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ENDPO NTS AND USB HOST | Fi.eld of the Inventi og:x {s The
present invention relatés to a peripheral mcrocontr % % oviding a
hi gh performance USB (Universal Serial Bus) c § éﬁfp% exi sting

- peripheral architectures. .(sdch ag printers-apdsslinsk WhbiEOny. TR . NI

L Hierecont T ol 1er$) “and 'to ‘héw frer ixpheral-s = SgreTm e
"“4.port USB-to-Ethernet Bridge). .~ - :The-USB peri pher al

microcont ol et | ncl Ui Rkl WEhGECHTROLLER! 207 (v T e

5Uni.t' connects to-one or nore peripheral devices such as |ISA-1iKke

peripherals. A 5 Menory Managenent Unit (MWJ) provides a buffering
nech%ﬁ!ﬂmﬂmmm SIE and MCU Interface Unit. The
MWUJ utilizes a unique data packet buffering architecture. Packets received

at the Mvwhsrmsgtmtﬁﬁlgﬁﬁeﬁ?élaiéew el rﬂfbfrwoﬁi?suéﬁﬁr 6&idm RiyH<et s

recei ved MW fromthe USB host for transm ssSion

per.i (%ﬁ ed j R The, c i f.th i
dynaﬁ'ngggﬁln;? ﬁ%?l ocC a{‘%ﬁg'gaa?%ﬁﬁ%? 868“%@%%%@%?@ }Sgﬁaberaﬁ a%l\pﬁéu@@) host
SO that the size .of tt?e SAM IS mnimzed., The data_path of
O he A$Heh % pEN9SS and qisk drinps wikt existing misragonsrollegsh gnd to new peripheral
advant a%eous.' The 'SI E accesses’t he packet buffer RAMvia a DVA controller
i.n t gechitectures {augh g% a 4iport USBrtoekthernet Bridgekses t he packet buffer RAM
via a mcrocontroller 25 or a DVA controller. An arbiter in the MW
enabl es t MkecUSH peripheralhicrscortrallat cnsliudes three units. A Serial Interface
Engine (SIE) connects to a USB hqst or USB hub. A Microcontroller (MCU) Interface
Unit connects to one or more peripheral devices such as ISA-like peripherals. A
5  Memory Management Unit (MMU) provides a buffering mechanism between the SIE
~ and MCU Interface Unit.
. The MMU utilizes a unique data packet buffering architecture. Packets received
&t the MMU from a peripheral for transmission to the USB host and packets received
at the MMU from the USB host for transmission to a peripheral are buffered in a RAM,
!0 The capacity of the RAM is dynamically allocatable among various USB endpoints and
the USB host so that the size of the RAM is minimized.
The data path of the inventive USB peripheral controller is alse highly
advantageous. The SIE accesses the packet buffer RAM via a DMA controller in the
MMU. The MCU Interface Unit accesses the packet buffer RAM via a microcontroller

4] or a DMA controller. An arbiter in the MMU enables these multiple masters to access

the packet buffer RAM.

'Iﬁis,?‘iieet Hag Been Replaced

AT

THIS SHEET HAS BEEN

REPLACED
RREES

W Tafer



t hERPACKAERH AT RAM 515 747 5638 1998,04-14 1321 #2572p.03/24

Backgrouhd of the Invention The USB (Uni versal Serial Bus) is
a pefipheral bus specification devel oped by PC and tel ecomindustry
| eaders. The USB br| ngs the pl ug- and--pl ay capability of conput er

peri pRaci adiof te ontle ox ThIS ellmnate,s the need to install. cards_

peri pher al S
equi pped WIT![‘E l{%B( : érip % er agge?#ﬁh a‘lg %ﬁi’ "’:"'ff:."';-".
confi oon, the e ph t ached .wi t houj  t he’ need
to reEGO%?%agh?H"% é'?éﬁ!’t%éﬁaéﬁrp Mé {h’@gﬁe’{h%e g-apgd-play capability of - o
run simultaneously on a conputer, with peripherals such as monitors and 10
key b@amt%w@erglmdmm qu boy- Thlsalmnatﬁs theneed to install cards intéhe

USB is described in detail in the Universal Serial Bus Specification,
Bevi sdedicitéd worpaterdsiots \ankb red&ﬁfgur@ hthes BfStelh CeddtPtimhé 4 Yehiphéral is
publ i shed by Conpaq, Digital Equi prment Corporation, |BM PC Conpany,

| nt el a1edbRBASE HetddHed ¥dm a PC. f%é@@;la%ﬁshﬁmgq g eﬁOWit‘FPU%BOEné Ws

UﬁB specification are | ncgrpgrate ] I I c enc

T T US U
dei. cBeriplitet RBfaREICRY bﬁﬁsv@éét Fonfiglired o £e0085 Boh BB P
th is a devi ce whi ch provi des addi ti onal

at t ac Araghed dt’ﬁtggut g?e Dﬁe Beboot or run getupa cVSBallpws inditipleagdevices tiups t o

the system e.g., an | SDN connection, a digital 20 j oystick, a speaker,
a keytdi2¥ - to mmsimuleanaoualwohtﬂocmﬂutdrevﬁtlnpemphemlsasm as inberditors and

0 key boards acting as additional plug-in sites or hubs.

The USB is described in detall in the Universal Serial Bus Specification,

Revision 1.0 published July 15, 1998, The specifioation is jointly published by
' Compag, Digital Equipment Corporation, IBM PC Company, Intel, Microsoft, NEC and
Northern Telecom. The contents of thiz USB specification are ineorporated herein by

15 reference.-

The USB bus topology may be described as follows. The USB connects USB
devices with a USB host. There are tiwo types of USB deviees: the hub and the
function. A hub is a device which provides additional attachment points for the USB.
A function provides capabilities to the system, e.g., an ISDN connection, a digital_

20 joystick, a speaker, a keyboard, a mouss, ete. ‘t‘he hub and the function are described

in greater detail below.
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Is a tered star topology. A hub is at the center of each star. Each
Wi re segnent is a point-to-point connection: (a) between the host
and a hub, or (b) between a host and a function, or (c) between a hub and " .
anot her - The \ySB.physicalintérconinectis a tered star togolody) |A Habigbtthe benter: i1 4.
t-opol 6gy “of “t'he "USB§yst efr™ TheUSB syst en¥ 107 conprises & hgst 12" "1
Ther H Sar.PEB BNt IEL holnt-thiFoiltfe SO en the hogOhl  #5

SofddeH 4tr. eae#.wésggﬁgg.b i i bolnttblifoift bnieotictt ja) hetWben the st OF! ¥4

2. The port I S.connect W re segnent e function The

port 1 is.cqnnected he Vil fe seqnment o hub L. K The, hub:1 has - .
five 908 ?J‘%.orﬂ"é%a een ?l%éi apd 325“1‘3' rﬂfe'é“} 5'Y'ﬁ"’Brﬁe'l'HP reLanother; s py
the wire segnent 24. Simlarly, the hub 2 and hub 3 are also connected to
por t shalp of fengtioNari ous functions (e.g., function 30, 32, etc.) are
connected to ports on the hub 2 or the hub 3. Hubs are a key
8l enent i nFiGie1 pillugtrates thaytopoldgy oft thee USB. ¢yBtemubsTiee U8B system 10
sinplify USB connectivity fromthe user's perspective and provide

r Obusétgg?ﬁséé a host 12, THeF@ske 806 pﬁﬁfr% L??%hmim Nésti Tt BBRCERhEAt or s

and en e the multiple 5 attac racteristics of. USB. Attachnent

G o Bof . TRRBRFER b RpAhaPlid By 1iFire seamenin g tf dhe ichioh 207 ighon °

architecture su rts concatenatiqn of nultiple hybs. The upstream port of
2" hubt 6 connegisth By the (HES SaBTRIMAR bHE hothe Rk has BYRPATRAO. The
downstream ports of a hub al l ows connection to another hub or -
f unct functian®2 is connecteditorone of thesk pents byithe ditesdgraent 24. Siroliarlylcthece at
each dowr stream port and enable the distribution of

0 hub 2 and hub 3 are also connected to ports of hub 1. Various functions (e.g.,

function 30, 32, etc.} are connectéd to ports on the hub 2 or the hub 3.

Hubs are a key element in the plug-and-play architecture of USB. Hubs serve
to simplify USB cqnnectivity from the user’s perspective and provide robustness at
low cost and complexity. Hubs are wir{ng concentrators and enable the multiple

5 - attachment characteristics of USB. Attachment points are referred to as ports (see
FIG. 1). Each hub converts a single attachment point into multipfe attachment points.
The architecture supports concatenation of multiple hubs. The u;;stream port of a hub
connects the hub towards the host. Each of the other downstream ports of a hub
allows connection to another hub 6r function. Hubs can detect the attachment and
0 detachment of a USB device at each dowrstream port and enable the distriﬁution of
power to these downstream USB devices. Each downstream port can be individually

-
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I ndi vi dual |y 4 enabl ed
and configured as either full or | ow spead. The hub isolates |ow speed
ports fromfull speed signaling. A function. |s a USB

devi t

“inf G?ﬁ%?’?gna dﬁ%ﬁ% US%é g?unctlrcgﬁwﬁ ?Pgbl'gwg'%éﬂﬂ%‘”é gdgog*gpar at ,'
peri cabl e that plugs |nto a-port . on :a: hub SHoveyver:.. a
physf@gﬁr'%“ gs&ﬁ}&%ﬂﬂiqiay i rrpl ement multiple functioens and“an’ Frnbedded hub
with a si gekﬁ USB - GP Thi's i s known as a corrpound device. A. :
conpound ngtion, if8/USE slevice thattis able to eansmit orecaiverdaterorigentrol |
pernanent|y attached USB devi ces. Exanples of functions " include a
pri nirformatiopniover ,the WiSB: e, Aafumctiomiisl, typicatigeimplementédoagia péepatate a
tape player, an | SDN connection, etc. There is only one host

50N apériphBral \device witteadaBld fﬁar pIags ivte 4 port'8hta hub. Homvei;tfbhwﬁsﬁm I's

referred to as the host controller.” The host controll

o ?'%%5? by PrpRiR A A fuABONEREY anl obRided sl 7

atta vi ce endpoint refers to a uniquely
|den @%&%F?PW %ﬁa&Om@LﬂE@lﬁ cg.nixFompound geviceRRRaSTS te tae hpst o
source or sink of information in a conmuni cation fl ow between " . host

and @sm ke wWith one or more ReroYanantigbttashedi USB deviceso Exanplas of functigys nt i s
a Dat a/ Voi ce nbdem There may be one endpoint for voice packets and one
endpdénciude a printdrpa mishitopos keddse, a kayboard, a modem, an audio CD player, a

0 tape player, an ISDN connection, etc.

There is only one host on any USB system. The USB interface to the host
computer system is referred to as the host controller. The host controller may be
implemented in 2 combination of hardware, firmware, or software. A root hub Is
integrated within the host system to provide one or more attachment points.

5 A device endpoint refers to a uniqusly identifiable portion of a USB device (hub
~ or function) that is a source or sink of information in a communication flow between
host and USB device. An example of a USB function with more .than one endpoint is
a Dgta/Voice modem. There may be one sndpoint for voice packets and one endpoint

for data packets.
0 | All bus transactions involve the transmission of up to three packets. Each
transaction begins when the host controller, on a scheduled basis, sends a USB

packet describing the type and direction of transaction, the USB device address, and
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packets. "Each trangacti on begins when the host controller, on a
schedul ed basis, sends a USB packet describing the type and

direction of transaction, the USB device address, and - ~ endpoi nt
nUThEndpBIMEnuRMbEEL. This cRet fi'rdfirad 16 #Y TBKERA Patket. - THe Uéﬁ'ﬁag;;s &

that is addrfesed by the Token Packet ects"itsetf by decodi ng:

.....

7o e 1 nodrapsod 85 3 TokBh nclor hfockd Wb B Shonofig 318, 5iamiate &

from a, devi 0 _} he host e,direction of data,transfer 5 i's specified
1t R Teds gt Pe TRkon Packet o givan waasacion, AR nstened sither .
packet indicating whether the transfer was successful. In
generfpm theshosto o Hevigewr fremualdevice todhe hoiste Thenfirention of data tyansfero
generate transactions for comonly used busses such as | SA EISA PC, and

Bhe is specifisd i itiee TokehlPicketof THPRbArcd bf ithe dfarisagtiba thenaskads bl
peri pherals for use with the highly advantageous USB. To acconplish this,

fgml f?%riﬁhi&‘i}‘? Whethdetna ﬁ%kr%%ﬁgégé&qeﬂt rol ler which can generate

us tranSactions such as transactions fromthe USB
serial projLo r . . A hlock di agram of .such USB -
m cr ocont r%\ ﬁgbe%‘i t%?é%t gﬁgﬂhe'ﬂs Il—'?tfgldﬁalah?%" rojlors wﬁ\"%!} &%rﬂaqsﬁqrf%"'tﬂhi t
50 conprises three bl ocks, a USB Serial Interface Engine (SIE) 60, 5 ..
Vi o GUMRIALE HANSRRBS JOE commanly uad buskes susham KA ERALREL aisheso.
The SIE 60 connects to a port on a USB hub or on a USB host and
ser veprapfietant NUdusebApple. it is desitabld Rbadaptithese pefipheidls tarl use witheth8l E 60
formats data to be transmitted fromthe peripheral to the host in
pccor Higie aﬂvhhtéﬁﬁbdéSBSB.Otvs Cdocoriplish’ SRIERIE is] deliraBlecty Povide a USB
microcontroller which can gensrate familiar bus transactions such as ISA bus
trensactions from the USB serial protocol stream.
A block diagram of such a USB microcontroller unit is shown in FIG. 2. This
microcontroller unit 50 comprises thrae blocks, a USB Serial Interface Engine (SIE) 60,
5 Microcontroller Interface Unit 70, and a Memory Management Unit (MMU)} 80. The
SIE 60 connects to a port on a USB hub ar on a USB host and serves as an interface
to the USB protocol. Specifically, the SIE 60 formats data to be transmitted from the
peripheral to the host in accordance with the USB protocol. It reformats data received
from the USB host in accordance with the USB protocol into a form that can be

0 buffered in the Memory Management Unit. The Microcontroller Interface Unit 70

interfaces with the I/O controller of the peripheral.
- e
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be” 20 " buffered in the Menory Managenent Unit. The M crocontroller
Interface Unit 70 interfaces with the 1/.0 controller of the

peri pheral . . . ' : 6

convent i oisomENtional1iSB perinherabmicrocontrellers, the Memory MansgesentUriji t
includes” a plurality of "FIFGs for buffering-datia’ packet-s, 't here bei g a - "
dedi datlades-biplurality offFAFOsfohblfBring data packets, there being Fdbdicatsd Fl#‘qz‘ PR
m crocontrollers are the 82930, Universal Seri-al Bus -5 ~ M c¢rocontrotler, -7

avai Ifgpbgcm;#? bRUBLIntYSB Function Core - available from CAE, USB
Devi ce Controller gynt esi zable Core - avail able from Sand M croel ectronics

and the . 7 00/ nd CY/7C36200/ 1, Cypl.e USB.Controller.

A defici er?crg?rofa‘;{he pf?%rg%ﬂqtr{{jgés mPES o Bt %Fi@sﬂa@"?qﬁé[ rréﬁ{ﬁ“y Bus
rranagﬁ_nent techni que used within the Memory Managenent Unit.

Typi Miqrgcontraliens ayailable fram lntel, UHB FuretonCoes - availabie fram GAEIUSR! from
the USB host and destined for the peri pheral, and one FIFO buffer

for deviceSonsrollesiSyntbesizablecConsi -+ dvakiablefroen SandrMicroslectronidiaénd tie
transmt packets to the USB host. Al peripherals will have Endpoint O for

cont reY7068000¢1 aingl EYFTBEL00/ 17 COypréss 'UPB Udttdonddany peripherals such as

audi o devices with multiple audio channel's w |l have additional, USB
endpoi nt - AhdeTREnY,of $reS6 pHS Farf U Mok A BB/ 1 the BB L renaBtmEThost
IS v Lhefficient.use of nory, especjal Ly as the FIFGOs increase
in sﬁrf hnique used w'tH"hﬁRF n'ggm%é Mapaagment Malten T ypicallyy the MMUi anit osed

[ n U.,S Patent '

6 includes one FIFO buffer for packets received from the USB host and destined for the

In

peripheral, and one FIFO buffer for each USB endpoint contained within the peripheral

. that can transmit packets to th_e USB host. All peripherals will have Endpoint O for
control packets and Endpoint 1 for user packets. Many peripherals such as audio
devices with multiple audio channels will have additional USB endpoints.

5 The use of a dedicated FIFO for packet from each USB endpoint and the use of
a dedicated FIFO for packets from the host is very inefficient use of memory,
especially as the FIFOs increase in size. | |

An improved memory management technique is disciosed' in U.S. Patent
5,313,686 and in U.S. Patent 5,602,985, .both of which are assighed to Standard
20 Microsystems Corporation. These patents disclose a communication controller which

is interfaced with a host processor and which includes a control unit for accessing a

communication medium. Each data packet to be transmitted or received is assigned
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} Standard 20 M crosystens Corporation. These patents disclose a
; conmuni cation controller which is interfaced with a host processor
t and whjch includes a control unit for accessing a. .. _conmunication

| medi ugpaG@thiitAbar. - dsehiififiontis Safiod GEhyi aMemony Magraigément .. - . -
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- one or_nore pages, In a daje packet buffer memgry. for the storage of

The culaaasss Raush asslona RebketpmbrL ane REmare nalssdhia st beckel K

. hunber, the physical addresses of the allocated pages of data packet buffer
menor ghemaonyAge the sterageofthasantesponding datanacket.a issuingthgAssigned host

. processor and the control unit. Upon conpletion of each data packet | oading

- gper apaéket hlimbes; ttas physicabaddrelssss of e aliocatet pages of datanpaeketrbufber

gueue mai nt ai ned for subsequent retrieval in order to generate the
physi qﬁﬁﬂr are ¢&n I bASpaint RABeth thashesen
storeﬁ.ié gont nt gbg?é)t he o%g!é&%@ | en?ﬁfig%l U S. patents are

1 PR e YoRFREURTE Ve, epmplstion of thset? Yoth dkghofosafuy™>

m crocontroller with an inproved Menory Managenment Unit. ' I n
parti SPPEAtIONt the, correspPRding, packet ny i185totpd,In\A Racket gumber queue
m crocontroller 5 with a Menory Managenent Unit that nakes nore
ef f i c neaihtained dor sabsequentaretrieval in order tor gemerate the physical addressgs at
specifically, it is an object of the invention to provide a USB .
0 which the corresponding data packet has been stored. The contents of the above-
identified U.S. patents are incorporated herein by reference.
~ In view of the foregoing, it is an object of the present invention to provide a
USB microcontroller with an improved Memory Management Unit.
In particular, it is an object of the inventidn to provide a USB microcontroller
‘5 with 8 Memory Management Unit that makes more efficient use of memory than the
prior art.

More specifically, it is an object of the invention to provide a USB
microcontroller dynamically allocates space in RAM to packets to be buffered instead
of using a dedicated FIFO for each USB endpoint and a dedicated FIFO for the USB

20 host.

A further disadvantage of the conventional USE microcontrollers is their data

path which typically is arranged as follows: -
This Sheet Has Bee

, LT

THIS SHEET HAS BEEN
REPLACED




i ERPE TGP IRFFEy nani cal |y al | ceat®s E5¥8ce i n RAM tepspatiat s 1o e #257 P.os 24
| buf f er ed i nst ead + of using a dedicated FIFO for each USB endpoi nt
 and a dedicated FIFO for the USB 20 host . A further
|di sadvant age. of the conventiaonal LSB: 'm cr ocont rol | ers is their data o
. pat h which typical | YSBs=FiFShmMCALinterfagadinit » Peripheral. .~
USB[err] FI.Fderr] MU Interface Unit Perl pheral ’ '

) Because of Bédmisessf thie isd-6f FIROStG bafferpatkets inthe MMUL is diffisult] iffriotul t
i f not i npossi bl e, to have nore than one master in-the MU Interface TR

L Uit jngsoasible e WivEore than gneperﬁéﬁm@'mgmntéﬁaéé%tféﬂd&@&h@ Lﬂ% of

:the invention to provide a USB m crocontrol |l er

'bL“f“ For -wai ARCoffigl. i‘“l@ﬁ%i%"&ﬁ%%%sﬁfﬁ‘i%'rﬁ'a#@w@eﬂ"“‘ﬁgs% V3B RertEaL

; of .the I nvention accordgnce with an
|’I I usmi%TPPVB“QﬁﬁBM"ﬁ%rﬂ“ impEoved-data Patvcin: parficularyig g@ ta path including @

i mproved USB nicrocontroller. The USB m crocontroller includes an SIE, an
MCU | packethusferwhigh canthaascassedhy mora then onei mastesinrast MGU dntartacalA
(Direct Menory Access) controller, and an inproved MV.

The igpitoved MMU unit conprises a RAM (e g., a single ported RAM for 5
bufferi ng data packets. The packets nmay come from a peri pheral angd:?be
destined for the USB host. O, the packets nay conme from+he USB
host and be destined for a

Summary of the Invention

d In accordance with an illustrative embodiment, the pressnt invention is directed

10 an improved USB microcontroller. The USB microcantroller includes an SIE, an
MCU Interface Unit with two masters, such as a microcor;troller and a DMA (Direct
Memory Access) controller, and an improved MMU.,

The improved MMU unit comprises a RAM f{e.g., a single ported RAM) for
5 buffering data packets. The packets may come from a peripheral and be destined for
- the USB host. Or, the packets may coms from the USB host and be destined for a
peripheral. There may bs more than one USB endpoint associsted with the USB
microcontroller. Capacity in the RAM is dynamically allocatable to the packeta-from

the various USB endpoints and the packets from the host.
0 The improved MMU includes an arbiter which makes the single ported buffer

RAM appear t0 be simultaneously available to the MCU Interface Unit, {specifically
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~E

'0

m crocontrol ler. Capacity in the RAMis dynam cally allocatable to the

packets from t he vari ous USB endpoints and the packets fromthe

host . The i.nproved MVUJ includes an arbiter which nmakes the si ngl e
por § e [ { ot NCU
it ga %{?:rbeon?gggg B@M@pm GoritraliSr TR FP 1S the BB AR sRel Pialdif .

aDIVAcontrotIer t herein) andtothe SIE _
|nt §$9€@&$ﬂﬁh§;ﬁ%%é%%ﬁ{r olléer Tocated in the M. 5o
The NNU e recei ve packet queue and. a urallt of transmt '
packet q W@h@@@l&m&nﬂs rﬁsewgtm@egmamwe iyaebayt of yanaitt ored .
inthe 5 single ported RAM. Rather, the queues store nunbers or other

i depacketqusbes. (These queuesmicchot stmecnae&etm(thbq:a%khts beingsstooed: in thei ve, ,
packet queue stores packet nunbers ' for packets received fromthe USB

and gisisle groreed FAM) UREthar e Guelies Btdrégﬁmbrs or ome:qwqﬁsw 661 < léet

nunbers for packets to be transmtted fr correspondi ng

o Fckete S8 '§§§8W~ Tﬂ*‘@"*ﬂ"bv ReLehE el 4 %f’%ﬁfézméﬁ’ L g
oy St pacRelh tabenesd TroRnfe HSELand odiaased doml/sp oot Bach tangrat
stored Thus to access a acket buffered in the RAM the packét number i_n )

t he queue Stofes Pap ehn@mh%a do1 packetsitohetnapsmitted from theccorseananding -

address space in RAMto be 5 accessed. ‘The inventive USB
per i WSB rendpoint to thee USB host.s hi ghl y advant ageous in

The inventive MMU includes 2 memory manager which allocates space (e.g.,
pages) to each packet in the RAM and provides a mechanism for converting between
packet numbers and the physical addresses in RAM wheré the corresponding packets -

" are stored. Thus, to.access a packet buffered in the RAM, the packet number in the
appropriate queue is retrieved to determine the particular address space in RAM to be
accessed.

The inventive USB peripheral microcontroller is high_ly advantageous in
comparison to prior art USB peripheral controllers because of lts highly efficient use
of a packet RAM in the MMU. In particular, in the inventive USB peripheral
microcontroller, capacity in the packet buffer RAM is dynamically allocatable between
packets from multiple USB endpoints and packets from USB host, This is far more

efficient than the prior art which utilizes a dedicated FIFO for each USB endpoint.
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CHFRparigvRsS tFoTeYT or art USB pemuphmradszgont rol | er siecayise of 1d:b8 hipsdd ¥, 1124
efficient use of a packet RAMin the MMJ. In particular, in the

i nventive USS peri pheral m crocontrol l er, capacity in the packet
buffer RAMj s . Qlynam cal | Y. al | ocat abl-e between 20 packets frommultiple

USB: endpocoﬁﬁdeﬂd,‘op Ief EOUBESQ Wﬁxfgﬁhﬁe‘rw 'Abdem. &, ent
t han the pri or~art’ whi. ch utilizes a dedicated FI F‘(\Dal?%r eagw US%“%%I%%I T

oot bpmgling ‘??P%%@*ﬁﬁ@ﬁﬁé%m&%u?@“’é@@!wmone
ol Ao 84, ] ekt AL 8boAnadalEt I LorRBul B blatl a\&é’d@rhg“éﬁd

t he phone go data is being sent. if data is being sent, the user is
not Pata (G byte packetsdndf tie ussris talking.onisha phone, ne datadsbeing semt.i Hcl udes
a two packet FIFO for the first endpoint and an additional two packet

5FI FOdatar ig being send, ¢helpasert isf not aalkirigh|oro thd Sghon&84A+coAventivhat 888
bytes of FIFO. In_ contrast, the inventive USB mcrocontroller has a Menory

\anaaerosontieller Neiales @t Rl E Ml tnd FsdYioibt afid an BUBBHA fp, . .

packets) of RAM(not FO because

am)n C |l e, Wwth,inp ed MW
ﬁ%é'ggr%esent | nven Ie%onnq_lggdgﬂmt pr a tcﬁ%%p{’%ggg 3’ gg%af*h 64+ cgﬁp égﬁn to
convnlon @m.crocontro C|f|call?/ the MMJwith SIE . -
| EFCnq 10, giteast s"l‘ﬁ?%?’ piciacepielpr hagi a Memory
(a) SIE[err] SIE DVA [err] BUFFER RAM 5 (b) Buffer RAM [err]
vcU Managemant Wnit whichcwiould require only] 788 bytesr Gie., two audio packéts) ofBuf f er
RAM [err] MCU M crocontroller [err] Peripheral

¢] RAM (not FIFQ) because the RAM is dynamically allocatable among the endpomts
The USB microcontroller with improved MMU of the present invention has an
improved datapath in comparison to conventional USB microcontrollers. Specifically,
* the MMU with SIE DMA controller and arbiter makes the following datapaths available
(a)  SIE —» SIE DMA -» BUFFER RAM
5 (b}  Buffer RAM - MCU Interface Unit DMA controllsr - Peripheral
(¢}  Buffer RAM - MCU Microcontroller » Peripheral _

As indicated by these data paths, the arbiter permits multiple masters to access

the buffer RAM simultaneously,

The inventive USB peripheral microcontroller may be implemented as a single

0 integratred circuit.

In an alternative embodiment of the invention, the MCU interface Unit may be

~ omitted. In this case, the USB peripheral microcontroller comprises an SIE, an MMU,
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access the buffer RAM sinultaneously. The invertive USB
peri pheral m'crocontroller nay be inplenented as a single i nt egrated
circuit. : In an alternati.ve enbodi nent of the invention, the

MCU' | il e @sttdoivel irit0fales devige foP Bbhndiling Withar &&éﬁua;ﬁgugﬁesgm%fra' o

m crocontroll er conprises an e

interf G Eemi DF pgecting with an external U, DSP-(Digital ~oiw = . .
51 gl I EEBFOT DAV RS or'Sthar Breersaliiive i ol cash, el MMBLGas e
MU h%g the same architecture das discussed above wherein.an arbiter
makes t8e §ame grohitaciure as discussedabayer whereginancanbiter makes-a singleported o

both the external device interface and SIE 5 DVA controller. The

t r ansracketiuffer RAM appeacto be evailable twbsthothe extekred! desiod intérféce and SIE i n

t he manner di scussed above. Brief Description of the Draw ng

B G Diheomtrolter. | The tlanshiitaré récdWBPqiyaésarcisdd 'Edaﬁdei? Packbt [dentifiers

schematicaly illustrates a USB peri pheral m crocontro

FI G Sﬁﬁﬁa%ﬁﬁa&’s‘“ﬁ“ﬁ%ﬁ&?s a USB peripheral mcrocontroller in

accor dance wth an 1TlTustrative enbodi mrent of the present invention.
FIG 4 schematically illustrates a USB peripheral mcrocontroller in
accordance with an alternative illustrative enbodi nent -of the N

| nventd ot DesScﬁngg‘ n_of the Drawing
F}G. 1 schematically illustrates a USB system architecture,
0 FIG. 2 schematically iliustrates a USB peripheral microcontroller.
FIG. 3 schematiéslly illustrates a USB peripheral microcontroller in accordance

with an illustrative embodiment of the present invention,

FIG. 4 schematically illustrates a USB peripheral microcontroller in accordance

with an alternative illustrative embodiment of the invention.

Detailed Description of the Invention
A USB peripheral microcontroller in accordance with an illtjstrative embodiment
- of the present invention is shown in FIG. 1. The USB peripheral microcontroller
comprises the Serial Input Engine (SIE) 60, the MCU Interface Unit 70, and the
10 Memory Manager Unit 80.
The Serial Input Engine 60 comprises the analog transcelver 62, the SIE

function block 64, the SIE DMA interface logic 86, and the endpoint control logic 68,
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m ¢rocontroller in accordance with an illustrative enbodi mrent of the

present invention is shown in FIG 3 The USB peripheral microcontroller
conprises. the Serial Input Engine (StE) 60, .the MCU Interface Unit 70, and

| t he” The-analbgdrgnsasiver62£3nnets the SIE 60 fo a USBIditférsntidl linwe1, WiieRe 60 -

i conprises the analog transcelver 62, the SIE. - . ‘function bl ock 64, the

SI2 E e 6ni€id aan eesnéet%@ toaQQJSIS'ﬁoSf'GP%' mqug.LBe r crh.al diﬁéa?uon for this

The anal og transcel ver 62 connects to a USB -

oot dicefler 60 Bheptlh 200t the ySk'diaebn %*M% ﬁﬁﬁf‘h‘?gr*ﬁ’ﬁ'ﬁ%
¥ Eﬁ?ifﬁbﬁﬁaﬁ}éé&f@%ﬁ%@%ﬁ%&eﬁq&%ﬂﬁ@%$° o808 ToF% SRFaIRT ARt oASISal |

- data. As s expl ai ned bel ow, this parall el datals then buffered in
| dhe resplaiped rbqlmer.m parallel data isTthenchufferad:in the BAMKB2 in she MM BE. at es
" packets retrieved fromthe buffer RAM 82 in the MMJ 80 into USB

f or mefhes SIE fitngtiork block 64 wiso translates packetsdietricved froi the bedfer FRVPE2Vi des
control signals to properly sequence the Si E function bl ock 64

t hr oUygRhe IAMBE O irftio0g 8B, fofrﬁfat%ﬁﬁph Sckdte! packet generation/reception,
PI D (Packet 1 D) verification |ng, etc. The SIE DvA

'(Qt o packipahaBbi 'ﬁ%ﬁﬁ'@ﬁ%&é@?ﬂ%ﬁ%ﬁﬁ‘%gﬁ@ﬂ bl sadleRcithorc n

S| E DVA troll t he MMU 80.
The (l\ai%z Ifo‘Eﬁ?ﬁc Wm t GXO thraualy e@et \i&%ﬁf@é?g f%io c?’géquvo fgérpﬂ(%uc h

gs generation/reception, PID (Packet ID) verification, CRC checking, etc. The SIE DMA

interface logic 66 generates and Ioéds packet identification information (e.g., packet

number or other packet header information) into the Rx queue 92 in the MMU 80 via
the SIE DMA controller in the MMU 80,

The MCU Interface Unit 70 includes two masters, a microcontroller 72 such as

5 the 8061 and a DMA contraller 74 such as the 8237. The masters 72 and 74 are

connscted to a bus interface engine 76. The bus interface ehgin.e is connected to the

/0 controller of a peripheral (not shown). lllustratively, botr‘m the peripheral 1/0

. controller and Bus Interface Engine generate ISA bus type transactions. In alternative

embodiments of the invention, transactioﬁs for different bus types, such as EISA, PCl

0 or NU may be utilized.
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BroM e 80ETernand a DMA contr ehd @wr Bézsuch as t hews8834-14he reass er 82572r.ancka

74 are. connected to a bus interface engine 76. The bus interface
engine is connected to the I/ O controller of a peripheral (not
shown). Illustratively, both the peripheral 1/0 controll er and Bus

J:nt.er’f ade shogidbe goted that His\8054 micrecontrolierceamn be.replaced: by enyiCRU ,

erbodi ment s of the invention, transactions for dlfferent bus typés; such as™"

E' Sﬁ' eve & hafd co@fedh%ﬁ‘l‘nﬁiﬂhﬁ ' *cli'hi WAt %onggger 74 is optional and.may be

d be noted that 1 mcrocontroller can be

Lﬁﬁé'ﬁﬁfé’ﬂeb%“’i‘zﬁ?%‘yr A R P ck  rTEEr BB R, 1, .-

interface unit ma,x i ncl ude several different kinds of bus interface
engP¥R dte ace engiNes. | 1 another case, the USB peripheral nicrocontroller
may interface with the proprietary bus of a super I/O chip

3 The Menolnyanatharecasmi thestiSBoperipharsl mermmadtermymmmceamﬂe rthe
packets which arrive fromthe US host and buffers packets which arrive from

t heproprietakycBup ©fi Peapat 1/0Telkipcapacity of the RAMis dynamically
al l ocatabl e to these various packets. The Menory Manager Unit 80 al so

eggegggz e Wzmgﬁggﬁ @I@ Eﬁ/ﬁwgion ro er%gﬁ'#ﬁga%AMng @'fer g4 ! }
avappokt® BhiH BV Ko %%”lﬁéﬁﬁﬁﬁm?v@&%i% H5Hs T 468 ok she :
controller 74 and mcrocontroller 72, and to the SI E DVA coptroller

USB peripheral -Tﬁbamnﬁewmrmga Mis dypamically aliesalable 1o thereNariausyf
queues 92, 94. The

packets. The Memory Manager Unit 80 aiso includes an arbiter 84 and an SIE DMA
controller 86, The SIE 60 accesses the RAM 82 via the SIE DMA controller 86. The
arbiter 84 meakes the single ported RAM buffer 82 appear to be simultaneously
“avalfable to two masters in the MCU Interface Unit 70, le the DMA _controtler 74
and microcontroller 72, and to the SIE DMA controller 86.
The Memory Manager Unit 80 also includes a plurslity of queues 92, 94. The
Rx {receive qﬁeue) 92 stores a packet number which identifies e_ach packet from USB
host which is buffered in the RAM 82. |
There are also a plurality of Tx li.e., t"ansmit) queues 94, There is one transmit .
queus 94 for each USB endpoint assoclated with the peripheral device. Each Tx
queue 94 stores the packet numbers for the packets from the corresponding USB
endpoint which are buffered in the RAM 82. The queues 92, 84 are controlled by a

queue control 85 which forms part of the SIE DMA controlier 86.

—
———————
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from USB host which is buffered in the RAM 82. ' There
are'also a plurality of Tx (i.e., transmt) queues 94. There is one

transmt gueue 94 for each USB endpoint associated with the

per i pher &ThecMiemaryiMenager Unit@6-alss includes aimemeryimenagan8 entaa MAR - - .
packets fromthe correspondl ng USB " ‘endpoi nt which are buffered in"

the RAMEES. e memeory Adna éroeeanwmplnm sst ether emﬂeeawrdah 95
WhICh forms part of the SI EaDI\/A controller : o8 b

95 adereRilp the pAcKer iRy ““@F!%%P;é"n%ﬂaﬁﬁsﬁﬁmﬁmﬁ%‘eﬁﬂﬁﬁgi
t M 82.
233?2@9?‘?‘@@%%% denia U Befere No. 553 8048¢. 9?’ H‘g"a V%xarag%sz; |
u. S. Paten 313, 586 Consider, for exanple case where
The IEEEGUNRES the Atip aAKINM me@som@s@?cmm&%%rbms per
page. Each byte laocation in the RAM has a 12-bit address. The five NSB

( Mostpage. Eachdyei location ibi the) RAM thas adkR2-bitsaddressut The five MSBn(Most VAP
RAM 99 in response to a packet nunmber and a page nunber within the

pack eSigaiivant (Bits) if thecaddrbss afe 8dtputted from the MAFSRAM 985in @spBhba taNt

Bits) of the address are a page offset output directly oy the arbiter 84

nvers Pogkéthulbher i ELBHE il ufifin thE paokdt Gofieid Byl dildr gs. (-
205 0 e PR BRAH e a0 4% b SRR PSS
6eceit\gengm%epaecg<.et fromt he | SA Peripheral, and (4) sending
The operation of the inventive USB peripheral microcontroller with inventive
Memory Manager Unit is now considered. Specifically, four transactions are
considered. These are (1) receiving a packet from the USB host, (2) sending a packet
to the ISA Paripheral, (3) receiving a packet from the ISA Peripheral, and {4} sending

5 a packet to the USB host.

{1} Receiving a Packet from the USB Host
As the SYNC field of a USB packet from the host is detected by the SIE
| function block 64, the SIE DMA 86 requests a single page allocation in RAM 82 from
‘0 the arbiter 84. The SIE DMA 86 transfers data from the SIE function block 64 Into
the RAM 82 and requests the arbiter 84 to allocate more pages as needed. The
. memory manager 98 generates a packet number for the packet which is stored in the

\
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fromthe USB Host As the SYNC field of a USB packet fromthe
host is detected by the SIE function block 64, the SIE DVA 86
requests a single page allocation i'n RAM82 from L 20 the arbiter 84. The
S| ERmquad 92aThis packet-number mey bs atilized-lates by the memoryimanager 98 -, the:: i
RAM 82 and requests the arblter 84 to allocate nore pages as needed.- The " .
e My ygensrate ithe Saddressaspsce i ahiec RAMINB2r where tﬂ\elgackdt isvstored fost ored .

in the , Rx queue 92. . .
( ThisahRaglidHt FravABval GPthdBaskdtl) zed | ater by the nmenory manager 98 - to
generate the address space in the RAM 82 where the packet is stored for
subsequent retrieval of the packet.) 5 (2) Sendi ng a Paket to
t he |1 SA Peri pheral A valid packet nunber (retrieved fromthe
Rx queue 92) ' t hat IS needed for the MCU Interface
Uni t (DI\M;lzon 108 Wk FENPNER gener at e t he necessary

physi cal address to accessaal | ocat ed byte in the buffer RAM 82.
The accedh valid packet aumbertinétrievedAro i theaix Iquewed@2lognd loffsetis atirthat! | er
74 or mcrocontroller 72 to the arbiter 84.. The retrieved data fromthe

RAMig Aeadad for the MCU \Intdrfata Unit ¢(DMIE coRtriollar of Rfic® conttdiRrPus gbnératé ace
Engtne 76 for transfer to the peri pheral .
the necessary physical address to access any allocated byte in the buffer RAM 82.
The access request to the buffer RAM 82 can be made by the DMA controller 74 or
microcontrofler 72 to the arbiter 84. The retrieved data from the RAM 82 can be

written into the address space of tha Bus Interface Engine 76 for transfer to the

peripheral.

{8} Receiving a Packet from the ISA Peripheral

To load data from the peripheral, the MCU Interface Unit transmits to the arbiter
84 a requsst for an allocation of new buffer pages in the RAM 82. The MCU Interface
Unit can then write data from the Bus Interface Engine into the R.AM 82 using packet

number and auto generated offsets. The packet numbers are stored in the appropriate

Tx queue 94.
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fromthe peripheral, the MCU Interface Unit transmts to the arbiter
84 .a request for an allocation of new buffer pages in the RAM 82. The MCU
I nterface , Uni t. canthen vvrlte data fromthe Bus Interface Englne o
i nt.o the: mrvl'. i iPanket 1 . USINUOEEr and -aut o, gener at ed of f sét'si The";f,-':‘
packet nunbers are stored in the appropriate Tx queue. 94. 20
16 When .tHe - USE:hisstgpellsar puirticulat HeSBS@ndpsint, the SIE DMMGBS’[ he il
USB host polls a particular USB endpoint, the SIE DVA 86 .~ i nmedi at-el y .

mak Sh heqe FEdCaceddt td the Rkt Pasiettini »
thee%gﬁgﬂiggzl?%a?g?ht he %gttggh%égﬁﬁd%ﬁm The packet nunber fromil'?he

ot g T plgue 8 Y01 ¥ pbfieg 0SB Sl PHE Halter AU R gt e
51 1 andHiHed . Gpneata dben plysicsl addiess “forisha parkEt 10c RAMoBZrenTher i ne

invention is shown in FIG 4. The USB eripheral microcontroller 50
of Fearregpendipgi e@@c@tntssreadaﬁdanahmRAMlﬁzoangneanﬁeEedowarmme BMAf FI G
4 are identical to those showmn in FIG 3. In FIG 4, the MCU

| nt egbatrollemB6 toOthes SIETB0! fod teaidmigsibaad theeUSH hosy external device
i.nterface 170 which is connected to the arbiter 84 in the MW 80.

The ext er py aRigMistive BhiiddiRnt of the -'hmn%a EESEQWH &5t hTh asper nal.
m crocontroller or DSP. This can provid hi gh perfor mance USS

conngglibRBrd MnidPoortoldtIs a6t BIRSS i"coﬂ?ﬁ’rksce% d'SIE 8 ankieh RINIU 80. The
s SIE 60 and MMU 80 of FIG. 4 are identical to those shown in FIG. 3. In FIG. 4, the

- MCU Interface unit 70 is omitted and instead there is an external device interface 170
which is connected to the arbiter 84 in the MMU 80. The external device interface

170 can be connected with an external microcontroller or DSP. This can provide a

high performance USB connection to an existing peripheral device which has its own

5 main microcontroller and which has its own proprietary bus structure. Some examples
of such existing peripherals are printers and disk drives with existing microcontroliers.
In the USB peripheral microcontroller of FIG. 4, the arbiter 84 makes the single

ported packet buffer RAM 82 appear to be simultai:ieously available to the external
device interface 170 and to the SIE DMA controller 86. The RAM 82 then buffers
0 packets which come from the external device connected to the interface 170 and
| packets which arrive from the USB host via SIE 60.

The Rx queue 82 and Tx queues 94 serve the functions discussed above.

I
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Sorre exanpl es of such existing peripherals are printers and di sk
drives with exi sting m crocontrol |l ers. In the USB peri pheral
m crocontrol ler of FI-G 4, the arbiter 84 makes the single ported

packet bufm ehoﬂmmﬁﬂmaﬁphew micracorstrolerHias been disblosedo Firallyettieer nat -
device interface 170.and to the SIE DVA controller 86. The RAM 82 then e

buf f abavenritserbed érbbdinghts’ 6Pthe [IReption’ a@) IMEYAEE 16 BY ARIBEVE: Sl g
interface 170 and packets which arrive fromthe USB host via- TE 60

Tﬂeslhort 4 novgﬁaﬂ% bt pﬁﬁpﬁ‘"ﬁf@eﬁ%ﬂ?ﬁ B thbgd 2kfleaing ﬁ%%r%@@ﬁsgt d
F of the invention_ are
o dehertl feiR e SCong e iR EBRpe: rat | ve erbad néﬁ[“s'?rzyaéi Hovi sod by

those skilled In the art without departing 'ﬂmﬂh’eetﬂam oeci t he cl ai ns.
CLAI M5 1. A USB m crocontroller co ; a first
interface for interfacing with a USB, 5 i; |nterfacefor
interfacing with a peripheral device so that
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untt connected to both said first and second interfaces, sai d nenory
managenment unit conprising a RAM for buffering packets received from

said first interface or received fromsaid second interface, and an arbiter
far- dynamically allocating capaci CLAIMSsai d -RAM to -packets received from

said first and second i nterfaces. The USB

m crocontrol |l er of clalml wherein said first mterfMut
Engine (SIE). : The USB mi crocontrol |l er of cl “\m\‘“m\/ said -
menor es a first DVA c ' iding
a dat paﬁ%\a@cﬂ&é}%ﬂ l!elrrcs%d'lpﬁ%ﬂ‘lﬁf ace - and MM‘ n 20 * 4.

The USB microcontragll er, of claim 3 wherejg, said second™interface conprises
a i i‘Fﬁc‘Bﬁ?'?BW dor mf@f—mw&' @)m%ont roI | er and wherein said

arbiter arbitrates access of said first DI\/AB t.r.ol I.e;1 s‘ai d
$econd D\viasecondintenface fordnterfagiog vdthe petiphera] 63\"08 so1gat ﬁa‘m' phera
5. The USB microcontrolter of claim4 wherein said second interface
i ncl uggice carsbe Bonnettedetd said USB, andnecting to an 1/0 controller of said

peri pheral .
a memory management unit connected to both said first and second interfaces,
said memory management un‘rt comprising a RAM for buffering packets received from
said first -interface or received from said second interface, and an arbiter for

D dynamically allocating capacity in said RAM to packets received from said first and

second interfaces.

2.  The USB microcontroller of claim 1 wherein said first interface is a Serial Input

€ngine (SIE).

3.  The USR microcontralier of claim 1 wherein sald memory management unit
includes a first DMA controlter for providing a data path between said first interface

and said RAM.

'0 4, The USR microcantroller of claim 3 wherein said second interface comprises a

microcontrofler and a second DMA controller and wherein said arbiter arbitrates access
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| SA bus I nterface. 0 7. The USB m crocontroller of claim5b
wherein said bus interface is an El \%\ bus i nterface. 8.

The USB ni, ¢y oc oller of claim5b erein saird bus . interface is a PCl bus ,
i nt ertﬁ‘asﬁt.i rat BMA Corgrotfers el ond DM sentolier apd said mictocpnttalienteaid -
bus interface is an NU bus, I nterface. . 10. '
m cr ceaihtRAML er of claim 1 wherein said menory managenent -

i ncludes a receive packet buffer for storing packet ident mmmfljlluul”u"l
correspondi ng to packets received froma USB host afit g elyedglng
said RAM ' 20 11. The USB

m crogont r-hd esmﬁi&beb@taﬂgw|%4w&ew%sggéeggaggggﬁaggmgdés abus

includes a transmt pac er correspon porl nt
each of, said transmt packet

ssoci at ed wit .Sal efjpheral devi ce f
guf f e?‘ga'i??ﬁ Fﬂﬁ"ﬁ%ﬁ%ﬁ"ﬁ &grﬂ?] Pbe?%rltroller °#f eaid parpkerel, it fered in sai d RAM
and associated with the corresponding USB 5 endpoi nt .

6. The USB micrecontroller of claim 5 wherein said bus interface is an ISA bus

interface.

0 7. The USB microcontroller of claim 8 wherein said bug interface is an EISA bus

interface.

8. The USB microcontroller of claim & wherein said bus interface is a PCI bus

- interface.

9. The USB microcontroller of claim 8 wherein said bus interface is an NU bus

interface.

10. The USB microcontroller of claim 1 wherein said memory management unit

20 includes areceive packet buffer for storing packet identifiers corresponding to packets

received from a USB host and buffered in said RAM.
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unit includes a circuit for converting between said packet identifiers and

a - correspondi ng physical address space in said RAM 13. A
menory managenent unit for use in a USB peripheral controller conprising

a RAM.whiRte USB micronontrolies of olim 0! wherdin asid admohe nvaragepsaritainit

associ at ed ' with a plurality of USB endpoints and packet's associ at éd‘

W t hﬂé‘!uﬁsgafiﬂﬁsmn paeket bitfer eJﬁ@smdtWGMndﬂﬁlﬁt ﬁs&iﬁbﬂ‘v}cg? said’

further conprising a receive buffer for storing identifiers

(i ool pBiREIa M, (eachUs ealPHapile 9?5%9“%%@0?“5 RHERBE gHRES o
s B, Rl PR M il S 55 by 48

21 16. The nenory managenent unit of claim13

ar biengdpolht.ch controls allocation of said address srace in said

sai d packets. 17. The nenory managenent unit: H w ﬁll :u
including a first DMA controller for enabling a face
Engi ne to access said RAM

12. The memory management unit of claim 11 wherein said memory management

unit includes a ecircuit for converting between said packet identifiers and a

corresponding physical address space in said RAM.

13. A memory management unit for use in a USB peripheral cantroller comprising
a RAM whose address space is dynamically allocatable between packets associated

 with a plurality of USB endpoints and packets associated with a USB host.

14. The memory management unit of claim 13 further comprising a receive buffer

for storing identifiers of said packets associated with said usg host.

16. The memory msnagement unit of claim 13 further comprising a transmit buffer

corresponding to each of said USB endpoints for storing identifiers of said packets

assaciated with the corresponding USB endpoints.
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m crocontroller and a second DVA controller to access said RAM

USB m crocontroll er conprising: a first interface for |nterfaC| ng

wi th a USB, a second interface for interfacing with at |east one -
peri pP@/ al THEitiehSor YhanagaRi § rie n‘gﬁﬁé , mry .
nmanagenent unit connecte sfatlflgh ﬁrgg%' angrage ondﬁgn o g:ggswfﬁeg:

menor a_RAM dress space is dynamcally
| ocRrpRIMEEHot ¥ aﬁaﬁﬁé%sé#"amwﬁ“!ﬂw SRR Bpor it s and
packets associated with a USB host, and an arbiter for enabling said first
and second nmasters and a nmaster associated with said first interface to
access sai d RAM 20. A nmenory managenent unit for a USB peri pheral

cont r b4 erThempemearyigmanrasmentiosnit aafdcleim $@afirther iholadingakl firstl DMAL abl e
bet ween packets associated with a plurality of USB endpoints and packets

assocegritesller foh enablifg e UISB SefigiCipterPactBR§ine to access said RAM.

22 for queuing identifiers of said packets associated with said USB
host, a transmt queue associ ated with each of said USB endpoints for
queuing identifiers of said packets . associated wth the correspondi ng

USB e9gPoifhe memory management unit of claim 17 wherein said arbiter enables s

. ¥
microcontroller and a second DMA controller to access said RAM.

} 18. A USB inicrocontroller comprising: _ “!Il"cl "ll[l “lﬂ" ”Ilsl ” ,!||

a first interface for interfacing with a USB,
a second interface for interfacing with at least one peripheral device and
comprising first and second masters,
& memory management unit connected to both said first and secaond interfaces,
5 said memory management unit comprisiné a RAM whose address space Is dynamically
sllocated to packets associated with a plurality of USB en@points and packets
associated with a USB host, and an arbiter for enabling said first .and second masters

and a master associated with said first interface to access said RAM.

J 20. A memory management unit for a USB peripheral controller comprising a RAM
whose address space is dynamically allocatable between packets associated with a

plurality of USB endpoints and packets associated with a USB host, a receive queue
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for . relating each of said packet identifiers to a particul ar address
space in said RAM 22. The nenory managenent unit of claim 20

wherei n said menory managenent .unit is connected to an external

devi q8r kb GinbIaén i i ' Wit - -
peri phngF mhgeocﬁ{“ﬂ)ﬁﬁwégﬁ%ﬁssagkabﬁw d?&UaS Bgé??téfatfa;hpslﬂ? ﬁ@#glﬁﬁe for
i nter I, i B - an._external.- devi cg.integf f

|t erdBp e ivith BatRat saig ysp. endndifts Yarchieung Wesfingly oF s packets
menory napagene nit connected to said Serial |nput Engine and said

ext er P°E’ég$d'gﬁf‘#ér‘f%f6%§p iag {3B epdpeiRtgenent unit conprising a RAM
whose address space is dynamcally all ocated to packets generated at
one or nore USB endpoi nts associated with said at | east one

peri pheral device and packets transmtted froma host via said USB.

5 21. The memory management unit of claim 20, further compriging a circuit for

relating each of said packet identifiers to a particular address space in said RAM.

»

)
]

22. The memory management unit of claim 20 wherein said memory management

unit is connected to an external device interface and to a USB serial input engine.

0
23. A USB peripheral microcontroller comprising | {RRTRR ettt LA (R l
: a Serial Input Engine for interfacing with a USB, “!"“J IullL[ III!{ ““s' “ |!I
an externeal device interface for intarfacing with at least one peripheral devicé,
“and |
5 a memory management unit connected to said Ssrial Input Engine? and said

external device interface, said memory management unit-comprising a RAM whose

address space is dynamically allocated to packets generated at one or more USB

-

endpoints associated with said at least one peripheral device and packets transmitted

from a host via said USB, PR
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