. WD 99/.08196" : : C-1- - - PCT/ US98/ 12918

- Descripti onw099108196 - - A UNI VERSAL SEJI?I AL BUS DEVI CE COMIFRUBQSHRIIS 5
TECHNI CAL FI ELD. - The present i.nvention generally relates to
devi.ce controllers for devices used in conjunction with per sona
conputers, and noré specifically to deﬁ%ggrl tionCONntrollers for devices
whi ch operate in accordance with 10 e UnTversal Serial Bus definition.
BACKGROUND ART ' The Uni'versal Serial Bus (USB) specification

i's an-industry- deh.mwivsﬁsaﬁeszaﬁnﬁ RSV ICY GSNTROBIBRS 15 to
t he 'system bus of a personal conputer. USB features a . S|ngle

‘interface for a wide variety of peripherals, - including mce,
keyboar ds5 nonmMEOHNICAL REESD Mass storage drives, nodens, faxes,
and the like. This

- The present 1nvent10n generally relates to.
dev1ce controllers. for dev1ces used in conjunction with
personal computers, and more spec1f1cally to device

~.controllers for dev1ces which operate in accordance with

10" the Universal Serlal Bus definition.

BACKGROUND ART
The Universal Serlal Bus (USB) specification is
- an industry-defined 1nterface for connecting peripherals
15 to the system bus of a personal computer. 'USB features a
single interface for ‘a wide variety of perlpherals,
.1nclud1ng_m1ce, keyboards, . monltors, printers, mass
'storage-drives,'modems,.faxes, and-the like; This
__reduces'manufacturing'coéts_and.makes it easier for
v 20  personal computer users to configure their systems.

USB uses a token based bus architecture, _
51m11ar to other similarly-based buses such as the token
rlng_network. A USB host broadcasts tokens on the bus,

- and .a USB device that matches an address contained in a
25 token responds either by éending data to the host or
accepting data from the“host;

' To enhance the functlonal versatility, a UsB
dev1ce can support multiple logical channels of _”
communication with the host. 1In the parlance of the USB

30  specification, such logical channels are referred to as
"pipes." Each pipe provides-a unidirectional flow of
'jdata-between a SOftware client resident ih'the.host.and

an endpoint defined within the device. Functions
~ implemented within the device receive data from the host
35 . at their respectlve endp01nt(s),_and transmit data to the
host by wrltlng to their respectlve endp01nt(s) -

A USB dev1ce 10 is‘ shown schematlcally in Fig.

10. Data is communlcated over a pair of dlfferentlally_
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PCT/ US98/ 1218 - comprising ‘a PID field, ‘an addreds field whlch 1dent1f1es
o ' . the device, and an endp01nt field which identifies a
- _channel within the dev1ce This is followed by a
DATA-type packet, flowing in a direction from the
_ addressed device to the host, Fig. 11A or from the host
15 to the addressed dev1ce, Fig. 11B. In the latter case,
| the data recelved by the device is stored in a FIFO
correspondlng to the endp01nt identified in the TOKEN
packet. The rec1p1ent of the data then transmits a
HANDSHAKE protocol to the transmitter of the data. |
20 _ | Returning to Fig. 10, typical implementations
of a USB device’inélude a bank of n FIFO’s 16, allocating
one FIFO (FIFO, - FIFO,) for each endpoint El - En '
supported by the device software 18. For example, the
Intel® x8930Ax USB microcontroller chip defines six
25l. endpoints, each having an associated transmit FIFO. and
receive FIFO. The CYpress CY7C634xx family of
controllers appear to support two device addresses: "A"
"and "B". Device address "A" has three associated
endp01nts while device "B" has two associated endp01nts,
30 each endpoint hav1ng a corresponding FIFO. The Xlllnx®
.~ controller feaﬁures support for three endpoints, with
on-chip FIFO’s for each endp01nt A more flexible-
alternative is one by CAE Technology which offers a
- function core for FPGAs. The function core features a
35  user deflnable number of endp01nts, and a FIFO for each
endp01nt hav1ng a user definable depth.
_ Contlnulng with Fig. 10, the device_Sdftware-lS
‘provides the functional capabilities of the device. Each
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provi des packet generation and decodi ng, NRZI conversi on, CRC

generation and verlflcatlon and bit Lﬁflng, all in accordance with
t he -USB 'speci fi cation. A controller 14 handles the data flow for the
vari ous : tra sactlion a ETUR QUYL

Figs. 11A and 11 une ?3“%%&E?n§°§3%g%F§%%Su%qu'E# d@%dﬂl drb?%POInt
TOKEN, DATA, and’ BOANDSEKEregebusngr ans srensmitting @@giaqsvm ttF'hQ HELFs t
i'ssuing a TOKEN-t 5id8 to EABRE 8hRBANRID fixtldbe b AUUBSSIAL &l d
whi ch identifies ¥8§r8§§§ﬁ é 9 e Ean an e 8 gint |eﬁ??Mncﬁ1|dent|f|es a
channel within thendeeigs. OThis F§SP§V?§méQIbF PurP°§SA RARV ARG |
flowing in agdiregtib@8sf E8MhBedevice’ 8ddbRFS rd@MiceE tetddies haaid é&ﬁtrolﬂ
11A, or fromthe host 15 , to the addressed device, Fig. 11B. In the
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recipient of the data then franspits a, . . SHAKE pr ot o to t
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x8930Ax USB mi cr opmndesea veep definedls xmmber of endpoints, that

- number is fixed once the design is committed to silicon.

Increa81ng the nuﬁber of endpoints in a given
_ design brings up another shortcoming of these design f |
15 apprdaches, namely the silicon real estate consuméd to
support the FIFO’s becomes prohibitive since each
endp01nt_requ1res a FIFO. This is especially true w1th
the INTEL® design where each endpoint is associated with
. two FIFO'S, one for receive and the other for transmit.
20 What is needed is a controller that, once
designed and tested, is capable of supporting any'number
of endpoints in a dé&ice,'ﬁp to the USB-defined maximum
of siiteen' It is de51rable that the controller exhlblt
efficient use of silicon while at the same time be
25 readily configurable to use any number of endpoints.
Another featﬁreiof USB is its support for a
technigque known as bﬁs enumeration, wherein the host
identifies and configures a ﬂevice'upon its attachment to
_ the bus. When the device has been detected by the host,
30 the system software interrogates the device, determines
its capabilities, assigns a device address, and
configures the device. Although USB provides for
situations in which a device is no longer able to
communicate with the host, it would be desirable for the:
35 device to be completely rebooted so that the host can
reconfigure the device as if the device had just been
- attached to the host by a user.



.25 endpoiw¢§9/osi95:h havi ng an associated transmt FlI FO and pcrms'gﬂ‘/ﬁéfs' ve

FIFO. The Cypress CY7C634xx fam ly. of. o gntrollers appear to support
two device addresses: "A" .~ and "B". . Deviice address "A" has three,.
associ ated endpoi nts while device "B" has two associ at ed endp0|nts
30  each endpoi o ng FIFO. The Xilinx[err]
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PCT/ US98/ 12918 FIFO for storing data contained_in recelvedfgﬁgﬁe&ﬁa||@y
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providi ng - endpoint. The data subsequently stored in the FIFO is
10 thus associated with the current endpoint. Upon
_f receiving a second TOKEN:packet, the'endpcint contained
- . .in the packet'becomes=theenew'current endpoint. Data.
that is subseqnently storea-in the FIFO therefore becomes
associated with the-secdnd'endpoint identifier. By using
15 a single FIFO to support two or more endpoints, silicon
- area is minimized. " | -
In an alternate embodlment ' a second FIFO is
; provided. The endpoints supported by the device are
. assigned to one of the first FIFO or the second FIFO,
20 This has the advantage of lessening the processing load
of the controller while at the same time limiting the
- 8ilicon allocated for implementing FIFOfs.' Since the
number of 'FIFO's used .in the present invention is less
than the number of supported endpoints, each FIFO can be
25 made deeper than-in'the'case where each endpoint is
supported by a.corresponding FIFO.
- The present invention utilizes a single state
'machlne to control the sequenc1ng of all the USB
_ transactlon types between the host and the dev1ce A
-"30. ° single, all-purpose state machlne permlts the endpoints
- of a device to support every type of data transfer namely
'control bulk, 1nterrupt and isochronous transfers
_ Another aspect of the invention improves the
speedfof operation of the dev1ce._ This is achieved by
35 . accessing the FIFO prior-to completion'of the transaction
' requiring the data. , _ '
The device controller of the present invention -
further 1ncludes a hQst connectlon port having means for
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I nf ormati:on. - The above- nentloged deS|gns share the common
trait in:that the nunber of endpoints possible in a device is fixed.
This is true even for the CAE 10 ‘Technol ogy function core. Although t he
~CAE Tunction cor %:Lmult tﬁ{ﬁvﬂlfgasdé\:é@tﬁﬁer%f%ﬂ@be@t?eﬁ;ﬁ@ﬁtOBfeEﬂEOH@‘ﬁcet hat
nunber is fixed GACE th ni1s commtted to silicon
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real estate consunmed to support the_FIFO s becgnes hi, bi e 5| nce
each ' endpohﬂSQWﬁﬁn?QEPQﬁ¥§¢%? theideyicespict IF§ gﬁae % .
the INTEL[ esr] desiyiiodlcle daedclosdipondtrésatsachedt by ai iber w1t1'idm
FIFO s, one for recel v%[ 2‘{ t he otheé for transmt. 20. - Wiat is
needed i s a cont FSIHEHHHAZVHIRSC 9° SQesigned and tested, is capable of
supporting any nunber of endpoints in a device, up to the USB-defined

maxi mum : e controll er exhibit
efficient use of ﬁl‘e%mipt@?ﬁf@e @%EDMEN%Q 25 readily
configurable to use any nuribig. of simoipsiatsontroller in accorfasmdeswith
feature of HSB |%Hésh€?g§¥£ lﬁﬁgnéao%entltechnlque known as bus

enuneratlon wherein fies_and conflgures a devi ce upon.
its attachment to theFigs. 2Mhen?¢heomeyiee AallBEEnddeczamePhy-hehe
host, 30 t he %&;ﬁgmgv\are |nterrogat es the device, deternines

Flgs 3A - 3C 1llustrate the reglster
_ -organlzatlon of the PCS '
15_- ' Figs. 4A - 4I show transaction diagrams of the
- UsSB-defined transactions. '
Figs. 5A - 5D are a state dlagram of the
protocol state machine. _
_ Fig. 6 is a c1rcu1t for 51mu1at1ng an
20  attach/detach occurrence. '
Fig. 7 1llustrates a typlcal sequence of
host/dev1ce transactions.
Fig. 8 shows the ‘data sequence of a
transaction. _
25 Fig. Q,Shows'a variation of the preferred
embodiment. ' .
'_ ' Fig. 10 schematlcally 1llustrates a typlcal
prlor art USB’ controller
Figs. 11A and 11B illustrate generlc
30 - USB-defined data.transfers

BEST MODE FOR CARRYING OUT THE INVENTION :
Referring to Fig. 1, the USB controller 100 is
used in éomputer peripherals (devices), such as a mouse,
35 | aekeYbeard, a mass storage drive, a digital camera, etc,
 which communicate over a USB-compliant bus. The
"controller.prevides'synchroﬁization of transactions
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devi ce. Al though USB provides for Situa%ions in which a device is no
| onger able to . communi.cate with the host, it would be desirable for
the 35 device to be conpl etely rebooted so that the host can

reconigure the deylge,as biod hedovias " 14 Shulleiflacicy G aGHE01A0s1 e

host 'by a user.
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met hod for operatlng. deV|ce I'n accoc%gnce W t Uhlversal SérfaY
Bus (USB) speci f coatirodlerhd donvgnlusies 3 Pratraqldconsems 2d PEAEWSI ng
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current endp0|nt nté%%éce engine (SIE) 140 which operates in conjunction
with a data output and handshake (DOH) module 150. A
10 protocol'state machine (PSM) 120 provideé sequencing of a
"_transaction between the device and the USB host to which
- the device is cdupled Recelved data and data to be
transmitted are contalned 1ﬁ FIFO 130. The controller
100 includes an interface to a microcontroller which
‘15_- ' provides theabqlk'of_thé_functionality'ip the device.

' | Turning now to Figs 2A - 2C, the'interfaces
between'moduleé'will-be described. Consider first the.
serial interface engine SIE 140 shown in Fig. 2A. The

. SIE 140 provides an interface between the USB host and -
20 the device. Included is a transceiver circuit (not
| shown) which drives data'ontO'signal lines D+ and D- and
receives data, both in the form of a differential signal..
The eleétrical characteristics of the transceiver are |
fully defined'by the USB specification. The functions of
25 . SIE 140 1nc1ude serlallzlng and deserializing USB
transmissions, decoding and encoding of TOKEN- -type
packets, NRZI encodlng and decoding, CRC generation and
checking, bit stuﬁfing,_and generating the SYNC field.
| Upon receiving a valid packet, SIE 140 asserts
30 the PacketOK and PacketEnd signal lines to signal the
protocol state machine PSM 120 of the reception of a -
- valid packet from the host. The SIE then extracts the -
'PID (SOF, SETUP, IN, OUT, DATAO/1, ACK) from the received
‘packet and transmits it to PCS 110 via SiePID. A
35  TOKEN-type packet consists of the following: PID (4
- " bits), device address (7 bits), endpoint address (4
bits), and CRC (5 bits); from which the device address
SieAddr and'endpoint.addréss SieEndpt are extracted and
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becones the new current endpoint. Data o that i's subsequently stored
in the FIFO therefore beconmes - - associatéd™with the second endpoi nt

i dentifier. By using 15 a single FIFO.to support two or nore endpoints,
silicon . . area_is nnim : ' ' n rnatec. -
enbodi nent, a se Iﬁqi%rf%&?éjs &o%%at?y%ep%%}g%gi'ﬁ?ls?ggﬁg%o?’tféd Pt%]/j't he
device are aketigg b, cred CRCheffomsvhitECche dabasdsordtEapbed2@nd
This has the adv f %?59i t rocessing.l ' f
controller while a&ﬁgﬁ?eoostaliee T rre&lge] n%;f?%ggghé {:.{lﬂe Bglgiri Egﬁ gﬁlec?tgraﬁt%egai‘tgr |
i mpl enenti ng Fl FQimessi nd@oxtupted devilpeeprddresses andsdation agise :

invention ig | Sy CRC J{girpééfoﬂ%@&rcﬁécﬁyﬂg%aﬁdwegeg‘mt %icA3&R o0 -

can be 25 made eper t In the case wherel each endpoint, is

supported by a c@eRSPuhdsR) soeeification. SignalrhingseAdarEndpyadich
i 25 2, P19, 08 Sihascaatme bos, donasmiacto| hadsotue seppchinely b
S TR e belye L JOs B Le oo Aol ciane
to support every e, aisethtwhdn ansdssmbenthy data upstieam, Hmwdicates
| nvent i on’ b ovasdnahe s18 33 FLSay e zershve; apRshia, PrEHE € 1T
achi eved by 35 (facme30HJLi0e FOFCGpansnissicnnppetireamsf the transaction
_requiring the data. - Turning for a moment to Fig. 6, a feature of
the'present_invention is shown in an illustration of the
_ host—de#ice.interface.” The USB specification provides
15 = for two speedsgof"operétidni low speed and full speed. A
' pull-up terminationfreéistbr tied to a voltage source
'between 3.0 V and 3.6 V determines the operating speed. -
A full speed device is terminated bY'a pull-up resistor
.- . on the D+ line.'-A.low speed device is terminated by a
20 pull-up on the D-line. In accordance with the.présent
invention, each of two‘grounding_transistors 142 has a
dréin/source coupling bétWeen the data lines'Df, D- and
'ground;j'The.grOunding.transistors 142 are turned on and
- off through their respective gates by a timer 144, such
25 ' as a counter, which outputs a LO-until it is triggered.
A full speed pull-up resistor 146 is coupled to.
the D+ line via pass transistor 145, and a low speed
pull-up resistor 148 is coupled to the D- line via pass
| transistor 147. A selector 143 ensures that only one of
30  the two pass transistors is turned on to operate as a
fulllspeed device or as a low speed device,' Fig.-G'
illustrates a'typical”construction of selector 143,
comprising a 1:2 decoder 141 and two AND gates. A SPEED
o SELECT signél asserts one of the two outputs from decoder
'35':_ 141 to drive the gate of the corresponding pass. ' |
transistor thus coupling.the-corresponding pull-up
resistor to the data line. The selector 143 is enabled
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devi ce. This permits a device which has | ocked up to automati c-

ally re-initiate bu nuneration, thereby causi he hqost to :
reconfigure the d@Wic gab ?.iY?ﬁaHlTﬁ§tXﬁge YSEgga&ﬂgsFéﬁlFﬁ“ﬁﬁi&@ﬁ@&tand
re-attached by a tisesught thet AND gatestual |y having to do so. - BRI EF
DESCRI PTI ON OF THE DRAW NGS.. s . Fig. 1 WS C l'ele i
accordance-with 10 .t he%@%&"-ﬁ“ﬁ%ﬁ?ﬁoﬁ? Eglgg-e%ga" the %I@}té’git %E -t%fC'
conprise a bl ock tlimgragveé Hheto turncont gubleding transistors 14@,gshusa
- 3Cillustrate t i . fArganizali t he ' T,

Figs, an - & ehonreridcSefh hines PioEBLEeh) §Rolhd. NeAE e Same tine,
selector 143 is disabled because of the LO input into_lts_

AND gates. This has the effect of disconnecting the

selected pull-up resistor by virtue of turning off its
corresponding pass transistor.  Conversely, when the -
10 timer'timeé out, the output of timer 144 returns to its-
-“ LO condition, thus turning off transistors 142. At the '
~ ~ .same time selector 143 is once again enabled, so that the
' paés transistor'cdfrespoﬁa;ng to the selected spéed is
- turned on. This serves to reconnect the_éorresponding
15" ~ pull-up resistor to the data line. In this way, the -
potential on each of the data lines is restored its
- original level. | ) o
' If timer 144 is set to provide a delay of at .
- least 2.5 pS, the turning on of grounding transistors 142
20 ‘and the turning off of pass transistors 145, 147 produce '

' a single-ended zero (SEO) condition which. is the device
disconnect condition as defined in the USB spec. When.
the data line (D+, D-) potential is restored by virtue of
timer 144 shutting off, a connect condition occurs (pef

25 USB). The grounding transistors 142 and pass transistors
145, 147, therefore, provide a means.by which an
automatic.reboot of the device can occur.  For example,
if the device 16CkSgup, a deadman (watchdog) timer in the
device can trigger the timer 144 to initiate a | '

30 disconnect/connect Séqﬁence{ On detecting the connect
condition, the host can reconfigure the device. 1In a hub
application, this reboot feature can be activated to-
convert between a bué—powered hub and a self-powered hub.

_ The reboot feature would allow the device to change

35  application (e.g. from FAX to scanner and'viée—verSa).
Changes in device descriptors; such as power consumed,
suspend delay, etc., can be "uploaded" into the host by.
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of the - protocol state nachlne - -9~ ~ Fig. 6is acircuit
for S|nuiatyng an 20 at tach/ det ach occurrence. ' ; Fig. 7
iI1ustrates a typical sequence of host/.devi ce transactions. :

Fig. 8 shows thedat 3 3R Qfrd 51ncetééiﬁa£ﬁféfha@§bn is read by Eheé
9 shows a variation of the preferred nbodi ment

Fig. 10 schemmti 888ty onlyy qﬁiﬂ&;%ﬂtﬁ&ﬂ@%ﬂatlon S?ﬁ?%ﬁcﬁr?fESB 2oRPPBEFEr .

Figs. 11A and 11B ill ustratm gener 1€et3ﬁ'red st mernel, dehe éiﬁﬁﬁﬁ.ﬁi?
BEST MODE FOR CARRYI NG QUL THE | NVENTI ON Ref rei %o g
deti 8 ?)

1, the USB cont r SPP¥R iFo Fig- lslﬁﬁﬁ??ﬁ??ﬁﬁﬁﬁﬂ%ﬁ EQ?lBﬁ%? | §7
such as a nguse, 139 of &Hee}dmﬂmbllaen‘rmsim st xhgermatireely, dthet ai reaiery,

etc. whi ch congj?zé%?otvﬁlcgeéfl o% E§t conpul ”éPQEﬁISEEEET signal can.be.

control I er provi §& ransac i 'Ons
provided in a variety of. ways signaling from-the

mlcrocontroller, prov1d1ng jumper options on the BC
" board, 81gna11ng from the USB controller 100. If the
10 device originally boots up at a lower speed,_the circuit
.~ of Fig. 6 allows for the devicé_to’rebo&t itself to come .
.'pp at a higher speed. Alternatively, only one pull-up
résistor/pass transistor pair can be.provided. In such a
_ caSeL_the device speed is fixed to be either a full speed
15 - 'devicé or a low speed device. In fact, only components
145, 146 are useful in a hub configuration. The selector .
143, then would consist simply of an AND gate to couple
the timer 144 to the pass transistor. Grounding
transistors 142 wéuid still be required to provide the
20  SEO0 condition. = t ' , '
' Contlnulng with the dlscuss1on of- the SIE
interfaces, turn to Flg 2C. 'The DOH module 150 shown in
Fig. 2C_sends data to SIE 140 under the control of PCS
- 110. The SendPID_Signal.line informs the DOH totissue a
25  PID (ACK, NAK, and STALL), provided by PCS 110 via |
:ResponsePID The SendData signal llne signals the DOH to
begin transmitting data from the FIFO. When asserted,
SendData enables DOH 150 to latch data in from FIFO 130
| via the fifoData lines and to send data to SIE 140 via
30 the UMIData lines.. Operating in conjunction with
SendData is the NextData signal line_which causes DOH 150
_to trénsmit previously latched'data and to latch in new
data from the FIFO. As data is received by SIE 140, the .
CRC is cdntinuously-computed. When thé PCS de-asserts
t35 ' SendData, the DOH7will assert LastData, causing SiE 140
' to send the computed CRC and to generate an EOP. The
‘EndPtBusTurnaround spec1f1es the maximum .delay beﬁore _
_'beglnnlng a transm1551on-to the host. This delay varies,
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- 6- ~ between a USB host unit and a nult&BI|C|ty of endpoint's

defined for the given device. I'n accordance with the

i nvention, the controller 100 incl udes a protocol cont roI and status 5

(PCS) unit 10 WhisgRAHILES i WA SRSLL 98 G w

1]B Afiesg -
control during thetrans n m ssi‘on of "USB ‘dat a packet s
is made via a serballow in |C|¢l1’!@|equ§d-@neﬁg-|tﬂié Ftlg E)8 -14Fhshissignpkr h%fé% in

conj uncti.on wehits &%s%%éts ik RendshakedDOe et er défa. A ke

_protocol state nachlne 120 prOV|des sequenci ng, of a.
transaction betmeéﬁnFﬁéq@éﬁa9§QQ1 d STNCYugs ek prassdat iRl Data pagksite

'is coupl ed. Recei wagrdaba tdd ndaitd t @Hee DOH aldd P¥oiides arelmt@i@ml n
FI FO 130. The controller 0&8%01 %S%ﬁe]% an,interface to

m crocontrol | er witERPEM foF G quqﬁPQLﬁﬁﬂ??ﬁﬁﬂ?$y°¥n t he
devi ce. '  transactdom.ng now t o Figs 2A - the interfaces

bet ween nodul es wi |l be des% i r&mﬂe%l Eé’lst ,ltl_nee FIFQ ffé_lﬁéergt&é ase

engine SIE 140 shown'in Fig 40 ‘provi an
between the USB host simte2® bytese el istmres riglamitihg sand tourgebny e¥SB

C'rcu't (”O&o data. Data destined for FIFO 130 first is drlven onto
fifoWrData. Next, the FIFO write address is driven onto
_fifoWrAddr, followed by asserting the write data line:
fifoWR. Incoming data from the host is stored via the
_ PCS 110 into the FIFO, where it is subsequently read by.
15 ~ the microcontroller. The FIFO can also be written to by
» ~ the mlcrocontroller, by driving data onto MData,
spe01fy1ng the FIFO address MAddr, and asserting MWR.
Data to be read out of FIFO 130 is addressed
via flfoRdAddr and driven on the fifoData lines. From
20 there, the data either is:latched into DOH 150 for _
subsequent transmission by SIE 140 to the host, or taken |
from fifoData through PCS 110 by the microcontroller via
PCSData. o - | S
' Transfer of data between PCS 110 and the
25 = microcontroller occurs over the MData and PCsData lines.
Registers within PCS 110 are accessed by asserting'their
addresses on MAddr, as will be shown below. - Input and_'
output. of data occurs by assertlng MWR and MRD
_ respectively. _ :
.30, Refer now to the protocol state machlne also
| shown in Fig. 2B. PSM 120 operates 1n con]unctlon with
PCS 110. The PSM provldes transaction sequencing for_all
endpoint types: BULK, CONTROL, INTERRUPT, and
_ - ISOCHRONOUS. - During sequencing of a transaction for the
35 current endpoint, the PCS communicates_tb the state
| machine information related to the endpoint and the state
' machine responds by informing the PCS what to do.
"Although the PCS 110 issues the control signals to



shown) mh|cﬁ”@PWWB§5data onto signal lines D+ and D- and- - PGTAINIBAI 28

data, both in the formof. a differential @ signgpi- The el ectrica
characteristics of the transceiver are - . ‘fully defined by the USB
'speci fication. The functions of 25 SI E 140 include serializing and
~deserializing USEontrol tthestransaseiofscoHengaandrendadingg cafi giQdted Vipe
packets, NRZI encqdi f%gecodlng CRC generation.and checklng bit
stuffing, and ge ﬁ%ﬂg SYNC field. Upon receiving a

val i d packet, SIE 140 asserThke3BSM 18h81@aakéedkbgneaeaek@KEmmduRyckedBn&S

to si I th

vl acket frotHE SErPiqrhatipRELes FVRHEA phclit ORI He ®
SETUP, IN, @UT, Expliinedd@lovonthhe perwivedthe PSMpiek advante rtendihie s
it to PCS 110 vi ?—xéh?PétPa% 3§er tﬁg@%&ﬁir‘ﬂgg §E§ﬁthQ@%'e§:tP%mf t h%he PSM

following: PID devi ce ad g, endpoi nt_addr ess
(4 bits), m%%#m‘!‘sycsfié%Wﬁ?cﬁlph§aﬂ‘§wé ra@¥les SOF, SETUP,

Si eAddr and. endpaiita@ddfs SDBTRENTPL a apesPxb! aChedoaRdceived\@ A GHePGcs
PCT/ U898l_12918 are: the endpoint type (EndPtTypg. BULK, ISOCHRONOUS,
10  INTERRUPT, and CONTROL), the data flow direction of the
' ”:endpoint (EndPtDir), the state of the data toggle bit_fbr_
the endpoint.(DataTOggle),”a status stage indication
(StatusStage) for CONTROB'Efansfers;'and'a packet |
response (PacketResponse) These data are used by PSM .
15 120 as state variables in determlnlng the sequencing of a
transactlon The output of PSM 120 is ‘control signalling
1 ~via PSMState Wthh dlrects the actions of PCS 110 during
a -transaction. _ S
- The PCS 110 provides storage of information
20 concerning the'dévice's USB-related activities,.and'
provides data to the'deVice's microcontioller or other
similar controlling_hardware, Information contained in
the PCS is stored in registers and.can-originate from the .
_ host or the microcbntroller, or through state changes
25 while processing a transaction. FolloWing is a list of
' | the registers cdntained'in the PCS, indicating for each
register whether it is fead/writable by the PCS and |
' whether it is read/writable by the microcontroller:

30 Register Register .-
. Address Name - PCS microcontrollexr
0x0 ‘ ‘Device Address R w - bits 6 - 0
. ' 0x1l - 0x2 - Prame Number .- - W R * bits 10 - 0
35 0x3 Global State W R/W . bit ¢ addressed
W R/W bit 1 configured
w R/W bit 2 rem wakeup
) W R/W bit 3 sugpend
B : W R/W "bit 4 resume
40 0x4 Packet Control W R bits 2 - 0 endp addr
; . W R bit 3 corpleted )
W, R "bit 7. -.4 rcv’d PID
0xS Packet Response R w bits 3 - 0 response
15743 Intefrupt Reg W R "bit 0 INT
45 W R bit 1 EOF1
. LW R bit 2 EOF2
: : W R bit 3 SOF
. : 0x7 Interrupt Ack - R . W bit 0 INTA
. . W ‘R “bit 1 EOF1
50 W R bit 2 EOF2 _
] ) ] R - bit 3 SOF
W . R *.bit. 4 STATUS stage
0x8 Intexxupt Enable R w bit 0 INT EN -



-sent .'to thevwReEse81$6 DATA-t ype packet .consi-sts of: PID, . , uar/as!!sjnimj,
~and CRC, fromwhich the data is extracted_anql_2 sent to the PCS one
byte at a tine over the SieData data = |i'es. Corrupted device
addresses and data are detected 5 by CRC validation and checking for
bitstuff violations, per the USB speckfication.siSh | 1ines

Addr EndpVal i d and SleDatavalld are asgertdh to ﬁbégggte respectlvely a :
valid device address @i yalid darpssd The NextData s ‘line, used
when transmtting dat egxcupstreammo resat eSRHB0 Rt h gst'heOSI E is ready to
recei ve another byte alz dat a ?’-’mﬂr-gm DEH 5’0) for transnission
upstream "ip 2 Turni gl "a nogent { o FIQ; oBempraed €At Ure of
the present invention g shown if,an. &&J,&sf{r atiHp  Of BEAETS enapoidiQSde- devi ce

interface. The USB specification pr OVI des 5 or ction
operati on: USow speed and full speed.. ﬁ pL§/§ pig\sgqﬁ%%ﬂ&%fm stor
tied to a voltage source .  between 3 0 V-and 3.6 M det-Einadedios t he -
oper ating speed. ohef Ul | spaggodenhge s t &M nalihd; 588" BT 1 - up
~resistor 20 on the D+ line. A low speed:-device is term.nated by a 20
pul l-up on the D-line. In accordance wi th the present I nventi on,

each of two grounding trans%?é Cﬁévfc‘@ i@&réssdregzr%téi“nééﬂ 5gﬁscgﬂgl B@glcé

bet ween the data |ines D+ oun I'ng transistors
142 are turned orﬁdﬁiﬂﬁss of e cienrm@h tIl*éllSréEp‘éb@ yzedabP¥stbg a tiner

144, such 25 35 Gr&BHER51 101 b 04 PUtSuS &uMBEALibh beghehaaewedn
25 the host, and thereafter becomes the dev1ce address to
' which the PCS_w111 respond, ‘More partlcularly, the host
- communicates information to the microcontroller during
the bus enumeretion sequence. The microcontroller then
'eommuhicates certaih of this information to the PCS 110
30  to write the Device Address register and the Global State.
.  register. i : _ | o |
' The Frame Nuﬁber'register contains the frame
_number which, in accordance with the USB spec., is
o incremented by the host at a nominal rate of 1.0 mS.
35 . Upon receiving a frame packet, the PCS 110 loads the
| frame number contained in the packet into the Frame
Number reglster and sets an 1nterrupt (EOF1, EOF2, see
below) . _
The Globél State register contains global
40 .5_1nformatlon regardlng the USB state of the device, and is
) ‘initially written. to by the microcontroller. The |
“information is conta;ned-ln a seven bit data structure,
having the foilowing definitipn: bit 0 indicates whether
- the device has been given a device address by the host;
- 45 bit l'indicates_Whether the:device has been configured;
bit 2 indicates whether.the device is permitted to signal
a host'that has entered a power-saving suspend.state,
thus-waking up the host (remote wakeup), bit 3 indicates
_ that the device has entered a power- saving suspend state,-
50  bit 4 is written to by the mlcrocontroller in order to



A full speedwpigolosige resi stor 146 is coupled to  the EH-chmnmﬂmamm@ss;._

-transi stor 145, and a | ow speed puIL-up 5e3|stor 148 is coupled to .
the D- line via-pass ' transi stor 147. A selector 143 ensures that only
one-of 30 t he two pass transistors is turned on to operate as a

full speed device;Qre ?tge O?@’eﬁiBE%dggﬁehﬁe THe@e Bits cafi ?&%é@t% r

typi cal construct1 oh conprising a decode
and.two AND gat esby PhePBED in respemseTtsi geseixise commmnds fnam tthe

out puts from decodsst 3guch adlaheidg &ebhgeeﬁ%h@z@ctfdi'ﬁ SRARRON BN 6\§§e

transi stor thus coup Ilng t he iorrespondlng pul | -up- resi stor to t
data line. The sBle¥pePntrslierenabl ed MD 99/ 08196 .
PCT/ US98/ 12%.8 The Packet Control register is waric-ithisabd QS&/VI a’

L e DY ek bAg 4B°T 0 Bbvsne PRLOUIAEA Bl pe cuprens
on ‘gr oundi ng tranemdpoint1421ntmudea in thble@vdmtauklmmrdatuﬁe aregrmmnd -
At the same tine, ‘endpoint address of the current endpoint (bits 2 - 0), a
| . packet completed (i.e. received from host) indicator (bit
10 . 3); and a packet identifier (PID, bits 7 - 4). The PID's
' are defined in the USB spec. and include: OUT (ox1), IN
_(0x9), SOF (0x5), SETUP (0xd), DATAO (0x3) , DATAL (0xb),;
. ACK (0x2), and PRE (0xc). These b1ts are set by the PCS
and read by the microcontroller.

15 . The Packet Response reglster is written to by
the microcontroller, and may contain a USB-defined
response PID, namely NAK (0xa) and STALL (Oxe). In

-~ addition, theVmicrocontroller may write certain internal
codes which direct the PCS 110 to take;certain actions.
20 DAVAIL (0x4)_is_ah internal code indicating to the PCS

that there is at least one byte of data in the FIFO 130.
DACCE?T_(OXS) is an intermal code indicating-to_the PCS
that the microcontroller has read out all of the expected
data from the FIFO. DEND (0x7) is an internal code
25 indicating to the PCS that the microcontroller has
-written the last byte to the FIFO or has read the last
byte out of the FIFO. _ '
_ The PCS 110 includes an 1nterrupt line used to
.1nterrupt the microcontroller. A set of reglsters are
300 - employed to manage these 1nterruptSi' The Interrupt
| register is written by the PCS, and read by the micro-
controller to detérmine the cause of the interrupt when
the interrupt is'raised; Bit 0 is set to indicate a
~ generic interrupt (INT) by the PCS. In a_hub'applica-
35 tion, the following additional interrupts are used  bit 1
" is set to indicate the end of frame timing point #1 |
- {EOF1); bit 2 is set to indicate the end of frame tlmlng
' point #2 (EOF2),:b1t 3 is set to indicate the occgrrence



sel ect or 14%o sosslizsebl ed because of the LO i nput into its  PCT/ARE/GAISES.

This has the effect .of disconnecting the  _ 4_sel' ected pull-up resistor by B
virtue of turning off. its - correspondi ng pass transistor. -Conversely,
when t he 10 timer tines out, the output of tinmer 144 returns to its

LO condi tion, thys tury nsi 1 dery APBat ERBr i

selector 143 is o%n%c;ea ziqufl&gc fagnéab' %%Esgéﬁgi ?%(‘ae&m% papsts -%cr:gngigg%or il
correspondi ng t o witié el dut dehss gk geentrollen Rt piicatpi §osEhgeBCho
reconnect the CoOrdieSPUHL Khddi cul P4l intrF@st SLONTA P kOP1 fakerbi NgoF) | Ras

this way, the . paotential on each of the data ,l]ines is restored_its
original |evel. been handled (i9.thf couuesRORYNY GIRFSTFHRC 2T qHFAD ot
at | east - 2.Had idnpletd® ! urpity ®n- of GborEsHogdt tansisso0s-132020

and the turning off qf  pass transistors 1 147. produ P .

si ngl e- ended zer &R%Qa'fﬂtp%’iﬂtﬁ‘i %%ﬁ%l?‘? h%d%’e%%%afeblt élp§§oﬁ?1e%§
condition as defidesfiiried tfer USNEREE . traffefers. IthisdetiattenebyDeheD-)
potential is restar ' ' R S\ 14, shyt t ] f n
condition occurs “ﬁcﬁ%% %ﬁlﬂ;]{% %O 'IJhréd g?%%énrgtlr'rrll%ét]r'gng% s%%%s&lgg gﬂgggasegg
‘transistors STAIJS Istrage heff ef FNTRPbVEvenaferansThy hAterrypt Enable
automati c ngpoot sthe deyd 728 X I ] ' lede¥i 68
| ocks up,'gigeadgﬁéﬁ%éﬁgﬁﬁ%gf Ulﬂﬁﬁéﬁg?%égEeP Ea%é@?%glggno?%isge? t he
tinmer 144 to initihe ekpBy-deseyihedntrterEple cEYRegueR2¥Ingokhgefalei ng

th_e_ connect - cSiddiing i twsé cam, reconfigure the device. In a hub
_ ‘ The Total Byte Count register indicates the
number of bytes in a packet received from the host .
is. | ‘'The FIFO Address register points to the next
B entry'in the FIFO 130 for data-to be transmitted to the
host, and for data that has-been'received from the host.
. The Byte Count register indicates the number .of
_ bytes currently in the FIFO. .This.ihfbrmation is updated
20 by the PCS. The register is incremented each time a byte
' ' is written into FIFO 130, whether by PCS 110 (via SIE .
140) or by the microcontroller. The register is
decremented each time a'byte is read out of the FIFO,
whether by the PCS during an'upstréam transfer_@r by the
25 microcontroller. - ' '
_ ‘The Transaction Response register indicates .
whether the transaction sucéessfully completed or not.
The Endpointicbntrol régisters comprisé a_set'
o - of tegisters_Which COntain-informatiQn for each of the |
.. 30 ‘endpoints provided by the Controllef in accordance with
‘the present invention. The'current embodiment of the
invention supports eight endpbints,.addressed 0 - 7.
This number can be increaSed up to the maximum-number-
-defined in'the'USB-spec. for a total of sixteen _
35 endpoints. The endpoint type is indicated by bits 0 & 1,
namely CONTROL, BULK, INTERRUPT, and ISOCHRONOUS
transfers. The direction_of the'daté flow, to the host
or from the host, is indicated by bit 2. The DATA.toggle



appl i cat i onwo bg/asiseboot feature can be activated to - - CORCEMUSIYEINEEN -
a bus-powered hub and a sel f-powered: hub. The reboot feature would

all ow t he device to .change 35 . appllcatlon]f% g. from FAX to scanner and
vi ce-versa). - Changes in device descriptors, such as power consuned,
suspend del ay, e , Ya i t

DCT/ USO8/ 12918 B iePhdded' ¥ Padad" s tﬂ;%éﬂ?t&?ﬁ ab¥a syng\grrggﬁggt%%n

feature, since SG@hQQﬂQﬁdﬁQQQNW4%thh§iq§5t$ﬁﬁc Th%sPuﬁnFyrﬂérpﬁﬁdan

enunerati-on Sequ%@ﬁidgtfarf%ﬂé”&ﬁﬂ§01nt is: spec1f1ed in bﬂ@spﬁeEBSFEd _
enbodi nent, the circuitr shown i 3@‘5’ [ ncor oratﬁg n.the front
G °9$t n €c

end of SIE 5 ~ Thes& qyﬂ%ﬂﬁnﬁ%?ﬁl%ﬂe \ Gl 935? CLEGREY y
may be provisded @fflueld used sy %ED.ﬁE,LFﬁﬂ'eéiﬂjﬂMgcandéan pexiiody beEdrien

~a variety of way signaling fromthe . [ oII rovi :
junper options oi’%’q}@gﬁ(‘} & t%‘aﬁ“ﬂi”s%}r%atr? n'gh %%E goﬁ?rg‘ %FdIOO
If the 10 devi @ditor7 dishaided wtindircaste A f@wea g.pv:ed dewrdceir whether

ﬁr gEIe? sgegldl Oxst Ornanr%aedi%/ﬂ gﬁs ;boeo%é)%%eat el hcd Otﬁgnﬁumber Sl %hdf:on.nts

needed for any given device w111 vary. Bit 7 is written
10 to by the microcontroller ‘on reset. :
' The Esdpoint'Stopped register is written by the -
-_microcontrOIler to indicate whether an'endpoint is
temporarily-deactiVated.' Eﬁ such a case,'any transfers
directed to a deactivated endpoint will be ignored by the '
15 PCS, and the PCS will respond with a NAK for those .
transactions which support-Such_a response.
' Turn now to the register organization of PCS
110, as shown in the schematic representation'of Figs.
3A - 3C.  The figures show:the various registers des-
20 cribed above,.includiﬁg'the flow of information between
the registers and the-other components'comprising the USB
- controller. Informatlon exchange between PCS 110 and the
" microcontroller takes place over a "bus" 10. .In the
preferred embodlment, a common design is adopted for
'25 ~ implementing bus 10. Reading from the "bus" consists of
| feeding the output of each register in PCS 110 into a mux
(not shown), and usingathe{register address (MAddr, Fig.
2B).as the'muszelector.to select the desired register..
" The PCSData bus is taken from the output of the mux.
30 Writing to a registet in-PCS 110 is accomplished by
' feeding the data to be written (MData) into the input of
.each register.g'Each-register has a write enable which is
coupled to an output.line of a decoder. Thus, by feeding'
MAddr into the decoder, the corresponding register will
35 be enabled to read in the data. ' | |
From SIE 140, SiePID (OUT IN SOF, SETUP
| DATAO, DATAl, ACK, and PRE)-and SieEndPt flow into the
Packet Control register of PCS 110. jSieAddr-floWs'iﬁto



resi stor/paéﬁo??'@ﬁigfstof pair can be provided. In such a P@mlﬁlﬂé _

device speed is fixed to be either a full spegl 15 device or a | ow speed
device. - In fact, only conponents 145, 146 are useful in a hub
“configuration. The sel ect or ' 143, then would consist sinply of an AND

tgate' _tOtCOUpllzz com%éf?:cf:fm (lﬂﬁgloamhetcpa&étémmd téSiﬁ(r)thSFgEgﬁibagd
ransi stors sti e.req Rrovide ondi n.
Cont i nui ng wnth1ﬁ4§ﬁﬁ§ﬁnﬁﬁﬁ?nﬁ?ﬁmthﬁsgﬂ tchep ?ﬁ%% eSORERHA® 1pléh8
2C. The DOH.nodleviksd mshdwess nreglsteflcgf 2 sROSs padducingl Enléﬁabihdag
the control of P Si r e to
. issue a 25 %ﬁrg/iﬁ% ‘ﬁ%ﬂ an@%ﬁiﬁﬁ% ovided Jgiﬂgcgg{ﬁoﬁow £26H
ResponsePl D5 Th@l@é?ﬂﬂhtulm (ERO | ¢ortxe rhl@ckh‘éZD(FP-go 3C) tobbgi gtored
transmtting dataf o heydl “Qrextifions BREARE the FrréoagReLa1°BaBLRS4BCH

150 to latch dataln rom FI FO 130 via the tifo Lines and to send

data to SIE 140 % 3prremene W%ﬁamﬂﬂheEIFo Cﬂs‘é‘F%‘Hﬂﬁ ?ﬂdCEﬁJ gRagi 8HtwWi t h
‘SendData is thel}@g[gﬁﬁtéﬂ@@al line which causes DOH 150 to transmt
previously | atched data and t tcP i n_ne from -

a% t he FIF?
data is received by SIE 146 en@?&:"?% CHREFR otiSEySESRBuUPAd. FJ'W‘nen
t he PCS de- msermmbrovf@éwlht mndmm-tamtti:ohssegistast Eai:aeachu5| ng
ElnEPtlggsTur nar E)Snse gelf‘:rf e1 gs e%%%rﬂg%# a?/g]gggir)s% ErombEBl nﬁleﬁésge_r
transm ssion to tdenkhdsd .is Thade d‘eia;se'ha:q:mr 20. SieEndPt from SIE 140
- - constitutes an internal endpoint address identifier
_ PCSEndPtAddr, the current endpoint for the particular
15 - transaction. The ¢d:rent'endpoint identifier selects the
correéponding Ehdpoint Contr01 register, the contents of
which are,sent.to the state machine 120 and to DOH 150.
More specifically, the EﬁdPtType; EndPtDir, and
_'DataToggle information flows into PSM 120, while the
- 20 EndPtBusTurnaround information flows into DOH 150.
Although the present 1nventlon controller contemplates a
single FIFO, it can be seen that multiple endpoints
nevertheless can be supported by only one FIFO because
~information specific to each endpoint is contained in the
25 ‘register bank 50'and'selected via selector 20 using the
' endpoint specifier proVided'by the host via SieEndPt.
Such information controls the sequencing for that
endpoint and its type, and any data that is transferred
B ‘is accomplished via the FIFO 130. :In addition to
30 EndPtType, EndPtDir, and DataToggle,'PSM 120 receives
' StatusStageffrom bit 4 of the Interrupt. Acknowledge
register and PacketResponse from bits [3:0] of the Packet
Response regigter. As will be explained“ﬁeiow, this
informationAconstitthS'the state variables used by PSM
35  120. | | | .
PCS 110-operates:under the control of PSMState
signals;dUring.the sequencing of a transaction. For
-_example during a'BULK'tranSaction,.each transfer requires
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- 10- - dependi ng upon the active endp0|q} as will be expl ained '
bel ow in connection with Fig. 8. The signal i'ne SendSYNC i nstructs
the-SIE to send the SYNC field. " The ~ synchronization (SYNC) field

precedes all Datg &g@h@@;% the BT I{cPli %aaeéé -pe2 NEnOYPLB! 88eB!, OViades a_'

cl ock signal M-120 durin sequenC|ng of a
transacti-on. ~ shown 1n Flg'ﬁﬁﬁwrﬁﬂvﬁ(ﬁ¢9§ﬂl@$quﬁ% YeEG-296LARY &hgept h

of sixteen bytesand HRfAe iKIRONBEL Y St eed ngel&a:é@ Endgatiﬁt cbataol .
destined for FIFO.130 first, is drjven o

FIFO wite addre®eIiStey s -GAnets PCSEQé%QAQQEd?Y +%?PbﬂgdP§y§§§§&rtlng h
the wite dgtaligigmnals 1ﬂlﬁhéN§cslrusﬁmimafmya.thenmonecbnstousb&beked4 E

e o e Fork e S 3o PR EDL Ll
m crocontrol |l er, BIY dri \e ngmj‘a,t ANAKt STMELR, via DOHsp2S} f yheget- hlaeFI FO
‘address Nﬁddr an%g% 'ﬂ%b'%ngbtalned from the Packet Response
o _ - reglster ' | -
10 : ' Turn_now to the transaction-diagramsfdf'Figs.
4A - 4I for a brief description of the transaction |
'3sequenCes defined-in_the USB specification. ' The
transactions defined for USB include: BULK, CONTROL, -
INTERRUPT, and ISOCHRONOUS. Each of these transactions
15 . typically comprise a-cembina:ioh-ef two or more of the .
basic.da;a_tranSfers (Figs. 4A - 4E) to be discussed
below. R ' - '
' . Fig. 4A illustrates the transaction sequence
_ for an IN-type data transfer, involving the transmission
'_ 20 = of data to the host. This type of data transfer is
common to the BULK, CONTROL, and INTERRUPT transfers.
The host sends an IN-type packet to the device. In
response, the device will send a DATA packet to the host
which is acknowledged by a return ACK to the device. As
| 25 = shown in Fig. 4A, the device alternmatively may respond =
with either a NAK-er'a STALL, if the device experienCes.a
~ problem. : | _ '
' Fig. 4B shows a 31m11ar sequence for an
_ OUT -type data packet, 1nvolv1ng transmission of data from_
30 h the host. . The host sends an OUT-type packet followed by
'~ a DATA packet. The device then responds by an ACK, a
"NAK -or a STALL, depending on the success, delay or .
fallure of the transaction. '
| A BULK transfer of data. (whether from the
f35 ' dev1ce ‘or to the device) comprises one or more IN—.or
'h OUT-type data_transfers.__For ‘example, Fig. 4F shows a -
BULK read transaction comprising a plurality of IN data
transfers~(Fig._4A)'fdr'transmitting data to the_hoet.



Data to be. of FIFO 130 i s addressed vi a-fifoRd
driven on th§§gyﬁﬁ%%ta lines. ‘From 20 there, the data eitﬁgﬂthﬂﬂéfched

into DOH 150 for . subsequent transmissi-dBby SIE 140 to the host, -
t aken fromfifoData through PCS 110 by the mcrocontroller- via :
- PCSDat a- Transfer of data between PCS 110 and the 25

mi crocontroller Sheurzensyand mnamatatien risretes | Fhesalternatiagi efers

wi thi'n” PCS. 110 amﬁww%&mswﬁéw fck@'éach suc@desesecaaen Mpdesfees
will. be shown below |nput and tput of data occurs Qgﬁass _

n
MAR and MRD in @grandands widg the bit togg R SERGME o énﬁgoi"ﬁ'cgpe
state machine al BB specifivdticn Fi . BRAK RSMASfeBPSE ad&Bal mayogbuﬁmt the

W th PCS 110Q. hg, PSM provi des sactlon gsquenci ng, { or aI
endpoi nt types: h@réﬁfﬁ%%}o 'I\I'I’E?%]}ﬂ’rafl q"sd*}fé&\fiﬁ% BuFFag

sequenci ng of a tacasmliisired wwittthen %erleswfemm‘retlglpeldatat teaRgfers

- communi cates to t&psﬁaqﬁs - machine information related to-the endpoint
and the state I'ne responds by ‘i nforning the PCS what to.do.

Al t hough the PCS 110 i sSsuesAn HENERRRURT t¥amsaction (not shown), not

unlike a BULK transfer, consists of one or more IN- type
10 -data-transfers'(Fig. 42) . Where more than one data
. transfer is required, bit toggling occurs for successive
- -transfers UnlikefBULK transfers, an INTERRUPT involves'
only the transfer of data from the device to the host;
_ i.e. IN-type data transfers _
15 K ' Fig. “4C shows ‘a SETUP-type data transfer.” This
includes a SETUP packet sent by the host, followed by ai
"DATA packet also sent by the host. This type of data
_ transfer is used during a CONTROL transaction, which
- . begins with a setup stage, bptionally followed by a data
20 stage, and ending with a status stage. Fig. 4G depicts
one variation of the CONTROL transaction, conéisting only
of a setup stage (SETUP-type data transfer) and a status
stage (IN-type data transfer, Fig. 4A). Figs' 4H and 41
. show a second variation of the CONTROL transaction whlch
25 1ncludes a data stage, compr1s1ng one or more IN or ouT
data transfers The status stage is indicated by a data
transfer in the opp051te dlrectlon.
. Figs. 4D and 4E show the transactlon sequences
for an ISOCHRONOUS transactlon For the ‘upstream ISO
30 transaction shown in Fig. 4D, ‘the host sends an IN- type
packet. The device responds by sending a 'DATA packet.
The amount of data transferred during an 1s0 transaction
may requlre more than one such transaction, and so
_ _ add1t10na1 transactlons (shown in phantom) may occur,.
35 with bit toggling. Fig. 4E shows a similar sequence, but
' : for’a_dbwnstream iSQ transaction. Unlike, the other
transfer types, ISO transfers are not terminated by a
_handshake phase. ' | ' '
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-1 control the transaction, the nas ﬁr timng originates in
-the PSM 120. : _ The PSMi's signalled by PacketOK and -
Packet End that SIE 140 has received a valid packet. As will be 5

expl ai ned bel ow,
per the cl ocking

‘this per”‘ﬁév% Eﬁﬁéﬁeséévéﬂeev591bh§ USB- deﬂﬁﬁ@dstate
signal (StepP

receives from 11Q
the .PI D nane (I Ntwsagmn%a{pfer nOW tBAﬂ-“he Paﬁaosﬂ%Af)ta\H m@m PSM -
Al so..received fromg herBeSerated 1ﬁrp§%%hesp.ndpgnnt Repal(ErdRithne B K,

| SOCHRONOUS, 10

| NTERRUPT, and ect on of the

endpoi nt (EndHﬂ)EH?V%ﬂ%ss?%ﬂﬁeﬁ?l?ﬂe ﬁﬁta 086I b%%oge ined t he
endpoi nt ([HgaTbgﬁréﬂsa@tﬁbﬁéus Thaegtnpudiscabi PEM 120 (PSickietESthge) for

CONTROL transfer
data are used by
sequenC|ng of a

10

15

20

© 25

g D3585, et CIOBR BEERE AL PR b oo

StatusPhase, and PacketResponse) serve as state varlables
of the state machlne, determining the action(s) taken
durlng_each state. The output of PSM 120 is PSMState, a
set of control lines for signalling PCS 110.
‘From the IDLE state shown in Fig. 5A, PSM 120

transitions to one oﬁ-the'Starting'data transfer -states:

SETUP, ISO-IN, ISO-OUT, ST-IN, ST-OUT, INT-IN, IN, and
OUT. The SETUP state is entered for the SETUP stage of a

' CONTROL transagtion. The ISO-IN (ISO-OUT) state is

entered for iscchrcnous transactions of data to (from)
the host The ST-IN (ST-OUT) state is entered for the
STATUS stage of a CONTROL write (read) sequence. The

-INT-IN state is entered for transactions involving

interrupt-type endpoints. The IN (OUT) state is entered
for IN (OUT) type transfers during BULK and CONTROL
transactions. The transitions are fully definedlby.and
are in accordance w1th the USB spec1f1cat10n The error, .
NAK, and STALL transitions are also per the USB
specification. ' '

A tran31tlon from the IDLE state occurs when
PacketOK and PacketEnd are asserted by SIE 140. The
starting state (SETUP, ISO- IN ISO- OUT ST IN, ST-OUT,

© INT- IN, IN, OUT) to Wthh the transition occurs is based 3

30

on the PCSPID 1nput from PCS 110. - A subsequent

transition out of the starting state occurs when SIE 140

. receives the next packet and again asserts PacketOK and

35 -

‘StepPSM.

PacketEnd. ‘The PSM then issues a signal wvia PSMState,

‘indicating to the PCS what action is needed. Subsequent

transitions are then initiated when DOH 150 asserts

State transitions occur on the basis of the PSM -
gtate wvariables provided at the_PCS 110 interface. '
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PSMBt at e which directs the actions of PCS 11%gur| ng - - a transaction.

The PCS 110 provi.des.storage of information - concerni ng the device's
USB-rel ated activities, and - provides data to the device's

mi crocontrol ler %fﬁawl . :%%CBPtﬁﬂéé'QEaEérqﬁﬁ'&ﬁblbﬁf a&@atLbesned

cont ai ned | n regrsters and can OI’I%I nate from
the _ host orat tandyi wiiafk oreE bPn £8) *é?k?ﬂrﬁgﬁheéf’at gtakgnge¥hide thEi| e

processing a transagtifg. is F%P%Qﬂté& ﬁn' a§é1@£l log:l.c t BRer a&ls%&ﬁptlon
contained in the PCS, indicatinhg for ether it

read/writabl e by WP Ehews is Pﬁ\ﬁ‘é{"ﬁ%ﬁi in PsPF gaanFP EbESTHRE Itrg

mcrocontrolder: failitate tlE’egeﬁpBanaRe@nsberFlgs. SA - 5SAddredivenNghe
PCS m crocontr

Add t -
o Ot SRR ATEABE, oy R apPRECes STob3Eic pringlp1ds i
dobal State W Ridic bieésDgagddunrdsegtood and known by those of- ordinarw
RIW -bit 1 configyrefh i, the art, to 1mplet¥%n5/ W gbhte? m%%ﬁ':.‘ﬂ%k?lléglng the

_ descr:l.bed behavior:
10 |

IDLE state (F:.g SA): :

o wait for PacketOK & Packet:Bnd
© if PCSPID == SETUP & EndptType == CONTROL, r.hen go to SETUP state
o else if PCSPID == IN & EndptType == ISOCHRONOUS, then go to ISO-IN state . .

15 .0 else if PCSPID == OUT & EndptType == ISOCHRONOUS, then go to IS0-QUT state
o else if PCSPID == IN & Endpt'lype == CONTROL & l!StatusStage, then go to ST-IN state
6 'elge if PCSPID == QUT & EndptType == CONTROL & !StatusStage, then go to ST-OUT state
o else if PCSPID == IN & EndptType == CONTROL & !StatusStage, then go to IN state °

’ © else if PCSPID == OUT & EndptType == CONTROL & !StatusStage, then go to OUT state
20 © else if PCSPID == IN & EndptType == INTERRUPT, then go to INT-IN state
L o else if PCSPID == IN & EndptType == BULK, then go to IN state

o else if PCSPID-== OUT & EndptType == BULK, then go to OUT state
© else go to IGNORB PACKET state .

25 SETUP state (Fig. 5a):

o Lf PacketEnd & IPacketOK, Lhen go to ERROR state
© else go to R1-DATAC scate

' . ISO-IN state (Fig. SA) )
30 _ o if PacketEnd & {PacketOK, then go to ERROR state
[-] elae go to W-DA’rAO state - . )

' 180-OUT state (Fig. 5B) : ) : - : '
o if PacketEnd & !PacketOK, then go to BRROR state -
35 : . o else go to R2-DATAO state [

ST-IN state (Fig. 5B) : -
© if PacketEnd & |PacketOK, then go to ERROR state
o else if PacketResponse == NAK, ‘then go to NAK state
40 : o else go to W-DRTAL state

ST-0UT state (Fig. SB): o )
o if PacketEnd & |PacketOK, then go to ERROR state
45 o else go to R-DATAL state .
INT-IN state (Fig. 5C): ’ '
o if PacketEnd & lPacketOK then go to ERROR state
o else if PacketResponse =~ DAVAIL, then go to W-DATAT state
' o else if PacketResponse == NAK, then go to NAK state
50 o else if PacketResponse == STALL, then go to STALL state
o else go to IDLE state

IN state (Pig. 5C):
. . o if PacketEnd & lPacketOK, then go to ERROR state
.55 B o else if PacketResponse == NAK, then go to NAK state
) o elge if PacketRespongse == STALL, then go to STALL state
o else go to W-DATAT s:al:e . : S

OUT state (Fig. 5C): o :
60 o if PacketEnd & !PacketOK, then go to ERROR state
: © else go to R-DATAT sca:e

Rl-DA’l‘AO state (Fig. 5A):
o if PCSPID != DATAO PID, then go ‘to muu.y SETUP state
65 o else PSMState = read data
) . o wait for PSMStep gignal
o if (PacketEnd & !Pacﬁ’m “then go to ERROR state
o go to ACKl state [/ to send Ack to host

70 ‘W-DATAO state (Fig. SA): -
: o PgMState = send data with DATAQ PID
o wait for PacketResponse == DEND -
© PSMState = set completion bit
o go teo IDLE state



W RW bi VGowmIpend I o w 'wnm/mw

resune 40 0x4 Packet Control _2;W R bits 2 - 0 endp addr
W R ‘bit 3 copleted W R  bit 7- 4
rcv-d PID 0xS. Packet Response R W b| ts 3 - 0 response
0x6 Interr an{naxﬁeog:ateVWidRsa) it 9 l}rr Q - W
. if PCSPID != Ao PID, t -} EARLY P gtate
R bit 1 ECF1 0 yait for Packethesponss - *DACCE v RW" B bit 2 EOF2
. . acke 1 tOK,
W R . 'b_l t 53 SOP _ g PSMState B@ycoztgletion gljl.iﬁ%r FJHP R A W bit O | NTA
R bit 1 ECFl 50 . © 9o .te IDLE state ' R bit 2 EOF2 :
i (BFDATAL state (Fig. SB):
W R .bl t 39S ?:apsilst 3 = gend data toéost wlith m‘ﬁl PID W : R bl t 4 STATUS
st age 10 = 0x8 o Elgagitgegsgeu% nabfe RW bit 01 NT EN WO
. %
99/ 08196 _ o else if PacketResponde == STALL, then.go ﬁﬁwm 12918
-12- _ : o else go to ACK4 state . ‘W 'R bit 1 ECF1
: 15 R-DATAL state (Fig. 5B): .
o if PCSPID != DATAl PID, then go to EARLY SETUP state
o else PSMState = read data -
o wait for PSMStep signal . ' ’ B
o if PacketResponse == NAK, then go to NAK state
20 © else if PacketEnd & !PacketOK, then go to ERROR state
o else go to ACK2' s:ate
W-DATAT state (Fig. 5C):
o if DataToggle == "Q¥, PSMStal:e = . gend data us:.ng DATAO
25 o else PSMState = send data using DATAL
‘o if PacketResponse == NAK, then go to NAK state
o else if PacketResponse == STALL, theh go to STALL state
i o else go to ACKS state, aftexr sending all data (Packetaesponse == DATA mln)
30  R-DATAT state (Fig. 5C):
- CT o if toggle bit in PCSPID == SBTUP‘ then go to EARLY SETUP state :
o else PSMState = read data ' ' '
. o wait for PsMStep signal -
: o if PacketResponse == NAK, then go to NAK state
35 o else if PacketResponse == STALL, then go to STALL state
o if PacketEnd & !PacketOK, then-go to ERROR state
o

else go to ACKS gtate

ACK1 state (Fig. 5A): -
40 o PSMState = send ACK
.o wait for PSMStep signal
© go to DT state

- ACK2 state (Fig. 5B):
. 45 ' o PSMState = send ACK
: ‘o wait for PSMStep signal
o go to DR state

o ACK3 -state (rig. 5C): .
‘50 - o PSMState = send ACK
. o wait for PSMStep signal -
‘o if PCSPID matched Dat:a'roggle in R-DATAT, then go to DT State
o else go to IDLE state

55 ACK4 state (Fig. 5B):

o o if PCSPID.i= ACK, then go t:o 'ERROR state '
o else if PCSPID == SETUP, then go to EARLY SETUP sl:ate
o if PCSPID == ACK, then go to DR sl:ate
o else go to ERROR state

60
ACKS gtate (Fig. 5C):
. o if PCSPID |= ACK, then go to ERROR state
o o else if PCSPID == SETUP, then go to EARLY SETUP state
65 o else go to DT state after receiving ACK fxom host
DR state (Fig. SB):
o PSMState = clear toggle bit
o wait for PSMStep signal
© PSMState = set completion bit
70 . ‘o go to IDLE state

DT at:ate tF:Lga. SA, 5C):
o PSMSt:ate = toggle bit
‘o wait for PsMStep signal
75 . .. o PSMState = set campletion bit’
. o go to IDLE state

" EARELY SETUP state (Fig. 5B): :
. o if PCSPID == SETUP, then go to SETUP state
80 - o else go to IGNORE DACKET state .

ERROR state (Fig. SA):
: o PSMState = set r.ransacl:ion error bit in transaction response register
o go to IDLE gtate )

85

' NAK state (Fig. 5A):
o PSMState = send mx
. o-go to IDLE stat:_e
90 . sTALL state (Fig. 5A):

o PSMState = send STALL S o -
o go to IDLE state : : .

: ' IGNORE PACKET state (Fig. 5D):
85 o Wait for PacketEnd and go to’ IDLE state



W R bit GobthRes o W R bickdedids

0x9 ~-- unused -- 5 : OXA -0xB Total Byte Count W R bits 11

0 o OXC FIFO Address . R'W  ®¥% bits 7-0 - OXD
Byte Count W R bits 3 - 0 OxE -- unused - OxF
Transaction 10 Response . - W R bit .0 conplete

W R bit 1 error - COMPLEngsestm::?mpgi :-m@%ﬂs?cucﬁnd@@:mtegﬁmtrol R RW bits 0
- 1, endpoint type - ©9° ¢ TP stare _ . R RW bit 2, data
flowdlrect|§) : _ - W RW bit 3, DATA 0/1
togglg 5 - | The operatlonRof BLW cBhti'oiler4w1D.:lSﬂdw’ be
aroun

bit 6, -- unused discussed in connection w1th two traﬁsacﬁFﬁégb%§1 in

enabl ed flag Fig. 7, OXIBustraEﬂﬂQOhﬁw_Sheppedtrﬁll&r hahﬁlés-mmxﬂlple
e, Device AUress SSOlShe wSEMCA SO IBYRES pop SRR A0
enuneratlonlweque@sﬁlmeﬂhfaﬁ upsbeehmsBULKndrahsfeaBtandbe@dmeanmhé desvi ce
address to - defined for downstream ISOCHRONOUS transfers. Assume
further that the bulk transfer is time- w1se 1nter1eaved
. with the isochronous transfer.
: Suppose, at some time prlor to time toO, the
15  microcontroller obtalns data to be uploaded to the host;
e.g. a v1deo camera per1pheral device has captured an
image and is ready to send it to the host. Assume that
the transmission of the v1deo image to the host requlres
two packets of data. o _
20 - . '~ At time tO0, SIE 140 receives an IN packet for
endpoint address 2 from the.host. The device address is
passed into PCS 110 and matched against the content of
the Device Address register. The endpoint address is
_ passed into PCS 110, caus1ng selector 20 to select the
257 EndPoint Control register correspondlng to endpoint 2.
The_PID of the received packet is stored in the Packet
. Control register. PCS 110 initializes the PSM with the
following endpoznt related 1nformat10n EndPtType = BULK,-
_ EndPtDir = "0" for upstream transfers, and DataToggle =
30 "row, ' .

The microcentreller is interrupted and -
determines (via the Packet :Control register) that an IN
_packet-for endpoint 2 was received. ?The microcontroller
‘begins to load data in to FIFO 130. Meanwhile, PSM 120

35 begins operating when SIE 140 asserts PacketOK and
PacketEnd} resulting in a transition from the IDLE state
to the IN state (Fig. 5C). This is followed by a
trangition to the W-DATAT state. In the W-DATAT state,_
- PSM 120 signals the DOH controller 44 .in PCS 110 via
40 PSMState to send data contained in FIFO 130 to the host.



whi ch t he P@® s9/0skt9e espond. More.particularly, the host - . PCTESH/IOEtes ..
i'nformation to the mcrocontroller during. _ t he bus enumeration
sequence. The mcrocontroller then - - corfifuni cates certain of-this:
information to the PCS 110 30 © to wite the Device Address register and

the Gobal State,,.. sﬂéﬁié%mnl%¥| Ehe PSM looks J@eDEEQﬁgﬁﬂﬂgquOm?gbﬁﬂﬁr

contains the frane in accordance with the USB spec S
i ncrenented by t lnigmests fthe Bt serd ORFAA: 0 nS. .35 Upon receiving a

frame packet, the PCS 110 '@Péislmeprovmeéraﬁsséq@ﬁt evataripgd (Nextbata)
packet into the Frane Nunber re I ster and sets an_jnterrup IEOé e
EOF2, see figer sytputting each byte ﬁﬂ:bﬁlﬁﬁﬁF St Enrgbﬁéﬁ@% Yt
‘contains ‘gl gpal | l‘iﬁs Be{étmrwmiﬁt?hrm dF IO t B0 UlslBhétﬁﬁ.eroE:om&od&felrce and-
S ot ot o o S0t SR SLBY Pt CERSEOLLSLspdE py (i TR o
) gef initi ggr elsalst bqrtugmm te@ocimeiﬂmeds the Pact:hetdRespenﬁasrbgelst@lmen Waen
been cont 1 gur e, £ie FI¥E s Bty ieds! 0 AbESpREEL SERRBRLCT BHAS0
‘signal - a hestsetts IastRata/ eﬂl@n@bl\engsﬁwngwu?rpeﬁénét&tf@ f—“’~>mP‘-’~ted
thus “ak'nQd”)ttﬁiéuﬁﬁséféﬁﬂte MG LBy tREH §ss89t§ab§ﬁ8tep,'caus1ng PSM .
120 to transition from W-DATAT state to the ACKS state.
. Next, PSM checks if the ‘host sent an ACK, at whlch-p01nt"
| "a transition to. DT state oaours Upon entering DT state;
PSM 120 signals PCS to toggle the DATA toggle bit of the
15 Endpoint Control'Register corresponding'to endpoint 2,
and then transitions to the IDLE state.
At this point; one packet of the v1deo data has
been sent to the host At a later time tl, the SIE
.. . receives an OUT packet for endpoint address 3. Again,
20  the device address is passed into PCS 110 and matched
against the content of the Device Address register. The
_endpoint-address is passed into PCS 110, causing selector
20ato'Select the.EndPoint Control register corresponding
. to endpoint 3. The PID of the received packet is stored
25 | in the Packet'Control register. PCS 110 1n1t1a11zes the
. PSM with the following endpoint- -related information:
- EndPtType = ISOCHRONOUS EndPtDir = "1" for upstream
" transfers, and DataToggle = "ov, )
SIE 140 causes PSM 120 (PacketOK and PacketEnd) -
- 30 . to transition from the. IDLE state to the ISO-OUT state
' (Fig. 5B). Thls-ls_followed_by a transition to the
R2-DATAO state, where PSM waits for completion of the
downstream transfer. Meanwhile, SIE 140 is receiving
_ _.data from the host and storing it into FIFO 130. Since
35'_ an 1sochronous transfer has no handshake phase, o
' completlon of the downloaded data (1nc1ud1ng ‘the CRC)
itself marks the end of the transaction. ' PSMStep is



that the dew@me9/081%6 ent ered a power-savi ng suspend state; 50 pChiUsIsf12d18
witten to by -the mcrocontroller in order tg,_ W 99/ 08196 :

PCT/ US98/ 12918 _ o T : . -13- . initiate a
renmot e wakeup. These bits can be set either -~ ~ by the PCS in response

o recel ving compgls {494 Nause tndi0BdustgheAEuE 1SN BobknecrmRr ation

sequence, or by m crocontro _ he Packet
Control register st@&@itten to by = the PCS 110, and contains the

information for the currentcongide® SRt Ntime | ©F] Uglegré Nnth8enggyen bit
st'_ruc_ture are: an __endpojnt_address of the ¢ r_ren%_ ndpoi.nt (bits. 2n{:'
0); a pack FTHBIAT VY 3 3 TRREFSRD FYORFHoEtS |ﬁaF5aF6Pm(BPFP?6
3); ﬁndUnggyggt zéﬂ'enii.‘liéc :Iﬁlssetf m&gm&b tl?LY71754ing a‘ﬂjeIoﬂ?’glﬁhe];et, sperd fgehgned
( Qxél) e DATAOE)Oxé)e,nC%}ﬂ%it E%xb)'{%{rs (Cg‘(u%\%i "E\]B‘i 2??135(16‘)’(5?%0( éll:%§;gx ey a5t
are set by the PGhe correspbmdimgFﬂndpmimtcconbnolorégispes, -PCS 110
T P oy PO ARLAEL e "B GTeh Y £o11owih§ BhGPBIARLLAILERd
: information: EndPtType = BULK, - EndPtDir = ﬁO"-for
-10 upstream transferé, and DataToggle = "1". Notice that
" the data toggle bit is now "1", due to the toggling from
- the previous endpoih: transaction. o
The microcontroller is interrupted and
_ determines'(via'the Packet Control register) that an IN
15 packet.for“endpoint 2 was received. The microcontroller
begins to load the second set of data in to FIFO 130.
Meanwhile, PSM 120 begins operating when SIE 140 asserts
PacketOK and PacketEnd,'resulting_in.a transition from
. the IDLE state to the IN state (Fig. 5C). This is
20 - followed by a transition to the WFDATAT state. In the
W-DATAT state, PSM signals the DOH controller 44 in BCS
110 via PSMState to send data contained in FIFO 130 to
the host. More specifically, the PSM looks at DataToggle'
("1") and signals the PCS to send DATAL. _ _
25 SIE 140.prOVides'subsequent'clocking-(NextData)
' for outputting each byte to be sent. When the last byte
has been written into FIFO 130, the microcontroller
informs PCS 110 of the fact by writing a DEND (0x7)
internal code into the Packet Response register. When
30  the FIFO is empty, PCS 110 deasserts SendData. DOH 150
asserts LastData, signalling SIE 140 to compute the CRC
and send it upstream. DOH 150 then esserts PSMStep,
'caﬁsing PSM 120 to transition from W-DATAT state to the.
. ACKS state. Next, PSM checks if the host sent an ACK, at
35  which point a transition to DT state occurs. - Upon _ )
| entering DT state, PSM 120_signals PCS to toggle. the DATA
toggle bit of the Endpdint'Control Register corresponding
to endpoint 2, and then transitions to the IDLE state. '



response Pl Wovoasbg NAK (Oxa) and STALL (Oxe). In : addPCrt‘mMMs

m crocontroller may wite certain internal codes which direct t he PCS
110 to take certain actions. 20 - .DAVAIL (Of%a is an internal code
;:Indl(-)c_agbng to the PCS. ' that there is at |l east one byte of data in the
FO 1 - DACCEPT (0xg) I [ PCS
that the mcrocontroller has rea out fﬁﬂgiat%gﬁgtegcﬁsEhﬂg he EB&S a from

the .FI FO.. DEND (@mt)nu s Birstit etthatan e 98en thag éa@aﬁg FEaFﬁgeF’CéSPﬁ’gt

t he ntcrocontroll t - q
the | ast byte out video « d!ﬂé ﬁitﬁréhéﬁ@inQYQ? %HléherEhEE&@@ as rea

an !nterrupt-Iln@ukﬁaP%Q)data t??ﬁ%ﬁ??&ﬁn¥H%aﬂté?oEBhFFB?FEF Wﬁtge
registers age 30 prarfiEdiomsk t CiiBene éi@éeannoerrpaenet when! empmm
register is witten b%gthe PCS and. reagﬂg ~6€$ C cont r.al
deternmi ne the cadde offaHk FTARTRCHOMmNENN: ¢ 'tﬁEclhtéFrﬁﬁmeS F§l§§
Bit 0 is set to igadisatthat the t pened ¢ i dnt eusuptonblEL ebpefbereP@dothera
U PPl o 35, o i L0 L8 0, 201 Q0Bkt OEGFF VBERE' Lttt
b|t 2 is set to mediatsd tdecacil efdpotme {$ncogtained pg.nps#@wa@p@pougq
3ls set “10' ndi %%rrﬁ:rtg'f P&ﬁﬂé{@f)c?e g- the data toggle state of endp01nt _
| ' ‘- 2) so that there is no loss of state 1nformatlon when
. _transactlons among multlple endp01nts are 1nterleaved
' The second observation 1s that a single FIFO is
_ sufflclent to provide the data buffering between the host
'h155_ and the endpointé défined_in-é'device. Since each
-_transaction is atdmic, the FIFO wili never contain
partlal data from a prev1ous transaction.
' The present invention includes certain tlmlng
. features of the USB controller which maximizes the amount
20:-' of time a microcontroller has to execute a data transfer.
B The'timihg chart in Fig. 8 illustrates the data sequence
for both aﬁ IN and an OUT transaction. A trahsactibn
begins with an eight_bit.SYNC and ends with a three bit
EOP. ‘Upon receiving an IN or an OUT PID, the USB
25 '.controller generates'an interrupt to the microcontroller
some time after receiVinghthé-foﬁr.bits compfiéing the
endpoint specifier ENDP, the earliest being immediately
after receiving ENDP; At this point, the PCS contains
_ the endpoint address of-the'incdming.tranSaction.' Thus,
30 - although the host has not completed the transaction, the
| " microcontroller can obtain the endpoirit information'for
_'the PCS registers and begln settlng up for the subsequent"
DATA . transactlon ' - _ '
) ' In the case of an IN ‘tramsaction, the
35 microcontroller may_begln writing data into the FIFO 130
- shortly after recéiving thé intérrupt 'As can be seen in
Flg 8, the microcontroller has a head start of '
twenty four bit- tlmes (CRC + BOP # SYNC + DATAO/l) plus
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-14- W”é“%?‘drt of frame (SG:) The Interrupt Ack regPCTUSIYI2918
witten by the mcrocontroller to indicate t<«dhe PCS t hat the
particular interrupt (INTA EOF1, EOF2, SOF) has been handl ed (i.e

the corresponding:interrupt routine 5 has conpleted). Bits 0 - 3
correspond to bi ttmeD bus8 toirnaroundet ime ertapbe Rijscuesed belawdi t Bynkhabi t

O e ot er SIS OB A PISE e | hat8 WELLEEH BiglBerse

m crocontrol ler to 11dica 0 ent ATUS stage
of a CONTROL tr arsgfter . lnﬂmethmt@FleﬁoErimferqm tyagefesr i Eoy #&stﬁ'

register for ”as@fghéHEtfﬁnT“EEb(ﬁlcroconéfﬁlﬁéfvﬁageéﬁra&aﬂttahﬁ&réﬁbht
types, haV|ng t he sane correspondi ng bits

"~ Total Byte Gunt hidgitskess %Rk e%thIP%s up t°nﬁ%%+vﬁfdﬁ§?e§rpﬁ‘ §hﬁat‘5‘ﬁe°‘f:
recei ved from therfwsdddibional time comérélefﬁbﬁaznddfaes thgtsthe fidists to

S or o g e oG PheS e S REPORD LhTare
%:Jgtl ;?g;?rgfrohﬁmﬁltéﬁecmnﬁHkO{\t up. byt es currently in the FIFQ
e oLy on 1S UPIAC gl b HieePGihg 1R HE0LBLEL 5l 0B LSS
SIE - 10 betWeen transactions, as shown in Fig. 8. Its value can
differ from endpoihtstosendpoint, and is specified by the
‘BusTurnaround bits:(g'bitsL.of the Endpoint Control
registers.t In the preferred embodiment, the DOH 150
provides the deiay'eorresponding to the BusTurnaround
15 ‘bits, three'bitFtimes_for "Q00", seven bit—times for "01?,
eleven bit-times for "10", and fifteen bit-times. for
n11". Ideally, the bus turnaround time would be zero to
obtain maximum throughput. However, some devices may be
slow or the host may reQuire a slower speed. The
20 BusTurnaround bits prdvide for any needed adjustment.
| During a data transfer, the FIFO 130 can be
written to at the same time it is being read out. Thus,
in the case of an IN transfer, the USB controller can be
- reading data from the the FIFO to send data upstream to
25 the host while at the same time the microcontroller is
writing data into the FIFO. The Byte Count register '
provides the necessary record -keeping to ensure that the _
FIFO is not empty when transmitting a byte upstream, and
' that the FIFO is not full when writing byte into the
30 FIFO. Likewise, in the case of an OUT transfer, the
zmicrocbntroller can be'emptying the FIFO as it is being
filled'by the host.
Yet another feature of the 1nventlon is to have
a second FIFO 130’, as shown in Fig. 11. 'In a situation’
35 where the microcontroller must support many high speed
endp01nts, a second FIFO can be used to prov1de
‘additional buffering capability. Thus, the first FIFO
can be associated withta.first'subset-of endpoints and



140) or hy wteggidsggd)contfol ler. " The register is decr enpmmdgmtn

time a byte is read out of the FIFQ ' whet her by the PCS dur| ng an
upstreamtransfer or by the 25 - mcrocont rdAler. - The
Transacti on Response regi ster indicates whet her the transactl on

successfully co

eted o r ol '
regi sters. corrprlrrggl é"tond]%tIFoofaﬁsé’é"I]satte%% %tr%h con <?al A Th or]?mtl on for
each of the 30 endpdioite.s e \drdeskampleie thmtfirserFIRO avayrdance with

the present inventi Qn. t
supports eight eR&FoIt lgé]%c??éest?é# 8—!@3}&6@@ vﬁ{%;@gt}#a e?fggﬁﬂkkemer
increased up to tisewmbtiingndaithdio the seRondcRF® for YTBIBBEESAMOr a

total of sixteen dpgint Vi dé edi by, bthe '0
g1 O Ranel y%&ﬁfﬁg} %HE}?% '?\%%%RUPT Lo ﬁaﬂﬁ% e68b
transfers. The @SBeconsraklamdsidmunediately almke hetbegin ag UPFERERRe

host, is indicatedadit & dathe i hd @Wkénd FIME, IPAOBE %he
PCT/ U898/ 12918

bit 3 to maint ai RAGHOSEFRANISH ga.ﬁ%ﬁﬁses.the'dééa receivell in n8' BiEdL! "
'FIFO. o | L f

Ly et



in accordan%yy,ds ¢ he USB spec. The bus turnaround. St r@@gUgggyngllge )
endpoi nt- i s "speci ed in bits 4 & 5. These timng bits specify one o
four possible t|n1ng 5 val ues used by DOH2850, speci fying a delay period -
before " beginning a transmi ssion to the host. Bit 6.is u“ “lmﬁ“‘ -
7 is used to indicate, for a given device, --whet her H“‘mmu .
bei ng used, since the nunber of endpoints cla 1M%teded for any §iven eVicé
will vary. Bit 7 is witten 10 - to by - the m crocontroller on reset.

I ndi cat 6 whet her an cfugtiqier on dhatantiy 5 peflGARERT L 1T [0,

case, any transfexscordanah reidtted:lie @mab@mahd%@$ nf{UBB) I be i gnored .-

transacti onsS whic suppor such a Turn now to the
regi ster organizati on of P@®ans for mecelvingWara PaekeERematic

representation of Figs. 5 pBfd-f3 stdbth Iwﬁsceﬂ@&ﬁhae YAl redéived
regi sters des- 20 cri bed above, , i ncludi.ng, The flow, of inf or ti O[ﬂ]?be ween

the registers andatf Rﬁﬂ%ﬁt%onﬁﬂﬂ%rﬁ@(&ot?@}?glﬁﬁs?ﬁéa?ﬁ@ wit EBn BfFer.
| nf or mati on exchq-_tme é}ﬁg@ﬁ{tfc&ﬂéo and the - mcrocontroller takes -
pl ace over "bus" 10. -'tn the r ef er enbo onmun_desi gn-

ed nme a
i s- adopt ed 1f°or 25 inpl er?erﬁ?ﬂ@etbtfg rlt-oro %ﬁ?ﬁgg?Foﬂ{:?ﬁéngbugs Bonsi st s
of - feeding direrenitt patidmdimac han etdettet fier PESntdinedt bnaanuendpoint .

(not'. shownl and £ lr}g tPe rxegééfw%d %gsﬁaéﬁ@gdrwhgfgin data stored in
' - said FIFO corresponds to said current endpoint;
whereby sald FIFO is used to hold data for said

by the 15 CS, A Id yvlthaNAKforthose
57O AL R 1 @%@

15 at. least two endp01nts

) 2: The controller of claim 1 further including a state
- machiﬁe.to_control'sequencing'of a transaction based on
20 " said current endpoint, said transaction comprising
reception and transmissioh'of a plurality of data
packets, said state machine thereby being capable of
centrolling sequencihg of]trensactiOns with any endpoint;

25 : .
| 3. The controller of claim 2 further including a
plurality of endpoiﬁt.control.stores and a selector for _
selecting one of said:endpoint control stores based on
said current endpoint, said state machine coupled to .
‘30 receive the contents of a selected one of said endpoint

control stores.

_ 4. The controller of claim 3 further including means
35 for transmitting data packets, coupled to said FIFO for
transmission of data from said device.

This Sheet Has Been Replaced | 1119 SHEET HAS BEEN
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2B) as the @WK ﬁﬁtor to select the desi red register. pEHOSHRDE 2
bus is taken ront e output of the nmux. 30 Witing to a register in PCS

110 i s acconplished™hy = ~ feeding the dat®%v be witten (Mdata) into

- the-input of each register. Each register has a wite enable which
S coupled to an output | ine of ‘decpder. Thus, b e '
MAddr i nto t he décoderThe HEHGIESH FHR; L EPeTRiR églg SggﬁﬁéﬁFed to

read in the data.control stores 1néiudhfiibdéOtufhafbﬁthﬂElayNspseEfler,

acko control r i drednd At Septe Sl JEGRLEREY L0l cbRTye, pe

PCT/ US98/ 12918 bus turnaround delay specifier ofi6said selectedpandpeing?

(Fig. 3B) tq deterni,n # devi ce -~ address sent freﬁrthe‘ﬁ6§F____—_—ﬂ-
e

i T e

flows from 5 SieData into FIFO control  block 42 (Fig. 30 st dr ed
in FIFO 130.. NextData signals the FIFO control block 42, to- |ncrenent
~to the next FI FO§ ocatThm eerc¥eliehdpyelaim 1 further including a port

for attachment to a host; said port including means for
10 simulating the dlsconnectlon and connection of a

universal serlal_bus device.

e

7. The cdntroiler of claim 6 wherein said port _

- 18 - -oomprises a_D+Vsignal'1ineﬂand'a D- signal line and a-
pullfup resistor coﬁpled_to_one"of said signal lines,
said means for simulating includes a first. transistor
switch coupled to pull said D+ and D- 51gnal lines to a

-~ voltage in the range of 2.0 to 0.8 volts and a second
20 'tran51stor sw1tch coupled to dlsconnect said pull-up

resistor.

8. A controller for transmitting data in accordance
25 with the Universal Serial. Bus (USB) spec1f1catlon,
comprising: _ o ' |
a mlcrocontroller interface for connection to a
mlcrocontroller,' ' '
a port for attachment to a USB host;
30 - serlal_means, coupled_to sald port " for
receiving and transmitting_USB'packets} including_means ‘
. for extracting an endpoint identifier-from a packet of a
TOKEN type; | N o
control- means for managlng the transfer of
- '35  packets between sald USB host and said mlcrocontroller,t
: 1nclud1ng first memory means. for storlng an extracted
'endpolnt identifier, thereby defining an active endpoint;

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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its content Swo 99/08196 (“llllmm lI 'Em nt control regi pcfssolnEi 9.
10 ‘3A)- provi des an Endp ter _for each. endpoi nt.

The sel ection . of a register *frém he reglster bank 50.is made via
selector 20. SieEndPt from SIE 140 ‘constitutes an .internal endpoi nt

address identifier Addr, the.current nt, f

particular 15 transactloﬁEPQEh g85r?§ﬁflgﬁd8§g %gggﬁ f%rgéalects t he
correspondi ng EndpeceivéﬂnpaoketegsandrFIFbeassnteatsdoW1th saighiagtt isree
sent to the state 120 ;and to DOH 150. . More specifically, the
EndPt Type, EndPtE?HaﬁghgE afla Dat aToggl e information flows into PSM 120,
while the 20 - - EndPt BusTur aaabenuachinenmerss f cowples sopeais@ontrol

‘Al though the presﬁ@éné“VEBr'EBnEQBEEtheEhEOBE%GBh%&% ?f a tréﬂé&ﬂﬁidﬂ'“D
it can be seen that nultiple_end 50|n S .. _nevertheless can he supported

by only one FIFC)E%EHG@B said USBf BPRkt RBA §pdci ACELVE SRR oiSRLG s
contained in the géansa&ggbﬁtgbmggmglﬁg phdrael palckery.a sel ector 20 using

t he endpoi nt specifier provid y the host via SieEndPt. Such
i.nformation controls the sequencing for. t hat ~ endpoint and its type,
and any data that is transferred I s acconplished via the FI.FO 130. In’

ot s a0t from Bi ¢ aTBE"EreER ﬁﬁusﬁaﬁgeﬁﬁ?ﬁ%%mp%%ociet%%lv‘ifeans' |

Packet Response frfurthes [8cljides skeoRdckemory meaRes Soxs&tagying er . '

will be eXpla'nEdcgﬁk9§hrEEEEn and state information for each endp01nt
said state machine means coupled to receive conflguratlon-
and state information correspondlng to sald active

_ 15 endp01nt _ ‘@

10. The controller'of claim 9 wherein said second memory
. means includes a bus turnaround time specifier-for_each.
20 - endpoint, said serial means coupled-to'receive the bus
' turnaroﬁnd_time specifier corresponding to said active
endpoint. o ' '

25 11. The controller of claiﬁ 8 further including means
for genérating an interrupt during the reception of a
packet of a TOKEN type, thereby signaling said
microcontroller to prepére for storing'data to or reading:g'

.~ data from said FIFO. | o '
30

'12. The controller of clalm 11 wherein sald means for

generatlng an 1nterrupt is characterized by producing an

interrupt prior to reception of the EOP delimiter of a
35  TOKEN-type of packet. -~ .-
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i nformation tes th used by PSM 35

PCS 110 opeﬁgeﬁs&lﬁ%%er th EHWE!EI“ I'IFEEEFM e- y. signal s éﬁr |srglsgmf9P18e
sequenci ng of a transactl rnﬂkrduring a BULK transactionL
each transfer requires’ WO 99/08196

PCT/ US98/ 12918 % |
t he DATAo/1 packéds peﬂhﬁuFQ§§¥Q%*§¥ ofisclaim 1%h8ﬂﬁr?hnFF§1d3N

toggling 'nVOlve§éﬂH¥Hﬂiﬁbtiﬁf1nterr&5€aléoﬁﬁéﬁabtéribeﬁ By p&oﬁhelng an

n of

sel éct ed Endpoi ntT Contr ol ister,vis Vv Addr I ssui n

PSMBtate 5 sﬂ?ﬁﬁ%?qRFt4ﬂF¥QSS e@ﬁ?ﬁ+%?l?? Fh% E@g BBAtHOF o@k 44 g.

i s control | ed by H#¥n-aiygod of S5aeken. upstream r esponse - ~PID (1.

ACK, NAK, STALL) via DOH 150, where-the response PID is obtalned from

the Packet ﬁbsponse register. 10 : - Turn-now to the :
. transaction diagrans of Figs. - 4A - 41 for-a brief description of the

‘transaction . Sequgne Bas a
transactlons deflned f'or L§R§$¥ #f%# 5ékﬁﬁéiﬁigﬁgﬁftﬁée Eh&ﬁud&%@ means
.. for simulating a dlsconnectlon from a - ‘USB host and a

_ - subsequent reconnection to sald_USB host.
10 a : o . _ _

= - -15. The controller of clalm 14 whereln said port
'__1ncludes a D+ 31gnal 11ne, a D- signal line, and a pull—
" up resistor coupled to one of said signal llnes, and
15 -~  wherein said means for 51mulat1ng_1ncludes a first
' transistor switch coupléd'té momentarily pull the |
- . potential of said D+ and D- lines in the range of 2.0 to
0;8 volts and a secqnd_transistor switch coupled to |
.o _disccnnect said-pullfup_resistor,_thereby creating a
.20 singie—ended zexo (SE0) - condition.

16. The controller of claim 8 further including a second
_ FIFO wherein each of said FIFO’s is associated with a
25  plurality of endpoints}_thé.controller'further ihc1uding_

‘means for storing data into one of said_FIFO’s depending

upon the endpoint identified by said active endpoint.

* This Sheet Has Been Replac
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| NTERRUPT, ‘and | SOCHRONOUS. Each of these t_r':ansactions 15 . typically.

conprise a GG BypAbE ON of two or nore of the basi c data Hlﬁ@ﬁ?iﬁs

(Figs. 4A - 4E) to be discussed - baﬂ—ow Ig A .
illustrates the transaction sequen %D - an IN—type dat a transfer : .
i nvol ving the transm gE‘@(yaa e host Thi s type of data -
transfer is [receaﬁigx?%‘%{w Deggraber\(? Eﬁ?&\.éﬁ'z&nsf_ﬂﬁ\

The host sends an IN?WR’@Q&@Q%M@M@QHMMMSIH esponse, the
device will send a DATAzmddétamendedeemnamming claims unchinged i s acdeHHiﬂ(ImH"" " ,"

a return ACK to the device. As 25 (4pdgesyp in Fig. 4A the devi
alternatively may respond "With either a NAK or a STALL, it tie devlces *
experiences a 1 pr.obl e ows _a_si,m | ar’

sequence for -an %&'lﬁ af‘iﬁc‘fé?raﬁﬂglﬁlﬂﬁrﬂ’gﬁgﬁrsé?‘on of data
from 30 she haccordahmémﬂrtlsetﬂré Umivafsd) psepiakeBusol(tssgd by - a

DATA packet. The dg‘_égg%até} 4 (9?“ ...ssﬁi/q_an ACK, a NAK, -or a STALL |

dependi ng on t he 5B ai lure.of the transaction.
A BULK transfer of data (mmm flommredmiBing datbai packetsse t he device)

conprises one or-more |N- g gy %E&megaé&éréaﬁtﬁiﬁed':ﬁﬁ %@B}%ﬂ

Fig. 4F shows a BULK rea transactlon

dat a- transfata packetsy) sq*dtE%EQHRQ%m%gaaagalaﬁeéhviﬁbset least
10 . two endpolnts,. '

- - . a packet control store for storlng, as a

| .current endpoint, an identifier contained in an endpoint
field of a recelved_data packet, wherein data stored in
said FIFO corresponds to eeid current endpoint;

‘15 ' a state machine to control sequencing of a
transaction based on said current endpoint, said
transaction including reception and transmission of a

- plurality of data'packets;'eaid state machine thereby
"being capable of controlllng sequenclng of transactions
- 20 | with any endpolnt, _
‘a plurallty of endpolnt control stores, -and
1 a selector coupled to said plurallty.of
endpoint control stores for selecting one of said
endpoint control stores based on said current endpoint:;

25 said state machine coupled to receive the
contents of a selected one of sald endpoint control
stores. ' '

39 2. (Cancelled) This Sheet Has Been Rep.

Hllllll Wi

3.  (Cancelled).

. 4 The controller" of cla:.m 1 further :.nclud:.ng means -
‘for transmitting data packets, coupled to said FIFO for
" transmission of data from said device.
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WD 99/ 08196, o | ~ PCT/ US98/ 12918
-18- WOfg{gSlggro and one not ation Elen es ‘the alternati o"rFTd'r’S”“”ls

DATAO and DATA1l pack_ets”“ﬂu :I data transfer . in
accordance with the bit m " “ﬂam defl ned in the USB _
specification. A BULK transfet of data may go in the 5  other direction,

nanely fromthe host into the device, " acconplished with a series of
QUT-type data trepsf efge. contréflér 65) clam 11 wherein s¥id Nidhi/For
transaction (not shown %] ¥ ULK transf consi ts of one.
or nore- | N& ype 9enerating ??aﬁ%FﬁFguPﬁ c}ys £Rp Y P
transfer is requintseript dﬁﬂﬂhgnﬂeﬁépuﬁ.&nfolf ther € \portion dbfaatsfers
Unl i ke BULK tra&%@ an_| N%’ERRUET i nvolves . only-the transfer of"
data fromthe d THYPRe° ~ i.e. IN‘type data transfers. 15 .
Fig. AC shows a SETUP-type data transfer - This ' i ncl udes a SETUP
packet- sent by the host, followed by a : DATA packet al so sent by the
host. This type of data transfer is used during a CONTRCL

-transact| a whiké. The controller of cla:.m 8 further including means
for snnulat:mg a dlsconnectlon from a USB host and a .’
;' subsequent reoonnect:.on to said USB host.

R 15. The controller of claim 14 wherein sald port

S includes a D+ signal line, a D- signal line, ‘and a pull-
up resistor coupled to one. of sald signal lines, and '
'whereln said means for 51mnlat1ng includes a first

. transistor switch coupled to momentarlly pull the
20 'potential of said D+ and D- lines in the range of 2.0 to
- 0.8 volts and a second transistor switch coupled to

‘disconnect said pull-up resistor, thereby creating a
single-ended zero (SEO) condition. |

. 25 _ o
"  16. The controller of c1a1m 8 further including a second |
- FIFO wherein each of said FIFO’s is assoc1ated with a
plural-l“.ty of endpolnts, “the controller further including
~ means for storing data into one of said FIFO’s depending .
30  upon the endpoint identified by said active endpoint.
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begi ns Wi-tlh“ibms'lfﬂ; stage, optionally followed by a data 20 ?ﬁ{zﬁwd

ending wwth a status stage. . Fig. 4G depicts one vari atlon 0
CONTROL transaction, consisting only: -¥r a setup stage (SETUP-type
data transfer) and a status st age (IN—type data transfer, Fig. 4A).

Figs. 4H and 41 show_a 0 Ny action
whi ch 25 i ncl udes a dat3 giﬁé Qggo%%??gh% %%t%§$F%th&$€giﬁ

data transfers. ra¢nu$edtp§cke§gesasdlEHFeaasﬁobﬁataﬁﬂﬂith said ragisive in
t he opposi tg di rgedbSint; Figs. 4D and 4E show t he
transaction sequenc% In and an | SOCHRONOUS transaction. For the
upstream 1SO'30  t ransacFFBﬁesﬁéﬁhlpﬁ megns;peoupd edo 10 Sl eantrel ype

packet. The deV'ﬁ@aﬁ§Sp£B€'ScBﬁt§8m§!h.ﬁ§ &n@AEéqn%kﬁhg of a thfhsdBidn of
data transferred durlngbgnusB haagnsactlon ' require npre thap_one

such transacti oW1t i PRSRI| ofy §ﬁ§-§ctai o §ReinE piEdtd )

may occur, 35 tmﬁbaetiohoeeinpﬁﬁsml 1uﬁlsbamet§laﬂd ar seguence, but
for a domnééreanllso transacti on. e, the other transfer tg@
s i loﬁ

| SO transf®ts are not tern?nﬁ?gﬂnﬂym5m°ry MEARTd Xk ﬁﬁﬁ%ﬂ? con
99/08196 = . and state information for eachPehdgadmit];2918 :

said state machlne means coupled to said second
fmemory means to recelve configuration and state
- lnformatlon correspondlng to. sa1d actlve endpoint.

.

15 :
5. (Cancelleay | Hlllll! N Y AR
. . - S L Y B

20 '10. The controller of claim 8 whereln said second memory

. means includes a bus turnaround time spec1f1er for each

‘endpoint, said serial means coupled to receive the bus
turnaround time specifier corresponding to said active
endpoint..

25

11. The controller of claim 8'further'including means
for generating an interrupt-during the'recepticn of a

_ packet of a TOKEN type, thereby signaling said

30 -mlorocontroller to prepare for storing data to or readlng
data from said FIFO.

12. The controller of claim 11 wherein said means for
35 generating an interrupt is characterized by produCihg an
‘interrupt prior to receptlon of the EOP dellmlter of a
TOKEN~-type of packet.
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-19- —HavtAg—discussedthe various USB-defi ned
transacti ongv0 ?’é@é%‘

| sta -machi ne PSM PCTW”’“
illustrated in Figs. \ﬁumm mﬂiﬂ e PSM prOV| des
"sequencing for all of t transactions. "The inputs to
PSM 120 (Packet End, Packet OK, PCSPI D, EndPt Type, EndPtDir

Dat aToggl e, St at usPhase, and Packet Response) serve as state vari abl-es

of the state macipjpe, THe! ebfitRolderoRliadH N1 hike¥ein saiduhbagsegok
state. The output of P M 120 i g _PSNGt at e, set, of . contr ol Ilnes for

si gnal | i ng PCs 19gnera mg an mterrl’ép&m’ﬁé%ﬁaé*ﬁra’c%e% FRapegn
PSM 120 t r intetrrapt Gardng weddptisirards thealaBRC tpowision efaaes

SETUP, 1SO I'N; INT-1N, IN and QUT. The .

- SETUP state is- ewq’ﬁ; PE p%é‘ggrstage of a 15 =~ CONTROL transaction.
‘The ISO-IN (I-SO-QUT) state is - entered for isochronous transactions of
data to (from the host. The ST-IN (ST-QOUT) state is entered for the

STATUS stage of a- CONTROL write read) sequence. The . INT-IN state is
entered fok0trantdeti Bhe rAnsreldgen@f claim & upirther imgbeding means | N

(OUT) state is epbpr8¥mulatin %05 WY dddriedoish t#401s  £rosHUhbEE BhlaKaand
CONTROL transacti ons. he transitions are fully defined by and

are in accordanc%uRFFﬁ“FﬁE USE°§E€th11%tq%r§a1dlﬂés%rh%$ .

15 15.. The controller of claim 14 wherein said port
includes a D+ signal 1ine, a D- sighal line, and a pull-
up resistor coupled to one of sald signal llnes, and
wherein said means for simulating 1ncludes a flrst
trans15tor switch coupled to momentarlly pull the

20 potent1a1 of said D+ and D- llnes in the range of 2.0 to .

- 0.8 volts and a second transistor switch coupled to '
disconnect said pull-up reszstor, thereby creating a
_51ngle—ended zero (SEO) condltlon.

25 . _ .
16. The controller of claim 8 further including a Seeond
. FIFO wherein each of said FIFO’s is associated with a
plurality of _endpoiﬁts__:-_ the controller further including
. means for storing data .into_one of said.FIFC's'-depending

30 upon the endpoint identified by said active endpoint.
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NAK, and STALL transitions are al so per the USB 25 speci fication.

“Atransiti ORyd e |DLE state occurs when Packet OK ar, - d
are -asserte@vébgglg&]mo. The . startin gState (SETUP, 1 SO I Ig,?}gg'ﬂ
ST-IN, ST-QUT, - INT-IN, IN, OUT) to which the transition occurs is
based 30 on the PCSPID input fromPCS 110. A subsequent

transition out of the starting state occurs when SIE 140 receives the

next packet and again asser Packet cket End. The PSM t hen
i ssues a signal via PSMstat atemen(Jﬁ Sas f) e PCS what action is

needed. Subsequent 35 tran5|t|ons are then initiated when DOH 150

asserts =~ . StepPSM B "State transitions occur on the baS|s
of the PSM - - state varlables prOV|ded at the PCS 110 |nterface
WO 99/ 08196

PCT/ US98/ 12918 . L | | _20-

: The invention relates to a controller for data
transactions between a host computer and any one of a number of
peripherals in accordance with the Universal Serial Bus (USB)
interface. A transaction consists of a sequence of data- packets
received and transmitted between host and device.

- " The controller as claimed includes means for rece1v1ng )
data packets coupled to a FIFO for storing data contained in
réceived data packets. A packet .control store contains the
endpoint identifier corresponding to a received data packet. An
endpoint control store contains configuration and state
information for each of a plurality of endpoints. _

T Each data packet received may correspond to a dlfferent
endpoint. cOnsequently,_the data in the FIFO may correspond to

. different endp01nts from one data packet to the next. The one

- FIFO therefore is shared amorng a plurality of endpclnts.

- - A state machine controls the sequencing of
transactions. The action of the state machine varies dependlng
on the endpoint identifier currently stored in the packet control
store.. Thus, the. sequenclng of the transmission of data packets
with an endpoint for a given transaction may be 1nter1eaved with
data for another endpoint. .

: The McCool reference dlsclcses a ring structured
znetwork using the fiber distributed data interface (FDDI)
standard. Each node includes a buffer memory (130) which
provides a FIFO for receiving incoming packets and a linked list -
structure for the transmission of packets. In addition, -the
linked list is organized into two chains, one for synchronous
transmission and one for asynchronous transmission.

: Recelved packets include a destination address field.
=Thls field is compared to an internal register in the node which
contains its address. A match ‘indicates the packet is intended
. for the receiving node. :

_ A state machine is prov1ded to put the node in
restrlcted or non-restricted communication mode. State changes

- occur depending on the content of the transmission.



Fol | owi Nng | sy@osesiver y of what state variables are | ooked .

| pCT/USISIEOIEN |
what action(s) -taken for each state. Wile the PSM 120 is
i mpl emented. in-digital logic;, the description_ _ “which follows is
provided in a pseudo-code format to facilitate the explanation of
Figs. 5A - 5D.. Gven the follow%surmary, it is a mtter of
basic principles in Ioglc desig derst ood and known by those
of -ordinary ~-skill in the art, to-inplenent a state machine having
the - descr i@ havior: 10 ' | DLE state (Fig. 5A):
o wai't for PacketOK & Pack®tEnd . ' o-if PCSPI D-- SETUP & .
Endpt Type == CONTROL, then go to SETUP state oelseiffl M
"PCSPID == IN & Endpt Type == | SOCHRONOUS, then go to 1SO-IN state 15 I
o else if PCSPID = OUT & Endpt Type == ISOCHRCNCUS then go-to ISOQUL |
state ' - o ' ' R |
N o 0
~—120 |
e D ¢
O
_ : N
110 T |
e ~ | R
Y O
| | | L
S 1 L |
. E
o < ‘R
D- <—
Dt <— . 130
: 140 3

\ 2

150

FIG. 1




o else if PaoRdsmws | N & Endpt Type=

ST-IN state -

& | St at usSt age,
I'N & Endpt Type ,
o else if PCSPID ==
QUT state 20

then goto INT-IN state
then go to IN state
then go to QUT. state

== BULK,
Endpt Type ==

BULK,

| GNORE PACKET state 25 -

Packet End & | Packet OK,
Rl - DATAO st at e '

then go to ST-QUT state -
CONTRCOL & ! StatusSt age,
QUT & Endpt Type

o else if PCSPID ==

t hen

0 else

=CONTROL & | St at usSt age,pd1mesysge9i8o
QUT & Endpt Type

CONTROL

0 else if PCSPID
go to IN state

C%FB@‘ & ! St at uaSt age,
o else if PCSPI I N & Endpt Type

if PCSPID

- 0o else if PCSPI

then go to

| NTERRUPT,

I N & Endpt Type
= QUT &

'oelse goto

Packet End & | Packet CK,
W DATAO st ate
Packet End & ! Packet CK
to R2- DATAO state

Packet End & | Packet (K, -
Packet Response == X,
"W DATAl state

- Packet End & | Packet CK, -
'R DATAL state 45

SETUP state (Fig. 5a) o if -
then go to ERROR state ‘0 else'go to
1SO-IN state (Fig. 5A): 30 oif -
then go to ERROR stafle- 0 elbe go to
| SO-QUT state (Fig. 34B): = o |Jf

, then-go to ERROR statfe 35 .0 e se go-
- .ST-IN state (Figl| 5B): b i f
then go to ERROR st atje o elpe if

, then go to NAK state}40 0 else o to
ST-QUT state (Fig. SB): oif
, - then go to ERRCR statje o elpe goto
. INI-IN state (Fi 50) - S '
WG 3kt (79159 prG. 2B
FIG. 2C

FIG.
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o i f Packet Gpslosipgidipcket OK, then go to ERROR state PCT/US98/2988 S€
i f Packet Response == DAVAIL, then go to W DATAT state ' o]
el se i f Packet Response == NAK, t'hen go to NAK state 50 L o else
if Packet Response == STALL, then go to STALL state . : o el se
go to IDLE state g IN state (Fig.. gg oif.

Packet End & ! Packet OK, then go to ERROR s 25955 _ : ' oelse if
Packet Response == NAK, then go to NAK state o elseif .
Packet Response == STALL, then go to- STALL state’ o] eI se go
to W DATAT state  OUT state (Fig. 50): 66— PacketEnd .
Packet End & ! Packet OK, then go to ERROR state ' PacketOkO el se go to
R- DATAT state : R1- DATAO state (Fig. S5A): ot
PCSPI D ! = DATAO PID, .then go to EARLY SETUP st dt e| 65 o el se
PSVSt ate = read data : o wait fqr PSMstep si gnal

oif: (PacketEnd&lPacketok) then go to ERROR dtate o 0 go
to ACKI state // to send Ack to host 70" | WDATAo state (Fl g. 5A):

o PSMState - send data wth DATAO PID - o wait for

Packet Response == DEND 0 PSMstlatg = set conpletion bit

0 go to IDLE state 75 . ' . _ -
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R2- DATAO state (Fig. 5B):
go to EARLY SETUP state

DACCEPT

state 5

go to | DLE state

PSMSt at e = se
PS\VSt ep si gnal
state

- state
(Fig. 5B):

o if Packet End487

Ta 1o host wih DATAL Pro 10

o if Packet Hesponse

oif PCSPID != DATAO PID,:
o wait for
?Backetc}( t hen go to ERRCR

o PSMstate = set conpletion bit
W DATAL state (Fig.

PCT/US98/12918
-21- .
t hen

Packet Response

(0]

@IGQQB 0 NAK

5B) :

—» o] eI se i f Packet Respgnse == STALL then go to STALL
. 0 el se go to.ACK4 st 15 R-DATAl state
% 120
4/ 2/' 1/ 1/ -4/"_5/_
21
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s PCSData [7:0] | R
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‘ L 130
> __fifoWR _
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0 i f PCSPI Dwooo8issl Pl D, then go to EARLY SETUP state

- PCT/US98/12918 0.

el se PSMstate = read data 0 wait for PSI\/Bt ep signal
o if Packet Response == NAK; then go to NAK state 20 : - 0 else
i f PacketEnd & ! Packet OK,; then go to ERROR state o el se
go to ACK2 state W DATAT stateg 50) oif
Dat aToggle == "0" , PSMstate = send data fi 4@8 DATAO 25 o
el se PSMstate = s{e-nd—da—t—a—u-s-l-ng—mil'-AL . o i f Packet Response
== NAK then go to NAK state o el se |f Packet Response ==
- STALL, then go to STALL state - 0 else po to ACK5 state,
after 'sending all data (Packet Response':: DATA END) 30 - R- DATAT state-
(Fig. 50: o oif toggle bit in PCSPID = SETUP, then'go to
EARLY SETUP st ate - 0 else PSMState -:-rgad data '
o wait- for PSMStep signal : oif Packet Response == NAK,
then.go to NAK state 35 0 else if Packa Response - - STALL,
~then go to STALL state - o if PacketEmd| & | Packet OK, then
go to ERROR state ' 0 el se go to ACK3 @fate ACKI
state (Fig. 5A): 4 0 o PS\Bt at e - sendé:K -
o wait for PSMstep signal ' : S Bl o
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0 go to DT $§@b4s196
PSVSt ate - send ACK
0 go to DR state

PSMSt at e - send ACK

ACMZ state (Fig.: 5B):

ACK3 state (Fig. 50):
: 0o wait for

PS\VSt ep si gnal

o if PCSPID matched DataToggle in R DATATgt,EQ&n go to DT State

o else gotoIDLE state 55 - ACK4 st

if P_CSPIDI ACK, then go to ERROR state
PCSPI D = SETUP then go to EARLY SETUP state

== ACK, then go to DR stat

ACK5 state (Fig. 50):
ERROR state

- SETUP state 65
from host

clear toggle bit

45 PCT/US98/R2918
o wait for PSMStep si gnal
50 o

Fi-g. 5B): _ o]
o else if:-
oif PCSPID
_ vetrsegu-toERROR st ate 60
- 0 if PCSPID != ACK, then.go to
o else if PCSPID -- SETUP, then go to EARLY
o _ o el se go to DT state after rece} ving ACK
DRstcte(Flg SB) oPSI\/State:_
FIG. 3A
FIG. 3B
- FIG. 3C

FIG. 3




0 wait for QRehEseHise gnal

70

o PSMSt at e

0 go to IDLE state
= toggle bit
o PSMState = set conpl etion bit

EARLY SETUP state (Fig. 5D):
go to SETUP state 8 0
ERROR state (Fig. 5A):

bit in transac
85

o PSMState - set powses/i2ons bit
DT. state (Figs 5A, SO): '
o wait for PSNBt ep signal 75
0 go to IDLE state
"o if PCSPID = SETUP, then
o el sZ/g%Oto | GNORE PACKET state
0. PSMBt'ate = set transaction error

on response reglster o o0 go to IDLE stgte

( state (Fig. 5A):

o PSMstate - sen K

0 go to IDLE state 9 0 STALL state(Flg 5A): cryo
PSMSt at e = send\STALL "0 go to IDLE state .
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| GNORE PA (Fig. 5D): 95 . o Wit for o
go to I-’DLgﬁBa%té@Eﬁ WO 99/ 08196 : - Pﬁ?’f‘/@ﬁﬁﬂ%ﬁ i

PCT/ US98/ 12918 . o : . -22- . . 'TR_COWPLETE
STATE (Fig. 5A): 0 set conpletion bi't in Transacti on Response
register - 0.go to IDLE state 5 The operation of
the controller wiill now be di scusse8/i20 connection with two .
transacti ons shown in Fig. 7, illustrating how the controller handl es
multiple ~ endpoints using a single FJ|FO  Aspune endpkint 2 is 10 :
defined for upstream BULK transfer¢$ and dpoint Bis defi ned form
downst ream | SOCHRONOUS transfers. ‘Ass : fukther that the bulk ¢
transfer is time-w se interleaved \‘oowith\tdae i sochr orfiis transfer. Y
'Suppose, at sone time prior to tine to the 15 microcdhfroller obtai
data to be uploaded to the host; - gje.g. g|video camer@|peripheral _
device has captured an - - . 8 - b=t
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image and i Sy 9aekios 0 send it to the host. Assune that pCiFfUS98n12918 -
transmi ssion of the video inmage to the host requires - two packets of -
data. 20 : At time t0, SIE 140 receives -an | N packet: for

‘endpoi nt address 2 fromthe host. The device address is passed into
-PCS-110 and matched against the content of . t he. Devi ce Address
register. = The endpoint address’'is ézfs%%d into PCS 110, causing
selector 20 to select the 25 EndPoi nt Control register correspondi ngpt
endpoi nt 2. The PID of the received packet is stored in the Packe\ _
Control register. PCS 110 initializes the PSMwith the fol |l owi nger)
endpoi nt-related i nformati on: EndPt Type = BULK, - EndPtDir = "0" for
upstreamtransfers, and DataToggle = 30 = "0". _ - The

m crocontroller is interrupted and determ nes (via the Packet. ConNgdl
register) that an IN - - packet for endpoint 2 was received. The jf
m crocontrol |l er “begins to load data in to FIFO 130. Meanwhil e, PE[A‘
120 35 begi ns operating when SILE 140 - asserts I5,*cke-tC]<_ and .
Packet End, resulhting in-atransition fromthe IDLE{state ~ = to the IN
‘state (Fig. 50 This is followsdd by a | . transition to tne WDATAT
state. In the WDATAT state, . oo PSM29 signals the DOH controller 44
in PCS 110 via 40 - PSMstate to fsend datta contained in FIFO 130 to the
host . - ' ' _ E A B
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last byte 5

send t he conput®d]
PSM 120 to.t
Next, PSM checks i
to DT state occurs
t oggl e t he DATA tg
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At this point, ond
At a later time t]
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t he PSM I ooks at DataToggle ("0%)

and

SIE 140 prOV|des subsequent

for outputti ng each byte to be sent.
‘has been witten into FI FO
‘infornse PCS 110 of the fact by witing al
t he Packet Response register.
deasserts SendDH@ST DOH 150
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20 the dwoismmsmsdress is passed into PCS 110 and matched PCT/USI§§aPi§st -

the content of the Device Address regi ster. The endpoi nt address i s
passed into PCS 110, causing sel.ector 20 to select the EndPoint -
.Control register. correspondi ng - “to endpoint 3. ..The PID of the
. received packet is stored 25 in the Pagkat (pontroi regi ster. PCS 110
initializes the . -PSMvmththefoIIovmng endpomt-related|nforrrat|on:'
EndPt Type = ISOCHRC]\ICIJS EndPtDir = "1" for upstream.. transfers, and
Dat aToggle = "0". : SI E 140 causes PSM 120 (Packet K and

Packet End) 30 - to transition fromthe IDLE state to the | SO QUT state

(Fig. 5B)... This |l owed by-a |ont R2- DAT. |
wher e PSM wai tsﬂ?»sloonpl etion: ofgﬁ— Oggceam t ransf ermangl | e,

"SIE 140 is receiviing __ data1rorﬁthe_host arfd storing it _into R FO 130.
Since 35  an isqghréno pnsteryhas no handgQake pREGSPUP — _
conpl etion of 'thejdo datdh (1 heluding thg CRG: —blSlel f Jrar ks
the end of the trdnsagter—=PSMbt epli s ‘WO 99/ 0§+96 _ -
PCT/ US98/ 12918 - ¢ IN 1 —> - OUT 1 >

< ouT g —

No—Data Control B - Control Write

~ FIG. 4G FIG. 4H

B

HOST  DEVIGE
< SETUP }|—
~— IN1 >
< N g >
[ OUT 1 [—>
ControlRead

FIG 4I



asserted tow@yseebde PSMto transition to the |IDLE . st at PCT/US98/12918

Consi der next tine t2, where the next = . transaction is an upstream
transfer of data fron1endp0|nt 5 2. The host begins by issuing an-IN
packet, specifying. endpoint 2. This causes the selector 20 again to
access t he correspondi ng Endpoi nt- Cﬁg%}gb regi ster. -PCS 110
initializes the PSMwith the follow ng en rel ated ~information:
EndPt Type = BULK, EndPtDir = "0" for 10 - upstreamtransfers, and .
Dat aToggle = "1". Notice that the data toggle bit is nom1"1" due to
the toggling from t he previoUs €napor nt transaction.
The m crocontroller is interrupted ang determ nes (via thg Packet
Control register) that an IN 15 packet for endpoint 2 was recdived. = The
m crocontrol | er begins to | oad the second set_of data in tq FI FO 130.
Meanwhi | e, PSM 120 begi ns operating when SIE 140 dﬁserts ' Pgcket OK and
PacketEnd, resulting in a transition {from . the . DLE state t¢ the IN
~state (Fig. 5C). This is 20- = followed by a transition to t'he ¥ DATAT
state. .In the . WDATAT state, PSM signals the=DCH controlldr 44 in PCS
110 via PSMstate to send data -containgd in FIFO 130 to = thefhost. Mre
- specifically, the PSM | ooks at - DataTo;g[e ' ("1") and signald the PCS to -
send DATAI. 25 . SIE 140 piovides subsequent clockind (NextData)

for out putting each byte to be sent. Yen the |ast byte

-~

o

h .
3 (5 . '
5 _ E .‘
. )
o
m
L g}
g.
o

FIG.5A




has been wribtosnsisst o Fl FO 130,

of the fact by witing a DEND (0x7)
Response regi ster.
DCOH 150

-SendDat a.
the CRC

Next ,

WD 99/ 08196
-25-
point: First,

data with endp0|nt 2) mth

PSM check
to EW state occu
toggl e the DATA
correspondi ng .

i.nterl eaved mnth other

endp0|nt

Wien. 30
asserts Last Dat a,
and send it upstream DOH 19§/
causing PSM-120 to transition from WDATAT state to the
st, sent ‘an ACK, at 35
“entering DT state,
toggle bit of .the Endp0|nt e
to endp0|nt

i@poEB

t he FIFO is enpty,

-internal

the mcrocontroller

i nf%ﬁwsﬁfé??lflo._:

code into the Packet.
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3). Each tw;-@%;gn (I'N, QUT, etc.) is atomc in the : s§§?ﬁ518t he
transaction nust conplete before another =~ “transaction is processed
addition, state information. ~ “related to each endpoint is contained |n
its own endpoint 10 cont rol reglster (e.g. the data toggle state of

endpoi nt 2) so that there is no loss of state information when
~‘transactions anong nultiple endp0|nts_arei%ﬁZQleaved The second
observation is that a S|ngle FIFO is sufficient to provide the dat a
buf feri ng betwe h ho 5 and-the -endpoints defined in a device.

Si nce each : ngac is atomic, the FIFOw Il never contain

partial data fron1a pr évi ous transacti on. The present
invention includes certain timng " features of the USB control | er
whi ch nmaxim zes the anount 20  of tinme a mcrocontroller has to execute a
data transfer. The timing chart in Fig. 8 illustrates the data"
sequence for both an IN and an QUT transaction. A transaction
begins with an pl ahi—bit SYNC _and F\nr‘lQ it h a three bit ECR____pon
receiving an Ihkor an OQUT PID, the USB 25 controller generates an
interrupt to the, m crgcontrolTer sone Time after regerving the four

bits conprising t _ i - i er ENDP; the—e S
i mredi ately i Vi ng ' cont ai ns '
- égnf) al t hough the °
ont | er can .

)
¢
b
¢

i . T T ng{igP - this poi
~the endpoi nt add : i Mns 'Ctl on.
~host has not conp '
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the PCS r eginer 99/a81%6nd beg| n setting up for the subsequent - PCTySq8Ar2018 . . -

transaction. ‘In the case of an IN transaction, the 35

ni ¢rocontrol | er may begin vvrltlng ‘data into the FIFO 130 . ~shortly
after receiving the interrupt. As can be seen in - Fig. 8, the
mcrocontroller has a head start of - = - q&wepy-four bit-times (CRC + ECP _
+ SYNC + DATAO/1) plus WO 99/ 08196

PCTLUS98/ 12918 - 26- t he bus
turnaround tine, sed bel ow. By t hat time, the _

m crocontrol | er rtten the first byte into the FIFO for
upstreamtransfer. . For an ouT - transaction, the microcontroller has an
additional eight 5 bit-times to set things up to receive data from the:
host . - The additional time comes fromthe fact that the first byte
‘must be witten into the FI FO before the mcro- . -controtler can plck It
up. - ' _

bet ween transa-ctl}ons, as. shovvn in Fig. 8 ~lts valuecap . —
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differ fromypgdpps8s to endp0| nt, and is speélfl ed by the | PCT/US98/12918
BusTurnaround bits (2 bits) of the Endpoi nt' Cont r ol registers. ‘In the

preferred enbodi ment, the DOH 150 - provi des the delay corresponding to
t he BusTurnaround 15 bits, three bit- tines for "00", 'seven bit-tines for
"“o1", _ el'even bit-tines for "10", 3 %éeen.bit-tines for

"11". Ideally, the bus turnaround tlne ] ﬁJ zero to . obt ain

maxi mum t hr oughput . However’, sone: devi ces may be sl ow or the host may
‘require a slower Sﬁgﬁt Th%ijf) BusTurnaround bits provide for any needed
adj.ustnment. - (:} ng-a data transfer, the FIFO 130 can be
witten toat the same tine it is being read out. Thus, in the case
of an IN transfer, the USB controller can be readlng data‘fromthe the
FIFO to send data upstreamto 25 the host while at the sane tine the.

m crocontroller is witing data into the FIFO The Byte Count
‘register . . provides the necessary: record- keeping to ensure -that the
FIFO is not enpty Wwherd+anrswhtting a byte upstream and " .that the
FIFOis not full when witinglbyte into the 30 FIFO Likewi se, in the
case of an QUT transter, the i crocontrollfer can be enptying the FIFO
as it is being filled by the host. = - " Yet -anot her '
feature of the invention is tg have ~ a -seco 1 FI FO 130", .as shown in
Fig. 11. In a'situation 35 _|where the nicrocon |  er nust support nany
hi gh speed. = endp0|nts a |second FI FO can be| gged to provide '

g
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addi ti onal bwbfoemamwg capability. Thus, the first FIFO - -  -carcimsosn2os

associated with a first subset of endp0| nt.s and V\D_99/ 08196
PCT/ US98/ 12918 . - -27- -~ -~ the second FIFO -~
associated with a second set of : endp0| nts As an exanple, the first
FI'FO may be receiving data fromthe h oqgvhi l e the mcrocontroller
is witing data to the second FIFO for an upstream 5 transfer. As soon
as downstreamtransfer conpletes, the USB conty ol ler is i medifatetry
abl e to begin an upstregm tnansfey «pf data i n{he second FI FQ 8nH e
‘the ~mcrocontrol l el processés thd dhta receivgd in the first .
FI FO. | g | &8 -28- & | N
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wobgogiséont rol | er for operating a peri pheral

d ai s _ )
with the Universal Serial Bus.(USB) - speci f
means for receiving data packets; '

contained in received

data- packet s,

in 5Pcmmmiﬁaslce '_
I cation, conpri-sing:.
a FIFO for. storing data

sai d FI FO bei ng associ ated wi th at

least 10 twWb endpoints; 3 fl?bet control store for
storing, as a current endpoint, an iden i er contained in an endpoi nt
fiel'd of a received data vvhereln da din said FIFO
corresponds to said currt -Eiipm nt; tﬁE%&te 2D at r.rac line to
control sequencing of a transactlon based on sai d28& %F POI nt,
sai d transaction including reception and tfransmi s‘&%n ata
plurality of data packets—4aid_state machine g h.e.Leh.y__._._b.e.Lng_c.a.pa.ble of
controlling sequgncing of fransactions 20  w fth any endp0| nt;
a plurality of endpoint contirol storBN; and .- ﬁ‘xt?'
.coupled to said plurality jp endpol nt Nt r ol st]g(, Dita ih6 pg:mg
one of.said ' endp0|nt ¢ontrol stores basec on sai d current endp0|nt
- IN:24 [€ D_ATAﬂ Send Data
ACK Toggle Data Bit
e e
tl B O S
. OouT . Endpoint 3,
OUT:3 5 ISOCHRONOUS
' DATA @ > Read Data from FIFO
©2 ( - -
IN > Endpoint 2, BULK
' Load Data into FIFO -
IN:2{ j—DATAL Send Data
ACK > Toggle Data Bit
.

b e e i . o v — g — S ——— — " —v— w—

FIG.7



25 - WO 99/08196st at e machi ne coupled to receive the P@mﬁmﬁsof’
2 .

a sel ected one of said endpoint control. - stores. - 30. 2.
(Cancel | ed) 3. (Cancelled) = 35 - -4. The controller of
clai'm 1 further including neans _ for transmtting data packets,
coupled to said FIFO for - trans‘m’-ssi-oi-by)ﬁoda_ta from said devi ce.
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5.. The cont @) domigisy’ cl ai m 4 wher ein said e.ndpoi nt - . p@nﬁgg@hzgtsor es

i nclude a bus turnaround del ay specifier, - 5 sai d neans for
transmtting data coupled to receive the ) bus turnaround del ay
speci fier of said selected endpoint . control store. - 10 6.
The controller of claim1 further incl u-dlfglaooort - for attachnent
to a host; said port including neans f.or si nul at i ng the
dlsconnectlon and connection of a uni versal serial bus device.
15 7. The controller of claim 6 wherein said port
conprises a D+ signal |ige and a D si gnal @ ine and a pull-up resistor
coupled to one of said gnal Ji nes, & sai d ans for. sinulating
i ncludes a first transisfor 20 - swi tcﬁ: coupl ed pul | said D+ and D
signal lines toa . . _{_  _véltage in theange of .0 to 0.8 volts and a
second - transigt¢riswtch coyg pI edg o di scofect 4sai §§ pu]l-up
" resistor. 25 3 ' : a) ' _
T € g 2
o A4 -
. . O ) :
I IR g A z O
- O o =
A A - wn 1 S
RO I NN e :::_’-
1 ',? i
| A -
1 |
1 1
N RN N
Ol 19] «.. |0
i 5l |E -E-i
. R R X
A A 3
! . : 1
{ !
{ 1
{ 1
bpwmccccema]eme——— .
\
} Y
0
]
_ m
|~ )
’ E i 3 A
A <
o é < é i
~ f<
o - H A O
[ B m
b
g l l 0 :
- | :' B



. D '
8 A controller for transmtting data in accordance ET/uﬁtI?an/ 1.29 18

Uni versal Serial Bus (USB) specification, =a8=

conprl
a microcontroller interface for connection to a ri%ﬁé%@ﬁ}ﬁb&hgﬁ&{]ggg

a port for attachnment to a USB host; serial neans,
coupl ed to said port, for recei ghggmgnd transmtting USB packets,
I ncl udi ng neans for extracting an endpoint identifier froma
packet of a 35 TOXEN type; Control nmeans for

managi ng thfltrﬁﬂSfeﬂ &éntroller fo&a d#ii Hast and said
m crocontrol |l er S S oring an
extracted 3 accor |‘ﬁ¥&‘dgﬂ9 %Pé’?’ %@g%ﬁ%%ﬁiﬁﬁact i vg

endpoi nt ; gpecification, comprdsiing® for storing data obtained froma

recei ved packet, said FlI Fn%gaaoiiogt %%c‘@ivln%aiﬁﬁcga\éﬁmtd:

a FIFO for storing data contained in received
data packets, said FIFO being associated with at least

10 two endpoints; '

~a packet control store for storing, as a
current endpoint, an identifier contained in an endpoint
field of a received data packet, wherein data stored in
said FIFO corresponds to said current endpoint;

15 a state machine to control sequencing of a
transaction based on said current endpoint, saiad
transaction including reception and transmission of a
plurality of data packets, said state machine thereby
being capable of controlling sequencing of transactions

20 with any endpoint;

a plurality of endpoint control stores; and
a selector coupled to said plurality of
endpoint control stores for selecting one of said

_ endpoint control stores based on said current endpoint;

25 said state machine coupled to receive the
contents of a selected one of said endpoint control
stores.

o 2 (amerten R

3. (Cancelled)

35

4. Tﬁe controller of claim 1 further including means
for transmitting data packets,'coupled to said FIFO for
transmission of data from said device.

AMENDED oi.icT



state mac.ﬁi ne means, L&H@S t% %4 }29 18.

?5'-=endpoi ;

cont rol I1ing the se4®encing of a t hOR 4

W th said USBXESW““&‘““““‘“ i d active endpoint, said . |Pw1532m MAR 1999
conpri sing pl cpackets And 10 a second nenory neans for

storing configuration. and state information for each endpoi nt;

said state nmachi ne neans coupled to said,second nenory ans ,to
recei ve confi gBrat | Theafentreider of FﬂﬁéphﬁtF@ﬁr@épr!QggnGPﬁg aid

alct ! veSendpoi _néonﬁ’_ég1 storgs inciudeclal Bk tur_mrlouh& d‘éhgycctp‘dcum,gf_
claim erein id seco nor ne i ncl uge S rjarqun

time specPfi ers?ga pagnps Q°rn§ﬁ'ﬁﬁ‘éﬂ+ﬁt1§‘§ ?;?& P&“ﬁé‘?@%%&&‘% o 1ecei ve

t he bus tbasaturndround deday’ specifiers ofhdaid selectediendpoint
endpoi nt. 25 contro 1st39 .con;roller of claim8 further including neans
for generating an interrupt during the reception of a packet of a

TOKEN type, thereby signaling said

10 6. The controller of claim 1 further including a port
for attachment to a host; said port including means for
simulating the disconnection and connection of a
universal serial bus device.

15
7. The controller of claim 6 wherein said port
comprises a D+ signal line and a D~ signal line and a
pull-up resistor coupled to one of said signal lines,
said means for simulating includes a first transistor

20 switch coupled to pull said D+ and D~ signal lines to a
voltage in the range of 2.0 to 0.8 volts and a second
transistor switch coupled to disconnect said pull-up

resistor.
25
8. A controller for transmitting data in accordance
with the Universal Serial Bus (USB) specification,
comprising:
a microcontroller interface for connection to a
30 microcontroller:;

a port for attachment to a USB host;
serial means, coupled to said port, for
receiving and transmitting USB packets, including means

for extracting an endpoint identifier from a packet of a

35 TOKEN tyge?
..~ % control means for managing the transfer of
packets between said USB host and said microcontroller,
including first memory means for storing an extracted

. endpoint identifier, thereby defining an active endpoint;

AMENDED St



ot . . T a0 2

:30 . mcrocontroller to prepare for storing data to or réadi ”@ L dl{t“a9 18
fromsaid FI FO 12. The controlle;oof clain111 d

for 35 generating an interrupt is characterized by prod mﬁaD4WAW1ggg

‘interrupt prior to reception of the ECOP delimter of a TOKEN-t ype of
packet. AVMENDED
-31- 13. The controller of claim1ll wherein said neans for

a FIFO for storing data obtained from a
received packet, said FIFO associated with said active
5 endpoint; and
state machine means, coupled to said control
means, for controlling the sequencing of a transaction
with said USB host based on said active endpoint, said
transaction comprising plural packets and
10 a second memory means for storing configuration
and state information for each endpoint;
said state machine means coupled to said second
memory means to receive configuration and state
information corresponding to said active endpoint.
15

b (cantion y

O

20 10. The controller of claim 8 wherein said second memory
means includes a bus turnaround time specifier for each
endpoint, said serial means coupled to receive the bus
turnaround time specifier corresponding to said active
endpoint.

25

11. The controller of claim 8 further including means
for generating an interrupt during the reception of a
packet of a TOKEN type, thereby signaling said

30 microcontroller to prepare for storing data to or reading
data from said FIFO.

12. The controller of claim 11 wherein said means for

35 generatiqg an 1nterrupt is characterized by producing an
interrupt prior to reception of the EOP delimiter of a
TOKEN-type of packet.

AMENDED



5 - generat| ng an interrupt is characteri zegllby pr oduci ngGyUS 9| Btérleps 18
during receptio of a *IA=TOKEN-type

14. The control I ther i ncl udi ng nmeans ’ng}f&l MA]mglggg
a di sconnectlon f H!ﬂm,g&wa m subsequent, reconnection to said

USB host. r of claim 14 wherein said port

I ncl udes a D+ S|gnal l'ine, ~signal line, and a pul |- up resistor
coupl ed to one of said S|gnaI_I|nes and wherein said neans for

simul ating inclldles Théi cohtrolletr ofsciadm 1V wheredwlsadd chéamert@fi Iy

f .
D' vol'ts Bna [SLISthRLng] Al LRLEERRPE 1. phaFRgtar1zed B Sudiamidng rn
pul | -up resi st ointerxvupbyduringi ngception sifnghe- eRd:portion TH)a

condition. 25 ler of claim8 further including a
second Flﬁg?§ﬁere eachsg%kggld FIFOs is associated with a

plurality of endpoints; the controller further including

10 14. The controller of claim 8 further including means
for simulating a disconnection from a USB host and a
subsequent reconnection to said USB host.

15 15. The controller of claim 14 wherein said port
includes a D+ signal line, a D- signal line, and a pull-
up resistor coupled to one of said signal lines, and
wherein said means for simulating includes a first
transistor switch coupled to momentarily pull the

20 potential of said D+ and D- lines in the fange of 2.0 to
0.8 volts and a second transistor switch coupled to
disconnect said pull-up resistor, thereby cteating a
single-ended zero (SEO) condition.

25
16. The controller of claim 8 further including a second
FIFO wherein each of said FIFO’s is associated with a-
plurality of endpoints; the controller further including
means for storing data into one of said FIFO’s depending
30 upon the endpoint identified by said active endpoint.




means for

storﬂ@ata into_one of sajd FIEQ s 839 g 30
endpoi nt ident by said el W% el 0%8 %@,
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