WO 03/ 009117 PCT/ US02/ 22183 POAER SAVI NG TECHNI CAL FI ELD Thi s invention
relates to power saving. 5 BACKGROUND The Universal Serial Bus (USB) is
desi gned wo swppart asynchronous connection and di sconne®drarsobeiisgeen

el ectronic and a USB host. The host is typically a conputer. Connection 10
or disconnection may be sensed by a conputer or central processing unit
(CPU) by nonitoring the five voPO¥ERr &eMtNGon the i ncom ng USB cabl e
shielding. One nmethod for nonitoring the connect state of a USB connection
(such as the Intel(r) SA110 pal m device 15 m croprocessor) is to connect
the USB cable to a general purpose input/output (GPIO that has a weak
pul | -down. When the cabl e statecghacgessimiennect to di sconnect or vice
versa) the GPI O changes state (fromlowto high on a connect, and vice

versa for a ditgG@nAagetn}idhi S idt@isetehpmger 2avaag.generate an interrupt to
a controller and appropriate steps taken. In the case of a disconnect, the
interrupt results in the USB input being disabled so as to prevent power
burn due to floating inputs. Many | ow power devices connectable to a host
have a 25 SLEEP node whereby powetcpakoangPU or controller in the

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 central
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 the Intel® SAll0 palm device

15 microprocessor) is to connect the USB cable to a general
purpose input/output (GPIO) that has a weak pull-dovwn. When
the cable state changes (connect to disconnect 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 generate an interrupt to a controller and appropriate
steps taken. In the case of a disconnect, the interrupt
results in the USB input being disabled so as to prevent
power burn 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



WO 03/ 009117 PCT/ US02/ 22183 device is shut off to conserve power while the
/O circuit remins powered up. Under these conditions, the inputs to the
USB and swom3@i@ ports are typically not powered down saecrhasn2ehiey may
remain able to detect a WAKEUP signal or 5 for other purposes. During
SLEEP, these inputs can float fromstate to state while awaiting a WAKEUP
si gnal fraswigze Besehuthest riesWanisRgVe nPYeRie Wisden Ehaddl @ i o ¥, t he USB
cabl e may be renoved or cone off during SLEEP, which condition the device
shoul d bereasligst porecegniz e. IR rALpaEE - GOWH. toong  plihe - LPPYSS FPovi ded on the
inputs of some devices to prevent float, but to wake the device up
t hrough tttes DSBUSBA| apue SHEC edardsnare hagrigaidyy pakl Peweret doMitne | ow hi gh
for 100 ns resulting in power consunption in the device while the
pul | - up/ pad |thddwirhies bey ngertddar cbie by dStedie s WPEEHEI sh@stl oFor a host
fighting an internal square device on an integrated circuit (such as a
transist ofy diher purpeses driringaflEBRgetieTMitBOuA con 17d0atDESCRI PTI ON OF
DRAWNGS 20 FIG 1 is a circuit diagramof an exenplary enbodinent. 2 WO
03/ 009117 RET/WSA2/ 22188atOETAI IERWBESORY RT VO ERET eighay foorFleG 1 an
exenpl ary enbodi rent of a

host, thus resulting in power burn. Additionally, the USB

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 pull-up/pull-~down is being overcome 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 lmA.

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

embodiment.



USB cabl e di sconnect and MAKEUP node power save circuit 10 is shown as
inplemented in a mcrochip. 5 The circuit 10 has two main sections: a
keeper swage/ddiiand an out put buffer stage 13. The circuiPCTaBGo2/82185uppl i ed
with power froma supply source 15 and ground 17. The circuit has signals
ENABLE 12, DATA 14, SLEEP 16, PAD 18, PADIN 20 and USB Host 22. (PAD
refers sinply to signal 10 | iDFEASRERANPEFRIFTAOEd circuit chip that is
connected to the integrated circuit package via a thin bond wire. In this
case, the PAD i s cdafestublbetrof5@. eXtaar sabmnp/SBr Hoxtbodimeat oftput buffer
stage includes buffer control circuit 24 which controls output buffer
drivers 2&5a8ndaRBe disdonmelcl- apd 1BAKRIA ced80pgervespvss cdrsuntr 601 abl e weak
pul | -up, while weak pull-down device 32 serves as a controll abl e weak

pul | -down.is khoan antiegrimmedtedr twia mitdyesbipmy be inpl enented as square
devices (transistors). By "weak"” it is nmeant that the keeper stage 11
suppliés only a |imMiedicuuiéeniOtbaholwb a220 pactiad:ara [kegperst ate, which
current can be overcone by the USB Host 22 top drive the keeper stage 11
to a differtege 1logmidaln stabet Bypiealdbpget hds The raintcuis 1@ the range of
100uA to 1.5 mA. Wiile SLEEP 16 is high, the keeper stage 11 weakly 25

hol ds t he sh@stied it Eiwtre fabmPAD WG]l Meakraoeans driwatgdduad 37WDO 03/ 009117
PCT/ US02/ 22183

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 circuit package via a thin bond wire. In this
case, the PAD is connectable to an external USB 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 weak pull-up, while weak
pull-down device 32 serves as a controllable weak pull-down.
In an integrated circuit, these may be implemented as square
devices (transistors). By “weak” it is meant that the keepex
stage 11 supplies only a limited current to hold a

20 particular logic state, which current can be overcome by the
USB Host 22 top drive the keeper stage 11 to a different
logical state. 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 particular logic
state, which current can be overcone by the USB Host 22. Typically, this
current iwoio/obhie7 range of 100uA to 1.5 mA. Whil e SLEEP lé@craushze2iss he
hol di ng 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, inver keePdy staveerdi pgepliserrmy. awhdneted SIEEPL16°i Bo{dwd the out put
of NAND gate 34 is 10 high, turning off controllable weak pull-up device
30, and PhEtEEtIAR lORINORCYEE e v3Y Gls clEFoRh FBWIASY CVRECPRIERY e SLEEP 16,
turning off weak controllable pull-down 32. This effectively disables the
hol di ng f UBBtHeH: A2 t A¥rkeepky, WtidgeuRkenevey GLEBR ¥6088 Pdw. 15 Wiile
SLEEP is high, the output of NAND gate 34 depends upon the state of PAD
18: if PADOQ®A| &0 Hi-ghmAt hBhitdeSIGiRh U6 1361ef, NANDgdOen34fW_C R t ur ni ng.
on controll able weak pull-up device 30 (at the sane tinme controll abl e weak
pul | - fdownf3ke¢per tred oLfjs|dtahilng-and hol ding PAD 18 high. If 20 PAD 18
is low, then the output 46 of NAND gate 34 is high, turning off
control | abl e WeakD mdtle- 3f Hevize BB (wpikeSREEP tHigngdne bty i ardddPR rol | abl e
weak pull-down 32 is turned on). Simlarly, while SLEEP 16 is high,
i nvert ed SREEP346had renohavenpitngHuufiherrdadi $LBRE, tthusnvauseugey he out put
48 25 of NOR gate 36 to depend on the state of PAD 18. If PAD 18

inverting buffer 38.

Whenever SLEEP 16 is low, the output of NAND gate 34 is
10 high, turning off controllable weak pull-up device 30, and
the output of NOR gate 34 is driven low by the inverted
SLEEP 16,lturning off weak controllable pull~down 32. This
effectively disables the holding function of the keeper
stage whenever 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 of NAND gate 34 is low, turning on controllable weak
pull-up device 30 (at the same time controllable weak pull-
down 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 30 (while at
the same time controllable weak pull-down 32 1s turned on).
Similarly, while SLEEP 16 is high, inverted SLEEP 16
from inverting buffer 42 is lo, thus causing the output 48

25 of NOR gate 36 to depend on the state of PAD 18. If PAD 18
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4 WD 03/009117 PCT/ US02/ 22183 is high, then the output 48 of NOR gate 36
is low, shutting off controllable weak pull-down 32. When PAD 18 is driven
| ow (for wwaspbE17 by USB Host 22) the output 48 of NOR gateT/iB3822H8hi gh,
thus turning on controll abl e weak puII-domn 32 5 While SLEEP 16 is high,
what ever the weakly held state of PAD 1 if PAD 18 is either driven
to a difféfehtod sté?%n WGUSBtHBEt‘lSZZO%rNO@r 99@% %@ﬁ%d-of’_‘NABI@EtﬁiLﬁ% during a
time when the local device is controlling the data line, after a brief
interval PAE REBPEPLSYAGe “edKchAhYESHD 3 ndWaen WARIS & Hé R&WveRost recent)
state of USB host 22 in PAD 18. USB host 22 shoul d be capabl e of supplying
suf fi ci entOWcUFPENE*AP e RBI BSE 0loverddnéheheutmink|4f 1R g‘O&t gekeof PAD

18. When control |l abl e weak pull-up device 30 is on, 15 controll able weak
pul | - down 3@e¥FcBigh: dedvisc&u3Ring o fcommdllobie wals @ulthnepwar 82bot h of f
when SLEEP 16 | ow, thus disabling the KEEPER 11 stage. Wen ENABLE 12 is
hi gh afd SLEEPY2&1¢ sSHERR, 1PADS 1819k, arievs| 8be byealiey detpusthtefer 13
whi ch includes output 20 buffer drivers 26 and 28. Wien ENABLE 12 and
SLEEP 16 &fePBBt h8|may (s, sténPABdly 1 PAD thgrnayiven drd verlifyfeWSBt Host 22
and the output buffers 26 and 28 are shut off. Regardless of the state of
ENABLE 12steiiel by SIEEMOBE £2€ hE gy i WAD &g iing, ENABLE high during a

time when the local device 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
controlled 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 state of ENABLE 12, 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
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held weakly at its last in time state. If, while SLEEP 16 25 hi gh, the USB
host 22 drives PAD 18 high (overcomng the 5 WO 03/009117 PCT/ US02/ 22183
weak pul Iwomanodiii7 t he saved state was | ow) the |ocal devi eeT/IGRLLIBDL
shown) may be awakened. Using a circuit of this type saves the need to use
valuable GPIO circuitry sinply for cable detects. Cable 5 detects nmay be
per f or med"B§k aP b T4Rife itfi AEBUEACHhAi tGten VaFabP® 1héhdwsad fe¥icestate
chart for the circuit. References to chip refer to the |ocal device CPU
(not  sho®RY. (Trabl TWn)1G2ENCD BfFGHIOAD PADIN USB Comment Host 0 X 0 Z *
Z Chip listening to USB host and USB host not driving anything 0 X0 1 0 1
Chip |i steni ngle&USB Hastiindf USE shdsteed spVrhgthel e’ Go0uge0 Chip
listening to USB host and USB host driving 01 000 1 0 Chip signaling to
USB host Veaugkbe dpiiGilcdgcuibayi wgbat Kow g2papidetectsy £able chip

signaling to USB host via D=1 and al so o
5 “detects may be performed by a software timeout condition.

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 p:4 0 7 * 4 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
1
0 X 0 0 1 0 Chip listening to USB host and USB host driving
0
1 0 0 0 1 0 Chip signaling to USB host via D=0 and also
reading back via PADIN
1 1 0 1 0 1 Chip signaling to USB host via D=1 and also
reading back via PADIN
X X 1 WX X 2 Chip in sleep mode waiting to be woken up via
USB host. Host sleeping
X X 1 1 0 1 Chip in sleep mode waiting to be woken up via
USB host. Host waking up
X X 1 1 1 0 Chip in sleep mode waiting to be woken up via
USB host. Host wailting
Legend:
D= Data
15 EN=Enable
=> 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



readi ng back via PADON X X 1 WK X Z Chip in sleep node waiting to be woken
up via USB host. Host sleeping X X1 1 0 1 Chipin sleep node waiting to
be woken wp 03i0e911USB host. Host waking up X X 1 1 1 0 Chi pCirruset/exgs node
waiting to be woken up via USB host. Host waiting Legend: D= Data 15
EN=Enable Z => tristated * => indﬁterm nate X => either high or |low W=>
weak signgw_gtF@ﬁg?hen25ﬁﬁktﬁeén§ WRBKIRA dr iF8n L Ai GhorFg Wﬁ%ﬂ ﬁ%ile SLEEP 16
is high, when PAD 18 = it is weakly holdlng mhatever was .sent out/in
nost receﬂ@1y?bePet%$%lE§ﬁ 88 6§e??|%dﬁﬁiﬁy‘ hard U 11580 951Ve8r exanpl e
if the USB host 22 drives a 1 when 6 WO 03/009117 PCT/USOZ/22183 EN=O and
then goesa & Zbapver ik 14pABti1BoOwWrR? Y%endibatal Wil 17 &3BFABst 22 is
at Z and EN=1 and the chip drives a O through DATA 14 out to PAD 18, that
0 will reﬁ&iﬁSiWOP%Eﬁeﬁ3“§§-mo after ENFO 5 Wiile SLEEP is high, The state

of PAD 18 is weakly held
While SLEEP is high, The state of PAD 18 is 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
10 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.



and prevented fromfloating whenever it is not being driven by PAD. O her
enbodi nents are within the scope of the clains. For exanple, the circuit
coul d be wopBeoanted with discrete 10 el ectronic devi cespcatuser21iBan in a
m crochi p. The control | able weak pull-up device and the controll abl e weak
pul | -down device could include a resistive element. 7 WD 03/009117

PCT/ US02/ 22183 WHAT IS CLAIMED IS: 1. Acircuit conprising: 5 a PAD signal
| i ne connectable to an external host line; a keeper stage configured to
hold the PAD signal line in a weakly held state responsive to changes in
the state of the external host signal. 10 2. The circuit of claim1l in

whi ch t he WEekISF KéPdMBPat® is the last in tine state of the externa
signal line. 3. The circuit of claim1 wherein the keeper stage conprises
at | east one controllable weak pull-up device and at | east 15 one
control | abl e weak pul | -down device. 4. The circuit of claim3 further
conpri si ngt cif RGNt EPRPEigHTEd to disable the at |east one weak pul | - down
device if the weak-pull up device is enabled and to disable the at 20

| east one weak FpEAPD- gpodelildas fconhechrake put |and ewkctes} deosthddoses

enabl ed.
a keeper stage configured to hold the PAD signal line

in a weakly held state responsive to changes in the state of

the external host signal.

0 2. The circuit of claim 1 in which the weakly held state

is the last in time state of the external signal line.

3. The circuit of claim 1 wherein the keeper stage comprises
at least one controllable weak pull-up device and at least

15 one controllable weak pull-down device.

4. The circuit of claim 3 further comprising circuitry

configured to disable the at least one weak pull-down device

if the weak-pull up device is enabled and to disable the at
20 least one weak pull-up device if the weak pull-down device

becomes enabled.

5 The circuit of claim 3 in which the control of the at

least one controllable weak pull-up device comprises a

8



5 The circuit of claim3 in which the control of the at |east one

control | abl e weak pull-up device conprises a 8 WO 03/009117 PCT/ US02/ 22183
| ogi cal NAND3mHo1a7 SLEEP si gnal and the PAD signal and thepcaarsvz/edisef the
at | east one controll abl e weak pull-down device conprises a |ogical NOR of
the inverted, SLEEP signal t he PAD si gnal . 6 .The. circujt of claiml
further coRprfasT Mgty %%oﬁ‘t ?ﬂll'%‘j%bsfjeqn&jt Gt ga‘?f%}g) sstlgélgl\/\ﬁflgh"ﬂil% able to
drive the state of the PAD signal and having. circyitry.tq enable and

i Sabi o 't ABGLOpULE BT &F CPaBE B GaTiBoN | PHES sishle Pl LaAo™ 0. Enagl £
signal. 7. The circuit of claiml further conprisin EP, signal which
can enabl BS%hT® o SHHEChé E%Jpcéagl é%’?gé’ §ﬁe-|- %V%ﬁqﬁ%ui%tl'gg 8%%?%’?7 further
conprising controllin 12 the at | east one weak pull-up and the at | east
one weak °P IFh%oWo%ﬁn@ *based upon the state of the SLEEP signal. 9. A
met hod _conprising: sensing the state of an external signal; storing the
state of the external si gnal in a PAD 20 signal weakly held in a stored

state by a keeper stage; the weakly hel d PAD signal being responsive to
changes Fn t hENSt @B PheCextBrhdUidiigRafomPrising a

controllable output buffer stage which is able to drive the
state of the PAD signal and having circuitry to enable and
disable the output buffer stage based upon the state of an

10 ENABLE signal.

7. The circuit of claim 1 further comprising a SLEEP

signal which can enable and disable the keeper stage.

8. The circuit of claim 7 further comprising controlling
15 the at least one weak pull-up and the at least one weak

pull~down device based upon the state of the SLEEP signal.

9. A method comprising:
sensing the state of an external signal;
storing the state of the external signal in a PAD
20 signal weakly held in a stored state by a keeper stage;
the weakly held PAD signal being responsive to changes

in the state of the external signal.



9 WO 03/009117 PCT/US02/ 22183 10. The nethod of claim9 in which the
weakly held state of the PAD signal may be overcone by the externa
signal . IWo o3loedimet hod of claim9 further conprising usi n@catushpa=ss 5 one
control |l able weak pull-up device and at | east one controllable weak

pul | -down _device to jnplenent the keeper, stage. 12. The hod claim 11
further cd righﬁgm?ﬁégﬁﬂqfnﬁaﬁﬁ@ 3tin 7 39§a§§goﬁﬁaéﬁé}#ﬁﬁﬁg%agﬁno evi ce
when the at | east one weak- pull up device is enabl ed, and._disabling the at
| east one “PRe&RPpEF F23p RV PEOWRETP P Yatt te & F Bl VI8 3Bul | -up  devi ce
is enabled. 15 13. The nethod of claim 12 further conprising controlling

the weak pull-up device with a | ogical NAND of the PAD signal and a SLEEP
signal, and controlling the at |east one weak pull-down device with a

| ogi cal NER-of TPReMP HVE F GfaiPhe SPEES S QRRF L ahee PED ™ @ﬁaﬂ?aéé 20 14.

The nethod of claim9 further conprising enabling and disabling the keeper
st age Bas@@SupBRLFALL S &gk ngxEE¥>d%ﬁ%ﬁﬁaPFd15? TS te™od of claim 13

further conprising turning on_. 10 WO 03/009117 PCT/ US02/ 22183
controllable weak pull-down device to implement the keeper

stage.

12. The method claim 11 further comprising disabling the at

10 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.

15 13. The method of claim 12 further comprising controlling
the weak pull-up device with a logical NAND of the PAD
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 PAD signal.

20

20 14. The method of claim 9 further comprising enabling and
disabling the keeper stage based upon the state of a SLEEP

signal.

15. The method of claim 13 further comprising turning on

10



and turning off the at | east one weak pull-up and at | east one weak
pul | -down devi ces based upon the state of the SLEEP signal. 5 16. The
met hod ofwoleaiom1id further conprising inplementing the ceotrusht/zaBe weak
pul | -up device and the controllable weak pull-down device with square

devi ces D an Lategralad el Leuld QLT A XSt LMOORrLSi ngi @ PAD Si gnal
| ine and an extern signa Fne; " eléctronic circul try conprising a keeper

stage confiqured to-hold the PAD signal line weakly in_a sto state
responsi v8't o %%Eﬁﬁgg'FﬁWPh e%%%ﬁ%;kﬁée%h8p89tEﬁ?uﬁ%é%f5°§iSaaléﬁﬁ%%. 18. The
syst em of claif117 in which the weakly held PAD signal state is the |ast
intime stateof the PAD signal line. 20 19. The systemof claim 17
wherein the keeper stage conprises at |east one controllable weak pull-up
device and at |east one controll able weak pull-down device. 11 WO

03/009117.PCT/US02/,22183 . 20.. T f claim19 .furth i Si
contro %ch ??r%g%(ﬁﬁpéngﬁu?o d?s} %hkgﬁgg%fg$%§%ﬁm§%8mgéﬁf$%P[;E:ggmeak

pU||-dowﬂtg§Vég§%églfggiea&eggagﬁlfyg% device and the controllable

weak pull-down device with square devices 1n an integrated

clrcuit.

10 17. A system comprising:
a PAD signal line and an external signal line;
electronic circuitry comprising a keeper stage
configured to hold the PAD signal line weakly in a stored
state responsive to changes in the state of the external

15 signal line.

18. The system of claim 17 in which the weakly held PAD
signal state is the last in time state of the PAD signal
line.

20
19. The system of claim 17 wherein the keeper stage
compriées at.least one controllable weak pull-up device and

at least one controllable weak pull-down device.

11



control | abl e weak-pull up device is enabled, and to disable 5 the at |east
one controll abl e weak-pull -up device if the at |east one controll abl e weak
pul | - dowwoasioc1beconmes enabl ed. 21. The system of cl ai mCIUSatvexies n t he
circuitry is 10 inplenented in an integrated circuit. 22. The system of

claim 21 e&ﬁ%n th con&roLlangagpa§ gull-u . device and_the controll able
weak pul | ¢ Yol USHTE™ SfeCitfare d&vi-B8S. CIBDFPhE°RYEPEm of ¢l ai m 20
further copprisin %F%LEEP ignal], line _and contrql circuitry configured to
di sabl e aﬁggﬁﬁﬁﬁpgc’ ¢ IREE é%’ Jéﬁglﬁagga ApofAFre °8Fate of the SLEEP
st.gnal . ggkgé%llable weak pull-down device if the at least one
controllable weak-pull up device is enabled, and to disable
5 the at least one controllable weak-pull-up device if the at

least one controllable weak pull-down device becomes

enabled.

21. The system of claim 17 wherein the circuitry is

10 implemented in an integrated circuit.

22. The system of claim 21 wherein the controllable weak
pull~up device and the controllable weak pull-down device
are square devices.

15
23. The system of claim 20 further comprising a SLEEP signal
line and control circuitry configured to disable and enable

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

20
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