2156}13 M CROCOVPUTER DATA PROCESSI NG SYSTEMS PERM TTI NG BUS CONTROL BY

. PERNPHERAL PROCESSI NG DEVI CES The present invention relates to

m croconputer data processing systens in which bus control may bgﬁﬁg
from-the main ecr oprocessor to peripheral processor devices. fd
peri pheral processi ng devices which attach to the input/output interface of
a main conputer systemis well known. An early exanple of such an
arrangenent is shown in U S. Patent No. 3,462,741 (G H Bush and K A
Duke). In that system the system data and address busses always remain
under the control ofickdUeMPEIER PRTACPREBSSINGYSYSTEMS [PESMITITIRY HUSNEONTROL

I nstructions and data are pass t he peri pheral
processors, which then process&?ﬁgﬁﬁaﬁefrans ﬂ((’sﬁjgg}u s back to the nmain
processor and wait for the next instructions. It is clear that, in such

systems, the peri- phejgl pfusgﬁ@sia%&leﬁtrerrs{é‘é xoanaébéa&?atézodkts mai n
system whi ch severely restricts their function ar ger systems have

been produced in VATPERFSHIT tTYSEERS 1D Mbdch bus rantzalk @y by pyssed e Al
commoDn busses in. saih mirsbProeesdor BOpaBigheraD pirbcddsed dewicssit ention

det erm ni-ng devi ces which grant bus control to the various processors in
response to requests therefrom The main object of such systens is, of
course, to provide corfhsnusbryeripkprpl (processiag dayices phighlaktachofo

processor systens ¢md Dige)slRplatidebidagt (ARG RCLAMRRReE fs%sas&ermﬂhe
control systens wg?lch resol ve_contention in such systens are, however,

“conpl ex and expendiiPERnn R FAELH AXAR e PEHLR a“eﬁ’f‘? gt is Soyn, in U.
S m croconput er systsanBatent Nes., 3t462,24Dr(e, HanBwdN end Kaf Al akgr.esemtthativent i on

rovide a sinplg.eont bRl QLEANISIPha MHablLALLONE PRALENRLE  under

the control of the main processoi device. In such systems,

instructions and data are passed from the main system to the
peripheral processors, which then prosess the data, transfer
results back to the main.processor and wait for the next
instructions. It is clear that, in sush systems, the peri-
pheral processors act merely as slaves to the main system

which severely restricts their function.

Other, larger, systems have been.produced in which
multiple processors act essentially as equals. All common
busses in such systems are noxmally controlled by contention

\_/ : determining devices which grant bus control to the various
processors in response to requests therefrom. The main object
of such systems is, of course, to provide common memory and
I/0 devices for a plurality of processsr systems to provide.
data interchange between the systems. The control systems
which resolve contention in such systems are, however, complex
and expensive and are nst, therefore, entirely suited to

microcomputer systems.

It is, therefore, an abject of the present invention to

provide a simple control arrangement which allows peripheral



(j%?p[ocessor devices to gain control of the system busses of- a

¥croprocessor for data transfer. The present invention provides a
m croconput er systemincluding a main processor, a nmenory system a _
plurality of input/output channels, and a direct nenory access control | e/~
operable to control direct data transfer between the nenory and :
I nput/ out put devices on the channels, the controller being responsive to an
i ndi vi dual request signal froman input/output channel to generate a hold
request signal for the processor which, in response thereto, switches to a
hold condition in which it relinquiShes control of the system address, data
and control busses and issues a hold acknow edge signal to which the

cont r glrbeésdop Siriess kY GahnéditrePYe She S sddiCrlliasess al SSUi ng an address
enabl e signal and issuing a further acknow edge signal to the requesting

channdPCFERToeeRecy; {1 ot 528 8Fsf er between that channel and the nenory,

the systemincluding a further control |ine coupled commonly to all of the

channel s. FlCpldleh SrGbh Grcbi i, RAL:ASKNA Sfsfis SusihiRNS" o

processi ng device cou one of the ¢ el[s'Tn response to a said
f ur t hevaipceeedsodgca IRRIRY SYAhSR, ctl Pluralily afhimpwsloutpntl shaprelsaeans

respongiavg difedC hbncty! Aite8l ddnerélleléereOlt £8cdnthsl WOrdctadsfacr control of
the system busses for data trans{er nder Rﬂ@ control of thgﬁﬁerlphera

pr oces?iaﬂgtleée%?’éfmﬁér‘&e‘\"g e ’E’é‘ézmﬁ?P 197X O OB FRENTRPRERt of the

i nventthencontrolierf vyimgofesponsive otm Apuirdividial craquast sdgmel fxownian processor

o7 2 b EPhof BoEC6 3u6Aht) e Ul bl OB LAl el L ansl e
t r ansf¥ifkd ipr Eererie fpgretpr codsdhns o & heldrprdidien dnnthighnktdshaki ng
I equesidlafdiianbs doRErRR IME REE YBLYP QBAEF{IRT CadtaVAKE Sontr0li Kussbs GBIy i s
D oYt b 5504 P e AR, £ Sk, B BHEL L LRy device

-gaining control of the husses_, issuing an address enable signal and

igsuing a fuf_l:her aeknowledge signal _te the reque_sting channel for the

direct data transfer between that channel and the memory, the system

including a further control line coupled commonly to all of the

channels, the further eontrol' line being acti\_r_ated by a peripheral

processing device coupled to one of the ehannels in response to a said

further acknowledge signal _appiied to that channel, and logic means

responsive to activation of the further 'cbnt'r'ol liee to transfer control

of the system. btisses for.éai_:a ti'ahsfer under the control of the

peripheral processing device.

There is disclosed ﬁereina._fter an embodiment of the invention in
the form of _e microcomputer system including a main éreeeseo: and a
direct memory access eontrollei: '(DMA)I w;hich co_nttoie direct transfer of
data between I/0 devices and the sjrstem memory. Bus control is |
transferred from the main processor to the DMA following” a handshaking

L



wi th the handshaking sequence to transfer bus control to the peripheral 4
pr@cessi ng device on detection of the control signal. The present inven
wi |l be-described further by way of exanple with reference to the afore
enDedi ment which is illustrated in the accgnpanying single drawi ng which is
a sinpliTied block diagram of the microconputer system showing its address
busses and controls but not its data busses. The nmj or conponents of the
figure conprise a mcropro- cessor 1 which nmay be of the type 80286

manuf actured by Intel (R T.M Corp., a bus controller 2 of the type 82288,

al so produced by dequedt/Goknpwledgeneequencs \peteern3therd devicegy abogilsl e direct
menory.access (D\B). L,C o f Y, Dby Intel
Corp. Al of these cn'gft\gkf %so %ﬁgﬁfg?ealrage %oﬁ%)lf%ai %ﬁ?%g&%%g‘%ﬁ% a
nunber of i nput/ ctk prAceERnSeYiceoArached £ & I(Ri d1needp inreondvratdedl 5 and

6, are shown. Eachthi iR Ri{ndRh&IHgr SdqultiSe 18, tranSysd 663 adHeRIStdHhe 19 and a
| ocal address bus 20 . S connecte of .t he conn as. are control

dto all of ctors
lines 25 and 26. PRTEPIERA BRSBTSy °£nae*f§tﬁ%ﬁ:ﬁgh B8P i nes, each
of whi'ch is connesigeallt o an associ ated one of the connectors. Referring
back to m croprocessor 1, for sinplicity, only a few of the connections to
this processor have been shown. These include a hol d_acknow edge (HLDA)
out put on |ine 23. Thite BYassat ingeniion, uildyPe fepeibsh surtherabhdray Pequest
(HRQ si g]pal ﬁpﬂj&:ﬁdpi@wh‘.ﬂe rel€dddnico pidl tHY G ofesalid GemBéd ittt wRlEh 4s Og
recei pt of a hol d,,eguest .i.nput rocesspr 1. cqonpletes its .current bus
cycle and then fllbléf’s ﬁatigd blﬂxsghoér ia\g/%or“?afl%&g Singget#ﬁagf‘?ﬁ (‘é’g’é‘fhf *2ohdi ti on and
agtivates the HLDAmplifief bIPigk sdiagrxamof| theemieronotputer sybteme shewiagsyst em

data bus (not shoWa) agaress busses and controls but not its data busses.

The major components of the figure comprise a micropro-
cessor 1 which may bé of the type 80286 manufactured by Intel(k:ﬂiﬂ)
Corp., a bus controller 2 of the type 82288, also produced by
Intel Corp., a memory system 3 and a programmable direct
memory access (DMA) device which may be of the type 8237A
produced by Intel Corp. All of these major components are
coupled, through busses, to a number of input/output channel
connectors, of which two, referenced S5 and 6, are shown. Each
line of a control bus 18, a system address bus 19 and a local
address bus 20 is connected to all of the connectors, as are

&‘/ control lines 25 and 26. .The remaining busses 27 and 28 each
have four lines, each of which is connected.to an associated

one of the connectors.

. Referring back to micrqprocessor 1, for simplicity, only
a few of the connections to this processor have been shown.
These include a hold acknowledge (HLDA) output on line 23.
This output is activated in response to a hold request (HRQ)
signal applied to the HOLD input over a line 24 from DMA 4.
On receipt of a hold request input, processor 1 completes its

current bus cycle and then floats its bus drivers to a



A control bus 21 couples processor 1 to bus controller 2. This control

i ncludes a nenory/.not I/O (MO line and bus cycle st at us signal I1ines -
SQ and S1. Bus controller 2 is responisive to the MO, SO and Sl signals ™
define the type of bus cycle to be performed. Wwen MOis low the def i ned
bus cycle is an I/Oread cycle if S1 is lowand SOis high, or an I/Owite
cycle if Sl is high and SOis low Simlarly, when MO is high, Sl high and
SO low indicate a nenory wite cycle, or S1 |ow and SO high indicate a
menory readristarte. OﬁfoF°'1§’é§h°1bFn@ [RESEvatsRdihel BHRB OBiRRteohi®d | er 2 i ssues a

Tespectiveaganmanse %b&ﬂﬁbteﬁl Eﬁéﬁf{gh@syk@ﬁ( abEEMbhs omob/ElMBweN a respective
us W _t

one of the _lines in signals going to
Torory sy B Bea HTESFER: DRRSR EBET 0 BN 8% POLPRrSEHERF 1 are tven
ty-four addomteslout pus st.AG tdontemihbi® 21vniuphes peocgrsbr dd todouwen addr ess bus
22 Lines SQdddiolgh AldiQlcdllis BUS AfudiRfl Rlol)adflfo8 which is

enabl ed, at I np ut sence o rom processor 1. The
si gnal s frdP’H‘P’atléFP EnQr@saﬁfﬂlieeﬁtattﬁslﬁltﬁél dApeg ﬁgoﬂﬁhs{%ﬁuﬁf a system
addr ess bugod@o1nki @higpRkb&E1e el eubmd,ersoadf& ssSslbhiEs t6 Nenory system
3, and 1/ 0O _dev |ce€ throughbconneg gr &gs @%07 through A23 of
address bu§e? & FEBD 1% ST &P r eecP'F% ﬂeq 1S9, which is al so
coupl ed t o lbwnehel dfinedbosyclé\23 af IOl xradl cmidrae%ﬁbusl@@ These provide
the high ordgrg roﬁggﬁﬁ%ﬁ tHrt§an95 Jﬂ%e'éyglng 689 ORiHORREGHOLs 5 and 6. It

wll be note at these bits are not latched as are bits AO through A19,

so that thdoWi gfiBlaaly pivhen JELOHE PAdhl PABHER ANGE0 (16w HLPHR or der bit s, v

thus all OV\nanﬂenwr?seathtctmepfordsyllee&xhysdv heghiighi@itdes mehbsy prior to

addr ess sel ECéI on wtpl n a r%sehect ed dgw ce.. Line ALY though A23 of the
rea of t roller

cycle. Forxr eac esé conditions, bus con

‘data transfer between nenory 3 and an I/ O-devi ce under control 6f DVA ’

issues a respective command signal, either IOR, IOW, MEMW, or
MEMR on a respective one of the lines in command bus 18, with

the MEMW and MEMR signals going to memory system 3.

The last indicated outputs from processor 1 are twen-
ty-four address outputs A0 through A23 which are applied to an
address bus 22. Lines A0 through Al9 of éhis bus are applied
to gate 8 which is enabled, at input E, in the absence of a
HLDA signal from processor 1. The signals from latch 8 are
applied to lines SAQ throggh SA19 of a system address bus 19,

- which applies the low order address bits toc memory system 3, W
and I/0 devices through connectors 5 and 6. Lines Al7 through
A23 of address bus 22 are coupled to a bi~directional
transceiver 9, which is also coupled to lines LAl7 through
LA23 of a local address bus 20.  These provide the high order
address bits for the I/0 devices on connectors 5 and 6. It
will be noted that these bits are not latched as arxe bits A0
through A19, so that the high order bits become available
prior to the low order bits, thus allowing preselection of
devices by the high order bits prior to address selection

within a preselected device. Lines Al7 through A23 of the



address bus 22 are also'applied to a nenory decoder 10. This decoder is a .. .
read-only nmehory which is responsive to the high order address bits to : T
provi de enable signals to select either areas within the systemrandom -
acc@ss nenory 3, over a bus 30, or the systgm control read-only menory (no
shown) . (The actual address within the selected nenory is, of course,

defined by the | ower order address bits on bus 19 either fromlatch 8 or
froman 1/0O device on a channel connector. A latch 11 is coupled to receive

the A16 through A19 bits frombus 22. This latch, which is enabled from an

AND gate 15, is uscidress Hus @2t atehelsil @pplieduh alldmoky taecbdext be. SYRi€M

address bus 19 durg o egl,st and
control unit 7 ar edeEE% 0%2% ogifgeﬁi%a%%%u%%&%%e rjé%s%fi%s 22
during DVA oper at iRA8F aﬁﬁéeq‘su b‘ﬁ &P R¥PVidd Sn%h'het sigppls ffonsglept edthene byte

SN74LS612 producedchr¥s L@xRen bﬂ@tsweantrsmddmnaccesgsneﬁnerﬁépa&%rr@rm%yso, _
addresses during DVA operations. ? rief, this unit 1ncludes four 8-bit

addr ess regi st ers hidh SERHTHEOPIPL FEREMY PECERIBAE 1S8Rk heTiat a bus of
processor 1. Duri regtDMAadfeasat vichin theesslercedl semdryr s caf doarsedi vi dual |y

sel ected by the engEgisabi Qhe0 O‘Jegd&]_;@eguﬁ&gg%eglgg OL%ST#IQQQ%{\%;@Q&I i nes

in bus 28 applied to Inputs MA
acknow edge |i nes,lakf? (,9n°§fﬁre¥!ta“sé¥%@ﬁ’%ﬂ¢ or a clrnneyi eamnestar.dat a transf er
under DVA control, also provide selection of address bits Al6 through A23.

Turning now to DVA controller_4, thi nit functiQns_to control_ direct data
transfer between mem)p%/ 1atch 4t ¥ °o8R Sng ShTEFRIVE/ Bec it EBTEER AP ng
cog;fectors 5 and Gro# Husl 22.r emmasﬂaﬁdHR@hmhtmbnMeapmohedx {AND tdake HOLD

in

LT Phor e aiel Wl @SalRL U UR e S0AIE o B AR

over line 23 to tEFRIIAPRH ISt IWng AP eperaeiops. | erMPdua# DMA page
register and control unit 7 are used to apply bits Al6 through
A23 to address bus 22 during DMA operations. The function of
this unit, which may be of the byte SN74LS612 produced by '
Texas Instruments, Inc., is to expand memory addresses during
DMA operations. In brief, this unit includés four 8-bit
address registers which can be periodically reloaded from the
data bus of processor 1. During DMA operations, these regis-
ters can be individually selected by thé energisation of
individual ones of four acknowledge lines in bus 28 applied to
inputs MAO through MA3 of unit 7. Thus, the acknowledge

K-/ : lines, which effect selecﬁion of I/0 devices for data transfer

under DMA control, also provide selection of address bits Alé
through A23.

Turning now to DMA controller 4, this unit fﬁnctions to
control direct data transfef between memory 3 and I/0 units on
the I/0 connectors including connectors 5 and 6. A hold
request (HRQ) output is applied to the HOLD input of processor
1 which, as mentioned above, responds to a request signal to
senter a hold state and issue a hold acknowledge (HLDA).signal
over line 23 to the HLDA input of controller 4. Individual



DMA requests fromlI/Ounits are applied:to controller 4 over a request
27 to obtain DVA service. These inputs are prioritised with DRQO having -
ie highest priority and DRQB the | owest. The DVA acknow edge out puts: DACKO
/t\hrough DACK3 are used to notify iadividual 1/0O devices of the grant of e
DVA cycl e. These signals are applied over a bus 28 to the 1/0O channel
connectors and, as nentioned above, to the DVA page register system7. An
address enabl e output AEN is used to enabl e addresses during DVA cycl es and
is applied over a line 29 to a latch 14 and an AND gate 16. Data bus

i nput / out P8t FeBEATH AR Bt MG AFeDPRIES U FPRFOL LR Aok essor 1 data
bus (not ﬁéa@usle bas7 laémbghnanhm&e&}e:.&eo | THemlB ﬂdbutﬁ)wrleng program cycl es of

controller_, the DO PTARR- v, processor 1 to
updat e ad%’?l(?g%tlsggl slt er s@v\n VRT ’gﬁte% ‘?:981—1 r| h Rgﬁ/&mecycl es, these
regi ster slcukslstveEhame%nbvkeggﬁwmmgmshwgbm@e#rm nal' s DO thr ough

D7, latchydd eddorif) dhdRebLANE)O taeamésew%elécéne &ystﬁm address bus 19.
Term nal s AO through A7 operate sinlar hei r | sters need not be

| at ched e%¥%fnal frf}esfndl‘li@lﬁvaéﬁe %%R:]'I‘E§S°"B¥t% ﬂE)’%?tPh"rhGu bi di r ect i onal
transcei véfanhal tcdnfigctbesnand(lraas ferdtiitndd abésant mlthuenlpnn bagd put termnals
| abl ed CONTFK and I ncl udin l,ines, are coupled to .
internal FOHEro s?’egelms?ergnl% (%on %/il % ri ng dcgbcl es the control

dat a fIO\AﬁnableeaﬂérsttMBgrPMﬁrmem%r is pppiiedcoven ol lizgs 18. So far,

the essenyd gl £oaRANaA! snd 8h ABNLLQ! 1@ndu@éd&>e§sampwgmftﬁm ei ther processor
1 or DVA controller 4 have been described.. This neans control over the

syst em caFfFRLnaEs B SThEewe D7 Arectrupied fd’eﬂecgra?ﬁsé%éd 98t one of the .
channel c&m&ﬁéﬂrsaowﬂwhimttheo@yxsaemstjmsofmtcdemr|med.pgsuch a device rrusV

b OSPOTSL el A0 RESEAPRALLOD! L 6 BRSSP TLBILIES Processor 1 o

receive data frcm processor 1 to update address registers

within the cont:oller. During DMA cycles, these registers
deliver address bits a8 through Al5 through terminals DO
through D7, latch 14 and a bldlrectlonal transceiver 13 to
system address bus 19. Termznals,AO through A7 operate
similarly, but their registers need not be latched.gxternally
and deliver address bits A0/A7 through bidirectional -
transceiver 13 to system address bus 19. Control input/output
terminals labled CONTROL, and including IOR, IOW, MEMR and
MEMW lines, are coupled to internal control registers in
controller 4. During DMA.cycles the control data flow is

reversed through transceivers 12 to control bus . 18.

So far, the essential components for control and address-
ing from either processor 1 or DMA controller 4 have been
described. This means contfpl over the system cannot be
exerted by a separate device attached to one of the channel
connectors. With the system thus far described, such a device
must be responsive to addresses and control signals from
either processor 1 or DMA controller 4. For most I/0 devices

this is, of course, no problem. However, if a channel



‘this-is, of course; no problem However, if a channel 7 connector is vl 4
coupled to a further: processor, such as a peripheral processor on a card ,
“vplugged ‘into the connector, this processor cannot itself determ ne address
data floww thin the system In order tp overcone this problem a
- MASTERAT.ne 25 is coupled in common to all the channel connectors. The, or
each, peripheral processor is arranged to activate this line in response to
an acknow edge signal applied over bus 28 to its correspondi ng channel
connector. Let us assune that such a peripheral processor card is in
channel connect or canfétftol hisS céuplB& o0k futherS pgbcts6PABAER a8. a Wienever the
peri pher al processor.vgshfs to %ommni catrg v{th %he s%?ltem ittogenerat es a
DVA request which plegl%lﬁﬁf'l EG°TT fﬁe‘mDﬁ@ | nppﬁ’lgg% BEALT8 TBPeT""Cont r ol | er
4 then responds hyhisarxeerpsar HREno dits¢iihdeterming addveassamt datavfiieh t hen

enters a hol d conqjsthf eRd GykSeH ST obll L8 WdbborllV 8h1d bRGb12A, t0 control | er
4. In response to the HLDA Signal, controller 4 then 1ssues an active high

acknow edge si gnal™BfTEh&insaekds| Ferpled igycommgn: b @hh el cegRtect or 5. The
.peri pheral processefnédteksideshd,Not rBaeh| Perisherh b brioeéswdenid Rerdnge& dd ne and
the -MASTER |ine 25 _an her ef or drops this |] tpo dts_.actjve (low)
state. The peri phearczﬁ?‘rag'ﬂreo%he"sssgafnenﬁ%treﬁ%\g/}v‘s\?val? ot afwfegggtﬂ n%ai system cl ock
period to all ow f arpiiesk eyar be2Bi LruULES ieonTérronding rhanngiteonpe¢hes.cycl e.

Line 25 is coupl edek0u MRl EnakOsudiND 93 6ndi31 ek OsdnEndd By ifpbut Of
transceiver 9. AND gate 16 al so receives the address enabl eﬁgAEN)1 out put of
0

control | er 4. AENGBBREINFYHEGFIh 5t ¢ EREK oeRApTart Hutstifred ¢- AND
gat e remai ns hi gh wheseverhthe xS phérdl prodpeesr washesl ltb Scobmitiichte @ithi ne 35,

¢ O\”fr ol s transcei ekt Sss?s%ex@p q.t 1qq’enlégaéersa£' mt rétﬁgg{ rvjhgm itsoallpeifigd ttbhﬁ{eeb y

DRQO input of controller 4. Coﬁtroller 4 then responds by

issuing a HRQ over line 24 for processor 1 which then enters a
hold condition and issues a HDLA output over line 23 to
controller 4. In response to the HLDA signal, controller 4
then issues an active high acknowledge signal on the DACKO
line of bus 28 to channel connector 5. The peripheral
processor includes an inverter coupled between the DACK line
and the -MASTER line 25 and, therefore, drops this line to its
active (low) state. The peiipheral processor must now wait
for at least one system clock period to allow for system
reconfiguration before it.starts a bus cycle. Line 25 is

&_/ coupled to AND gate 16, AND gate 15 and to the DIR input of
transceiver 9. AND gate 16 also receives the address enable
(AEN) output of controller 4. AEN goes high with the DACK
signal, but the output of AND gate remains high when the
-MASTER line goes low. This output, on line 35, controls
transceivers 12 and 13 to transmit from right to left, thereby
preventing the transmission of data from controller 4 to the

system address bus 19 and the control bus 18.

AND gate 15 receives the HLDA signal on line 23 from
processor 1 in addition to the -MASTER signal. With the HLDA



eventing the transm ssion of data fromcentroller 4 t-o the system address

S 19 and the control bus 18. AND gate 15 receives the HLDA signal on line
23 fromprocessor 1 in addition to the -MASTER signal. Wth the HLDA .
rh.Lgh and the -MASTER signal |low, theg output, on line 36, is high, This w:|
‘enabl e latch 11 and disable DVA page register 7. An inverter 17 inverts the
hi gh signal on line 36 to drop the AEN signal on line 26 to the channel
connectors to an inactive state. It will be recalled that the AEN signal,
which is normally connected directly fromcontroller to the channel
connect or $$190 andsehe r¥ATERLSIgnal dhows sthe pufipuppienc fiteesé, liast |y, the - MASTER

- signal sethighl anBLEWYEL Bably 1LESHIN £3 @kabiQ Bl S t&Qyilselt - The system
IS now set, up for d ta%’;ansfer et ween t he peripheral processor on channel
connector '3 Y IAEHSPS W 3PUentR fhecpioh, fionadnen iBe 36t FRdreRvi ce coupled to
t he syst erthexARpsigmadcms ddne R6éatwl thiaechanndl eomidctbrs @adarpnl y nenory. The

control sig Se0 S i by, t.h l.pher processor. Gate 8
Qgﬂl%el%aggt hji% WA Qé c}\écgg]ged t\./ha.t ghg %E*los%ﬁai )

and transcel ver now prevent ta passin 319 fromthe
processor “highideerrmalih granested slireeilvefrop gehtiredlerote pies. However,

address sichamel Esmidctdias, Pes uBBE @ efibICCRRRESY: BYSph® are applied to
menory 3 and thrr_(,)usqg%ll '%%ch 11 _to,bus 22. The Al6 through Al19 signals from
et t '

this 1atcK¥Sre apf PoUBRTRLS1RRAL 80t AETRPCBLYAFI@IEOF0 to provi de

sui tabl e dwmatsmisgion §red sighr selleft. nenory 3 over bus 30 if nenory 3 is to
be sel ected. The | ocal address bits, which as before, are unlatched, are
now provided fromline 20, through transceiver 9, to decoder 10 over bus
22. The peri plIfBeaTYsieBd@sB3F Sehrrbnéor fats dransfernbetyebutheycl es as it

requires gsriphegabproteddok i chennRQdnnBsedros A saEL 0] el 4 on bus 27 v/

active. I.Eh EH%@?V§E§’m£E§I9r3& %tLé%_%evice éoupled to the sysﬁem
except processor 1 and the main control read-only memory. The
control signals on bus 18 are provided by the peripheral
processor. Gate 8 and transceiver 13 bofh now prevent data
passing to bus 19 from the processor 1 add#ess outputs at
controller 4 address outputs. However, address_signals.from
the peripheral processor on bus 19 are applied to memory 3
and, through latch 11, to bus 22. The Al6 through Al9 signals
from this latch are applied through bus 22 to memory decoder
10 to provide suitable enabling signals to select memory 3
over bus 30 if memory 3 is to be selected. The local address
bits, which as beﬁore, aré unlatched, are now provided from

line 20, through transceiver 9, to decoder 10 over bus 22.

The peripheral processor can now perform as many bus
cycles as it requires as lopg_as it holds its DRQ line to DMA
controller 4 on bus 27 active. If, however, memory 3 is a
dynamic random access memory, these peripheral bus cycles are
limited to allow for memory refresh using either the DMA or a
separate refresh system (not shown). After the peripheral
processor completes its bus cycles, it tristates its bus

drivers to an OFF condition, and drops its DRQ line to the



~

~dynami ¢ random access nenory, these peripheral bus cycles are linmted to =~

~rallow for nmenory refresh using either the DMA or a separate refresh sys .

.{(‘not.\ shown). After the peripheral processor conpletes its bus cycles, it

“Trhstates its bus drivers to an OFF conditigon, and drops its DRQline to
t he 9.inactive (low) condition. This releases the system back to control
fromprocessor 1, controller 4 or another peripheral processor device. In
sumary, what has been described is a microconputer systemin which the
system can be controlled by either the system m croprocessor, the DVA

controller, or a jpectprernddwpeontisiomng Ueld celeakes AfteCsyEtem thatk st em | ooks
at the . hold ackno uf i,n. pr oL, .2, - MASTER
i nput fromthe pe%%n%gg:r?af% k%%%g%s%oggi 'dgé?gc:%géér% 4t ?Ilg agégf%séeré %ﬁ) e (AEN)

- out put of the DVAPXeSRE¥ Hevicee reconfigure the system address and control
busses. When the AEN is low, -MASTER is high and HLDA i's | ow, control
passes to the main processor. V%gan EN -M%STER and HLDA are all high,
control passes to t he IRy r Biatcpas BRgh IRERFPES HisgA PLORRSFEIFS s | ow and
HLDA i s hi gh, consystempixsgkich thé lsgstsr cahdeatontrolledelsiehthatevhece.. Wil e

the invention has I r 8i 1 n : i cul ar

enbodiment, it w flft%g “&%ggé%#g%ﬂ%ﬂg&%ﬁfﬁlgéﬁ %gt%geglrp? git‘:#at vari ous

changes in form aPRPCEESIHa demigebe 2nelionFiaryit sTepen dreks REJvetIrddscope of
- the appended cl ai #&knowledgea{HIDA) output of the main processor, a ~-MASPER

input from the peripheral processing device and the address

\./ enable (AEN) output of the DMA controller to reconfigure the
system address and control busses. When the AEN is low,
-MASTER is high and HLDA is low, control passes to the main
processor. When AEN, -MASTER and HLDA .are all high, control
passes to the DMA controller. When AEN is high, -MASTER is
low and HIDA is high, control passes to the peripheral pro-

cessing device.

while the invention has been described herein with
reference to a particular embodiment, it will be understood by
those skilled in the art that various changes in form and
detail may be made without departing from the scope of the

appended claims.



@A m cr oconput er i ncluding a mai n precessor (1), a nenory system
p”"’ Lm [ out put channels (5,6), and a dirgct nenory access

control | " '” M mio control direct data transfer between the nenrmory

and |nput/odt put to the channels, the controller being responsive ™"

to an individual request signal (DRQ-DR@) from an input/output channel to

generate a hold request signal (HRQ for the processor which, in response

thereto, switches to a hold condition in which it relinquishes control of

t he syséjm‘ad ress, data and control busses (19, 20, not shown, 18) and i ssues

a hold edge signal (HLDA) to wi®ch the controller responds by

gaining control of the busses, issuing an address enable signal (AEN) and

i ssuing a further acknow edge signal (DACKO DACK3) to the requesting

channel 1+ orAt%ér?ﬁm‘ierdéifs&e{“r%’r‘?gF%‘t“gb%t%’ér?rf’ﬁ%ﬁ“EhQﬁne? meReFE he nepory,

tﬂe S%S§y@l&’lbxh n(cbﬁda @guﬁr::.ﬁ.w tdﬁinpﬁfﬂfdt@ht L;ﬂhﬁﬁe(lgas,ﬁﬁ)l,llﬁnﬁgacaiml yhto ?I | of

t he channel s, the furt ro i,ne,bei c egd by, ri phera

process%r%lea\‘fl T & cou éeﬁ 39 ger?b]tehto q ré%r?gl éixec rée%aotrfsaxelgfo a said

furt herbq;ukemwtledgeoar @nd| inpppldusput devines. %&hﬂ@lhanmie |ehgi ¢ neans

(16, 15, &L&Zﬁegeémas,ee\ssomva% \satinamvﬁuai heghaldd an?naﬁo Yﬁﬂggr ; jspe to

transfer control stem busses for data tran e control

of the oM Hhéf‘a‘l‘t/ﬁFﬁﬁfﬁs e}k gererate ajhold: requssh EROnT9Ecor di ng
to dai melpfdeembhiém mgdespmnmdxeeéudmmélﬂosa mudl mmmal

transce{%vg’;ﬂs_ 9%1 ‘ngahég:g <1e f%ggrsséf'romhﬁf éa‘%a ggnrg%oy devi ces

within anneél réss bus, to the
channelblssaadlﬁh@,mQttWCl@htm i##twe 3 diold achwled%@ém {BLDA) e

di recti @ ao& thé doa&auéplzlahpa{astbﬁghwgc&de%l WEctRd¥ussdacn the further —

control line is deactivated e _hi er bits are passed fo, a nenory
sel ect HRAUGHE AN 2AFREH SOARIE, S ?’li‘}eé%r’ Ay LseRies & t REEORMIAE Ol | i ne
i s acti yizmad, (mbm-imgm)otdeuhebré@eatmgpmadl tfoe cthghdireettdazascei ver from

the chapnel S,  Betwdin"LtOSAIRYL ShaStal GIARGC Vndi kel H-Riding LNcluding a

second
further control line (25) coupled commonly to all of the channels, the

further control line being activated by a peripheral processing device
coupled to one of the channels in response to a said further aqkndwledge

signal applied to that channel, and logic means (16,15,11,12) responsive
to activation of the further control line to transfer control of the
system busses for data transfer under the control of the peripheral

processzng device.

2. A microcomputer system according to Claim 1 in which the logic
means includes a first bidirectional transceiver (9) coupling high order
address bits, to select memory devices within the system, including the
channels from the main address bus, to the channels, and the further
control line is ....c... o/



bi directional transceiver (12) coupled between the con i nes of -
tthe control I'er and the system control bus and a t l“l ug ﬂ
transcei‘'ver (13) coupl ed between the address outpdt® ont r ol

and™ he system address bus, and a first logic ci rcui t (16) haV|ng i'ts

I nput's "coupl ed to the address enabl e output of the controller and the
further control line and an output line (35) coupled to the direction
control inputs (DIR) of the second and third transceiver whereby signals
are directed fromthe controller to the systemcontrol and address busses
only when the address enable output is activdted and the further control
line is deactivated. 4. A m croconputer system according to Clain13 I n

whi ch the address _epabl e g is acti e hlgh tge further control line is
active | ow and°qypded ﬁ"sfhﬂ %*P?t&?’? é’ﬁﬁr s{RIRL P FRR FERRRFCARES yheREety 5.
A m croconput evhesy she fustheer cintgol difié a.lsnde%ctmatad; rtgeaxifghraidebaﬁﬂ:b e’ CUi t

(8) coupling '8¥¥ Q5 oy a%g%e%éé dgéo%}:t%%ﬁr@e Péc%QLoJ Qﬂ& had Tk

address bus to select menory |ocations W t menory elices 1n
“the syst em andfertiaRratralndine i‘-%taclt&‘rﬂﬂ?dcﬂlemiﬁhh%ﬁﬂeﬁgbléﬁ eapatsednput (E)

coupl ed to thethugh ahkNeruneskives rbiithel cHafBelERI N processor to enable the
first latch circuit only when the hold acknow edge out put is deactivated.

12 6. A microconputer systemaccording to Caimb5 including a second |ogic
circuit (15) h3wi ng mifcsocamputer smq@ineabcbndidqetmmdimakmmaﬂgeaoa&qoud of

the main pr OCeﬁﬁﬂEeé&%nLi‘etrLﬁHJeQ%r ? 1eh”1§‘et@@ e%h@*ﬁl Qﬁﬁ)ugcf’ﬂ:% ed

to the enabl e I nput a second CIrCUI coup h or der

" biits of the sygféﬁPdi?&FE%JéeSlE‘dt the ﬁésmrgtrghh@et %o"d’éFd

setond | atch cirdiisbéives (139 abduplled Peywedncthd beaﬁelscbxﬁgkﬂqu&xeﬂgﬁ i:liene IS

activated and th ther ntrol Ii S deactlvat d. . 7. m croc ut er

syst em accor di ﬁ%’&['% %‘gf R ﬂﬁgﬁ? s, ‘and'a first 1°gi° clrcutt’ U
having its inputs coupled to the address enable output of the controller
and the further control line and an output line (35) coupled to the
direction control inputs (DIR) of- the second and third transceiver
whereby signals are directed from the controller to the system control
and address busses only when the address enable output is activated and

the further control line is deactivated.

4. A microcomputer sysfem according to Claim 3 in which the address
enable’ output is active high, the further control line is active low and
thé first logic circuit comprises an inverting AND gate.

" 5, A microcomputer system according to Claim 2 including a first latch
circuit (8) coupling low order address bits from the main processor to a
system address bus to select memory locations within selected memory
devices in the system and channels, the first latch circuit having an
enable input (E) coupled to the hold acknowledge output of the main
processor to enable the first latch circuit only when the hold
acknowledge output is deactivated.



ut of the second logic circuit is applied:to the enable input (E) of a-

ct ne m‘ﬂ“ﬁmmmwmjr egi ster system (7) effective tp generate high

er add:ml menory decoder under control of the controller;
wher eby t het pAge‘reli ster systemisienabl ed only when the hold acknow edg&a"
‘out put of the main processor is activated and the further control li.ne is
deacti vated. 8. A m croconputer systemaccording to Caim?7 in which the
output of the second logic circuit is coupled through an inverter (17) to a

channel address enabl e input (AEN,26) coupled in common to the channels
whi ch, whér adt PiqroeenpusatIsyesem aresdng tonClHe eHaRhel®9fdr data transfer,

: thE ccmangehc&@di@@% enrlke olapudav@ N@s Aiph¥at@dp il !o\Mhan the hol d
aCcKknow e

[ t t ed furth deacti vat ed.
o "R m dpHOpHORSE étvx%‘aﬁetae%cyﬂa.wént%rroae%#%ﬂ% PR e hotd
ack.nova edgentmlelir&,amtd ae dutply (B6k cbuplddeto cmmtemlblélmuts active | ow,
the enabl e(ﬁh L {Qohd a§89%99vf-dﬁt Hb%&&d\;ﬂﬁ?'lﬁgﬂ chéd\é? dleglhe the enabl e

input to the page regrs systemis "act e channel address enable
input is A8eisysten gadrese Pur tecthenmenasyi selert AgcpdetoNReEeREs an i nverting

AND gat €. the second latch circuit is disabled only when the hold
acknowledge line is activated and the further control line is

deactivated.

7. A microcomputer system according to Claim 6 in which the
output of the second logic circuit is applied to the enable
input (E) of a direct memory access page register system (7)
effective to generate high order address bits for the memory
decoder under control of the controller, whereby the page
register system is enabled only when the hold acknowledge
output of the main processor is activated and the further

control line is qeactivated.

8. A microcomputer system according to Claim 7 in which the
: -output of the second logic circuit is coupled through an
inverter (17) to a channel address enable input (AEN,26)
coupled in common to the channels which, when activated,
enables addresses in the éhannels for data transfer, the
channel address enable input being activated only when the
hold acknowledge line is activated and the further control
line is deactivated. .
2. A microcomputer system.according to Claim 8 in which the
hold acknowledge line is active high, the further control line
is active low, the enable input to the second latch circuit is
active high, the enable input to the page register system is
active low, the channel address enable input is active high

and the second logic circuit comprises- an inverting AND gate.




