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College on Microprocessors

0. Introduction

Thia papes introduces the general concepts
relatad to data transters within and batween
systermis,” and presents some specific solutions
and appications in this rapidly axpanding Hedd.
Microp s th 83 Wre ot exphined,
but programmable interfaces are approached,
and the software of interfecing is partly
cuvared.

i, Paralet tramfers
19, Genersl protiem

Wm&bnlohhrdmﬁhommdwboha.am)
mmm{o.g.amhmbsﬂmlm
of binary words of adaquate length (muitiple of 8 bits),
These words afe transterred it puralel or sacidy {one bit at
4 time), and soms synchronisation ix required in order to
rtcowizolh.arrivllu(ilchwdwmoctth.lmofh
message.

dewicuoflmnph:y:t'mu-froqmnuywodh
a star manner, with the computar in the center and a
peripheral device aon each bransh. Within a computer, the
procassor, the mamory boards, the interfaces cannol be
connacted in a star menner, with zi the direct connections
batwesn sach pair of devices,

A common set of linas, the bua is & shared rasource each
par of devices have to use when communicating, Since the

CERN
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Fig, 1.1, Hisrarchy and topology in a system
139, Bussed svateme

Tmmmwtmmmhtammnw
hmum.-mar-mm(mm-mm
& transfer) or sveg ithey answer to solicitations), Since there
kamuardvpnth.mmuatlth-.mom
can exchange information with one (optionally more) selacted
slave, the responder (fig, 1.2),

bus ia short, it can be fast, and rulty X sagiy the tr
ocourng in the system,

Increasing the number of paths within the aystem ia very
oxpansive, and is not considersd hecs.

Tha links established baty p s form a complex
natwork. Adequate software and mode imerfaces allow the
communications within this large system.

Fig. 1.1 shows thase thres levels of communications, for which
sxperience has shawn that bus, star and network conmections
wars the best. The bus pt it h of an i ']
importance, due to its use in i tation for et w
to 20m (a.g. HP-IB/EEE 489/EC 625) and In office avtomation
for distances up to 2km (e.g. Ethernet/EE 802).

[nterrupt

Arbitration ouy

Fig. 1.2. Transfer in & bussed system

A lransfer movas information from one or a group of data
cells from one o+ a group of data cela {memoary cell, 1/O
ragister, processor registor) to another. These cells arew
numbered and an unique addross allows their access.

A.transflrcmbcinitiatndbyamsteromyi“tmoot oSy
to tha bus, and an arbitration mechanism must decide who
wil got the bus next, and notify it. Arbiter can be distributed
of cantralized, as it wil be explained jater.

The commander selacts the siave with which he has mformation
to transfer, accarding to some selection or addresaing scheme.
Transfers may then be performed sz one or & succession of
slementary transfers, sach ¢ne maving & word of & MExin
width fixed by the nunber of bus data fnes.

Elemantary transters, or cycies are combined to form
Dlock transtery, read-mogiiv-—write cycies or reug-sfter—write
cycies, )

Broadcast cycles write ik sy 1o d
fesponders. Broad-coliect cycies read information from several
responders, taking care of the fact that & given bus ine cannot
be simukanecusly assigned 10 bo 4 "one™ and to be a "'zeno™
by two differsnt devices.

Slaves nesding to be serviced can signal it through an
nteruotion mechanizm, otherwise it would not be efficnt
to have the masters to continuously worry about the possible
transfer needs of siaves.

Systems can be az simple &s ohe MAster and few siaves (8.g.
MKDS kits}, but they tend to consist mostly of combined
master/slave devices, and may be spiit into zeveral
sub-systems having sach one ita bus, with another bus and
o te int tion baty al thase sub-systens.

1.1.2. Toanafer

& seen earlwr, u transfar consists of three consecutive

phases :

~  arbitration tor getting access of the bus; tha mester
having control of the bus is the commander

= sslection of one or many implicitely or explicitely
addressed slaves. The selectsd slaves are the
‘eapondars

= data tranafer (read, write, stc).

Tha bus width and bandwidth requirements for thase three
phases are rather differant.

Arbitration must be done usualy between 3 to 30 masters.
¥ arbitration requests are encoded, this means only 5 bits
plus associsted control. A new arbitration must ocew sach
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Due to the coat of the transfer lines and their associsted
driving siectronic, most recent busses tend to muitiplax
artitration selection and data trsnster on the same ine (fig,
1.34). Thia it of course ite case on 1-bit wide serial busses.
Selection and data transfers are very frequently multiplexed
i microprocessor systems (Hg. 1.3e), and many -combinations
sxist on 8-bit microprocessors, depending i the iow address
(EC/MP), the high address (B0B5, 5801) oF comtrol (8080, is
mutiplexed with data.

i [T 2 LG X4
<) g EQrEA
o e e e

Fig. 1.3, Pipslining and multiplexing on & bus.

d)

1.2, Transaction tvoe

Data transfers on a microprocessor thua are addrassed, and
consist of a sat of control and date exchanges betwaen the

and the responder called a trynssction, consisting
of consecutive transfer cycies which May overiap i there exist
paraliel paths for transferring the ssiection, dets and control
information,

Addiess cycles are special broadcast write cycles: all siaves
check for the addrsas, but a single one, or few, are selected,

Data cycles are write or read if & single rasponder has been
selected, broadcast (write) or broad-colect iresd? ¥ muitipie

time the commander changes, which is highly
dependant.
Selection of ziavas, plus precise location of memory or L0
register inside the siave, require a 15 to 32-tit address, One
single selection is sulficiant for & long data Lranafer consisting
of ordered informations,

Data transfer is done with prassnt microprocessors 8 or 16 bits
at a time, this valus being often mentionned to be the "width**
of the bus.

In simpls systems, the three transler phases cccur sequantially
on thres separated groups of lnes (fig. 1.3a).

Pipelining, that is starting the next operation before the
present operation is finished, can be done (fig, 1,35} prasent
microprocessor bussas tend to pipeline the arbdration, but
not the selection which would ba too complex for the time
saved (fig. 1.3¢).

T & have been (tig. 1.4a). ¥ tha bus is not
mukiplexed, address and dats can be provided at the same
time by the but the must first be
selected before it can process the dats (Fg. 1.48)

Read-modify—write transfers consist of one address cycle
fohowed by one data resd snd cne data write cyce, the whole
baing indivisibie in order to pravent any access to the data
call while its information is baing modified by a commander
(g, 1.4e)

T raarens | | adreas
=) WRITE| AL

inon ‘. S h inon-

myl | Oata it

plesed}' - - - - - Texea)
cpn [ st | i red | D werte)

Blac!

d 'Y
Trangren]  0dPESY . Gam Sata tata Data . W

Flg. 1.4, Transacticn types



Reqd-aftar-writs transters are similar and must also be
indivisibie. They allow to check thal the written informaticn
hzs baen correctly stored.

Block trangers conmist of one addrest cycle followed by n
dats cychbs. First data is transferred with the given address,
next data being transterred with subsequent addressey,
simiarly to s post-incremantad addrassing mode {tig. 1.4d).

A specisl category of transfers is split transters. f the
fequested information is temporarily unaccessible or very siow
io get cel (@.g. from a disk), & is stupid to wait for it and
keop the bus during all this time. by this case, the respondes
Can relurn an orror <ode saying t wilk answer later. The
commandsr can aiso specify by writig in a special rogister
the information he requests to the responder. That one will
caf back as soon as iformation wit be veid, playing that tme
the so0le of a cammancer,

1.3,

Data cyclos

1.2.3.  Unidrestionsl transfery

Mmmmmmuuntmwcbmmm
requires intormation lines, control lines and & protocot
spaciying when information linea are vaid and can be removed,

The device which sends the information is the source, the
davice which receives i is the dastination. ¥ the source takes
always tha initistive of the transfer, there are only write cycles
in tha system, and no read cycles. ¥ the commander takes
the initistive of ihe transter, we have az before both read
and write cycles,

Eull handshaked write protocel

Transterring irformation is not just putting binary words on
4 st of fines, Explick or impiicit information must alow both
the destination and the source to be synchronized, so that
no information is lest. A typical handshake write protocol is
given in fig. 1.5,

1.3.2.

Commander = Source Responder = Destination
Put information )
on lines \
e Recaived infor-
mation stabiizes
Signal that

information is hare
Know it can
take information

Signat it hag
taken information
Know thet intormation

has bsen taken

Remeva information

Signal that

information is removed

is ramoved

Acknowiadge it
is ftmshed

/

Naxt cycie can start

Fig. 15. Write cycle protocol with full handthuke

Know that intarmation
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Qther simpies protocois wil be studied later. This one has &
simple mplementation usng two control inea in addition to the
information lines. Thase two lines are named VAL (Tvakd™,
issuvad by the sowce) and AK ("acknowiedge", ssued by the
destination), VAL i active in states Jta 7, AX in states 510 9,

A timing diagram allows a clear axpression of a transfer
protocol, Muktiple information ines are reprasented by doubie
lines crossing aach other whan the information changes.
Control signals are shown with a high teval whaen the function
suggested by the name of the wignal is true. The tinvng diagram
of this first protocol is given in fig. 1.5,

Start\of cycle

Responder pracesses
information

Fig. 1.6. Timing disgram for fult harcithake write cycles

The tech P of this protocol raquires
drivers batween tha two concernsd devicaz and the
transrnission lina, which can be long of usa a non-electric
madia (fig. 1.7).

T TTTTTTY
l——p Source register
B |
‘ SR PR
Deskew ! E
Driver ::
Electricai,
optical,
s A ate.
Tink
:: Recehre;; ZB
Deskew || 3
Set-up jm---F -
Destination register
| 1
Hold e e e e
- I
Fig. 1.7. interface sch tic for Full hand, d protocol

Ll

In the basic case of the transier of the contart of one regester
A wte a distant register B, the clock signal which hau loaded
a new information in registar A can be used as the VAL control
sigral, but & must be delayed either at source or at destination,
in order to take care of dfferences in propagation time (skew)
betwesn the parafiel lines and thair drivars. Another delay,
usually included in the provious one, guaranties the set-up
time on the receiving register, before recaiving iks koad puise.
Information must be valid for some hold time after the lbad
plkze, implying & delay which is ussally provided by the 4 leveis
of drivers which hava to switch before the information is
ramaved.,

133, Cther wikte protocoty

in tha protocol of fig. 1.5 and 1.6, A ia clear that time shots
1,3 amt 5 are the important ores. Removing the information
&nd checking this being rised is wasted time, ¥ R is sure
the dastinetion it immedistely ready for & new transfer. Since
wo need for & simpia inlertace & Ml pulse M each cycle, and
since either polarity of signal can be usad, there are several
possible protocols, shown in g, 4.8,

Scheme a) iz the previcusly seen fufl & p N
Scheme b) provides a shart pulse for data valid, and a short
puise for data scknowiedge. This asstrnes a maximurn transfer
speed fixed by the wiith of the pulses,

Schema c) provides an immediste acknowiedge that has boen
telected and is busy handing the information,

The fastest protocol (fig. 1.8d) considers pairs of cyclon,
synchronized alternatively by positive and negative adges
(FASTBUS [1] block transfers). It is taster since the bardwidth
of the synchronisation signals and the informetion is the same.
The last scheme &) has no ack edge, The has

dalna " 1

to take the nformation when the strobe iclock) signal is active,

This is & synchrongus transfer of & predafined speed, all the
other trensfers a) to d) being seynchronous due to the

ax e A W
s 1

) . M\

wLID \

wv M m—

[ —

~ -—

samg oo —

Fig. 18. Write protocots,
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134, ; interfs
An interface to a simple primter is a typical exampie of a
transter requiring a write handshaked p LIt

trangfarred is 7-oit ASCH characters and each manufacturer
has proposed his protocol, Centronics seems to ba now the
de-facto standard. The transfer protocol is shown in fig, 1.9,
with the usuel timing constraints (they vary trom one
manutactursr to another). This protocol is not laciing for high
speed, due to the low primter speed. The recundam BUSY
%qgnal is active when the transfer is siown down because the
printer is busy. When the transtor is done in the printer buffer,
ACK is promptly given and BUSY ia not activated.

»p

Centronics compatible device

&
3/
00

2

g

ol Q<
02| 0C | e
03|00 | aip
04| O Q| g
05 10O [ a
%6 | QO | aHn
57 | QO (&%
TX]oo |
sy | O O | b
PE{ O Q | gip
SEL [0 O R

cin | O C
—-]o0Q | -
QO .-
cHAsStS | @ O | -

T
2
"0
Q
4

Fig. 1.8, Cantronics interface protocol and pinout

R can be aoticed that Centronicy interface implies an nput
regster, the baing alk to pp T Lis atter
mnuwmml.nmmumwmmuu.
nverted on the transfer lnes, as i is usually the case with
TTL technology. Open colector drivers are specified, with 470
ohm pul-up on receiving side, with & 33 pF shunt capaciter
for tiltering high fraquency. Schmitt trigger gates are
recommended. The use of twisted pairs allows cables of 20
maters with a grest relabiity.

A lypical intarface problem is to adapt o write protocol, aq.
connect & device using the ful-handehahed protocol described
in section 1.2.2 with a Centronics printer. Tha block diagram
and the timing dlagram of the interface is given in fig, 1.10.
Assumption ia made that the next data byts will not be
recuested as long as the previous one iy not procasssd, that
12 no pipelning ocouwrs.
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135, Fui handshaked resd protocol

in a read cycls, the commander requests information from the
ource device, and takes Rt when avaiable. A ful handshaked
read protocol is given in fig. 1.12,

Interface

KK pousY

Centronics
device -
Cantronics plug

Fig. 7.10. Cantronios intarface: block and timing diagram

Even in this very simple sxample, many Implamentations are
possible. Fig. 1.11 shows two achematics for the control logic,
The first-one (fig, 1,11a) uses one-shols for gemerating the
|}nm.mmmw. 1.11b) usas delsys.

Fig. 1.11. Possible interface schematics for a Centronics
imerface

& "

= Dastination

Requasts
information

Know that information
is vaid

Signal that information
is processed

Next oycls can start

Fig. 1.12. Protocot for full handshaked read cycies

The corresponding timing disgram is given in fig, 1.13. R &
rather similar to the write diagram, but & can ba roticad thet
one more edge { 1 ) ia vary important for the synotyonisation
of transfer, Uniess the sowce provides the information before
that one is requested (cycle start at & ).

~

)

Responder prepare
informaticn

Fig. 1.12. Ful handshake read protocol

136, i ot

An for the write protocol, thers are several read protocol,
asynchrorious and synchronous. Ne new pomt appsars at that
favet,

14, Brosdcast iransters

Brosicast write pectocnl

Sending information simuttanecusly to several responders
requests o know when all ponders have pted the

14,

information. An AND function s required, (tig, 1.14 a) and can
be performed with open-coilecior gates (wired-AND)
g, 7.14 b},

Commander

Responders

e | Jws

hx3
$ (d * -
pull-up ~ ~F open-callector
resistor gate
st _J—"_“\__..._.
AK1 f 1 \
AK2 / 3\
wy_ L
AK

Fig. 1.14. Simple broadcast protocsl

The protocol of fig. 1.14 has howsver & problam ¥ the
respander is siow deactivating its read line, and if the
commander and the other reponders ars fast. A new cycls
may start and be scknowiedged. Hence an additional line is
required in order to know that al devices are ready for
recaiving new information. This has sleo the advantage that
no transfer will start if some davices are not ready. it
aoslerstes aleo the transfer, since the information is acceptad
as soon as the input registers of the responder have besn
ionded, and the bus mey be prepared for the next transfers
that will ocour as soon as respondefs Are roady.

It can be noticed that the OR function is implamanted by
inverting the signais and using the wired-OR schame, squivalent

" to the wired=AND dus to de Morgen thacrsm. Hence, BUSYx

{BUSY, active low) Is carried on the bus.
142 |EEE4BQ/IECE25 Drotgcel

The (EEE 488 / [ECS26 bus is a nice instrumentation bus
getting now widsly accepted. The transfer protacel is
axactly as describad in fig, 1,15, but the ST signal is mverted
and named DAVr {data vaiid, low), Tha AK signal is named DAC
{date accaptad) or NDAC (not data accepted, low). The BUSYr
signak is named NRFDx (not ready for data, lowl.

The 488 protocel is Frequently rapresanted by a flow chart
(tig. 1.18),

Trioste Sept 1981

Cormander

Responders

Dasti-
nation

ST b t 11 }

i

-0 L

haries oparpnciy

Fig. 1,16, IEEE 488/IEC 625 tranafer protocol



The 488 transfers are simple since there i no arbitration and
no selection. The commander (caed the controlier) assigne
a source {called the talker) and one or several destinations
tcalled the igtepers) in & praliminary phase. Transter i initiated
by the source, and the addressing is nplicht, the information
baing consecutive time dependant veiues, or tormatted blocs
with the address nformations imbedded,

The not yet madationned bus ines are

ATN Attention request Activated by the flar for
assigning naw roles and new
modes

EOl End of Input A d by the C tor
Hopping a transfer

REN Remote Enable A by the 4 for
anabling the control pansl of
sach instrument

SRG Service Pequets Activated by any device for

intarTypting the process

FC imertace clear Genstal resst of the system

1.43. [Broagoolisct protocoie

The synchronisation of the collection of information s simiiar
to brosdoast. A new p is dya to the fact that the
information” ines must either be spiitted in growps given to
all possible responders, of used in a wired-or manher with
the zero having the pricrity over the ones. Broad—colect is
used is some interrupt macheanisms, to get the interrupt vector
(sirnpified B0B0/BOB5/Z80 schema) or to kow the source
of the request, each line of the bus being assigned to a
possible source of r st; 4 is harce possible to collect in
& single oycle the status of many devices (used i FASTBUS),

15, Digrections transfers
1.5.1.  Transfer on separste groups of ines

Using different groups of inaas for the intormation written and
read is simple, DUt sxpensive.

A possible Wnplamentation ia shown in tig, 117, wnd i close
from what has besn veed in the first S100 implemantations.

Commande Responder

Read cycle |
i

Write cycle )

Fig. 1.17, Bidirectional transfer on separite groups of lines
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152 Hanster on bidkectionsl dres

The base use of the information ines in the previous Fgure
shtourages & more efficlent schems, shown in iy, 1.18. The
WR (write) ine defines the dirsction of the tranefer. The ST
(strobe) and AK {scknowledge) Snes are defined as before,
and follow one of the handshake protocsl, or the synchromous
protocol without AK.

iy |

Loomander S pOndar
WR
ST
AE
) { Write cycle | Read cycle
i
M T htawe Y _ 77 B im. .
W
st ___f J S e
ax /. VW

Fig. 1.18. Bidirectional transter

Instead of the WR-ST pair, one can have, as on Hg. 1.17,
# WRST {write strobe} and RDST (read strobe). The ackowledos
can aiso be duplicated.

Bidirectional transfera imply an adequate control of the
bidirectional lines, in order to have them aiternativety
conducling in one or other direction. Open-collector or
three-state gatas have to be used, as shown i Hg. 1.18.
Pull-up resistors must be added § open colector.

0 mugt axist at both ends ¥ cable
fength Is important.
Lommander Responder
oCin JRin
DATA { ‘{>
OCout ORout

¥
£
: i

ORin

I

D(.‘out____&_[ Hn CRout
17

WR

i

wf i
I
oCin :] [: DRin .
LATA, CRout
DCout . L'Q__
WRST i
wesT! RDST “

ROST

Fig, 1.19. Bidirectional line uvaing open-coilecter and
three-stats gates

Programmable interfeces cen be programmed te be esither
nputs or outputs, and they have dedicated handehake fnes,
h with pr

The intel 3255 has & bidirectional mode with four handshake
nes. The Motorola 6321 has o bidirectionsl mode, but can
be progracmied to wee PA atternatively as input and output,
use CAT and CA2 for handshake and any PB bR as & direction
indication.

17, Syiection

Befors the transfer, the commander must have selected the
reepondes with which it has information to sxchenge.

This can be done :

~  implicitely : & has been asaigned previously, e.g. by a
sontroler 43 i IEEE 488

~ by proximity : the clossst reaponder interested in data
transtet will be selected (see 12.2)

= by geographical address: sach siot of the bus hae an

and the pondar ineerted in a given siot (f

there i one) wik answer

- by data call sddress: sach data celfl has an unique
asddresy intentifler within the system. The daia cells of
a same moduile have Ui di oFf are In
a same group of addresses, in order to recognize sasly
an address of the module, and & data cell sub-address
within the module.

Tha last schame i¢ the most frequently veed in ”®
systeme and requires an address of 12 to 32 bits lo be
presented to all slaves, s0 the converned responder is
sctivsted {fig. 1.100.

58 on

Transfers

Fig. 1.20. Selection with an ackiress

Sedection is a broadcast weite cycle and can be handied ke
this a3 & special first information cycle. This is the cass with
microprocessors having a muitiplaxed bus (TMS 8300, 8088,
28000V, Few G-bit microprocessors have it, o they have &
only partly because an B-bit address ia not sufficiant (S08S,
6803, COSMAC), Future 32-bit microprocessors (I any have
that width on the bus levell wil surely be muitiplaxed.

¥ there iz no nead for saving linea, tha simplest ix to keep
the addf during the transter, and define combined
selection/transter cycies which are only partly handshaked,
that is a pai of control signal edges are not associated with
sach changs in the information (sddress and data) Knes.
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8. Arpitration

Arbitration occurs before ssiection, when several masters
contend for getting the common rasource of the bua Ines.
The arbiter can be ocsntrakzed or distributed. In both cases
there are critical problems to soive, specially of one wants
to be fast.

18.1. Gentral arbier

The simpiest and more rellable way of designing an arbiter
is to build & swdquential clocked system which acane all the
masters in turn, and gives the bus to the first one found having
& request. This is however siow, and asynchronous arbitrations
are sttractive.

¥ there are only two contenders, the schems of 1i). 1.21 gives
the priorlty to the first one. I they are abeolutely at the same
time, the circult mey hesitata for some time (metastable statel
befora giving the priority to o or the othae.

REQUEST1 GRANTY

WEQUES GRANT2

matastable 3tAtE

Fig. 1.21. Priority lock for two requests and timing disgram

The metastable problem it & difficul one in all arbiter designs,
sinee s come avy Ity with respect of sach
othet, and with respact with the ciock it the schema is
aynchroniyad,

Metastable state last for a duration which follows probabiity
rules. More than 100 pa may bs considered as highly
improbable with fip—tiops of TTL or N-MOS technology,

18.2. Disinbyled arpiter

The urtstration process may be distributed along tha bua; this
provides u greates tiexibiity of design and vsuslly & lower cost,
bt R is siower,

Twa distributed arbitration achemas are of & great ' interest.
The daisy-chain (Hg. 1.22) is frequently used, and in just a
selaction schema which ssiects the Ffirst ing device,
on the wirng.

in a geographical ordes L

REQUEST*

Fig. 1.22. Priorty daisy chain



Ihwu-hmmmmteronthom.mn
4 wirad-OR scheme, The active commander, when finished,
MMAwnmmmhbmuwmhMon
hm.theh&rhmthm&hlm&nm
SoMnder oft the bus wil get the puiss, and will it the
chain, .

ltmmbchm,tmmmmuwlh.h
retating pasitions, With "old"mm.rwﬂm. there is often
DMMMMIRCMWNtMM.WﬂI
wwuthmnmmwiwmm.

Amsymiulsﬂumih\.nhahetimlrbﬂum
in Fastbus | in EFE-PROS 8=-100 .
nmmd-m«mml’m.mm
thevnmmlmrh-awﬂhmonhwmnaﬁh-onth
bus,

Request 1

- Grant |

Reguest. 2

Brant 2

Bus Request+
1t
Byy priority*
Fig. 1.23. Sel-select arbration sch
The priority vectors are sncoded or not. ¥ encoded,

eomrbunlldonoonnhlporblhni-.

Ammnrwhhmldm!kn-unlrb&rmnn
phuom.rts..hsnnnnntroquutmbom ized, no

Triasts Sapt 1581

= rMmultiple interrupt requast lines : aach requesting device
is attached to a different line, and the arbitration

betwean the fequests, according some priotity
nmm.hdumhythmarwmw
circyitry,

2. Serial tranctera

This i L= hapter will only S serial

transter, using the RS232/v24 standard.

21, Asvpchyonoys trapsfer

The asynchronous transter Provides both bit and byta

synchronisetion by a stert bit followed by the seril nformation

ummm.mmw;tuumhmms—u
mmrts—mi!pnrityisimm.hord-rtebol&h
recognize the next start bie,

Tramfar it mcimm speed

art bit Stém bit
5] 58
Teutider at slomr spesd
] 9 9 0 sog o
Spacial casen
L] q

fruatng srror
Fig. 2.1. Typical seriat transfer timing diagram.

new priority vector is afiowed.

Ade!uyoracbckwowstnluwmmhmnwmm
is over in sach dufe; the winming master igns then a
"Bua Busy™ line, latting everybody know there is a new
commander in the system.

19, nterrupt

m.fruptlunha'tmhhamhlviqlmm.m
interrupt rmisdi—utodhtmmmnww
scm.Tmm-rmmmnm.nmmmn
wwwbnmummmmmumn
simpie microprocassor systems, or use some additional
hurdware,

Hardware identification of the source of interrupt can be done

by:

- mw:wmmmmmuu
bus lineis} thay have been attributed to

~  proximity addreasing : & dainy chain allows the requesting
device which is the closest from the commander to put
an identitication word catisd vector on the lines. This
vector can be the address of the interrupting device,
aor the address (direct or oreferably indirect) of the
routine which must be executed for safvicing the
interTupt

¥ ous transfer used in the past a 20 mA !oop,
clased Lor logical 1, open for jogical O state, The "trask
character”, a continuous stresm of Zeros, correspond to an
open line, and is stii ysed to signal an error or abort a
communication.

The RS232 standard icvelhg.ﬂ-hnn.Low’ulDiI-ato
=15V, logeal 1 ix +3 to +15 Y. RS422 vens lowsr vokages
on balanced iines and can be faster.

RS232 uses a 25-pin plug and s simpia convention: Oata
Ci i ({DCE) have a female pug with
Date Out on pin3 and Datain on Pin2; all Data Terminal
Equipment (DTE) have & male plyg with Data on pin3 and
Data Gut on pin2,

Ec

Few control lines are for modem control and aftlow some
handshake on the transmission, but this handshake may be
deiayed by few characters because of the double or triple
buffering found in most serial Programmabie imerfacas,

A special box caded nub-modem must be used ¥ a terminal
Mbecnnnectedonamalnpbqplanmdtoh-ﬁnhdtn
a modem. It is & passive box in which the data lines and several
contral Sines are exchanged. Shnilerly, 2 mul-terminel is used
¥fa o is ta ba : { arnt a femele plug planned to
be tnked to a termina (fig. 2.2),

male: female m\ £
DTE DcE
Tarminal Modem
or ]
Compu ter
m " f
DTE 0TE
Computer| Terminai
Nu11-modam
fm ¥ n
DCE DCE
Modem Maden
—_— - .
Rull-terminaT

Fi. 2.2. R8232 plug conventlons, nuil-modem and
Mst=terminaly

Unhappily these clean rutes are not followad by many
m.wmmmmman and
control fnes are connected to,

ar.

Irgnafecy

Fhmmhl\nbbckﬂ'lndw.wwmhn
mm.hm.lmnw selection
and transfer sch is adh . and full hand: is not
used due to the synchronous of the m s and
the technological assumptions made by all manufacturers in
wﬂrhmhhﬂwmumhnm

ER AR

Syncheonovs transters

Tha simplest possible read and write timing is uased in the
MBBCO ifig.3,181. A single signa) calied E or §2 is ueed to
strobe the transfers. No handshake ocowrs ; the responder
mmmurmmbnm&m.ntmrm
i 100 slow, the anly posmibiity it to siow the €= 2 signal,
which la the clock for the system,

=10 - Trieste Sept 12981
Mrite cycle Read ¢ycle
reares T T} -
L i SN o gy SN
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Abakess —jACATE
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WAL i1 ; e =

Fig. 3.1, Microprocessor transfer timings
NEL00 BMEBOOD cIBO8S

3.1.2.  ymhromzed hendshake

AWMHWhWWGM.MWﬂmM
strobes due to the possible R cycley : AS (addreas strobal
and DS (date strobe), and an AK (acknowledge) signal, whiih
scinaledges the transfer of the date, byt not the ssiection
of the address (fig. 3.10). The DS-AK Mquence is vety simdar
toﬂumdthehlhlmmmtunwa.unhmmm
bymeclwk:n\ocbckishimfroquancyuorsdockm
for a read or write cycle), and the AK signal is s.a_mpiod
periodicaly i the clock cyciea following AS active (AS low],
A3 long AK in nat active {AK low), "empty" siots of duration
ﬂmchekwchmmmw,mmtnlbwtmmpondv
ta process or prepars information. The continuaticn ot the
m.mmmmﬂmm,mmomwthemxl
clock cycles following the deactivation of AK,

A very simitar scheme is used on the 8085 (Mg, 3.1¢), but
instead of an acknowiedge signal, thers iz & WAIT signal, which
has to be "cuickiy' act d (t ical ¥ empty
cycies have to be inserted. The advantage of the WA fine
is that it all respanders are fast enough (which is often the
case), that line can be ignored (that is conhected to & pul-up
resator)
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3.2, Selection

Selection of ¢ data ceN is done from the address, amd
immaciately tha tranefer starts, as shown in fig.3.2.

-1 -

Addrass bus )

Fig, 3.2. Selection of & responder {e.9. a stutic memory)

Thin  vary simple that the addn is stable
long anough before the strobe pulse E, so that both the card
#ddresa decoder, and the dats osll decoder in the memory
array must be stable befors before the pulse, in order to avold
trangient asiections.

Both the processor and the memory use Uwes—state outputs
n order to allow bidirectionsl tranefers. No adupting resistor
is required on the local microprocassor bue: the processor
sutput woukd be unable to drive it anyway.
33 Cxmole; selection of Mixed peripherals
A typical microprocessor system is built with a rmicroprocessar,
its memory and basic /O on a board, and ite extension
connactor for additions! VO, MUBUG-26 is vary simple in
fts WO-only nor—handshaked implementation. Its 28-pin
connector caries the signals shown on fig. 3.3. The P sigml
is generated from the E signal and & group of addresses
decoded aon the board, An additional decoder detines 8
ity of 4 iy cdr , aither read or write

group

since the W e i coming off & sddress inout of the decoder.

) Ap

=

1

‘:1

/l Intarmal et bz

1 J
E

L
T Tt
i
'

r 3t
s
Decoder

il

Microprocassor
(6800}
wr
Mamory card
[ |
Data bus )
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Write and read aslaction pulses, st the (ntel way, are
gemraiad by the decoder, which s exactly whet i required
for loading registers or enabing Input dets drivers,

The example shown allows to select an intel 53253 timer
{s0e 3.5.5), which intarnally decodes the two low address bits,
a DA corverter (squivalent to & register), & register controling
for instance & set of O lampe, and an 8-bit driver alowing to
read 8 switchea, .

R can be notioad that since A1AD are not wed for the selsction
of the D-Aconverter, for astance, this one will respond to
the 4 conscutive sddresses. By adding a 4-output decoder,
one could select 4 differsnt D-A convartars,

register—equivilent devicas, but one should be sware that al
theas decoders sdd delays, snd both the processor and the
responders have maximum Bmits, sincs no handshake ocgurs.

The memory Tap, thet it e software model of this interfuce,
iz given in 1ig.3.4. It shows the eddresses assigned by the
hardwire to sach VO cel, the partly decoded srea, and the
free space. & can be refined to show the meaning of sach

bit,
L ' WRTIE REAR
x x+20 __“]Ua__ — —
[ TMopE__
x+24 DAL | L
[ (Echa of DAC) [ not used
x+28 I
| Mot used L Mot used
. N L
] - O
b
\ \ [ {Echo of Tamps ) LEcho of switchet]
FFFF e u+2E
Processor WURYTS w3 Dacoder space
space space

Fig. 3.4. Memory map of the interface

a4, Proorammed transfers

Synchronization of transters has been shown earler at the
hatdware level. if now the software must know when new
information must be transferred with the interface, a
inphora nwst be used. The semaphore ia a tip—flop which
iz set by the interface, whan new information muat be
transferred between the interface and the processor, and is
resel by the processor {that is by an instruction of the
program, whan sted by the pr ). The phare
can be regularly checked by the processor {programmed
transters) or may create an interruption,

341, ragr: transfer

A simple write interface is given i fig. 3.5, The register is
loaded by the regiatera and simultantousiy a Centronica
compatible strobe pulse ia generated. When the printer sands

f

ledge, the AEADY flop-Hop is activated, and the
pr can read this valua to know the status of the

Fig. 3.3. Schematic for selaction of typical peripharals

transtfer. Tha READY fip-flop is cisared when the processor
writes the next information for the printer.

| e
g e
— A O )
F———q> i
—~p IR

us_tm-ﬂ; = )
¥,

Fig. 35, Ouwput interface with hndshake

The inktislisation of the systemn (Resst) weually activates Rsady;
the printer is indead ready to recelve the first character; the
program i not forcad to aend R, sven ¥ READY=1,

Tha software routine for sending a character s simply

in sssembly fanguage, one should deciare the sddrase of the
statue register which has to be read for getting the READY
bit, and one should declare the sddresz of the PREADY bk in
the byte (frequently the meost significant bit is used for
sefmephores Tor sving one instruction),

35.  Ipwt programmed tranefer

Inpit transfers are handied very simierly to output transfers.
Tha schamatic ia given in fig.3.8.

Address bus

¥ Y

(_Data bus | T N

—w
FUL|

Fig. 3.6. Input interface with handshake

Interrupt
mask bit
Interrupt Acceptad|
request request
Processor
{ Data bus T+
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The FULL semaghore is cleared by Resst and sach time the
ovtpul drivers are read, The strobs of & keyboard, paper tape
the status register) that & new information is waiting, and the
paper ronder will not send the next character as long aa FULL
ir active, The software routine for getting characters is

ROBYTE  WAIT UNTR FULL
READ DATA

R can of course be notived that whan the processor i in that
royting walting for FULL, & can only do what is in the wakt
loop.

Synchronization of serial transfers is done In & very simie
manner

36, mterrupt

Imtead of having the program cafing the RDBYTE routine each
time ik 'eads or may get a character, the herdwars may ceft
tha routine for it when the character is actually here. That
s the FULL fag interrupt directly the processor (1ig.3.7) and
forcing the call of a royting at a predefined sddress # interrupt
s smabled (that ia interrrupt mesk is cleared),

Fig. 3.7. Principle of interruption

Interrupt e autormetically desabled when the interrupt routine
is terminated by & special return instruction, in order to
reactivate the interrupt befors returning to the mein program.

interrupt Hina iz usually a wirad-of [ine, which can ba activated
ty several sources. The processor in this case must check
ol the full and ready samaphores in the system. by reading
the ponding statua regist and sarvicing them.

n compix systams. the interrupt request of etch device i
anablad on the bus by & mode bit {local interrupt enable
fip-flop). This aflowa the programmer to define wha is able
to interrupt at a given mstant of time.

Muitipie imaerrupt lines or vectorsd interrupt simpiify the
programming since sach terrupt ia more quickly directed
toward the corresponding tervice routine.
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