gl
cannob be changed by software.

ling 8ize jumpera = lnidicates the (-Bus
sige jumper sSectings [=ee Hection 2.2.2).
Thia bit ia loaded opoen hacdware cosaot
antd cannob be changad by Sotbwaroe.

Busg Size Addreas Lite Used
o 22
a1 Li
1n 12
11 Rasoevad

Modem test - When selk, indicaltes that tche
madem connacked to SLI? channel A is Ln
Lest modae. When cleared, indicates that
the modem dis 0ot in teat mode. Clsared
apon hardware resek.

F.2.8.3 EXTJL11 Control sEtatus ERegister © 2 [(KAJCSEC)Y == KXTL1

Contral/8tactus  Hegister

2 {rigure 3=15%) contains information on

the state of the CPT ID swibkacn and che state af the aon=hoard LEDs.

AUREESS: 17775528

12

1

014 1d
Il:'lll,: ca |y

[

T LI
o -:||-:| n LED |

IS 1 ] | | ]

[ T L T | L L L )
|

Figurge 3-15

==

KxJll Contrelfbtates Beqister O



BiLs

15:4

J:0

3, 2.6.4

KAaJll

fELaH

IG

LED

Jontrolsscatus Roglister
TPRs, and the @Q-Bus rezer/interrupt mechanism. This
rogister is cleared during reset. fccess is reoad/write.

IR,

Elts

1>

Descriptian
ot yzed [(read as 2evos)

CPU ID switeh - Centains the encoded
waluez of the CPI ID switch position. 00049
corresponda to swikch  posikicer D, 00401
corresponds  to switch position 1, and se
on. These hits wre pead-only. Thesce bits
are  loaded during hardware roeszk and
cannol b2 changed by scfoware.

LED state = Rach hit determines the state
af one aof the Four on=board LEDs. ECD= 4
thrmagh ! correspond  to biks  L3i0F
respeetively. If a hit is zmet, Lhe LER is
OM. 1f a bit iz cleared, the LED is QFF.
These hits ate rtead to determine the
algte of tho LEDRsS, orf aee writtan to sat
Lhe LEOs. Those bLibks age sSel To one
during nacdwars reset.

control/Status Register © {ELJCERG) -~ EXTJIL

n (Figure 3-16) monlters and controls the

SODRESE 1777640

13 12 1

m

1 12 n3 %% CT o8 nn he Ny @ d

T

I"si'=<iFL INIF. | ZF HH&LT
IE REZET

SRREL M
4

Pigure 3-19%

Name

PWEFL

[0 B+l Sk P

TPF 149
nrisi

4] ] ShALT TFF: [ e Hirs' 00
RE5ET Ir =H Flt AR

LLLIE b EF]

EXTFY] Control/Sktatus Register T

Tescription

Powar fail - When set, the 2-Bus has
doagzarted BRI, indicating & powsr
failure., wWheno cloar, indicates that BPOR
i= asgerted. This kit ahoculd be cleared
after a PWRFPL spocial interrupt.



Bit=

14

L3

12

11

1o

 ame

IR REQ

IRIE IE

LOIR EH

OB RESET

QB RESET IE

Dacssriptlon

QIR reguest - When selb,; indicates Chat
tha ZQIE has bDean wribben and that a {J-Funy
interrupkt is  pending., Clearing 012 RRD
after it has been set @leara the pending
regquest o the J=Fus. The deassertion ot
the Q=Lus aignal HKIAKT clearcs QIR REG.
This bit cannat he set by the user. 3E
EED haa mp meaning 1f the EXTL1I-OA Ls
npgratinq ir atandalone moida.

2IR interrupt enable far J=1L = When =zet,
the oh-tboard J=11 ra2oeives a lewvel 5
interrupt request for vectar 130 whon any

of the follawing situatinons oooure.

l. %YWhen BIAEI is &sssorted as part of the
g-Buz interrvupt handling sequence,

2+ When kit 14 [DIR REDR} 13 zet and then
clovared befors the 0-Bus Llntebrupt
has boen seevicaed.

3. Whon BINIT i1z asserked boefore the
O-Bug inkarrupk has bogn sceviced.

Tf IDTR  IE i set, the arbiter causes a
looal laval 5 iotarrupt when ik
acknowledgoes a QIR loberrunt.

DIZ intercupk 2nable fnr D=0Bua maskter -
When =et, enables tia -Bus masktoer to
participate 1in $-Bus interrupl handling.
Whan PBQIR EMN is sot and J-11 wriees Lhe
veotor, the -Bus master racelves a level
4 lntarrupt requeskt for the veckor in the
OIR roglstore. When cleared, D-Bus
intercupt roguesks are blocked from
recaching the Q-Bus master.

J=Bus reset - Szt when bit 10 (B ERESET
iz TE)] and bLit & KXJIOSRT [(MMI EN] 135 set;
a epecial ipterrupt conditicn is khat iz
handled by the EXJLL-CA pative [irmware
{see Section 3.5 Eor dekails). This bit
should be cleared after a OB RESET
epecial interrupt.

g-Bus resel inteveupt enable = ¥When set;
gnables Ehe EXJ1l1l-CA ta dotect the
aszertbion of the (=Rus signal BINIT. Whaen
set, and when BFINIT ia assescted, bik 11
(3 RESET) 13 =#et., When wcleared, the
KiJIl=Cs  is prevented from respending to
the assgrtion of GIN1T,
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R

Hame

BHALT

BELALL TE

TPR RJST

TER ENM

Lbal 34>
ILs124>
EC<1z20>

Description

Bus halt — Ser wheno b1t & {OUALL TE) and
it 5 EXJCOSRS (HMI EN) is =set, and BHAALT
le azsertad, Whan BHALT i8 set, a spoclal
interrupt condition gexiate that is
handled by the EXJLI1-Ch native flemwars
{se¢ Sechion 3.5). Firmware handles this
by  emulating a trap Lhrough wvector 24,
This bit shaould be cleoarcd after a BHALT
apecial interrupt.

uys halt interrvupk =nable - When aet,
zhnables the EXJ11=CA to delect  tha
azsertion nf the Qo-pbus signal BHALT. WheT
spk,  and when PBHEALT is asswerted, kit 9
(BHALT! 15 sk, when <learased, ths
KEXT11-Ch ie pravenied from rasponding Lo
the asservibion of BHALT.

TPR reslbart reguest - Set by a Q-Bus
writea to TPED} when KEJCSRI bit 6 {HHI EN)
is get, This indicates an cexXception
candition that is fandled by khe EXJI11=CA
native firmware, ‘This blt cannoc he ssat
Airectly. Qe TE RD3T i3 aet,
subgequent writes bo TFRD do not csuse
more  excaptions. This blt 13 cleared by
Lhe KxJii-cad native Elroware when the
commend has completed exacutian.

TR anahle — When s=set, allows ©Che
contents of Lhe TPR file to be acoesaed
from the §-818. When cisarcd, fovrces the
g-Bus to read geros  from Lhe TER Eile
[Wwrites will rCime out). All TPE3 except
TRREC are anabled and disabled by this
hic. TPRO iz always accesgible from the
2-BUus,

PR interrupt enables - When each ik 1s
get. a TPR iaterrupk cnables a lewval 5
intertunkt request Lo ococur when a
particular TPR is writbcen., IE{L34>
cantrale ilnterrupk reguesls from TPRIZ
Lor wectar L34,

TE<124» contrals interrupt coeguesks fTram
TPEE for wootor 124.  IEQ1Z0» controls
interrunt poguests  from TRRA Tor wvactor

120, Mhern a Bit iz rcleared, tha
corresponding interrunt request L8
blacksad.

325



BLLS Wame: Description

2:0 el 3ds TER request £lags - Whao each bit is
RO<1l24% set, TPER reguest [lags indicate that a
RO 120> partlcular TPE has been writbon., RO<CL34:,

RO<134>, and REO<120> corresoonds o
TPR1Z2, TPRE, and TPR4 resoectivelw. If
the c¢orresponding IE<134», IE<124>, or
IE<120> kit iz alsao =selk, a Llewvel 65
interrupt occourz when the TPR ia writhen.

3.2.8.53 E®Ijii Control FStatus Raglster E [¥XJCSEE] e
Cantrel/status  registery B s & dummy register provided Eor
saflware compaicibility with the coveesponding ressvved vagister on

the KXTLl-CA. Thig register can he read and writhen, buet writes
ta the register do net affect KAJ11=-CA opervation, and rerda fta the
teqliater alwayve produce zerca. The addrezs of KALJOARR ta
17777536,

3.2.8.0 KxJ11 Control/8tatua Register F {ERJCERFY == HEXILL
JontrolSskatua Regiater P {Figurs 3-17!) defipess the lower limit of
the shared memccy spaces acoessible ko the O-Bus. The wppor limit
ie defiped by KLILD Coskeol Status Reglilszter B (2ce Bection
3.2.8.7). Thia register is initiallized to a4 value cE 177000 upon
POWET=1UR.

ALOHEZES: s

W I I :lj_gt_rjp- L - L I T I = I
] 1 " H
TR Wi .L_inj" ojefey o]
Figurc 3-17 EXJll Control/dtatus Regiater
Eits Hane Deeociption
15:7 ST& ATIT Starting address - Conkains Lhe most

sigoificant nine bite of a4 D-Bus starting
addresz, The starting address definss the
beginning of fhe shared mamory space on
this board that 12 acgeessible to the
0-Bus.,. 5Ta ADD ¢arvrssponds to BDALCZT 135
ak address Lime. Thasa nits are
read/swrika and are wunatf=acted by a
hardwars rezel.

H:0 Mat used [read as Zerash

1=24



3.2.5.7 EKXEJ11 rontrol/Status Register B {KXJCSRHY - EXJLL
fentrol/status Register H (Flgure 31=-18) delines the upper limit of
tne shared mamory SpeRce  accessible to Ehe D-idus. The registec
atsn  contains the nuombes of blocks Lo Lhis memcey space. 1The
Towar 1limit ism defined Ly EXJLl Control/Status Reglsker F o[aee
Sackion 3.2.8.63. This rogiscer is  inltialized to a waltue of
177777 durimg poweE-—uJp.

AONATLE S 37775343

l_lh_llrlﬁ O -:r.'ﬁ:u'_: FUES e s - I T b
1= 17771 o I ——
Ly .IE.u:- AL Fﬁj : i"""'| ak,
Figure 3-LH ExJ11 Conkralfstatus Rsalsker 0
Bits bamne Lescription
157 Ewl ADD Erding address - Cantains the nine most

significant bits of & Q=Fus  cnding
addracse  For Lhz hoacd's gshared wenory.
The ending addresas is dafined as Lhe
firat address of the last 8K blocek of
g-Bus aroszgible sharcd meamary [ Sce
Sacticon 3.8.-.1 for an example of the use
of END ADDI. The KXJLL-CA compares ERD
ADD with adderesgsez on the QO=tlus, B0
detarmine the $-Bus addresszos thab refer
kea kEhe board's shared momory. BEWAD ADD
garpesponds  to BDALC21:13>  at  address
timn. Theas bits are read/Write and are
nnaffecitad by a hardware raset.

=

Hatk used {read/wriLs!

Ln
[=]

HIM BLE Number of nlocks - Contailns a value that
rapresents  the number of B KB klocks in
the aharad MEMITY EpacG that are
aceesaible o the O-Rus. Thisz valus iz
darivaed from the starbking address of the
O-Bus ahared mnemery and the number of
blocks to be  shared (see Esctbien 2.8].
Gince  che sharvsed memory ia 512 KB, up to
B4 B EB hblocks zan be apecliied. Thess
bits are read/writs and ara unaffected by
a hardware rasak.



3.2.8.8 EXJ11 Conkrol//Status Register J [EXJCSRY) == [ExJ11
Jontrol f8catus Reqister J 0 (KXICSRT) [Fiagure 3~19) enanles and
di=abhles the non-maskahle interrvopts (power fail, BTINID, THALT,
and TPRO writes], KAJCERT alsc indicates [f timeouts tor UME or
ous—locked opsrations have occureced. EXJCSRI cetermines if the
baud rate for SLU1 13 under soltwars cootrol, and detscmines L1E
shored memory can be accessed [rom Ehe (O-Bus. ®EXRICSRT al=o
specifiea parity chavaciteristics [or the op-board RBAM. This
regiater ia readf/write and is oloaresd wupon hardware or scfkware
ragat

LONRESE. "WV VLS0
B e - T P O B [ B

IR
h 1
i g u|--La clz sla E$|- . b
L I i IJ__J

1

1

| S8K An N e
To™ RATE PLF
il 1K o o

EH GUT ZHE EME

H= “T1p

Figure 3i-~13 X1l Controlf3talus Regisker J

rd
=

its Hams Description

=
il
ap

fun |

Hot used {read 3z Zeros)
7 Hok wuzed {readfwrite)

o MMI EN Hon—naskabkle iptereuplt =nable - Yhen
writteno wikth a 1, enables recognition of
lntarrupks  Erom  the [ollowing sourcses:
powsr [ailurss, the assertbion 9f BINIT o
BEALT, and interrugpts that result from
writing TPRQ. When HNMI EN 13 written with
a i, nisables recogniticm af  Che
interrupis from Lhe saurces Lliaked
previausly.

5 A TOU SACK timeaut = Sel L1f a THMA raguest to
the Q-Bus L[s oot granted io the aletted
tima {approxlmately M40 ws). Hay ocour
whon the Q-Bus 12 heavily loaded with DMA
activity from multiple devices. Wriking a
l haz no effect on this bit. This kit
muslt he explicitly clesared by writing a
Zerad.

4 LOCK TauT boclk  timeaut = G2t when a2 bus locked
instvuction [WPTLCE, TSTSET, or ABSRA) is
grocuting lecally and access to the O-Bus
cannockt ke obbtaliasd 1n the alockkbed bime
[approximately 140 wus). Writing a2 1 has
na effect on thils bit. Thiz bit must Le
cxplicitly cleared by wriking a zZerd.
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Eits MName Nescription

3 EAGD RATE Baud rate - When set, the baud rate for
2L is under software control, aceording
ta the valus writhben to PB in the Conacle
Transmitter Staktus Reglster {XCER]. Whan
cleared, the [aud rate is dzterminsd by
the SLULl baud rate jumpsrcs.

z LK O0-pua  enabls -~ wWhen set, wnablas Lhe
J=Rus to  accesa  the EXJFL1-CA  aharead
memory  that ik has been allocated. when
clearmd, prevents (@-8us access ©a the
aharet] memoly.

1 WER PAR Write parity — When a3si, gensrates wrang
parity on writes Eto  the cn-board RAM.
ilmes not Write wrong parity on weites
from MiccooDT.

o FAR GHO Parity enable - When set, enables parilby
errora  to be datecctsd., IAf a parity error
is detected, a non-maskable pariby
Enkerrupt  Goours with an assocliated
Vaolor nt 114, wWhen cieared, parity
arrars are iLnnoced.

3.2.0 O-Bus Intevtupt Registei {[OIR]

The 0—-Buz Interrupt =Register (QIRY {Floure 3-20) iE used by Lhe
K5Jl1=CA o interrupt the arbpiter, Whan the EXJ11-CA loibiates a
—pve  inkerrapt, it loads an 1nkercupt  Veciarv into thae 2-Bus
Interrupt Register, This causes bit 14 in EXJ11-Ca Control/Status
Fegister © {zeco Section 3.2.8.4) to be set. It Lthen asserts BIRG4
on the Oo=Rus, Lf bit 12 (ARTR EW) of Conteol/Status Eeqgisker T 1s

sok. the KXILL-CA drives the content of the QIR regisker on the
n-Bus, if it receives BIaKL, and bit 12 of Cuntrol fStatus Register
oD iz set. The roceipt of BTAKI clears hit 14 in EXJCEER.  Tols

redister iz write—uonli.

ADCRESS: 17777532

15 14 gz 1 T LHoug Ne S 08 0e Gl mE Ll Gk
T T
[ alwa]l el a ! I I'.'E-.‘: I ! ![! o]
L I 1 1 1 ! L . |
MRLTEE
Fligure 3-24 p=fus Interrupt Register (QIR}
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Eits Hame Descriptlion

1z:1d HMust be zerc

9:2 VEC Vooter - Contains  the interrupt veclor
used 9 service the KXJ11-CA'3 interrupth
tp che O-pus. These bhitz are ok atfected
v a hardware reaest,

L:0 Must be eero

3.2.10 Maintensnce Register

The HMaintenance Reglster {Flouce 3-21) ipdicates «hich halt and
power=up ophlona were selected by the uvser. Tt also indicates the
status of the J-Bus s=ignal BPIE. This register is read—only and is
unaffeckasd by o hacdware reseih.

ALDAESS: 17277760

17

LI T I T R T I+ T

1

1

C 1 . o u] 1 1

FLT [

P
[ ala

Figure 3-21 Malntoeaance Reglsker

Aitcs Hame

3 nLrT

2 PLUF MODE

q REOH

Description
Is 1111061140

is 001y, indicating the CPI codes for the
KXJT1=CA.

i1alt = when set, indicatea hat M15 and
M14d are not  jumpersd  togothas.  Whon
clesarad, ipdicatas thet MLS and K14 arc
Jumpared teoegether. The KIS — Hl4 jumper
determings what acklop the ZXJILL-Ca will
take L[f a HAALT inskruction iz ecxocutcod in
kermel mode {(see Section 2.2.7).

Powar—an  meds - Phep sck, indicales Lhat
M1 end MLT7  ore oot juapcesd bogeiher,
When <Eleseoed, indicabes Lhat Ml and MET
ara Junsered tegekher. The HMLe - mL7
Jumper  doléermines  how che KXJ1l=Cn will
wet when the board is povered up ov reseb
[2es FBeckion 2.2.8).

Must be 1

LPOE  stakbys = Jek when the $-Bus sligaal
BEDOE is5 asserted.
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Frogram Incerruph Request {PIRG) Register

2.2.11
The DProgram  [ntereupt  Eeguest  (BIRD)  Reqgiakber provides seven
levalas of aobtware interrunt  capability  for the on board J=11

mictoprocessor. An  Intercupt  is  queunad by getling one af bits
£15:9>, which correspond fo loterrvupt prioriky levels 7 bhroough 1
respociively, Bits £7:52 and <i:l> are set Ly the on boavrd J=11
re the enoodad  walue of the highest pending rodguest. when the
intecrust  request is granted, the J-11 Lrans theaugh location 249
in  kernzl I space. The user's= inteprupk secwvice routbine musat
clear the approprisks PIRD bit before exiting. The format of the
Bl ls shown in Figure 3-232.

4 —

L] T
Fm'.' rieA|pE e |PIR|PIRI MR ZIFIAT| O L [} t
—

th i i3 ' Hl if 1) il 1 ™ I o) al a1 5]
H

RE-:*.IEETLE".'ELEv—r ‘ T

=AY B 4OSDED WALUY [F BITE R 16

= il

Filgure 3-232 PIRD Ragister

Bizs <15:0» can bae  read or weoitton., Bits <7:533 and <3:1% ara
raad-anly. The other bits are resud as zerca.

3.2.12 CPU Rrror Reglster

Phe CPOD KBreor Register (Figuro 3-23) identifies ihe source of &
trap through locabtion 4. Zeter ko Lhe 0TI Microprocessor USer’s
fuids  [EE=DOJ11-0G) for deksils on handling  the ftraps, This
pagistar is read/wriLe.

ATNRESL 11TFTHIG

(T E I 1 0oJ3 Qa1 e GRne __':'3 2 1
T
L I -:|-|_-:|J_-.l ol ar al '211
- I| |

L Mk YEL
HLT LA
AN 1 nmn
EFR ToT ETA

EL B

Figure 3=13 CPU Ervar Tegister



Gita Hame Dezgoription
13:h Nal used [read as aeros)

7 ILL HLT [11legal halt - Set when cxccublicon of &
ILALT “netivuction is attemptod in user or
supervigor mode, or ottamokcsd In Kernel
made wheno K14 and HMlS  are  jumpersad
Logebnet.

G ADD ERE Addresas error - Set whan a word access is
made fa &n odd bBybe addeess, orf @when an
instrugtion  fetech Erom oa J-11 inkternal
ragiater is atbteapkbasd.

3 B Hon-exiastent memory - Sekt whan rolcrence
is made to a rop—existent memocy address.

4 1750 AT IOo bhues cimeaut = Sak when roforencs is
made o a ann=exiatent [0 page address.

3 YHE STH Yeiiow stack winlation - Set when a
yellow Zane stack overtlow ocours.

2 REC STA Fed stack trap - Sek when a red stack
Lrap acours.

1:0 Tnused (read as zeroa)

1.2.13 Processor StaAtus Word [PSW}

Tha Processcr  Stalkus word {rigure 3I-23) contains the current and
previaus operaticnal modea, the J-11 gencral-purpass register set
being uwsed, the current prianrity lewvel, condition codes, and the
trace trap blt. &ll hitg in thig register arc read/wWrite except
bits <lU:%93 {which are read-anly but are not used).

ANNAESS: 1577 13TE

L s I I S L
Ch I Tm ofa|o Al *ln W
1 1 - i
[
Figure 3=24 Procossor Sktakus Word [(PSW)
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Bits Hame
L15=14 |
13:12 TIL
11 [E2]
10:8

Tih FEL
4 T

1 t

2 b

1 w
Y| C

pescription

Current moie = Dizplays the current
wparakional mode:

L, | Mode

oo ¥ernel

nl Gupercvisore

10 TLlagal

11 Jsar

Proavions mode - Displavs  the previous

pperational mode uslne  Lhe same codes
that atre used far CHM.

Fegister set - When set, set 1 (RO
thtough RS') of the J=11 geanarcal-purpaso
regiaters is  used. when cleared, sct D
(20 through RE] is used.

Hut usod {(read as g=sros)

Priority - Delermines the nardware
interrupt pricrity level.

PEI Priorvlty Lewvel
111 T
110 &
10l 5
104 4
OlL K
0140 2
Qa1 L

200

-

1

Trace trap = When set, causes a trap to
lacakbian 14 at  tho @l af the curbocat
inscruction. When oleared, disables the
trace trap funcklomn.

N hit - Set if the reault of the previoua
inatvockion was negatbive.

E hit = Sat if the result of the provicus
insrtrpnoLinn was =Srd.

V bii - ®Ben it the previcus instruction
rosgllaed in an arithaetlc averflow.

o it - #er if the provious inaksuction

resalted in a CArry oFf ibks  most
significant bit.
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3.2.14 Conscle asynobronous Serial IFC

The conanle asynchronows soerial lino inkerface [(hased on tha DLART
chipl proavides nprogeam or  jumper selecizble baud raktea (300 teo
33.4% bauwd), resl-time olock cutpues (B00 HE, 60 02, =nd G0 H=z},
eight data bits, po parleky, onc stop Bit, and break detection that
causes  the J-11 to enter ODT if the BREEAE enable jumper {M13-M13)
iz installed. & Dbreak dececk hit appsars in the EEJR of a [DART
during the Elme a PBREAE condibticn ewiszts on the line. Also
festured are RS4 22 REAAZSRS232-C Lin interfaces, a 10-pln
intorface  ocoonecter, and  an opticnal 1A to 20ma conwvarcion kit
utiliglng  the DLV11-KA. There ig no reader vrun pulse generation
or 110 baud ralbe inputi.

3.2.15 Synohronous Asynchronois Serlal I/0

& two=channel multiprotoool 2orial  compnunications conbtrolier
(UPNTZOLY  aupports  asyooheooouws, characker-oriented synochronous,
and hit=aoriented synehrooous protocols, programmable character
gime, parity, ORC generakion and checxing, DRiAK detect, framing
errar detection, automatle dekesction and genervation of  S¥YNO
characters, auto hunt, and extcernal or internal progqrammable baod
rabtes from 110 te 76.8EK baud. The primary channel [5L02 channel
AY iz prowvidec with typoe SR [send-receive) RSALI(Q0TTT) electrical
interface apd modem coctrel lines. The 3scondary chonnel {(SLO2
charnnel i) is  a synehronousfasynchronous segcondary channel with
type U1 {datz and Eiming only) RS34%{ICITT) eleclrical incerface.
Tn addition, this s=zcond chapool <ab e opsrated in 8 15 node
pactw-Lline coofigurakbichn.

3.2.1%m Parallel I.l'"ﬁ

Twenty pEwy Camoak: L parallel IS0 lires ave provided, with
programmabie direckion conkrol of IEEE-488 electricai standaed
compliznt input bufters, wod cither passive pull-up drivers or TTL
compatible drivers. There ape three parallel /0 parts: twe 8-kic
data portz and one 4-bit  contrel porl. Featurea include tbrec
interrupt regqueaks and  handshake conkrol  fov either pollad,

interrupt conditional control,  these—wire, or bidirecticnal
operaticn, lhree programmaile  Lé-hit Limsrs sre provided with
elther dnternal ocontrol and  iloteevupt, or =2ilernal huffered

control lines,

2217 -12% Charge Pump

Local serizl IS0 drivera and roevelvers rogualre a2 negative 13W
nias, 1lhis is provided oy ao on beard charges puwp opstating at
fld.d kHZ. 'The chamge pump Ls zooer diode regulalked,
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3.3 Q-BUS INTERFAULR

The O-2us intecface can be congidered from two perspectives; from
Lhe pevepective of the 9-Buz znd from the perspsctive of the locul
EXJ11-C4 bus, Thers are Lwo distinck porkblons of the EXJ11=-CA that
may he pertitlioned in  any way the user soos [iL. The [F0 page
addreasanle TPR fileie address is detzrainced by the hase adidress
and the 0oy TD switch setting, while the addresses in =hared
megnsty can e defined by the user. From the Q-Bus, Lhe XNJ11-CA
locks  like a 16 word T/0 pagoe addressable register file Lhal may
be loaically pacticioned into & Lransmit stabus  aod commabd
seckivn, and & regceive command and  ghRtus cection. The file
provices & contral communication path. The (-fus mastor can read
and wrlts Fromdlo any of taree dofined cammand reglsters and has
read staktus  [row any of theee assoclated read only  statbus
ragistors, all rnther file words may o2 wrikkten or road. TFRE,
TERE,. and TPRLZ, when written froaw the D-Due,. can eithar [lag Lhe
J=11 through EXJOSED oF inteeropt Lhe J-11 with unigue level five
intercuats. In addition, whan the [irst file word ls wrillen, a
mommaskable  J-11  restart trap ig generated. This iz a pricrity
command shannel.

The O-Bus sends measapes or asks Cor statua throwegh the TPR £ile,
Thae J-11 o=an respond cither by divectly reading or writing the
file, wor by lovoking the datz path zoptroller (DTIZ} to move dato
acrioss the bus interface and signol kEhe arbiter when completed.
The leacal processar cen signal the 0-Bus  arbiter at will by
weitlng iokte Ite Qg=Hus interrapt register (QLR), o genscatc o
levsl 4 latoerrupk to the O=fhus arbitoer, or by writing into ths two
port rogister for polled opecations.

The KXJI1L-cA DMA conbtrallsr cen address any portion of the O-Bus
22-bit address space. Shared mwanory iz vigible from the local Sus
as a concigions physical memorcy with an address range of J000J0R0D
- OL?TITTIY Ofal2 Emy. A1l RiZ KB can be shared, The addrossing
trom the O-Bus is detewrmined by the host  and stored Lo teo
intarnal rogisters. XEJCERF and KNICSRH. These registers conkaln
the starting address [(KXJCERE), a2 wvolue for che number of blocks,
and the eoding address (KLJCERHI.  Sharoed memory is enabled aod

disabled by WEICERJ. Thne locally mapped Q-pus memoey may bo
alloveted In B KB <ontigious incroments in any nen 1/0 addrozs
Tange. The fange solectad must also be on 8 KB houndzries, which

allow a usger a toktal of sixty=-Ffour 8 KB pages. The ahared memercy
mrea is located at the top af local RAM.

3.4 EXJ11-02 INTEREORTS

There are threa goneral categovies of intorrupts which involve tha
EXI11=0CA: intorrasts  from the Q-Bus to bthe KXJ1l=CA, intecrupts
From +the KEXJLE-CA to the O—=Pus, and logal inkerrupts by on-boarsd
EXJ11-04 [0 dewices. This section descrclibos the KXJLL=CA's role
in =ach type of intcreupl. special intoerrupl handling by the
firmware i3 digeussed in Sccitian 3.5,
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FJa.d.1 Interroupts From The (-Bus To The EXJL1-Ca

& 0-Bus device can intervopt the EXJL1-CA hy writing TRERA, TRPH,
e TRRLZ. If the TPHs and the TTRE ioterrupls are enabled (as
dotormined oy hits 6:3 of KITCSRDY, a write ta any of these theeo
reglistees  [rom Lhe O=Pus ceuses a level 5 Interrupb. The veckors
asaaciatad with the intecrusks are logated at logical addrosscs
lety, 1i4, and 134 reapectively in kernel I space.  The sagucooe ol
pvents during & Q-Dua inkecrupkt Ls 1llustiratsd in Yable 3-1.

Tabhle 3-2 tniterrppts from the Q-Dus to the HXTL1-CA
--Bus Device
o Araiter EXJ11-Ch
¥rites TPR4. TPRH, If TERs and TFR Intéerrupks are enahled,
oY TPRLZ handles a iewel § Lotcrrupt with the

following vechor.

TPE Veckor
TOR4 120
TARE 124
TFRLZ 134
3.4.,2 Intervuptse From Thes EXJ11-CAE To The t-Rua

The EXJ1l=0Cn can  intecrupt devices on the P-Bos (inciopding the
arbiter) through a reglsker in the on-board GAP Jate arTray
[DC7TA378)  called the QIR or Q-Bus Intecrcopt Register. The format
af the QI is deacribed ifo Sockion 3.2.%.

In order [or the KxJ11=CA to loteerupl the DP=bus throwgh the QIR,
hic 12 of ExJCSRG  [BQIREN) nust first he set. IL thiz it i=
cleared, intecrupts from the KXJL1-CA cancot be pasled.

If KXJOSED bit 12 is s=ot, a Wwrite ba the TR soks EXJCHRD hit 14
{01k REO), which cacses Lhe Q-Gus signal B3IRQE o be asserted aod
Jenerates a level 4 inkerrupt on the d=rius. At some later time, a
o-pus device {or arbiter) asserts the signal BIAKI Lo acknowledys
*he dnterrupt, and reads the contentse of the {1k foer the
appropriate wvector.

The asserkion of HIAKT  {ackpowledgement ot iInterrupt) clears
EXJCSED hit  1d. [£ EXICSRD kit 13 is set, the asseriian of BIARI
posts  a lewel § lecal ilnterrupt vegueat with a vector of 1340. The
veer must epsura Ehai there is a vecter ak 130 that points to oa
routine that will handle the interrupt. The routine handlos bhe
interrupt and the operation is complete. Table *-3 summarizss the
sequence af awvents.
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Table 3-3 Interrunts from thd EXJ11-CA to fhe D=Fus

O—-Bus Device
ol Arbiter ExJ11-Ch

WriLes IRk with wectors when EXJCSRDC12>
13 =&t

Sels EXJOSRDEC] 4>
Agsetrhs HIRG4
Anmarts BIAKT Leads TR

Haidlez a local level 3 iptorrupk Wwikh a
veotor of L30

F.4,.13 Local Tnterrupks From On-Board Deviges

The EXJ11-04 op-board devices that gan post local Lnkerpupts to
the on=hoard J-11 inelede Lhe dalta tranefer coantroller (DTC), the
parallel 1/ neort (PIS), the conscole sevial linae [SLO1G . the
multiprotecel secial controller  (SLU2), the ST.02 counkors/btimer,
Lhe real=time clock {RETI), TCRE4, TEES,; I'PE1Z, and the IR.

Tntwrrupts L[rom local devicer are zll haadied in the same general
WEY .

1. The logal device posta an inktereupt ko the on-beard J-11
through the J-11's 1HD lines,

I The J-11 porforms an  lnterryupt  acknowlodge cycle and
reads o weector that points te an intercupt soevice
roubine

3. The rvoutine handles the ntorrdpi, and
. Operaticn resumes.

Thae DLDTC amd the PIO share a comoon iaterrupt reguest line. ‘The
TTLC has the highers priocity of the tweo devioces [these two devicos
are daiay=chained}), aod allows Lhe PIO fo acknowledge an iobkerrugk
anly Iif there are no DTC lnterrupts pending.

Table 3-4 i3 & swmmary of 411 the intecrupks bhandied locally hy
the WM JILl-CAh, Lheir relative prlorities, and the wvectora
assoclated with each intervupk. Within & pricrity lewvel,; the
interrupt with highest pricrity is lisked Eirst.

The wertors for ODTC intertvupts and FTO intecropts showin In Table

3«4 are the detfaults sci by the native firmware. Thoso veckors ars
programmeble.
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Tahls 3-4 SUmmAry of KXJIL=-CA Local Intarrupts

Priocrity Tackar{s! Intercupt Type

Fragrammzile 241] FIRD

il 144 Real-Time (Clack

g 1aa SLU2 CounkterSTimer 1 [watchdoy tlucr
5 124 Interrupt from O-Rus

5 134 Inkorcupt Lrom Q-Dus

5 1340 Intocrrupt to Q-DBus {wvia TR}
5 134 Interrugpt Erom O-lus

i £E4,230* DTS Inkerrupl

& 20D, 204,210% PIO/PI0 Timer Interrupt

4 H fonsole (HLOY) Receiwver

4 gd Qanscele (SLOl) Tranamitter

Th MPSC [SLUO2Y Communicaticn

¥*pefault valuss. May be changed by khe user.

3.5 SEPECIAL IWTERRUPT HANDLING
The EXJ11-CA native firmwore ls designed to handie four typos of
special  intervupta. B ospecial inlerrupt ococurs when tha cnable

Bit (#XJCSEJ bit ) is set and

1. A command 12 iasaed [TPRO is wrillben), or
2. A powar fall occurs [BPOX is deassertad), or
3, B O=Hus haltk ooours  (BHALT s aasecstad)] and the

carresaonding enakle bit [KXJUERMD bit 8) 15 set, or

4. A O-pua  initializaklon Iz perfarmed (WLATT ic asscerted)
and the corrasponding enable pit (KXICSED kit 10) is aekt.

During an special interrupt, tha EEJLL-CA swikches fo kernal modo,
sushes the current P0 and PE on ihe kernel stack, forccs Lhe PO Eo
173004, Farcea Ehe PS to 340, clears hin & of EXJCSRI (EMI UM,
and hegina to exscukbs  code. Typically, the EXJL1-C4 [ivwmwyare
handies the apecial irtereupt. If the nser hag hls cwh code for
apecisl interrept  handling. he should maks sure Lhak the entey
point far thim code ls at the kernsl lagical locaticen 173094, The
firmware handles a speclal interroupt as follows:

1, TPl kit 4 selects either wvser code or [ironwatrs Eo handle
the s=penial interrupt. if TRER! bit 4 = 1, control is
passaed to uger code through locaticns 24 snd 26, and user
code handles the apecial bntervupt, If PRI kit 4 = O,
sontrol 1s rekained by the ¥EJIL-CAR Lirmware that hancdles
tha  spocial  interrept. The stops that Follow asSume Lhe
EXT11-02a Firmware handles the zpoecial interropt.



2. The cause af tne spacial inkorrupt is dolzrmined by Lhe
conkbenta af KXJTUSED.

1. IL the special Hdntercupt is causod Dy & power [ailurs,
Lhe Eirmware traps throwgh leooatlons 34 and 268 and allows
usetr code to kandle tho inkerrupl.

4. IfT the anpecial inkacgupt 1Is caused hy fhne sssavtiaon of
auall or RIKTT and the appropriate enable hit is aet, ths
firmware traps thoowsk locations 24 and 26 and allows
waer code to bandla the inkorrupl.

5. If the special interrupt is caused Dby [ssuing & Someand,
Lhe fimware detesmioes which command has bean issued by
looking at TFRI and thea execales Lhe command.  The
arhiter may need to lead comwand paramelers inta TRRZ and
TPRI nefore it issues the command.

Ao After the apecial interrupt iz handlad, the [irmware sets
the enzbkle bit f{bkit & ol RKXJCS5RI) Lo gnable anocther
apacial  inkerrupt. Tf the user's code i3 proceszing the
special  intersupt, It ls important that the proper sxit
seguence bhe uaed upon  copolebkion. Firsh, Lhe event
indigator (BAALT, BINIT, or DIWEFL]! musti be ¢leared in
ExJCSER.  Then, the enable bilb must be seb in KXJCSRI.
Finaily, an RTI instruction must be executed.

I.E RXJ11-Ch RESETE
Thers are Llwo ways in which the KXJ11-CA can he regeb or
roinitializad,

la By executbing a RESET inskruction. Thiz iz galled a
goftware reset.

2. By Lhe asserbticn of the local powsr-up signal PUR.  fhis
is called a hardware cosat.

The aections thalk Ecllaw esuxplain the caouses and cfloclts af che two
types 0f resets,

F.5.1 Software Reset

When =& EFSRET iopstruction 18 executed by the on-board J-11, the
varicus components afF -he EXII1-0CA are affecked aw summarlzed in
Tebkxle 3i-5.

3-38



Table 3-5

Componant

101 (DLART)

PID

re

SLIT2 {MPEC)
SLIO? Timers
RTC

EATCSHEB

R TCSEB
LHJOSEC
FEXACSRID
ERIISREE
ERITCSEF

K& TCSRHE

EAJCSR]

Boot fSelf--tost
Zwltch

L.RETs
ITi Switch

Perndinyg Intercupts

FXJ1l-CA Software Reaest

Effect

The DLART  inpuet INIT is asaerted, which
clesva  dntarcrupt enahles and clears bits
2 amd 0 ob the SLU's XO%H. keter to bhe
pLAirr Nata Sheek  [foar  details of DLART
behaviocr whan INIT iz asservhead.

The PiQ inpots Z08 and TAS are assertod
which re=sets the PIO. BFefer to the IPIO
Technical Mareal For detaila  of - PIO
behavior whaer DS aid AS arve asserkod.

Tha UTE inpuets DS and AS ave asseckoed,
which reseks the OCOTIC. Eefer to the DTC
[echnical Mainual for details of DOTC
bhehavior when DS and AS are asserctoed.
Memory mnanangement 1g disabled  and Ehe
J=11 executas & RESET ins:ructinn._RaLDr
ke the DAILL User's Guide For duta{la oL
J=11 hehavicrP when BESET is exacutod.
Thaffectaad.

Mraffeckad,

Intsrruplks disabled [(KY¥ICSRA<E: cleared)

linafEnckad.

Tleared.

Mhaftectod,

Cleared. This &isables shared mencry and
specinl inkervupta, It has other effecta
as describaed in Secticn 31.2.8.%8.

Wo effack on sofiware resets.

Unaffected.
Mo effert on scfbware rvesetbs.

Clearad.
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1.6.2 Hzrdware Resat

Hardware resots are caused by the asasrtion of the local power--up
gignal FPUP. & hardware reset occurs when any oF the Eallcowing
condlbinne ocoure.

1. If the EXJ1L1=08 is in standalone mode [as dekermined by
the asetting of the ID swiltch), & nardware resekb oolurs
when an ocn-board wake-up clrouit detects the prasence of
+5Y D poweak.

. If the EXJ1I1=0A i= nok in standalone mode {as detecmined
by the setting of the ID switch), a hardware réaseb oocours
whan the on-board wake-up circuit detects the asssetion
cf the Q-Bus signal BLOOOK. A hardwars rosck is also
caysed by welting a 1 to TPEO hift 14 from the Q-Bus.

uring a hardware rveset, the wvarlous components aof the KXJ11=CA
are atfeoted as summerised in Table 3-G.

Tahle 3=% KXJ11-OA Hardwars Hageb
Componsnk Effect
SLIOL {DLART) The LDLART innut TEST is asserlLed, which reeeks

the NDEART. Retes to tho DLART Data Sneet for
Getails o f OLART  bBohavior when TEST 18
asagrterd.

PID The PIU inputs Z05 and 2AS are asserled, which
reaets the DPIO. 2efer +o the PIO Technical
Manyual for details af PIO behaviar when IN5
and «A5 are assoereaed.

LTC The DBTC inputs E0% and Eas are assarted which
resets the 9C. Refoar to Lhs DT Technical
Manuzal for details of DTC bohaviar shen 2565
and zZhi are asswerctad,.

J-11 The J-11 input INIT is asserted. Rofer tao the
DCIll Hicroprocessaor Uscr's Cuide
[EE-DCJY1-0)Y  For details of J-11 hehaviecr
wlhien IMIT iz azmserctad, Jumper MLT7-M16

dotermines if caontrol [s passaed Lo Lhe
firmware [laocation 1730000 or o 20T after
powcr-un is complene.

STIUZ [MP3C) The MEYSC input RESET iz asserbed. Refer to the
MPSE Mata  Shoot Far details of MPSD bahavioe
when RESET is asascried.

SLUZ Timers Initialize themselves upon powdI-Up.

RTLC Tnterrupks dizabled {KLJCERACGE: clearcd)
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Table 3-¢ KEXJ11-0A Hardware Feset [Cont)

cempoenent Effsck

KEATCSRS Initialized Lo power-up values. Soo specific
KXJCERR rogister desceriptiona for duetails. All
RLJCSRD writeable bits are clearad,

EXICERD

KEJCSRE

EAJOSRT

EXJCSEF Toikialized to a walue of 17TE00 upon

power-wa, and are uvnatfected by a hard
raset from Lhe D-Bus.

EXJCSERH Initialized to a walue of L77777 upon
power-ug, and are unaffacted by a hard
resel fraom the D-EBus.

BookSelf-teak If Eirmware is execubed upon paWer-up,

Bwitch this switch apecifies thoe [uncikion performad.
LEDS All on

Il 8witch Value iz logded inte EXJCSRC, thus affecting

the O-LGus addross,

Pending Tontersrupts Cleatred,.

37 MEMORY MANAGEMENT ARCHITECTURE

HOTE
Thie sectlon was written Ecor readers
familiar with FPFOP=-11 menory management
concapts.  For Further detalls on memory
managemant, refer to Chapter 4 of the
[ Nlwh I | Microprocessnr Usgr's Guidae
{ EE-DCJ11-UG-PRE) -

The ExJll=Ch  implemeots  Che  full  PEP-11 memory managewenkt and
oEakechion architecture with extensions for exkended direck
addressing. The EXJLL-CA memary mansgemont registers lnclude Page
nddress Reglsters [PAR3), Page Doscriptor Reglsters (PDRs), and
Memcry  Management Registers 0 throwgh 30 (MMRO - MMR3}.  MHRD
throuwgh MMRI  are cantained ir the op-beard J-11 nicropraseasos.
The PaRs znd PODRs are located ‘n physical memocry. Thoefe regisbers
are deacrtibaed in the secticna khat follaw.



1.7.1 Page Address Registers {Pagg)

Thetre iz & total of 48 PARs, with eight PAR"3 allated for sach af
the foliowing: kevnal | apage, supervisar ] apace, ussr T cspace;
kernal I apace, supervisnr T space, and user D spaca. Fach PAR
cantainse 3 page address field [(PAF) thot specities the startioog
sddress of a page aa & tlock number In physical maomecy.

NOTE
kernel I apace and [ apace PFART i=
mapped to the 1,/0 page by tha £irnware.
This mspping muat not be altared.

The format of a PAR 12 shown io Figure 3-25.

15 )]
I 1 I T I ! I I I I I I I I
1 1 1 1 J 1 1 .P'?I 1 1 1 1 1 1
Figure 3-15 Page Address Boglister [(FAR]
2.7.2 Page Dascerciptor Radistorz (PODRS)

There 12 a botal of 4% DPDR3, Wikh eight PAR's alloted far each of
the [ollowing: Xernel I space, suparvisar [ Bpace, user [ =space,;
kecnel D soace, suposevliser D ospaco: and user D spacs. LKach PCR
containzs  information on eXxpansicn directbion, page length, and
acoess contrel. The Lormak cof a PDE is shown in Figurs 3=26,

G 18 13 i 11 W 00 OF 07 06 45 08 03 oF o1 O3
T  E— T 1

e a s oo fee A ul
R S R il B

D owtaen

Figuewa 1-324 Fago Descorlptor Reglister {(FLORI
Eita Hame Desgription
15 Mot used (read/write]
14:8 FLF rage length field - Bpecifies the blaock
number, which defines the pags boundary
feee bit 3}, The block oumberc of the

virkual addreas 13 comparad with FLF fo
detect length ereore,. An BXrYorc 0CUEE
when axpanding wupwards if the block
number 1a geoeater than PLY, and when
g¥panding downwarda 1if the hlack number
ia less than PLF.



sit= Hams Leacriptian

7 Mot uged (read aa zeral

& BT bage  wrlitktern - When sek, Lhis pane has
been modlilfied s3ince it was loadsd iate
mamoey. This bib is cleared when the PAZ
ce PDR of Lhis page is wrikten,

D:d Hiak weed {ra2ad as zaros)

3 kil yxpansion direction - When set, thia pags
axpands  dowawardas from hlock number 127
to loclude bBlocks with lower addresscs.
Whern ocleared, this page expands upwards
from Dbleck number 9 Lo inglnds blocks
with nigher addreasas.

2:1 Al F Acrnesa cantkal  field - Contains Ehe
aucass code far this page.
aCr ACoess
0 Hon—-rasidenc = abort all acceasas
01 wwad only - ahorct on write attempt
10 Mot daed - zhort all accesses
1.1 Raad/write accass

#] Eob used [rtead as Zevro)

JaT.3 Manory Management Register 0 (MMRD}

W¥RO ocontains status

EME CLEL] T I

unit.

and conbtrol  ipfermation  for thoe memory
This register ls& read-only. Figure 3=27

illustrates the Format of MMRO.

ADDAESS: VITTETE

L n

ST IR N LN U= N - - v B O e COR O o b B N

T T T
4 [ B u] r|PARGQ MOC -|_ PEG MUk
] 11

AT M | AR AT

AN I'LE

Figuks 3-27

0 50 tME REL

-t T

Memory Maragement Registsc O [MMRO)
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Eilts Hame

i5 ARG MER
14 LBO PLE
L3 ARD ALY
12:7

hzh5 PAG MOD
4 I/ EPC
3:1 pAG KITH
11 cHE REL

Description

mAbort non-resident = Set when an acooss
attempt 1z mads to a pages with ao access
conteal  field key of 0 or 2, Alse set by
attockpting to gse memory celocatlon with
& current procesacr mode [(PS{15:14>) of 2
{iilegal). ABJ NHE is8 set whan PAG MOD
eguals 2.

sbort page  length - 52t when an avcess
attompt iz made ko a page with a block
aumber curside the rangs spooclfied by the
paga's POR. Alsa set by attempting ko usa

MEmMOE Y ralocation with a current
PLocassor made tEsd1a:142) of 2
[illagal).

Abhoct acoess riolatiaon = St when
attempking to wirite =  read-only  pago
(that is, the acecess contral field equals
1.}

Nzt wsed [(Froad as zeros)
FPage mode - Indicates the CPU moda

associakted with the page vcauslag an
abrort.

PAG MQT Kode

00 Fernel

oL Supervisor
10 Ill=gal Mode
1% User

Tf an illegal mode is specifisd, ARO NRE
Le set.

Fage address spacc - Whan set, a b gpace
mapping woporation was attemphted when an
ahort  ooourraed. When cleaved, an [ apace
mapping oparation WwWas attempted when an
zhort ocourcesd.

Page number = Contains the page numhber of
a ralerence gausing a mancry NANAJemant
abork.

Epable relocalblon = When set, mefnory
management 1a anabled atd addressz
relocetion ogcurs. When cleared, memory
managenent ig disablaed and addresses are
neither relogated nor protocted. Cleared
by RESET instrwetion.

}=45



3.7.4 Memory Managsmant Register 1 {MMRL]

MRl records tha avteincrementing or  autodecrementing of any
general purpose ceglster (GPR! during an instruction, including
raferences through the program  councer  (PD). This rogister ia
clegared at the beglnning of an instruction. Whonewsr a GP3 ia
autcincremented pr autodecremented,. the ragister numboer and amount
fin 2's complement nnkatlor) by which the repglster was poslfied is
Wwriltbten inmto MMREL. The low hyte of MMR] is written firsc. The
format of MMR] is shows in Figure 3=28.

" 113 = W m_oe o
I " A ! 1 L L1 ) i
- I 2. - ] r |
araD  NT CHANG T BLGIHTHE Sl e T CHAAGE T Ak GITT H
{5 CEMBLERE T 1 MUIWEE 3 I7'E COM? _EWENT MUKEZR
FH M
Figure 31-28 Memary Management Reglster 1 (FMR1)
1,7.5 Memory Managemant Raglstar 2 {MMR2)

MMREZ iz alsao ecalled the wirtwal program cowntcer [VBC) and s
loadad with a L18-bit wirtusl addeess at the beginning af sach
ingtruction tatch., This register is read-only.

3.7.6 Memory Management Register 3 (MMRI)

MHMR3  (Flgure 3-281 snables  and disables data space mapping for
kernael, usec, and sopervisor modea, [t also conkrols IS0 mapping,
18-t:it, 22-bit wapping, and whether reguests for Call Lo Bupervisor
Mode  instructien are enabled. Thia register is read/write and is
wlaared durlnog a hardware ressi.

AODRESS: 17737516

LT O T Sl S T T O O | N v N 1.
l:ll a . n I I I F v ! DJE_LO E: | | r;mnr:
: FHI vl
Rt e H
Lo e
Figure 3-2% Momory Management Replster 3 inRR3)



Bit= Waine Description

la:6 WMot nssd [(cwad as zeros)
2 Mok uged (tead wriie)
4 EHNB 2EG Enalle 2z-bit mapping — When this bit is

gat  and momory menagement  is enablod
[i.8., WiIE 0 af MNR] is setl, 22-Dhit
mapping is used. when this bit ia clearcd
and when acwmory managoment is anabled,
15-hit mapping dis uswad. This hit has no

effect when TEmUI Ly manAaEma s is
dizahlad.
3 AT C5M Enahle rfall tro Superviszor  Mode = Whan

this »Hit dis sut, a Call to Supevvisor
{C5M)  inscvuction may be edcculed, When
this bit dis cleared, the gxecubion of a
oS ingtruction causes &  trap through
levcation 10 in kaernel 1 space.

2:4 MaDe Mode bits - emable and di=zable kernel,
supervisor, and usec D space as sl
Bit deantng
MODE<?: = 0 Disable kernel D space
MODE<2> = L Enable kernel D Bpace
MOnpslr = 0 Bisable superviaoc D space
MOEs1» = 1 Enabhle supcrvisar I space
MOopE<0> = [ Digable uger D space
MOCE<0> = 1 Enable user D spacs

3.8 SHARED MEMODRY

The EXJll-0a contains 512 KR of on=koaed RAM.  The RAM Can he
ennfigured as  "shared memory® thal can be accessed by devices on
the o-Bus a3 wsll a8 the on-hoard J=1] microprocesasor. Shared
memary could be uwsed, for exaeple, in ao application where the
arhiter needs to access RAM that ls read or weikben Tocally.

sharnd memorcy can he conflgured under software gontrol by loading
KxJll=0a ©Control/Status  Registers XEJCSRF and KRJCSRH {(Sectiocns
3.2.8.6 anod 3.2,8.71, and enzbled by sckiing KXJOSRICE> . KXJOSTRF
and EXJOSEN contailn  values  that  specify ths sktarting addross,
ending addreas, and number of blocks far the shared memorcy Aarca.
Thiz section explains how to derive the walucs you need to load
inte EXJUSHE aopd  EXJOSEH  ones  you have dwetormined which O-Bus
adcrosees are to be associated with anared memory. The section
that Follows azplains the mechanice of bow the registers are
losded by the arbibter or by the on-board J-11l.

When cantiguring shared memory, make sure that there are no
overlappiog Q-Bur addresses. That is. Q=Tos addresass must be
UnLlus.



3.8.1 Shared Memory Organizatlon

Sharsd memcry coconsists of one o morse § K3 blocks of RAM. Siooce
there 1s sl EB of RaK on the ExJ11=CA, the maximum aumbor ol
ghar=d momery 2locks is &4, tdach block must skart on oan B KB
boundary. dn  the Kx!i1=-Ca, the last block ls khe highest § Kb of
FaM (1777777 - 17694Q0Q), the next to last block 1z the next
highest & KB (1757777 = 1740000F, and so on. All blocks of shared
demory  are  contiguous. The anared memory spavs 1y locaked at the
top of local ERAM. The laocal aserting addeess 1z (2020000 -
W*20000) octal, where 34 iz the number of blocks.

The algorithma for determining the concenks of EXJCSEEP and ¥XJOSER
are as follows.

CHKR (0-Bus startlng address/1EDy actal

CAREHS18: 7> [(Epdlng address) 48D 17720000] /20040
CHRH<R ;0% [Negata [ (Q-Bus starting address)/ 20000 +
[ numbar of bhlocks]1] 2N 77 octal '

The seclions that follow illustrate how Lhese wvalues =re
determined and used.

3.6.2 Eining One Block of Bhared Memory
Suppose  you wWant to define one 3 KB block of addresses as sharad
memory. The foliowing example illustrakes how this would ke dons.

In this example, ynou want to define oie 8 KB block of shared
memory  starting  at  O=Buz  address  LOO0O0. In cthis case (Figure
3-303, addresses 190000 through LLI777Y on the 2-Bus ceorrespond to
KEXT11-ca shared memory addressess 1760000 thrcough I797Y777. What
values do we need to lepad into EXICSRF and KXJISCRIL?

The walyue far the "starting address” Lhat we need to load into
EXJCSEF  is obrtained by eniftinyg the starting 0-Bus addrese Eo the
right 83ix hits. Figure 3=31 ashows thsa rolationship hetween EXJCEREP
and the 22-pit Q=pus address. FPlugglng in our Q-Bus address of
100000 {octal)l, we 3ee that 1000 (octal) should e loaded into
EXJCSREF. Biks £:0 of EXJCSEF are not used and read as zeros.

The wvalue for the "ending address" that we need to Toad into
KXJOSEH  hibs 15:7  (EMP ADR) iz cbtained by taking the first
{3-Bus! address in the laat block and shifting it to the right 13
bit=. In thiz case, we are working with only one block, 5o the
first block is the only black. The firsi address in the block
shifred to Lhe right 13 bits yields BOQGADLI0O0 for bits 15:7.
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0 B EXIIT-2

nemn .f, Im7irs
114
170000
1173Tr
;[
[ i n]
L1 P __..__I L
VRIS
Figure 3=30 Defining Ona Block
of Sharcd Memory
LR TR - - R R H] a 2 h K:li
ETARTINE UL | . . - .
ADDHE£$ b T T T (O e I I L O q 'lJJ i
VRIS
figure 3-31 Contrnl Reglster Bita )-RBus

address Relationship

The waluw for the "rnumber of blocks® that we noed Lo load iato
EXJ0and bits S:0 is shbained by extracting bits 18:13 af tha 0O—-Bus
sbharting addreas, adding the number of Dbloecks, and  twe's
complemsnking {negating) the ragull,

O-pus address 109000 bits 15:13 GO0
Add pumber of blocks -+ 1

OaaLlal
Megate 111011

Tha valua 1110LL is loaded loto hits 5:0 of BXJCSRA. The EXJ11-~CA
interprets this walue as one bloczk.
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3.5.2 Pefining Two Blocks of Shared Memory

suppose you  want o definge two bBlocks af ahared memory. ASsSune
that tha raoge of 9-Busg addressgses sssigned to cshared memcry in
this case ls o 100009 cheough  137977. &n the HEXJL1-CA, Che
cotreaponding two  blocks are contiquous  in RAM and roeside at
addressas 1740000 through 1777775. The ralationship between cthe
Q-Bus  addrsssozs and  the Exall-caA  addresses  1s 1liustraled in
Figure 3-32.

Find the carveck walusa to load loko EXTCSEC and EXJCHEH.

The walue £or the "starting address® bhath we nead to load inte
E¥JCERR i obtained by shilfting Lthe starting D=Rus address to the
rinht six bits. This yields 1000 (actal) for KXNICSRF. Bits §:0 of
EXJCERF ara ook used and read as zera=z,

The walua for tho “eading address®  bhabk we need to load intao
EXJCSRH bits  15:7 [END ADD) is obkained Dby taking the L[irst
(0-Bug) address in Lhe last blogk and shittipg 1t BEo Lhe right 13
Bits. In thls casce, the First addresa of the last block is LEZ00O00.
Shifting the address Ko the right 13 biks yields GOOOA0101 for
Bits 15:7.

The walue for Ehe "pumher af blocks" that we need to laoad into
EXJCSEE Hits 5:0 is ohbsined by axbtracling bits IR:13 of tha O-Bus
starting address, adding the ougboer of hlacks, and negoting the
resullk,

D—-pus addreas 100000 bits L&:13 COOL1aA
Add number of blocks + 14

BODLLD
Heqgate 111ald

The valus 1110140 is losded ints bitsg 5:0 of BEJCSR.  The BEXILI-CA
interprets chis valuw a3 tec blocks.

agus [ 4, BT
T 1086000
HE
Ex
- —] 170
HEY
)
77
T |
T U E | P
cl -
e
rFiqurs 3=31 Pefiniog Twd Blacks

of Shared Mamory

Jai1



3.5.4 Bafining 64 Blocks of Shared Memory

suppese  you want ko deline all 64 Dlocks of RAM as shared mawcry.
assuma that the cangs of Defus addresses assigned Lo sharcoad memary
im  Ehiz  case is  LO000OD throwgh 27F7TT7T.  On the EXRTLLI-Ch, Lhe
carresponding blocks are contlguous in *AM and reside at addressea
0 through 1777¥7%7. The relationship betwosn the D-Rus addresaes
and the EXJll=0n adderesses is 1llustrated in Figurve 3-33.

l'ae correct walues ta lozd into KXJUSKF and XXJUSRN ace
ENJOSRF = 10000 {ockcall

Since the fleglh [(O=RFos) address ot the last block is 2760000,
ENFOSEL bikts 15:z7 = 01001111

K¥JoopR[ hits S5:0 ars determined as tollows,

=l addresga 10006300 hits 18:11 1dapan
A3 nupber of blocks + 100aanG

L1annong
Hegats 100000

Carries are lgoored.

AR
T 1———-|
- S
L ol = . .'i_ﬁ_
g'._..l...llT._"' 1337077
L] Ei2k
i
S i o | r
. el
nL__r_j
[l T
Pigure 3-33 MeElining €4 Blocks

of &hared Mamary
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3.8B.5 Baabliag and Dizabliing Shared Memnory

Shared memcry can be anabled wnd disabled by elther the oo-board
J-L1 or by an arbiter comaand. When shared mevory is enabled. Ehe
rulationehip between Q-Bus oddreszes and EXJL1-CA BAM addrosses 1S
detinad by the welues I EXJICERF and EKXTCERH. This soection
dasarcibas how the on-board J-11 and arbiter <an enable and disable
shared memncy.

Onice EXJICERH and EXJCSEF arge sct uo, the an—board J-11 enables and
digsables ghared memory simply oy writing kit 2 of KXJCERI.  When
this bit 15 s&et, shared mecory L8 oengblod. When the pib is
cloared, shared MEmMSEY is disabled. The siared mematy
configuratico walues mighk be known at startup EBEime, or they can
be passed from the arbiter to the EXILL-OA theough one of the TER
usar vompmunicaetion channels.

When the arbiter wants to enable or disable sharaed memaory Lhrough
the firmware, the provess 1z somewhat more involved., To enanle
shared memorcy, the following cvonts ooCul.

L. The zebiter detesminss that the EXJII-CA is ready bto
tecelve a cummand. This oweccurs whoen TRPREIC2:0> = 100, and
TERO<15:0> = D. Thls is sometimes called Lhe "waibing

far voemmand! skate.

2 The arbiter writea bits 21:13% of tha 0-Bus starting
addreaa inta TER2<8:0> and writes zmercs into TPR2<15:9:».

3. The atrhiter writes the pumher of bhlocks of shaped acnory
minue one Lnko TPRILI:0%, For example, TERI<S:0> =
100000 for wopoe block of sharced memcry, TPR2<G:0> = 000241
tor two blovks of sharad memorsy, and sSo on. The arbiter
wrltus zerpos Intao TPRSLEZ:G>,

4. The zarioiker sets TPRO bit &, Only bit & szhould he set.
Tf the acbiter were ko sot more than one bit at & time in
TERE, an error would roesult {and would he vegarded in
TFR1),. 8Setting bit 6 causes the EXJILL-CA firmware Eeo
confiqure and enable shared meancry. The data in TPR2 and
TPR3 are Ekranslated ipto wvalupes, which are loaded inke
KXJIOSAF and KXJOS5RH, armd kit 2 of KEKJCSRT 1= sat.,

5. Aftcre shared memory 13 ceonfigured and enabled, tie
KXJ11-Ch clears TPRO and sets TPRL<Z2:0> = 100. Thi= puts
the EXJ11=CA back into the "waiting for command” state.

®maITH
A local reget or a Q-Bus ODT GO command
will disable shared memory becausa it
clzara EREXJOSRI bit 2. The conteaks of
EXJCERF and XEJCSRH are unaffected.



To disahle shared moncty, the fellowing svents ofeur.

1. The arbitor detsenines thai the KXJLL-CA is ready to
receiva @ cosmmand. This ccours when the EXI11-CA iz in
rhe "waiting far command" stabz.

2, The arbriter =ets TPRO bit &. 0Only bit @ snould be set.
If the arbitar were to sef more than one hit at & kime in
TPRD, an error would result {and would he reoorded in
TPR1Y.

3. The KEXJ11=-CA cleara bit 2 of EXJCSRT, dizsanling shared
mamory.,

d. The KEJL1-0A olears TPRO and scks TPil<i:dr = 10d0. This
puts the KXJL1-Ta back inte the "waiting for command”
state.

3.8.0 Shated Menory Considevaticns

When designing an application, the user shauld note the following
circunstances under  which  the use of shared memory could yield
unpredictable resulta.

The K¥Til-0a i designed for use in memory archifactures that are
non=cached., AaArkivers with cache nemory [such as the ETILL) musk
disable or bypass the cache when acoessing shared mencry. The
EXTLl-0a  bhas  ne  mechanism for updatbling the arbiter's cache when
cached shared memcry locations are altered by the apn-heard J-11 or
CcMa conkraller.
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CHAFPTER 4
DMA TRANSFER COMTROLLEE

4.1 CVERY [EW

The DMA transfar conbeoller (DTC) i3 designed aroand the AmZd0ls
chip. For detalls on the operation af the AmZA0lé chip, refar to
the Am2E0l6 DMA Transfer Contreoller Data Shect included in this
documentation package. The informacian that follows summarizos and
describes the DTC functions implemented on the EXJLL=CA.

The DT¢ can  perfoarm BMA transfers betwesn any of the following
addresses.

| & looal address bEo a logal address

7. A loecal addreszz Eo g-Bus address

3. & o-pus addewss ko a local addross
4. L D-pBus addéress Lo a Q-Rus address

0. Frem  bthe channel A cransmletbesr of the nultipratocol L0
through TMA channel 1

G . Te the channel & 0 recaeiver of the multipraotogal S0
through DMA channal 0

T TosFrom the PTO chip throuwgh DMA channel 1

Ward and hyks transftera ars supoarted leocally. Only word transfera
are sgupported acrasa  the Q-Dus. Hote that in ke mods, bthe
addressing 1ls the inverse of the POP-11 addresslng acheme. Foc
cxample, DTC address 1000 gorresponds o PDP=11 addrcss 1301, and
OTC address 1001 corresponds to POP=11 address 1000.

The operations of the DTC are conkoolled by geveral internal
registers, The DTC can load these registoers directly fron memary,
thereby minimlzing the ameunk of processcr intervantlon neaceasary
ko perferm & DWMA  transaclion.  The Area of mamery whers ke
paramekera for Lhe D017 are stoved is relerred bo as the chain
table. The local J-11 microprocesgor nead conly laad the address of
the chain table into the OTC and issue 2 “starkt™ command to
initiate & DMA transfer.



DMA transackicns wmay bo iniciaktcd locally by either the J-11 or
Lhe arbiter OO, IL the kbrpapnslor is initiaked by the arbiter; bthe
command  words and  transicor paramckars are placed in the comnmand
registecs of the bwo—port RAM [TPR) file. The lacal J-11 will chen
initiake the DMA Lransackicn using the zarameters supplisd by the
arbiter.

The WFIC consisis of Lwo idenatical channels. DM transfers may ba
interleaved Dotwoon thoese two channals o Llnterlesvad hetwaen tha
CTC and the J-11. It (s also possible to select a “hog oode’ thak
aliows Lne DMA translfor Lo run o completlon without Lnkerruption.

The DOTC supporks Ehroo typas of oporations: Transfer, Searcch, and
Translzar-and-Scarch. As the name implies, Transferc operatians move
data [rom a scurece to a cestinaktion. Search operatione cead data
fraom a sourca and compare the Jdata to the pattern cegister. A maszk
ragister allows the user to declare "don't care" bits. The
Trangfer-and-scarch aporatlion copbioes the featuras of the
Transfer &and Soarch funckionse. Ta kEhis type of operation, data is
transferrad bakwesn o @ sowrce and destination uwuntil the data
transferred mnmcctz the match condition spacifisd in the Channel
Mode register,

Tha DTC ie capabhle of performing molbiple DMA transactions withouot
processor  intwrvention. This can be gecomplished in two wayas
base—-to-current relecading or chaining. Bass-to=gurrent rsloading
allows the OTC ko relecad a portion of its regiskers before
initiating & DOHA transfar. The raload operation pecurs betwsen
internal reglstars, so there are oo memory access relsted delaya.
This Lype of opoeration is only practical in applications where
data 15 continucusly transferred Detween the same addrecsses.
Chaining allows smme o all of the applicable registers of the DTC
ta be reloaded fronm a new chain table,

Ipon completion of a DMA  transfer, the DTC may perform any
canbination af Ehe fallowing options: inkerrupt the laocal
progassor, parform  hase-to-curvent reloading, or perform a chain
eeload. TE may alee choose to take no action.

4.2 DATE TRAHSFER CONTROLLER {DT{} REZISTERS

NOTR
Refer to Section 4.3 Eor descripkilons of
how +fhe DTC registers ars used Suring
DMA oparations.

The D[Data Transfer Controller coatalns two bypes of reglstsrs:
global registers and channel reclizters. Slebal rogilszsters oontrol
the averall operaticn and conliguration of the DTC. There are Ewa
globkal registers; the command Fegiskter and the masker mode
register (sSee Table 4-1). Chanbel reglaters define the stake cE oa
particular <channel. There are two  identical seks ofF chanpel
registers, one Eor gach ¢hannel. Thase rpoglistars aro always
accessad as words and are aligned on even {word)] address
boundaries,. Table 4-3% 1listz the DTC chanhel reglsters and their
addranassa.
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Taiblz 4-1 ITC Glokal Regi=zterce
Address Accesg Déscriptiﬂn
177744547 N W- ) Cnhmaﬁd Raglskor ] o
17774470 o Magter Maode Regisler
:_Egﬁatimn 17774454 man be read or writteﬁ. ﬁicn read, it yields

statua information only. It ia written with command information

khat cannot be read back.

Tahle 4=2 DTZ Channel Registers

Channel 1 Channel 0
Addrans addreag ACCEss Description
17774400 17774402 FEWC Jucrent B address Offset
17774404 17774405 RYIC hase B Address Gffset
17774410 L777d4412 BWC Tureent & address Offaek
17776414 1777441m BT Baae 2 Addross DEfa=t
17774424 L7774422 RVIC Curcent B address Segment/Tzg
17774424 L7773426€ RWC Haae B Addrogs Segment/Tag
17774430 1777344342 B Curronkt & Address Segmonk/Tag
17774434 17774434 RWC Base & Addreas Boegmenk/Tag
[rFT74440 17774442 RWC Chain &addreas Offsat
177714444 17774446 BWi: Chaln Address Segmenk/Tag
17774450 17774452 R Intecrupt 3ave Reqiater
17774454* 17774450 R Status Register
17774480 17774462 RWIC Qurrent Opsratinn Counk
LT7 74464 177744686 EWC Basg Qperatian Cuunt

17774472 X rRasarved
17774474 17774476 X Heaerwad
177745400 17774502 bt Regecvad
L7774504 17774508 X Raserwvod
LF774510 17774512 B Patkborn Register
L7TT4514 17774516 AW Mask Register
Y7TT4R20 17T 745335 EWC Channel Mode Low
17774524 177745246 RIC Chnannel Modce High
17774530 17774532 BWC intercupt Vookor
17774534 x

17774536

Eeserwvad

* Tocation 17774454 can be read or written. When read, 1t yields
gtatua informaticon ooly. It is written with command informotion
that capnaoi be read back.



The KEJII-CA DTC 15 baswed on the 2mZ8016 chip {(as descrined in the
AmERG1e Technical Marcuall}. Seversl reglstera of the amiA0le chip
are not implemented in che EXJ2l-CA. Those are shown aa "reasrved”
in the tables.

Tha tablea specify the access code [or each register. The Koy to
tha obbresviaticna used iz as follows,

E

Tha register can he vead by the an-beard J-11 processcr.

W = Tha repister can be written by Che on-board J-11 processar.

C = The regiater can be loaded by the DTC as part of a chalalng
snakation.

X = The regizter is not implemsnted or is resarved Eor future use
by Digital BEguipment Cavp.

4.2.1 DTC Global Registers
4.2.1.1 Command Regizter -- The Command Redister is the
write=only register that the op-board J-11 uscs to issue commaads

to fthe DT, These commahds incsluds Resect, Start Chain, and okhares
{508 Figure 4=1).

LONEFSA: | 7774454

LL N N S N [ O O - - L
& ﬁ-tabi&v'@ %tﬁ-@ 5 tF N R E1 3 ARSI
1 —1 1
Figure 4-1 DT Commatd Reglster
Bits Hame Cescription
15:8 Hob used
T:h Lty Funckion £i0ld - specifies ths bEype of

[uncticno to be porforkmed by the DT

FF Function
I Ruosat
ool Intuceuph
a1 Suftware Tequest
a11 Flip =it
Lan Jardware Maak
1d1 Starct Chain
1id Resarved
111 Foserved
L. CIE Channe=l interrupt snable - When sei,

indivotes that inkerrupk regquests are
enaklad.



Eits

Tahle
writi

i ams

s

1

SLET

ZH

-3 Summarifes

Descripkion

Intertupt under servics - When sek,
indivates thab an  latereupt iz being
sercvicoed.

Interrupk pending - When sot, Indicates
that an iotarrupt reguest Ls currently
pending.

set Clear - When set, specifies a =&t or
1 caonditlon. When cleaved, spscifios a
glear ar 0 condlcian.

Channel 0/Channsl L — When set, apecifies
channel L. When cleared, aspecifiss
chanhel O,

thie Luncriana that can be performed by

ng the varicus hite of the DT Command Regisker.

Table 4-3 DTC Commmand Summary

OTC command Ragizcer Bits

Command 76 543 210
Rosel oo QEX XMAX
Start Chaiao Channel 0O I 1XX  XXD
Scart Cholo Channel L I XX XXl
gat Gnftwarse Request Channel 0 g1 oXx X100
Bt Software Roeguest Chaonel 1 01 aMeE K1l
floar Softwars Reguest Channsl d 0L 04X E0Q
flear Saftwaro Regueskt Channel 1 ol X X0l
Set llerdwarc MKask Chanooel 9 1n XX XxX1o
Sop Harvdwars Mazk Chaoocl 1 1a 0x¥x X111
Clear Harcdware #Mazk Channel 4 10 oXx¥  x00
Clear Hardware Mask Channel 1 10 Q= X¥al
cat CIE, L[U&, TP Chanmel U R0 1ES  FLd
gat OIG, TS, ID Channel 1 ag  1RE Rl
tlear ©Lk, 102, IF Channel d Qa1 1ES PBOD
clear CIE, INS. IPF Thanoal 1 oo 1LEE PO

get Flip Bit . Channel 0
ser Flip Bit Chaonel 1
Clear Flip #it Channel 0O
Clear Flip kit Channel 1

0L L1xx XL0
D1 1¥x KLl
N1 1¥X XKadd
01 1¥X X031

Notes

AS
E
}.;_ =

L

= Bet to perfarm selkfcleac on CIE, clear faor no cffect on CIE.

et Lo perform set/olear on (U9, clear for ro effect an THE.
Sak to perfecm set /clear on IF, clear far no cffect on IR,
ioon' . cars™ bikt. Thia kit is nok decoded and may be 0 or 1.
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4.2.1,2 Haster Mode Register —- The Master Made Registae conkeols
varicus aspecta of owverall DTC operacion [zes Figure 4-2).

ADORESES: 171374470

L O b T O T = - . - o o I ] il

2 o
] ' | ! E
alu N I I O O 1 —| C -|

DI CTR HOG DM ZHE

Figursz 4-2 Master Mode Reglstar
Hita Mane Dascription
iG:2 Mot used (read a3 ares)
7 Must be gzero
B Must be apne
0 Musk hs zero
4 o CTRE naiay chain controcl — When set,.inhihits

intercupt cequests from the an=hoard PIO
counter/timer. The FIO counker/timer is
part af an Interrupt daisy chain at a
nigher lawel thar the 0TC.

3 MuskE he one.,

2 oG Hog mode — when set, the DTC interleaves
conkraol of the loepal I/70 bus with the
on-pogrd J=11. When cleared, Lhe DTC
retainag contral of the bus until a
terminal condition exiats (as 1ndicated
by the contents of the Current Operatcion
Coubt Register describad 1in Section
4.7.2.86), Thia ia alsa called "hog mode".

1 Muskt ba zero
0 DMA END DA enable - When set, sllaows tha DTC Lo
requast  control of the local I/A0 bus.

Whon cleared, prevents chalning or DMA
gparalions.

=B



d.5.2 OTC Channsl Ragisters

4.2.2.1 rCurrent Addreszs Fegisters & and B — Each channel has two
fprrent Bddreas Regiaters: one thabt sgpecifies the current swurco
~ddrass of a DTC transfer and one Ehat gpecifias the current
duskination aiddress. The "flip oik™ in the Channeal Mode Register
leoo  Section 4.2.2.8) specifiea which registers (A or B are Lhe
source and which registues ave the destination. A compleks Curvent
address  Reglster conslsts of tws worda, a gegment,tag and an
nffget, The soghentlten specifies.

& IF the source {or destinaticn) address regides o the
L=Fuas

[ if the source (or destinatian} address rezides in the I/0
page

o address bits <21:1b6> of the gSource [or destrinatinn)
addrass

" If tne goutrce [or destination) addezss  ghould  be
incremented, decremnenkbed, ar held constant as  Lhe

transter proceeds

The asesgmant/tag nas the following facmab {Figura 4-3}.

ADMEESS: 17774420, 11324423, 1030 17770444

LT T T s SR G . ¥R - L I L N L
I

I 1 1 1 1
Al"l:lF [ | a o [a aCF u] | L J
J -l

L

(LR k]

Figups 4=3 Cutrrent & orF © Address Segment/Tag

gits Kame Dascripiion

L5 o/ L Bus Choice — When sek, —auses the current
source (ar destination) address bo reside
o the O-Bus, When the Rit is cleaved,
the curroentk  addresz  Is & local addreas
(EXJ11=-0A7 .

14 IS0 1/ kit - When set, causes the Q-Bus
signal RBRST to bhe assoerted, which LCorces
a referftnCe to the I3 page. The
referenced I/0 page can reside locally
{if bit 15 i3 eclesarsd! or on the Q=fus
tif bit 15 is =et].

1%:4 ADDR Bitz <21;:;i6> of toe current addrass.

T:5 Must e zero
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Bits M amms Dascrliption

4:14 AR Count mekthad - detorminogs bhow addeoessas
will e affectced as Lhe OTC LransEar
procesds. :
ACF Function
0a Incremsnt address
0 Currement addroass
1G Eald adviress
11 Hoold nddress

2:0 Musk bo zmoro

MNae affssl consists ol Dits <15:030> of tho sourcece {or destination)
afldress (Figurz 4-4}),

ALDONESS: 107 Ty, ~ 77734 0%E. 1 Mo radioy 10774312

LI S I e N G O o T H I i T 11 N i { N i~ R 1
! ! I H 1 1 1 . I I I 1 1
| TUF ZEN” ADDAFSS AFZETT |
L__1 1 1 1 1 1 i | | ' 1 |
LU I o
Figurs 4-4 Currenk & or B Addross Offset
4.2.,5.,2 Ease A&ddress Reglstorz & and B -— The formaks of Rase

Audresa  Haglsters A and 2 are identical to those of Curront
2ddre=ss  EKegisters &4 and B. AL the bkegianiong of a cransbcr, Ehe
Basg hddiags Registers and Currenl Address Reglistors arce loaded
with the =ams informalion. A tkransier oan be  rogearted by
reloading the Current address Roglskters with khe conkents of the
Zase Address Fegisibers. ERelor ko Figures 4-3 and 4-4 for the
raifigter il descriptions.

4.,2.2.3 Chain #hddresa Zegister == Tha Chain Address Register is
naed Lo polbbt to a4 "reload word®, the first word in a chain tahle
feea Seslicnr £.3.1). Thoe roelosd word spacities which repglsters are
tn ke leadsed, in order bBo sest up a chaioing vperation. The ohbare
chain  rable entrics conkain thke dats with which the renishers arae
laadead,

The Chain  Acdreas deqiater oongists of two words, a sequentsLag
and an aLEsasb. The szgment tag apecifiea:

a 1f the reload word address resides on thie -Bus
= 1f che releoad word address resides in the IS0 pads
& addreds bhilte <21:162 of the reloasd ward addrass
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The sogment/tag haa the £

nllowing format {Filgure 4-5).

ARDHESS: 17774440, 174 /045945

o ' 1

O T O = N S - =, D, - . I . M

AlLIF . l:'l-'.ll-'.l Ls I.-II: 1| 0

Fiqure 4-5

Bite [ Zone
L5 . DAL
14 L[/
13:3 ATDE
T:0

The offsot gansiskts  of
{Fiqure 4-41].

L4k

chain Address Ssgmenl/lag

Dezcription

Gus Choice - When set,. indicakes that khe
ralaad word address resides on the $-Bus.
Whan cleared, indicatss that the addeess
iz a logcal (EXJI1=CA) ane.

i/0 bit = When sef, <causes the O-3us
signal AS27 to he asscrted, which forces
a referanos bl s b 10 page. Tha
Falfergnced TI/0 page <an reside locally
(if Bit 15 is clearcd) or on khe D-Dus
[if bBic 15 13 sek).

Bite ©21:16% of the reload word addecss.
Musk he zeooas

Lita  <inr0r of che reload word address

AOLHESS P TTTEGIN, 107447

L R =S - L S | = - B - = ©CE 1l; M ce a1 CC

v T 0 T
U s ANOFESS DFSSL) C !
I P e S N N N

Figure 4-4%

LU

chain Addrs=ss JEESCL
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4,2.2.4 Inkorruept %Yector and Interrupt Save Regigtsrc == Fach
channel has an Ictcrrupk WVackor BPaglistar and an Totercupt Save
Eeagister., The Iakertuplk ¥Veckor Regliskcer contalns the vooctor thatk
i3 aubpur during an ionkterrupl acknowlodge cycle. Whon an ioterrupd
QIoUrs,  the contenks of the Interrupt Veotor Reglster and part of
Lhe Statuz Regliszkezr aro loaded gutomatically into the Iotarcrustk
Save PBeglskter. This allows o new weckor o be losdsd duriog
chaining and a new DMAR operation van be pertormed before an
interrupt ackoowlaedge oyoela ococurs. The Tntercupt Save Regizstec
can be road bot can not be dicectly weitken by the pasrc.

The Inberrupt Vecior Register has Lhe [ollowing Eckmal [Figure
4-7.

ADORERS. 1TTYAREN. LTT74532

LR 1 I ol IV« O S - O 1|
I S T . 5
:Ef: F i WEL & =

LI L NS

Figure 4--7 Interrupk Vector Rogisker
Bita Hame Descriprion
15:8 Mot used {read/write)
712 VEC Interrupkt wector
L:Q Hatbt uzed (treadswrite)

The Interrupt Savs Register has the following formak (Figura 4-3).

AL3RERE. “77¥440d, 17719451

™o 1R o1 o gv Gy % oS M 0l i own )
T 1 T L I— T
IJ. , I l Lo I il g
4RO MLL (L1 o
kC 4 Ca El:'l.F [ D
Flgure 4-2 Inkerrupt Save Reglistec
Blts Hame Deacription
15 HEQ Hatrdware request = & copy of Statue

Ragister bit 5.

14 HCH Match wount figh = A copy of Status
Register bit 4.



Bits Hame Dzzcription

i3 MO Match count low - & wocopy of Status
Fegizter bit 3. °

12 ) Chain abort - A gopy of Status Register
Bik 12.

11 M Mztech count — A copy of Status BegisCer
hit Z.

[ K] o End anf peocoess - A copy of SLakus

Fegister bik 1.

9 TC Tetrminal wounk - A copy of Status
Register oit 0.

8 Sl OMilE Channel numbar - When =set, roelers Lo
channal 1. When olearad, refers ta
channel 0.

T2 VEL Interrupt wectar - A& copy of Intacrupt
VYector Hegilistac biks <T:d>.

1:=0 Hat used

3.2.27.5 &Gtaces Register -- EBach chanoal has a rvead-only Skatus

Ragister. £ach status register contalnz an interrupt status field

{blts <15:13>}, a DOTC status E£leld {bits {12:9:), a hardware

loterface fField {plts <6:5%*)1, and a gomoletion status field (hica
tdz0x). The bits that comprise these Eields ars described below,
Parts af the status ragister are copied Eo the Inkorrupt Bave
Register whan  an  intsrvupt occurs. Noke that hiks <l2:5: = 0007
ipdicate that the c¢hannel is  lpitialized and waiting for A
reguest.

The Status Register has the Eollowing format (Figure 4-5).

AODRESS: 17774154, 17772454

A5 44 43 @i tn (AT 08 B RAL TS0 u::_E ;M
| T 1 117
ZIE » J [CEDH &= Hl:‘:I:" MCL El:|lF
L= Ch WFE | a1 il Fall: TC
EITIE KRR
Figure 4-9 Status Regiater
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BLts

[a—
[%)]

L3

L2

11

L4a

es

Tr

Ca

WAL

W

=TP

Hig

HED

Description

Channel interrupt enable - When azk,
indigatea tnat Lnkerrupkt raguests Aars
enakled. Set Ekc same as bhit 4 of the
Ccomatd Register.

Inkerrupgt under &sercviloe —  When sebk,
indicates that an 1loterrupt is  being
gervicad. Set the =ams as bit 3 of the
Comiand Feqglster.

interrupt  pending - When sget, indicakes
that an inkerrapt reguest is currently
pending. Set the samse as bit 2 of the
oommand Regliskor.

Thain abort - When zet. indicates that a
chulnling opsration has been tecwinakbed.
Thiz kit iz algo =et when ths LTC 1is
initialized. This hit is clearsd when a
naow chain  address segmenkStag or offset
word i3 loaded.

Mo auka reload on chaining - When seb,
indicates tazt the channel has completed
a DM4 Lransfer and thet neither base-to-
current  releoading acr avto-chaiaing were
enabled, Thiz bit 15 alss sek when Lhe
ODTC iz initialized. This bik iz <¢leared
wWwhen 2 Btart Jhain Jommand iz lagued,

waiting f[or bus - when ast, indicatos
zhat tho c¢nannel wanta cantrol of a bus
e poerform a DMA Lransier.

Geaond  dnterrupt pending - When o Sot,
indicakes that a second inkercupt  is
aending  on the channel, and thabk channel
astivity =sbould bz suspended unkil an
interrupt acknowloedge ococnrs.

Must e merco

Hardware mask = Whep 2ck, indicatbes thatb
this channael is inbikiked Evom reapondlinyg
L tha asssrkion of the channzl's
hardware recuest lino.

Hordwars tegquest - Whon set, indicates

that ithe channel's hardware request Lloo
is wessorbaed.
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Bits Hame Dasociptian

4 MCH Matceh ocount high - when =et; indicoates a
match beokwaen the upper bytoe of data
being tranaferred-and-zaarched ar

gsearched, 2nd  che pattern determined by
the Patktorn and Mask [egilsters.

3 MCL Matech count  low — When =ef, Lndicates a
match botween the laower byte oF data
b 1 gy rranaferrved=-and-searshed cor

saarched, ang the patteen datcrmingd by
the Pattern and Mask Reglaters.

2 M Match ocount — When set, indicates that a
g ovoercatlen was  terminakted  dues Lo oa
matech  between data being transfercrsd-
and-scarched o csearched, ani Lhe
condikion  specified by hits <l:0k of tho
Channel Mods Aigh Begister.

1 EOP End of process = when set, fndicatces Lthat
a Ma ocperabicn Wwas terminatsd duc to the
assertlon of the "= and of precess
(ROP] llnec.

0 T Tarminal count - When seic, indicates that
a DMmAn operatlon was terminaked beoaass
the opecatlon counkt reached zmerco.

4,2.2.68 rCurrent and B[ase operation Count Registecs —-  Each
channel has a Current Operakbicn Count Register, which spacifios
the number of words [or bytes) romaloing to be transfeccoed for a
L#b oparatlon. The contenta of the pegister are decrewonted Dy che
earh thne a4 datum is transfecrod. & DM4 operation can be resumed
where it left aff by using the count contained in thiz register.
when a WA tranzfer is completed, the register contalns woro. Tha
maximum count (54 E! is specliicd by laading this register wich
C=Yan

Each ecnannsl also has a  Hase Operakion Count  Gepgistes. The
contents of the B2ase Operstion Lfocnk Rezgister  are inikially
identical ta thase of the Curvent Cpurakion Count kegiater. A8 £ho
transfac progresses,  however, the contents of the ftase Dperatlon
Jount  Registar are not decremented. IZ a DHA transfer noods to be
rastarted feom scratch,. BEhe ariglnal byke {or word) count can be
restared by  loading the eantents of  the Bzae Speration Counk
Megister into Lhe Currenk Operation Counl Register.

Rater to Figures 4-10 and da-11 for the regiscer Fformaks.
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Figure 4-10 Current Operation Count Register
ADOAFSS: 174 024048 17774496
= a1 e " =l W+ EH B¢ onE 3F ™ 28 27 D [ H
T ¥ I 1 T T T T T T
1- SR o gel 10N SOURT
| 1 1 1 1 1 1 1
AL TLREL ]
Figqure d=11 Base Operation Jount Register

4.2.2.7 Pattern and Mask Raglsters —— Each channel has a Pattern

Register and a Mask Reglster, which are uzed 1n
transfer—and-search woperations. The Patkern Reglster
pattarn - thak read data is compared with bo detecsmlne
oot a "match" conditiop wsxizts. The ussr can poogrkam
stop & search when bhere ls a makch or when there iz na
Mask Fegister is used ko exclude selected biks

gzatrch and
conktains a
wihelbhey or
Lhe 12 Eo
maicch. The

from fthe

comparisch. Setting a Mask Rogister bit ko "1" sxeludes Chat bit
from the comparisan. The Eformats of the Pattern and Mask Regisbtera

are shown in Figures 4-12 and 4-13.

ANDAREE i 7TTAG1D, 70404012

15 d 42 Iz 4l G 0d pH ki GRoe o ne o3 o ud o wy  CD
e I i

[ I I T T 1 | 1 | | 1 I
Irac ek
1 i |

wifyed

Figqurce 4-12 Pattern Ragistar

BODRESS: 17774614, 1777451A

1% 1 13 1z 11 13 pe F BT OE D5 04 g o B
1 T 1 ; T 1 | L 1 T T J
L L1 ; ] IM%FI Lk 1 S L.

-

Figura 4-13 Mask Eegiater
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1,2.2.% <Channel Hede Reglister -—— Each channel has a Nede
Registar. The Made Rogisier specitles what type of DMA operatinn a
channel will pevEorm, how the operation will be executed, and what
actien, if any. will be tBken when the operaticn is completad. The
moda  rogister consists of  two words: a Channel Mode [Digh and a
cnannel Mode Low. Channel Mode High is dsed to

9 Initiace a DMA4 cparaklan

> speclfy what is to occur if a2 match condition exists

& Determliacs b e enftware and hardware reqguasts are
handlad.

Channel Mode High has the following format (Figure 4-141.

ADDACSS: 17774574, 1 77426

w14 4% 12 01 1 F od R CHOWE e 0d, UF 0l [
- T . I
| =} F] r; glag|lal]le]o]a o | I | 5F o r.1n:

Loia’ a2

Flgure 4=14 Cnannel Moda High
Bits Hams Degeription
15:5 Mot veed [(read as meros)
4 =34 saftware reguest - When seb, initlatoes a

pes  operation. The channsl requests the
bus and performs transfers za specilied
by XFER in Channel Mode Low.

3 H Hardware mask = Whan set, prevents the
channel from responding to the asscrtion
at the channel's hardware rczguest 1ine.

X Mot used [read azs zerci
12 MC Match condltion = Specifics what will
accur for match comditlons.
MC Actiom
no Etop on no match
0l BEtop on no match
10 Scop on word match
i1 Stop on byke match



Chatinel Mode Low spacifiss

-

The type of aperaticn and ftranzfer performed

Whish af

the

Current Bddress Registsrs (A or B} iz the

source and which is the destination

What will

ocour when 2 DMA cpecation L5 completad

Channel Mode Low hazs khe foilowing format (Figqure 4=15].

Bits

L5

14

13

12

EG

SODHEES T TITANID. T IFTAEDD

o0 08 07 M CS ok 0E D2 D1 M

7 T L T
Lixy op
| | | ] ]

LN

[REETE

(RN

M TCIE

Bz

[l Iy SITIE Fu=

Figurse 4-15 Channal Mode Low

HCCE

EOBLE

TCBC

MO B

FoP G

TELE

lDeacriprion

Terminal, count ¢nain snakle - When set,
cadzes a chain roload for the noxt DMA
cperalion 1 the Current Operation Count
Regisier ig decremented Lo zero.

Match count <chaln enable - Whon sat,
causes a chain reload Ior the noxt DMA
cparabtion 1E a maicch conditicon cxists.

gnd of process chain enable — When sat,
causes 4 2 chain reload for the next THA
coarat Lon if an epd-ocf-procass  (EOPR)
terpination ocours.

Tormioal ocount  bagsa--currank - When sak,
cauecss A  bage-to-cworeant Feload LE che
Current Jpoeration Count Rogister is
docrkomontsd Lo z2oro.

Matceh ocount base-currcent - When satk,
rausas  a  hase—to-current reload It ow
match condition exigkes.

krd  af process base-current - When 2k,
cauvasa a bhase-to-current relaad 1L an
end-of-procesa (ROF) termination occurs.

Terminal <oounkt interrupt enable — Whan
set, ths channel issues an interrupt if
the Curcant Operation Jount Regiaber ia
dencapsntad tn zera.
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Bite Kame

8 MCIE

T BEORPID
g5 XFER

i FLIE

d:0 QP

pescription

Match count intecrupt enahle = When 2Ct.
the «<hanmel Llssuces an  Lnkescruapk  iE &
mateh condicion exists,

End of process intervupt enable - When
set, the <hannel issucs an intercupk 1f
an end—af=provassz (S0P tecmlnaticon
aGoUrs.

Tfranslier Ltype - GSpecifies the bype of
transfer tne channel will pecform. Reler
to Lhe G Tachnical Marnual Ear
dascriptions of these Lransters.

XFER Transfer Type

W H) Single transfer

a1l oemand dedicated with bus hold

10 Demand dedicatsd with bus release

11 Cnannel to channel demand foterleave

Flip bit - When secb, Curcent Addross
Ragizker I contains the source,  and
Current addcess Begister A oontains the
destinacion ©of a transfer. When <learved;
current Mfeglscer A contains Lhe source
and Curcent Address Reglster B contains
the deakbinatinn.

Gparation type - Specifies the type of
eporation  the  channel will perferm. S=2e
tne DTC Technical ¥anual for descripticns
ot those operations.

Cpatand

Bizs Transfackian
oF Oparakion A B Tvua
0000 Transfer Word Word Flowthrough
o001 Transfer Byte Gykte Flowkbhrough

agla  Roscrved

a0ll  Rescrvad

0160 Trasf-Search Word Word Flowthrough
0131 Trrnsl-searcn Byte 3yte Flowthrouwgh
p110 TRescrved

0111 Wesorved

1000 Transfer Byt Word FPlowthrough
1901 Tascrved

1010 AResorved

1011 Resorved

1100 Trasf-seatch  8ylke word  Flowthrough
1101 EReserved

11103 Zwarch Ward word  Road

1111 Bearch ByLe jiytw PRoad
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HOTE
FRlyhy® oeerations are oot supportsd on
the EXJ11-Ch.

1.3 PROGZAMMING THE DTC
Frogeamoing the DTE oonsists of three vhasesr: Chion Inicislizatiaon,
C¥bh Operation, anod Taemination. This gection will praovids a

goenceral descriotion of these phases.

4.3.1 Chip Tanitiallzation

Tha EESET instruction ls used to place the DTC in a keown stabe. 4
koset will clear the CIE, IP, SIP and WFB biLz, and set Lhe CA and
MAC bits ko tha Channel Statuzs rogisters. The Master Mode register
wlll also bo cloared. EBelore a DMA operation iz initiated, the
lovcal Cr0d leoads the Master Mode register and the Chain addreas
registor ofF  bEhoe  approsriaie channel of the DTC. The DITC fatchea
any other paramcters that are necessary from a table tocated in
cystam maemoey koown as the chain table. This mipimizezs the amount
of  CPU iotwewvention necessary to parform a DEE operaktion. The
relationship of  the Chalp Address BRegiskter to the chain table ia
shown in Figuee i-—-16.

The firsk word in the chain table 1s the relosad word. The reload
word 1a uaed to apecify which registers should be loaded Eor the
pending bDMa cparation, Rits <9:0* of the reload word oorpespond to
the regiaters of the DTC as shown in Figure 4-17. Blts <15:10> are
nat wsed.

Therefore. 1fF a bit in the relaoad word 1s set, than the
corrasponding  registers are Lo he velnaded from the chain table.
firce all of the registers are nob  appliczble te  eacsh DMA
operaticn, the ghain table may be of variable length (that 1s, the
pattern and mask rejgisterz would not be used in DMA operations
that &0 not search the datal)l. It is incarregt to selsct 5 regiskar
in  the veload woerd and subsequently lpad that register with a
dummy  argumenlt such as zero. Figures 4=1%2 and 4=19 show examples
of the relaiicnship bketween the reload word and the chain table.

The DTC  has oot peoperly initizlized once the chain tablez have

beern created, and the Mastsr Mode register and Chain Address
Fegizster far the sazlectied channel have heen laaded.

G=15
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CLUARENT &AA SEGKIHITAL

CLRAZNT AR GATEEI

CURFENT MED 5L 1M ERTTALG

SUIENTHT ARE OFFSET

CURAEWT DR SOUNT

CH&MMEL RIONE I 15H

‘I CASNNEL MODE LOW!

Figurs 4-14 Example 3

1% 14 11 "d 1 L] e It L o Ith M a1

(S 1 0

I I 1 I I B
x oz ¥ ¥ x x| |n:-Iuln:||1

CURF ERT AF it Sl TAG

2rrm el aka OF 52T

CUAAEST OF-CDoAT

PATTER™ SEZIGTER

RINEE KOG S H

CHAHKME - MODE FIOH

I IAHAC L TR LG

Gkl ADDFREES SEZW0 1S ali

Cinfa = DD 1

Figure d4-13 Cxample 2
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4.3.2 DMA Opsration

The ] may perform 4 OMR operaticnh once it has baen prapevly
initializged. A [MA oparation may bo initisted in ons of Eour ways:
by software veguest, Ly hardware poguest, by  loading a sot
goftware reguest bik in tha Chaonel Mode vegister during chailning.
o as the reaule of a command Foeom the arbilber.

Software Requeat: The local CPIT may ionltiate & DMA operation hy
wriking a Start Chain command to the Command Register. TE the
Gofiware Reqguast bit 1z ook set a8 patrt of the start chain
command,  then the Software Regquest comwmand  can be issued to
initiate kEho DMA operation. The saftware Kequest command sebs the
aoftware request blt in the channel's mode vegistew. If sither the
Secand I[ntervupt Pending (SIP) bit or kthe No Autao-Rsload or Chain
(MACF bit 1e st in the channel’s status rvegister, the D&A
operation will not bagisn., Thoe SIP Dit will e clzarsd when the
channel receives an Lloterrupt acknowledge. The Hal hit will he
cleaved when the chappel receives a Start Chain command. (he Stark
Chain command initlakbtes bhe DMA operation after the regiatera of
the selected channal are loaded Lrom the chain table. The S5fart
Chain pommand {2 lonored if the 8IF it or the Chain Abort (C/)
kit are set in the channel®s status regiater. The SIP 2it was
idescribad  abowe., The CA bit iz cleaved when the chanonel': chain
address raglster iz reloaded.

Hardwars Roguest: DMA operationa  may be started by asserting o
chanoel’'s DREQ input ESram  SLO2 ar the PIC. The mask bit in the
Channel Mode Raglster conlrols whether or not khia recoeat is
dutacksd.

Starting After Chalning: If the software request ik of the
channel's Mastor Mode register ia set during chainlng, the channel
wlll perferm Lhe DML aperabian aft the end of chaining.

Arbiter Regquaost: The arhiter may intercupt  the loocsal CPU to
regquast a DMa operatian, This is  accompliszhed By passing
naram?tors ko load the chain addesess regleter of channel 0 Cheaugh
the two-port RaK. The arbiter loads register 2 of the TPR with the
otfeat af the chaln addreza register, and loads recgister 3 aof the
TPR with the segmencs/tag of the chain addeoss rogligtor. The DMA
pperation ia then fnltiated by setting fthe [MA Toad bit (blt 1} in
the I'PE command ceglsker (register Q). bBrrov conditions will ba
returned in TPR registar 1.

Informakion in the channel's oode reoister determings what type of
DHA eoerabtion will he pecfoerwsd. The Channel Mode  registaes
cansists oL Lwe wordszs: Channsl Mode High and Channel Mode Low.

Bits <3:0» nf Lhe Channel Mode Low reglister select the type af DMa
opcracion. These bhita detecmlns whethsr Cthe datasa snould  be
transferred, =garched, ob kbcanslerred-and-gearched. Ait 4 is the
f[lip kit. It i3 uaed to deksralone which set af currernt adidress
cogisbers (CARA:, CARHY points to tho source.
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Bikts €&:5» determine bhe transfer bype. The types of DTC translLers
are aingle transier, demand dedicated with bus hold, demacd
dedicated with bus releaae, and channel-to-channel demand
interteave. Single transfer 1is used wlth devices chat ftransfar
data at irregqular intervals. A single DMA transaction will occur
each tlme @& Software Request comwand 15 issued ar the DREG Llaput
iz asserted. Denand dedicated with bus hold is a aoftware hog
moda,. Thizs mode allows the DMA transaction Go rvun to complation
for local addresses, as long as thoro is a valid op count and the
BRED  input 18 asserted. IFf the DREG [oput is not asserted, no THA
pperakinns  will aceur but the channel will retsin bua control. In
0-2us hog mode, the ExJ11=0R relsasos the hus and requests thoe bus
again after cach word transfer. Danand dedicaked with bus releaso
iz similar to demand dedicated with bus hold, because a DHA
transaction L& alloawed Lo run to completfon if DRED is assertod.
If DREQ iz not  asserted, the DTC must release the bus, bthus
allowing othar devieces to cbtain the bus. The apersbion performed
by a channel-to-channel demand intecloave request depends on the
atate of bit # in the Master Moide reglster. If MM bit 2 is cloar,
then control may be passed between each channel of the DTC without
the nesd to relsasce the bus. If MM kit 2 is set, then the DTE nust
snare the ©»us with the local processor. The DIC will release the
bug and then regquest it again after ewery DMA lteratiaon.

Bits <l:0» of the Channel Mods High register ava used to determine
the type of match coatrol in Search  and Translfer-and-S5earcch
operations. The DBTD is  capable of generating a Larmination
condition based an 'No Match', 'Weord Match', and ‘Byte Match'.

Rit <43 of the Chabnsl Mode digh register causes thae channel to
cequest tha bus and perform transfars when it i3 set by a Scltware
Fequest command or a chain reload.

4.3.3 Terminztbtlan Options

3its £i%:7> of the Channel Mode Low register ocootrel the
termination opbions. & DIC pperation may be terminated in & numbey
nf ways. If the Current gperation Counk Register goee Lo dero,
khen a Terminal coognt (70 termipation is generated. Eikseinal
lngic may assert the End 0f Process (EQP) input of the DIC ba
generate an EQF termination &t any time. In addition, duricod &
Search or Trangier-—-and-search aperatien, a match condition may
acocur that gecsrates a HC termination. Bits <15:%> allow the DTC
ta perform a chain relaszd, a base-to-current relasd, or LO
interrupt the local preocessar if a TC, EOP, or MO tarmioation
condition is  spcounktered., [f bits  €15:7> are clearsd, then no
gpecial actjon is initiated wheno a TC, EOF, or MC condition is
encauntered.
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4.3.3.1 ©GOPF Conditlon Handling

ooy conditicns occur  eithsr as oa regult of a8 reforaoce Lo
ronexistent memory v due o a 0-Bus timeowt conditicn. 2-Dus
t+imecuts oceur when the KXJ:1-C&  is not granted access Lo the
O-Bus by Lhe arbiter within a fixed pericod of btime {approximately
140 wueecs), The wcondlelen only  ocours during peoriods of heavey
cankanticon  for the Q-Bus by other peripherals performing LEMA
opcrations. It is possible to recover bhe DMA transler operabion
from  the peoint of terminaktiocn,. depending vpon the application of
the DMA channel,

Ta differentiate boriween an BEOF condltlon resulting from a -Bus
timenout and a refsrence to nonoXisient memory, bit 5 of KEJCERT
{SACE  TOUT! may be kested. This skatus bit is usod to nabify the
application that a O=Hus timeoet condition has occursed. IE i5 a
giebal ctatus bic Decause it [s nol specific to a particular DHA
channel. This bit may be set by a timeaut condition that ccourved
or opa ofF bolh DMA channels. We suggest that tha cxceplion
condition handler alwaya have acoess Co che needed cvonctext of hoth
maA channels. '

fmoe ik has  heen determined that a G—-Bus timeovt conaition has
poourred, it is possible to gestark fthe DMA aperatlioen by using Lhe
Surrent Operaticon Count ceglster {Secticn 4,2.2.6). This regisier
containg  the number of words {or bytes, depending on mode of
oparakion) remaining to be bransferrsd.

4,.3.4 Exanplas

The tocllewing sxsmple progeams wWere developed oa a PRP-11/234
system  with 236K of memory, uwsing the ®RT-11  (versiaon 5.13
aperating system with the EXJ11-CA Pevipheral Processor Softwars
Toolkit. Ths programmer should be familiar with MACRO-11 and the
K¥J11-Ch Poeripheral Processor Tooclkit.

.TITLE EXAML.MAC

This pragram kransfors data from local EXI11-Ca addresses to
loczal E¥Jt1-CA addresses, Thie nreogram should e comgiled and
linked on the develapment syakem, and then download=sd loto bne
EXJ11=0CA using the KEJ11-CA Software Toolkit. Once the program
has heen complled and linked, use the Ecllowing RUT commands Lo
exeoute it and vorilfy its success.

-a

LU I T T I T

- A A |

; EOI>SET n ! Whare n is the appropriate ¥XJ11-C4

r EOI»LOALR RXAMI

: EUIX0DT ! se KUL ODT te verify that the

: + dastinatiuvn addressszs are claarcd

: JDT>CTRLAT

» EDIXEXECUTE | Ewecute EXaM]

+ EUI>ODT [ Uge EUL ORT to werify that tha traoslizr

. was sucecessful

m g
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; ODT>CTRL/AC
; EUIZEXIT

F

SET UF REGISTER ASSIGHHKENTS

MMREG

CHMIREG
CASTFI

CAROFD

START:

i74470

1744%4
1744406

174442
MODYVE #7130, MMREG
CLREE CHMDREG

MOV §0,CASTRO

i

=f BE N ko

MOV ¥RELOAD,CADOFOD

MOVE $131,MMEES
MCVE $102,CHMORES
MOWVE #2410, CHDRES

aR

CHATN LOAD REGION

RELOATD:

~WORD
JWORD

+ WORLD
= WORD

e WORL

« WORD
« WORD

JORD O0LG02

AT HIH Y]
SOURZE

QaOa00
DESTHT

0ooal1l.

OGAWGD
EMEHFETY

MASTER MODE REGISTER

COMMAND REGISTER

CHANMEL 0 CHAIW ADDRESS SEGMENT/TACG
FIELD

CHANWEL 0 CHAIN ADDRESS OFFSET FIELD

i

ELEE T T 1)

LOAD MASTER MODE REG TO DISABLE DTC
RESKET THE DTQ

LOAD THE CHAIN ADDRESS REGISTER
SEG/TAG

LOAD THE CHAIN ADDRESS ROGISTER QFESET
LOAN MASTRER MODE REG T4 EMAELE DTC

SET SOFTWARE HEGURST CHAHNEL O

START CHAEN CHANRRL 0

STAY HORG WIILLE LHE USKR VERIFTES
THAT TILE PRFFAMAM Wi SUCCHRSSPOT

RELOALD WCRD <Selech CARA,CARD,COPC UMZ

CURRENT ADDRESS EEGISTER A SEGALAC

i+ CORRENT ADDEESS KBEGLBTHR A OFFIET

cThis local addresa i=s the souroe:

CUEERST ADDRFRZS REESISTER B SEGSTAL
CORREWT ADDERESS RELISTER B OFFSEY
<Thnis lecal address is Lhe
destinalbians

CURRERST QFREATIGN COUHAT <Transier 11
wiekd =

CHAKNEL HMODE RESISTER HICGH

CHAMNHEL MODE REGISTEERE LOW

<Ho match canditiansg, do nothing
upan compleiion, tranafer

type = Demand Dedigated w/Rus Hold,
CARA = source, wWard tranaferar



SODBRLE: WORD L,2.3,4.5,8,7:8.:5,4:3,2,1

L&

STHT: «BLEW 131.

LEND START

.TITLE EXAM2.MAC

ym e Wh e ®F N wT omE L wE mp LE mm mm W mE mE m b AE b baa

mr w2 fa =F g S

-

This program transfera data from local KRJ1I-CA addresases ko
glekal g-3us addreszsas. This program shouwld bhe compiled and
linked an the development syskem, and then downloaded into the
ERFEI-CA using the EXJI1-CA EBoftware Tooclkit. Onee the program
has heen compiled and linkad, use the Efollowing commands ta
execute it and werslEy 1its success.

<HALT the development machineg &5 that locations may be examined
wilh Q-lus SOT

EeC0000 fwrKnxx I Examine khe destination logationa and elear
. them if necassary

QEDDO3D fwnxnnn

2F [ Vse the '"P' command Tt return to tha system

pruompt

LEUT

EOIXSET n ' Whare o Iz the aporopriate KXJL1-OR

KOT>LOAD BAANZ

HEII*EXE_TUTE

HUI-EXIT

£HALT the development machine o0 that locations may be exoamioad
wlth Q-Bus Q0L

BEOUOOG  xammux I Hramine the destination locakione to weecify
. Ehe success oF Ehe transfsr
AE0O030 ALY

SET UF BREGISTER ASSIGNMEKNTS

MMEEG = 174470 : MARTER MODE REGISTEER
CHUIREG - 174454 ;o DOMMEANDG REGTISTER
oasTeg = 174446 + CHAMMEL ¢ JAAIN ADDRESE SEGHEWNT. I'AG FIRMAD
CADED = L74942 : CHA&MMDL 0 CHATH ADDRESS OFFSET fLELN
START: Hawih 130 ,MMREG T LOA[Y KASTER MODE BEC: T2 DISAGLE IFLMC
CLIAH CMDREREG s BESET THER DT
My 0 ,CASTFQ s Ly THE CHAIW ADDRESS REGESIHER
P GRGSTAG
Mo #RELOAD, CAOFD ¢ LOAD THE CHAIN ADDRESE MEGISTER
: OHPSRT



i CHATH

HELOALD:

SOURCLE Y

plVE
MOV T
MR
ER
LA
+ WORT
« WOEL

WD

AORD
«FIORD

HORD

SHWOEND
HORD

 WCRD

e BH2

131 \MMILEG i LOAD MASTER MODE REES TCO EMABLE DTC
102, CHDERS i SET SOFTWARR REQEEST CHAMNHEL O
240, CHDREG ¢ START (HAIN CHANNEL O
} 5ThY HERE WHILE THE USER WERIFIES
¢ THHL THE PEOGRAM WAL SITDOESSFIIL
FhG Lo
00le02 P BELOAD WARD <Selact CREA,CHET, CORPC, CME
0o0Q00 ; CURREMY ARURESS BRGISIER A SRGATAG
SIRCE ; CURRANT ADDERSS EEGISTER & OFFSET
1 <This locsl addeess is bho souarco>»
101400 : CIORREWT ACDDRESS REGISTER B SEG/TAG
pooaa T CORRENY ARDRERSS RRGTSTER B AOFFSET
1 <Thig gqlabal O=0us z2ddress iz kthe
r destinacizsni
r €Thig oovregponds to address e00R0C on
i the Q=Rus>
r <lhe DIC vses physical zddresses onlys
BoA0l3, ; CORBEMT OPERATION COUNT <Transfer 13
7 wWordak
QOGOQg  ; CHARMNERL MODE REGISTER HIGH
oooodg 3 CHANWEL MODE RESISTER LOW
# “Ma match conditions, do nothing upon
t completian, transter type = Damand
i Nedicated w/Bus Hold,
r CARE = source, word bransfers>
Lrde3ed 5B, T 6 0,0,3,0,1
START



,TITLE EXBMI.HAC

: This program trarsfers data foom global Qp-bus ofdresses to local

mf =4 =, TE LE mE TE M2

L BEOOUNO/000001

1 .

; 9500030,/000001

; AF

H !k-.\.-\.-l[

s E1:X5ET n

: EUIFLOAD EXAM3

1 BUL>REARZOTE

: EU1>0DT

; noT:

¢

; OnT>CTRLAC

; KUYSEYTIT

¢

: GET UP REGISTER
MMEEG = 174470
CMRRERS = 174di54
CABTE = 174444
CADRD = 174442

ExXJE1-Ca addrosses,

t

This program should be complled and linked
nn the development system, and then downloadsed 1nto the RNILLI-CA
using the KEILL--CA Software Toolkit. Onos Ehe program has bewn
gompiled apd linked, use the following commnands Lo execuee it
and verify Ltz success.

size O=RBus ODT Lo depnait values in locations
GOO0QDLH)-—2>a00030{R).
Theas wvaluos will be the souree for this operations

Deposli source waloeas

=&

thae ‘B command to rstuen Lo Che aystem

prompt

Where n is the appropriste EXJLLI-CA

Uee

KOOI oDT ta examine the destinstion

locations ta verify that the branafec was
suecasslul

ASSIGHMENTS

E %p =E E

START: HMOVE 130 HMREDL

CLER CMDREG

MO #£0,CASTED

Mow #RELOAD, CAQFPO

MOyl #1321, MMEEG

MOva F102,CMDRES

MovpE #2400, CMDREC

L

MASTEFR MOUDE REGIETER

COMMAND RRG(STEE

COANNEL 0 COALXN ADDRESS SELMENT/TAG FIELD
CHARNNEL € CHATH ADRDRESE OFIHET FIELD

LoAD MALTER MODE REG TO DISARLE DTO

-

RESET THE L¥IT

el l

LOAT TIfE CHAIN ADDRESS REGISTER
SEG/ TAU

LOAD THE CAAIN ADDRESS REGISTER
OFFSET

im Am maa =ia

LOAD MASTER MONRE RES TO EMaBLE [RTC
SET SOFTWARE REQUEST CHANMNEL 4

e m

START CHAIN CHANNEL O

-

STAY HERE WHTLE THE USEE VHERIFIES
THAT THE PRIGRAM WAE SUCCHSSEPIL

- -E

d=27



: CHAIN LOAD REGIGH

RELOALR:  WORD Q01502

GorQaq
DESTHT

+ WOED
« FIORD

1a 1400
Q000G

« HORD
«WIORTD

JGRD DOGO13.

00004
ooaaeG

« WORD
WOED

NESTHT: .BLEN 134.

SEHD START

e Wi = Ll

=

=
r

Sk Wk WE RS EE O WE P 7 7@ 7w

ReELDADR WIRD <{ZelectCARA,CARE,COPL , OM>

GBREHT ADDELESS REGLSTER &
CURRENT ADEREES RECISTEER A
wThiz loczl addeeszs 1=z Lthe

LSRG/ TAG
CFESET
destinations
CURRENT ACDRESS REGISTEE B SEC/TAG
{CIOEREENT ADTDRESS REGISTER E OFFSET

<Thiz gilabsl Qg=pBus adidress is the scuruoes>
¢1hig carrespends to addreas 600G00D on
the O=Bus

<The D1C uses phyzical addreanes oply>

CORREHT SPERATION COUHT <Transfer 13 wards:

CHANNEL MODE REGIZTER ATEH

ClUMHMEL MOTIR REGTEITER ITA4H

<Ho matbch conditigns, do aatning upon
completion, transfer type = Nemand
nDedicaeted w/Bus lald, CARB = sourtce, word
transforsry <Morice how similar this relaad
table is bt the one in EXBM2. By utilizing
tha £#lip Lit in the CM Rag Low, no Eurther
Cramnes were aacessary bo use the tables in
thiz examplek

4-3245 '



LTITLE SXAMA.HMAC

4 Sp bmg g Wp k3 &E wr [

-

=s == am

o Ed Ed B ep RN EE RE I ma i =4 4 e

]
r

'his program transfsrs data from global Q-DBus addrasses Lo other
global Q-Bus addresses. Thia prograf should he aomplled anfd
linked on rthe development syatem, and then downlosded into the
KExJ11-CA using the TXJI1L-CA Goftwabs Toolkit. Onoe the program
has been conpiled and lioked use the following commands to
execute it and werify its succesa.

£Usz Q=Bus ODT to depesit walaes in lecaklens
BOOQR0{E I ~—>a0003003 ),
These values will bhe the scurcoe for this ocporalion?

A&AAD0A 000001 1 Deposikt soueoe walues

AACEO03I0S000001

EF i Use the 'Bf gcommand to reluvn to the system
prompt

LXINE

KOL»*3FET o i Where n iz the approprialbe EXJ11-TA

KuixT0AD EXand

ENI=REECOTE

KUI>RELT

<Tse Q-Rus ODT Lo examine the destination lagatinons to Verlfy
Ehat the opecaticon waa succossiuls
AEID0GO HR KA

BELO0UI0 EEANE
BF | Rekburtn Lo syskem prompt

SET UP HEGISTER ASSIGHNMENTS

MMRERES = 174470 r MASTRR MOOE REGESTRR

OHDRESZ = 174454 7 COMMANTD RECISTRE

CASTFO = 174346 r iZIANHEL £lin[¥ ADDRESS SEGMENT/TA: FIELD
CADFQ - L7442 - CHAMMEL O COAIWM ADDRESS QUEFSET FLERD

START: MOWVE #130,MMBEEG

LOAL MASTER MOODE 15G TG DISAGLE MTC

CrRE CMDEEG ECzwl THE aTCl

s

uoy 0. CASTEFO OAD THE CHATX ADDRESS RFEGISTER

;
. SEG/TAL
MOV FRRLOAD,CAOFD ; LOAD THE CHATH ADDRESS RRGISTER
. QFFSET
MOVE $131,MMERG . LOAD MASTER MOUE RES TO LHARLE DTC

MoVE 2102, CHMLRERG LT SOFTYWARE REQUHET CHAWKEL i

Mo #240 ,CNDRLEDG START CHAIN CHAEMNHEL i

ETEY ilEHE WHILE THE UGRR VERIFILES
THAT I'HRE PROGRAM WAS SUCCESSCOL

4-29
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s CHAIN LOAD RESION
RELOAD: WORD J01o02 § RELOALR WORD <gelect CARTACARD, OGP, CH:

JWORD 1014010
+HORED DOOQOG

CORRENT ADCELESS ERGLATER & SEGATAG
COFRRENT ALOEESS BEGISTER A QFREAT
«This glakal g=Rus addrezs is the soucowar
“Ihis covtespanda ta D=hus addrass
eCAJDBO{B] >

WD T 400 : CURRENT ADCRESS REGISTER B SEG/TAL
LAORD L0 COBREENT ADDRESS REGISTCER O OFrsuT
“This global 0-Bus addross is the
destinatianz

<This corrasponds to Q-Buz address
610003 (&)

LI TIEE TREC TR T

ETEE TR I T

L}

JWORD ROQI13. s CUORESNT JOFERATTION QOUNT <Transfor 13
powordak

JWORD Q0040400 ;o CHANMEL MOTRE RRAGISTRR HIGH

LWORD Q00040 7 CHANHEL HADDE RXEGLSTHRE LOW

<Ho malbch cenditcians:; do nobhing uwpoen
completinn, transfer type = Demand
pedigated «w/ Bua Hold,

CABN = souroe, word transferst

%y 4 4 mm

D BTART



LTITLE HEAMS . MAL

b oy mp R hm ma mE mm RR ED

This prograd demonstratos now chaining is inplemented using the
nTe. A leeal to local kransfor will be loitiated under program
cantrol. Then, usfing Lhe chalning feakura of the TTC, a tocal ta
global transfer will be perfoarmad, followad by & rplobal to
glohal transfer, and f£inally a global to toral transfer. The
Enliowing diagram illustrates these transfors.

ErJ11=CA Momory O-Bis Mamory
iTrangfer #1 ———om=m—-——— - mrmmmmms——eee
1 t=-=
; —m e Transfer $2  [——————= - Transfer #32
F .|_.__._'_§. e e | ———
——mmm—————— Transfer #4 ———waw————
| A e S m———— (==t

This pregeam should be comp
system and then dewnlcaded

SUCTEAS .

¢Nae (-Bus ODT to olear the

Ty mE i mE hE Aa ks W8 CEE EE v T

ilad and linked on the development
inka the KXJILl-Cch using khe ERJ11-OA

coftware Toolkit. Onoe the program has been compiled and 1 inked
use the following commnands te execute it and verify 1ts

meaory lacaticns 00000023 =-—>

EOD020L8Y and 610000043 ——> 81LGA3D{E!} befors cxacuting the
; progrecam>
' .R0OL

KOI=SET @ t where i 12 the appropriate EXJ11=-CA

KUT=L0OAD LXAMS
KOL-EXBIUTR

= e SN e S

KITEXIT

destinations to verify thei
SET P REGIUSTER ASSIGNMENTS

g o mE By g B R W

MMLEG = 174478
CHMDREG
CAsTFO

174448

CAGFO

KIIT>0DT | Jge ¥UI OOT to wvarify that the destlaation
ODT> . contsnks are agscurace

onT> .

LOT>CTRLAC

¢llse O-Bus ODT to examine the oontants of the intermediate

F acouracys

r MAZTER MODE REGISTEER
174454 ; CQOMMAND RRGISTER
» CHANMEL 0O CHATH ADDRESS SEGMENT. TAG EFIELL

174447 : CHANNEL O CHAIN ADDRESS DFEFSET ZLELD



START:

¢ CHALM

Loanl :

Loanz

MWV E

CLEIE
MDY

MO

LT

ML

R

il

Lioanr

Moo

ORI
SHORD

« WORD
« WORD

« HOBRD

« AGRL
ORI

« AOERD
« MOERD

~WOERED

P WOTRE
« WOERD

«HWORT
-HOED

£130,MISREG

CHORES

$0,CASTFD

FLOADL , CAOFG

$131 ,MMEED
£102 ,CMDEES

$240 , CMDEEG

FECION
0al1e03

CoOOGan
AREAT

Ga0aad
ARLAZ

0hoola.

arooog
100044

aa00Go
LoaD?

Q01503

Qaaonon
AREERY

10%ad0
ALocad

LLI T

Fud

2 ma b b R

bl Tl ki = Ly L

“m wWr TE

LOATH MASTRR MODE TWREG TR DISARLE X0

el

ELSET THE DTC

LoAD THE CHAIM ADDEESS RECISTEER
SEG LA

3T THE CHAEN ADDRRESS REGESTHE
OErSET

L ]

U TR B

LOAD MASTER MODE FES TO ERAEBLE DTC

EL

56T SOFTWARE REQUEST CHANNEL 0

Ll

? START CHATIN CHANHNEL O

ETAY HEEE WHILE THE UOSER VERIFIES
AT THAE PEQOEAM WAS SOCCESSFTL

RCLOAD WORD <Eelect CARA CARE,COPC,CH,.CA>

COREENT ADDRESS REGIETER A SEC/TAG
CUREENT ADDEESS EEGISTER A QFFSET
<I'nis lacal address is the =mouroe of
transfer 1>

CURRENT ZDDEESS REGISTER B SREEATAG

CORREXNT LDDRESS REZISTER B OFFSAT

£This local address is the destinatiocn of
Lransfer £l

COREEHT QPERATION COUNT <Transfar 13
wards:

CHANHRT. MODE RREGES'TER HIGH

CHANNEL MOGDRE RAGISTRE T.OW

¢Mo match conditions, chaRin reload upon
campletion, transfar bEype = TNemand
Dedicated w/Bus Aolkd, CARA = source, word
Lransfcess

CHEAIN ADDRESS REGTISTER SR3STAG

CHAIN ADDRESRS REGISTER OFFSET

“This address peints to the new chain
tahle>

RELOADR WOERND <gelact CARACARLE,COPC,CM CAZ

CURRRNT ANMESS BERGSISTER A SEGSTAC
COREEXNT ADOTRSS MEGISTRTR A OPFFHRET
“«This lecal address s the sourece of
transfer #27%

TUEEBNT ADDEEES REGISTER B SEG/TAG

CHORRENT ADDRRSDS RAGTETRER B GPASET

“This flosal addreas ig the dssbination of
transter #2 ~ ROOGOO(S)>=

4-32



~WORC J00013.

LOADS

LaD4E

-
-

4

s WORD
- IORD

WORLE
L HOREL

S HORD

+ WORTS
“WORD

 HOED
 WORD

« WOkD

« HORD
MORD

« WORID
+WORD

o WL

WK
» WOEN

« AOED
o HICI AT

Qg
1Gaa40

aoaQ ot
T.OADS

Golehs

101400
GOOOO0

14031400
p1oa0g

aoaaLl.

Jaaenh
LOGR4D

2000006
LOAD4

golana

1014040
D1n0ac

aapaoo
ARERD

Ll L |

= e T

CTE ]

4 W2 mm mm

e e e WF 4

ELC T LI ]

Ep Rp wp W M mL M M

= e My =]

q

et |

CURREENT OFEBRATION JOONT <Transfer 13
wardar

CHMAMMRPEL MODE BEGISTETR HIGH

CHAEMNMEL MODE REGTISTER LOW

cHo match conditions, chain reload upon
completion. tranafse type = Lemand
Pedicated w/Bus Hold, CARA = gourca, word
Lranstersy

CHAIN ANDRESS REGISTER SRG/TAG

oAbk ADDRESE REGIS(HER OFFSET .
¢0'his addreas points to the new cnain
Fabla:

RELOAD WORD <Belect CARA,CARE.COBEC,CM, 025

CURRENT ADDRESS RRGISTER & SEG/Tas
CURRENT ADGRESS REGISTER a UFFSET
£This global addrwss is the aocurce of
transfer $£31-

<G000a068} >

CURBREMT ADDRESS EEGISTRR B SEG/TAG

CORREMT ACDRESS REGISTRR B GFFSET

2thia global addreas is the destination of
transtar $3 - slGNOD{B}>

CURREST OQPERATION COHINT <Transfer 13

v =3

CHAKXEL MODE ERGTSTER HICH

CHANNEL MODE REGISTER LOW

(Mo match conditiops, chain reload upon
ponplatian, transfer type = Remand
Nedivated w/bus Acld, CARA = sourol, ward
kEransferg:

CHAIN ADDRESS REGISTHR SEGSTAG

CHATH ADDEESE MRGTSTER OFFSHY

<ihis address points to the new chaln
tatzla>

EFLOAD WORD <Batect CARA.CARG,COPC,CM-

CURRENT ADDRESS RFGISTER & SEG/TAG
OURRENT ADDEESS MEGISTER A DFFSRET
£This <lobal addeess is the souroe of
translar £4>

<AELG00003} >

CURREN] ADDRESS REGLOTRER B SEL/TAG

CLRRENT ADDERSS REGISTER ¥ OFFPSET

¢This local addresgsa i= tha destination of
transfor 34>

4-313



SHOWRD 10001 3. CIRRENT OGPERATION CCUWHT <Transfer 13

Wwards»

=1 =F

CWORD OEO0G6Aa
LHORD GOOOED

CHAMWEL MODE BREGEIETEER HIGE

CHANNEL MODE BeGLSTER LOW

<Moo mabch conditiors, do nothing upon
completion, transfer Eype = Demand

» Dedicated w/lue Hold, CARA = source,
; word tvanatersk

 mm RE ] Wb

RREAL ; JWORD 1,2,3,4,5,6,7,6,5.4.3,2,1
AREAZ : .BLEW  L3.
LREA3I : JBLEW 13

BN S TART



LTITL: FRHASG.MAC

This program domonstrates how to ilnitiate o DTC opsratinn trom
the arbitar CBU. This peogram will brensfer a Block of daka from
O-Bus memoey to EXJ11-CA memcey. ALY af the banfarmatian
necedsaty tor the transfer will reside in {-Bus memcry foehalin
~abla, sourco datal,. This program should be compiled, linked,
and run on the arbiter developmert syatem. After Che Lrugran
executes, use the followlng EUI commands to verifty bhe transLer.

~am =a =E

%4 TE 3 ma

WEUT

KUL»SET n | whera o ls the apprapriatc EXI1L1-CA

SR RIS IE _

ODT>S000  mwany { Pxamine locaticna 5000 ——» 5030 to worily
' ttmat the data was transfarrpsed carvrectly

ODT>S030, Hxaxxy
ODT>CTELAT
EUT>EXIL

cam b mm WF Aa R

~—L am ma

Two-port BAM ragister definitlaons
TERO=160100

TPR2=160104

TPE3=130704

SMOALL JEXTIT

SrakRT: MOV $£1C04000,TPRY
MOV FLOAD,TPRZ

Flace Chain address feg SegysTag 1n TPR3
Flace <Chaln addresas Rayg Jflzet in TPRZ

ELICT]

Iszue A Load command ko the command
register

BIS #2,T¥RO

4 ==

«LEIY

EELOAD WORD <Select CARA,CARB,COPD.CME:
Ohfih SEG/TAG <Heleot §-Bus address as
BOUTCEY

OhRA OFFSET

Loap 53 JWORD 001602
LHORLD 100000

=n e =i

 WOED BOORCE

CLREE HpG/Tac <Sclect EXT address 5000
as de=ztinatian>

LWORD GO0

[ 1]

WORE Q5000 CARE OFFIET

LAORD 090013 .

CORC <Op-eount = 13 wordss

LJORD 0DROOAL
LAORD 0004l

CH High

oM [Low <select no terminakion options,
software hoge-mode, CARA s apurce, word
transfers>

"L Wa omE am

SOURCE: WORD 1,2,3,4,5.,58,7:6,5,4,3:2,1

-END START






CHAPTER &
PARALLEL I/0 CCONTROLLER

5.1 CYRRVIET

The parallael I/0 controlier (TI0} is designad around the amibB036
chip. For details on the operation of the amf?E036, ralfcr to the
ZE036 Countar/Timer and Parallel T/0 Unit  fechnical Manual
included ip +his documentatlion package. The information that
Fallows summarizes and deacribes the PIO functions laplomented on
Lhe KXJll-CA.

The EXJi1=CA PIOD has Lhe following Esakures.

Two #A-hit, doubie bufferad, bidirectional I/C porks
A 4-bit special purposs IS0 porh

Four handshake modeaa

REQUEST signal for utilizlng the DMA controllsrc
Pattern rFocognition logic

Three independent lf=bit coontor/Limsrs

2P DE D

The Lwn S=hbit posks (4 and 5] are identical excent that Port B can
provide external access to Counter/Timers 1 oand 2. Bach port may
be configured undsr program contraol ag a single or doublo-bullered
port with handshake lagic, or as a bit part tor  control
applicationz. Pattorn recognition logle @3 alsa ingluded in cach
potrt. ‘This logic allows interrupt generatiaon whenever a speclfic
pattern is  recognized, Portse A and B may be linked to form a
lé-bit part with handshake logic.

When Tort & ar B is  used as a port with handshake logic, the
contral lines are supplied by a special 4-bit part (Port C). IE no
handshake tines ars roguired, then Port C may be asad as a bit
port,  Port © also provides external acoess Lo Counter/Tiack 3 and
a TREQUEST 1line that zsllews the PI0 fo utillse bthe BMA controllor
whan transglerring data.

Tha PIR supplies three identical Llé=bit counterstimera. Thesa
counter/tiners operate &t a [requency of 2 MHz, which provides a
rasalution of 500 ns. Each counter/timer nay operate with ooo ol
thres output  dubty  cyeles: pulse, one-shot, o 3quare-wave. In
aiddition, aagzh unit may oparats as retriggerablec ar
ron=retriggerable, Timsrs L apd 2 can be cascaded to maka o 32-bit
timer. External oount, axternal gate, and oxbernal trigger lines
are prowided [or all thres counter/rimers.



Gl EARALLEL I/9 PORT (FIQ} REFISTERS

Thae PO ia deaigred around the AmEECIe chip and conmiaks af two
8=-kit ports; oene 4-kit port and a oounteg/timer. Table H=1
EUMMAT LZe8 the registers aasaociated with the PO, All  ths
raplistera in Takle §&=1 resifde din  the AmRE3E chip, with the
exception of the 1/0 Buffer Control Register; which rezides in the

Ghs an=bhoard

brief descriptions of the FIQ registera,

Tabls 5--1
Mazter Control Reglisters
Master InLeveupt Control Hegiaber

Mastar Configuration {ontrol Registec
Poxt Specificakion Registers

Fort Mods sSpecification Register

Porl Handshake Specification Register
Fort Command and Skatus Eegiater

Bit Path bDefinition Registers
Data Path Felarity Registers
Dalka Dirsction RegizLers
Gpecial I/0 Control Registers

Faktkern
Fatiern
Fattern
FPaltern

pefinikion Reglsters
FPolarity Registers [PPR)
Trangition Eegiatera [FTH]
Mask Fegister (FMER)

Pork Datka Regisziers

Counter/Timer
Counter/Timer
Counter/Timer
Countae,/Timec
Counter/Timar
Countec,/Timar
Countec/Tliner

FIL
IO
IO
BTG
PLO
FIO
FIO

Contyol Begiastecs

Made Speciftication
Compatd and Stakus
Tima Consktant {MS3)
Tlwe ZJonstant {LSD)
Currkont Counk {MSB)
Current Count [LSBE]

Interrupt Felated Reglsters

Intatrupt Vector Roglskter
Current Vootor Register

I/0 Buffer Contrcl Register

5-2

FIJ PEgISLELrS

1ITaan
177 rragz

)

LFTFIIa0
177371402
17377420

i

17737104
1777106
17737110

A

17737112
177737114
17737116

A
L7373 7T033

AT 1
17757070
L771T024
1T 54
LF777T056
1707040
17377042
¥
L7777004
LT73T076

AR HE 14

b

L7771
177371212
L?3TT022

B

17777124
137371246
17777130

B

177771312
L3777 L34
LTTTIT1LER

B
17777034

ofT 2

17777072
177774024
17777060
17777052
177774044
17777448

I
IRERraF Lt

gate array [DOTO27BY. The sections that follow giwve

L

177370112
17777014
17777016

C
17777036
AT 3

17777074
17777030
1777 M4
17777066

1777706D
17777062

AT
17777010




£.2.1 Masror Control Raglsters

The Master Control Reglsteoers affect the overall opevaticn of tho
210, 'Thera arc Lwo Master Control Registers: the Master Intercupt
fontrol  Register  and  the Master Coenfigurakblon Control Registar.
111 hits of chese two rogisters are claaced upon hardware rosck,
except  bit 0 of che Mastar Interrvupt Canbrol Register, which 1
act, Beth regisgtors arvre readfwrite.

5.%.F.1 Master Interrupt Contecl BEecister == Ses Filgure 5-1.

LOUNEES: 1 T7TIN00

o T cF 4 IS eGR4 W oh ke g b2 X W
i1||||'1_| ||-|| |c el elo ol |
1 J 1

RIF
RI=
Figura 3-1 Master Intarruplt Control Register

Lits Name Description

15:8 Mot used [read aa ones)

1 MIE daster Interrupt enable - When clearsd,
prevants the pLD freun requeatinyg
incerrupt  service ar  pesponding  Rooan
interrupt scknowledge ocycle. When =set,
cnables intazsrupls.

6:1 Must be mero

0 RIS Reset = Set upon harvdware resst. Muat be

sxplicitiy ¢leared. When sSel, reads ol
ather PID registers will yield a walue af
ane, and writes will be ignored.



H.2.1.2

Blits

15:8

Maskar Configuration Control Eegister == See Figure 5-Z.

Ha N

TIE

TIE

T.AB

LINRESS: £ k2

[ F R T I I T M
M ETIEE e

L 1:ie ! LAE
“lE ﬁIF FaF
L EalY
Figues &—2 Maztor Configuration Cancrol Register
Lezcription

Mot wasd (read &8s ones)

Part Lt enanle - When olsared, inkikits
port 8 from iasuing an intercept reguest,
and forgcea the port B IO lines inko a
hign impedance stata.

CaunterStimer 1 enable = Whan olaared,
inhibits counter/timer 1 from ilasolng an
interrupt regueat, and olsars bit 0 of
the Counter/Timar : Comeand and Status
E=qiater.

CounterScimer 2 enable - When cleared,
irhibite counter/timer 2 from issuing an
interrupk  request, and clears bhit 0 of

the Counter Timnar 2 Command and Status
kegiater.

Frort C and countersStimer 3 enable — Whoen

cleared, inhikits norTh (i and
caunkter/rimer 3 from issuing an Lakorrunt
Foquosk, Alaa algars bhit 0 ot the

CoukLter/Timer 1 Command arul  Btatus
Pegisker, and forees the port C I3 lines
inta & high impedance state.

raor: link cantiol = dihen cleared, allows
part 3 and pock [ i oporake
independantly, Wwhen =et, Llinks ports A
and 2 Lo form a le=bit poct. When the
ports are linksd, only pork A's Handshake
and Ccommand and Status Reyglsters  are
used. Paort D iz specified as a hit port
and itz pattern matching capakility is
di=zabled, When linked, port B must he
read or written before eort A. IE Che
ports arse to be linked, this bit must bhe
gat bzfore the porte ace snablod.

5--4



aikte W 2o Dascripticn

a FAE Fort A enable - wWhen cloared, inhibdity
port & Frem isselng an interpdpi requeat
and forces the part A I/0 lines inta a
high impedance stakbe.

k:0 [ Counrer/timer link control - Specifies if
and how counter/toimera 1 and 2 are
llnked, The counter/timers musk De linked
pafore they ara chakled.

L Configuration
an Countertimers are indepsndoent

1 QfT

L2 output {inverted) enables
ofT 2

113

10 ©4T ls cuatput [iowvcried) beigoers
c/T 2

11 L/T Ls output {invertsd) is O/T 2=
count input

B.2.2 Port Specification Registers

The Fort zpecitivatian Fauglstors define che operating
characterigticas of ports A and B. There ace three typos of Port
Specification EReqisters: Mode, Handshake, and Command and Status.
Each port (A and L) has one set uf Ehese three registers.

5.2.2.1 Port Mode sSpecification Reglsters {Ports A &nd B} --
These regiaters are read/write [Figure 5=3]. They are cleared
duelng hardware resst.

ADOAESS: 1377711 173TF12G

mod 43 12 11T M dk A% Gy G Dh o M A N 01 ol

T
1 E k 111 1 1 ! HE Friﬁ- t

. wan !

ZH i1 TE
YRI1ME
Figure 5-2 Port Mode Specification Registers

(Ports A and B}



Hits
L5:4
Tk

Hame

ETS

IMO

Frs

Degeription
Hot used {read as anss)

Port type select = 8Spacifies the part
type.

BPTS Porlb Twvpe

0o it port (no handshake)

Bl [nput paort with handshake
10 Outpuk part wich handshake
11 Leaevrved

Interrupt on  twe bykes — wWhen clearsd,
the Interrvugplt Pending (IP) bit L[or this
port fthit 5 of ths Port Command and
Gtatua  ERegister) is set when cne hyte of
data i= awailahle far transfer, Wwhen this
bit ia =et, IPF iz =z2et when two hytes of
dataz are avallable for transfer. For an
input port, IF i3 z2el when the Input Daka
Eeqiakter i3 full. For an oultpual port, IF
ia szek when ths Outpu: Dakta REegister is
emptv. This 2it must be cleared [ar porlis
specified a3 hit ports, single- buffared
porta, ar hrdirectional porcs.

Hingle Duifered mode - When cleared,
apecifiea  that Ehis port iz dagble-
bufferad. When set, specifies that this
port i3 single-buffered. Thiz hit iz
always cleared for bit parta,

Interrust on maceh only - When set: an
interrupl is generated when data mowvad
into  Lthe Inpul Data Begister obf out of
Lhe Cutpukt Daka Fegister makcnes the
pattern specificalbinm.

FaLtern mode specilicakbion — Delfines ihe
cperakicon of the patbtsern match logic.

IS Pattern dMade

oo Digalrles packern matching

ol AND modo

1o OB mode

11 CE-priority cneoded vaoctor mode

|
|
cr



Bits B ik Deseriptlon

4] LEM/TITE Latch on  patteorn mabch [LEM] or degskow

timer enahble ((DTE) - This is & dual
Eungtion bit. Ths LPM Lunction ia actiwva
when the port Ls wsed as a bib port. The
OTE  funectioen 12 active whern the poart Is
gpecified as an ouLput port  with
handshake logle. If LPM is aet, tha port
latshea  input  data when a pattecn match
is detected. Tt LM is cleared, pattarn
metchea are dekscted hot the data eaad
Eram &the port ks the current (unlatched)
value, If DPF is sot, the deskew bimer [s
active and can porfeorm delay functions
igoe th=s descriscion af Lhe Fort
Handshake specification Regqister Ehat
frllovs Lhis sactian}. when pTR  ta
cleared, the deskow bkimer i3 net ackiva,

5.2.2.2 Port Handshake Specification Reglstars {Ports & and B) --
The Port andahake Specificatiaon kegisters (Figure 5-4} detaralne
the parameters af a handshake operation. A Part Handshake
Spacitlcation Register is Ignored if a part is configured aa a bit
porck . These regiaters are cleared during reset, hAccess is
read/vrite.

AODFESS: 17777102, 12771122

1€ 14 12 1z 1" 1 CE B 7 Wk n: ood 2% 62 0t 0l
I T ri= 2
|r| 11 1] 1[0t HET | 'nwf | s
| S L H L L | |
A TIRT
Figure 5=4 Porl ilandahake Specification Reglsters

iPorts & and H)

Bite Hams Description
15:38 Mot used [read as ones)
T:6 RET Handshake type = Spaclfy the Lfype of
handshake operation perforaed.
HET Bandshake Tyns
0 Interlocked
Dl Strobead
10 Pul=ed
11 3-Rire

The pulasd and 3-wire handashake nust net
be epecifisd fer bLidirectlicnal ports.
only ona port at a tlme can uae tha
pulsed handshaks, If one port uaes the
J=wire handshake, the octher port must oe
& bhit port.

5=7



Bits Hoame

53 W5

2:0 LTER

5.2.2.3 Port
Figure 3-5.

Description

FEzquest/wait = nDafines bow this porc
implements the roguest Lunction. The wailkt
Funotion is not  Inpleaented <an Lhe
KxJ1i=CA.

WS Baguest FUACEion
g4a4a Roguest disabled
ani Resarvad

0Lg Rascrwod

011 Besorvod

14a4 Special reguest
1401 Cutbuk request
L1 Feserved

111 Inpuk raguest

only port A can participate in a reguost.
Port B must be programmsd as = bit port.

Doskow  time specificatiaon = NDefioes tha
wminlmum number of PFIO clock cycles of
delay bekween the time A new byte of dakta
iz ocwutpur, and the time the handshake
mechanism  indicates  that  new  data  is
avallabls. The PID ¢lock has a pericd of
250 ns. & deskew time af gern is detlned
by 2cbbting DIE o zerc in the Port Mode
Spaecliicacion Register.

DTSE Doskew Clock Cycles

0aa 2
aar 4
grLg &
oLl &
Lof L0
101 Lz
110 L4
111 L&

Command and 3tatus Registere (Ports a and B} == Sea

ADDREES: 17737020, | 140020

w4 3 ¥

1 . 1

Figure 5=5

| Eﬁﬁ IéF ICE

A= HL RS F F]

Pore Command and Stakus Regiztara
{Ports & and B}

o=8



Bits

Ls:h

Lt

Hame

TE

I

BRR

OTE

Description
Hot used {read s& onacs)

Iotercupt under seevice - When eet,
iondicates chat this port is engaged in an
intarrupt acknpowledge sSeguence. Intervupt
ragquasts at  the same level or lower arve
disabled. This bit iz caadswrite and is
clearad during reast,

Tnteccupt enable = When c¢leared, this
port  is  prevented trom ragquesting an
intorrupt or engaglnog 1o an interrupt
acknowledge sequence.  When set, these
interrupts are genabled. The bit i3
read/write and is cleared during reset.

Interrupt pending - When sel, indicates
Lhat thia poct eeguires service because
of a pathtern match, a handshake

cperakion, o an  @rror. When cleared,;
indicates that the port dass nobk reqguirs
gervigcae. This bit i3 read/write and is
cleared during cosct.

IS, [E, aod ID are written accovdiog to
the following command codea.

Bits «<7:5% Command

oo Hull (oo effect)
0ol Clear ID and IUVS
nino et IS

11 Clears IUS

oo et IP

161 Clear IP

110 fet IE

111 Clear IE

Interrupt erroc - This kit is mezningful
only d1if this port has besn canfiguwed as
a bit port. and paktern matching has baen
cnahbhled. when soet, Lwndicatez that a
paktiern meteh occerked before a previocus
makch  could be acknoewledged., This bit is
cead-only {writes to it arc lgnored). and
is olwarcd during reaet.

Qutput ragisker enpLy - TWhen  sebs
indicates that this cubput purt's Outpul
pata Reglskter i empty. Can be cleared
anly by wrliting o ths Output Data
Bepgister. This bit is read-only (wWwrites
to it arc  ignored;) and  is sei during
reseaf .



Bits Mans Deacciption

2 IEF Input raglstor full - Wiher set, indicates
that this itput part'a  1nput Data
Fogilcter is Full. Can be cleaved only by
raading the Input Data Regiater. This bit
iz read-only (writes ta it are ignored},
and is cleared upon reset.

1 EMP Patbern watch flag - When setb, this bit
et lndlcates the occurrence of a pattecn
mateh, if patkern matching is enabhle for
this port. This bit iz read-only (writes
ta ik are ignared!, and ia cieared wupan
rasot.

7 Lk Intarrupt at error ~ Thia bit is
imaaningful cily for bit porta with
paktecn matehlag onabled. Wnen cleared,
this bit prevents an inlerrupt from being
issued hy this port if an error accura in
pattern wmatching. When set, this bit
allows these ipterrupts. The bit  is
ignaced by ports with #andshake and
should be cleared for these porta. The
Dit ls peadswrite.

G.2:3 Git Path Definition Rogqisters

sach poart (A, B, and ) has one set of Bit Pabth Detfinitlion
Megisters. They Lnelude the Data Path Polarity, TData Diesction,
and Special T/0 Contral Registers. Only the four least slonilicant
hita af the registers areg valid for the Pork © registers.

.2.3.1 Data Fath FPolariky Registere -- The Daka Path Polarity
Registers {(Figure 5=6) define whather the ©Bits in a part ars
inverting or non=inverting. These rFegisters are oleared durling
resel. Access is read/wrike.

eDDEESETVITIG A TTIT 2L, 13T AL
T T | 10 A 08 07 o s 0 1 O b
- % T T T i

T
| . 1 PILAN Y
1 1 1|I 1 1 | A . q e L j

VR

Figure 5=5& Dzts Path Dolarity Registers
[Ports A, B, and Q)
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Bits Hame Description
15:4 Hol used (read s ones)

Tz CTP Data path prlarity - IE a bit iz set, the
aorrespanding  bhik  path Eor thia port is
Lavericing {aaserted LOW). [f a2 bit is
cieared, the corrosponding bit path Eor
this part dis noo-inverting (assscted
HIGH] .

5.2.3.2 Data Dirsction Registers -- The Data DMrection Registers
{Figure G&=7} define the daka direction of each Dit 1In a part,
These registers are ignored by poris with handshake logic and are
cleared upun roseb, Zccess is read/write.

BNNRESS: 177771046, 1 20 401 BB, = 7970014
L T T I SO [N = T IO =T . A - S | N CO L B
T T T

: 1 |
1 1 k l 1 1 ) 1 ) EH A H T

Ty

Figure 5=T Dota Direction Reglsters
[Farts A, B. and )

Bits H ame Degcription

15:3 Hot ussd [read as ones)

Tazr n Cata diraction - If =2 bit is sect, the
coTreaponding I>ik af this porct iz

gpaecified as an  Input bRit. If a bit 1s
cleared, +tha corresponding Dbit of this
oort ia definsd as an output bLit.

Sedad.d Special I/0 fontrol  Bagisteras = The Special 170
Registers [(Figure 5-8) allow special characterizstics to be defined
for & port's data path. These registers arc cleared during rasot.
Bocess is read/weoita.

ADDRESS: 17277120, 1 #477110, 171777015

I 9 14 1% 11 "0 U4 o us D@ 05 4 G3 Az o O
N ; T T T 7 T

il tI [ T P I ! simeL1aL 1 : : J

i 1.1 i L ]

L R o)

Figuire 5=E Special IS0 Regiszters
{Ports A, B, and I
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Eitksz [ ama Caacription
15:4 Mot uzed {Tead as ones|

T:D STD Spaecial  lagutAoutput - If a bt i3 set,
the corcreespondiag bit ©@f this povt is
specified as a l1's catcher for input. A
lisa calcher functions by avtomakically
latching & 1 if the input goes to 1. The
172 catcher iz cleared only by wriking a
zara Lo the Inputbt Data RBegiabker.

5.2.4 Pattzkrn Definikion Reqizters

The Pattern Definiticn PRegisters (Figures 3-9 through 5=-111 are
wsed collectively to spocify a maksh pattern far szach bit in Port
A wor Port B, The pattern specification for any bit [x) L5
surmarized in Table 5-2. These regiszters ave cleared during raesat.
Locass 12 roads wrike,

Tabls =-72 Fattern Epecificaticons

[ ity PIR® TH?x Bit ¥ Matoh Condition
0 o H Bit maskad off

| [ 1 Bit maskoed oE[

L l ¥ Aoy trancition

{ 1 1 Aoy translition

1 | (1] Rero

1 Q 1 Nne

1 L 0 Dne to zers bransikion
i 1 1 Bera to one kransition

5.%.4.1 Pattern Polarity Registérs [PPR) —— Ses igure 5-5.

ADDREZE 1 '.'_?TTI;1 12,1737

12 14 1= 2 11 @ f o m onar Ca N5 A2 41 d3z £ 00
| T 7170 | i | |
1 1 1 1 1J '|__ 1 ! IF"-"\.1 -I- -II'IIIIJL|'|II’IIT'|"I A |
kT CTINR

Pigure 5-3 Pattern Polarity Registers

{Ports A and B}
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5,2.4.7 Patbkern Transition Ragisters (PTR] =-- Soo Figure 5-id.

SDOAESS: 17777114, 177134

1 4 13 3 |0 D o8 n@ Qo7 e 05 w4 03 02 01 OF
(LT il T
1 1 1 1 1 1 T 1 FAT IESH TA&MSITIN .
- 1 = L. ] ] ]

VTHA TR
Figure 5=110 Pattern Trenaiticn Registevrs

iPorts A and W}

5.2.4.% Pattern Mask Registers {(PMR} —— See rigure 5-1t.

ADDRFEE N A A8, ATTITAER

N C O - R I L S =L L L T B I 1
H | I I |
|_'-|—1 1 1 1 J 1 | '- ! PATTERN WZK ! !
— | | __1 ] 1
dF. T3
sigure 5--11 Pattero Mask Feglstere

{Forts & and B

5.2.5 Popt Cata Ragisters

Port Data registers are used to held daka that ia read fron oF
wrltten Eo the PI0. The Part Data Register Cormat for porks A oand
B iz shown in Figure 5-12. The format for the Port C lata Reglstar
iz shown ih rPigure E-1l3. These registers are read/writs and ars
unaffectad by a reseb,

ALORRSS. 1 7TITO52 17077034

TR L - O I O B N I - - T S K 5
| 7T T T 11
1 1 l 1 | 1 1 ! 1 A | IF‘-:"HI """T-:'- A
meoT
Figurs 5-12 fort Daka Beglisters

{Porbs B snd 3

BULRLSS 17795025

I 14 o 13 1% 13 kb 03 07 BF 00 M s IF a1 0
| T T T I
B R N L T W L
----- [
Plgure G-13 Pork © Data Begister
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Bits Hame Deacription
158 ot used (read as cneal
Trd PCEN Fort C bit enabla = uged as  a

write-protect hit mask for bita {3:0x. A
get bit 1n BFCEN inhibitsa the writing of
the correspanding bit in hita <3:0>. A
cleared bhit in BPCEN enaibles the woltling
of the corresponding hit in bita {3:0>.

iz0 PC Port C dJdata - contains Che four hifs of
data o boe read hy o wrikten ©o Parit C.
Subjeck to masking according to the walue
af PCEM.

S5.7.5 FIO Counter/Timer Control Fegisters

Thare ars throe PIO counltearsiimers aumbered 1, 2, and 3. Rach PIO
countsrtiror has a set of six control regietaers that specify the
operation  that the counterv/cimer performse. The rceglsters arc
dasarlbzod in the paragraphs chat follow,

Bu2.8.1 EBIG Countar /Timor ®ode specification - rach
gounterStimer haa & Mode Spoecification Regiscer (Figure S=1I4),.
'hese reqgisters define an oporaticonal mode Eor a countersoimer,
and specify which extarnal control and sratus lines are used. Thaey
zre gleaved during reset. Accass lz peads/write.

GARFEFSS: 1779700, 17373002 17977074

L N N S T <N\ S L (L L
T . T |
3 1 1 1 1 1 1 ] JEC
] H 1
[ H ECE ELE
EQE tTE [1IEH
A 17
Figutre 5=14 Quuntec/Timoe Mode Spoclficaticn
iCounter/Timecs L, 2, apnd 3}
Eita Name Nescriptlon
15:3 Mot waed (read as onas)
7 CAal JoantipuovsSsiogle ecyole - When set, the

Lime coastant walue Initially used is
raloadad, and the counidown sequence i=
repaaked wharn Ehe counker reaches rero.
Hhan oleapsd,  the countdown seguence is
termionated when Lhe counter reachea meco.

3-14



Bitwm AET T
4 COE
=) ECE
4 ETE
3 ERE
2 BEN
1:=0 DsC

External acocess

| fa]

the

Degoyription

Axtoernal  ouiput enabls - Whan set, the
putput  of the counterSoimer is pravided
on the I1I/0 lins associated with that
particular counterstimer (gee Table =37,
This bik must be praogrammed zz an ocutput
kit in the Data Direction Begiszter of its
pott. When cleared, ocHiternidl acceas Lo
the countec/timar iz di=zabled.

External counk onable - When set, the 170
line of the port associaked with the
caunkerSLimer  1s wuwuzed as  an  extsrnal
cadnlet input [z=ea Tabls 5-3}. Ths
correspanding  bit most be programmed as
ipput. When cgleared, axternal access is
dlsabl=d.

Exturnal trigger enable - Whan sot, the
1/0 line of the port associated with the
counterstimer 15 usad az a Erigger input
bit b2 the caunter timer {zoe Table 5-3).
The correspanding bit muzt be orogrammed
as input. When clearad, oXternal access
is disabled.

External gate enable - When set, the I/0
ling associated with bthe councer/timer is
s e as an external gate ko Che
counber/ocimer {sea  Tabla 5-3}. This
allows the externmal line to suspend or
contlnue Ehe oountdown 1o proqress by
toggling the line. When ciearsd, ewiernal
avnass 1s disabled.

Rotriggar snahle hit - Whan aat, triggers
that accur durlag a countdown seguencs
cayae a new  countdown to bagin. When
cleared, triggers that occur during a
countdown sequanca ars lgnored.

Ouinut dubky cycle sslech =

PSS Output Duey Cvele
a0 Fulee outpot
ni Cne-shot outpuk
L Squarg wave oubput
11 Rszervad
countectimars iz provided through the

followiog I/0 lines {Table 5=-31.

-15
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Takle 5=3 Couhker/Timer Extecrnal Accass

Funckion CAT 1 QFT 2 c/T 3
CounterSTimer Sutput ottt R 4 Port 20 Port £ 4]
Counter Input fort B 5 Fart o 1 Port C i
I'vigger I[nput Poeh & 6 Pork 3 2 FPart C ¢

Gate Qutput Port B 7 Part L3 Purt C 3
F.2.6.4 FId Counter/Timae Conaand anid Status — Each

counter/timar haz a Command and Staltus Register (Fluoure 3-12) that
iz used Lo control and meenikbor timed aperation. ThosSo registers
are cleared Jduring ceset.

ADDAESE: 1377 F0dd, 17 Y0256, 1777 70Ac

I 14_ 1% 1 11 -0 bW mE NS 4 0 o2 a3l CC

I'. 1]1 i i 1 ] ]

(B IF Far 0l
IE EAF GLE CF

HEETSIRTY

Figurc %-1% Counter/Timar Comaatd and Status
[Jounter,Tikeors 1, 2, and 3}

Bits Mams= Depcription
15:4 Moot wesd {(read as ones)
7 IUS Intercupt undar ssrwvice = ¥hen =sot;

indivatas that this counkterftimer 1=
engaged in an intervupt ackoowWwledge
geguenta. Inkerrupt requesktse et the same
level wor lower atre disabled. This BiE 12
read  writa.

(¥ LH Interrupt enable - Whoen cleaved; this
councer/bimer L& prevanted Erean
requesting an interrupt or engaging in an
interrupt acknowledgc seguence. When sat,
the interrupts are enabled, The blt is
read/writa,
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Bit:s

=

rHame

TF

EER

RCC

L3

TCE

CIF

Dascriptlon

interrupt pendiang - When sat, indicakes
that this counter/Sbimsr reqgulres service.
The bit iz auvtomatically sat each time
the counter/timer reaches 1bks terminal
counbt. When cglezced,. indicates that the
counterseimer  doee  nok rgguire service.
This bit 13 read/write.

15, IE. and I[P are writtan according ko
the following command codes.

Bits =TF=5r ComEmand

oo Hull {(no effect)

aG1 Cilear LF and THOS

D10 Het 1UG

011 Cleat L[S

100 Lnet 1P

101 Clear IF

1in Geb IX

111 Clear TH

Tnterrupk =rror = wWhen sat, indicaces

Enat  the counk=rftimer has  rcgachod &
kerminal COnERE hefore the previous
terminal couwnt has heen servicad. This
bit is rcoad-only.

IPead oounkaer <antrol = when sat, causas
the contenta of tha CodntersTimser Current
Count  Begister  (which normally followa
the down countee) to he Erozen until the
least =ignificaot byke of Lhe regiater is
road. Thieg hit cannot be set unless the
counker /cimer  is  enibled in the HMaster
Configuration Control Register.

Cake conmmand bit - Whon set. Starks or
rosdmes the countdown sequence,  When
eleared, halts Ehe  counbdown segquence.
This bil iz readfwritwa.

Teigoer command  bit - Whoen set, LChe
down—counber 12 loadad wilith e Cime
copnskbant walua, and a counldow Segquence
1= initiated. This bit is write-only and
12 alvayz read as =zaro.

Counk  in progress - When sel, indicates
that a countdown scegusnce i8 in progresa.

It ig avtomatlcatly el when the
dewn-counter iz loaded with the time
oS Lant value. [t 15 aucomatically

cleaared when the Jdown-caunter reaches
gara, This hit s ecad-only.

=17



B.2.6.3 PIOD Counter/Timer Tima Constant -- Each counter/timer has
a register that contains a time constant walve. Thizs value is
lecaded into the down-gountor of 3 counterStimer when a btrigger is
datected. Rach raglster is 16 bits wide and 15 accessed as Cwo
consecukive Dbytas [(bit 7 eof the M5B is bit 153 of the PIO
Counter Timer Timé Constant ERegister)., Refer to Flgure 5-16 for
the register Eormak. These registers are raead/wrlte and are
unatfected by a resek.

5.2.6.4 PIO Counter,/Timar Current Couni == Rack cowntor/timer has
a4 Current Count Eegister {(Figure 5-17)., Thig register £uallows the
contents of the appropriate down-counter until 3 1 is written loto
the RCC bit of the StatussControl Register. When this happens, the
contants of the Current Count Ragister are frozen unkil the loast
significant byte of the raglstzr is read. Then the ceglster
fallews the eontenta ot  tha down-counter again. Tha countdown
senuence  is not  affected. Each register i3z 15 bits wlde and is
accagsed as  two consecutive bytas {(kit 7 of the M8R is bit 15 of
the <Current Count Rkegister). A reset forces the Jukkant Countc
Raeglstar to follow the downecountor. Writes o the Current Counk
Ragistar ars ignared.

ADDASSS: 1 7F7MAGE, 200 5 F0Gd, FT7 7084 — W0D3T BIGH IFICANT EVI1E
ANCRESS. 327 PUGE, " 3377062, 1T 7T06F — | FAST SIGHNIFICAY] EYTE

= e T 12 17 -l 1 I+ e €8 08 0& 05 dF o ]
T - 1 7
l! |' 1 ' 1 i1 ) I I I'n-'il:ll:lFlLRH —|
H 1 i 1 1 1 1 1
| ER RN, |
Finubg 5-16 Counterc/Timar Time Constant

(coonter/Timers 1, 2, and 3!

BOOHESE: 177770340, 17FFr0ad, 1777060 — MOST SIGNIEICART AYTF
AOUMNCES 177772, 17051048, 1 7777057 — | FART 5IGNISICART 2%TE

I[VIR T I LT (RS [N | (PR Y | I ICH - TR . r O T S e - w N v
I
1 1 ' 1 ’ 1 1 1 I I IME-EI:'ELIE-EI .!
| 1 | 1 1 i | I
SHLER
Figures 5-17 CTounter/Timer Currveni Count

{fountec,Timsrs 1, &, and 3]



G.2,7 Intorrupt Related Eegisters

Intertupt related registers are reglsters used in the nandling of
PIC intecrupts. Three af these are wector reglsters: one for Port
a, one €£or Port B, and one shared by the these counter/timers.
mnother reoister is provided to  indicate which devices need
service in a polled environment.

5.4.T7.1 Inkerrupk Vechor Registar -- The Intarrdpkt Vector
Register holds the wector used during an interrupt acknowledge
apsration., The native firmware lnitializes the wooctor for Port A
at 200 flactal), the vecter for Pork B akt 204, and the vector for
the gounter/timers at 210, If ktha MIE hit of the Master Intarrupk
Control  EBegister 1s  set, bits 1, 2, and 3 of the vector ace
aftfectad as shown.

Porte A and B
OR-Priority Roocoded Vector Mode:

BLt 13 Bmig 2 Eit 1 Encodes the number of the highest
% x % priarity bit with a match.

211 other maodes [(see Port Command and Status Register
deacciption):

Bit 3 Bit 2 Bik 1

DRE iRF EME Na ertor

A] [ ] Error

CounterSTimers

Elt 2 it 1
0 0 CcounterStimsre 3
0 1 Counter/eimcry 2
i ] Counterstimaer 1
1 1 Errar

This register is vead /write anod is unaffected by a resek. The
format of the Totarrupt ¥Yector Rogister is shown in Figure 5-18.

AODRKESS: 1717700, 1TI7T0O0E, 140 400

L I < N - O G - N X, (1L . L L M
|' N E . 'v& ' il:
L : - i | |
H= "2
Figure 5-13 Totarrupt Vector Ragister



5.2.7.2 Current Wector Beglster — The Curreni Vechbor Register is
2 read=only register. When eead, Ik retuerns Che vector that wouwld
Mawve hesn returned ducleg an interrupt acknowledge cycle, if bhe
davice had been assigned the highest priority interrupt pending.
The nprder of priocity (highsst to lowest)l i3 countertimer 3, Poct
&, mountsrstimsr 2, Port B: counter/timer 1. TE . no esnabled
interrupts are pending, or if the PID is resef, the reglistar will
contain a pattern of 211 '3, Thiz is uwaefwel in a2 polled
anviromnnant.

The foermat of thae Current Vockor Register i3 shown in Figure 5-19.

ADDONCEE: 1 2371676

% 1¢ '3 x4 1003 0@ ml o TI1“1_¥_ﬁi.ﬁ' “ﬁ
1 1 1 1 ' 1 i I [ i '.'!':".: I = i -\:lJ
Figure 5-109 Current Vector Reylskbar
E.2.B I/C Buffer Control Reglister

The 210 is protacked Eron the conneckor by a sekb of IEEE 4449
compatibla befFfers. Thne buffers are contoolled by thoe I/0 Bulfler
Control Register (Figurs 5-20). The register allows the usck to
configure ports as  Lnputs oF oukpuks,. Alsa, pork driver bulfers
can  bes ponfigured to oporate In open collector or active pull-up
mode,  Thia repistec is cleared during resat, Thia is a wroite-only
reJister.

LONEERS: 15415100

LI C N N - S L N CL = - - LS L B

| " P DR P WH%I e j
L | | A 1 il | ] ] | |
p\.'_'|'|-|' 1" lim
S
FEETT Pl b
E
Figure 5=20 [/0 BufEer Control Register
Bits Mams Description
15 rouer Tort C buffer econtrol = YWhen s3t,
configures tha Port C drivers as zgotiwve
pull-up Srivors. Waen cleared, the Port C
deivorg arce open collegtor drivera.
14 EaLIT Ports & and B huffer control = When sat,

configuras tho port A and B dviwvers as
active pull-up drivers. khen cleared, tho
port Ak and B driversa are open collactor
drivers.
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Blzs Hame Dezcription

15210 FQ DIR Tort © dirsgtion — TE & kit 18 s=2t, the
corrnspanding  Part C bit is A driver. TE
a bit is <¢learsd, tho corresponding Port
C bit iz a receiver.

9 BLHE DIE Port & high aibkble direction - When
nlear, the Port A high nibble bits (7:d>
are receivers. When selb, the Port A hlagh
nibhble bBits are drivers.

R FPALN DIH Forlk A low nibble directian = Whan claar,
rthe Yort & low nibkble Bits <{3:9> are
receivars. When 3set, the Port A low
nibble bhits are Jdrivers,

70 FE DIRK Fort 0 direction - TIf a bik is m8t, the
corvesponding  Port L ooit is a driver. If
a bik iz cleared, the correspending Port
B bit 18 a rooelver.

huZ2 PROGFAMMING THE IS0 POFTE

Thiz =ecticon describas  fcw o pregram the IA2 ports and previda
sxanple programs. In particular this scctilon deseribes how to use
the T/0 ports as kit ports, as ports with handshake toglo, in
1g—pit  linked mode, and with the DMA controller. The use of the
pattern recognition logic will alee be discussed,

5.3.1 Programming the L[AQ Forte as Bit FPorts

Helng the I/0 porks as  bit ports provides up to 20 lines Lor
control and status. Bach bit in ports B and © may be indepeoadenlly
configured as an input or output bit. Port A must be sonfigured on
a nihble (4-Lit) basis.

Programming the PIQ as a bit port is straightforwacd. Plrsec. Lhe
Poet  Mode Specification Begister is used Lz select the port as a
bit port with ot without pabtecn matching. Then, the Bit Path
Detfinition Eeqgiatars A uzed to determine the polarikey,
divection, and special characteristica of the bits of kthe porkb. IF
pattecn recognition iz enabled, fhe Paktern Definition Registers
must alse be initialized. It is then a sliaple matter to wrlte to
the outout daca bufter to provide the correcl canftrol sigoals, and
o razd the input data buflfcr Lo menibor stakus,

The followlng program provides an example for using the PIO in the
it made,



LTITLE PID1.MAC

I+
:  This program provides an example of how o program the BIO's
: I/0 porta as bhit ports. This program utilizes the PIO
: loopback connectar [Part $H3I02L or 54=16227) which makes the
: Following connections:
H ag  -— BA
; Al -— 8l
H A} -- B}
H c4 -—-- €3
c1 -- €2

Aftor this program has besn aseembled and linked on kane
development machine, use the HIOT utility of rhe EXJ11-ChA
Eafiware Toaolkit ta load the program late the EXJIL-CA. The
program will ewegute as shown in the following example.

Sk 2

MAdAT1 PTOY SRV
EEECUTE

LT

I

IGOL1%2
IR2/D0QCEI0
i1154,/041101
(0311560042103
1001160,/043L05
Q011632177507
molled /041141
PON1166/042103
o170/ D43105
Q11727000107
109117 4,/0004000
b

HALIT

e R T B Tl DL I T

e ma =

—s mas mE s cww

aE ME mMa Ma WL ML WE TA M tim

A non-zero result in R2 ipdicates that an erver has occurred.
:  [Try running the ke=t without the loopkack conneckar).

:  Locaktion 1154 i= the hegioning eof khe output buffer. Locatlion
:+ 1164 is the beginning of thée inpubt buffer.
L3

P

RBoaglster Assigoments

MIC == 177000
MCC == 177002
PAMODE == 177100
BAPOL we 1771004
FPADDIR == 1771056
PASTO = 177110
PADATAE == 1770d3e
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rFEBHOLE
PRICL
PELCTIE
PESIO
PEDATA

LTOCHTL

START:= -
tITES B340

177120
177124
177124
1771340
1774034

177140

: Initialize PIC
YOVE $1,MIC

QLEE MIC

r Seteup PoOrL A

CLEB PAMODE

CLRE PAPOL

CLRE PADDIR

CLRE FASTO

»  Got-up Port B
CTLRE PRMODE

OLRE FIPQL

MOVE 4377, PBOLIR
TLRB PRSIO

- =d

[ T —a EE LE mE

s =s =a =k

Inhibit recognition of
intereupts

fegset device and inbhibit inteccupt
reguests

Enable device {(interrupts atill
inhibited)

sort a: bit port, no pattescn makch
Port A& bits are non—inverting

Pork A bibks are oukpul bite

Mormal owtput

Fart #: kit pork, no patteen match
Port B blts are non-inverting

Pori I bits are input bits

Hormal inpan

+ Sot-up the PID buffars

Mo $14040, IOCHNTT

; Initializes GFES

MO #OUTBOE RO
MO § TNBIOF,R]
CLE B2

:  PFlusgh input buffer

TSR PEOATA

: Enable Forts A and

MCYVE §204,00C

CLICT]

bl

configues the PLD buifera Tor
aspoutput and B=input

Foint to data ta ba cukput
Foint to input data buffer
R2 will iandicate ecror status

and zand the data
Emabla povrts A and B



15 MOVE RO+ PADATS
HOoF

Mowe data ode ol Porke A

al ] Y |

"

MOWVE I'BDATA, (R1 1+ and inkto ParlL B

T

¢ l'eat ta gee 1E dane
TSTE (R i LF [ED) is positive
BEFL 15 ; THEN Lransfzsr another byke
: PLAE check if data is wvalid

MOy $0UTEUF , RO Point o output data hufier
g Ly # I[MBUF RBi Point ko input data huflfer

+  Compare ariginal dats with received data
; Test to gse 1 done

£z TETE [ka]) ; IF (RO} iz negative
BMI 3% ; TUEH deone comparing
; BLEE do ancthor compars
CHPE (RO +, (RLI+ + Compare bytes
[1¥aiw] 25 I hytes are agual
f THEN test ancthor palc
f BELESE indicate error
I RZ ¢ A non-gera value of RZ indicatee
;RN arrar
i%:  ER . i fBranch here upcn completion

QUTRUF: J3YTE I91,102,103,104,105%,1068,107,-1
 EVEN
INBEUF: .BLEB 7

M H T START

£.3.2 Frogramming tha IS0 Ports as Ports with Handshake

Forte A and 3 may be configured as ports with handeshake to
facilitake Eransferring data on a byte-by-byte basis. Poct ¢ i
uzed Lo provide the handshake lines. In addition, Port € may use
the REJUEST ling to utiiime a DMA controller to transfer the data.
See  Table 5-4 for a descriptbion of the Port © handshake lines.
Figure 35-21 shows now Ewe PI0S can be coonected bogether to
Lransfar data, aond the handshaks lines that are ohilized.

LT BT IHPLT
. 1 ———
b Pl [ _El;ﬁfl ...... ﬁ "
e
[ FREP P —— Y L R
ACHIM RFD i
I e S 4
L+ 1 R+ ]
Figure L=21 PIO Nandshake Linos

s B
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Takle 5--4 Port ¢ Handshaks Linas Pork  Bits

Fort A/B Configuraticon Pin C3 Pin C2 Pin Ci Fln CO
Ports B & B = Bik Ports Riz IS0 pix TS0 Bib [SD Bit I/ D
Port A = Input or Dutput RPD oF DAY ACKTN EEQUEST Bit T/SC
{Interlocked, Strobed, or Bit IS0

or Pulsed Eandshake)®

Fart E = Ippui or Qutput REOJEST pit T/0 ERFD ovr DAY ACEKIN
(ITntetriockad, Sirabed, or i3it IS0

ar Pul=zed Handshakei®

Port A aor 3 = Inpwt Parct Rt Al REQULCEL DRl
[I=-wWire Handshake) (ouTput) {Input] or Bit IA0 (Dutpuib})
zart A wr B = Dubput Port R B REQUREST BFD
i 3-wire Handshake) [Cutpuk) [lnput)] or Bit [/ [Inpul}

Fort A o B = Bidirecticonal Not ilmplonenced on tha EXJ1I1-CA
{Interlunked ar Htrobad
Handanake}

* pores A and [ 2 may be specitied at the sams time aa input ar
ocutput porks wikth the Interlocksd, Strobed, v Pulsoed
Handshakes, if neither peort uses REQUEST. Only coe port can use
e Pulzed Handshake at a bime.

The handshakes that are awvailable are Tnkorlocken, Strobnd,
Fulmed, and 3-Wira. & ahort descriptiocn of cach handshaka type
fallaws.

when wusing Lhe Interlocked Uandshake, any action by Che PLO must
he acknowledged by the oxternal device befnre the next actipn Can
take place. In other words, an ocutput port doss not indicate that
ir naz new daka available unbil the external devlce indicates that
it 1ig rTeady [or data. Likewise, an lpputl port dogs Dot indicaty
that it iz ready fat new data wunkil the external dovice indicatas
that +the previocus byko of data ls no langer available (tharaiwy
acknowladging the input port's aeceptance of the laslk bvte)d.

~he sSrrobed Handshake usss oxternal logle to "akrvabe!" data into ac
aut o©F @ oorl. En contvast  to tho Interlocked handshake, tha
signal indicating that the port is ready [or anothar &alta branafer
mperatas indapendently of  the ACKIN input. Rxternal logic must
ansure that duka iransfecs ak the approprlaie gpeed.

The Fulaad Handshake ia uscd For mechanical devices that require
duta Lo be bold for relatiwvely leng perleods of kime, 1n crder to
Le gakted in or out of tho device. The logic ig slmilar to the
Tntarlocked Handgshake, escapk  that Cognker /Timer 3 1z linked Lo
the handshake logls to add the appropriate delays fo thoe handshake=
lines.
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The I=Wire Hsndshske may br ypaed so one austput poert can
communicate tn meveral input ports simultanscusly. This is
apsantially the aame as the Interlocked Handshake, sxcept that two
individual lines are used ko indicate when an irpukb port is ceady
far daka (RFD}, and when the input port has accepted data {DAC].
Becazvuse this handshake reguives three linss, only one port can uee
the 3-wWire Handshake at a cime.

When Ports A and B are configured asz ports wikh handshaks logicz,
thay must alsc be configured asz single or deouble-huffered.
Double-buEfering a port zllows more time for the intervupk ssrvice
routine ko regoond ko & daca transfer. & second bvite of data is
input Lo or ocukpuk from  Lhe port before the interruwpt for the
firat byvkte is gerviced. A single-huffered port iz used where it i3
important to have hyte-by-byte control over khe iransfer, or whers
it is important to enter the inktervupt ascvice or roubtine in a
Fixed amount of time aftsr the data hars been accepted or output.

The REQUEST 1ine may also be wsad by narta with handeghake. This
control line enaples che PIO to 2ignal the DMA controller thab the
port wishes Lo tranzfer data without CPU intervention, The
aperalion <2f the EBEQUEST line depends upon the Interrupt on Two
Bytes (ITB] bit in the Port HMode Speciflcation BEegister, IF ITB =
J; Lhepn the BEEQUEET line is asserted anyiime a byte is available
for transefer. If ITE = 1, then the REQUEST line is not asasrtad
unkil Ewe bytes are avallable Eor kransfer. The implemantation of
the FPIZ an the KLJ11-CA requires that anly one port be waed for
A transfars. Since the REQUEST line utilizes aone of the Por: C
hitz, the other port must he progeammzd a2 a bhit port. alae, bit 1
in the Port C Polariky Eegisier must bhe set Eo in=ure the correct
palarity for the REQUEST 1ine if the DTC is used with the PIO.

Wheo wsing the PIO with the OTC, address 17777032 musk he used for
the Port & Daka Reglster, and address 17777035 must be used for
tha Pork B Data Beglskor,

The follaowing sxamples display the capabilities of the PIO used as
a pork with handshaka.
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Thiz program demonstrates the abllity of the PIC to kransfer
data on = byte-by-byte hasis. The prograi uses the Intetrlockead
gandshake to transfor data fcom Port A o Port #. BoLh ports
are configured as single-buffored, The PIO Loopback connector
fpart $A302% ov 54-lE22T7) or a Functiooal eguivalank 12
requited te successfully run this program.

Afrar this program has heen assembled and linked oi the
developmant machine. use the EUOI utillity of thae KEJL1-CA
software Teolkit to lead the program inko the WAJLl-Ca,

The proucam will executs as shown in the following examplae.

SET 2

LoAD FI0Z.5AV
EXECUTE

LODT

t

11214
LL262/0653151
IB0L2R4 /066153
001266 /,06TLESD
Logy270/070LS7
1001272000377
1001274085151
IGDL2T6,/06A153
QL3006 7 155
01302070057
1pa1304,/000000
LA

EXIT

This verifies that the wcontenta of the output buffer {location

1267 were zuccassfully transfecred to the loput buitfar
{locatlon 1274%.

: Raglister hssignments

MIC == 77600
MCC == 177004
BAVEC == 177004
EASTAT == 1770ZD
PADATE == 177G32
FAMODE == 1377100
FAEDSH == L7710:Z
FAPOL a= 177104
FAZTOD == 177114
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EBVEC
PESTAT
PEDATA
POMODE
Ponbsn
FBPCL
FRSIO

LZTOL
PCODIER

IOCHTL

ETART: :
HTERS

o
CLEE
MOVHE
imhty
MO
MR

Mo
MO

1F7a0an
LTro2l
177054
171N
177124
177124
1371z

177kL2
L77T014

177140

$340
$1l.-MIC

MIC

200, PAVEC
FOUT  A$200
$340  Ag202
#7204, PFRVE]

#IN,B$204
#340, 84206

;i Jet=upn Port A

HOVR

CLRE
CLRRE
CLRE
MaOvVE

#1220, PAMOIE

PARDSH
FAPOL
PASTIO
#3300, PASTAT

i Set=up Parvh 5

MOVE

CLED
CLRE
CLED
MOy 3

Tap e b

-

v

;i Get=up the PLO buffera
AE6540Q0, TATNTT.

MO

F120, PREMODL

PENDSH
biaPnL
PHRSIO
$300,PBESTAT

§377, BCULIR

: Tohibit recogoition of inkerevprs

Ragset davioe and inhlbkic loterruot
renuaests €rom the PIO

Enabile devicea {inkecrupks stlll
inhibited)

= =7 == =m

; up Port A Loterecupt vackor
; «e. and BSW

..
i
M
i

Set up Porit B interrupt wector
and PSW

=F =k

-

Pore h: Dutpub Part,
single=bufferad

Llag interlock handzhake

Port & bits are pon~invercting
Normal ocutnut

Fnable Port A interrupts

p

F WE -} L}

7 Part Ui Input Pock,

7 single-hufferead

; O=se interlock handshake

i Port [ biks are nan=inveriing
; Hormal input

; Bnable Povb [ inLervupta

det=up the kort ¢ handshake lines,
ALl handshake lines are configurad as inputs, aven
if they are not inputs!

; Part C hita are inputs

t configure the PIY buffers far a=out
; B=input, 0,0Z=Llnput, O1,03=cukput
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: SelL=up dabta aressa
P $OUITRULN RO
oV $INBUOT E]

Pezint to Qutput Buffer
Point to Input Rutfer

: Enable Interrupts

MOV §224 ,M0C Lnable porta A, B, and C

ki

MO T4 00 MIC r pnable MIC

NLPS #0 v foable recoqgniticon of intecrupts

+ Start the first cransfer

MOVE 4200, FPASTAT : Sat IP to ilnikiate a kransfor

BTz . + Walt ners for the interrupts

O0T ¢

TETH [FG) «+ TE {RO) are nugaktive

KL 13 1 THEN transfers are complete
t RLSE trarnafer anothsr byte

My E (RO, FADATA + Mowveg byte to khs Port & ootpueb daka
t raegiaster

[HE: 25

Ls: Ax0avA $24C ,FASTAT : Clear IP when donc
B MOVE $140, PASTAT + {lear IUS on each pa3s
Rt
Iflzz .

Hove PEDATA, [R1)+ : Move byte from Port B lnput data
: reJistar

MOVE $L40 , PRSTAT 1 Clear IES on eRch pass

RTT

oL s SBYTE 161,152,153, 154,155,186,157,160,-1
.EVEN
IHBUrF: .BLEE 10

e BT START

La

- a4



LTITLE PIZ3.HAC

Eg =g g =g Pehp WY

== ==r === -am

g g Tt T4 T T4 W g WE H IF WL a e

g =k = WE Rg L ey

thig program is basically the same as PIOZ.MAC with the
excaeption of double-buffersd ports in this progeam. Tha

BPIO loopbhack connector (part #H3I0ZE or H4-15227) or a
Eunctiuvnal sgulvalent iz regquired to successfully run this
program. aAfters this program has been assembled and linked on
tha dsvolopaent machine, use the KUT otility of the KEJ1I-CA
Saftwars Toolklt B0 load the pregram into tha KNJI11-CA.

The progrem wlll execute as shown in the Following oxample.

SET 2

LOaT FTO2.58V
HXECUTE

4] iy

I

Qa1dla

11372/065151

001274 /066152

PAR1276/D6TIES

PRQ1300/BTOLET

PON1302,/,000377

1001304,/065151

01306/ 066152

'0G1310/067L55

013127070157

001314/0000040

b

EXIT

This werifies that the contents of the output bwffer {locatlon
L272) wore successfully traneferrad to kthe input huffer
{location 1374).

i Roglister assignments

MIC == 1TVROD
M2 == 177Db2
PAVELC == 177004
PASTAT == LT7020
PADATA == 177032
FAMOLDE == 177100
PAHDSEH == LT?1GE
EapalL == 177104
PASTD == 177110
PEVEC == 177006
FBRSTAT == 177022
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FELATA == 177034
EGMOE == 177124
PONDSHA == 177122
PREOL == 1771324
PRETC == 177130
FOPOL == 177012
PCLORIR == 177014
IOQCKTL == 177140
STaRT: =
MTES 3340
HOVE ] ,MIC
OLER Mic
MOVE #200, FAVEC
MOV $OUT, @#200
MO $340 874202
MOVE $204 , PEVEC
HOW $IN,B¥204
MOAT $340,54#206
;7 Bet—up Port A
MR #2240, PAMOTE
CLEDR PAHDSH
CLEE PAFOL
CLED TASIO
MOVE #3006 . PASTAT

r Ser-up Port B

R LR L
ZLEB
CLEB
CLEB
MOWVHE

=g L =3

HOVE

; Set-up the PFIO pufffers
F165400, 10CHTL

Mo

#1440 PRHEDIA
PEHLDSH
PEROL
PRSIO
f200,PBSTAY

#3777 ,PCODIR

+ Bgif-up deta areas

AN
Mo

FOUTBOF . RO
§TWBUF,R]

=
I

ng =m

Tnhibit recognition of intarrupks
Besel device and inhibkit loterrupt
reguesis from the PIO

Enable deviwce (inkerrupts sEill
inhibitedl

Sat up Part A lnterrupt Vockar
ema @ PEW

Sot up Port B interrupt Veobar
.. and P3W

Port A: Sutput Port.
doublo-bufferad

nge interlock handshake

Port & bits zre non-inverting
Wormal outpuk

Enable Port & intecrupts

Port B: Ifnput Poet, double-buffered
Dae intorlock handshake

Fort B bits are non-inverting
Hormal loput

Enahles Porbt B intarpuphs

gSat=up the Port { handshake lines.
a1l handshake lines are configured as inpuets - even
1f they are nat inputs!

port ¢ bhits are lnputs

configure the PTO buifers for A=oub
B=input, CO,02=input, Cl,C3=0utplal

paint to Output Boffer
Point to Input Buffer



; Ananle Interrupls

HMOVE R4, M0 : Znable oporks A, 2, and O

MO #2000 .11 v Enable MIC

MTPHE 0 ; Enabla recognition of intervunts

i Atart the first Lranslor

MOVH 200, PASTAT s Sot KPP tn Lnitiste a transefer

BT . * Wait hers torc the interrupts

ooT =z ;

TSTE (RO} : IF (RO} are noegaklva

EMT L5 ;} THEW transfers ares comnlete
; ELSBE transfsrc anckhar byte

M R0 r, ARADATA ; Mave lsk byvta ko the Part A output
; dakta ruegister

MOV {RO)+,BPADATA ; Mave 2nd bywtae to the Port & nhuffer
: eoglister

HE 23

L3:  MOVE $240, PASTAT : Clear TP when done
25:  MOVEHE $149 FASTAT 7 Clear IUS on guch pass
ETI
TH:=::

MOWE PEOSTH, (R1i+ r Move I8t byte Erom Poct 3 inpot
i cata register

MO FRrpsTA.{RL]+ ; Mave Znd byte from Poet B buffer
1 registor

M 3140, P85TAT ; Clear IHS oo each pass

el

ouUrigE sy JBYTE 151,152,132 ,184,1568 156,157 ,1680,=%
Y
THBLUF ; +BLEBR 10

 ERID START



LTITLE PFPIO4I.MAC

ba =1 e me hE hE EF ep En =

wm ha b Eq k4§ Ta TIE ma am mm ep CuE

T.p =7 = wm ma

e

The frllowing is a movre practleal exmmpls - che KXJ1L1-CA
tranaferring daca to ancther. Two programs [ollow: ona

accepks data through Port B using the double-buffered modao
{EIN4AT.MAC) s the sscond program sends data cut of Pork &

using the double buffered modo {PIG4D.MACI. In ovder to
succeaafully run chese programs, the ERJL1-CA muet La vonoectad
by & "atraighkt-thru® ribbono cable that iz giwven & half twistk.
In ather words, it should make the same connestiona thak the
PIG lgopback connsctar doos.

[Al=BLl,AZ-B2,...07=A7,00-C3,C1-C20 .,

Each program should be asgombled and lioked separately on the
develapment machine, Then use the KUT utllicy of tha EXJL1-CA
vafbware Toolkit to luad the programs Liako the KAJ11--Ca.

The program will execube as shown in the Ecliowing axample.

g1 3

Loal FIDAT.SAV
EXECOTE

S5ET £

LOoald PIO&0 .58V
BEXECUTH

SET 3

130T

10011734
11152,/155151%
INJd1L54, 006153
IB01LS% 067150
1001 LB 07 01ST
011627000000
L=

EXIT

This warifies that the data was succesefully transfewced to
Lthe input bulfer of WAILI-CA 3.

v Register Assignments

ig == 177G
MO == 177002
PRVEC == 17700&
pRsrar == L77D2:
FRLDATA == 177034
ErvonEr == 177124
FRHNSE == 177122



FPEPOL
FEDODIER
LEEID
FCDOIR
IOCHTL
STHET @

ITEE
MOVE
CLEE
HOvVE

[ kY]
O
HOVE
CLTEH
LR
LR
MOVE
MOVE

Moy

MOV

MO
MOV

(=
BN

Thite
IR

MTH

MOVE
RTT

TREIF ;

- B2

- LLKI

= 1771324
177126
177130

177014

177140

}z40
$1 KIC

MIC

$204 ,3BVEC
¥IM,E3204
$340,25200

140, PRMADR
FRRTSH
LS 0L
PRSI
$300, PRETAT

$277,B0DDLE

31653400, TOCNTL

¥FINRUFRR]

§220, @00
A200 ,MEC

t 3
PrEEa A, (H1)+

140, FRETAT

10

STanT

=4 -um =@ =m -Em

rr =1 s ‘rr =r == =

et *F Aar b e e -n =a L L]

g =p

=r s

Inhibit recognition of interrupts
Raset deviee and iohibit inteccupt
ranquests from the PLO

Enzble device [inkerrupts still
inhibited)

Sat up Pork B Lntercupt wveotor
-a= and FEW

Port RB: I[nput Pork, double=buifered
ilae interlock handshake

Port B hits are non-inverting
Normal inpuk

Fnabte Port B interrupta

Port & biks are inputs

configure the PTO buffers for A=ouct
E=input, CO.02=input, C1,C3=cuktput

Point to input data buffer

Enable povta O and C
Enable MIC

FEnable recoqnition of interrupie
Wait here for the intercrupks

vlowve lat byte from Pork B input
data register

Move #nd bhyke Trom Port B hoffer
register

Dlear INNS on smach pass



«1TTTLE

PIOd.KAC

: Regiskter Assighments

MIC
Mo

PANED
PASTAT
PADATAE
FAMODE
FAHDSEH
PATOL
FADDIE
TAEIO

PCPOL
FPCODLE

IQCH LT

STERT::
MNTPS
MOV

CLEBE

MOVE
Mo
Mo

MOVE

CLRE
CLT:
CLLT
MOWVE

MOVE

M

non

MCWE
HOVE
MIFE
MOV B
ER

177000
177003

nun

177004
1774620
L7032
27100
177102
177104
1771046
177111

17ralz
177014

177140

$3410
F1_MTC

MIC

300, FAVEC
#oIT, AE2GE
#3440, 83202
4240, DPAMODE
PAHTISH
PAEQL
BRE1D

33100, PAESTAT
3377, PCODIR

$165400 , IOCHTL

FoUTBUF RO

#24,M0C
$E00,MT0

$£0
#200,FASTAT

=4

ap mE mmm ma ST

bk F

]

b

e F ek = -um

[nhiblt recognition of intercupts
Feget devige and inhikit intorrupi
requests from thae PIO

Enable device [interrupts stlll
innibited)

“eb up Port
and DEW

A interrupt wvector

 F ¥

Parl Ai; Qutput Port,
deunle=butfforead

iTae interlock handshake _
Port & bits are non—-inverting
Mopial output

Enabie Poret A interrupks

Part ¢ blts are inputs

confiquee the FPIO buflers for A=out
B=input, CO,C2=input, Cl.Ci=putput
Polnt bo ootpot datae buffer

Enable porks A 2nd C

Enable MIC

Enabklie recognition of loterrupts
Sat 1P ko initiate a tranafer
Wait here for the interrupts

LN
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IT: =
TSTHE
A

MOVE
MO
e
15 MOV
£: MOVA
RTI

OOTTRIF @
- 3YTH

e Pl

(RO
13

(RO} 4+, PADATR
{RO1+,FPADATA
A5

#2410 #hETAT
F1a0,PazThHT

IF (B0} are negalbive

THEW all data has been Lransiecrced
ELSE do anciher transler

Move Ist hirke Lo Lhe PoUt A nubpub
data kaglster

Mova Znd byke B bne Pork & huilfer
ragister

Clesr TP when dons
Olwar IUVS on cach pass

151,1%2,15%,154,155,15%,137,160,-1

SART



mr an e bk N 4 WE mE mm RF RF R ur wm um mm S b W4 b4 L4 g U e R

wr w4 B4 WE we R e by SR T wr me ma bt lia hE CLEowE uE

The following two programs demonstrato how the DTC may he uded
to bransfor data Eron the PEO to EXJLL-CA local memary. IO
transfers may cnly be accomplished using Port & of the ¥ib.

1t is nok possible to properly cconect bwo PIOS with a ribbon
cabla, because the handshake lines will not align coviectly
whan connecting Port & Eo Port A. Thervefora, 1L 15 necassary Lo
tuild a cable that makes the follewing cooneckbions.

Input Port A ouLput Port A
Al e - nil
Al G ——————— —% Al
ET fomm e » a7y
e o — cC3
3 K — =3 32

It iz also neceasary k2 place a jumper hetwesn posts M4E snd
M&® so that the REQUEST line from the PTO may signal the DTOC.
For more informatica ahout programming the DTC, please refer to
section 4.3,

Aftee sach pregram has been aasembled and linked on Che
development machine, use the KUI ubility of the KXTlleOh
software Toolkit to load the programs into a RXJ11-CA.

The program will sxocute as shown in Lhe follawing example.

SET 3

LoAL PIAST.SAV
EXBLCUR

SCT 2

LOAD PI0OED. SAV
EXECUOTE

3ET 3

| DT

]

T0B1140
L1L4G,/000777
IdoLl142/065151
001144 /066153
G1146/A6TLEE
POLLS0/DTOLET
tod1132/001602
L

kxamining the coptents of kha input utfer (locaticn L1242}
werifios ithat tha daka was succ2ssfelly transferred.



LTITLE FPIOSI.MAC

;1 This program trapsfacs data from Port & oF the PIO ko local
;o omemory by utilizing the DTC

i Ragieter Assignments

MMEEG
CMDEEGQ
CRELF
CAOFL

MIC
MCC

PAVEC
FAGSTAL
PADATA
EEMOTIR
BPARHDEH
BAECGL
PATNIR
FASTO

PCFPOL
eCDOIR

IGCHTL

STAET: =
fATES

I
li

#3410

1744710
174454
174444
174440

177000
177202

177004
177020
13TO3E
177100
iFriac2
177104
177106
17710

177812
177014

177144

r Ioltlallew tihe DTC -

s rafar to Scctlan
$154 , MMEEL

MoOVE
ZLEE
by LT
Mo
MOV E
MOVE

CHDREDS
$40,C85TF1
RELCAD, CAOF]

$155, MMEEDG
#241 ,CMDREG

4. 3.

Initialize tha PIC
$1,.mM1C

HOWE

CLEE

MIC

F
El

Inhibil recognition of interrupte

for more infarmatiam oo the B0

wy %4 TR m{ T

n

v =0 bk =y

Load Haater Mode keg to Disable DTC
Reaet tThe T

Load the €EL1 kegister SEG/TAG

Load the CHl RBeqgizster Dffaet

Load Mazber Mode Reg to Enacle DTC
gtart Chain Channel 1

Fesel device and inhibi%t inteccupk
regquasks from the 21O

Enakle devige [interrupks skill
inhibited)



; Seb-up Port A

MO
MOV E

CLE
CLE
LANETNS S

o LT

Moy

MIAT

Mcvpe

BE

EXNBUEF:

#1270, TAMODE
#7rd,I"aHlER

PapPoL

PASTIO

2, FCFCL
377 ,2CODIR

F1add77 , IQCKTL

£iNEIF  R]

y2d MO

+ BLKI 10

{ Chalsn Lead Fegion

-WORD
~WZRD

 WORD

» WOTRTS

« WIORD

HORD
ORI

ENT

Qaapzn
padata+l

BOOGan

inbuf

Gagalo

aonooo
GoOonal

START

p W =} wE cEE

a 4d

s

%q m

Lp um owa mwm mm hE am

e = =3 L

el B T R

Purt &: Input Fort, single-ouifered
NMsy interlack haodshake. Inpuk
REGQIEST

Paoert A bibs are non-loverkbing
Heomal input :

Tnwertk pin Cl = this 1s the line
that is used for the REQUEST

signal

Purt C hits are inputs

configure the PIN buftarcs [or A=1in
=putput, CO C2=input, Ol .C3=cutput

Foint to loapul data buffar
Enable ports A and C

wWait hers whils the TMA transfoers
take pluce

RRLOAD: WOERLD Q01602 ; Reload Word <Select ChRAOARB,CORC, CHE

current Address Regiater A Sog/Tag
Ccurrent address Reqgister A GLIset
¢This locnal addrese is tho source,
ita address 13 held constant.
gince ths DTC is doing byta
tranafers spocifiy

the source addrass nigh bDytes

current nddress Register B Seg/Tay
Current Address Roegister B GEfset
¢This local address is the
dectinaticon>

Current dperatleon Count <lvansfer &
wards:

Channel Maode Raeglster High

Channal Mode Eegister Low

¢Nlo match conditions, do nething
upon coioletion, transier Cype =
Single Tranmfer CRRA & source, byte
translCerss

3-35



TITLE

a
r

This oragram transfers data ouk of Poert A of tha PTIO

FLORO, MALC

vhiiizging tas 90

Reqister Azaignments

MMILRG
CHOREG
CASTF1
Ao

HIC
L

EAVWEC
PhAsTAT
i AN
FAMDIE
Fiallnill
earGL
PAnIDTE.
eASL0

PEFPOL
2CCDIE

ICGCHTL

STARRET ==
MT2E

TIR3T0
174454
174444
L7d440

177000
177002

E
[

L7T004
L7dnzEn
177032
1771100
Lyd10%
Ld710d
L7710
177110

L

k
Li

L77012
irinla

177140

§340

i Tnitiallize the DTC

MOE
ZLEE
M
BT
MNOVE
MR

$134 ,MMREG
CHIORES
§0,CABTFL
#RELOAD , CADF 1
$155 . MMRED
#7241 ,CMDREG

» Inltlalize Ehe BIC

HaOVE

CLRE

1l MEC

MIC

P Set—up PorEt A

MVE

M

CLE
CLT

$220 . FAMODE
LO50 , FAHDSH

P B0
FASTFD

Tr

R w{ IE WL 4 TR

LG LI F R ¥

EE CRd WE R WF

Inhibkit recognition of interrupts

Load Hastcer Mode feq to Nisakle OTC
Eeget the Irc

Laad the Cfll Register SEG/TAG

Load the OH]1 Tegistar Qflfset

Lad Master Mode 334 Eo Enable DIC
start Chain Chaaonel !

feaet device and iobibit interrunt i
requests from FIO :
Enable device {incerrupks skill

innibited? i

Part A: Ouitput 'Yt
singlea-bufleraed

Naue loterlock handshake, cutput
REQUOEST

Port & biks are non-inwevting
Mormal outpukt

G=an



Ko #2 . PCPOL + Pin €1l must bhe inwverted - thia ia
: the ling used to mignal the DTC
MW #3477, PCOAE r Port O Bltz ayre inputs
My #165400, TOONTL @ configuee the PIO buftars [or h=out
: B=input, CO,C02=ipput, CLl,C3=cutput
Oy $OIITEUF ; RQ + Point to cutput dats buffer

LT #24 ML Enable porks A and

bt |

ER : Wait hers while the TMA trangfers
1 completo
QIOTRUC & ¢
«BITE 151,152,153,154,155,156,157,.160,-1
«EVER

; CHAIN LA REGIGH

BELOAD: WORD DOlal2

e

Feload Word <4Y9glect CARA DhER,CGPC, CH:

LJWORP O00EED  : Currecnt Address Bagisker A Seg/Tag
JMORD  outhuf  ; Cucrent Address Register A Offscl
cThiz laocal addrass 18 the sourcer

b

JWORED oD002d
LWORD  padata+l

Current address Register L Seg/Tag
furcent hddress Reglater 3 Difsot

<rhis local address i3 the destination,
nold ths address, oozt specify high byte
for bvte branzfers

L T TR T I T

LHORED 00018 current Operaticn Qouat $Trenster &

Wardsr

wr

—n

~WORT  0OO00U
-WORD 000001

- Chanmel Mode Regiater High

Channel Mode Register Low

fHo match conditions. do nothlog upon
completlon, transter kype = Single
Tranzsfer

CaRn = source, byte transfer=s

mf EE Rd CE M b

. ENTD STanT



F.3.3 Programming The BIO Counter/Timers
Thiz =ection describes how to program the PI0 Counter/Timers and
provides example programs demcnstratlng their capabilities.

Fach of the theos PIC CounterSTimers provides up bo four lines for
saturnal ancess, IE these exkernal linos are used, the
corresponding  part pins must be availabkle and pragrammed in the
proper direction. lable 5=5 displays which port pins correspond to
tha Counter/Timer exterral access linos:

The first step in orogramming a BFIO Counter/Timer is ta apecify
which, i1f any. externzl 1lines are to bo used, the ocutput duty
pyele, and whether the eoyole is conciouous  ar single-cyels.
Figure 5-22 displava the awvailable output duty cyclas=.

Takle 5-L PIO dountsr/Timer Externzsl Accesa Linas
Function CAT 1 ofT 2 cST 3
CoygnterSTimer Dutout Park Bd Fort BO Port CO
Counter Input PorE BS Port 1 Tort C1
Trigoer Input Tort BA Ports 132 Port C2
Gate L[hnput Pork E7 Fort B3 Tart C3

1 OIS AT YA LE - ¢

FLI- S0 2000 PMEE BL EE;
[
| | | | ' i
T ® 4 ] 2 : 1 5 1
OME-EHOT W CDE
I I I | I i l I
r - q z ) L

IF TIME CORETSNT W LUE U
LIk AAE '=AVE WOLE

L.

[ 1 I | | | 1 | | |
T £ T o L] 1 3 3 | 1 H

EFeladsrrps

Figure 5-22 P13 Dubput DULy Cycles

Ln

-4 3



output Duty Cycles

Next, the Time Cornstank Fegisters wust be loaded. Eawch
Counter/Timer conkalng two of these regisbers, which are used tn
form  khe 16-=bit walus Lhat i3z Ioaded inlo the dowo-counber when
the CountersTimer is kriggerad.

If external lincs ares to be wzad, then the poproesponding port pins
should be programned as it pocks with the coerrect daka direction,
Finally, ths Counter/Timer eoable bit for Ethat port must be
apnabkled in the Maskter Configuration Cantrol Regisler.

The down—counter is loaded and the covnldown asguence 15 Iniciated
when the Counter/Timer is triggered. Thia trigger may acour if tha
irigger <ommand Bit  (TCB) in the Command and Status Register ia
sek,. aor if an <xternal trigger input  was asserten. Lnce the
cnunbdown  is  initiated, it wlll centinue towards the fermiral
count as long as  the Cate Coomaad Bit (GO} in the Command and
Status Fegister is sot and the Gakte Tnput is held ssserted [if ik
iz enabledl., Lf a telgger accurs during 3 countdown sequencs, the
sction  taken  is determined by Ehe Retrigger Enable Elt (REB). LIF
EEEE = 4, the criggec lz igacred, but 1f REE = 1, the down--councer
ig reloaded and 2 new ccountdewn is inltiated,

When the terminal count is reached, the atate oaf the
centinuouss5ingle  Oyele bik (C/78C)  in bthe HMode Sparllication
Register is examined. IE C/5C = 0, the CAUNtSawn ssguanas SLops.
If /%7 = I, the time copstant is reloaded and a new countdawn is
joitiatsd. IF Ethe Tnkerrupt Enable Bl [IE] 15 =met, an interrupt
reguest iz generated when Lhe down—counter reaches its terminal
aount. If a terminal counk occurs while the Intercupt Pending Bt
(1P} is seL, =n eccor iz indigated by ths Interrupt Error [GRR)
bit.

The following program prevides an example oF how to progran Lhe
PIO Cousntar/Timsra.

.TITLE C711.HMAC

This program demonstrates how to ukilize one of the
Counter/Timers on the EXJ11-CA. Countexr/Timer 1 will ke used 1im
thiz program. This counter/tlmer is clocked ak a 300 ns rate.
The time constant used for the courkter is 50,000, Thervefare,
the countdown Sogquence will take 25 ma. (500 oz ¥ 50,000 =
25,000,000 ns = 235 ms). The Lnterrupt sevvice roubtine walts
unkil the countdown seguenca has completed 40 times and then
sutputs an ‘3" out of the console port. This should happen
agproximately one time & ascond. (25 mg X 40 = 1 s5].

=31 -in

After this program has heen assembled and linked on the
davelopment machine, use the KU utility of the KEJLI-CA
Coftware Toolkit to load the program into the EXJ11-CH.

The program will execute as shown in the following exemple.

v Ll TR Wy (HE T fLa tmv Tmm mm =l e

-4 3



;o GBELT 2

LAl CTl.3AW

;1 LEECEIE
P RELT

i Matice that the "A'z keep on coming ackber vou 2xit XUTL!

1 Register

MIC
MeC
CTVEC
CT1C0N
CTLHI
CT1L:
CT1800

STAaRT
MBS

MO
CLREG

MO 5
Moy
MO

CLE
MO B

MoAFE
H T

M
KOVE
ETPS

BISE
ER

I5R:
T
CHE
LY
CL®
MOVR

+

I m ar e mm om

Z: MOVE
BTI

« B LY

The conmole
davelopmant

CLEAG0O0
177002
177010
177024
1771054
177056
177070

1 4
1 &

#3140

F1,MLC
MEC

#210,CTVEL
sy BRI10
}140 84212

2L
#2000 ,CT1ROD

#203,CT1HI
$£120,.0TILD

F100 M0
#2060, MIC
$0

FA0G , ZCTC0N

A1
Bl .40,
2%
El

P101,84177556

$44,0TI00N

START

Azsignments

=L

=1 s

EEILL Y |

-
ELIC T r TR Ly =4 “§ qm

Hd mE mE mm

in this cage 12
=yatem consale,
toeeminal up ko SLIOI to ses

- e

Cisakls recognition af interrupte

Eeset PIO
Enable PIC {Interrupts disabled)

Initiaiize Counter/Timer weclor
and I5R addresa

Usad a5 a counter
Eeleclh caonrcilivuogs mode, ho external
Acoass, puelse outpuk

CTLHI and CTI1LO combine Lo Sorm
14152043 = S0000¢10;

Enable Counter/Timer 1
Enable PI0 interrupts
Enable recogniiicth of interrusts

Let [5.GCH,CE = £this atarks the
CAUnTAdown
Wait herve Eor Lhe interrupks

Incremsent the counter

IF thiz iz nat the 40th tima
THEN Zount again

ELER Clear the counter and. ..
zend an “A" t2 the congals

the RXJ11-Ca consocle - HOT the
Therefore, yaou'll have Lo hook a
the 'A's pop out.

Clear 1% ard IP but don't bother
GLCR



CHAPTER &
SEPFTAL LIHE UNITS

6.l OVYERYIEW
Fhe EXJ1l-CA has two sorial line unlts (8LUs}+ AT and 3LUZ.

SLL1  is alsn called the conscle port aod is designed arcund the
DLART (DrC319j chip. SLUL iz dedicated for & console device, For
detaile an Lhe operaticon and pregramning of the NDLART, raefer ta
Fhe DLART Data Shoeek  included as  pare  of thia documentaltion
packagea.

2LU2 im zlsc called the multiprotacel scrial conteoller (MPEC) and
has twe independent channels, A and B. SLU2 ia designed around the
sED? 201 chio., FPoy detalls cn the operation of the MBSO, refer Lo
the MPSC Dalta Sheest ifnciuoded in khis documentation package. There
are throo Cimers associaled with SLU2, and designad arcund the
2254 ohis., I[nformation on  thess timers is  included heve Tor
complatencss. Rafer to the B254 Deta Sheetb included as part of
Fhis dopumentation package For operational details.

The materisl Ehat follows summarizea and describkes the DLART and
MeEsd Ffuonotions implemsntad on Lhe EXJ11-CA.

Bul CONSULE SERIAL PORT {(SLUL}
5Ll noovides  the following  featuros and cepabhilitl=zs for the
coenanles saplal lines

Azynohronous aperation

Error deteckion overtun, framing, and RREAE deilsciion
Internal baud rave generation from 300 ko 38.4 E baud
Cammon baud rate far bokh transmilbber and raceiver
Eh— and S0-Fx real-time clock inbervupk ocutpues

one stop bit only

G.2.1 LUl (Consolz) Regiaters

The aonsole aerlal pare beulﬁ iz based on the DLART [DC3E9] chip.
511 8LUl registors are oontaioed in this chip. SLOL hes a raceivar
and a btransmittor. each of which has z controlfstacus regiaster and
a buffer wagister. These reglskors arve descrolbed in the aections
that fallow. Eote that theszo registera  are cthe anes used for
cansole L1 operaticons.



h:2.1.1 EReceiver Contrcel/3tatuws Reglstar (RCSRY) —-—- The Receliver
Control/S8tatus Register (Plguras 6-1} 15 uwsed ko monitor and
contrzl  the operation of the SLUL roeciver. This register is
read=0nly.

AODKESS: §777? 7560

25 14 1F 4% 41 1 ¥ he O 05 un ot [
n| anjl g lu| G il:l-:lcl:l_.l:l_l:l
HIW FI|:';'
ACT M
ol
IE
Figure §-1 Feceiver Conkral/3tatus Register
{RCER)
Bits Hame PeEscripticn
15:12 Wobk uged (read as zaros)
k1 RCWV ACT Feceliver agtive = When =zet, khe ceceivsr

is active. Set when kthe mtark bit of the
input sertal data dis received. Whan
clearsd, the receivsar iz inactive.
Cleared akbk the expected time of reception
of the atop bit [(aftter ROV DN Lz set).

10: 8 Mot uzed [read as zeros)

7 ROV PH gat after & charecter has Lweasn cecoelvad
and i3 1imn the rveceiver buffer rcegistar
[EEUE}. Cleared when the characker 1s
reafd Erom REILF.

O RCV IE When seb, allows an interrupt request ko
e made when bit 7 [(ROV DN) is set. Whan
clearsd, dissbles interrupks trom ROV DH.

L Kot wasd {read ag zeros)

""'l
s



f.2.1.2 Receiver Ouifer PRegistsr (RBU¥) — The Recoe_wor Bualle:r

Kaglgter

and contalns

ead-only.

=
-
-
L'n)

—
e |

14

1z

11

|_|
el
ar

a

-1
LL]
[}

[ REOF) (Figure 6-2} heolds Rhe most recent byto cooccived

braak  and error infoemation [or this byte. ZBEUF 1S

ADDOALEE: 1FTIVER7

_|" ¥ | S - T 1t
slan v AT E |
| [T

.__.I .
' T
<4
.,

=
R
by o ACY
ERR TR

Figure 6-12 Faceiver Bullsr Reglater (REGEOR)

Descoription

sreor -~ sSet when it 14 {00 ERR] nor kit
11 (P EER) is sat. Clesared whan the
condition causing tke ceror im clvaroed.

OR LER owerrun  errocr - Set whoa a received byto

ia lLopaded into bits 7:0 (RCY DATR} before
hit T wl rhe ROSE {BECV UOH] is ovlearoed.
This woeours when a new hyioe is eecoived
before the rocentian of the previous byte
iz compleks, This bit i3z updated cach

time a byke ig receivoed.

i= lrnaded inko hita 7
wilthont & #alid sktop b
updaced each time a byte i

0

t
Ho: uned (read as Zero)

BEL Rooelyve hreak - Set whan khao

serial icpubk  line goes from &
space comnditiocn and  stays in

FR ZRE Framing error — et whan a received byko
(ROY DATA

2 RER Is

i
& rzceivad.

rocaiver's
mark to a
the space

eondician Frzp 11 bit Limes afrer

recepbion starts. Clearved  wh
laput retwrns &5 the mark condl

Moy used {cead as zeras}

DATH Rocaeive data - Containe the o
Lyt received. Each fime &
cuosived, the ROV DR kit in E
b,

ot sarial
tion.

cal recant
hyte iz
hs RCSR is



f.2.1.3 Transmicter ControlsStatus Regiater {¥CSR} --— The
Transmilter Control3tatus  Tegister {Plgure &-3) is used Lo
moititor  and coniral the operation of the SL0) traonsmitter. 3iLs

£15:7» of this ragister are read-only, Bita (5:0r arg read/write.

LODORESS: 1577765

T T O T T T O " S 1 | T =< ) Iy 11}
1u alalc a nlcl nl ' :H ! i
. -
A HINY F'IBE
XL [L] T BRE
Pigure &-3 Tranamitter Jaontrol/Status
Fegisier (RCHGR)

Bits Hame Doacription

15:8 Net wsced (read as geras)

T X RBhy Transmit ready - Waen Hek, the
Transmitkter Duffer Register [(XBUF) 1is
ready ko accest a byte. Clearsd wheon EBUF
las wrikken.

& A IE Transmit 1lnterrupk enable - When set,
allews an  interrupt ceguest kto be made
whan bit 7 (¥ Rpy)] is aet. When cleared,
digables intervupts from X RDY.

5:5 PE Frogrammahis baud rakte = These DbLiks
determinse the transmitter and receliver
haud cate as shown:

Fb Baud Rake
oan 300
Qo1 GO0
p10 1200
oLl 2400
Lng 4300
10l Qg0
iLd 19200
111 35400
2 M maintenancas -~ Whien sSek, external serial

data

loput to SL0l is disabled and the

transmitter serizl output iz coonecled to

the

receiver agerial ioput. This allows

secli-tescing of SL01.

b4



Bits Hams Desnription

1 PRE Programwenahle baud rate - Wheh set, the
pavd rate igs determined by TPBE. Whon
cleared, the baud rate is detecmined Dby a
saures external ko SLUL.

0 X BR¥ Tranamit brecak -  When =sat, the scorial
output line is forced tao & space
conditian. '

E.2,1,4 Transumiterer pBuffer Rapisker (XBOF) == The Transmitior
Buffer Reglsbar (Figqure £-4} n0ldz the most rocent  byhe
Lransmitted. Eiks <15:8* of this register ars coad-only. Bits
CT:0>» are readSwrite.

AODRESS: 177 T7HEE

1h 4 1= 1Z |I| 1A a1z il o bl B n4a Az ez r ol T (1)
1 T T _ . Iﬁ T
a a |l ol s i ol 2 | : :-:r.-I ..I.II | : I
Figure 6=d Transmitber RBuffur Regisker (XBUF)
Bits Marie Dascelption
15:4 Haot uzed {(read as zaeos)
70 KMIT DATA Transmit data = Contalns the next byte to

be transmitted, When the X RDY bit in the
ECER i3 ¢lear, AMIT DATA is copied into a
shift »register {the serial data output
reglstert for transmission. ZMIT DATR is
loadad with the naxk bvce Lta be
transnittzd. which sete X RDY. When X EOY
is cleared, the ocperatlon is repeaced.



0.3 HULTIPROTOCGL BEHRIAL CONTROLLER {SLOZ}
SLD? proevides the KXJ11-CA with Ehe ' following foakures  and
capabilitcies.

& Two full duplex channels

Channel A providesz full modem control
fhannel B provides dala and timing leads only

an tagh channel may be operaled in ong of thres oodes

Asynechyonous

5, &, T, ar & Dota bkiks

1, 1=7/2, wr 2 3top oiks

oxld. Fwen;, oe W Parity

lreak generakion and deteclian

Lnterrept on Porlty,. OVCoruan, ot Framing Rrrors

Character=orisabtsd syachroaous

Monasync, Bisyne, and Extaenal Sync Dperabions
gafiLware selsctazble Svnoe Charactsrs

Automatic &yng Inmertiocn

CREC Senervation and Cheexing

Rit=orisnted syoohkonous

HIILE an:d SDIL Opecatlons

Abart Sequepce Guonoration and Deteckbian
automaktic 2ero Tnsertlion and Deitsclian
sidreaa Flald Recogoitian

ORC Generation and Checking

I=tigeld Residue Handling

L] Proqrammable Haud ates

o Iouble Buffered Transmitted Data

& muadrenle-Buffared Reccived Daba

] Frogrammable CEC Algorathm

& Channel A may utiliwe the DMA conkroller Lo Lianaferc data
§.3.1 eynchronous agynchronous Serial Line [SLU2Z) Reglsters
SLUZ is 4 synchroncusfasvnchroznous  sorial  device with  two

independent  channzls, A aad . BLI2 Ls based on bhe uPDV201 chip,
The roglstors associated with SLUZE arce summarlsced in Table 6-1.

EXJLL ControlfStalus  ERegister A is contalinad in the GAS an—board
gato  arcay. The timer data and conteol reglstees are contained n
an  on-boacd  Totel B254-2 0 timing  contraller  chip., The other
reglstors are cootarned in SLU?2 itaelf, thot Ls, the uPDVIA1 chip.



opdaration  af

vxJL1
B=f1.

Table &-1 HSLUZ? Raglstsrs

arddrega Asceas Description

177 Tiaad E' EXJ11 Control/statua Reglistor A
LTFTe738 i SLUZ Timer Conkrol Begister

17775734 W SLO2 Timer 2 Data Regiater

17775732 ] SLUZ Timer 1 TData Register

17775730 W SLU2 Timsr 0 Data Register

LT7715724 R SLUZ Timer 2 Data Register

LI7T5T2E E SLUZ Timer 1 Data Register

L7 775720 R SN2 Tiner O Data Registary

Channal a Charnel B

Address Addz=an AcCess Dascrlpticn

17735706 177i571a 1 Traosmltier

17775704 17775714 W fountrol Register

HEE R = 17775712 B Reooliver

1773570 133735714 E Status Register

£-3.1.1 KxJ11 Control/s/Status Bagizrer & {EXJOSRA] -~ This
reglsker contains control  infurmation whicn affects the overall

SLUz. The register lIsg cleared whenaver the KXJil1-Ca
iz powsred up or reinitialized.

Topntrocl/sscatus

AULRES3: 17777520

Rogister & has the Lfoilowing format

iz 4¢ 13 o1 (O N - H O (L L e N - N - i =) . ,
1_..!.. alai el w0 '%-%I i
1 S ]
1ML [[1] :!E'-'Hl:l-' ] LTHUM B
'y
FTTIC Hn e R

T 'ae-2 E~
IR T

KETLL Conlrol/89catus Roegisier

[Figure



Bits Hame Cescription

15:8 Eat used (ra2ad azs ones)

7 ONT IR Programmabls  cnunter inteccuok anablo
When set, inktectrupts from proogrammable
timerSoountar 2 are enob laed., Thian

clearad, these interrupts are iohiblted.

& BT Le Neal=time clock intecrupt enable - Whan
asi, intecrupts From tho an-Haard
real=time oclock (RTO) are enablad. Whan
clearagd, these interrunts are diszbled.

3 Mot uzsed [rvead write)

d TERM Ik SB2 Terminal in serwice = For usse  with
movlem=z.  When set. Taroeinal Io Seevics,
fTE2) 1s asgarcted and incominog colls can
bve rvonnectsd. Whan eleardd, IS 18 nat
aaastta:ld.

! TrIREs Medem econnected - BPor wse with modoms.
wWhan sai, Terminal Taady ITRY 1Is
aagsrted, Then clearad, TR 1a not
anrertead.

4 SYHCK A Clock =elect cnannel & - Whan sat, SLOZ
channel & receivea iis clock Eroun the
on-haard baud rate nenerator.  Whon

alearsd, channel A receives its clock
Crom an @XxLernal souros.

1 ELUZERE EN rarksy line enable = Oagd when thae
EXF11-ca. iz configuved €£or party lipow
cpeEakion. Whan sSeb, SLUZ channel B can
sk racelve ParLy line data. When
cleared, party line «data reception faor
cihancol B ois epabled.

1] SYWNCH R Clock =¢lect channel B - @hen set, SR02
nhannnol B recelivas 1te clock from the
on-board baud rake ganarator. When
claarad, channel B receives 1teE cliock
Erom an extarnal socurse,

6.2.1.2 Timer ERegistecrs ~— Theres are kheeoe lndependent timers
apanciated with 3LU2Z. These Ekimers, labelad 4, 1, and 2, aro
contained 1n an  och=board B254=2 timing controller chip. Timerc O
and timgr 1 run at %,3304 Mz and are waed o determine the baud
rates for SLU2 channels A and 0B, rvespectively. Tlmsr 2 15 a
general=purpcse 000 Hz clock capable of genaratlng Interrupts at
priority level &, Interrupta Tfrom the K00 Hz timer are anabled and
dimabled wia bit 7 of KXJi1l-CA Control Reglster 2 (86 Socticon
5.3.1.110.



Each timer has a Control Reglster and a Mata Register. To usc &
timar, its Control ERegister 1z loaded £lest with confluuraklian
infarmation. Then, its Data Reglistsr iz loaded with the number of
clock YeEicka" the timer is to oount.

The baud rates for channels 0 and 1 caa he 3=t by Ioading =
"diwidar ratin® inta 2 Data Beglisker. For syvnochronous
CLransamisslon,

Nivlder ratia = 9@30.4 & / syachronous boud rate

Tablse 6&-2 illuatrates the corroaspondence between various diwlidor
ratins and synchronous baud rates.

For asynchronous transmissicn,
Pividar rario = 6lé.d % / asynchronowa baud ralte

Tahle 6-3 illustrates the corrsspondence betweoen variocus divider
ratine and asynchronous baud rates.

Tabkle &=2 Synchronous Baud Rkates
Divider Ratlio {Decimal} Svnchronous Baud Rate
118 73,282 K
174 LL.855 K
204 47.T20 K
512 i9.200 K
1024 F.600 K
2043 4800 K
€192 L.200 %
Teble b6=3 paaynchronows Bawd Ratas
Diwider Pakio (Decimal] synchronous Baud Rate
2 307, K
§ 153.6 K
2 T6.8 K
lg 1.4 K
1z ig,2 K
& 3.6 K
123 $,8 ¥
236 2.4 K
513 6a0,0
1024 0.4
2043 150.0

5536 109,%8%




Fe2,1.2,2 ESLUOZ Tiwmer Conkrel Begisters —— There are Lhirese Timer
tontrol Registers, ons  for sach timer. They all have the format

shawn in bigure H=G.

AODRESS ¥R

L S e S o I (N | L | (o W T 1 S Co [ Ao |
' - 1 LI P
l| ] |-. : 1 1 ! Br R N ]l:r...l
L 1 1 1
L BPR R |
Figuce &6 Timer Conbrol Reglsber Farmak

[Timsrs 9, 1, and 2)

Rita Mams Dascripition
158 Mat usmed [(read as anes)
118 sC feleot oounter - Dalermines which counter

iE sxloected or whether a8 2 wead  back
comoand iz issyged.

BC Ezlecticn

o Eolecst councer 0

ol Selecl caunter 1

1o Select counter 2

11 Izsue read-back command

TE & rtead-back command i3 issued, blis
Z:d> ofF the Timer Control Registor aro
defined as [allows:

BLt Dofinlition

L] Count - Then sSel, lactchea the
contenkzs of che Timer Counter Dota
Regisker(s] speci fied by bits
31k, The contenta i tha

register(s) are  incerpreted o= a
count of clock "ticks.™

4 scatusz - wWhen clear; latches the
coantents of the 'Tfimer Counter Data
Beglsler(s) specified by bits
CRelx, The contenta o f tha
rtedlsler(s) ars interpreted  as
skatus information.

3 When sot, specilies counter 2
2 When 32L, soecifies counter 1

Waen sat, =2pecifies caounter 0

-

] Must e Zero

=10



: Bit= Wame
a4 i
i
1:1 M
B
N B

MTaseription

readwrite - Determinsea which byte of
informatlon is  read/written tofrom  a
Timer Data Register or whethor a counter
lateh comoand iz issued.

FW Seleckion

a4 Issue countar latch command

01 Real/write leasi significant byte
only

L Read/writs waost significant byto
anly

il Fead woite least gignificant byte

first, theo most significankt byta.

If & gounter latch command ia izsaad,
Bita  £3:0» of the Timer Controel Register
ara "dan’ t cara®™ bits and ara ook
interpreted,

Mode select - Belacis  the operablonal
dicde of the timcr. 222 the uPDR7E01 Daka
Sheet for desericitionz of thase acdes.

M Modes

ngao Boserved

a0l Resercvad

110 Baud rate qenecators

(13 I Souare wawve

100 Soeftware bErtiggeesd sirobe
101 Roserwed

110 Roserwead

i1l REserverd

weT anabkls - when set, indicates that the
information in the Timoer Daia Register 1s
to be interpreted in binary coded decimal
(RO format [ftour decudeal. o FeTE11
claared, the data 15 interpreted in
la=tit binary format.



.3.1.2.2 8L0Z2 Timer Data Regiaters -— Thare are 31X Timoer Dala
Regiskers, +two for each timer, Fach btimer bas ocoe reglscer for
read daka anhd ancther regiater for wrike data. They all have the
format shown in Figure 6=7 excepht when status daéta iz read. In
that oase, the formak 1s as shown in Figure &-8.

BDORFSS: 1777E120, 17775722, 17775724, (REMIHDHLY|
1F73TEIA0 AFTIEIAZ. 1 37767 24, (W RITE-CLY]

O O T - T 1 I (O (T S (L S | L 1
- | I N B

- ¥ 1"
i R 1L_| S R R ]
Figure 67 Timet Daka Reglstar Pormat

[Bz=ad and write Registers G, 1, and Z]

Blts M ane Cescription
15:8 Mok uzed [(read as ones’
T:0 D Counter data - sapecifie=s a oumkor ol

Limer clock "ticka.™

ADDRAEZS: 17736310 17376722, 177To7E.
hoM_ 1% 42 11 b D oh DF 06 05 o4 £A D02 oo 0o

l EENEERE =|1! R T ﬁﬂ
1

A 1 ] | i
(LN |IlI.|I [

H
HULL

(SRR

Flgure &6-—H Timar Data Reglster Format wWhen Laed
43 & Timar Staktus Register

Bits Nams Depcription
15:H Mot used {read as oces)
7 QUOTFUT output = When swet, the corresponding

timer output signal iz asserted. LThe
state af this blt 15 the same as the
state of ths timer's pin on the 3254-2
chip.

& WGLL Mill = When cleared, a noaew count has been
writken and iz ready to e read. When
get, the counter contalns a "null count®
value which should not ba read unless the
naer desiree the prevlous (not updabed)
CouUnt.



Hame

EW

BCD

nescription

Road/write = letermioes which bhyke af
informacion i3 reead/weltcon LofLraom  a
Timer D[Data Registers or whether a counter
latch command is lssosd.

RR Selaction

0 Te=zue oounler lateh commaod

0l Fead/write least sSigonificanc hyle
onlsy

L{ Bead/write most significant byre
ol

L1 Fead/s/write least significant byte

[irst, then most sigolficant oylLe

If a «agnter  lateh command is issusd;
bits <£3:0» aof the Timer Control Register
arc "don't cace" bits and arve nob
interoreted.

Mode  szelect = Selects the cperational
mode of the timer.

M Made

oo Eesgerved

ool BEeserwvad

ol Baud rate ganerator

oL) Square wave

144 software triogercd strobe
101 Peservei

130 Feaerveil

111 Feazrwed

BOD cazable - when eet, indicates that the
infarmaktlon in the Timer Data RegQlsbier is
to be iatorpreted in hinacy codod decimal
LBOD) farmat { four decadas). When
cleared,; the data 1is iotkerpreted in
16=bit Dbinary Lormat.



£.3.1.5.3 8LO2 Timsr Frograming Considecations -— When the
watchdoyg timer i3 operating  in Moda 2 {(that 1s, as a baud rate
gunaratori, an initial count 15 loadad Iote the Timer Data
Raglstsr and the coant i decremented upon each clock tick. When

the wovount is decremented ta & walue of 1, an laterrupe is
genaratad, +thoe initial count 12 relaaded, and the count iIs again
decremanted, Thiz Lrocess Causes the  watchdog timer o

neriodically gonperakbs an interrupt-

whan a read—back command is  issued to the wakchdog timer, the
timar i& leadsd oo the next 2900 0z clock tick. If the user kries
+i3v rmad back values written into the fLimer bsfore the c<lock Lick

has accurrad, erroncous data may be read. The user should delay o

*he reading back of wvalues wricten to the timsr for at least 1.235
milliseconds.

The woy to Stop the watchdog timer iz to write the Tilwor Conkrcl
Fegister, selectlng counter % in bits <7:6% and specitving a valid
matlea in bite <3:L>. When thils is daone, the bKimer atops and waits
tor o new lpitiel count Lo be loaded inka the Timer Dota Reglster.
Tt a new lnitial counk is not loaded, the operation of the tinor
is susopended and «ffectively stopped.

Hardware roscets have no effect on the operatlien of the watchdog
timer. B  hardware reset only clears a peandipg intorrupt (1E any)
from the timer.

6.3%.1.2 SLIZ Control Reglsterz -- EBEach channel has & set of eight
wikita—only Conkrol Registers numbeced O throwgh 7. Conbrel
Fegister 0O <can be written divectly. Control Roglsters 1 througn
are  acoossad by first writing Control Reglster O bics <3:0> and
then writlng the desired Control BReqiater. This sectlon describss
wach of the Jonksal Begislers.

G+3:1:3.1 Conkrecl Recistgr 0 —— Jee Figure o-%.

AODKESE: " FPIEIE ATTTET

T T S e et T v - N 1 o 0 - 4 Tt = BN S b S (N )
T T L— |
! T [ e : VAl 3]

Figure 6G-—9 Conkrol Register



Bit= Hame Dasoripticn
15: ok used {read ss onoes )

T8 (] L CRC control =~ The fellowing <comnatds
conkrol the operation of +the oyclic
eodundancy check (URI) clecultry:

ORC Hcrda

o Hull - Mo cfFect. Used when astting
othor fieldse in Contecl Reglister U
such az the regiater pointar fiald.

o1 Besek  receiver CRC cheocker - TIo
synechronous  mode, tresets  bhe CRO
chesker 20 zZeros,. In Z0HLE mode,
rescks bhe CRU checker o ones.

106 Raset Lrepsmitter ORC genarator —
In syhchronous maode, vessts the ORE
generakar Lo Zeros. [0 S074 mods,
cagots bhge CRO gensrator Lo Opes.

11 pesct idlefoRC lsteh - Qloars the
igleSURC latoh. When a ftraosmibtsr
uadereun oooure, tha transmittor
cirters the CBC nhase of apoeracicn
and kagins L mHand tha ORC
charactaer caleoulated up  te Ehat
pelnk, Then  the Llakch iz sok. IE
the uanderrun condition persizsts,
idle charactess acve senk albter bha
CR: ochervackec. Thls latch iz sel
whon Lhe channel is initialized.

[y ]

+F
wd

CHD Commands - The Following SLT72 cotwands
are spooilficd by this field:

CRD oo i

ano pull — Ho cllecl. Used whan asetting
ather [fields in Zantrol Tegletar 0
such as  the reJister polintar and
the CRC command field.

onl Gl aharl - Used  in SDLC modo.
Causes an  =20L2  abort  coude Bo bo
transimicboed.

01l Tagot  2xlernalSsratus intwreupks -
Clears any pend ing grtornal
intecrupks and Al lows (STBT
inkecrupks Lo be deteoted.



Bits

Wame

RE

agcription

(1l Channel rasat -- Disablea tha
channel'a cecnlvers and
transmitters J{tramsmltbecsr outputa
are aet high! &and =223 modem
conlkrol outpots aigh. Nisablas
inLerrupts and oclears allt A and
inLerrupt requaeskts. All  Control
Fegistera must bo rowribtiben attar a
Cchannel resat  ocopmand. one  NOP
ingcruction must bo execubed batore
a naw command can be Wwrithen.

144 Enah'e intarrupt oh next charactdsr
- yaed when cocracing in Tntosrrupl
onn  Plrat Character made. Racnabkles
Lhe interrupt logic For tha neXt
receivad character.

101 Reset perd Lng transmittcr
interrupht/TMA  Feguest - Clesars a
pending Transmitter Buffer Becomlng
Ewp by interrupt oF DME vequest
without =sending apother characker.

L1a Error vreset -~ Clears a Speclal
Receive Condition loterrupt. Cleaes
pacity and cwerrun arrdrs.

111 Rad of interrupt (Chanocl A only} -
Typlcally included as part of an
interrupt aarvice routineg.
Recnables lower nriorlty devices in
the  intervupt  daisy <hain for
merviclng af any pending
intarrupks.

keqiater pointer - Gpaclfies which
control Reglster will be writben ot which
Status  Raglster will be read next. When
the  EKEXJ1i-Cca i3 veset oo loitialized,
this fisld is set to O0DD which allows the
writing oF Contral ®Register O 2 ar the
Readion of Btatus Register 0. Following a
razd or write Lo a Control Register cther
than 0, this field is =zat ta DQO.



§.2.1.3.2 Ccontrel Reglister 1

BltE

15:5

=1

<k

]

el

[

3

Hama

EIM

—-= Aee Plgurc &-14.

ADIRESS: 17778704, 17¢ 7814, A = 001, WRITE UKL

o1 13 1y A il

Ch @2 07 o Nh W 03 02 2 00

— .
1|1|1 |||1

1

1
1 I EJ- L A|ra
- 1

Figure a=10

Ty Cx1ir
ZMIT IE

ST

conktral kEealsker L

Description

Mot wead (read as ones)

Musi

he zevro

Feceiver intorrupl mode - Detorminss how
a channel handles veceived characlers,

EIM

ao

01

Il

Interrupt Hode

Recalver interrupks/DHA requaat
dizabkled = Tizabkles intercupt oo
DMA requesbs from this channel LE a
character is received (pallad
meeele ).

[mtarrupt on first character only -
Causss  an  inkterrupt  to bhe issued
for the first character received
after an enable interrupk cn first
character command  hoas  Deen §ilven
[ mea description i f tontrel
Reglster 03, If the channel is in
pMa  mode, a DMA reguest 18 izsuad
Eor each character receivad,
including the fiecst.

Inteckrupl o all rageivad
characters = Causes an intsreoupt to
be izssued whenewver a character is
presaent  in the chamnel'a tecelive
puffer. A DMA reguest is issued 1f
the channel 1is  Ln DEA mode. A
parity arror i considered @
Speclial Receive Coaditinn,

Intarrupt o all raceivead
charackers = This iz similar te
10, deszcrihbed praviously. The
difference 1is that a pavity ecrorc
ig not considered to b2 a Special
Recelve Condition.

a=-17



Bit= Mame

2 SAV

1 ¥MTT T

[£4]

0 EXT X

Deceriptisn

Ztatus affecks  wootocr - Kust e L for
channel B, mesk he § far chanpel B, This
metting onsures that the vootor lecaded
inte Status  Reglster 2, <channcl 2, 15
mepdified ko ilopdicate the cause of the
inkterrupt.

Tranamit  intoerupt enable = Whean sob,
Lhis channel will issue an inteccupk «hen
Lhe transmitter bullsr hecomes @mepty oF
when kthe transmlbker snters an Tdle phase
and bagins  troapsmiiting syne o Dlag
charactars.

Exteraal sbatus interrupk epable - When
aet, thnis chapnoel will issue an inkeccupt
when any ot Ene fullowing ooour:
TranAition af & <Carrier bDetect  (ID)
input, ®ransition of a Clear  to Sand
RN input, transition of synoc input,
SHTETi e lweaving  synchronaus  RAunt
rhaza preak  dekaclion or  bkerminastion,
B0 abart dektection or terminatlion,
1d1e/0RC lLateh bocaming set.

6.3.L.3.2 Contral Fegister 2 = Chaonal A -- See Figure 6-=11.

CADDRESE: ~TTTRICH, BF — 010 WRITE-HMLY

UL =N T (L = B L.

I1[| 1]* ﬁ|| 19 n|1In om| o
e — 1
[RLEEA
FAODE
[ LT a{ ]
Figure G-11 Ccontrol Replstsr 2 - Channsl A



[
Jmir
Il

Hame DesEcrintion

1554 Tot gsed [read a5 ohnes)

7.3 Huzt be Q0010

2 FRI Friority - L botl channels A and B sro
in ingervupt mede, the intersupt oFicrily
Ls
HxA * THA » RxB > THB » =xbEA > extB I
PRI lz clearsd and
Pxh > ERWE > T'whA > TrB > avth > axtB LE
PRT is sot.
If chapowl & is in OWMA wpode and channel B
is ir inkerrups wmode.  Lhe  nkavcupt
priocity 1S
Fra » B » Tx3 > axth » oXLEE

1 MusL e mery

f DA HONIR Dedn mode - TL sen, channcl & operabtes In

oMs  mode  2ngd chennel B doss bwob, TE
cleared, nalther ghanmel A nor D apsrates
in Ly moeda.

£.3.1.3.4 control Register 2 = Channel B —— fLonkcol Register I ofor
chanoal B holds the SLOE interrupt vectar [Plgure §-12). Although
kha rogisler A poogoanned via cpanacl B, the some vector is used
for ircerrusts on boeh channeds 2 and B, Initially, the KXT1I-OA
Eirmware lcads this vector with ap occtal walus of 70. IF bit 2 1o
Coatral  ERegister 1 is seh, bhe coealents of this register will buo
modifisd  aceoondiag to the  kEype of  incersupt BEhal oocura. T
modificd vector ls ohrtained from Status Reglisesr 2 {sees Sectlon
B.3.L.4.3).

ADDNESS: 17FFET14 AR - 000 WAITEONDY

L P R e L O N 1 T P = % N 1 S L W
B I s TT_ I S P ——]
i_| _ | [ NN TR B |
H=-"1713
Flgure B-LF Contrel Reglster 2 - Channsl E

f=14



B.2.1.2.5 Conteol Raglster 3 —— Soo Figure &-13.

Bita

15:4

ADDRESE: 177V T T4, 177TET 14, RF — U1 1, wWHITE-OMNLY

N o114

%

LI LE - O . C e O I L
L |

1

1

|
1 | S I I T O T O TR (5

L]

—_— S . -k -
aI1To | e vl

(] ZRC Lo~

HUHT Al Riw
SACH

[ - |

Figure &-13 Tonteol Reglistor 3

Rame

AP

AOTT BN

BONT

RCW CRC

ADDE SECU

Deacrciption
Hot wsod {rocad as anes)

Eits por character - Specifies the number
af data bits per raecelived characLer.

BRC Bits Per Charactar
oo
01
10
11

0% -d of LM

Auto  enable - When sab, cauges carrier
petect (CNY)  to act as an enable [or che
raceiver and Clear to Send {CTE] to ack
as the enable for the transmitbor.

Hunt - when =et, cauaea the rcecalver ko
enter a hunt phass. This iz cypically
dane ko restore svachronization. when the
raceiver 1a enabled, a hunt bogins and a
tranafer can accur only whoen characiery
synchronization has  been achieved. The
hunt phare is also aptomatically entered
whenever a channel iz reset.

Receiver CRC enahle = When aet, snables
CREC calculation. When cleared, disables
fbut does nok reéet} tha roooliver CHEC
nenarakar.

Aaddreas zezarch mode - This bit must be
merao  in non-53DLE modes. TIL this hit is
zet in 301 mods, characksr assembly doess
not bagln wuntil the E-kit character
(gecondary address £iald] following the
gtarting flag of a message makches e=ithsr
the address programned  inka  Contrel
Fegister & or the glebal address 11111111
ibinaryl.
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Bitbs Hame
1 SV Liomn
(1 RV IE

Pescription

syne  characker 1o0ad inhiblt - wWhen set,
prevents  the lesding of ayno charactera
lnto  the roceive buffcr. Meanianglul anly
in synchrancus mode. When usiog CRL. this
Bir  should ke uwsed te strolg only the
leading EY NG characters peocading A
HE 35 a02 and not Lhe embadded 3ynco
characters. Prokosols wsing other Lypes
af block checking, howsver, may use bhis=
bit to SLEipR Ehe ambaddad syno
charactars. '

Receivoar enabls ~ When sak, enables this
channel's recslver. Wl clearad,
dizables the recelvar.

6.3.1.3.6 Control Register 4 -— 3o [iguee §—14.

ADNBERS: 17776704, 177Tay 4, AR = 104, WRITC-JMLY

1= 4 43 12 1 CHOOR O oG oh M E—\.“: ol o
i-;1 R R T r SB
H | 1 L 1
p-,|a.n
onF
EMB
Figure &—14 Conbrol Reglster 4
Bilts Wame Pescripticn
L5:8 Wt used dread as ones)
T:8 CLK Oleck rate - specify the relationship

beiwearn the transmitter and receiver
alock  inputz  and  the actual daka rate.
When operating  in synchronous mods, CLE
must be O0.

CLE Clock Rate

(1H] 1 ¥ aata rate
ol ig ¥ data rate
10 12 ¥ data rate
11 64 ¥ data rate



Eitg T o) DEscrinticon

hrd M Sync Mode -  Selects which syvnchronous
protacol  to wse Lf thiz chaanel has boon
prodranmod in a synochroonous mode.

M Crotaonnl

oo Monogsynoh

0l Bisyanh

1G SDOLC

l: Extornal Synch

32 LB Stop  bRlts/svinchronous mode - Speciiiag
whether the <hamnel wlll be uosed in
synchronous or  asynchironous acda.  Io
asynsliranons made, thils finld also
specifies the pumbaer Of stop bits used by
the LCransmiLisr. The receivor always usos
ane stob hit.

B Mode

] Bvnochronous mode

[y Asyrohrarous mode, 1 stop hit

10 Aaynechronaus mede, 1.5 stop biksz
il Aeynooronoud made, 2 sbop DILs

1 FAR Pmrity esenase = When =ssgt, Causes aveh
pacity genaration and checikirg. When
alsarced, caueas add pavity generalion and
chacking.

1 FAT RN Farity gnakle - wWhen seb. causag an cxtra
bhit containing pavity information bto bo
cancatenated with gach Ltansmitted
charaactar. aAlsc causas parity checiing ta
be periormed Eor sach wecelivwod characktor.

B.¥3:1.23:7 Contrgl REeglzter 5 —- Seo Flgureo &6-15.

AMNOHESS: 17725704, 177767140 AP = 101 WRITS-0MIY

h 1 1.2 12 17 10 B b { O I T - T | T IO | =y DL
T T T |
l1l| ' 11 | a] e | |
— LN (R NN NN N M N - I
I
ki H N
FrI | |
Ak, LR wid T
SEL Lar
B | & |
Flgures &6-15 Juntrol Regizster 3



Bits Hames

15:5

7

f:5 BE::

4 [ BLE;

3 XHIT ENE
i CRrT SAL
1 ETE

ﬂesﬁrivtiaﬁ

Wet used fread a3 anem)

Must be eorcoc

Transmitted Lits Fer charactar -
Gpacifies the number of data bits per

tranmnsmittod character.

BPC Bite//Charzactor

L] L oor loss

a1 7

10 5

11 a

Hote that Eoe Live nr leza
bits chacacter, Lhe data miat e

fTormatted as [ollows:

Gits/Character Formak

1 111100444
2 11146244
1 110200444
4 L0Qadddd
o 00Qdddadd

Wnere 1 rcepresents a data pits The mast
gignifigant dakta bkit 1is alwava in kthe
leltacst positian.

Sand brgak -~ When sck, [forces this
channzi's transmittocr dakba oubpot  low
{spacinng).

Tranamiktar anable - When this channel is
reget, bBhis ik i= clearad. The
transmitcer data outpuet 13 ferveed high
[marlking) =rd the bransmicter ia diasanled
A1t il chis bBit is sok.

CRC  polynomial  sclect - Winen meh, the
CRC-16 poiyaomial is  selected (X**15 +
XEF1E o+ x*®z o+ 1}. When cleared, the
SRO-CCITT polynomial is selectad (X%%15 +
bl + AL + 1., The CRC-CLITT
polyaonial must he salacked when L 5DLO
mode .,

FReguest bo 2end = When set. asseris RTE.

Tihan cl=arsad, doegzacriao ET: ., in
synchranana ani SDLC modes, RIS 12
aggerled immediately. TIin asynchronous

mis, RTH® i\ assortsd only whan che
transmitter data buffer 13 compiekaly
ampki .

B2



Bits Ramz Degcripiian

¥ XMIT CRC Transmitbar CRC engble = When s&6t,
wnoablez  this channel s transmltter CRC
ganerator. Hhen cleared; tlhe CRC

caloulation is not performed. Setting and
mlearing this pit  includes or excludes
individual characters From a CRC
calcutation. IE this kit is cleared when
a traomsmittar wunderrun oocurs; the CRC
will nat ke =ant.

£.3.1.2.3 {ortral Raglster 6 == Control Raglister & (Figure 6-16])

helds sync byte 1, which has different meanipgs in dillerent
MOAes .

ADORESS: 17204004, 17FFET 14 AP = 1100 R TE-DMLY

i 4 12 %@ 1vononh N% O3 O C5 O B O g1 Gl
| T '|—' 1  p ey S S | T
| 1 1 1 1 1 1 1| EYMT EXTE
L 1 1 1 1 L d._ 1 1
H ST
Figurae &-16 Control Regicstar &
- Monosyns - The &2-bit syne character transmitbaed durlag

the Tdle phase.

& Bisyng - Tho least significant 2 Dbits of the 1s-bit
transmit and rocelve syne charscker.

» anlg - A secondary address valus kthat is matched to the
flecondary Addrcoss Field of the SDLC frame when in Address
Jearch mode.

» Fatesrnal Syhs — The aync character transmitted duriog the
Idia phase.

G.3.1.3.% ©Control ERegister 7 =— Control Reogister 7 (figure 6-17)
nelds  swne byke 2, which has different meanings in different
mecl e s

ADTADES: { TYTETOL. 43975715, AF - 111, WHT=-0ONLY

B oM 1= 12 1 13 P B 07 oh e e 03 kol
{ N Tl mteter |
1100 e[ ) mETEr ]
[T L]
Figurs §=17 Control Regiskter 7



E Monosyne - The &-blt syne characker matched by the
recalver.
& Fisvnc - The most significant 8 hits of the LE-bit
transmikt and recelive syne charactor.
= SDLL - Muask eonkaln the flag character (01111L10) matched
by the receiver.
[ Zxtornal sSynec — Conkral Reglster 7 dis  not used in
gxteroal ayne modo.
£.3.1.4 8SLUZ Status Reglsters -=- Channel A has bwo road-only
Status [Registars numbered & oand 1. Chanonal B has thres paad-anly
Status Hegisters numberead 0 through 2. A Status Reqgister lz read
by [First welting Control Register D with an appropriata register
peinter. Then, a tvead to addreas 1377570R0 (Ior channel A) or
17775710 it tor channel Bl produces the status data. This feotion
duscribes each aF Lhe Btaktus Registsra.
§.3.1:4.1 Status Register 0 -- Ses Figurs G-18.
ALDSEEE 057007 3TN
E 14 3 1@ 11 A 0@ fR_GT o6 Do RE N3 o@ G od
. . : I |
1 | | 'EEEEER g I i ! |
| co | |
anfer.  CE acz 1®
II:lL'= 55 H3E HI A
Fiqure &—18 Status Register {
Bits Hara Dascription
15:8 Wat waed (rpad as cnes)

Bi/AE Broak/Saport - When set in asynchrondus
receive mode, indicabtes that a Dbreak
sagUuence haz keen detocted. A break
mecurs when +the data loput is held low
fspacingl foer merse  than  one charactar
time. Clearsd wher the loput returns high
fmarking}. Rn External/Status intersupk,
if enablied, cocura wnen kthe stake of this
bit changes. When sst  in 8DLO mode,
indicates that an abork asgueancs (SeVen
aor more 1's} has been dekected.

1CLE Idl= - Indicatea the state of the
Tdle/0RC latch used  in synchronous and
SDLY modes. Thia blt iz set during a
reset operation, and clesared by a Eesst
Tranamit DpderrunRM Lakch commarnd.

h-25



Lame

Ca

[N

Ktk

egcecipticn

Clwar ko zand - Thiszs bit reflects ths
gtaks ofE the CTS 1apulk Lol thiz channsl.
TWhan zet,. CT5 ls asscriaed. Any Lransiltion
af  =hiz Dbit <auzes an ExtornalssSicatus
interrupt Foguont,

Syne  statuz - Meaning Jdzpends upon ths
cperating mode of this channel.

Asynonronous: Ra2fiecis the state of khe
YN Lnput. When set, S¥AC iz asseried.
Any transition of this blbk causes an
Fxternal /Status Lntecrupt roguest.

External BV o minieE Slmpilar to
azynchronous moide. A low—to-hidgb
Eransition of this bit lIadicatos that
gynchronization bhas  heen wohieved  and
characier assemaly has Degun.

Monasyne,  Gisynoe, S0OLC modes: Whoen sot,
indigates that ithe rcecglver 13 in the
e Hunk phase af opasration.  Whon
clezred, indicates khat bBhe cocclver is
in the keoeivs Date phosa.

Data carvrier detect - Reflects Che alkate
oE  cthe DO dinput.  When =se=t, DD 1s
assaeried., Any  transiticn of Lkhia bit
causes an External/Gtatua inteceupt
request .

Transmitter bufbler empky - Whan ssat,
indicates  Lhat che transmittar buffer iz
crpty,  eXcepl during tranamission of QRO
characiLers in  aynchronous  wmode.  Whan
cleared, indicates Lhe Lransmitier buffer
ia loaded. This it 15 sei during a reset
operation.

h—26



Rits Hamne Desarintlon

1 iE interrept pending (Channel A onlyl - Dged
in wopjunction with the interrupt wecotor
regiscer (Status Register 2, chaonsl B!
o derermine the sStatus of  an SLUE
inotaprupl. in Hon-Vecbared Tnterkrupt
merdy this Bit 18 set when Stakus
Ragigker 2, channcl B iz read. The low
throe hits uf this Htatus Bogister
indicaLe the ocause of ths intarrapt. In
Vacoored [ntercupk mode, the Interrupl
Pending hit iz scb when  SLO2 is the
highest priccity derice regquasting
intereupt asecwice. In eitner acede, Lhe
kit iz cleared when an snd of Toberrupt
copmand L issued and thecs arc ng oLher
ponding  interrupt  requests. This bil is
wera for chaonsl E.

3] op Feoalved character onabkle = When skt
indicates that ona oF motre charcacters ars
availabhle in the receivwer buflcr. Oncea
all rthe awvailable characters have esn
tead, this bit iz clearad anidl a new
character haz boen receiwvead.

f.2,1.4.2 Btatus Registar 1 —- Hee Figucd 6-18.

ALTHESS: 1777ETI0 17775710, BP - G401, READ-ONY
3 TR M S WA N " < B~ S/ Ch 4 0 o2 J1 0
b - 1 J_'I [ i i 1 | | FZ ' | i
! 1 1 1 |
' T | [ —
i :
157 ful | Al
FE e
L. % @7
Flgure §-19 Statugs Reqiskter 1

Bits b ame Ceaceiption

1560 ok pzed (read as ones)

L ROE kne ol Fframe = This kit iz walld caly in

AMTS made.  When  sSok,  indicates kEhat a
valid epding flag has heen received and
that the R0 eceor [lag and resldus code
ara  valid, Jiearcd Dy an Erfok Fesel
compnand  or  upon  Fecepkbion of the fivat
character of ths ookt Lrave.



Bits Hame Tescription

i EL Framlng orror - Hhen 3L in asynchronous
mode, indigcates that no sfop Bit haa besen
detacted ak the end of & recelived
characker. Wheno set la synchronous moden,
indicaktes that the calculated CHE value
doaa nok mateh  the last  two  bytas
received. Thizs blt is ocleared by fssuing
an PFrvar NMesek conmand.

g R Jvarrun  arror — When sek, indicates that
tha receiwver botfar has been averloaded.
The rteceiver DbuofEfer (FIFD) <an caontain
Lthree ¢harecters. I[E a fadrlh character
iz rwegeiwved, the last character in the
buffer iz averwritten. Thls error it
remains labtesbed until an Errolr Reset
command 1ig iasued.

4 = Parity =error - When set, indicates that
parity checking has bawen ocnalzled and Ehat
the parity wE a received chavacter
matches the progreammed sense [evenSodd).
This bif remalns sok unklil an Ervor Resat
command 1a 1sawad.

3l R SDELC  residue code = These bits are wvalid
anly in S0LC med2. The deta portion oL an
aT:LEC mossage may canaiakt at a

nen- integral  number of chasravters. Since
transfers are charackter oriepted, the
rosidue code provides the capability ko
rocoive any leftover bits. Sce  Lhe
uPD7201 Data Sheet for o takle of residue
codes corresponding  to characters ol
various lengths.

| A5 All sent — When sst in asvnchronous acde,
indicates thak the tranamitter bufior 15
cmply . When cleared in sevochronous mode,
indicates that a character is peoesant in
the trapsmitter bhutfer ar ahift reglstor.
In synchronous modes, this bit 15 always
sck.

B-28



6.3.1.4.3 Stacus Kegister 2 {Channel B Only) -- See Pigure &-20.

Eits

15: &

Hame

VEL

LODAESS: 173 9710, KP = 010, SEa0-00 LY

15

11 i3 U4 R ONT Re 06 34 o ond o o
| | T T

l_l 1 | . 1 WEL ] I
| L 1 1 ] :
Figure #-210 Status BRegister 2 {Channsl 1 Only)
pDescription

Mot usedl [(read as ones)

Iateccupt vectar = Jonkains bies <7:3F of
the wvector contained Lln Cantrol Reglster
2, chanosl B (see Section 6.3.1.3.4).

SLatus andlifiers = Those three bits
infdicata the folilowing:

s peacrintion

111 no Iotereupt Fending

oo Channal B Transmitter BufLfer Empty
ool Channel B Bxt=rnal/8tatus Change

aLa Channeal B Receiwad Charackter
Lvaitable

o1l Channel B Special Recelives Condition
100 Channel A Transmitber Buffer Empty

101 channel A External/Status Change

114 Channel & Revcoivad Charactar
dvaillable

111 Channel n 3pecial Feoeive Condition

111 has wa meanings. They may be

distinguished Ly exomining bit 1 of
SEcatua Ragister 0, channel & {(Interrupt
Panding).



6B.3.1.% SLUIZ Transmitter Regizters —- Therve are Lwo Tranamither
Data FReglsters, one Ior  @ack <hannel. The format of theae
rogistors 1s shown 1o Figure ©-Z1.
ADDRESS: 17 /1A sUE 177 FRI1G
L o T - e e L )
- - T H T T I.I_l _I_'I_t
1 1 | 1 ! 1] 1 L TRAmED ”qm_j___l
bt ot
Rigure &—21 Tranzmicier Registavs & and B
£.2.1.6 SLIIZ Eenaivear Raglsters —-- Thoero arc two Boceivar
Regliskers f{data ceuisters], one for sach ckhannel. The format of
Ehuse ragisters is shown io Fipurs B—232,
LNORFEE 1 777RMEE 107
Ia 12 1% 1 10 La 6l 0 FA 6 e 3 0 C A
r'_l_' | | [ I 1T :I_ e II ! I
A I T (I |_| F'I"Er\"l: "J'l" 1 L
(TR LR
Figure 85-22 Eeceivar HEegistera & and 1

Bedo2 Examples

Thea follaowing programa provide "okelektnns®™ on
gpplicaticn 2UoOgrams.

LITLE SLO01.MAC

This program uwlilizes
data will he tranaferred oub

f Channel A

modr usilnyg inkerrupls.

devalopmant maching,

ML TE TLL "EE TIE TIE EE IF 1J A AE

which B0 Dass

the w720l to transfer sarial data.
and ceceivad Dy
Channel 4. 390 a leopback connector is reguirvred (Part BFR3I02ZZ or
54-1£229-0l). This example transfers bhe data in asynchrooous

After this program has been assenbled and linksd on the
uzEe Lhe EOLD wbility of the ¥xJ11=CA
Softwere Toolkit ta load the program inka bhe EXJ11I-CA. This
program will sxecute as shown Lo the [ollowiog example.

Hisar

Thie



3ET &

LoAl STUL.S5AV
EAGCUTE

toDT

Q01206
FRG1INAS0AL100
i001304 0421003
1p01308/05310G5
IIGLl3I10 084007
paL312/04aLid01
MDLF1A/042503
(001316043105
10QLIZ0 044107
LOQ13zR 000000
R4 AO000A0
LTRSS

pE I

et

Ra tr wmm e me W kg RE By 34 34 WE wm hE maa ke ®1

-

This weriEizs that the data was successfully transfsrred. 13032
is khe address of the transmit boffer and 1312 L5 the address
af the receive buffer, 124=0 verifies that no axterpal or
special condition interrupts wore recelved.

=4 my BE a2

“u

Eegloter Definitions

STATA as 1TETA0 : Chanhel A atatur reglistar
EEUFA == 175702 : Channel A receiver

WTRLA == 175704 i Channel A conecrol reglstor
TEUFA = 175T0E : Channel A tranamitber
STATS == ]7LTINO 7 Channel 13 skatua reglsker
{HTRLE == 175714 ; Channel 0 cantrol ceglistor
TTMRES == 17573¢ : Timer oontral register
rIMPRO == 175734 j Timer 0 dala register

Sarls s

1 This section ilnitialimes the EXJLL-CA system eavizonmsot

[T 2S $240 : Misable recodgnition of interropts
My $ISR,A#70 : GTN2 inkerrupts at lacation 74
F £340, 0472 : Tat che ISR run 2k nriocity 7

LK RO : Thls i1z the transamit char counter
ML #TEUT  R2 ; BE polaks la kne tranamit bufFer
faleity $FREOF,RD + M3 points ta che receive buffsr
ULE Ted This countzr keens Lrack of

external skatus changes and
rpecial eoceive conditiana

=i = g

G=11



+  This section initializes the hibt rafte generator

HOVE #2606, TIMKRG : Belect timer U, low bylte only,
; mode 3, bDloary
MovE }54. , TIMERO : Thia divider gelects 9600 bps

s This secticn initializes the 7201 for asynch operation

MOVE $30,CATELA ¢ Bosei Channsl A
[} 7 Wait [or reast to complete
MoV R E30,CATRLT : Resel Channel B
RGP ; Wait for reset to complele
HOVE #2.CNTRLA ; Doink Eo CRZA
MOVE 24 . CHTRLA ; Swtup bus interface ophklong:
3 Ho DMA, RxARxBEFTxA. ..
: Non-Vectcored
MOVE $#4 ,CHTRLA ; Polne b CR4
MOWVE $104,CHTELA : Sot operation mode:
: W pariky, ssynch mode, 1 stop blt,
: clock rate = léx data rate
MR 4, CHTELA ; Faiot ko CR3
MOVE $AGL ,CHTELA s+ Enable receiver, char length = 2
MOWVE #5,CHTELA { Point tao CRS
Moy $152 ,CHNTRLA + Chahle transmltter, Char length = 8
ClLRE CHTRLA ¢ Point to CRIO
MOYR $20 ,CHTRLA : Meaet Exkornal/Grtatuva Tntecrupks
My $1,CHNTRLA ¢ Point to CRI1
MOWH $36 ,CITRLA : Transmit IE, Intervupt an all
: received chars, enable condition
; affects vasobor
MAEXN L
MTEs #0 :+ Epanle recognition of intercrunks
MR [E21+ ,THOFA + Send first character
R - + #tay hare while the interrupts

oCCur
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Pr:ink to SEZB
Stocwe the condibticon affeckts wector
an the stack

MOVE {2, CHTIRLE
MOVE STATBE,—- (5P}

s e mmE

t This sectlon inspects the Cnndition Attccks vectotr Lo
t determlne the cagse of the intecrupt

interrupt was vousad by a recelived
character

ROE [EP]) ; REotate bit 0 into the carcy bBiv
B EXT r If this bit was swt then the
: interrupt was caused by a special
: receive caonditicn or an exteenal/s
; skatuz change
HORE ==y : Rotabe bit 1 inte Ehe carey bt
L ROV : If this bit was s<k then the

v+ [f neither of the ahove canditiaons was
t matiszfled then the inkterrvupt must have
; besn caused by the transmitter butfer
;  foing smpty

AMIT: :
L Rl ; Increment the xmit char counter
TP RO #8. : 1F this is the eight char
ERQ 1s : THFN wranch to 13
MR (R21+,TBUFA : BL3E =and ancthizr char
ER IDDHE ; and epeturn

15; MQve £54, CHNTELA ; reaet pandlng xmit interruph
ER IDoOHNE 1 reguest - then reiurn

ROCW:: MOVE RBUFA:{R3)+ ; Btore tiis characler
ER IDONE f amd return

BAl: s This program does not take any spscial action 1E an

? 1

s+ FBxtarnal/Sctatus intervupt ar Speclal Recelve Condition
¢ oaeurs. Just note that it ococurrsd [(there shouldn®t oe
+ any) and continue.

Incremant tha counter

and raturn

Iwc E4

LE L |

[TXIMR:: TST ([(SP)+ t Fix tha stack
MOWVE $70 CHTREN 1 Iszue end of interrupt command
RTI ; and ceturn to maln pragram

THEUFR:: .BYTE 101,102,193,104,1495,106,107 ,110
RHANF:: .BELEBE .

« ML S TART
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LITLTLE SL? . HAC

am ws M me o mr b me Ly o= SR R R WG

- =8 =L =mrF mm kg mm =T Ly L3 I WE Wa

e WA P T TRE LR

e EF ma e=p

This example program for the cPD?201 transfer=s seclal data via
a loopback connecior (part #F302% or S4-18232%) betwooen Channel
Az rranamit and receiwe, using the DM& contrellser. Mo ISR 1S
incloded in this sxample as it ig meant ta ahow bow bEhe UPDT201
and the DT way wWwork together. 2 "real-life” program shoulc
include ac ISR which monitors any External or sSpecial Rocolive
condition interrupts. PFor more informablon ragarding the
programning of the DTC please refer to Bection 4.3.

AfFter this nrogram has heen assembled and linked oo the
dewvelopment machine, use the KNI utility of Che EXTLI-CA :
software Toolkit ko load the program fnko the KxJ11=CAL This
pragram will sxecuto as shown in the following example.

GLT 2

LoAD SLO2,5aW i
EXCCUTLE :
ranT

!

0Glaid

i1278/041101 :
100L300,/042103 ;
10913062,/ 043105

1001304 7042107

18U L306 /041101

IGOd1310/ 042103

FIDL2:27043105

[OUiZL4,/0441407

POLLA16 000000

ICTRLAC

EXTT

This werifios Lhat the dats was transferred suvcesssbully. The

trapmoit bufler beginzs at addross 1276, amd the raceive buiffer

bzgins at addecss L30E.

Reglister Assignasnts

FHUIEG wa  ]TAATO : Master Aade Tegistor

(MDREG == 174454 ; Comeabnd Fegister

CRETED == 1744<¢3 i Chan 0 Chain Address Seq/Tag Field

CAZED ~=x 174442 : Chan 0 Chain Address O[Lsel Cigld

CASTFL ==~ 174443 i CThan 1 Chair Address Sog/Tag Field

CEOEPL == 174440 : Chan 1 Chain pddress Offset Fleid

SRR == 17570G ; Channel & =tatus rejgiater .
RRIIFA == 1757032 ; Chanpcl A receiver i
CHTRLA == 1757041 i Channel A& coakrnl registaor |
TRIIFA == 175704 i Channel & transmither '
ATATR == L7571] + Charnal B Status reqgistere

CKTRLE == 175714 + Chanoael 3 control reglstor

FrTMREG == L7573 + Mmaer conkrol veniakec

PT1MERR == 175730 + Timer U daka regiater

h=34



START ;

: This aectimn initialisea the KRJ11-UA system onvironment

MTES 340 + Nisable recognition of incervupts
Mo o GUR T2 : R? painks to the transmit bulfer
MO $E0O0F , 13 : R points ko Lhe vecaive bufler

: This section initimalizes the kit rate geoncrabar

MOVD 26, LIMREG : delect tiacr O, low byka only,
: mode 31, biaaky
MOVE 464, ;TLHERD : This dividar selects 9500 bps

. Thiz sactisn initializes the 7201 for azynch oparaticn

MGV E £330, ONVRLA : RFezeb Channcl A

KOP s Wailt for vosel to complaeko
MR $30,CMTRLE : Bzaet CThanoel 2

()] s Walt far eagal b0 compleke
Lyt 2 ,CNTELA Foint to OR2ZA

HOW R #2505, CHTRA getup bus lnkterface opkliong:
Chan A THMA, R¥AXExH>TXA. ..,

Mon-Westarad

e = Lq =E

HOVE ¥4 ,0MLURMLE r Poink ko CE4

MIVs 104, CNIRLA r Seb operatlon mode:
: Ho satrity, asynch mode, 1 stop bBib.
s clogk rate = lax Jdata rcate

MOVE FI3,00THLA ¢+ Point to CR3

MO R #301 CHTYTRLA

o

Enahle r=goaiver, char iength = 8

MODVE 25, CHTELA 7 Paint to OR5
A0 R $1SE  CHTILA +» Enable transmitter, Char laogth =+ &
CLIA CHTELA : Toinkt to CRO

Iy H F20 , CHTULA egsab Rxtaenzl/S5tatus Totereopls
Poing to CEL

Transmit TE, Interrupt op lst
raeceivad char and issue DMA
request enable condicion affecks
Yoo LT

MR F1.CNTELS
MONE #1AH,CHNTRLA

Mg ma =3 TIE AR 1K TIE WR



Thizs aeckion

CLR

MO
ot
MO
PO

MOVE

MOVE
HMoVHE

MATIE : 2
BE

initialleas Lhe DMA contraller

CHMDREGS 1 Eeset bhe DTC

40 ,{ASTFQ : Lnad Chain 2édross Register Seg/Tan
#LOADD , CACGED ; LoeRd Chain Addross Register Dffset

#0,CRITFL : Load Chain Addrcss Reqgisatsr Sag/Tao
#L0OADT ,CADP] ; Laad Chain Address Rogister Offset

4115 MKRERG 1 Lead Master Mede Reg to Enable DTC

240, CHDERG 1 Starlk Chain Channel

$241 ,CHUKEBG ; Start Chain Lhannal ]

: Stay here while the DMA transfers
: DCCUY

7 Chalo Load Region

LOALL:

- WORD
- WORD

«WORD
«HWORD

« WORD

HOED
« WL

« WORD

DOaaan
TBIE

ononzo
TBUFA+L
Qaani

0aaa2d
Qauonl

Qoieaz ; Reload Word <Select

L BT

=g g e -e

L1

wa mE =k Ay =

r CARA,CAREB,CDPC,CM>

Current Adddress Register & Seg/Tag
current Addrsszs Rogisier A DEfset
£Thia lacal addoess iz the scurce?

Current addrase Roegister B Seq/itag
current Address Roglster B Oifset
<1his loeal addresz ia thg destinatlon:

Qurrent Oparation Count {l'vansfar B bytes:

Channal Mode Tegistor High

Channel Mode Reglster Law

£¥a match conditions, 4o nothing upon
completion, tcansfer type = single transfer
CALRA = source, byte Cranatees?



LCADA & H2ED

TBOF:
Lok =

- END

DaOlel:
LZED DDOO2J
JHORD  RBUFA+HL
WORD Q40000
LWOED  RBUFE
LHORT  Gar0Lln
JHORD Ogann
LHORD 3000401
: .BYTE
+ .BLER 1d

START

g g en em

LY ma e

b R |

r

-
1

REalnad YWord <Select CARACARB.COPC,CH>
current Addruss Begister A Bog.STag
current Address Regiater & CLLseC
<This local address i3 the scurces

Currenl address Raglster B Heqg/Tag
furrgnt Address Tegistor B foﬂ?t
£This 1lpcal addrwess is cthe destinakblons

rurrant Dperation Counl <Transfer H bytess

Channal ®Made Regiskarc High

Channsl Mode Hegistwer Low

¢wa match conditions, 4o nothing upon
completion, transfer type = single translev
OARD = source, byte transfera:

101,102,10%,104,105,106,1407,110

637






APPENGIE A
MEHORY MAP STUMMARY

Al ERGISTER SUMMARY
Tabla a~=1 1lists all the registers in the sXTLL-CA and specifies
the addresses associsted wilh these rogisters.

Tabla A=1 Eig11-CA Reglsters

EXJi1-{h Addrags Registar

137 72200-17772214 supervisor [ Space PDRC-FDRY
1T7TTT2220=1T777222386 Suparviscr 0 Space PDRI-FLRY
17772240~ 177722586 Guperviscr 1 Space PARI=PART

L F2260=17772276 Qupervisor B Spacie PARI-PART
L7T72300=17772218 Kernal I Space PORO-FLOET
LITT2320=177723 34 Keroaol O dpace PODRO-FPDET
13772340=-17772354 kernel I Space PARI-PARY
1TTTAT6C=17TT231E Eernel O Space PARD-PARY

LFIT2316 Memorcy Management Register D (MRAR3]
17774400 e Q8F current B Address Gfiset
L777d4402 e CHO Curvent B Addreas OGEfsck

P77 Tad0g I'[C CHYL Base & Bdiress oftast
17774408 ofe CHO Base U Address Offaesk
17774510 OTC OH1 Current A Address Offsat
17774412 CTC CHD Curtrent & Address Offset
17773414 OTC OHT Basze & addrass Offset
177744160 OTC Cl0 Rase A Address QELset
17774420 OT¢ 011 Current B Address Hegmeot/Tag
177744212 DTC CU0 Qurronl B oaddress Ssgment/Tag
17774424 OTC CH1 Hase B address Segment/lan
L7774426 DTC CHO fase B address Scgment/Tag
17774430 RTC CHL Curcant & Address Segment/Tog
L7?771443z2 OTC CHO Curtent & Address Segment/Tog
17774434 ore ol Basa b Address Scgmenk/Tag
177744345 OTC °HO lase A Address Segment/Tag
L7F 74440 pTe cAl Chain address DELsel

L7iTd44 2 nTC CHO Chain Addreas DEfsct

17774444 rre cHl Chain Address SeqnontSTaa
17371445 Cre CHE Chain sddress segment Tag
17774450 oo CHL Ipterrupt Save Reglstor

17774452 L CHO Interrupt Save Regpistor

A=



Table B-~1

EXJ11-Ch Regigters {(Cont)

EXJ11--CA Address ReqQisksr
17774454 ' Rl Atatus Register (Raad only)
17774454 orZ Command Regizter {Writa Only)
177744568 U CHO Statue Registec
17774460 OrZ CH1 Currtent Dperation Count
PPYid4a2 frre 2HD Curcent Oparakion Count
17774464 DrC €CH1l RBase Operation Count
17774466 DT OHD RBase Operution Couat
17274470 RTC Master Modes Reglstber
17774472« 17TA00E NTC NDesecved
177745140 DTC QHL Battorn Reglster
17774512 LTS CHO Pattorn Register
17774514 M CHL Mask REoglistor
17774518 M CH) Mask Raglistor
LTTT4520 e CH1 Chacnal Mads Low
17774522 07C CHO Channel Mode Low
17774524 0rC CHL Channel Moda High
LT7745286 e CHO Choannal ¥Moda High
17774530 Mg CHL Ioterrupk Vookbkor
17774532 L CHT Totarrupt Veackor
17774534-177T74536 M'Q Raserved
17775000 TERL
17775002 TPR1
17775004 TR
17775006 TRR3
17775010 TPRA
177754012 TFRE
17775014 TPRE
17775016 TPRT
17TF750E0 TPRE
17775022 TEHD
17775024 TERIO
177750&8 PRI
17775030 TPR12
17775032 TPH13
17775034 TPeld
1TTI5036 TFK1A:
1773700 5102 rhannal & Statua Meglister
1777RTO2 ELIJZ Channel A lecelver
ITT75T0O3 SL? Channel A Receiver (whon wsed with DIT)
177735704 SLUOZ rchannel & Control Register
1777 05T0A SLIT2 Channel A Tramemibhber
17775707 SLT2 Channel A Tranamitter {whoen dascd wilh Lo,
1777RTIO SLUO2 rhannel 0 8tatua Reglisker
17775712 SLIU2 Channel B Receiver
177753714 5L} Chann=sl B Control Reglaker
113 7TLT1hA SLUZ? Channel B Transmitter

SLO2? Timer O D

17770720

ata Zegister

A=



Table A=1

EXJ11=Ch Registera (Conkj

ExXJL1-Ch Address Register
177707322 YLU? Tlmer 1 pata Regiszter
17710724 SLU? Tloner 2 nata Reglister
17735730 5L,U2 Timer 0 nato Register
17716732 SLU? Tleer 1 naco Reglster
17775734 SLUZ Timoer 2 Lato Register
17775716 2LUZ2 Timer Control Regiater
17777000 BIG Master Inteccupt Cantrol Regilater
17777002 PID WMaster Configuration Conkral Reglster
1777004 orG Porlk A Interrupt Vector @agistar
127770045 FLO Pork B Lnterruplt vector Regliater
17777010 plo Counter/Timer Interrupt Wecknr Regisler
17777012 BETO Port ¢ Dbata Path Folarlty Registoer
17777014 FI6 Port C Nata Divection Register
17777014 PIC Port ¢ Special T/0 Contvel Reglster
LITTTO20 FIO Port A command snd Status Roegister
177TrTRal PIO Part B Command and Statua Raglster
13577024 FIO Counter/Timer 1 Cocrmand and Skatus Regisker
17777026 FI0 Counter/Timer ¥ Cocmmand and Status Roglster
17777030 P16 Caounter/Times 3 Command and Sktatus Reglster
17777032 PI{} Part & Data Heglsker
17777033 BT Part A Data Register [when used with DTC)
17777034 FID #Part B Data Reglster
177770135 FI0 Bort B Data Register [whan used with DTC)
177770136 PI0 Forckt © Data Register
17777040 PIO CounterfTimer 1 Cukrent Jount {(MSE)
17777042 PI0 Counter /Timer 1| Current Cownk {LER)
17777044 P10 Counter Timer ¥ Current Count {MSE)]
L7477046 PIO Counter/Timer 2 Current Count (LSB)
L7 TIT050 FIO Counter/Timer 5 Curvent Counkt {(MSR)
177770512 FIG Countoer/Timer 3 Currank {ount {LER]
17777054 FIf CounterTimer 1 Time Constank {(MEHE]
17777056 21 Counter/Timer 1 Time Canastank {LESE]
17777040 P10 Counter/Timer 2 Time Conskant [MS6]
173777062 P10 Counter/Timer § Time Jonztant (LSE)
17737064 BIN Counter/Timer 3 Time Constant [MB0)
17737066 PIO ©ounter/Timexr 3 Time Constant (LER)
LFT77T070 FIO Cowntac/Timer | Mode Speciticaticn
17777072 rI0 Counter/Timer 2 Modc Specification
1777/074 FIC Counter /Timer 3 Mode Specification
17777075 FI0 Currenkt Vector Register
177771100 PID Port & Made Zpeclfication Rogister
17777102 T3 Port A Handshake Specification Reqiater
L7737104 PIO Part A Data bPath Rolavity Rogiater
LT777106 FIO Port A Data Directlon Registar
777110 PIC Fort A Special [0 Control Beglster
177771112 PIO EFovrt A Pattevn Polarity Register [PPR)
17777114 PIO Part & Pabtern Translticon Reglster (PTR)
1337711 PIO Port A& Paktern Mask Register [(PHMR]

FPIG B

17777120

Part

Mode gpecificacion Reglster




Tabhle A=1

KxJli=CA Fegistars (Qootl

ExXJ11--Ca address

Lyip7l22
L7777124
LEdatLze
Lt Lo
Lyi?7l32
17777134
Lyi#tTlia
L3377 140

L7 ED
1732 ThaA2
17337544
1737 ThER
LTTF? 7530
L7773 T552
LFT?75354
ETTITS34
1773754d
17377LED
17777062
17737 T7RRA
1TTII56ER

13TTIsT2
ITTF76Td
LI TTITRTG
1?TF7R00=-1T7776T5
TIIFTRIN=1T77TF 7R3N
137776 40=1177705%
LTI TTea0=TT7FTE7h
17737750
LTI 77an
1?7777

1373777746

PID
2I0
BIOD
2I0
aro
aro
FIO
BIO

K#ETL
Exgl
EXTL
FXT1
al
w-Bu
BXTL
HEngl
rJlL
SLI1
GT.111
SLi11
SLol

b ok |1
Mamp
Aemo

Nz=esr
Near
lzer
Hlsar

Fegisier

Fori
Pt
FarlL
gore
Part

llandahiake Specificakbkion BRaglskeer
rata Peth Polacity Reglsboers

Data Directian Registecs

special L[S0 Control Reglsoor:s
Pattarn Polarity Ragistoers (PFR)
Port Pattern Troonsition Registers [PTR)
Farre Pattarn Mask TReglstas (PER]

150 puifer Control Tagisbkac

EeEHdREE

i Conkcol/Status Reqister A [KXJOSRA)D

1 Conirol/status Register [ (KXJOSRRE)

1 Control/status Register © {(KEJCSRO)

1 ContralsStatus BrRgister B (EXJOSRA)

1 Conteol/Status Register [ (EXJCSRE)

s Inkorrupt Register [QLE}

I Control/Status Register ' [EAJICSGRE)

1 coptrel/Scatus Reqgister H (€XJOSRA)

1 Conkral/SLatus Beqgister J (EKXJCERT)
Receivar Contpol/Staktus Fegister [(ROSH]
Recaiver Buffer Boglster [(RBUC)
Transmitber ControlsStatus Register (HKOESR)
Transmitter Buffer Rzgiater [(XRUF)

Ey Managomant Regizter O (MMED]
£y Manageaooat Roglister 1 fHMERL
£y Mapageomont Regliskesr Z2O(MMEZ)

I Space DDRO-TCERTY
N Space DDRO-TDWT
1 Spaca PARL-PARY
0 Space DARD-TART

Mailntepanc: Roglscer

OPT) Error Roglskor

PIE

Prooegssar Staktus Word [BSW)




8.l
Tahie
the KXT1l-Chn,

Tabhile B-1

KAT11-CASEXTIL-CA Differsnces

ARTPPEHDIA B

RAJLI-CE/EET1I=-CA DIFFERENCES

Hatwaon

the EXJLIl-Ca&

DIFFFREENCES BETWEEN THE E¥XT11~2A AND THE EXTI1l-CA
BE-1 summarizes the differsnces

and

RAJLL-CA

EiT11-ChA

Memory manigement
BEOM
EAM
RAai parity
Shared mencry
Wariw floating-point
Mainkenance Regiskber
T wachars
TEE0 [santrol aodsa)
TLPRD<14>
TPRO<GZ
TEFRO<E?
TORDCT
TrEDCE>
TDRL
el . e N
TEE1<12%
TER1Z1LS

TFRL<12>

Yes

it kilobytes
§1% kilabytos
Y¥ea

Yes

YeEE

Tes

214 and 220
Eard reseot
Exacute peagram
Dizakble shared memoEy

Show shared wemary
fooble shared memory

Woasad

Hon-exigtent momoey epool
Parity orrox

o sad

hattery bacikup

By

E=32 kilobytes
F2-4E kKilabyte:s
) L]

N

o

]

110 and L14
Tnused

Unused

Uouged

Tlowiz=ed
MTroased

Trap Lo 4
digable

0w

e HEM test Elag

Powars—up With

L=1



Tabhlse B=1

EXT1I=-CASEXT11=-2A Differences {(Contl

EXT11-Ca

¥FXT1I-Ca

TEPR1 <9

TEPRI1CT
TER]1<eX>

TPR1<4%

TPRE1<E:
CEEG
CHRECT 14>
CS5RPECI]>
CLRNCIG
OSRE
CERE
C5RH
HALT inatruction
Stack wiolationa and
NiM references 1o

kernel moles

Exceptinons

EBattery hackuap

Firmwatre stack

dardwar: roasok

AFhiter NOP command

fipusad

Dou=ad
Unused

Flrpware oot handling
gpeclal lonterrupts

Unugad

Writeabls
Fase sddress and bus
S5lze jumpercs

FWR FL

Ho coperation
Trs )
Tos

If i kesrnal modo,
antwarcs morlal onoT

Fatal runtima srropk

Caused by the assortion
rnf BHALT or BINIT, Lhe
dcasserticon of BPDE, or
the writling of TPREG by
Eheo arbiter

Mo

128 kilobvtes at top of
werpwl stack for

native #Ffirmwars scratch

arfed

Caused by power—-up or
by sstting TPRO<L4:

Ignorad

Fowar-up without
backery hackup

p—Buz DDOT f£lag
Serial O0DT f£lag

apT on HALT
matruckian

Stack errar £lag
Eead-only

Mooy mapping
jumpzr s

HEM

Copltrols PIo

Ha

Sl

BEesLark

Hot applicable

HALT imstrychion

Yes

Scparalks RAM
in I/0 page =
Lransparant ta
user

Causzod by
power—up

Boscrved




Table E-1

EXJ11-CASEXT11-CA Differances {Zont)

EXI11-CA

Goot/self-test swikch

ID Switch

Console ODT

aoftware oconkbrol
af 30111 bhaud cate

Awitch positicens G-8 in EXJL1-OA arc
jdentical ko switch positicns O-6 1n

EXT11=-CA. Switch positicns

switch position changes
made while the board 1=
powerad up Lake effect

only atter a hardware
reset.

Microoode

A11 sloha chavactetrs

muak b apper cang

(elose jast manory
location or ceglster and
opan precedingl noit
supported

Bxaminlng & rvange of
logations not supporied

Registcer identifiar <an
be preceded hy a & as
well Aas oan B

Autohaud not supported
nll addresses are 22 bits
Twn raglstsr sets and

three stack pointers

LEDm Indaterminate

Szlegtable by a bit
in KXJCSRJ

7=15 are unidgue.

gwitch  positian
changas made
while the hoard
i powcerad up
immed Lataly
atfact Q-Bus
addrass.

Firmware
E and 3 may bc
UpReEr Or Iowel

caag

Supmarted

Supnorkbad

mot supported

Suppsrbed

addressas
16 blts

A1l
JTE

Hat appllicable

LEDe in fixed
ptata whille in
GhT

Jumpexr
gelectabla







ATPPENDIX C
USR® (PIROM PROCREMMING [HFORMATION

C.l IMTROORS T T
This appendly eontains the guidelines  SZor installing  user
applications in #ROM or EOM.

There arce Lwo scckets for PROM on the EXJILll-Ca, R22 and H23. BE3Z
contains the high byte of @ FOP-11 word, and B22 containa the low
pyts. Tho EXJI11-CA is supplied with twa H ¥ BE PROMS tao prawide LE
kilsbyte ol PROM spoca. The ¥ET1L-Ca can also acoommodace 8 ¥ 16K,
at 8 ¥ 32K PEOMe in Lhese sockobs Lo provide 32 KB and o4 #6 ot
PEROM  space ¥eapectively. The TFHEOMS supplied with the KXJ1T-CA
cortain the native [irmwara vede. The natlve firmwars crensists of
initialization. code, which is  eXecuked when powar iz ficst
applied. Under certaln resex ponditions, Ethe native firmwarc
coptaine  routinea  that interprokb commands receivad from TEH0 and
handle oon-maskable Lakerrupts and self-test programs.

Eince these are the only PROM sites o<n the module, uss=c
applications in PROM muat reside in the same PROM as the native
Citmwara.

Tha native firmware roquires 16 kilobytes of PROM. Either of the
twn largar parts may  he selected to provide )E kilohvtes or 48
kilasbytes of user (BIROH.

Caid TREANSPORTING HAETIVE TIRMWARE

1£ users want ta replace the BROMs supplied with the KXI11-Ca with
PROMs of a larger slze, and also retaln the native firmwarcc
fapcticns, then Chey oush transfer the firmware oode in the
Migital-gupplled PROM= to Lhe new DROME,

The epogquirements and procedure far doing this arc as Eolliows:



[

s2al Eeqgquirensnis

{.2.1.1 Hardware == any VaX-11 sgystcm supperted by che VANSTHS
nperating system, aexospt VAX-11/730 dual RLO2Z configuraticna.

A PEUM  programmer that adheres to the command and dakta cransfar
procacnl paed by WAX DRCprom. Iocludod are:

DATA 170 Modsl 19
THATA I/0 Modesl 253
Cara LS00 Model 1214
CGATA IS0 Madsl 171

Any necessary hacdware, auch as programulng modules and socker
adapters, specific to the PROMs bualng used.

& spare, dedicated vAxSvHS terminal porkt and cable to coansco ta
and communicate with the FROM programnck.

C.2.1.2 SBoftware —-- Verslon 3.2 or lacter of the VAXSVME aperating
systam, VAYX DECpoom (TEllley

See the WaX DECprom Usoer’s Guide, Chapker 2, for further details.

Q.22 Frocedurs
Remove the PROMsE that are supplied with the EXJ1l-cA from their
EOokets.

C.2.2.1 Setting Paramsters -- DECprol regqulres FROM parametera,
such  as IROMW  leagth, word width, unprograrmmed state, amnd the
plosut oodsa, o9 be sob whenever Jdata i3 to be Eransferred to or
from PROM. This is done aslng the PARAMETERS cormand.

Invaking the PARAMRTERS command caused tos Eallowing diaplay tao be
printasd on the terPeingls

CURERENLT PARAMETER VAaLURS

PROM Parametevs
1] PRATLY AND PINGOT CODE {494 HEX characterS)] ccaas:oacann+ e

2] LENGTI (power of 2, 2 =» 1073741824} ..o cuiinivrnnnns PR 1a354
?] rl"iTT:lliH |:-|_ -.:* H] ............................ |.+|.|....:++-a..++::i++!E
*] UHPRDGRRMHHD STATE I:I:l_l'lrl} e non wk ek w2 d ddad+d 0 d N FFFEF LR -F.
B COLUMN 20SETToN TH PROM SET (0 througbh WIDTH-1) i-ovnssnsaacs 1

€] BFROGEAMMEE RAM AUFFER STER (power of 2, 2 -> 05536) ..... le384

TARCET Paramebers

T1 WOED SI5E IH GITE {1 =% 1281 @i iaeiemarnrcamennnns P |
81 NUMBER OF BITE PEE ADDRESE (1 =¥ word SLZE) crevemwaew P
G) INVERTED DATAE [(FES5/ MO} sssttnastsssnasn-namsannsrnnnnnrmnnsnra= MO
10) INVERTED ADDRESS [YES NO) v sssrarasrnesnrccnas smncnnmans .+ MO



JYDE THE MUMOER TO CHAYMCE PARAMETER (1/72/3..../EXIT) <BEIT»:

The abave parameters would be correct to read the contenta of the
native Firmwaro in the E x 8EBR PROM except for item 1. To change
the parametar of item 1; type the nunber @ at the colon. The
torminal will dizplay the following:

PAMILY AND PIWOIT CODE {4 HREX characters)! <»:

‘"he Family and pirout code depends on bhe typs of PROM programoslt
in wae. Consult the DECprom manual and the PROM Frogrammer manual
for more detaila.

Ueing Lhe pECpcom wubtility LIST command, coéabe an untormakted
mamary image Fils (SaV type) eon the hosat =ystel.

U=zing the DeECprom wiilicy PROGRAM commend, transfer the contankts
of the [ile greated by the lisk command to the new PRGH.

Example: The usger wants to replace tha & ¥ 28K PROMs msupplied with
the E£JlLl-C& with & ¥ 32k PROMs, but still retaln the native
fFirmwares Functionality. The uwser must copy the natbive fivmwers
From the 8 % 8 K PROMZ intc an unformatied memory ilmage £ile on
the host VAXSYES systom, using the DECorom LIST comnand.

The user removes the PROMs from thoir socckets on theé EXJ11-CA. The
uaer installs the low byle PROM into a compatible PROM programmer
that iz connected to the host VAN VMS system,

The ussr then invakas the RACprow ulbilifty on the host VARSVNES
5_‘|.I"E 141 8

CoMMAadD SHECP:: LIST

QIrreyr SPECIFICATION CTTex: FLIEM.SAV

TiHE LTST FORMAT i3 [AHEHHAUETHLIAHIHRREIEIHnHY} CAROCTALZz: HINARY
TapGET START ADDRRESS SO 0

TARGEYT STOP &DDEESS  <0x>: 3T7TIE

FEOM START ADDERESS (0 -2 TENLTI=T1} <Qx: ©

ADDERESS [ 20000 : 37776 1, BIT [ 0 ¢ 7 1, PROM CODWT IS 1
Loy ron) wWIsH T SkIP MPHIS DPROM (YES O] SR0>r MDD

MOTHT EFROM AND PRESH <RETURN> 10 PROCEED:

ADDEESS [ 20000 ¢ 37776 1, BIT [ B ¢ L3 1, PROM COIONT IS 2
Co Yol WISH TO SKELPF 'THIS PROM [YRSSND) <HD> o N

{*£* The user musk now inskall the high byte prom®®®)
KOONT EBEEOM AND PRESE <RERTURNZ TO PROCHERED:

TARCET START ADDRESS {Target word boundagy] <0F: BAIT
COMMAMD <NLTST>:

The naktive firmware has nrow boon successfully transfertad Lo oan
unformatted meacty filse din the hast VAX/VMS system.



The uwscr now wishes to hblast  the nakive firmware into thoe
naer—-supplied 8 ¥ 32K PREOKs. To  de S0, ithe ussr must change
perametsrs  for the new size PROA=, and change the PROM programme @
socket. etc. Then, wsing the DECprom FPROGEAM command, the uscr
transfors the Firmware code frum the [ile sreated an the host Vax
ta bEhu now DROX.

COMMAND <HETFEZ: 2ROGRAM

IMECT BPTIE <»: FIEM.5AV

iy PTTE HAFE [HOME) <>: NUHE

FILK FORMAT [(RYE/LDAMTH/SAV TSKAHRE MRS (MIM>: SaV
TAAGRT START ARDRESS (Targel ward boundary) <0 1

TAHGHT SMOP ADRDRESS [(Targel ward noundary)] <0x: 37776
PROM START ADDRESS (0 -» LEHGTH=I) <G>: &0000

WRITE DATA TO FILE [(YES/NO} <NQx: HD

alF BTANE PROMS BEING USED [YES/ WD) <YES:

ADDBRESG| 0000 ; 77776 1, BIT [ G : 7 1, PROM COUNT IS 2
O w0 WISH TG SKIP THIS BROM (YESHO) {KO>: KO

PCET PR AND PREEE <REETOERN: ‘D PROCEED:
APROM-5-FROGRAMMED, PROM HAS SUCCRSSPOLLY BEEN EROGEAMMET
ALGRESI] s0000 ¢ TYTYE ], BIT | 2% : 13 1, FROM CCOOKT IS 2
13 YAl WISH To SEIPF TEIS FROM [ YEE/HOD) <HOR: NS

NN =2gEav oA PRESS <RETUORM> TO PROCENLF:
FPROM-8~PROGRAMMED, DPROM HAS SOCCESEFULLY EBEEN PROCGRAMMED
OOMMAND <PROGEAM::

=1
H

Continuing with the same example, the user now wWishes to progran
hiz applicatico inko the fivet three guarkers of the 2 3 32¥
PlEiMs. The user detcrminzs from 2 linker outpub map Lhat the last
address of the application is 136008 wotal. The DECprom session
begips by burolng the user cods:

JOMMAND <HELD>: PROGRLM

INFUT FILE <»: MYEDM.SAY

QLD FILE HAKE (NJHE) <>: HNOHE

FILE FORMAT (EXE/SLDASMIM/SE&V, TS HEE/MO5) <MIKr: B4V
TLRGET START ADDEESS (Target word boondacy)] <0r: D

TARGET STOP ADDEESS [(larget word boupdary] <02>:137006
TRCM START ADDERESS [0 -» LEMGIH=1) <0>: 4

WRITE DATA TC FILE [Y¥E&/N0) <HO»: NG

ARE BLANE FROMS 2ZING Oapl { YRSNA0D) SN0

RODDRESS] QDooo : 57003 1, BIT [ 0 ¢ 7 1, PROM QOUNT IS 1
Lo Yol WISH Ta SKEIFP THIS DROM {(Y3Sa/ N0} <MNO»: HO

MGUNT FROM AND PRESES <RETURN® T0 PROOEERD:
LPROM-S~-PROGRAMMED, PROM HAS SDCCESSFULLY BEEN PROGRAMMED
EDDRESS[ QU000 = 57002 1, BIT | © ¢ 15 |, PROM COOWT IS 2
Oo ¥OU WISH TO SKIF THIS PROM (YESANGD {KO=: HO

MOIINT EROM AND FRESS <RETURN> TO PROCEERD:
LPROM-S-PROGRAMMED, DROM HAS SUCCESSHEULLY BREN BROCRAMMED
COMMANT <PROGRAMS



~he folicwing slews are  then used to calculake znd butn the
checksum:

CoMEAND ClUELPRF: LIST

CSIIT20T Sp=CIrPICATION <TT:>: MYROM.CC

THE LIST o0iMAT TS [HHEIEAGETALEAEIHHRYIWTHHRYJ CShIMMAYZ: RTHARY
TARGET STAHET ADDRESES (Tarqget word boundasy]l <dr: i

TARGET STOF ARDRESS (Tarmget word houndary) <L77776:: 137774
DROK STAEDL ADRDEESS (0 => LENGTE-Ll) <dr: 4

ADDEES=S[ O ¢ L37774 1, GI'TT 0 = 7 1. PiDM count 15 1

O YaT WILSH M SETIFR THLH FROWM (YESHNGY <MD»: HO

MOCET BPHOF AND DRESS <RLIURK: TO PROCHEHED:

ADCRESSL ¢ 1237774 1. nrol 9 @ 1% 1, PHOE count iz 2
I L Y T SETP THIS EPREOM [YESARD) <WD>: HNOD

MODET PRI AR FEESS <RETURMN> TO DPROCELD:

COMAARHD <1 L[51>: CALE_EHECR

1MPIIT FILE <>z MYROM.CO

FTLE FORMAT [MEE/LOASMINSSav/ TSEAHEL MOE] <SAVY : SAV
VATRET START ATNRESS (Target word boundarty)y <Ux: 0

TRRSET STOP ADNDRESS [Target word koundary) <L370740: L37774
OROM STAERT ADDRFRSS [0 =» LERETH-LY <0>: 1

CTHRCESOM LiFFYTR STARET LOCATTON {1 ——>» 128} <itr: 1

COMMAND dCﬁhC_ﬂHECKEUHb: STORE_CHECK

OHEOESOW BOFFER START LOCAT LGN [L —> 128 <1»: 1
CHECESUS COORT (1 ——3» 128) <1>: 1

FPROM “TAHT ADDRESS (0 =% LENGTH-1]! <0%: 57377

ADDEESS[ 0 ¢ 9 §. pIT( O ¢ 7 1. PEOM count 13 1

oo vou WISH T SEIP UHTS PROM (YRR /H0] <EKOx: KO

MOUN'Y PROM AND PRESS <RETORE: TO PROCEED:
tPEOM=S5~FROGRAMMED, 2REOM HAS SULCESEPILLY 2ELR NG RAMHEED
ADLORESHST O = o 1, 1wl 8 @ 15 ], PROM counk is 2

DO oYOU W1SH TO SEIR CNLE FROM {¥ES NG <HNOx: WO

MOUNT FHEOM A¥N0 PRESS <RETURM> TO PROCRED:
RPRON=5~PROSGEAMMED, PFUOM HAES SUCCESSFULLY BEEH EFROGRAMMED
COMELAN D {HTQHE“FEECKEUM}: RAELT

C.2.3 PROM B

Figures C=1, -2, and =3 =how how the Firmwars ia physically
magped inta the three sizes of PROMs Ehat can be uscd in the
ExJil-ra PROM sices. On the left is the physical address of the
DROM. ©On the right 1s the physical address(es) in the FEXJL1-Ch at
which PErOM will »he wisible. Muloiple addresses ace shown Lh the
masps of the twa smaller DROMS hecause ol wrapsround thel coours
with KXJL1CA addross decode. :

T.2.4 CHECKSIH

The ecnacksum for the user oode is aptional. If usecs roguirs &
chackoum for thelr PROM code, the pplpron wbility allows them to
calcalare ik apd stare it. The uger checksum must reside in che
last user PFPROM locatbion. For & W 16K PROMS the checksum 13 at
aEfsot 17777 io aach PROM, and [ar 8 X 22K BROM3, it's at offsat
RTTTT.
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C.2.43.1
caloculat
THECLETM
FOR I =
MNEXT [
Or in MA
CLIx
M7
MO
iS: ADE
ong
BEL
SEC
2%: ROL
0B

Checksum  &klgovithm —— The following algovitim iz wsed to

a khe PEOM chaoksam.

= 0

numbar of PROM addeessss to be chescksumed 00
CHECKSIUM = CHRECKSUM + cantents of address

thigh order carey from addition iz discarded)
HECEEZUM = HQPATE_LEFT_GHH_EIT

{bitd -» birl, bitl - Rit2; .+ .. (DiL15 => BitD )

CEO—11¢

CHECELM

}{ENDUSE-BENUSE--Z»/2, R0 sHUMBER Ot LSRR BRIM WC2ZDES

$BCHUSR 1
[R1], CHRCESTM

23

CHECKIUM
20,15

Het: Chat DECprom <alculatcs

agt, not

as individual PROMs.

3 MINUS ONE WIRD FOR CHECESUM
s ETART Qb USER PROM

A0 ADDE COMTENTS TO CHECESUM
:DISCARD CARRY, SET CARRY = |
fBRANCI LF BIT LS QF Cs = 0
soakRY = BIT LS = 1

s BOTATE CHROKESIM LEFT 1 LY

s LOozE CONTROL

the checksum for the 2RIM as a PROM






APPENDIX B
BOILDIRG Ak APPLICRTION

Dl APPLITATION BUTLDIKG

when wou build an apolicaiion for tho EXJI11-CA, you madl apecify
certola  swirches and oeoblicng. Since the applicaticn runs an the
EY¥JL1-CA independent of the sparating syslem enviroomcnt. Chere is
fo heed Eor a header, stack arca, or memory mastagement. Therefors,
wnen  buildimeg an applicavtien, the negated hesdesr switch (/-1D) 18
aktached ta the lmage fille specificacien. This swicch suppressss
bh: headar within the image. To suppress memoly managemsnt, tho
negaksed memory  aanagement switeh [/-MM) 12 attached to the imago
file specificatics. This switch specifies that the applicaticn
will runm in @ svatem that dops nat  hawe  MEmGTY managouiil
nardware.

Te  suppress  the glack srea In the Lask bollder command segquldncd
during eptico iaput, STACK=0 should bwe used. [T you necd ta
specify & stack with your application, you ehould da 3o within the
appligation leseif. @&ince  thoe KE211=-CA applicarion stakks up as
unmappad, the asplication ig initially booad bo phvsival meLcry.
The applicztlon must be instalizd at the same memcry addross far
whichk it waz built. Theretors, during opticn input, uae the TAR
pticon bo specity the base sddress and length of an application.

The: EFollowing oxasples build a 14 kilobyte application cads file
named APPCCDE .

MCE Example:

MCR» THLZERET>

TEE? ARPECODES—HDS -MH=APPCONRIRAET >
TER> SCRAT>

Enter Ophtions:

TER> STACH=0{RET>

TR PAR=TIIMCODE G500 00 <8R
TR3r SSRRET:

I, Bxamplc:
DEL: LINK HFPCQHHIHGHE&DERIFQHFHORY_MREHEEHENTEGPTIGHS{RET}

Optlons? STACE=D<RET:
Ontions? PAR=DUMCODR: 01 @JD0R<RET >

=1

Ti-—-
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Applicakion bullding, -1
hrolter, 1-4, 3=-3, 3-4
Arbitec/TIPR communicatloa protoesl, 3-4

Backplmne insztallablon, 2-25

Block diagram, 3-1, 3-2

Bont/Selttest gwitgh, Z-4 through 2-9
QREAX enable jumper, 2=14

- —

Chargs pumz, 3=34
ConnacLiors
C-Bus, Z~26, 2-27
J1 {8102 channel a). 2-30, 2-31
J2 {8,002 channel By, 2=30, 2-31
J3 [SLol}, 2-30, 2-31
Jd [PIGF, 2-2E
Loopback, 2-34, 2-35
fensals asyhehrancus serial 150, 2-34, alsao see 5LU]
interface (J3), 2-30
fontrol/status Reglsters [CSke), Hoslk Side, also sce EXJIN
Control/atatus Registera
TERD,: 3-4
TER1, 3-131, 2-1la
TPRZ2, 3=-1&, 3-1%
Trk3, 3—15
TPR4 theoough TrR1S, 2-15
CPU Brror Reglstzre, 3-21
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Diwgoeskio toseing with XEDP+, 2-33, 2«39
DFa Lransfesr cantraller (PU2), 3-1%, 4-1 through 4-33
command Surmmary . 4=5
data transfer, 4=21 through -2
inicializing, 4-1&
prodroamoling axampl2s . 4-23 Chrough 4=35
raload word, 4-19%
registers, £-2 throwgh 4-21
Basa Acdress REoglisters, 4-8
Chain Addrsss Regiater, 4-8 throwgh #-%, 4-13
Channel Mode Regiater, 4=10 throogh 4-18
Command Register, §«4
Cutront Address Fegistera, 4=-7 throuch 4-8

Current apd Base Qpsration Count Registers, 4-13,

Incertunt Save pegister, 4-10; 4-il
Intervupt vector Reqgister, £4-10, 4-11
Masler Mode Fegister, 4-h
PalLlLern and Mask Hegiaters, 4-14
Etatus Reglister, 4-11 through 4-13
tekmination ootions. 4-232
DMa raguest jumpores, 2-12

. -

Fdoe connactor pln assigomants, 2-286 through 2-Z28

-.t"_..

Firmware usage considerztions, 2148

-H—.

NALT ootion aslectian jumper, 2-13

_I...

IT switek, 2--10 through 2-12, 3-12
Intecrupks, 235 through 3-3%
fromw EXFLE-CR Lo Q-3us, 3-38
Crom G-Bus L KEXJL1-ON, 3=3%
local. 5-37
speoial, 3-38
TOF mode, 1-3

J-11 micropracaessor, =1

ITedew—2



_K_.

¥¥Til Contralfstatus Reolisters, 3=20 through 3-29

EXJ11l Contrcl/gtatus Register a (WXTOSRAT . 3-20, §5-7

EXJLl]l contral/Status Register @ (HRICSRA) . 3-21

EXJ1! ControlsStatus Register & {XEJCESRA), 2-22

ExJ1]l roncrol/Status Register 3 {EXJCSRAY); 3-23 throuwgh 3-26
ExJ1ll controlSStatus Reglsber [KXICSRAY; 3-26

EXJLl Control/atatus ReqQlister IEALICSRAT, 3-2B, 3-47

wuJ11 Control/S/3takus Register IEXFCSEA), 3=27. 3-47

EXJI11 Conkrol/Status Reglster {EXICSHAL , 3-28
EXJll-CAAENT]11-Ca diffareaces, B-1 thrauoh B3

b M

-_L_-

1CDz2, 2=34& tacough 2-37

Loophack conngckors, 2=3¢ through 2-35
-

Mairtenance Registsrc, 3-30Q
Mearory management, 3-42 through 31-47

Memory Monagement Register O (MMRO), 3-44
HWemory Management Reglster I (mMR1), 3-4G
Memory Management Reglster 2 (mmkz), 3-46
Memory Management Reglsbker 3 (MMRI), 144

Memoroy map summacy, A-1 through A-4
Multiprotacol saclal controlier, &8, alsn ses SLLZ

==

Page Addruss Reqisters {PARS], 3=43
Page Descriptor kRecisters (PDER], 3-41, 3-44
Parallel IS0 (pLOY, 3-3d4. 5-1 through 5-44
intaprfzce [(Jdi,
programming examples, 5-27 throwgh 5-44
registers, 5-2 through 5-21
Curreni Vector Reglskeer, 5=24
Data Direction Rogisters, 6-11
Data fath Polarlty Registers, 3-10
Intarruph Wector Registse, 5-L3
170 Buffer Contecl Reglstern, 5-20
Masker configuration Conbrol Register, -4
Master Intercupt Control Begliskor. 53
Tattorn Folartity Reglsters, 5-12
Pattorn Mask fMacisters., 5=13
Paktorn Tran=ition Registers, 513
PIC Counter S Timer Command and Status, 5-16
FIO Counlter /Timer Carrent Count, 5-18
PIO Counterlimer Mode specification, 5=16 throwll 3-16
3T0 Copnter/Timer Time Constant, 5-18
port Comand and Status Registers, 5-8 through 5-10
paort Data Registers, 3-13

index=2



Forlk Handahake Specification Kegqisgers, =7, =8

Porl Mode Specification Registers, =2 Ehrough

Special IS0 Uontral Begistersa, 5-11, 5=17
Agwer =Supply considervations, Z-%Z5
Power—Up owtion selection jumper, 2-18
Processct Skatus Word (P5W, 3-32
Program Inkterrupl Regquest (PIRQ) Register, 3=31
PROM addressing jumper, =2-17
PRCH and [irmwarce <conkrol, 3-16 through 2-17

0-Bus base addrsss seloctlon juniper, 2-10, 2-11
O0-Bus interlace, 3-3%

O-Bus Intercupt Register (QIR), 3-29

Q—-Bus siz¢ jumpers, 2-9

-R—

RAM, 3-1, 2-46, 3-2%
Beal-time ¢lock interrunt jumpers, 2-234
Bosots, 3-32 Ehroogh 3-42

hardware, 3-41, 3-42

goftware, 3-3%; 3-40

-

Shaced memorcy, 3-47 throwob 3-513
considerakions, 3-53
enakling and disabling, 3-52, 3-53
examplez, 3-48 Tthroaugh 3-51
arganization, 1-42
SLO1
Laud race jumpsrs, 2-18, 2-19
receliver junper, 2-20
registers, €-1 through 6-3
Racsiver Buffer BFegister, 6-3
Becelver Conkrol/Status RBegiskor, -2
Transmittser Bufler EReglisker, 6-4
Iransmither Control/Status Regisksr, &6-—4
CLransmitker jumpers, 2-14
SLb2
channel A recziver jumpers, 2-21
channel [ receiver Jumpers, 2=23
cnannel I transmitlber jumpers, 2-22
programiing examples, =310 Lhrough 5-37
regigters, 5-T7 through 6-30
Conkral REegister 0, 6-=-14 fhrough &-16
Lontral Regqister 1, £-17, &-18
Lontral Eegister £ - Channel &, o—18, 6-118
Canteel Register 2 - Channel 2, 5-1%
Control Begister 3, B-20, &-21

Indsx—4
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Control Raglster 4, =21, &-22
control Reglster 5, 6=212 through (=24
Lontrol Reglsier &; 6-24

Control Register 7, 6-24, 6-45
ExJ1l1 Control/statuya Reglster A, 3=-20, &-T7
Receiver Rogistera A and 8, G-2%
stekua Reglster 0, =25 through §-27
Siatua Rkegisker 1, A=27, 6-25
Sratus Kepgistaer 2. =29
Timer Control Register, &6—-10. §-11
Timer bpata Beglster, 6=12, &-13
Tranamitter Registera A and B, 5—34
SGracviflcatliana, 1-43
Standalone mode, 1--3
Svnchronous/asynchronous serial L[S0, 3-34
interfacea (J1 and J21, 2-30 through 2-34

=T=

Termincloegy, 1=4, 1-5
TRRO, 3-4 throogh 3-13
a2 a ocontrol reglisker, 3=5
aa a O=Rus OODT register, 3-11, 3-132
as a test vegister, I=7
TPR1, 3=13. 3-14
TERZ, =14
as 2 kteet result regiscer, 3-%, 3-11
PR3, 3-15
a2 a tegt result register, 3-8, 3-10
TPE1 shrough TPR1S, 3=15
Two=Port Raglster (TPRE] File, 3-3

-11-

Dsar (PIROM programning, C-1 throunh -7

—%l-

Wake—up circuit, 3=18

Index-5
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