I\/ARZOO? Lrrerrr vieer virl 11l *166166* POAER
IIIIIIIIIIIIIIIIII||0|1MAR2007I

SAVI NG

wwww NI CAL FI ELD This invention relates to power saving. 5
BACKGRQJ niversal Serial Bus (USB) is designed to support
asyﬂW@n and di sconnection between electronic and a USB
host- ost is typi cal I y a coPBEReAVANPecti on 10 or di sconnection may
be sense mm% central processing unit (CPU) by nonitoring the
five vol aﬂm\b m n the i ncom ng USB cabl e shielding. One nethod for
moni torin SogPnnect state of a USB connection (such as the Intel(r)
"SA110 palm deV| ce 15 m croprocessaRjcals RIEImONnect the USB cable to a
general purpose input/output (GPIO that has a weak pull-down. Wien the
cabl e state changesn¢eM®CirdiatdsSEONHSHdr HaMinge versa).the GPI O changes
state (fromlow to high on a. connect, and vice versa for a disconnect.)
This sfate change 20 can generate an interrupt to a controller and

appropriate steps taken. In the case of a disconnect, the interrupt
results in the USB input being digadcReu® as to prevent

The Universal Serial Bus (USB) is designed to support
asynchronous connection and disconnection between electronic :
and a USB host. The host is typically a computer. Connection

10 or disconnection may be sensed by a computer or centrél
processing unit (CPU) by monitoring the five volts present
on the incoming USB cable shielding.
| One method for monitoring the connect state of a USB
connection (such as fhe Intel® SA110 palm device

15 microﬁrocessor)-is to connect the USB cable to a general
purpose input/output (GPIO) that has a weak pull-down. When
the cable state changes (connect to discoﬁnect or vice
versa) the GPIO changes state (from low to high on a
connect, and vice versa for a disconnect.) This state change

20 can genefate an interrupt to a controller and appropriate
steps taken. In the case of a disconnect, the interrupt
'fesults in the USB input being disabled so as to prevent
power bufn due to floating inputs.

Many low-power devices connectable to a host have a

25 SLEEP mode whereby power to a CPU or controller in the



power burn due to floating inputs. Many | ow power devices connect?PJ?ﬁgo &
host have a 25 SLEEP node whereby power. to a CPU or controller in't ? 0
1 MAR 2007 device is shut off to conserve power while the I/Ocircuit
:remai ns powered up. Under these conditions, the inputs to the USB and sone
'GPl O por tgedre tiypistall yfHoto poveseth<l@owe rsahihat thbey/ovy: deami n able to
detect a WAKEUP signal or 5 for other purposes. During SLEEP, these inputs

can fl oatreddiaiB Podle@eHOusl atiRA¥AI {1 VRIGhidRE 1 BSnYWAKELE shgnad tfor om a- host,
thus resulting in power burn. Additionally, the USB cable nay be renoved

or come offe diyE nedSLERR, crhbchosendidd ayliba1dovhee sbeulsl hewabl e to
recogni ze. 10 A pull-down or a pull-up is provided on the inputs of sone

devi ces t& pnfmetndy edl, rbuhihoameke d hecdevi gewdRrubhs gy the D+ USB
i nput the external host nust pull the D+ Iline | ow high for 100 ns

resul t§ ngebn NONEr £EBIYEBLI B0-kAg éﬁ@aﬂe\@h@gew%hatghgaﬂ%isétp/ pul | -down
is being overcone by 15 the external host. For a host fighting an internal

S L Sy o T g o o
Lis acifoll dlagramatia) exeBhel YouA POl 0nda 9yl MR Y7
cable may be removed or come off during SLEEP, which
condition the device should be able to recognize.
10 A pull-down or a pull-up is provided on the inputs of
some devices to prevent float, but to wake the device up
'through the D+ USB input the external host must pull the D+
line low/high for 100 ms resulting in power consumption in-
the device while the puli-up/pull-down is being évercome by
15 the external host. For a host fighting an internal square

device on an integrated circuit (such as a transistor), the

current drain can range from 150uA to 1lma.

DESCRIPTION OF DRAWINGS
20 FIG. 1 is a circuit diagram of an exemplary

- embodiment.



DETAI LED DESCRI PTION Referring to FIG 1 an exenplary enbodi nent of a USB.
cabl e di sconnect and WAKEUP node power save circuit 10 is shown @s; MAR 2007
i npl enented in a mcrochip. 5 The circuit 10 has two nain sections: a

- keeper stage 11 and an output buffer stage 13. The circuit 10 is supplied
with power froma supply source 15 and ground 17. The circuit has signals
ENABLE 12, DATA 14, SLEEP 16,DEPXQLEDS DEBARIRTrPON and USB Host 22. (PAD
refers sinply to signal 10 line on an integrated circuit chip that is
connected to the iR¢Egratred ol FTGLt 1paskagampliaayackbodihened i r2. In this
case; the PAD is connectable to an external USB Host.) The output buffer

‘st age i nclusgesabutf etscomtda) adbr RAKEUR4madd Gowec0oBLEE! &1 B8 puty douf f er
drivers 26 and 28. Wak pull-up 15 device 30 serves as a control l'abl e weak

pul I -up, Wi lspowhaks publentoiveddevi eem82rs&iMes as a control | abl e weak
pull-down. In an integrated circuit, these nay be inplenented as square

devices (transistorshe Byréuweak'h hhsi SwHBRMy (At 1bhE keepeLpestage 11
supplies only a limted current to hold a 20 particul ar Iogrc state, which

current. GaiagRe19VEhE0aR dutdute pudSBrHostgR2 3 Ordr Lyechhe f@%h%ef stage 11
to a different |ogical state. Typically, this current Is in the range of

100uA 1o LipohedWhite SLEEP A6 8 BLgbiytf6.keener  shageodts 25

holds the last in tinme state of PAD 1 nmeans t 0 1 MAR 2007
The circuit has signals ENABLE 12, DATA 14, SLEEP 16, PAD

18, PADIN 20 and USB Host_22. (PAD refers simply to signal

10 line.on an integrated circuit chip that is connected.to‘the
integrated cirﬁuit package via a thin bond wire. In this
case, the PAD is connectable to an external USé Host.) The
output buffer stage includes buffer control circuit 24 which
controls output buffer drivers.26 and 28. Weak.pull-up

15 device 30 serves as a controllable Weék pull-up, while weak
'puil-dqwn device 32 serves as a contfollable weak pull-down.
In an intégrated circuit, these may be implemented as.SQuare
devices (transistors). By “weak” it is meant that the keeper
stage 11 supplies only a limited current to hold a

20 particular logic state,_whi;h'current_can be overcome by the
USB Host 22 top drive the keeper stage 11 to a diffeﬁent
logical stater Typically, this current is in the range of
100uA to 1.5 mA.

While SLEEP 16 is high, the keeper stage 11 weakly

25 holds the last in time state of PAD 18. Weak means that the

3



keeper stage 11 supplies only a limted current to hold a particuy amaROmIC
state, which current can be overcone by. the USB.Host 22. Typically, this
current is in the range of 100uA to 1.5 mA. Wile SLEEP 16 is |ow, the

+hol ding function 5 of keeper stage 11. is disabled. NAND gate 34 has as one

i nput SLEEP signal 16, and NOR gate 36 has as. one input the inverted

SLEEP 16, i neepkedsbigei DVesd s ufd A 1 % ER 1 | ow, the
out put of NAND gate 3gfe| S. é hi gh, turnl né}ﬁgﬁggcg% E'f S‘O\;tgaﬁ pul | -up

devi ce 30, titheaeul pai ogg\@g@{ i owb the nverted
SLEEP 16, tgjr%(r%l rltg ofaf V\g%kc cotntrol I abll%e?);&tﬁ&e 5 ngzbe «l?é’t ?b@l y

“di sabl es t haysRokidisRy 26 UNEf Q8 Ofy thﬁu&@Qﬁ&reﬁiN% ¥h8£ever SLE P 16 i6

|l ow. 15 While SLEEP is. high, tHe out put o upon t he
state of PADGEEA kb PAD A8, Indi dfsisdien d g %tp%%‘t? féﬁqh},g\%ggte 34 is

| ow, turning on controllable weak pull-up-.déevite

control | gabl e pvgakpy gtagéavypl 325 |c§lstéglrge&j off) | at chi ng’ and. hol di ng PAD
18 high. 1f 20 PAD 18 is low, then the output 46 of NAND gate 34. is high,

turning off cont N@hba?geev?@khgylgs Lghéjg_\ﬂgg)e ggEﬁfﬁ%ﬁ’?’gﬁv&rﬁt sanme _time

control | abl e weak pul F-down 32 1s turne 1 &8 BRB 16 is
hi gh, inver ShEER, 16, f | o t hus causing the
out put 48 gf NOjaga?se %rgértio pen ll;w‘e % gf"i'eg%flgA[}nl“?rtlefi PXD 18 4
0 1 MAR 200%

nverting buffer 38.

Whenever SLEEP 16 is low, the oﬁtput of ﬁAND gate 34 is.
10 high, turning off controllabie weak pﬁll-up device 30, and
the output of NOR gate 34 is driven low by the inverted
SLEEP 16, turning off weak controllable pull-down 32. Tﬁis
effectively disables the holding function of the keeper
stage'ﬁhepever SLEEP 16 is low.
15 While SLEEP is. high, the-output of NAND gate 34 depends
upon the state of PAD 18: if PAD 18 is high, then the output
46 .0f NBND gate 34 is low, turning.on;controllable weak
‘pull-up-device 30 (at the eame time controllable weak pull-
‘-'?"dow'n 32 is turned off) latching and holding PAD 18 high. If
20 PAD 18 is ‘low, then the output 46 of NAND gate 34 is high,
turning off controllable weak pull-up device 50 {(while at
the-Same time controllable weak pull-down 32 is turned on).
Similarly, while SLEEP 16 is high, inverted SLEEP 16
from inverting buffer 42 islow, thus causing the oufput 48

25 of NOR gate 36 to depend on the state of PAD 18. If PAD 18

4



is high, then the output 48 of NOR gate 36 is |low, shutting off MAR 20
control |l abl e weak pull-down 32. Wien PAD 18 is driven |ow (for é&gnﬁle,uﬁy
USB Host 22) the output 48 of NOR-gate 36 is high, thus turning on
:control | abl e weak pull-down 32. 5 While SLEEP 16 is-high, whatever the
weakly held state of PAD 18 may be, if PAD 18 is either driven to a

di fferent; s st BheHSBrBOSht22r Ofg di# @R dHEENGs ENABLE, higfutduhbng a tine
when the Tocal” device is controlling the data line, after a brief interval

the keepegs ﬁté&ﬁcﬂo&%@@gﬁéakop@m—&&mtﬂzdswhbﬁ BEW {088 J8GRAL) state of
'USB host 22 |n PAD 18. USB host 22 shoul d be capabl e of supplying

sufficien,, Ocher%ﬁagnglge epl @sgoﬁgy@r@mnghsuw@!swa het disit e e0f PAD

18. Wien cont i e weak | -up device 30 is on, 15 controll abl e weak

pul | - do e\ C f 18 obot h of f
when SLE 4 ‘64 %ﬁ "t %3’\5/’% g}lgéﬁ??n% eﬂ%%%éé’ﬁﬁﬁl“gégg%ulﬁﬁ ENABLE 12 i s

%?Ehaﬁ."ﬁcftﬁi B Burrer g VAP 5 "‘Eﬁ béeggﬁ%‘”’%@%@e;nf’

SLEEP 16 a t |OMI listen d d Host 22
and the oﬁ pu b & s(D 56 %%d g@ g%elsruﬁt gggr ess. £%%é£%%$ state
of ENABLE

S%g é@ g PAD 18 g I akl| |ts | ast in
time stat %tla’f? ‘fslB Eep?18%) %"%ﬁﬁ dlﬁ%élguggz\ﬁ Ey ﬁ'ﬁﬁ |§AD 18 hi gh
(Overconlggméhghen (%e l%%al 8ev1ce is controlling the data line,

after a brief interval the keeper stage 11 changes to and
10 holds the new (most recent) state of USB host 22 in PAD '18.

USB host 22 should be capable of supplying sufficient
current to be able to overcome the weakly held state of PAD
18.

When controllable weak pull-up device 30 is on,

15 controllable weak pull-down device 32 device 32 is off, and
vice versa. They are both off when SLEEP 16 low, thus
disabling the KEEPER 11 stage.

When ENABLE 12 is high and SLEEP 16 is low, PAD 18 is
céﬁtfolled_by the output buffer 13 which includes output

20 buffer drivers 26 and 28. When ENABLE 12 and SLEEP 16 are
both low (listen mode), PAD 18 may be driven by USB Host 22
and the output buffers 26 and 28 are shut off. Regardless. of
the,staté of ENABLE-iZ, while SLEEP 16 is.high, PAD 18 is.
held weakly at its last in time state. If, while SLEEP 16

25 high, the USB host 22 drives PAD 18 high (overcoming the

5



weak pull-down if the saved state was | ow) the |ocal device CPU (rbo{ MRROYHE?
my be awakened. Using a circuit of this type saves the need to use:
valuable GPIO circuitry sinply for cable detects. Cable 5 detects nay be
-perfornmed by a software tinmeout condition. Table 1 shows a logic state
chart for the circuit. References to chip refer to the |ocal device CPU
(not shown). Table | 10 EN D Sl eep PAD PADIN USE Coment Host O X 0 Z Z
Chip listening to USB host and USB host not driving anything 0 X 0 1 0 1
Chip listening to USB host and USB host driving O X0 0 1 O Chip listening
t0 USB hogtarnsl, USBRASTE s diHeVisBFeq O L P, Signal to USB host
'via D=0 and al%stf) treadi ng HbacE v?aS%A%I% |9 Eowg ?mf) %L&é]gll gjegpg%al ing to USB
host via Bet aisk alnsan) readidagabagénada PADIN X X 1 WK X Z Chip in sleep
node waiting to be woken up via USB host. Host sleeping X X1 101 Chip
in sl eep node v@irtg RYclochie: WEKERL SIP: pHed satSB dh@sheediosd Ja@king up X X 1 1
1 0 Chipin sleep nobde waiting to be woken up via USB host. Host waiting

valuable GPIOC circuitry simply for cable detects. Cable
5 detects may be performed by a software timeout condition.

re

Table 1 shows a logic state chart for the circuit.

References to chip refer to the local device CPU (not

shown) .
Table 1
10 :
EN D | Sleep { PAD { PADIN | USB Comment
Host .
0 X 0 Z * Z Chip listening to USB host and USB Host not
driving anything
0| X 0 1 0 i Chip listening to USB host and USB host driving
1 .
0 X 0 0 1 0 Chip listening to USB host and USB host driving
0 .
1 (VN 0 0 1 0 Chip signaling to USB host via D=0 and also .
reading back via PADIN
i 1 0 1 0 1 Chip signaling to USB host via D=1 and also
. reading back via PADIN
X X 1 WX X Z Chip in sleep mode waiting to be woken up via
USB host. Host sleeping
X X 1 i 0 1 Chip in sleep mode waiting to be woken up via
USB host. Host waking up L
X X 1 1 1 0 Chip in sleep mode waiting to be woken up via
USB host. Host waiting
- Legend:
. = Data
15 ' EN=Enable
Z => tristated
* => indeterminate
X => either high or low
W => weak signal strength.
20 WX means weakly driven high or low. While SLEEP 16 is

high, when PAD 18 = WX it is weakly holding whatever was
sent out/in most recently,. but this can be overridden by the

USB host 22. For example if the USB host 22 drives a 1 when
6



Legend: D= Data 15 EN=Enable Z => tristated * => indeterm nateaﬁ RER 2007
either high or low W=> weak signal strength. 20 WK neans weakly driven

high or low Wile SLEEP 16 is high, when PAD 18 = WK it is weakly hol ding
.wWhat ever was sent out/in nost recently, but this can be overridden by the
USB host 22. For exanple if the USB host 22 drives a 1 when 6 0 1 MAR 2007

EN=O and tgien oS thenZqatil ef, that AL | i t Lf the USB
host 22 is at Z and Elr\ll:i and C’Ehé; gﬁieg HP%g’e\Q@A% %éa[xﬁrlgugﬁn%%ﬁlf 4 out to

PAD 18, that G amd]. { Qe 8.,a fter EN=Q. Mhi,l e SLEEP is
hi gh, Them}?ft'a?é gﬁepg%ﬁ%é‘?%”zmﬂgé% ;‘?Jchél %ng\g%@_%raébdgn PE§d FrEntiFE8aFi ng

‘whenever it 4 Syt ReibRgadli v, D, . O her, enbodi.nents .are within the
scope of the cl g?) ) Eg? {ekaoﬁr%l é:f%ytpﬁ)e%\ (::Llsrcglil?tc U o & STRpRerBnERR with

discrete .30 .el eGtrqni.c devices rather than in a mcrochip. The
controll a61 e “Weak Sul I fugﬁdde\/i ce and the controll able weak pull-down

devi CesCOUI di Wi‘i@e S%Eﬁﬁsigtl{ivg%,e&%gers]%étz gf 1PAI\]4N?L829LOS7 weakly held
and prevented from floating whenever it is not being driven
by PAD.
Other embodiments are within the scope of the claims.
FOr.example, the circuit could be_implemented with discrete
16 electronic devices rather than in a microchip. The
controllable weak pull—up device and the controllable weak

pull-down device could include a resistive element.



CLAIM5: 1. An apparatus conprising: a Universal Serial Bus (USB) device to .
tonnect to a USB host, the USB device conprising: a signal line 01 MAR 2007
connectable to an external signal |ine that couples to the USB host; a

- keeper stage conprising at |east one controllable weak pull-up device and
at Ieast(%:ih ntroIIabIe weak pul |l -down device, the keeper stage arranged
to hold e signal line in a weakly held state responsive to changes in
the state of the external signal . line that occur after a powering down, in
whi ch the contlrol 6?’ﬂﬁ@r‘PQééﬁﬂm%%e control | abl e weak pull-up device

conprises a | aqifdérsdVA¥RaPBuAURIHERYRE 30 8bnEd0 (ﬂ% ?Qﬁl th@ ®§é1§?‘ﬁ‘%f?; nal

line, and the control of the at |'east one control e weak pu
devi ce coAPrisiag: a Iogl cal NCR of an inverted SLEEP signal and the signal.

2. The appar at us of i.ch the we ate is th st in
time state of the eS? %‘r% conn NE pie 9 ?\%e’(t?naﬁsﬁé’ iﬁﬁ%ﬂﬁ% &%upéffStBIﬂEﬁ# or 2

further dosprising ci rcwtry to d| sable the at |east one weak pull-down
device if the weak-pull up device is enabled and to disable the at |east
one weak pull-up dé\}ﬁeewrsag@ﬁ@lﬂﬁl@ﬁngﬁwweewra@}hab@ wrak pulsipedeaiseed. 4.

The apparaﬂfl YSlefd oﬂ@)f%rﬁg)?lagfe Wl é)rﬁ\?\lhl dbwirCaevide Ui t]r rl}?%})e? Qﬁgé 5‘?%{(%%(1 % hold

control I abl e out put st ag I's ab state of the
si gnal arik $ignal tige irca weakly hyldtsdntemabd)msn@rtd charpabirethe bﬁtmﬂth&léxtbmht er stage

based upon t te of an ENABLE si nal The a ratu of any one of
the pr egétﬁ“ﬁ‘g"ﬁtb‘i%r?gcﬁ"r?f%ﬁia@ﬂwfﬁggéﬁ Pn“@%ht&r? Cﬁ%f ?‘B"Ft fsabl e the
keeper  sicagiollaBlOwdaki- @&@vaeﬁeomﬂ?ﬁe@a fozital NAINTS bath @LﬁEi’%'iérﬂPéncﬁP”p” sing

controlling the at |east one wea
signal on the signal line, and the control of the at least one controllable weak pull-down

device comprises a logical NOR of an inverted SLEEP signal and the signal.

2. The apparatus of claim 1 in which the weakly held state is the last in time

state of the external signal line.

3. The apparatus of claim 1 or 2 further comprising circuitry to disable the at
least one weak pull-down device if the weak-pull up device is enabled and to disable the

at least one weak pull-up device if the weak pull-down device becomes enabled.

4. The apparatus of any one of claims 1 to 3 further comprising a
controllable output buffer stage which is able to drive the state of the signal and having
circuitry to enable and disable the output buffer stage based upon the state of an
ENABLE signal.

5. The apparatus of any one of the preceding claims in which the SLEEP

signal can enable or disable the keeper stage.



pul |l -up and the at |east one weak pull-down device based upon the state of
the SLEEP signal. 7. A nethod conprising: after powering down a Uhl WARs&07
Serial Bus (USB) device, sensing a state of an external signal coupled to
-a USB host; storing the state of the external signal in a signal weakly

held in a stored ate b keeper .stage having at..l east pne controll able
weak pul | -up devic gﬁgcﬁof%lggqg . rﬁ‘g‘ﬂP?ﬁf‘g 8%Pt5’tl\}%%eﬁhféla§td’ﬂwealévi ce,

t he weakipyllfigladd shaitatashend g edkGRIPAGHY Bevi€: baaBROERShE Btatd ¥F (8 8L BEPT t he
external signal; and controlling the weak pull-up device with a | ogical

'NAND of #i82kignal and a SLEEP signal, and controlling the at |east one
‘weak pull-down device with a logical NOR of the inverse of the SLEEP
signal and the signal. 8. The nethod of claim?7 in which the weakly held
state of the §ignalA mathodeompvieingone by the external signal. 9. The nethod

of claim?7 or 8 further conprjsing djsablin he | east one weak

pul | -down devi ce wi ﬁrff%e_rg‘pté 40(3"&‘5"(%8#’(8“9\]9%%%];)%}‘?([%8 1CessnENgnaHpted, and
di sabl i ngfhhexteinal 82%d1 cONNeARAKUBBIHostiP device when the at | east one weak
pul | -up device is énabled. 10. The nethod of any one of clainms 7 to 9

further conpri si ngsenaplthagataed thegixteaimalisignal ine sigapwealdy agld ibastedipon t he
state of P_sj .11 .The net hod.qf any, o of, cl ai to 10
further é%%ﬁ?’%?% efél}g%ﬁlhag mggnat l?ﬁgo eucrorqﬁﬂ%go(%? }Ve%lﬁ%‘ngflp Idg‘é{g? a‘b@*’éq%égk

pul | - up ane caitrdliabltweakuitatwidsvicegd e edR i Hetbsightd bethgtpponiibetcst at e of
the SLEEP signal. 9 0 1 MAR 2007  12. The nethod of any one of clainms 7 to
11 f ur t hahangssiythe siats ofithe eremel fignalia@dcont rol | abl e weak pul | -up devi ce and

the controllabl e vwegkrdiith ik RNl EaeMde vith a logical NAND of the signal and

a SLEEP signal, and controlling the at least one weak pull-down device with a logical
NOR of the inverse of the SLEEP signal and the signal.

8. The method of claim 7 in which the weakly held state of the signal may be

overcome by the external signal.

9. The method of claim 7 or 8 further comprising disabling the at least one
weak pull-down device when the at least one weak-pull up device is enabled, and
disabling the at least one weak pull-up device when the at least one weak pull-up device

is enabled.

10.  The method of any one of claims 7 to 9 further comprising enabling and

disabling the keeper stage based upon the state of the SLEEP signal.

11.  The method of any one of claims 7 to 10 further comprising turning on
and turning off the at least one weak pull-up and at least one weak pull-down devices

based upon the state of the SLEEP signal.



square devices in an integrated circuit. 13. The apparatus of any ﬁ)ge@ﬁ{ 2007
clainms 1 to 6 wherein the keeper stage is inplenented in an integrat 4
circuit. 14. The apparatus of any one of clains 1 to 6 and 13 wherein the
.controllable weak pull-up device and the controll able weak pull-down

device are square Vi ces. .. The ar af us, .o, ny one. of clains 1 - 6, 13
and 14 in whi é’%‘ thil eg}eéhogwjf?wxgn? Sfa‘g ‘Ebsa}dﬁ”isk}e‘{iﬂﬁﬁ)y CQWHYW{’&‘H‘Q?C%?WIEEi t. 16.
The appatttdeatrolfiablé wedk pil-up deit€ ind the chaeNRbleShalSull sl @vis wine si gnal
line in a weakly held state that represents the last in tinme state of the

signal | PHHradevies Wban inigerated cirgltikr nal circuit before powering down the
‘internal circuit. 17. The apparatus of claim15 or 16 in which the weakly
held state can be overconme by either the internal circuit -or the USB host.
18. The appar &3.us dhe apparangofinyadngiofelaims d td6 whdreid the keegbrkfage @s 17 in

whi ch the USB dgvi ceﬁgon%rés.es .a processor that, after powering down,
awakens WARRMERE o nigeralfd SN gnal | ne changes state. 19. The net hod
of any one of clainms 7 to 12 further conprising awakening the USB device
when the USB host drives the signal to a different state 20. A Universal
Serial Bus (Ub8) ddheeppasatvs atany aniegiglaims héo 6 end bhmderein thegontgglbleost

t hrough a xternal .si | ine e USB device.conprising: .an output
out for <P agEPuEURRREL BREte oo R R T I Eaf A ey e el 10 0 1
MAR 2007 a keeper stage to maintain a state of the signal line in a weakly

hel d state; and a processor; %\g‘erei n the USB devi ce operates in at |east
three states: 1?a) & APRABHS phanysme i clapns { 10, 49 3pd 1AHywhish Reeper st age

are di sablseel.1ideR€also driven by an internal circuit.

16.  The apparatus of claim 15 in which the keeper stage also holds the signal
line in a weakly held state that represents the last in time state of the signal line as driven

by the internal circuit before powering down the internal circuit .

17. The apparatus of claim 15 or 16 in which the weakly held state can be

overcome by either the internal circuit or the USB host.

18.  The apparatus of any one of claims 1 to 6, 13, 14, and 15 to 17 in which
the USB device comprises a processor that, after powering down, awakens when the

signal on the signal line changes state.

19.  The method of any one of claims 7 to 12 further comprising awakening

the USB device when the USB host drives the signal to a different state
20. A Universal Serial Bus (USB) device having a signal line to connect to a

USB host through an external signal line, the USB device comprising:

an output buffer stage to drive the signal line and the external signal line;

10



USB device listens to the USB host through the external signal line, (b)
when the output buffer stage is enabled, the USB device drives theg 1 MAR 2007
external signal line to send a signhal to the USB host, and (c) when the USB
sdevice is powered down, the keeper stage is enabled to hold the signal
line in a weakly held state responsive to changes. .in.the external signal
line, and the proc&i(g?ﬂerf’?g%mglﬁ fRtate afite i‘%@illmgt‘nﬁ?"’le@éﬁ’?ﬁét%%ternal
signal lame to a different state. 21. The USB device of claim 20 in which
t he keeper stage conprises at |east one controllable weak pull-up device
‘and at | east one c8RIYEFO&EDI e weak pul | -down device. 22. The USB device of
‘claim20 or 21 in LGE . . . controll abl e weak
Wikefelh &EQ{Q@ Hé\ﬁf’é %&kﬁ%ﬁ’ agiegkt(é%%re sEHtss;

pul | -up device conprises a loglca signal and a signal on
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external signal line to send a signal to the USB host, and

(c) when the USB device is powered down, the keeper stage is enabled to
hold the signal line in a weakly held state responsive to changes in the external signal
line, and the processor is awakened when the USB host drives the external signal line to a

different state.

21. The USB device of claim 20 in which the keeper stage comprises at least
one controllable weak pull-up device and at least one controllable weak pull-down

device.

'22.  The USB device of claim 20 or 21 in which the control of the at least one
controllable weak pull-up device comprises a logical NAND of a SLEEP signal and a
signal on the signal line, and the control of the at least one controllable weak pull-down

device comprises a logical NOR of an inverted SLEEP signal and the signal.

23.  The USB device of any one of claims 20 to 22 in which the signal line

comprises a signal.

24,  The apparatus of any one of claims 1 to 6, 13, 14, and 15 to 18 in which

the signal line comprises a signal.
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