1 REFRESH CI'RCU T FOR DYNAM C MEMGRY OF A DATA PROCESSOR EMPLOYI NG A DIRECP’—T
MEMORY ACCESS CONTROLLER Description Technical Field of the Invention This /‘3
ivention relates generally to.the field of control circuits .for refreshihg -~
dynamc or volatile nmenories in data processing systens and, nore
particularly, to a refr cEHFRESH CIRCUITOFOR DENANITANEMDORYEO® AYDAFA & per sonal

‘conmput er whi ch i ncl udes @RB{:#%S?%GS ; .gﬁ}G gi ‘f’ﬁ%“%&g{%rﬁ%ﬁgﬁs ( DVA)

CQ_n\troI ler. The inventionu exl's er to perform
t he—dynani ¢ nenory refresh operation, €WFBOKIERUCi ng t he conpl exity and cost
of the conputer or data processing system Background Art of the Invention
It is --well known that- dynam c.or volatile sem conductor -nenories: --

enpl oyed as the main nmenory of an el ecReSSELRtiQRt o processing or conputer
"system for exanple, a mcroconputer, nust be periodically refreshed in

order to prevent volatilisatipn, of the. gantents of the nenory. However, in
the past, this refresh funct iIgeﬁh‘ﬁjé"satlbgleeﬁ'%p?g\ﬁa‘ae%’vt??t’s%’eci-.aI refresh -
control |ogic which periodically generates refresh read cycles. Such

control | ogifhily Pivedlhidn GoRideNGerldd?811P thOMS: £ B! 9&%r§%?é?ﬂsr oL Ul IS
Arbitration of requests fromthé central processing unit (¢ or nenory
cycl es and refreshindcfyRaRis 9 volatidemexpries; in dataf prosiesaing sxstamsgand er

and C(NJnter;mdﬁadparticﬁlarly, to a refresh circuit for the dynamic memory of a
- personal computer which includes a plural channel direct memory access
(DMA). controller. - '

- . The invention utilises the existing DMA controller to perform the
dynamic memory refresh operation, thus reducing the complexity and cost

of the computer or data processing system.

Background Art of the Invention

S ItiiwaellﬁknownrthatmdYnamicfer~volatile~semiconductor~mem§riesw»¢mmmﬁmﬂwuﬁ
employed as_the main meﬁory'of an electronic'data processing or computer
system, for example, a microcompufet, must be periodically refreshed in
order to prevent volatilisation of the contents of the memory. However,
'in the past, this refrgsh function has been provided by special,reffesh
control logic which periodically generates refresh read cycles. Such
control logic typically contains thé following'functions and/or cir-

cuits: _ -

Arbitration of requests from the central processing unit (CPU) for

memory cycles and refresh requests for memory cycles;

A réfresh addresslregister and counter; and



Circuits for nultiplexing the refresh address onto the nenory address
us. The background art presents such special refresh control circuits, as .
xenplified by the following United Statg Patents: 3;999,170; 4,142, 233; 2

4,158,883, 4,185,323 and 4,207,618. Sunmary of the Invention The present

i nvention elimnates the corrpl ex special refresh control circuit used in-

t he background art and provi des neans for performng the required refresh
operations by GiFcHits f§§d¥"étéh%ﬁ¥ﬁé9 e refrenbraddregs onratthegmengry S
controller, togeirBes pisth a m ni num anount of | og| c and speci al “~¢‘j
programmi ng. According to the invention, there is provided data processing
syst em.havi ng a system bus for transferrl ng address, data and control

i nformati on anmhegbacleentudilarprmessstngudnispendnlc heptasdumﬂ-.ral ssixteins;| ock

signal, a fr eQuAnvRpley 'EH%CEO EEF{@/ Uﬁgﬁgdsgt\%ﬁgtl’rﬁ%*&r Wg@h%ﬁb; func.t i ons

pIurallty of prroritise anne cont al hs

of a nenor%:léélcﬁ%354flé§r%ﬁ3er4a¥ﬂ§ édUandr4,287¢@4-r al processing unit/-
direct menory access cycle arbitration circuit, and a central processing
unit/direct nmenory. access address bus nultiplexer; a plurality of

i nput/out put devi ces having access to the bus via the direct access nenory
controller; and a dynam c nentsymaby &JF thsInveseipariodic ref- reshing
‘Within predetermined mininumtinme intervals; characterised in that the
systemincludes: nenory refresh request signal generating neans, coupled
bet ween the cefiter pFegengciwenhiru el inipates theheapipdex gperbal tpfxdmbnnel of the
direct control circuit used in tlie background art and provides means for -
performing the required refresh operations by using a spare channel of

the hormally_existing DMA controller, together with a minimum amount of

logic and special programming.

According to the invention, there is provided data processing
systeh having a system bus for transferring address, data and control
information among a central'proceSSing unit which produces a system
clock signal, a programmable direct memory access controller which has a
”pluralityiOETpfiotiti§édiﬁﬁéﬁﬁéstéaéh*bfﬁwhicﬁ“cbhtaiﬁs-thé'fﬁnbtiénsf”“P'“*'“ o
of a memory address register and counter, a central processing unit/- |
direct memory access cycle arbitration circuit;'and a central processing'“
unit/direct memory access address bus multiplexer; a plurality of
input/output devices having'écceés to the bus via the direct access
memory controller; and a dynamic.meméry which requires periodic ref-

reshing within predetermined minimum time intervals;
characterised in that the system includes:

memory refresh request signal generating means, coupled between the

central processing unit and the highest_pribrity channel of the'direct



3 menory’ aceess control | er , and responsive to the system clock signal fo
periodically applying nmenory refresh signals to said highest priority
ghannel to6 initiate nmenory refresh cycles w thin said predeterm ned m ni
time intervals. For a better understandi ng of the present invention,
together with other and further advantages and features thereof, reference
is made to.the follow ng description taken in npect | with.th
ac-eonpanyi-ngmanrmar\%i ﬁ%%e,sst e §8ybe§:'o r}% ﬁ%slﬁ?\?%ﬂ_ ﬁ%n eeisﬁgpeﬁ‘of%?%kd s%ﬂﬁal’l ﬁ°f he
- ajended cl apesiodBraldly EpmlyinpmenarpirefheshDstgnalgstaTiseidihighestf pylomtys a
| 0gi ¢ bl ock  dhagiedmofinh Bl filalcd Cxbr2aho Uye1 Ui e L IRYAlekAhe

-Description of the Preferred Enbodi ment In“small conputersS and data
processors, Bigipugstims. inter¥glher sonal conmputer, it is particularly

i mportant to mnimse the conplexity and cost of the hardware required to
performall desired funciions, Thus,. the.drawing illustrates a preferred

P rbod ment | of -t hESF i BREFH Sipessarrtsrarse Whe thidant gpeaston; SeRlEtCMEL,
menory accesstiidiVahd curthext hdvantsges ealdt featnoes dbetdod, r adfiegeicd unatadentd or

the dynami ¢ LEAA blio BN o fbnSHiilandsf GURHL A of 'idAll nd GOGSRARL g ©

particularly, a system bus avi ng address, data and contr nes,

i nt er connect $r3i@gpadihe PGP the Bvenhioncbedng peinted ot dattheprerandsing
.systemto preyag@.for the necessary transfer of address, data and control
signal s anong these conponents. The conponents include

Brief-Deséription of the Drawings

The single figure is a logic block diagram of the preferred embodi-

ment of the invention.

Description of the Preferred Embodiment

In Small.computexsmandmdataMpxoeeSsemsTwsueh-asmsescalledmpersonameh';wnm~
computer, it is particularly important to minimise the complexity and
‘cost of the hardware reqﬁiréd to.perform_all desired functions. Thus,
‘the drawing illustrates a preferred embodiment of the invention wherein
a spare channel of an existing direct memory access (DMA) controller is
used to proVidé the refresh function for the dynamic read/write memory
in such a computer or data processor.

More particularl?,-a system bus 10, having address, dafa and-
control lines, interconnects the basic components of the computer of the
data pxoqessing system to provide for the necessary transfer of address,

data and control signais among'these components. . The components include



/\4 a central processing unit (CPU) 12, a dynam c random access nenery (.RAM ’
14, a four-channel programable DVA controller 16, a plurality of
l\,nput/out put (I/0 attachnments and devicaes 18 and read-only storage’ (ROS) P
~20. In this preferred enbodi nent, the CPU.12 is an Intel (RTM rricro-' -
processor 8088 which is fully disclosed in "tthe 8086 Fam |y User' Cct ober.
979", 'published by Intel Corporation, Santa Clara, California. The DIVA '
control | ef FeRtEAL BFOEESEDG ANy BRI, }2r Raftemis o‘ij’l"&ﬂ‘f‘rﬁ&l"ési)mm%@ht(m’l er _
alhso f:JI | y4 fias €bxseanrell | ﬂﬂog&hﬁg&llenmﬂl contialet i18) P Piuksrityt bON. Eachd‘sg’
channe t 16 con s.a startin ss _pointer and a
t ransfer é’&‘fﬁ%ﬂ% (t?g)d’) | %fcpﬂ?'ftﬁe??fg d(gnﬁ‘?eag gT%q'ngy Bﬁqetised with
channel O(Re8)i RY.t he hi ghest priority. RAM 14 is any conventlonal dynami c
menory, such as a Tl 4116." ROS 20 is al so conven- tional and nmay be a
Mostek MK [err], for exanple. Channel O is dedicated to-the menory refresh
cycles, whil e IahEHifepreferred sbodingnt, ¢bai Rl 38 1% aphEntel JRIM AeiF¥ent s and
devi ces 18roddagsr BoebawNich of fﬁ.’ﬂfy Mc1erelr 0 Mekie 5686 @GR Ve Vsar di,r ect

oY e Beek 8RS e b AP ARl A D AR SR T O

only two menn ocmittelmzelacbdxedntel 622k higly perbormdace pregoanmabbd DMAN cycl e

' h
e e
edge-tri ggtﬂP!Bd Eaclpchanne)l ebhrhe cRiéd cortrpdber tliecaitging agatartiingmaddresnf t he

DVA con- bbite®l anddNEFEns £ RGNt GlebEilidrS Lffl¥¢hitheRRbEDIbRe IREARSR S¥L! €S

at specific
prioritised with channel 0 having the hlghest priority. RAM 14 is any

-conventional dynamic memory, such_as aTI 4116 ROS 20 is also conven-

tional and may be a Mostek MK 3600°, for example.

Channel 0 is dedicated to the memory refresh cycies, while channels 1, 2
and 3 are dedicated to the I/0 attachments and devices 18. Wwhen a
channel of the DMA controller 16 receives a dlrect memory access request
(DREQ), it outputs an acknowledgement (DACK) signal when the requested

: memorywcycie"isﬁg:anﬁed;; According:to"this~inventionymbnly;two~com:w»~w~w«~' e
ponents are added in order to pfdvide a memory refresh cycle via channel
0 of the DMA controller 16. These components are a divider counter 22
and a D-type latch 24 (a 74LS74 dual D-type positive edgthriggered
flip~-flop) connected between the CPU 12 and channel 0 of the'DMA'cqn-

. t;oller.

Dynamic memory circuits require periodic refresh cycles at specific
ﬁemory locations to maintain valid information. RAM 14 is a typical
16K x 1 dynamic memory chip, which, according to thé manufacturer's
specific;tion, requires 128 refresh read cycles in a 2ms period, and thé
128 cycles must,accesé all of the fifst 128 memory locations at least

once.



dynam ¢ menory chip,. which, according to the manufacturer's specification,
yrequires 128 refresh read cycl es in-a 2nms gperi.od, and the 128 cycles nust

‘access-all of the first 128 menory J ocations at |east once. As already .
poi nt ed out above, this refresh ’function is normal |y provided by a speC| al

refresh control | ogjc. |rcu| oLty 'd to m

this invention. t gre ?%s‘l"?lf’ ctolugn&l%'e e?hp'or maﬁe%h tl%ﬂ%%"r?é‘l 1?) nofm?e%lg

exi st i ng DMVircwiiedoby er spéeiahosresh eontivin dedis auecu;Se@blmée@emf then hi gh
speed dat a tsmﬁa 8Ls et vws%v{;@elh/ Qi3 LRRRATES %ha%fai@yn %ﬁcé#%nafgd dynani ¢

RAM 14. 'Si ncé DVA cont.r ol contains many of .the sane functions as

the prior aperfemedshty ebaned| 0 9f Ehg e¥isting D%WBPV%EW d$swhess thar and

counter, CPUhaﬁkﬂal%éihbéd a- péﬁf@ﬂm rﬁaa SR DMraa BEREErd BE taln b ayer | t
has been di scovered tha

l.e to ufjli.se aone of .the DVA ch
ne”a menror y SEETTEeR=E dat e LSnad oEnie B Bt ¢ FIBER Ao OB ©
programed 16 emttaahsaadnyrmfet&ucshmé hexinctixfriseas odeppeiiornart] 28£1sh| emtrol
aut omat i cal | X é& 5L Sy %Vgﬁeu?%g 563‘1(‘529& rPé 106, S c%&&yc&ﬁ? angm@ fugihon
i s continuodsl repeat e ress s set up to sta I ncrement
to 127, and tﬂ-ﬁ@v fméeCPIUs’D%tadéyeqsObvea@lr—#mﬁfemﬂ:yh%aem discouered that
non- exi stingel {Opdeyime. tJwes115d bnd 2 €6 mﬁmﬂauaeis Q8Sa defiosy FUEALMd Dy
DVA channel 0, the-actual request for a refresh cycle (DVA cycle) being
gener at ed by°8t%WdRfer or a channel of ‘a timer counter. As shown in Fi gure
1,  the 2.38 I\/Hz system cl ock P CLK I's divided by .

. The highest priority DMA channel 0 is programmed in auto-load mode

;rr_ermry',l ocations to maintain valid information. RAM 14 is a typical 16K x 1ﬁ
' .
\/

such that, after completing 128 cycles, it automatically starts over and
performs the same 128 cycles; This function_is_continuously repeated,
the address is set up to start at O and increment to 127, and the mode
is set up to read from memory and to write to a non-existing I/O device.
Thus, all the refresh functions are simulated by.DMA channel 0, the
actual request for a refresh cycle (bMA cycle) being generated by e

counter or a channel of a timer counter.

As showh.in Figure 1, the 2,38 MHz system clock P CLK is divided by
the divider counter 22 to produce a 15.08us pericd clock R CLK. The
function of the divider counter 22 may be implemented by a frequency
divider end a programmable interval timer such as an Intel 8253. This
15.08us period clock R CLK is applied to the CILK input of the D-type
latch 24 periodically to set the latch whose Q output,'in turn, sets the
DMA channel O request line DREQO thereby issuing a HOLD REQUEST to the
CPU and initiating a DMA (refresh) cycle. The "D" latch is cleared or
reset by the DMA s;gnal DACKO, thereby acknowledglng that the DMA
refresh cycle is being performed. This operation is repeated on every
positive edge of the'lé.OSus period clock signal R CLK.



the divider counter 22 to produce a 15.08gs .period clock R CLK. The
function of the divider counter 22 nay be inplenented by a frequency
di vider and a programmabl e interval tiner such as an:Intel 8253. This .
15.,08[err] period clock R CLK is appli ePto the CLK input of the D-type
““l'atch 24 periodically to set the latch whose Q output, in turn, sets the :
DVA channel” O request |ine DREQO, thereby issuing a HOLD REQUEST to the CPU
- and initiati:ngSincB\Whe pedgrasingbley BHe coRteollBt latiglpriogragmedr &k @r reset by ;
the DVA Signat Ol NALED Yy ek BeN a1 A alliAlss! § @M ES37CYC] € | St
being perfornmed. This oOperation is repeated on every poSitive edge of the
15. 08[ er r |*e5ek+i09 EP Srkard Fhan yRPeptdng, the mepery Fﬁéeﬁhoﬁiﬂ&ﬁhﬁbﬁé DVA -
- control | erautémd#ical DF Hapreihell Wy &hé OMAI BoHHI61IBHTEY fHRAdofiputbe it aatd ng at

dd 0 and gaing tQ 127, resetti 0, _and then t the.
Cef roon 1 AMCEPOTROATEBNAERERS § B aED, FB 20y aaL BORETREPOTIod of the

conput er arirdeita aprweesequigedyist ¢he haickboaundt duet .nek rkdl ROSspeteiupl refresh
control ci .l a cLequi in. t] ackge : | Lo ROS -up

program \éﬁgg 5?’32%@‘3%%d%§%§£5%§%r&8?%i éﬁaﬁqgégiési ﬁ%% J(::c’ontro q'ter 16
and the tilYfeAnd (Fhgj times in Gdmidar gouniero?2 pFige teoPeriegmERIT@NAMPIEYCl e on

the dynam &cRaNnl 4he FayhhRES FRIEL4 . NBuRACKEI S, R PAEKOsL it 1D e @RS 'oMal er

16 can be sent to ang/ d\énamc storage in t,h_e.?étstem as.a signal that a
val i d nendfoPtFeresst? G78 ke isent o Ay SYBFES Bif

- signal that a valid memory refresh cycle is on the system bus 10.

J

agg in the sysgem as a



T? CLAIVMS 1.- Data processing system have a system bus for transferring (\ ;
address, data .and control information anong a central processing unit whi ﬂéf

¢produces ‘a system clock signal, a programmble direct menory access
controller which has a plurality of. prior ’ti sed channel s each of which
contains the functions of a nmenory address register and counter, a central
processing unit/direct menory access cycle arbitration circuit, and a

- gentral processing unit/direct menory araess address bus mul tipl exer; a
phural ity of input/output devices having access to the bus via the direct
access nmenory controller; and a dynam c nenory whi ch requires periodic
ref reshi ng ‘® t hPatpredeessuing revdtem have s tsyaten huerfpz| trangferriogecadsiresed i n
that.the syst emdhﬁ&'a!ﬁﬁeédnt IMn¥ohflt 67 %Bﬁ&%gsnﬁa&na}aasgﬁ{gamw wHEADS
coupl ed between the central processing unit”and the highest priority
channel of the @FP¥ESnYFYeEleds sighalnof | RICIraRbLe JEASE eme%y pRgess
system cl ock si gbatrdi0er MBLLY Hagdd |plusfpicyi 66 pFRoFI ] sé& (chafife IsCHARS bf
signals to said gl hest, pri 0{{_}% ch@ngel to initiat mam)ré, ref I‘%i{ cycles-
within said predet®t FPRH R PRGBS 9F: B UPEPEY AdrespZpdishes i ng
syst em accor di ngotmntes], aa mebtxdiapacdessing dnity/dilratt yemory etcesshcyelpuest
signal gener at i ng, {a05cF QIRELIAE Sand! b beliteal YALELS TG Ay /SRR Sfbrkoly N1

' Sy cloc

central processing unit, and respon- sive to sal tem S|gna¥ f or

generating a rekfesss afdrassshynmnltimierarisaiplugabiiet ef ningat/qutpet devéeeml s;
and ‘| at ch-neans pa¢iipheckdactyane K ¢islithed@l rece WtREs maa{ odtsAdr,

hi ghest pri o- ri-té channel , and responsive to the refresh ¢ ock,si_'%nal for
appl yi ng the refPBsh YRS Pemary which; pranires pegieiic pritsepine withi

predetermined minimum time intervals;

]
1

charactererised in that the system includes;

memory refresh requést signal génerating means, coupied between the

central processing ﬁnit and the highest pribrity channel'oﬁ the .

direct memory access controller, and responsive to_the'sys;em clock

signal for periodically;applying memory refresh réquest.signals to
" said highest priority channel ‘to initiate memory refreshcycles

within said predetermined minimum time intervals.

2. Data processing systeh according to claim 1 characterised in that
said refresh request signal.qenerating'means comprises: divider
counter meahs, coupled to the central processing unit, and respon-
sive to said system clock signal for generating a refresh clock

 signal having said preaeterﬁined time intervals; and latch means,
coupled betﬁeen said divider counter means and said highést prio-
rity channel, and responsive to the refresh clock signal for
applying the refresh request signals to said highest priority
channel;'sgid_latch meéans being periodically set by the refresh
clock signal, and reset by an acknowledge signal from fhe direct

memory access controller at the completibn of each refresh cycle.

O mmmmn

-



aanel ; said latch neans being periodically set by the refresh ctock: =~ 3
yonal , and reset by an acknow edge signal from-the direct nenory access
roller at the conpletion of each refresh cycle.” - 3. Data processing -~
system according to claim1 or 2 charact®rised in that the address bus and
the data bus are connected to said dynam c random access nenory to use in -

t he performance of a nenory opera- tion at a selected |ocation of said :
menmory, eagch I%q._gt L2 eBEi 0 sfSfdmBsb iR tadellAmS1 (rde ¢mratastiedd bin t he 3
signal s on said address_bus,_ and _th‘_g,;i hegt pri oritn\é gh@r{gesl;ai%f #mﬁgl r e
memory access it B PEArSASoRUS ABR T £ HE rB R0 TS i 181 SR e a8

request si gnal randefiidcess arabrw/toodsd He thidpestornankeal of ;2 Mevexy gReFETauses a
menpry operation to_be rfor ¥ ML \on| I h

i dentified by 2% P& ﬁéﬁ%ﬁtﬁd?ﬁ%&??%’ﬁ of Sitd ﬁ%““’s;gr déaélhv?%%%h%gaﬁtg i?jmsans

bei ng i ncr enerdefineddly anraddyesseicpde mapifpated by §helsigealhgpi Widand storing

- a count whi Ch.%&%&@ﬂa‘éé MY he TGRS BETEM £l Osahh6D oEnehd1@aeectvhendrygr oup
is to have said nenory operation perforned thereon, _and the

D7 ovi o momor 359068 =P UATCUET, PEPACSELER SHEFF PEALSERY SF1°Pho g1 oups.
of locations hpsedt EFRAY, Rehifres apmral o therdidres abd alagerbugeshing said
patent. 11T SRR BEBByROPPRT B0y Ry P trey O ESbT o, femcdl 02
grant ed pat ent loeavioperath igiebtifiednspacfixat memory location therein, said .
' divider counter means. being incremented eaéh time a refresh request
* signal is applieci and storing a count which determines which _first;
.-memoryl location and hence which group is to have said memo:;y
operation performed thereon, and the létch means provides memory
refresh request signals at such a rate that all the groups of
locations have -a memory re_fresh opérétion‘ performed thereon within
said certain .time period.

This document is not the authentic text of the granted patent, It is a photocopy of a

retyped version of the specification of the granted patent now open to public inspection.
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