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. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ablock diagram showing a G-Link system configuration according to one embodiment
of the invention. o o ' )
25  FIG. 2is alateral view of the G-Link connector according to an embodiment of the invention.
FIG. 3 is a schematic of the G-Link/IR Out circuit located in a TV/STB according to an
embodiment of the invention. |
FIG. 4 is a schematic of the interface circuit of a G-link slave device according to an
embodiment of the invention. | -
30 FIG. 5 is a flow diagram of the probe request/response prdcess according to an embodiment of
- theinvention. "~ . . .o T LT
 FIG. 6 is'a diagram showing different packet types of packets transmiitted between a slave and
a master according to an embodiment of the invention.
FIG. 7 s a flow diagram of showing the interaction of Init, Comm and Driver states.according
35 to an embodiment of the invention. : '
FIG. 8 is a flow diagram of a initial bootstrap stage according to an embodiment of the invention.

* FIG. 9 is a flow diagram of a final bootstrap process according to an embodiment of the
invention. |



I nvention. -1 WO 01/02942 PCT/ US00/ 18594 1 FIG 10 is a flow diagramof a
bootstrap timer process according to an enbodi nent of the invention. FIG
11 is a flow diagram of a patch |oad stage according to an embodi nent of
t he i nventWew1/029%2 DETAI LED DESCRI PTI ON The Gui de-1ink (G LRGHYSH4834| | nk
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the G Li nkrepeeseingither e itelgvision | asd/or rresabton hRx (fe.6t YER). The Gdinkanllows theger
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f t T, t | ahl EPG. d
Cor “an' Re: 230 THE, %‘Y’r‘% lppaith 1 oog tyd. 8Bes 8, Serel BT 9t ok
shoppi ng, @emenstrat eyics, a databrse gxpapsion depisovand A modawy ThesstdeNises are not
t el evi%i onthe@nly ddedemaccan tersdppored/by die GG, Oher d¥vice9 BaAsEBb suppértdd byl Nk

t opol ogy | TRl L" \{ﬁez% SUP’ ster device 2 (that is, an
EPG TV/ STB ?‘ %Lﬁsgﬁé & ong at"Y/@e(f"?r?w;rpﬁ':£iBl external ) _device 4. The

sl ave connects @ Intesfapecanassist dehuagingnreduston fisawarg, o figaware | R
Mouse. Eveina FVSTB. dedémenstratidn ROMadesice candvaailend alghaphical déiienstratidnproframe

connect i ONgyaq, Hfs 1aydinkesthndY 6f %‘E’P@ﬁand%}eﬁv/@ll'ﬁc eﬂ}e' &Ex&xﬁ@ t@LlQBEJP HevidP &
ei t her, passe t he re rom-t In connector
to the IR Peide C'esg?{ﬁ'éa?%f%?wgﬂba&seﬂ 2135 tht. L pephast PPABIPN e xRS F.
database information capacity of TV/STB beyond what is available in an EPG. A modem (oran
RS-232 interface) facilitates features such as: consumer feedback, shopping, or a worldwide web
link.
FIG. 1 shows an example of how a television, G-Link device, and IR Mouse might be

25 connected. The G-Link topology is a master/slave scheme where the master device 2 (that is, an
EPG TV/STB) interacts with one slave (that is, external) device 4. The slave connects to the
master using the same connector 6 as an external IR Mouse. Every slave device must have a
connector that allows an IR Mouse connection.

The G-Link slave device, when placed into an IR output mode, either passes through the

30 LED drive current from the G-Link connector to the IR Mouse connector or sources current from
its own power supply. |

In the preferred embodiment of the invention, the G-Link connector 6 is a 3.5 mm (0.141
inch) mini-jack, as shown in FIG. 2. The tip 8 of the G-Link connector is data and the sleeve
10 of the G-link connector is ground.

35 FIG. 3 shows the G-Link/IR Out circuit generally located in the TV/STB. Electrically, the
G-Link interface operates at CMOS logic levels. The output stage is an open collector, with a
pull-up resistance of approximately SK ohms. This port is commonly shared with the IR output
port 12 of an EPG system. The G-Link input pin of the ASIC has CMOS logic thresholds.
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In the preferred enbodi nent of the invention, the GLink connector 6 is a
3.5 Mm (0.141 inch) mni jack, as shown in FIG 2. The tip 8 of the G Link
connector is data and the sleeve 10 of the G Ilink connector is ground. 35
FIG 3 SWO@08#: G Link/IR Qut circuit generally | ocat eBCTNSNESH) STR.
Electrically, the GLink interface operates at CMOS logic |evels. The

output stage T'aE]I%@?Hﬁ&?éiﬁ,f]& oWaid he BC chWaEtgnﬁlcFﬁH'lC%]-LHﬁ dﬁﬂ&ﬂ?}ma{%‘é’f odiment,

appr oxi mat el I'S"CO
port 12 of amvaﬂens@@rh shvwe ﬁeabﬁqintelmparemwp impubvoltage ampeomgmeﬂ@sﬁﬁ ogi ¢

t Er eshol Jand 3 assWQeOAddOQsoavPﬂfﬁblﬁmaﬁf% valid ldgds input JevelsigMatde 3 lshows the DC
characte | n the preferred enmbodinent of the invention.
Tabl e | Bﬁgﬁt&pﬁ%’%g{%‘%&{'ﬁ&dﬁam mum i nput voltage at the connector. Tabl es

2 ahd 3 assume Vdd = 5. OOV TabI e 2 shovvs the vai id logic. input |evels.
~Tabl e 3 shows t g qeicii words - i - )r. 5 Laic-Tid ne Condutioa
: Mn(V MV ax: ([ .f5 e 1 10 (V) Mr:(Y]"' Zero
CM3s 1.5 One CM ot CLre 'Cond|t|onMIs(Y)IIiax
(\)' ' Zero IOL =- 10 0. 4 mAO1e1-—.140 20 nA Table 3 For

el ectrostatic discharge (ESD) protection and noi se filtering, the rise tine
of e G Link signal shoul d not exceed 5 S SI nce the total pull-up

resistance is ahett——gicohf s ratlons this allows for
220pF of fil terq" ) end of

One CMOS 35

15

TLogical Value
Zero

Table3

»

For electrostatic dlscharge (ESD) protectxon and noise filtering, the rise time of the G-
Link signal should not exceed 5 uS. Since the total pull-up resistance is about 5K ohms, in
25 some configurations this allows for 220pF of filter capacxtanc_e 1_4 to ground at each end of
the G-Link wire. The series resistance of the G-Link cable wmecﬁon should remain below
50 ohms.
The 2700hm resistor 20, shown in FIG. 3, protects the ASIC from Electrostatic
discharge (ESD). The 220pF capacitor also helps protect the ASIC. Typically, a spark gap or B

other device is also added to satisfy manufacturer ESD standards.

30

In the preferred embodiment, the ASIC input pins can w1thstand the followmg ESD
tests: 200 V from a 200pF capacitor with no series resistance; and 1.0K V from a 100pF
35 capacitor with a 1.5K series resistance. |
The G-Link and the IR output device share the same port. The IR output circuit,

“ which typically shares the same connector with the G-Link pdrt? consists of a high-side driver
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the GLink wwre. The series resistance of the G Link cable connection
shoul d remain bel ow 50 ohns. The 270o0hm resi stor 20, shown in FIG 3,
protects the ASIC fromEl ectrostatic 30 discharge (ESD). The 220PF
capaci t or WP9Y02942 ps protect the ASIC. Typically, a spark REISENI858¢ her
device is also added to. satisfy manufacturer ESD standards. In the

ferred enbodi ment, the ASI.Cjnput pi i thstand the fol |owing ESD
oo 3 Gnbech gl he AL Lopl nins i wirctana Lhe ol v o
froma | Oppfe sPwhieRa&ich@y oﬁ"ﬁhlE BarficdiarIR &ﬁﬁﬁt%vilﬁﬁs'rﬁé &k G-Ik &t{)ﬁt? | 'cﬂd

the IR output device share the sane port.” The output crrcult,
typi cal | y séngrbeasstrtedstithe semrtiest or with the G Link port, consists of a
02942 J US00/ 18594 | transistor.

hi gh-si de dri 3 WO 0
Tlhigs is 'r aﬁsi 2{ X?&:L'Bﬁf’?‘e“f A Seke A varigty ‘t]fjémsc A E;ﬂab Flaxe deyicesan be pawered g
resi st or -t hea sytdiCex@émiipower SBRRRN A1 pdWAE CREIHKI stive Abvib&e ALt MAthdlEN Ce-

The IR and G Link outputs can never be asserted at the sane tine. G Li nk
devi ces magxtemrlpoavey squres. \FIG 4 showsthe mirGmiuimrequireshinterface compoaentbfor p@rer ed

by a separat xi etnal power Ssource, | ow- power G Link sl ave device can be
wi t hout anﬁmz‘x@gfﬁgfa%rgk\léﬁgﬂlﬁ?‘ggmﬁ e IVEH®Hs t he nini num required

i nt er{[,ace CONPORGARE Hrefedfed dmbodikieRk tHEATIMR hhrdwarddr ARt 8menBasisiEiBsffo t he

invention. 10 In thezlgreferred enbodi nent, the Glink hardware transmts
asynchr onobry Ysing R$3¥Htype 5198 and stop bits- Characters eresransmitted avitht Heatibits no

Char acters 141 ' ta bt 0 rity, and stoQ It
(8N1). In gﬁtg,ra%ngi %%{r@g‘y\nﬁ%‘ %ltgf'gﬁﬁ%“@qqﬁﬂ?%g%%hmga hi gher
bps rates higtlerrbpy ratesamd enaylenceieichinactedt in iy €e6ity BéhehftX@BRNHE BHEWItR One
with 15 ordi narygéllfll in the art. The Glink follows the International

St andls ds C8ten Systems Interconnection (1SQ OSlI) nodel for

networks. The T{gRh§ @Kﬁ? ' : C tion (OSI)

nodel resides bet V\egﬁk:f%lg %ﬁ%ﬁgﬁt&%%?@hﬁggwgtﬁ?ﬁort .20

| ayer cont IntéreonnectiandIBOSE mbdep forlnetweorks. eTfic! Trirtspord dayicin thé Open Sydtems

recogni zes.dupl i cate ckefs. An error in acket is indicated by a

negati ve al,’&?{ 8%{;%493%( VSQFT g%me@r*'sl*ﬁ“@%'eam Session laygrs, dhe (Ixgnspgrt ¢ he

Sessi gn | ajger doaebls it seinién6e @fﬂa@k&t@}?&éﬂa’i&iﬁa{eﬁ fleweRid me%niﬁphﬁqgf&aénd Tabl e
ons

5. .defThes the general formats for all Request and Resp e packets
packets. :

An error in a packet is indicated by a negative acknowledgment (NACK). If an error
occurs in a packet (NACK), the Session layer must initiate a retransmission request. _

25 Table 4 and Table 5 defines the general formats for all Request and Response packets
in a preferred embodiment of the invention. Table 4 defines the Request Packet Format in a
preferred embodiment. Table 5 defines the Response Packet Format in a preferred
embodiment. In alternative embodiments, the Start-of-Packet (SOP) byte, Request Command

39 Pyt Data Block Length Byte, Sequence Low/Sequence High, and Data Block within may

occur in any order, except that the Data Block Length must be before the Data Block. EOP
is End-of-Packet.

35 . Byte , P Meaning B
| ‘Nuniber | U

SOP byte - 0x07
1 Request Command Byte




in a preferred enbodi nent of the invention. Table 4 defines the Request
Packet Format in a preferred enbodinent. Table 5 defines the Response
Packet Format in a preferred enbodinent. In alternative enbodi nents, the
St ar t - of WOMH2M2 (SOP) byte, Request Command 30 byte, Dat ETBJSBW@-"%ngth
Byt e, Sequence Lovv/ Sequence H| gh and Data Bl ock wi thin may occur I n any
ordsgr, > . ock. EOP
i's End-of- . 3 i f“‘bbwfﬂ?t"’e'“"‘“"@i@?"i‘dRequest
Command Byte -4 Ohmmbﬁﬁﬂ'datﬁﬁ&hﬁ&ﬁ%o)z Datia Bl ock Length Byte
(nunber ¢f payl oad SEqutrnes LawiSchhde Gligh. These byded sl Ghcluldd oflp f DEBRRTRELST Typ YiTber  of
 ncluded fonk b g et bR Rl SRRl 00 0 1
i noPuded HatNe—ed £4% Blosk (his block wiay cnidinzero &’E—N—Da-t-a_al-ggl@_@t—h-u-s_b-l—)ck may
contain 2 asts] OP pyte - 4x8¥ FG? byte. - Ox8E (last) Checksum (Zerg :
i ndi categ cHB#ksu upAZ.esq ipdigategichecksumaptsalpyiatdic 2 dhesksypigraagped amte | OXFF. ) .
Checksum (cal cul af efFR)yClaekeint(Galdlated )alMS: a8 BlesGREBKEI nBAEERSH mAhdek NE! UdeS
al | byte above, fr S%vt tt]ro EOP. able 4 10 Meaning Nunber}{0O SOP
- byte - Lmber  of
payllgad bytes to follow, including EC r4d Checksum nunber of data bytes
e zero) 3-4 Sequence Low Sequence ‘Hi gh. These bytes are included only
i f D5 of the Packet Type |s set. These bytes are not included in the data

bl ock le byt es)
(I ast - 1)
' 5 ) SOP byte - 0x07
15 1 | Response Command Byte
2 Data Block Length Byte (number of payload bytes to follow including EOP and
Checksumn; number of data bytes may be zero) :
3-4 Sequence Low/Sequence High. These bytes are included only if DS of the Packet Type
is set. These bytes are not included in the data block length count.
20 5-N Data Block (this block may contain zero bytes)
(last-1) EOP byte - 0x8F
(last) Checksum (Zero indicates checksum not calculated. A zero checksum is mapped onto
‘ OXFF.). Checksum (calculated by adding all bytes and checksum mod256=0} includes
all bytes above, from SOP through EOP.
Table5
~ Every G-Link data transaction is a request/response packet sequence between the
master and the slave. In most cases, the master initiates G-Link transactions (that is, the EPG
device) that are acted upon by the slave (that is, the external device). A slave device must
30 process, at a minimum, eight bytes of transmit and receive buffer data. There are three
reasons for using this transaction method: (1) eases the implementation over a dual-simplex
data link; (2) reduces the chance of data request collisions; and (3) eliminates potential
problems when IR and G-Link share the same port—slave transactions respond with a
35 Negative Acknowledgment (NACK) bit or interfere with IR operation.

A request/response packet sequence may be either a write request (where data is
carried in the request) or read request (where data is contained in the corresponding response).

All valid request packets return an Acknowledge (ACK) response packet to the
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(last) Checksum (Zero indicates checksum not cal cul ated. A zero checksumis
mapped onto OxFF.). Checksum (cal ¢ul ated by "addi ng all bytes and checksum
mod256 0) includes all bytes above, from SOP through EOP. Table 5 25
Every G LiWROHe2942 tr ansaction is a request/response packetPCTAHRIWHSE pet ween
the master and the slave. In nost cases, the master initiates G Link

transacti ons h I S he EP deyj,ce) that are ted upon by the sl ave
(thacti s, FeRudslet Whhhe temot aveh oL ing seotyabng Bvisediotosts apiegios Sopditgn Gpr
m ni mum  eb&akipld) Yib 98lPSOP/BUN ivalid BReck A tie-Oit! fnfhlid @nfmant) & RAGKE three

reasons for using this transaction net hod: (1) eases the inplenmentation
over a duaftespansppacket 1§ zaturned toithe fegpestesduces t he chance of data request

| i sions; | | nd t ent j.al whep. LR and G Ljnk sh
Che st por - et o(epk RANACK BooBt ik ranbedtt v ef il hioieie Ao BB gont
(NACK) bi t Sésioh Myer fhat Rsided ¢h tbfRoP bR trdhipoRt: layer is@RRbibleSorMitMeing 3 FéiRf

sequence may be either a wite request (where data is carried in the
request) oPacketzequestEither themaster ot slave can exgentethepdckenrettye cor r espondi ng

packet to the -1 BRI BbuRRRR:E, ki Pun btk S bk e ¢ Rcpor
| ayer }(pf t bytes. EWhan4lirsactioni e moftedatLthn d4h KY il one 255Lbileata(Hl6dk, takdp! €,

no valid SOP/ ECP, .invalid checksum tinme-out, invalid command), a NACK
response pHuRde dradedinio g equenge phiackets; Bapket sequence nymbers star @t zsro and\ACK

response, : “3!51 L el try, . shaon | ayer
t hat resi diggﬁ %%ﬁ‘?%lgﬂg%ﬁ??? %czfns c')rl?;ihIl gb%rf ér:ngis?g%b%ﬁls?ré é}-ﬁgrdaﬁﬁb??c:kaﬂzle%g a
retry pacwithinrageoleet tire différbmtrsizele. naster or sl ave can execute the packet

retry. In the ferred enbodi prent of the invention, a data block can be a
RPN LT WL T T N S R
| ALO One 2pgsdh¥t Facler tudt Elide & Bedueld Fresetbit altfint bl ghdHcl nfimB&gUENCE Of

packets. Packet sequence nunbers Start at zero and nonotonically Increase
as necessary. Dataltemativesdmbodiments oftbe invention; a data biock ban bingraatht thaik255 zes

Wit hin a packet,.are different sizes. t hough. t he transport, | ayer
control s tﬁéeso r‘%‘g“i"‘%’f"efﬂ‘ °§g{?ﬂ§t°§r,' ﬁ?ﬁ?ﬁ?@dﬂg‘ékﬂéwe ar'ﬂ%’ﬂ%‘ﬂg'@flﬂaﬂ % nust

i ncl a whergange Present bit and the packet sequence nunbers. In
altermiati ve enbodi nents of the invention, a data block can be greater than
255 bytes. Alt eFablg ¢ ligs theistandard G-Link(devien pemmands sypparted byiadhG-hankedexicemxi mum
of 2-1 bytes, _ _ _

‘Write Reguest | Comniand.. | Read'Request |.. Command:: _]
Probe 0x80 [ Probe 0x40 |
25 Memory 0x47 Memory 0x48
Identify Ox41 Identify 0x01
Table 6

The G-Link probe process involves G-Link master device routinely sending a Probe

30 Request packet that looks for the presence of a2 G-Link slave device. If a device is present,
the slave sends a Probe Response packet.
FIG. 5 shows the probe request/response process. In the preferred embodiment of the
invention, the Master sends a probe request packet every minute 30 until a probe response
35

packet is sent by the slave. If there is no slave device present, then there will be no response
32. If a slave device is attached 34 and if it is operable, then it will send a Probe Response

packet 38 in response to a Probe Request packet 36. The Probe Response packet includes
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20 where n>8. Table 6 lists the standard G Link device commands supported
by all G Link devices. Wite.Request Conmand Read Request . Command Probe
0x80 Probe 0x40 25 Menory 0x47 Menory 008 Identify Ox4l ldentify Ox01
Tabl e 6 WRQ&1/8292 nk probe process involves G Li nk mast er PEEYSEASEYyt i nel y
sending a Probe 30 Request packet that |ooks for the presence of a G Link

packer - B ond B iSiplabal KB Teesvire s 3 yopne ofonel, BB or e

errbodl e Rl &djust Bfe splvARabuffer siZe1PhYRRVESpeed RPLITRERE thibRiBS s BiffseMt every
mnute 30 until a_probe response 35 packet is sent: by the sl ave If there

i s no sl fom tesncedanst uftensize maﬂmﬂletthasmhﬁdor esponse If a slave.

device is att f it WI|| nd Pr obe
Resﬁonse pacéﬁ{kg%%l %ﬁg se%)to hke g%gxmggﬁﬁwﬁ‘éwgt Ef%e ﬁ?e Pr obe
Respons e nfastekaid siave, thélmaster o M@eﬁ ﬂénGBQP&bB@Eg Ppack&sUilessthe livedsksbuf f er
si ze |nforrrat|on After receivi ng the Probe onse packet, the Master

will adj Betresrad to Y @ther FEaBest-packetiype in whtchéaw Q/@aﬁ?ferem#as Hafeobsi 2o
i nf or mat i eb&%&ﬁrent fromthe speed and buffer size information that
t he Master Once a Probe Request and Response packet exchange has

occyg red bet winghe pieferretiembedimentlthe|GrLink rhdseer supplosts only-one siges deviveds a Probe
Request packet unless the slave dogs nqgt respond to any ot her

request - fEROReHona, g ime; In glteraate embodiments, theG L iak mastermay syppart meee thay e
Request gROUKRMRvicd, Qarﬂe?e:ﬁ anM@fsa{eE&qs RERaHL e Yo deﬁenﬁmﬁ-mmmtsm

supports only-one slave Ice” connection at a time. I'n alternate
enbodi nehave acedsetodhe Gallinkmast er nmay support nore than one sl ave deV| ce,

havs accose. t pinkipbeed SR it dige A Pc et tiRueihy PRobe o e xR iR
through witEPreBsRapeRseackdne TRE GIENERsEEend P ProBE RBue Eiqﬁmw:hmmus The-

G Link nmaster sends a Probe' Request packet with a default speed of 38400

bps and &pesdpf woeubp%mzﬁalzébrm of255 biytes.sThestave sespends avithy a Probe Respounse

Tabl o7 PRRPCRRTe i e A e‘?“form%'%;r%“%%r% F‘“‘si‘ftﬁ'eze

- Pr 0963 Re kpqmsq:apkm ifexmat andfBdble 8 lists the Probe Response packet format.

ByteNumher Lo e T T T Meaiing
0 0x80 ' '
Table 7
25
| ByteNumber | = .. . " Meaning
0 SOP byte - 0x07 '
1 0x40
2 Data Block Length Byte - 0x04
30 3 Baud Rate |
D7-D2: Reserved
{D1:D0)
00 4800
35 01 9600
10 19200
11 38400

-



Meaning O Ox80 Table 7 25 Byte Number. Meaning. . O SOP byte - 0x07 1
0x40 2 Data Block Length Byte - 0x04 30 3 Baud Rate D7-D2: Reserved
[DI:DO] 00 4800 35 01 9600 10 19200 11 38400 -7 WD 01/02942

PCTI USOO' n#691/02942 4 Maxi nun4 Receive Buffer Size - 0x8 to KRASIWVIEIH byt e-
x8F 6 Checksum Table 8 5 The Master Request Format packet 50 is a generic
requeft pagket where the master asks the slave "do you have anything to
send?® Theladvaht age | MaxioppRessive Buffer Bigaydx§ 19 OkFF gl l.ows the sl ave to respond
wi t hout waltingSfor t|/FOPhret+@BFto send a specific request packet typd (for
exanpl e, tpe sl ave wyuwhetkewml vy send an I dentify Response packet after |it
received an ldentify 10 Request packetXablkl§c 6 shows the different types
of packets a slave could send in response to the Master Request For mat

packef. A slave ' ' rz*ohh %ngn- L& et
type (that is, 'trﬁimsalgtgl\-/gédsg% S a%\t;{a?iaﬁ???sy& espg%?gé%gﬁkéfwgﬁgeﬁ%g}mster
sends an hsksiie slaveRdo yew haveanithing to ¢éndThFhsadvantagaof thispaciked tyipe isit bMewser
Request For,mat Packet wit.h an ldentify Response , packet 52, a menory read
fol | owed b§)’°e§54¥8 fespo aYEB@Pt waiting, °fé*¥mﬁ$?f t0 sendca spegifie srpuest Packst type ok st

ket 56. ' [ t
ng”teié y tﬁgﬁgpl:g,ggeula‘fevwaﬁmumfsam 1HER1H RedpoRES pRRAGARAR KRbReAAFIdARS O

Request packet). FIG. 6 shows the different types of packets a slave could send in response

to the Master Request Format packet. A slave device will still respond to a specific request
packet type (that is, the slave sends an Identify Response packet after the master sends an
Identify Request packet).
15 The slave can respond to a Master Request Format Packet with an Identify Response
packet 52, a memory read followed by a Request packet 54, or a Retry packet followed by a
Request packet 56. |
The Identify Request and Identify Response packets are used to identify the slave
20 device type. The Identification Response packet, as shown in Table 10, contains the
following data: a device type/subtype and a null-terminated string describing the device. The
device type/subtype data may be used by operational firmware to discern what slave device is
installed on G-Link. The null-terminated string may be used by Factory Test/Diagnostics
25 screens. Table 9 lists the Identification Request Packet format and Table 10 lists the

Identification Response Packet format.

: Byte Numbef, | I R T ST R R
30 0 SOP byte - 0x
1 0x41
2 Data Block Length Byte  (0x02= no data block present)
3 EOP byte - 0x8F
4 Checksum
' Table 9

35

Meaning -

| 0 | SOP byte - 0x07 .




20 device type. The ldentification Response packet, as shown in Table 10,

cont ai ns

the follow ng data: a device type/subtype and a null-term nated

string describing the device. The device type/subtype data lpr@é be used by

oper at i oM@01II923ware to di scern what slave device is i RETVHP

598n G- Li nk.

The null-term nated string may be used by Factory Test/Di agnostics 25

SCreens.

Table O lists the ldentification Reguest—Racketformat—and Tabl e

10 Fists

thel)ldent®®ication Response Packet forpat 30 0 SOP byted- 0x07 -

| Ox41 2

Dat 2 Bl 00@@%3h¢9@t@‘020x02— no data bt ack present) 2 EQP byte -

Ox8F 4 G

necksum TbEaP bgte - ®BF Byt e Nunmber : Meaning - 0 SOP bvte - 0xd7 -8 WO

01/ 02942

PCTI4JSOO {1&k&ém 1 Ox01 2 Data Bl ock Length - 0x02 3 EOP hyte -

Ox8F 4 Cnecksum Table 10 5 Bye [+tlFable10 .' Meariiir' 0O SOP byte - 0x07

| Packet

Type/ Flag Byte 10 D7: b' |' - Request .Packet D6: b'O - Read

Request D5: b' 1' - Sequence field present D4- DO h00010: Load Driver

Conmand

15 2 Data Bl ock Lenqth the 3 _EOP byvte = Ox8F 4 Checksum
'f. o - ) Mealin T - _:}:-.' A

.-
——

0 SOPbyte ox07

10

15

1 Packet Type/Flag Byte

D7:b’1’ - Request Packet

D6: b’0” - Read Request

D5:b’1’ - Sequence field present

D4-D0: 0b00010: Load Driver Command

20

25

30

35

2 Data Block Length Byte
3 EOP byte - 0x8F
4 Checksum
Table 11
T ByteNumber. 1, s o, s s MeRHipg e 2 o
0 sor byte 0x07 -
1 0x48
2 Data Block'Llugth Byte - 0x02
35 Source Address (Preferred: Big Endian)
6 NUMBYTESTOREAD '
7 EOP byte - 0x8F
8 Checksum - -
Table 12
Memory Write Packet Format

The Memory Write Request packet is a request-only packet initiated by the slave.
This packet tells the master where and how much data the slave wants to store in the master.
The master does not send a response packet. Table 13 lists the Memory Write Request Packet

format.



Table 11 20 0 SOP byte - 0x07 1 0x48 2 Data Bl ock Length Byte - 0x02 3-5
Source Address (Preferred: Big Endian) 6 NUVBYTESTOREAD 7 ECP byte Ox8F
25 8 Checksum Table 12 Menory Wite Packet Format The Menory Wite Request
packet is WOMMMIt -only packet initiated by the slave. 30PCGHHPO0AEPR ot
tells the master where and how nuch data the slave wants to store in the

mast en. T N Rt o Nsnbia n Pt AR S S y T AT o
0 SOP byL- |-_0x 1 (0 S0Pbte tOXPD Rl ock length Byte - Ox02 5 3-5 Sourde
Address (Bilg _Endi an) |@NUNMBYTESTOMNRITE 7-N Wite Data Block (last-1) EOP

byte - Ox8F__(| a&t) Chdwledlnck TenighBytd Ix00) The G Link has state conditigns
for packetg. D Bfserent] SoercdcakdreisYRigEndiger ate in vari ous states. A pacHKet
type may bd Usedsin O aNUMBYTESPOWRITENE TolTow ng Three states. Thitial
(Init), ComunyKAtl O WheDiBlo®'d Dr1ver. Tn the Tnitral state probe

packets ar DORNEYy 11| EOPbyte ORaFR U CalT o state, data,—get Text, and rjetry
packets ar4 PESEEY - T dhi:'c'ftg rver —state—drrver—i5packets—arepassey. The

type of packet—seft—t+rmr—a—state dcpcndoﬂglle'vﬁkeh—%e-t-ehaﬁd—ﬂ—we—evems are

used.

10 The G-Link has state conditions for packets. Different packet types operate in various
states. A packet type may be used in one or more of the following three states: Initial (Init),
Communication (Comm), and Driver. In the Initial state probe packets are passed. In the
Communication state, data, get next, and retry packets are passed. In the Driver state, driver

15 packets are passed.

The type of packet sent in a state depends on which Master and Slave events are used.
Master events are originated from the Slave. Slave events are originated from the Master.
Master and Slave events and their corresponding designations are listed in Table 14.

20

25

30

35
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Master events are originated fromthe Slave. Slave events are origin

fromthe Master. Master and Slave events and their corresponding

designations are listed in Table 14. 20 25 30 35 -10 WO 01/02942
. PER/US00/18594:

PCT/ USOW@EY9#43 00 PSI L: j -.Designation ::1 ,'.:' : WIS
"Other;'. 554104 t;1 a.. NO ::..: ..: :...Request ' ..: 10 F L
Driyer . B I ATARES Ak I 5 3G Ruder—dh kY ?:
=qo_Tabl jtate. Ta
i ndi cat e h state.
D:EF G-
5
- F Load Driver ... .N_ . |Retty - -
G | Bxecute .- . f ¢ - v . [ MissByte -
~H . | IR Received - ; b
15
Table 14
20 Not all master events are allowéd in every state. Table 15 indicates (using a *) which
Master events are allowed in each state.
A|B|C|DI|E|F|G|H}|ITI|]|]J|K|L
Init State o | e '
25 Comm State . . . . . ° . ) . .
Driver State * . . . . °
Table 15
FIG. 7 shows an example of how packets and events interact in the three states. In the
30 Initial state probe packets are passed. In the Communication state, data, get next, and retry
packets are passed. In the Driver state, driver packets are passed.
In the initial state 60, the slave device ignores Master events A, and D through L as
shown in Table 15 61. The Master does an initial probe of the slave 62. If the slave responds
35 to the initial probe, then the probe packet was successful and the Communication State is

entered 63. If the probe packet is not successful, then the Master sends a timeout probe to the
slave and the slave has a timeout 64. Then, the Master sends a retry packet to the slave and
the slave does a retry 65. The slave attempts to respond to the retry packet, whereupon the

-11-
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Driver State Table 15 FIG 7 shows é_m exanpl e of how packets and
events interact in the three states.-In thé. 30 Initial state probe packets
are passed. In the Conmunication state, data, get next, and retry ackets
are passeWO0M0204% Driver state, driver packets are passe®CT/USOVESH4 niti al
state 60, the slave device ignores Master events A and D through L as
shown,in Tahl.e 15 . The Master does an initigl, probe of the slave 62. If
the stave P&Eééf?&%g&@&n‘f’&"t 1 _ﬂ?%tg] d°ﬁf‘ Btpgherlnﬁgﬂgrﬂbe o thdlavefiZet was
successful and ﬁﬁ‘&e@&ﬂﬁﬁﬂﬁ&ﬁhhQﬁtéhféts‘faﬂesfoﬁ%ﬁh@ﬂeﬁéaclteitJ%@eEﬂ'tﬁpﬁ'fa@é{;ket
I's not successful, then the Master sends a timeout probe t© the slave and
t he sl ave 66sindh¢ Communication Sthtesthe slave ignetes Mastenewents A (Othgr)pad KoPrabe t he

sl ave and t he sl%ée does a retry 65. The slave attenpts to respond to the
retrySpack eSPOPRD%dupon the -11° WO 01102942 PCT/ USO0/ 18594 initial state
60 is entered amderelafe MaSH4MNs HAIRe CHBIMBIcaticH $thdlcal REE IRbné pAKSheNRsRZ. | N

the Communi cation State, the slave fornmats the next packet to give to the
Mast er 66 requasts the nesinackst &om e slaveé® | Theneths shave dogsracequestead and themastsr A

(G her) an rohe esponse) 67. .There are four paths that the
Communi cat ?%sﬁoéféﬁgxtggﬂﬁ?%%gx_&x’z%peg%edagﬁﬁss.the Master requests the next
packegqyfrom thehsh @ééﬁn&ﬁath]ﬁ@l\)last&f&qﬁés&\/tﬁe ﬂ@@?@&ef FOH U slRAD. A slave

master responds with the data fromthe specified address. 10 In a second
path, the maiesthe packeichl: Themgds justone jpext packet iganastidnsteashaf troh a Thext packete
wites the el 1u LS ¢l ol YSA o request.. .1 nst.egd;of
both a " nei?ﬁl géc&%ﬂg IP%-S%S(%&“%&% a &m%fgeﬁg%’g%eclé% kfeg(r?o éz;e%vl\htfsev%'hza S
checksum i shexdhecltsen is notsalid, then thereds ¥ pdtriychf d packet writd ot lilecsdiaverto ilfe Master

valid, then ere is aretry of. a cket wite fromthe slave to the Master
15 andist he agﬁs g\?éﬁ‘é{'? AUCHRS 2 FEYA3 ng eT DOsSIPHILY 1shat ong pY ote hydesaremissedbyy

nore byt es 4y §avdiand fid lﬂ%terttiﬂfes %@Vﬁﬁﬂé‘ﬁx%ﬂ?ﬁéﬁéﬁﬂ%ﬁbﬁ& to"l@r&%eﬂgdf

t he expected nunber of bytes to be recelv S case, the slave al so
ti mes out. tMhesseitheslavd alscetimestow. of a packet 74, a retry packet counter is

hecked 75. |f t 20 k ter i ter. th then th
e sends o VOt isa sty BEE picket T iy papkclchderin pekod 74 Jr tiiEly o
i s nO%ggr e phéket tdunter iSgreaterithai zetd) then'thé inaéteﬁeﬁ&sﬁhﬂetﬁ?;bﬁéldéf fdqfe klove/76. IR

|

"LnitFal State" is a cold reset of the Master. At s point, the Master

assunes t h&Ert pasketicgyaier is pat greater than erp, thea the Inifial stete isipstwrned tog/7a That ch, and
the Master ik 88he ik @ cOUTEMEt bfithe NASRE. Yat 18 pdthi, the' Nthster 8 STt the slave

has hung up in the middle of uploading a patch, and the Master attempts to purge its memory

with this Cold Reset.

25
In a third path, the Master requests the next packet from the slave 78. The Driver

State is entered 79 and Master events A, F, G, H, I, and J are ignored 80. The Master begins

to load the driver from the slave, packet by packet. A test is conducted for whether there are
30 more packets 81. Just in case the same packet is sent twice correctly by the slave, the master
counts it as only one packet received. Packet zero provides the total size 82. If there are more
packets to be sent, then the slave continues to send packets to the Master. If there are no
more packets to be sent, then the slave sends an execute packet and the Master executes the
35 sent packets 83 whereupon the Initial state is returned to 84.

In a fourth path, the Master requests the next packet from the slave 85. The slave
sends an execute packet and the Master executes the packet 83 whereupon the Initial state is

returned to 84.
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In a third path, the Master requests the next packet fromthe slave 78. The
Driver State is entered 79 and Master events A, F, G H |, and J are

i gnored 80. The Master begins to load the driver fromthe slave, packet by
packet . WOOBE43 s conducted for whether there are 30 roPETHSMASEY g1 jyst
I n case the sane packet is sent twice correctly by the slave, the naster

couRts it as I ne ket r.ecei . Packet zero pravides 4h ot al, size

82117 thero S shg tRorpmiiesifon Siils of 86 fivef Shit, B ARVE SR AR RrbloBR1, s e

packet s tif whith chésthe€Mastef rebdi€the pRit6col 86 oF he SlaP@édhtintecuf) i ®hith idhse thé1en t he

sl ave sends an execut egpacket and the Master executes the 35 sent packets
e

83 wher edyiesterthaea Fagtory JiestRespanse 87.r et urned to 84. In a fourth path, the

Mast er request e %J‘gg Hﬁ! s?ﬂ,q[ﬁ n
exeeut e packetﬁ%an%l?@*ﬂ@ﬁ%‘%‘%‘gﬁ%wﬁe pa@%gg‘n@g&g ere?tﬁ%f% e e%itial
state is staged nrthebbotstrap processard/@) Mitidl Bdoiitrkls; (2) 1504/ Bodtstrap;land () Ragsht her t he
Communi cation_State or the Driver State, the slave can Reset Prot chlF in

whi ch cadeadnEaqhsiage provides items that are ysesip thegexbitage, Jhe Prereding sags HUKEE, | n

whi ch ca cte&?: ;1\@,% .Response 87. 5 A patch downl oad
froma sl%g‘\:/e eui ce @%eﬁ%mg%rcﬁggégghree stages. The three stages
in tl?e boot st IStagedripthedsitial Bootsiap istage.i The Bitial Bootstpap sta2pe proviadels thsoot st r ap;
and (3) Patch . Lqad.. .Each stage. provides ite at are used,in the next
ot age. THRSSHRARRIS Hisd i 5 Suars s Figel Bontatag stag TIF- BOHpPE BEIBRSPE e  nex:
one can kegenArtPhesadsshil bSmpleford &¥ the RitidPBSStStkdpRhgs R RolloWit itemstarét|
Bootstrap stage provides the essential tools usedin. the Stage 2, Final
Boot st r apvailablsfor fyedn g nektsiaget Faster prabe packstsdewry §secondaly Watchdeg imer, e

successf ul tion pof .the initial bootstrap stage, the following itens
arelSavaiﬁ"gEﬁ%g%kgngeL%aggﬁtRa? & next stage: Faster probe packets (every .5

seconds), Wt idRebdginifig of tHebinRtialibdotstrap stagé, ageSlavicderice iwindis duitialAtaté he
begi nni ng][lof the initial bootstrap stage, the, Slave device is in i
S

t
initial skifif dhe TYESTH;whichiis afpslink master degics, raptinetysendssiodhe Haxs %&ce’raoﬁti nel y
sends toﬁr?&aé@%ﬁh Eéi'l??ﬂmﬁlooﬁi%?ﬁgk@%ﬁ%}%fﬁ@ﬁﬂéslév’ejdeﬁfi%@.tIdeéf%rrB&” the -

presence 0 | sl ave devi ce. eferred 20 enbodi nent of the
| nveyt i orembiotiinént ofithe Siventitey, ifiths TESTH datermings &/ithchh secondsl 1211eat theisdave| ave

deviCe is, present en .t he sl.ave device.,.sends an identj I, packet -
175, * The debhes Fapresent o8 the vk dByiEs ferfa SRiapaY Fosbline PRRel L8, B BRI RPAP L
pr ef er r edregidsE Mo Wit pRket!fiven the Blaeolévace 114] I dprefon@i embodineat sfalponds Wi t hin
5.6 seconds to the next packet request 115, then 25 the s|ave deviﬁgndoes a

menory wrinvention, if the slguedewcerespondswithiny S Gecands tnthe pext packepregusst 115,

the slave device does a memory write to its memory 116. The TV/STB sends another probe

25
request packet to the slave device 117. The slave device does a memory write to the TV/STB

that causes the TV/STB to "execute” the instructions within the memory write 118. The

TV/STB executes the instructions contained within the memory write from the slave device
30 119..

Stage 2 is the Final Bootstrap stage. FIG. 9 shows the Final Bootstrap process. The
final bootstrap stage provides the patch information that is loaded in the third stage. After the
successful completion of the Final Bootstrap stage, at least the ;following items are available:
35 TV screen display that shows real-time download percent complete, watchdog timer

(replaces watchdog timer from stage 1);
Get Next packet (suppresses Probe packets from stage 1);

End of stage packet handler (replaces End of stage packet from stage 1);
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request packet to the slave device 117. The sl ave devi ce does a nenory
wite to the TV/ STB that causes the ‘“TV/STB to "execute" the instructions
within the nenory wite 118. The TV/ STB executes the instructions

cont ai ned WPHOMI42 he nenory wite fromthe slave device XETUW18P4ge 2 s
the Final Bootstrap stage. FIG 9 shows the Final Bootstrap process. The
final 1 boot st ra&gﬁ;ag@epro‘xi des the patch information that is |oaded in the
third stage. Af P ’§ﬁ___;=cessful conpl etion of the Final Bootstrap stage,
at least the folsiz@ufggngtpg’{éi;_ are avail able: 35 TV screen display that shows
real -ti me downl oad percent conplete, watchdog timer (replaces watchdog

ti.mer from st agéthe begimmingofitheinsk beotstrapstagesthe TV I eenda alpetbe réquesh st age
1); End of _st ket . h f Kk f t

1) 510"1 P BRE SaT e ol 4 BRER T Rubpgimint fURT RyRiote e d IR 111
patch. At tdeRriigs Withinds Sécohdidwhdtitr theXPiVe Hevid@ hat regRnddd 8 tl/F W ENdYr @

probe request 5dpa_cket to the slave device 120. In a preferred enbodi ment
of the i nvdha sleve device daasrespand withisr.fiserondsithenithe slgvesisvion deesdaethery write

sl ave devi TV ST 2. ot a vi ce dogs
respond wi tCl %2 ng@@%ﬁg&’ﬁ%ﬁ é’h&?ﬁ"é’ s&ggﬁg}.d é\’ fhesng 82@“’3{%%5%@%?&1 22
until jphe dndrucfior Withihitiomenogt wiitkodreka@tedbydhe T/STE120d Of the final
bootstrap stage, the 10 instruction within the menory-wites are executed

by the TV/ STB 1FIG- ¥ shows thedrsgsond imerfloschahwhichisapplicsblstinapreferradch i s
applicabl e g : | LA, [ Duri ng: . nal
oot st rap. <TibefiminfbARE el TSt the bt biiatabille 3 20 3Hhond e Beit]
process r etl30 ther the bbatstrapi firoedss fearhstorthpinitiah Beotstrap, stage 181, Wth@wise thel 5

boot strap process is ?roceedi,ng g’rggﬁerl 132. Stage 3 is the Patch Load
st age 15F1 G OETaRRIRLesE 5PTRceeding p %ﬂ%%e. The patch |oad stage arranges

the informationgtdoeRit 1 PatchIloall ¥@es IFIBE S LEHWR oﬂgep t1odqne
begi nni ng of the ggt éh Iogd stage,gthlg@'e}%} ~L.éTB gtgfgggﬁr?g@vhggecket ngr%ﬁdhe

sl ave devi ¢tage agangegthglifoshation frboy thedirstdwe stagescntorusabie pateh odemAtitee menor y

te the TV/ SIB.141. ~Xhe TV.STB. d i ther th t _has b
Saccosst ul RrBpaitg ot et 1ok sagP b E T IR e A I E EPRGHS savs terive g
prefepped ersanveasvicedioes B tedreWhiteffom it8 thehioffio S TVISTE 341, MTIRETwRIBNS.

If thé“tinmer period expires 143, then the packet was not successfully
t r ansf er r edictepines whether the packet has been successfully received by the TV/STB within a timer

=

period 142. In the preferred embodiment of the invention, the timer period is three seconds.
If the timer period expires 143, then the packet was not successfully transferred from the
25 slave device to the TV/STB. If the packet is determined to be successfully received, then the
timer period is reset 144, the displayed percentage completed on the television screen is
incremented 145, and the TV/STB gets the next packet from the slave device 140. When the
patch load end of stage is reached 146, the TV/STB goes into a patch load warm reset state.
When the timer period expires 143, then the TV/STB determines whether a retry counter is

¥ greater than zero 150. The retry counter represents the number of times the TV/STB will
retry a packet request because of the timer period expiration. If the retry counter is greater
than zero, then the TV/STB will request another packet from the slave device 151. Ifthe
35 retry counter is not greater than zero, then the retry counter has been exhaunsted and the

bootstrap process retumns to stage 1, the Initial Bootstrap stage 152.
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25 slave device to the TV/STB. If the packet is determned to be
successfully received, then the tiner period is reset 144, the displ ayed

percentage conpl eted on the tetevistron—screem s incre , and the
COMRE next packet frong g@{;@g@ééyﬁ

TV/ STB i 140. pat ch | oad
end of stage is reached 146, thgﬂ umel ﬂmmg a patch | oad warm reset

st atje. 3%&% t period expiaes 143,sthen the TV/ STB det er m nes
whet her a req‘rlgcgztgun erli?'s greater than zero 150. The retry counter

represents the nunber of tines the TV/STBwill retry a packet request
because of the tinmer period exgi,r tion. | tthe ret,%count er ig.o%reat er
than zero, thdn thé cppsusss elgcironic depicednterfacs inppse Y4t a consumeh slgglotic 5\ o
devi_ce 151 : : . : L0 idfardd G risiflen the
ot By codrick hpViifa SbiBid seriOR' gl Bl Ao Ik hed Bbpridll "
stage 1, the laniifrandd fmotexiontipl tensgittet 38d - 14 WO 01/ 02942 PCT/ US00/ 18594
111121112112111021110217 .11 é%l | WHAT. IS CLAIMED IS: * CL MS 1. A consuner
el ectronic dedsta¥e periRheral fevigefomposing; i, 5 consuner el ectronic 5 device
having a conbi ned §8&idlpoR ebinedttdtd thE EcthbifedséHR foritdd infrirb®oltpiitPoftace
conprising:. an infrared renote control transmtter, and a sl ave

per ijpher anddevi ce conprising a serial port connected to the conbined serial

port and infrared output port: . 10 and an, i . i L.

passt hr ough. ci rcui f‘“B&ﬁ@cﬁatilg'a?ﬁ%sgtgﬁoﬂf%‘%ﬁoggeﬁgﬁt%‘ﬁﬁee %%hg@beaadr enot e
control tiherfatedirehote £6ntol trabsnitsrst em of claim | wherein the:sl ave

peri pheral device conprises a serial debugger. 3. The system.of claim1l

wherein the sl ave peripheral device conprises a 20 denonstration ROM
device. 4. The systgiiakentbAlilfint whlEhtheSIEDeapREIA deict Btiiprikes 6oHat €
conpdi ses a ?ét abgge exeﬁrglr’\t:(}l%}ﬁlldg}\?%}ce. 42% 53’ T#e systemof claim| wherein
t he sl avalepagdepher al device conprises a nodem 30 6. A consuner electronic
devi ce conprising a conbined infrared output and serial port wherein the
serial port is.capable of comrunicating with a slave peripheral device.

3. - The system of claim 1 wherein the slave peripheral device comprises a

demonstration ROM device.

20
4. The system of claim 1. wherein the slave peripheral device comprises a
database expansion device.
25 _ .
5. The system of claim 1 wherein the slave peripheral device comprises a
modem.
30 6. A consumer electronic device comprising a combined infrared output and
serial port wherein the serial port is capable of communicating with a slave peripheral device.
7. The consumer electronic device of claim 2 wherein software patches are
35 downloaded into the consumer electronic device from the slave peripheral device.

8. The consumer electronic device of claim 2 wherein the consumer electronic
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7. The consuner electronic device of claim2 wherein software patches are
35 downl oaded into the consuner electronic device fromthe slave peripheral
device. 8. The consuner electronic device of claim?2 wherein the consuner

el ect r oni WO 01029420 01/ 02942 PCT/ US00/ 18594 1 device is aPFEUSMWISWUn. o
The consuner el ectronic device of claim?2 wherein the consuner el ectronic

5 device is a videp recorder. 10. The consuner electronic device of claim?2
Wheréi n t HEVEERRANEMSM%ectronic device is a television set top box. 10 11.
The consuner el ectronic device of claim?2 wherein the consuner el ectronic
device is a hard disk video recorder. 15 12. The consumer el ectronic device
of claim2 wher®in {The consumenelectednicdevice of clailn 2i wherein the consuher electrogicei ver .
13. The copsuner el ectrogi c device of claim2 wherein the consuner

el ectdr oni c‘{]e"‘fﬁ‘%\’/’ldﬁ%ref’%r #-cabl e box. 14. The consuner el ectronic device of
claim?2 wherein the one or nore of download instructions and downl oad dat a
conprises a denonstration interactive electronic 25 program guide. 30

[1QIL LT 180 1 | [ Thelchasutrier ele@®onid device of claim 2 wherein the consumer electronic

device is a television set top box.

10
11. The consumer electronic device of claim 2 wherein the consumer electronic
device is a hard disk video recorder.
15 12. The consumer electronic device of claim 2 wherein the consumer electronic
device is a satellite receiver.
g 13. The consumer electronic device of claim 2 wherein the consumer electronic
20 device is a cable box.
14. The consumer electronic device of claim 2 wherein the one or more of
download instructions and download data comprises a demonstration interactive electronic
25 program guide.
N NN B O
35
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