222 1 553 M CROPROCESSCOR BUS. | NTERFACE UNI T BACKGROUND OF THE | NVENTI ON: 1. -
Field of the:Invention. 5 The invention relates to the field of

sem conductor microprocessors. 2. Prior Art. The present invention covers
an interfacing unit formng part of a mcroprocessor: which processor is an
| nproved *ersion of the Intel 80386 mcroprocessoﬂzzr._)eggg By referred to
as the 386 processor. The 386 processor 10 includes a “BiT internal data
bus; details of the bus for the 386 processor are described in numerous
publications (Intel, 80386 and 386 are trademarks of Intel Corporation).
The 386 processor includes an on-chip nmenory managenent unit. This unit
provi des addressing to, for exanple, a cache_ nenory, DRAMs, nass storage,
etc. 15 The processor described in this aﬁpirtation additional ly includes

an on-chip cache nenory as well =Ghy lR‘PéR. tnt unit. Certain
problens arise in transferring i i §di¥8u s E e ry and floating
point unit which are better solved b thﬁ Lgkerfaci ng unit described in the
present appli c BAGKGROUND OFhH THE INVENTIONG: (ransfer of blocks of data

such as those transfery a, 20 .cache nenory or |arge words associ at ed
with the floating pan' rﬁ"&ar‘ﬁ%ﬁ?e !"t"ef“ém'ﬁot uncommon for a 16-bit or 32-bit

i or opr ocesgor €0 bingSHRlnit relafed B Mokl pPeuTRBARGALSI hitroprocsssers. dat 2

| i nes. For npl e, processor e coupled to a RAM whi ch
provides 8 bits (sipolpgiopArtes) of data during each nmenory cycle. In sonme
cases, the processor includes a nultiplexer which 25 couples the external
data-lines to diffeThatpressnténvention coversianinterfasingaunitiforming,pantphads, for

ARl s v uctRprepasopt Bnichproressc? 1S Bh b BRRRER T FERIRHE' 5
SRS 0 e?%?&g#o%r@éés%r, HequBhfiy RREAEE 1o 85 The éﬁs‘ﬁr!aéesléﬁr.s?ﬁa 386" SroBagEvR Nt
10 includes a 32-bit internal data bus; details of the bus for the 386 processor are
described in numerous publications (Intel, 80386 and 386 are trademarks of Intel
Corporation).
The 386 processor includes an on-chip memory 'management unit. This unit
provides addressing to, for example, a cache memory, DRAMs, mass storage, etc.
15 The processor described in this application additionally includes an on-chip
cache memory as well as an on-chip floating point unit. Certain problems arise in
__ transferring data to an on-chip cache memory and floatirig point unit which are
S '- better solved by the interfacing unit described in the present application. These
problems involve the transfer of blocks of data such as those transferred to a
20 | cache memory or large words associated with the fioating point unit.

It is not uncommon for a 16-bit or 32-bit microprocessor to be coupled to a
memory or peripherals having fewer data lines. For example, a 32-bit processor
may be coupled to a RAM which provides 8 bits (single bytes) of data during each
memory cycle. In some cases, the processor inciudes a multiplexer which

25 couples the external data lines to different "byte ianes" of the internal data bus.
This, for example, allows the external memory to satisfy a processor request for a

32-bit data word with 8 bit transfers. Various signals indicating the bus size are



bus sizing to be done "on the fly". This capability, along with a
dynam cal |y determ ned "blast” (burst last) signal enhance the presently
described M croprocessor when conpared to prior art processors. 5

O her prior art known to Applicant are the bus signals associated mnth t he
Mul tibus-including the Miultibus Il (Miultibus is a trademark of Intel ¢
Corporation). Additionally, other prior art known to Applicant is shown in
copendi ng application, Serial No. 006,353, filed January 14, 1987, entitled
"Hi gh Speed Local Bus and Data Transfer Method" (1024). The follomjng_prior
art patents are known to 10 Applicant: U S. Patent Nos. 4,570, 220;
4,447,878; 4,442,484; 4,315,308; and, 4, 315,31 0. -3- SUMVARY COF THE

| NVENTI ON According to the present invention there is provided a

m croprocessor having an internal data bas2of n-bytes, where n is greater
than 2, said mcroprocessor for providing ‘address signals for an n-byte
transfer olisethirepdordart microprozessarg. As willdhe see@mdhe prasent inventioh peemitsy i s
ready to transfer data, said mcroprocessor also including a cache nenory,

said mcrop H%§L1§!93t0 %ﬁ’pﬂ%@ﬂ@he fly’.i This capghilitynalong with a dynanmically at | east
o St 2e e e b SR S Bt b, Y |
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at the gext r eaé!hé‘flpimlan known to Apphcant are the bus. slgnals assoclated with the
Mumbus-mcludmg the Multnbus il (Mult:bus isa trademark of Intel Corporat:on) | k/
Additionally, other prior art known to Apphcant is shown in copendmg apphcat:on.
Serial No. 006,353, filed January 14 1987, entitled "High Speed Local Bus and
Data Transfer Method" (1024). The following prior art patents are knownto
10 Applicant: U.S. Patent Nos. 4,570,220; 4,447,878; 4,442, 484; 4,315,308; and
- 4,315,310.



| ogi ¢ means for generating said |ast signal, coupled to said first input
nmeans and to said output neans; said |logic neans for keeping track of the
nunber of ,bytes of data transferred after said m croprocessor provides said
address si‘gnals and for periodically sensing said size signal, said |ogic
means bei g able to change said last signal with each sensed change of said
size signal before said ready signal; a second input neans for receiving a
cache enabl e signal generated externally to3sai d mi croprdcessor which
indicates if data sought to be transferred to said mcroprocessor by

said address signals is to be st | [ y; wherein said
enable signal is coupled to said&?®g§%9ﬁ®§ﬁﬂﬁgﬁﬁgﬁgﬁgg$ odi cally sensed and
used for generating said Iast signal, said |ogic neans being able to change

said last signal with e aﬁprqg@ngiaof% eseht Sih@eﬁ ?gg e%ﬁ%&% shgnm

before said ready si na eln sard Croprocéssor further Conprises
a third i nput nPERY¥L raemqnqm:@m hassing sﬁlgnhmtm%h dﬁﬁﬁc&ﬂés ofhat

sai d external nMROBRYelsS RAfbe tR E&a@%fe‘irterbl’l{tﬁ& Qf gaia micropRertlse
sai d address si d, bur st _signal eln coup ed to said | ogi ¢ nmeans

for use in gene%&ﬁlﬂfQ¥%4fq%ﬁﬁd§? | signad aSGSHﬁQKPTQV?%etEPE§§ﬁF of
i nvention theredasapr anddeton mwawn@saorréaayngsfcjnént el @xterhadat a

bus, said m Croﬂf—zﬁ%%w{sf% a%ryovkg' r]czokans er ad gnalsald microprocessor
also including a cache memory, said microprocessor
comprising: '

\\/ a first 1nput means for receiving at least one

size 'signal representing the number of bytes said
external memory will transfer with said microprocessor on
said next ready signal;

output means for providing a 1last signal
representing that a data transfer request by said
microprocessor will be satisfied with the data ttansfer
occurring at the next ready signal;

logic means for generating said last signal,
coupled to said first input means and to said outpui:
‘means, said logic means for keeping track of the number
of bytes of data transferred after'said microprocessor

k\;) provides said address signals and for periodically
sensing said size signal, said logic means being able to
change said last signal with each sensed change of said
size signal before said ready siénal;

a second input means for receiving a cache enable
signal generated externally to said microprocessor which
indicates if data sought to be transferred to said
microprocessor by said address signals is to be stored in
said cache memory;

wherein said enable signal is coupled to said
logic means and 1is periodically sensed and used for
generating said last signal, said logic means being able
to change said last signal with each seihsed. change of



for the transfer of 32 bits of data and for receiving a ready signal when °
external menory is ready to transfer data, said mcroprocessor also
i ncluding a cache nenory and a neans for performng floating point ;.

cal cul ations, said mcroprocessor conprising: a first line for
receiving an input. signal indicating that said external nenory ku.g:
transfer 8 bits of data, a second lipe for receiving an input signal .
i ndicating that said external nenory IT transfer 16 bits of data, a third

line for providing a |last signal representing that a data request by said

m o 0br 0@ didile il G LR S ULA AIREF o PERHIL BB T nEX

ready signal; logic neans for generating sal nal; coupled to

said first, secondB8KEIN FBif; FeSToprarasRa funhBekegsmpyiseskckaof the
nunber of thireb @hpdt! anéans s edeabioingai 4 Bustdr peasyors Ry des said |

addr ess si apd.ftar perigqgdically.sensing sai'd signals on said first and
second | i @sqjﬂhsaggdf‘gafzgsne%t bgﬁﬁa a?fftee‘tg-’baﬁhﬁlﬁﬂ‘ggyai 1 £ ghAl before
sai d r eadfrangfer wibnirsdxc hofendatia chiamgaremparmiel ftior ssadad mﬁ@désl ines; a
fourth i jich g ; ' ' - Ladl I r.e the ta :
sought to%qg\g‘ey%'r a%gﬁgrr.eg ét% %ggﬂsgﬁ c%ro r cgsggérigpsng%m%_glgtoﬁ%%l i thin

sai d cach®eans,giay Wge hgeneriting g last acsignalh |ine being coupled .

to said |ogic neans, said cache enable signal being periodically sensed for

- [ [ eans_for neratinpng said | ast signal, said | ogic neans
g:iengyazﬂad | ogi CIl.r'Tl.Eso accor fng to tge- present 1nvgention ‘there g:.s

provided a microprocessor having an internal -3_2-.b_it data _
bus, said microprocessor for providirig. address signals \/
for the transfer of 32 bits of data and for receiving a |
ready signai when external memory is ready to transfer
data, said microprocessor also incll_.__lding' a i:a_che- memory
and a means for performing floating point calculations,
said microprocessor. comprising: _
a first 1line for receiving an input signal
indicating that said external memory will transfer 8 bits
of data, a second 1line for receiving an input éignal
indicating that said external memory will transfer 16
bits of data, a third 1line for providing a last signal
fepresenting that a data request by said .microp_rocéssor
will be satisfied with a data transfer occurring at the o
next ready signal; ’ L - ' VJ
logic means for generating said last signal,
coupled to said first, second and third lines, said logic
means keeping track .0of the number of byi:e‘s of data
transferred after said m_i.croprocessof provides said
address signal and for periodically sensing said signals
on said first and second lines, said logic means being
able to change said last signal before said ready signal
with each sensed change on said first and second lines;
a fourth line which receives an input. signal
indicating where the data sought to. be t_ran'sferred' to
said microprocessor is to be stored within said cache



to change said | ast signal before said ready signal with each sensed change
of “said cache enable signal; and a fifth I|ine for receiving an input
si gnal |nd|cat|ng that said external nenory is ready for a burst node
transfer ‘of data, said fourth line being coupled to said | ogic neans and
bei ng uséd in the generation of said last signal. A preferred enbodi nent of
the present invention will now be describecdPwith reference to the
acconpanyi ng draw ngs, in which: Figure 1 is a general block diagram

showi ng .t he vari ous un| at _neke up_fhe njcroprocessor used with the
preferred embodIFRSHRY ofl AR é‘eprsgaﬁi i rﬁ’@ﬂ?ﬁn I; efourth, Limgex Rging am
of the bus int e:dlm:kedmltb cﬁaidlelpgé&emeahsa,nbednder&acﬁetbﬁabﬂ.esaﬂignal

32 bits of he ] e Lt WARd Pl P 44 B Adhil'iek o°

4 |Ilustrates\ﬁﬁﬂﬁ#ﬁ?ﬁ945ﬁ§ﬂ401@%§c$ @@alhesepdrépgan @hamhehaingrah&éace
uni t; Figure 5 tid lotundd afa i VR{st BigHRl HerdiRs Gl fie Jdi A% {p t he

bus interface uni : and r IS bl ock di agramrepre ent |on 0 ogi c
i npl emented i nS2 tséa‘%ﬁ‘?‘%f%a'l% §%%%§qc§‘%§é@mﬁ Sdanaly ahd he
operation of the circuidryfiftdi Jeingr atfer t heddiAGhdgi @il .input Tignal

indicating that said external memory is ready for a burst
mode transfer of data, said fourth line being coupled to
said logic means and being used in the generation of said
oL last signal.
N 9

A preferred embodiment of the present invention
will now be described with reference to the accompanylng
drawings, in which:

Figure 1 is a general block diagram showing the
various units that make up the microprocessor used with
the preferred embodiment of the present invention;

Figure 2 is a block diagram of the bus interface
unit of the preferred embodiment of the present
invention;

Figure 3 is a block diagram illustrating the

K\// manner in which the 32 bits of the interface unit are
coupled to an 8 bit external bus;

Figure 4 illustrates waveforms used to describe
the operation of the bus interface unit; '

Figure 5 illustrates waveforms used to describe
the operation of the bus interface unit; and

Figure 6 is a block diagram representation of
logic implemented in a gate array;' this drawing is used
in explaining the operation of the circuitry  that
generates the BLAST signal.



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON A bus interface unit for a -
m croprocessor is described. In the foll ow ng description, numerous
specific details are set forth, such as specific nunber of 5 bytes etjc..
in order to provide a thorough understanding of the present invention It
wi [l be obvious, however, to one skilled in the art that the present i

I nvention may be practiced without these specific details. In other

i nstances, well-known circuits have not been shown in detail in order not
to unnecessarily obscure the presenbAi-nvention. 10 OVERALL BLOCK

D AGRAM OF THE M CROPROCESSOR Referring to Figure 1, the mcroprocessor in

shown i n- gBRIAER] SASGRIGHON GF e, B FERd WiVERNORD | <° oupi ea 1o

32-bit external data bus 30 and additionally is coupled to an address bus
31 and several other control lines as will be described 15 in conjunction
with Figure 2. A Rusinterfiacerunitipr a mieroprogegsaids descfibad.c dn the folinyvinat e

information trapsferred ov e . da I g1 td o i,ncl ude

i nstructi oﬁ%s,c"gg%'é't"é'mesf?"?o |er?é'!érqse?a&es?‘g .Q;é%‘rh%‘%r %‘t"j:e'{r]{’gég&ﬁ% 'tI-;L"rﬂTEalri'%f coupl ed

by addrgssbyss, élal, i bugee o provilecatibeoughranderstaidingbl we piésentinvientdr.er 12
controls the accessing of the cache menory 11. The controller 12 is coupled
to the addlad¥be@bvigupdioygven tgppe skilled ip %agﬂ%@ahm"tp’ﬁ?’]‘ inventien Bl ed

bet ween thseid;?&ﬁég WIRBE! AL Lptiifd ddtBit e SR RskRbE difknon Yidibus 37.
For purposes  of understanding ? e present 1nvention, the address generation
unit may bbaves sotntegbt shdwen infdelabinmrder ndi 40 vosenessarily obsauentiey piesbhly

avai l abl e [ntel 80386. The segnentation and paging units for the Intel \E'(
80386 are HW&BHPWed in copending 25 application, Serial No. 744,389, fil

June 13p 1985, eWERAEL BVOTK YDIKGRAMTEOF TeIE MIICROPHCTESSORNI Ch | 'S
assigned to the assignee of the present invention. - -6- For purposes of

under st andi ng t Refepingsiorftigiravie the Bicropreeessee in which the bus interface unit 10 of
the pref erred embodiment is used » is shown in 'generai block diagram form. The
interface unit 10 is coupléd to a 32-bit external dala bus_._._ao. and additionally is
coupled to an address bus 31 and several other control lines as will be described
15  in conjunction with Figure 2. (Note the term "data” is generally used to indicate
information transferred over the data bus. This information may-include
instructions, constants, pointefs, etc.) The inlerface uniHﬁ is coupled by address
and data buses to a cache memory controller 12. Controller 12 controls the
accessing of the cache memory 11. The controller 12 is coupled to the address o
20 generation unit 14; a paging unit 13 is also coupled between the address \‘/
generation unit 14 and ‘cache controller 12 via bus 37. For purposes of
understanding the preseht invehlion. the ad'dre_ss generéﬁo'n unit ma_y be assumed
| to be the same as that used inthe commerdially avaﬁa_ble _i_hfel 8_0386. The
segmentation and paging units for the Intel 80386 are described.in t‘:opending
25 application, Serial No. 744,389, filed June 13, 1985, entilled "M_émory
Management For Microprdcessor". which is assigned to the assignee of the

present invention.



configuration of a cache nenory 11 and cache controller 12 are not
i mportant. Signal flow between the controller 12 and interface unit 10
i nsof ar &s needed to understand the present invention are described in
conjunct#yn with Figure 2. 5 Wthin the m croprocessor instructions
are couplfed to the, Instruction decoder unit 15. The decoder unit- operates
with a controller 19 in which mcrocode instructions are stored; the
controller 19 provides sequences of control signals for the m croprocessor.
The instruction decoder unit 15 is shown coupled to controller 19; the
outputs fromthe controller are coupled to all the other units of 10 the
m croprocessor. The data unit 18 is an arithnmetic logic unit (ALU) which
performs ALU functions in a simlar manner to those perforned by the Intel
80386. The mi croprocessor also includes a-fécati'ng point unit 17 for
erformng floati oi nt conputations., The precise configuratign of the
Ot £ 17 12 ot - cr (Rbr aIPasse, SRAMSREENing 106 AP SARt JVRORGHINer ApasHige

of e | mpet OrHragn o} A&k shamBRY 1 inc'riang BERERIETA s dotipiniR <o

enbodi ment OfSig‘ﬁglof!]Bgﬁ b@ﬁﬁé&(ﬁ%%;&n%nﬁ afd imgﬁaé@ahsi 49%&1%‘ &é‘\t}mbtaﬁd@to

net al - oxi de-se ctor technol ogy and, 1 n particular,

conpl ement ar yuriderstahlithe present invepsion @re descritistinadonjitction awithFigues 2ar e
possible with current CMOS technol ogy. 20 BLOCK DI AGRAM COF

BUS | NTERSACE UNI Withip thejmicropsogassoninstructianscane couplad-tof thednstmigtiono of
Figure 1 are sho I n. FLoguLe bet ween the dotted |ines 53 _agnd [4. The
cabge control W%Q%‘Bﬂhu#h?aé%@‘{ﬁ( LRit operates H“?‘eﬁ:@’t‘jﬁf’ﬁsllerﬂg PSRN t he bus
cycl e buffer . . ' l: (Sl I I ta
Co be ent er ednErndds, EFAEHorS e 31018 s ¥oraiuTal 19 siBuges 38Gumebacp enyRE,
the buffer 45ighd16 v e rAivFobroteder.dTha imstiudlion YeOJER ML #5 lskbw® ebliplelio
the cache controller 12 through the interface unit 10. -7- The output
data of buff eto cbdtrolerct8;the dutputs fremithe centrollsrare 4duplédits alidhé etharunits of

10 the microprocessor. The data unit 18 is an arithmetic logic unit {ALU) which

performs ALU functions in a similar manner to those performed by the Intel 80386.
The microprocessor also includes a floating point unit 17 for performing
floating point computations. The precise configuration of the unit 17 is not critical
to the present invention although the block transfers required by the unit 17 and .
15 the cache memory 11 provided some of the impetus for the present invention.

‘\\J The currently preferred embodiment of the microprocessor of Figure 1 is
realizable with known metal-oxide-semiconductor (MOS) technology and, in
particular, with complementary MOS (CMOS) technology. Clock rates of 25mHz
or better are possible with current CMOS technology. |

20 . BLOCK DIAGRAM OF BUS INTERFACE UNIT
The major components of the bus interface unit 10 of Figure 1 are shown in
Figure 2 between the dotted lines 53 and 5§4. The cache controlier 12
communicates with the interface unit 10 through the bus cycle buffer 45. All
memory addresses, various control signals and all data to be entered into external
25 memory are communicated to unit 10 through the buffer 45. Incoming data (read
data path) is communicated directly to the cache controller 12 through the '
interface unit 10.



"4 deep", thus permitting data frombuffer 45 for four CPU cycles to be
tenporarily stored in one of the four stages of the buffer 41. The .out put
of the buffer 41 comrunicates directly with the data bus 30. Also storgd in
buffer 41 and 5 associated with data stored in each of the four stages are
signal s representing the menory address, nenmory cycle type and 1 engt hyfThe
signals representing bus cycle type, etc., are coupled fromthe decoder 44
via lines 46 to the buffer 41 and to the bus cycle multipl exer and decoder
42. The bus cycle.multiplexer and decoder 42 selects either the address 10
signals, bus type signals, etc., (i) fromthe buffer 41 (lines 38) or, (ii)
directly fromthe buffer 45 (lines 39) and |ines 46. The output of

mul ti pl exer and decoder 42 |s coupled to the latch 43. The output of the

| at ch provides the address signals (30 bits bf address and 4 bits (byte

Four  bi 1511 om t eitputerd B8 pERGH 41 oo R thdbg Wi BERF 41 nis e ©°
i ndi cate thagt Qﬁu??ﬁr}rﬁﬁﬂﬂfdat%ﬁb‘iﬁ bRtfbr4s NSt 6. ePupcidlbslﬁ 18 {dnpctatity

types of bus cyc e's as nenory read, nmenory wit I /'O read/wite,

prefetch, brgiomin bﬂﬁ'&méfb‘ﬁﬂlstdgbslﬂmd\bmﬁer 41Wr1’heomm 6f theuffer4in-circui t
enmul ator (read or wite), and read and wite to paging unit 13. The bus:

cycle type hommunicateschrestly withthesiata bog 304 Alse stared in buffesdt aad, for

iﬁ?g‘s’l ?l 5 grRssoRad iR deia blores bt eadial therielt edes ars s ria?e%@i‘@m@;e

S oY Che, | fbe BUFHRS. Mbridr) uER she BREIAGR. Tho SEHBIPtooRb N IR o
lines 57 to etggg' etes, dre'codpled fré’mtthé dauadémﬂfmwa to e buferiarcany

t he bus cycl 44, "bus cycle multiplexer and decoder 42, |atch 43
and buffer 4b. thé'%s@ele:wnlﬁp@éﬁeerandrﬂemdesﬂs an ordinary state machine.
-8- The bus cycl e decoder 44 provides the bl ast signal urst | ast,

soneti nes ref er r &khe busisyel anultiplexer anchdecoderi42 %elgﬁmeﬂé'la&tl?% diess

| ndi cat esb t hs%naa}s, bus type signals, etc., (i) from the buffer 41 (lines.38) or, (u)___-dlrectly from

the butfer 45 (fines 39) and fines 46. The output of multiplexer and decoder 42 is
coupled to the latch 43. The output of the latch provides the address signals (30
bits of address.and 4 bits (byte enable..signais))'bn bus 31 and control lines for the
memory on lines 33. | | - .
15 Four bits from the buffer 45 are coupled to the bus cycle decoder 44 to
indicate the type of bus cycle. These bits indicate up to 16 different types of bus

o

locked read, locked write, write not finished, in-circuit _emulétor (read or write), and

cycles, such as memory read, memory write, I/O read/write, prefetch, branch,

read and write to paging unit 13. The bus cycle type bits gre decoded in decoder
20 44 and used to control, for example, the multiplexer 42, and to provide certain
outputs such as the "blast" signal which shall be discussed. _

The bus controller 43 receives a bus cycle request signal on line 55 in
addition to several other inputs which shall be described. The bus controller
provides control signals on lines 57 to the various circuits in the bus interface unit |

25 10 including the bus cycle decoder 44, bus cycle muniplpxer and decoder 42,
latch 43 and buffer 41. The bus controller operates as an ordinary state machine.



m croprocessor data request (input or output) will be satisfied at the next
ready signal’ on lines 27 or 28. The generation of this signal and its use
including its 5 interaction with the cache enable signal (KEN) on line 36
shal | be discussed later in this application. |INPUTS TO AND OQUTPUTS FROM
THE BUS™NTERFACE UNIT 10 The maj or external.inputs to the bus interface
unit and the nmajor outputs (to 10 external circuitry) fromthe unit 10 are
shown in Figure 2 along line 54. The data bus 30 is a 32-bit bidirectional
bus. -As will be discussed in-conjunction with Figure 3, all 32 |lines of
this bus typically require a connection to external circuitry. The

m cr oprocessor provides a nenory address on the address bus 31. This
address consists of 30 bits of address signals and four byte enable bits
whi ch shall 15 be discussed in nore detatl8 n conjunction with Figure 3,

Zﬂﬁui /“L‘St: put - and The Bs/ce dRedar 44 Bovilen f Blash brdt st 65 Fomotipes,
o cat 1 ng (RITE R oo dindihc s i) il Gl AR BT O e o
by the m cr oRjcpsBEsssor Aafd ?édwésf @Rplt'c? odfput) Wil t?é)satigﬁeﬁ% thé AaR rfekay

menory or witten to nenory arger, transfers such as those associated with
a cache nenugignalron lihes@Kerc28. Thegenetationwfthis sipmal and dtsrusedngiuding itse
limted to an 8-bit or 16-bit bus. If this is the case, the nmenory provides
an appr ofx i dpteractipnawitlythe cache enable signal {ifEN} pgdiae 36 shallbe discu lgtete 8)
I ndicates that ,the transfer will be satisfied with eight bit transfers

wher eas t he BithiSAPRIGANOMe 25 34 (bus size 16) indicates that the request

will be satisfied with 16' 'ﬁuféafﬁfﬂhi) rw?gpﬁ Fﬁﬂlﬁgﬁ'l-?éebﬁg"p' ed to the

bus cycl e decoder 44 and their Use _ pa y TOr the generation of

the blast signal on line 29 shal | j\rERFACESENIT24@r i n the application. As
menti oned, the mcroprocessor includes an on-chip cache nmenory. Certain

dat a i s desi gnat &khef majos eateanal inputs itmthenbusintdriaceamitrand thetmajoabutputsfiot r y
| 10 external circuitry) from the unit 10 are shown in Figure 2 along line 54. The data
bus 30 is a 32-bit bidirectional bus. As will be discussed in conjunction with
Figure 3, all 32 lines of this bus typically require a connection to external circuitry.
The microprocessor provides a memory address on the address bus 31. This
address consists of 30 bits of address signals and four byte enable bits which shall
15 be discussed in more detail in conjunction with Figure 3. The three memory -
\\/ control lines 33 indicate read/write to memory, input/output and data vs. control
(for example, prefetch from memory vs. data read). The address status (ADS) is an
active low signal on line 22 indicating that the address on bus 31 is valid. |
The memory cycle requests by the microprocessor generally require 32 bits
20 of data read from memory or written to memory (larger transfers such as those
associated with a cache memory are discussed later). In some cases, the memory
may be limited to an 8-bit or 16-bit bus. If this is the case, the memory provides an
appropriate signal on lines 34 or 35. The signal on line 35 (bus éize 8) indicates
that the trahsfer will be satisfied with eight bit transfers whereas the signal on line
25 34 (bus size 16) indicates that the request will be satisfied with 16 bit transfers.

Lines 34 and 35 are coupled to the bus cycle decoder 44 and their use



5 exam nes addresses fron1the m croprocessor and determines if a
particul ar address falls within address space designated for storage wi t hi n
the cache nenory. This is generally done for instructions, constants, étc.
and not done for data which is shared. If external circuitry detern1nes
that the data requested is "cacheable" that is, it should be stored i he
cache nenory, then the KEN signal 10 is returned (active low on |line 36.
This signal is coupled to the decoder 44 and as will be described is used
in generating the blast signal. The input on line 23 is an ordinary ™hol d"
signal and the output on line 24 is a hold acknow edge. The input signal on
line 25 (address hold) indicates that the external bus is to be imedi ately
floated. This is done to prevent system deadl ock 15 w th other equi prment
on the bus. Line 26 provides an external address status. Lines 27 and 28

receive a rﬁéﬂ?gﬁe{é *'elgfgeﬁ?rﬁﬁbﬂ ot th ﬁ?gty%,é gt?rlr ling 28 3% ﬁﬁ 'b\éedngcusgﬁasiéter

signals are bus ¢ and their use
generating ﬁ,hghd)hpp‘n@gbgnal shal | be d| scussed | ater. DATA BUS INTERFACE 20
In some microprocessors an internal data bus of, for exanple, 32 bits may
be coupl ed . di recAIsynéntlmdeXhenneﬂopmneasbuklcm'sm oa«nbrp caahasmempryhe case
.of the Intel 80386, for instance, an 8-bit data b dérectl s
connect ed t Seriain datads designatad for storage mithin thace dEE ’H?@aﬁélmﬂtﬂa

over 8 Pin Sﬁ%‘?ﬂ%ﬁ% %ﬁ?ﬁé%'aémihé’wﬁﬁf%ﬁg%ﬁiép by Bplefitd '?ﬁw%‘?ﬁéu"ﬂ ve
M Cr Opr 0CeS 3ffrddd ac Ve?é @@ &Pb%bﬁé%r?@r&ﬁ%ﬂhh ol enext er nal

data bus lines to ese to the

tes anes of t he g
i nternal daingerosy. Thisis. é@neraw ubnélmmstmmiohbycmsﬁmsrad emdosbtrdome fof th
i nvented mcroprocessor all 32 bits of the internal data bus nust be

connect ed t datewbichds shareslysif extesnal cincuitrydetemminesithal the datasreaup§teg isr 16
enabi es t he EBieabl" e, bEnoiE BEHBFHLIN WacatadeoR. e the KEN sigflal © >
10 - is returned (active low) on line-36. This signal is coupled to the decoder 44 and as
will be deséribed is used in generating the blast signal. | _ o
The input on line 23 is an ordinary "hold" signal and the output on line 24 is
a hold acknowledge. The input signal on line 25 (address hoid) indicates _ihat the
external bus is to be immediately floated. This is doné 1o prevent system deadlock
15 with other equipment on the bus. Line 26 provides an external address status.
Lines 27 and 28 recsive a ready signal and a "burst” ready signal, respectively.
These signals are also coup!ed.to' the bus cycle decoder 44and_ih_eir use in
generating the blast signal shali be discussed later.
DATA BUS INTERFACE
20 In some microprocessors an internal data bus of, for example, 32 bits may
be coupled directly to an external data bus having fewer lines. In the caSe of the
intel 80386, for instance, an 8-bit data bus may be directly connected to the lower
8 lines/bits of that microprocessor’s internal data bus. Signals are applied to the
microprocessor to indicate that only the lower 8 lines of 't_he_-data bus are m use.
25 Most often, the microprocessor includes an internal mulliplexer which allows the
external 8 data bus lines to be selectively coupled to _ihe- four bytes lanes of the

internal data bus.



5 selectively coupled to any of the byte lanes of the internal data bus.
This is sinpl'y shown in Figure 3 (for the case of an 8 bit external bus) by
the 32 li:nes of the data bus of the bus interface unit 10 bei ng coupl ed
directly“fo the nultiplexer 60. The nultipl exer 60 couples the 8 bit bus 61
to any o of the four byte | anes of bus 30. Byte enable bits are provided
by the m croprocessor to control the nultiplexer 60. 10 Thus, the

m croprocessor dictates which byte lane of its internal bus are to be
coupled to the external data bus. As nentioned, in some prior art

m croprocessors, a circuit.equivalent to nmultiplexer 60 is Included on
chip. Al signals on the data bus are therefore coupled through this

mul ti pl exer when the multiplexer is on chign There is a delay through the
nul ti pl exer and hence, all 15 inconing an out goi ng signals are del ayed by
the mul tipl exer wigfin il"i@cﬁi‘t‘éﬁtlypbr%ﬁ?fed émBbdifiting of fcinvented! micraprotessoeat a
32-bit external data bus Is used del ay occurs through the multi pl exer.

Thi s penal i ze32 biteotthplinteaial data bdnsamuat be connedtéd td gn extepnal\buse Wherelthghest
performance. Wth the interface unit of the present inventio

n', t he
nul ti pl exer oextemahdatakusds®ning os 1§H@e§@5s.mﬂe¢%s€emﬁ' MuliplpxerSHehRS od

ext or nal ﬁﬁsbrlnbm‘é&ar By orEielya g orableadie At urer o P ARl bR a2

(active I 0 2 s. | T¥Wis 34 sipdpt
i ne 28) ry r!,y;‘?joe to e%%%ﬁ [a?'%g)bsfg'??g# rgg dﬁZthHuThl S is Py
particul ar | y sﬁiﬁ\fﬂlin Mﬁ&fees Gé?fhal caslerof i 8 bit @dtdroalibus) by the B2ilineswof the ddta
| e ,han 32 bits; during burst cycles where, for exanple, blocks of data

are Bei ng tr b efthedusrinteriane Uoﬁdlﬁebmmlﬂ?ledldlfﬁﬁw 1 thermultiplexgr 68+« dhet han
ni T The. bl aBMBlaxas BO caHplas The B by fd Rag B et fout friad8ies Bp g 0!
B g, Bla B E He RSPl iorcddbed 1 cSRER  MBRRBY.
of exanplfy aTRNY, thehiCboprocédssr dittates Whichytd RihebH!iR nﬁfe@ml bus are to be
coupled to the external data bus. As mentioned, in some prior art
microprocessors, a circuit.equivalent to multiplexer 60 is included on chip. All
signals on the data bus are therefore coupled through this multiplexer when the
multiplexer is on chip. There is a delay through the multiplexer and hence, all
15 inéoming and outgoing signals are delayed by the multiplexer when the multiplexer
is on chip. Accordingly, even where a 32-bit external data bus is used, a delay
occurs through the multiplexer. This penalizes the applications that are most likely
to provide the highest performance. With the interface unit of the present invention,
the multiplexer 60 is not needed where the bus interface unit 10 is connected to a
20 32-bit data bus. .This provides higher performance when the 32-bit external bus is
used.
BURST LAST (BLAST) SIGNAL
The biast signal on line 29 (active low) indicates that on the next ready
signal (either line 27 or line 28) a memory request by the CPU will be satisfied.
25 This is particularly useful where data is transferred to the memory in words of less
than 32 bits; during burst cycles where, for example, blocks of data are being

transferred int;) the cache memory; or where words-of greater than 32 bits in length



5 being disturbed while it is being read into the m croprocessor.

I nportantly, as will be described, the blast signal can change state "on
the fly". The signals which determine the state of the blast signal such as
BS8, BS16 and KEN are periodically sanpled and the state of the blasgl
signal is redeternmined with each such sanpling. Thus, an external negery in
a default node may 10- provide BS8 or BS16 active upon receiving an address
fromthe mcroprocessor and at a later tine determne it can nake 8 bit, 16
bit or 32.bit transfers. The blast signal, as will be seen, can change
states several tines before a ready signal is returned. Referring to Figure
4, the operation of the blast signal for an ordinary 15 request for nenory
access by the microprocessor is illustrateq. The vertical |nes 62-68
represent the tinmes at which internal clocKing signals occur (e.g., 25nHz).

The -wavef Girgdeftg fhlifsibned f6rthe tiohtng pointuniti The®lastisignal can beasseslsiar
provides a signal (valid low) on line 22 Indicating that a new address is

present orvaribas aayse dt can besedthpravde asiock” 4o prevent ceadingwor writingtinte new
address signals 20 beconming valid as indicated by the transitjo 9.
Assume t hd MOONAF SRMAPNY Gl ﬁc?%is@ﬂa?vn 8 @%ﬁ%}é“gﬁéoéﬁir esses
with o b ol Bk, 80 ey of skampie. X pofibn bF o a8 plecRiEl 9Bl GRBMRRRTER. |
cxani ned Tog BB IR b A e B eI oh (aseUme t he BSL6
si gnal is high)impdhtanthyras will bd desoribBgithenblasiSdighalcaycheingsi state. W the
indicates that the full 32 bits will be transferred at the next ready thus,
sati sfyi ndhyf'n Theesignals whichedetetmnisethe state of the blast signal SHCBrQﬁoB,SGe_E%é . F
KR ENC R IR b S W A
ot ASESRBGEEETABg LIS b Rp iy skt el
t ranst@r r gstovide BS8 or BS16 active upon receiving an address from the microprocessor.
and at a later time determine it can make 8 bit, 16 bit or 32 bit t_rénsfers. T_he.. biast
signal, as will be seen, can change states several imes before a ready' signal is
returned. o _ |
Referring to Figure 4, the operation of the biast signal for an ordinary
15 request for memory access by the microprocessor is illustrated. The- vertical lines
62-68 represent the times at which internal clocking signals dccur (e.g., 25mHz).
The waveform for ADS indiéates that after time 62 the microprocessor providesa - \/
signal (valid low) on line 22 indicating that a new address is present on the
address bus 31. The address signals are shown with the new address signals
20 - becoming valid as indicated by the transitions 69. | o |
Assume that the externél memory upon receiving the ADS signal and
addresses determines tﬁat it will fill the 32 bit request from the microprocessor with
8 bit transfers. It does this by bringing low the Bsszsignal._ This is shown occurring
after time 63. At time 63, however, the BS8 signal is examined 'by the
25 microprocessor and is found to be high {(assume the BS16 signal is high). The
sensing of the BS8 and BS16 high at times 63 indicates that the full 32 bits will be

transferred at the next ready thus satisfying in oné'cy_ble.the request from the



5 on the next ready signal. Therefore, additional nenory cycles will be
needed to conpl ete the pendi ng request of the m croprocessor. As indicated
by arrow 71, the blast signal is driven high to indicate that nore nenory
cycles will .be needed after the next menory cycle to conplete the pending
request'of*The m croprocessor. Shortly after this occurs, the ready signal
appears as indicated 10 by the pulse 72. Wth this pulse, 8 bits of data
are transferred between the mcroprocessor and nenory, |eaving 24 bits to
be transferred to conplete the pending request for the mcroprocessor.
After the first transfer occurs, the BS8 signal (between tines 65 and 66)
goes inactive (again assune that the BS16 signal remains inactive). This 15
indicates that the menory is nore able to accqgnbdate a 32-bit transfer. At
the 66 the state of the BS8 signal is sensed and the m croprocessor

[

terprets t hinﬁcidf?r@&%’& F."Fdr 1A dongitidR X ihisrBIaat !i{;ﬁngﬂgedriv%ﬁ IBiwids mdfcated bg

transferred and the pendi'ng request satisfied | ast signal now goes

active as i ndigtrome?0.0\Now abtimé®B4 the BSB:signaltis agaiyexamined anhd thi@fima t s of
data are transferred conpleting the second 20 marmr%. cycle and the .
transaction. Idetesmingditeoke low.cBhe microprogessorinierprets this a5 meaningdhal ar Bdilged

t at th . i t d f, t 1 t f J

o1 o1 opr ocessoATARRTET Wil bpeur aneLieFalate Gy Adbits ol 33 Gl Fatuesteliivil b transtered
ti bef : S . Loxi bi L

types of +Pandrag ek féudy gy, Holod, BckiioBl wEHBry cicieg Wi bY rieditel’ts
mermory. For t henfHlete 4Rs ipBRding regdestof4he MiSropidticeser. A8 mdidted eyatttow 71,
sigMgl s has not been described. These signals will be described in nore
detaiT” for thdheblaspsignal is drivbd higlsta indicate thatimpreemémonooyoles wili be geeded

once the BS8 or BS16 signals go active, the byte enable si g*nal s determ ne
whi ch byt e | aligr the:nex snempaityciatoscampletedhe pendingreguestPidi®e cases, the

Dy L PPodishar Al ok A, TG et G behaR el
10 by the pulsa 72. With this pulse, 8 bits of data are transferred between the
mic}oprocessor and memory, leaving 24 bits to be transferred to complete the
pending request for the microprocessor.
After the first transfer occurs, the BS8 signal (between times 65 and 66)
goes inactive (again assume that the BS16 signal remains inactive). This
15 indicates that the memory is more able to accommodate a 32-bit transfer. At time
66 the state of the BS8 signal is sensed and the microprocessor interprets this to
mean that on the next memory cycle, 24 bits are to be transferred and the pending
request satisfied. The blast signal now goes active as indicated by arrow 73. On
the next ready signal the 24 bits of data are transferred completing the second
20 memory cycle and the transaction.
it should be noted from Figure 4 that the blast signal changed state more
than once during the pendency of the request from the micrbprocessor and
indeed, the blast signal can change state any number of times before ready is
returned. This permits maximum flexibility for the types of transfers that can occur
25 Dbetween the microprocessor and memory.
For the discussion of Figure 4, the state of the byte enable signals has not

been described. These signals will be described in. more detail for the examples



5 coupling to the byte lane or |anes indicated by thée byte enable signals.
BLAST SI GNAL GENERATION The bl ast signal on line 29 is generated py the bus.
cycl e decoder 44. In its presently preferred enbodi ment, this decoder;.is
realized as a logic array. The portion of the array which generates the

bl ast signal is best 'described by the 10 equations which it |nplem$3s;
These equations can be readily converted into logic circuits (e.g., gates,
etc.). In the follomﬁng equations "." represents a | ogical AND and a "+ a
| ogical OR The "#" synbol indicates the converse of a function,
specifically breset# Indicates that b-reset condition is not true., The
various bus states are represented 15 by tl1 (indicating the ntcroprocessor
is sending out a new address), t2 (|nd|cat|ng that t he ntcroprocessor i's

| ooking for data), and [err] (an idle-skate). "Firstfill" indicates the

Lot P RoEHE R FRTRETE bobhllyioene 9643 s BGRRhplReLCY, 1

for firsid byt eéh'a%@ggnaﬁlde@emﬁsw& n@grlégwatesuﬁa WhBRthe'B B3 3@4 -

respectively. "ncnt means the nu bytes left to sati

mi cr opr oestased. riacsonse cases, thebyierensble sighalscarerdoupled tena mmeedsdmh a 5-bit
field. In the eguatlons below, the bits in this field are shown between
br acket s @sishowndn Figurep3 er coupled ta otharextermat eireuitry. which: disectssignabndi t i ons

of th field are the uat| hat t true) .if the
{1 rstSoi oW FRme eaorb §w°@9?é33PXéha}ytP PrabBandsy i cat es
that the state of the bit n&?ﬁ P r as neeting the
conditions of the bracket. or purposes 0 unGers andi ng the present \/
i nvention, angh@dldst aignal b Ii l“narzstibqehaehtéawrtﬁeMscﬁyctduadddasmsuattal I

a

can be assurred that the blast sign Is the - - sanme as the norecyc.
I n fact, présently preferredmmbddiment; tkis decoderyis|realizedhas atlbgic avrayi riEvg/ menory
cycles, for instance, for a boundaré1 scan cycle the bl ast SI gnal i s not

asser t edPortieasef the araysmiek genetatesthe biast signaliisbest described byrthe
undey o' 24 gu&f’on%fwﬂlcﬁ ﬂmplgﬁtreﬁg e‘ﬁ?es%' eraauattlo%fs c:tagebeD reail ity co'nver?eé 1n?c
logic circuits (e.g., gates, etc.). _ _ .
In the following equations *." represents a logical AND and a "+", a logical
OR. The "#" symbol indicates the converse of a function, specifically breset#

indicates that b-reset condition is not true. The various bus states are fepresented-
15 Dby t1 (indicating the microprocessor is sending out a new address), t2 tindicating '
that the microprocessor is looking for data), and t; (an idle state). "Firstfil" -
indicates the first bus cycle in a cache memory_ fill (e.g., first 4 bytes of 16 bytes VJ
are being transferred into the cache memory); the KEN signal is sampled active for
firstfill. bs8 and bs16 refer to the signals on lines 35 and-34.'reshactively. “nent”
20 means the number of bytes left to satisfy a microprocessor request. In the circuit
this count is represented by a 5-bit field. In the equations below, the bits in this
field are shown between brackets. If, for example, the brackets indicate "<1--->"
the conditions of the field are met for the equation (that is, the term is true) if the first
bit in the field is a binary one. The dash in the field indicates that the state of the bit
25 does not matter insofar as meeting the obnditions of the bracket.
For purposes of understanding the present invention, and particularly for -
the understanding of the blast signal, it can be assumed that the blast éignat is the



5 *ncnt add" I ndicates the nunber of bits to be subtracted for a
particul ar transfer when ready is returned. "ncntadd" is a 3 bit field
conpri sed of a concatenation of ncntadd2, ncntaddl and ncntaddO. [f, for
exanpl e, nontout is <10000> (16) and ncntadd is <001> (1) then ncnt becones
<01111> (18Y. This operati-on is shown in Figure 6. The logic inplenented by
the equations Is 10 generally shown by logic 99. The substation is
performed by subtracter -100. The BRDY or RDY signal causes latch 101 to
capture the subtraction of ncntout fromncntadd to provide the new ncnt.
This new value-of ncnt is used to determine the state of norecyc. "alout"
and "aOout" represents the actual address "1" and address "0" for 15 the
bus cycl e. - 15 - norecyc = breset#.(ncnt<l ----> +ncnt<01 --->

+ncnt <001 1-> +ncnt<001 -1 > 5 +ncnt <001 -->. bs16

#ncnt <001-- >. bs8 +ncnt<0001 1 > bsl 6 +ncnt <000f-S. bs8 +ncnt <001 -->. T2# 10
+ncnt <00- 1- >, T29ame aath® moracye. Tinfactf these are soms ditferencesitoocycigs othrrdhars

(o 3012351 Sl iy, fornig 36 ko PehhE S B o o s
23<01 >. bs8#. bsi B biedrddf I théddditterences, however, are not important for an
understanding of the preferred embodiment of the present invention.
5 *nentadd” indicates the number of bits to be subtracted for a particular
'\/. transfer when ready is returned. "ncntadd” is a 3 bit field comprised of a
concatenation of ncntadd2, ncntadd1 and nentadd0. If, for example, nentout is
<10000> (16) and ncntadd is <001> (1) then nent becomes <01111> (15). This |
operation is shown in Figure 6. The logic implemented by the equations is
10 generally shown by logic 99. The substation is performed by subtracter 100. The
BRDY or RDY signal causes latch 101 to capture the subtraction of ncntout from
ncntadd to provide the new nent. This new value of nent is used to determine the
state of morecyc.. '
*atout” and "aOout” represents the actual address "{" and address "0" for

15 the bus cycle.



20 ncntadd2 =T2. bs8#. bs16#. (a0123<00>+firstfill); [4 bytes ] ncntout4
il
il

=fi rstf + ncnt<l --- >; ncntout3 =firstfill#. ncnt<-1--- >; ncntout?2
=firstfill# ncnt<--1-->; 25 ncntoutl =firstfil{# ncnt<---1->; ncntout:0
=firstfill # ncnt<---1>; al out =firstfill#.a0123<1 -> 30 aOout S

=firstfill# a0123<-1>; A TYPI CAL MEMORY CYCLE Referring now to Fi guf,,etS
waveforns for the si gnal s di scussed above are shown for a data transfer.

The vertical lines 80-91 represent tine. For purposes of 35 discussion, it
is assuned that the KEN signal is sanpled at the tinmes represented by these
vertical lines. At tinme 80, no address is presented, hence, the processor

IS not requesting data. Morecyc is low for this condition. Between tines 80
and 81, ADS/ drops In potential indicatijgg that an address is present. The
address 40 is shown as being 40 presented on the address |ines. The byte
enabl e simoracyc a breset#i(nonteb--psesent - 16 - the signals 1011. This

i ndi cates that the procesett<Oils--seeking a single byte by this nenory
request. (If a typical sacmPOddsnsfer is requested the byte enable signals
are 0000.) Also, betweennents®918> and 81, bs8/ goes active,.indicating that
the nBnory will fill thenﬂéqggét'hhﬂlﬁ 8 bit transfers; and the KEN signal
goes active, 5 indicat#h <@ “EI' sought IS cacheable At tinme 81 the

KEN signal is sensed atB Wé $16di cat ed. by the line 95, firstfill
goes active - since theth F is the first in a cacheabl e cycle.
Referbl ng to the equat|$ﬂ§ k "> conditions for ncntout 4 are.net
sincd%irstfill is hlgh gc j ‘1l and 0 are all lowsince firstfill
is high. Also the condi {ﬁITZ) \/
ncntaddo =12. (bs8
15 + (a0123<-1> firstfill#)); [1o0r3bytes]

ncntaddt =T2.( (bs16.bsB#.(a0123<-0>+firstfill)) [2or 3 bytes]
+(a0123<10>.bs8#+a0123<01>.bsB#.bs1 6#)).firstfill#);

20 ncntadd? =T2.bs8#.bs16#.(a0123<00>+firstfill); [ 4 bytes ]

ncntoutd =firstfill + nont<t-—->;
nentout3 =firstfill#.ncntg-1--->;
2 nentout2 =firstfill#.ncnt<--1-->;
5.
nentoutt =firstfill#.ncntg---1->; - N .
ncntout0 =firstfill#.ncnt<----1>; '

atlout =firstfili#.a0123<1-> i
30 alout =firstfill#.a0123<-1>; \/)
A TYPICAL MEMORY CYCLE
Referring now to Figure 5, waveforms for the signals discussed above are
shown for a data transfer. The vertical lines 80-91 represent time. - For purposes of
35 discussion, it is assumed that the KEN signal is sampled at the times represented
by these vertical lines.
At time 80, no address is presented, hence, the processor is not réquestirig
~data. Morecyc is low for this condition. Betwsen times 80 and 81, ADS/ drops in
potential indicating that an address is present. The address 40 is shown as being

40 presented on the address lines. The byte enable signals are assumed to preseht |



10 for ncntaddO are nmet since bs8 is active and the processor is seeking
data. Exam ni‘ng the subtracter of Figure 6 at this point in tinme: ncntout
is <1 0000> (16); ncntadd is <001> (1), therefore, ncnt is-equal to <01111>
(15). Again, referring to the equations above, ncnt<0l ---> is valid,
thereforéﬁﬁnrecyc wi |l be.active. Mdrecyc is shown going active between the
times 81 and 82 in Figure 5. ‘15 Now at tine 82 KEN is returned

i nactive. (The specific nenory condition which may cause this uninportant,
KEN is nade inactive at this point to showthe flexibility of the invented
system) Wen KEN is sanpled inactive at tinme 82, firstfill drops in
potential as indicated by line 96. Once this occurs, the inputs to the
subtracter of Figure 6 are both ones, and ncnt is <00000>. None of the
terms of 20 norecyc are met and the norecyc p tentlal drops. This

i cr opr ocessoenaB:ItE  THREH %txéi‘@t?ﬁ%ﬁ%%% W dogkocL & wil plJRis
hi's request clompd redfed, SfaSReatepRtRasG S roiiteiod netito Shvle iR 2.
82 and 83 t he gf§l0o0JNAlsonBeIwRenTifies 8D iand. 81AtbsBI ﬁ@aﬁﬁcﬁ% indi¢ating thabthe S
sanpled and as is indicated by line 97 firstfill rises in potential. For

t hi s condi t i ormemony willdilldhe seqtshwith @obittransferss cand theCEN signal gaes aoliveat e

that on the next transfer t he out st andi request of the processor will not
be net. Beﬁmeg‘?p'cat'"g that data seughis ﬁ%‘é"%%%RDY drops in potential and a

k&a@ir oturned. AnimeCE} e REN Gbhabit %ﬂ%gé%gﬁvihﬂﬁéﬁjrél%ﬁ”@%%%ﬁ
cycl®in an omggafil joedaMe ﬁ&n&é‘?mé’ﬁéﬁ tréas?érqesﬁ@hfs% B)da@hBabiB

After the first transfer occurs after tine the KEN sign I remalns
| ow and fir st fReférriigapshe eqoaﬂmtabdvesthmﬁdmbntlfoshcmomhcé meth siriee firstfilit

cycle.” has been conpleted. At times 85 to 91 each tinme BRDY goes active,

anot her 8 bi t 48 hight r nentput 3,621 ard Aare alidow since firsifillés bigh: Also the congitions

transfer. t t1or ncn?adéoh are mg%J glﬁcg %s& is active and the processor is seeking data.
Examining the subtracter of Figure 6 at this point in time: ncntout is <10000> (16);
ncntadd is <001> (1), therefore, ncnt is equal to <01111> (15). Again, referring to
the equations above, ncnt<01---> is valid, therefore morecyc will be active.
Morecyc is shown goihg active between the times 81 and 82 in Figure 5.

15 Now at time 82 KEN is returned inactive. (The specific memory condition
which may cause this unimportant, KEN is made inactive at this point to show the
flexibility of the invented system.) When KEN is sampled inactive at time 82, firstfill
drops in potential as indicated by line 96. Once this occurs, the inputs to the
subtracter of Figure 6 are both ones, and ncnt is <00000>. None of the terms of

20 morecyc are met and the morecyc potential drops. This indicates that on the next
transfer the outstanding 8 bit reqbest by the microprocessor will be satisfied. (Note
that the microprocessor is only requesting 8 bits of data since a byte enable signal
is 1011 and therefore this request can be satisfied even though bs8 is active.)

Between the times 82 and 83 the KEN signal again goes active. At time 83

25 this signal is sampled and as is indicated by line 97 firstfill rises in potential. For

this condition, ncnt becomes 15 and morecyc rises in potential to indicate that on

the next transfer the outstanding request of the processor will not be met. Between



10 subtracter are both "ones" and no termof norecyc is satisfied. The
nmorecyc signal then goes inactive to indicate that on the next transfer the -
request by the nmenory is satisfied. Thus, an interface unit for a .

m croprocessor has been disclosed. The unit 15 provides dynanmic "on t he
fly' handling of signals affecting transfer, such as byte size and tha

. cache enabl e signal. - 18 - 1. A nicroprocessor havi ng an |nternal
data bus of n-bytes, where n is greater than 2, said m croprocessor for
provi di ng address signals for an n-byte transfer of -data and for receiving
a ready signal when external nmenory is ready to transfer data, said

m croprocessor also including a cache nenory, said mcroprocessor
conprising: a first input nmeans for rece|V|ng at | east one size signal
representing the nunber of bytes said ext &f mal menory will transfer with

or ovi i ng TEE 53886 e BABYUBEY In bABMA AR ranbley Bibyrs ThPdflect o g1t
sai d m'_'cr Qsﬁaﬂaranndné aRPighdrad 5intd KEN wds vetisinba, aﬁdiasfiﬁd.cﬂeeqhél ng at

t he next dy sl gna | ogi ¢ means for generating said |ast signal, coupled

to said flbytié enhabletsigreis subsatjuentiy ydedn tanuorderin msannemias ﬂheglaxarieans for
keeping track of the number of bytes of data transferred after said
m croprocémefm%w@m&) address signals and for periodically sensing

said s bz esig na\ffer ?r? HrA Rgngfepe 66clTs ?amp gftarbtlme hg). the KEN signal remains low

and ﬁrétﬁll drops in potential since the first transfer of the burst cycle has been .
completed. . - v/
At times 85 to 91 each time BRDY goes active, another 8 bits is transferred

and ncnt drops in value by "one” for each transter. At time _90 the inputs to the .

10 subtracter are both "ones” -and no term of morecyc is satisfied. The morecyc _
signal then goes inactive to indicate that on the next _transfér-th_e request by the .

memory is satisfied.

Thus, an interface unit for a micropmceésor_ has been disclosed. The unit
15 provides dynamic "on the fly" handling of signals affecting transfer, such as byte

size and the cache enable signal.-



change said last signal with each sensed change of said size signal before
sai d ready si-gnal; a second input neans for receiving—acacheenabie signal

generated- externally to said mcroprocessor which indj ' ought
to be transferred to said m croprocessor by said add gﬁﬂ“gﬂ& uu Eumo be
d &

stored i m8aid cache nenory; wherein said enable sig 0 said
| ogi c neans and is periodically sensed d for generating said | ast
signal, said |logic neans being able to change said | ast signal with each
sensed change of -19- said cache enableigignaJ before said ready signal;

and wherein said mcroprocessor further conprises a third input nmeans for
receiving a burst ready signal which indicates that said external nenory is

ready to transher burshs pifcrBrvddtddis PRV End OafdiihtRIHAS At "Bhs TF d
bur st signal belggtcoupl d to said logi¢c neans for use,i.n generating said

| ast signal . 2R~PYtesa dciSsGrepkerndnan i u eFALR TICEOPT S9¥s,
sai d m croprocgegomprionidiny i addessids tgRatsgfars drorntlhetéd r apahefeel o2

Lo Lransier dapatecphdnitg ok ediiine Pa0" PratlfCle SOMEL DUndIF TR Y
means for perfuenony fisamieagypotat transfien | data,ssaidi nicpoprosessor
conprising: a alkpSt jrld1UAinC" a I CE5eHe ngxgeﬁaryi, NPEhiaS sldropdicedlddid
that said external nenory wll transfer 8 bits

comprising:

a first input means for receiving at least one
size signal representing the number of bytes said

\~/ h external memory will transfer with said microprocessor on
said next ready signal; '

output means for ©providing a 1last signal"
representing that a data transfer request by said
microprocessor will be satisfied with the data transfer
dccurring at the next ready signal;

logic means for generating said last signal,
coupled to said first input means and to said output
means, said logic means for keeping track of the number
of bytes of data transferred after said microprocessor
provides said address signals and for periodically
sensing said size signal, said logic means being able to

\\/ change said last signal with each sensed change of said
size signal before said ready signal;

a second input means for receiving a cache enable
signal generated externally to said microprocessor which
indicates if data sought to be transferred to said
microprocessor by said address signals is to be stored in
said cache memory; '

wherein said enable signal is coupled to said
logic means and is périodically sensed and used for
generating said last signal, said logic means being able
to change said last signal with each sensed change of



of data, a secon ' Iving an input signal indicating that said -
external nenory will transfer 16 bits of data, a third line for providing
a last si gna““\m mml,“mﬂu“at a data request by said m croprocessor)vvi |1
be satisfied sfer occurring at the next ready signal;"|ogic
nmeans for gefler&tihg said last signal, coupled to said first, sés.énd
and third lines, said | ogi c neans ke_epigg_track of the nunber of bytes of

data transferred " after said m croprocessor provides said addr ess
signal and for periodically sensing said signals on said first and second

lines, sai Qaiegbscﬁeaaﬁabeenslahhe befaheneelaalx@ab@stsﬁ;rﬁlagl digf ore said
ready signal with each sense e.-on_sa second,l i nes;

fourin’l Che whi ch FBEBRIBe SALE nBUCTOPBARESERA, (CHTLHFTunEONBF LPRE. cat o
sought to tleirdanaiput edle'anssafdrmmmmmgscar burst beeadypr edignali n sai d
cache mempgy éﬁaciq%-eém haealdai ahg(tfeg. r.thh eisng . ??éo o coupl ed

to said Iogl C neans, sal cacﬁe ena ?e Sig e| ng p’Zrl odi ca sensed for
use by sai ﬁrangternemssmr qfendata ngnsarespagsesu‘gﬂalsas%u ddargss neans

bei ng abl egjgnahanam sl Bukas! Sighel B@fl?xbe é@ﬁﬁlé&a@b ssghal Mgt each
sensed change of _said cagche enable signal,; ind a fifth line for. receiving

an input SPGRAF fAYi vse i} Pﬁaﬁré‘gﬂ'lfge?f“éfin sdapals ready for a burst

nmode transfer of data, said fourth |ine being coupl ed to said | ogi c means
and bei ng ysed in Ah%i%%%r%tde%&f ﬁgbiing an internal 32-bit data.
bus, sa.J,d . microprocessor for prov1d.1n_g add_ress 51gnals .
for the transfer of 32 bits of data and 'for" receivi'ng a \j
ready signal when external memory is ready to transfer
- data, said microprocessor also 1nc1ud1ng a cache memory
and a means for performing floating point calculatlons,
said microprocessor comprising: | | o o '
' a first 1line for.: receiving _a'n.. 'input. _ :_s_i:gnal '
indicating that said external memory will transfer 8 bits
of data, a second line for receiving an input _signal
indicating that said external memory will transfer 16
bits of data, a third 1line for providing a last signal
representing that a data request by said microprocessor
will be satisfied with a data transfer occurring at the.'
next ready signal; ' _ ' | '
logic means for generating said last signal, g
coupled to said first, second and third lines, said logic
means keeping track of the _nux_riber of bytes of data
transferred after said mic'r'oprocessor '“prévides said
address signal and for periodically sensn'xg sa1d signals
on said first and second lines, said loglc means be:mg
.able to change said last signal before saz.d' ready signal
with each sensed change on said first and secend lines;
a fourth line which receives an input signal
_J.ndlcatlng whetbrthe data sought to be transferred to
said microprocessor is to be stored within said cache
'memory (cache enable signal), sa1d fourth 1line being



| ast signal. 3. The m croprocessor defined by claim2 wherein said
nfcroprocessor further conprises a neans for generaPan~byLe~§ﬂ§DL§_§L%nals
in response to signals on said first and second lines to indicate the

| anes of /said data bus which are to be used for the ﬂ "u&ﬂﬂ

A m crop“rﬂ‘cessor substantially as hereinbefore desc m”u"’nce to
t he acconpanyi ng draw ngs. - 20 -

coupled to said logic means, said cache enable signal
being periodically sensed for use by said logic means for
generating said last signal, said logic means being able
to change said last signal before said ready signal with
each sensed change of said cache enable signal; and

a fifth 1line for receiving an input signal
indicating that said external memory is ready for a burst
mode transfer of data, said fourth line being coupled to
said logic means and being used in the generation of said
last signal.

3. The microprocessor defined by claim 2 wherein
said microprocessor further comprises a means for
generating byte enable signals in response to signals on
said first and second lines to indicate the byte lanes of
said data bus which are to be used for the data transfer.

4. A microprocessor substantially as hereinbefore
described with reference to the accompanying drawings.




