WD 2006/ 017043 PCT/ US2005/ 023468 5 METHOD AND APPARATUS FOR SCANNI NG A KEY
OR BUTTON MATRI X 10 BACKGROUND FIG 1 shows how a typical keyboard matri x
12 i s consbrueird43Two thin sheets 14 and 16 of pl asti ecoeruspaspyrRes
materi al have printed conductive traces 18 and 20, respectively. The
traces 18 and 20 are arranged such that when pressure is applied at certain
| ocations, 15 such as when keys 22 on a keyboard are pressed, one trace on
sheet 14 makes an electrical connection with one trace 20 at the
correspondi ng | ocation on the other sheet 16. Typically, the sheets 14 and
16 are separated by a third sheet 24 with no printed traces. The third
sheet 24 includes holes 26 aligned with the positions of buttons 22. Wen
N0 DI eSSUMKETHAD RINTS A HPAR APUSTRIR SEARENTINIE ANRE 90K @1&1@%@@1@(! ve
traces 18 and 20 do not 20 nmake contact. en one of the keys 22 is
pressed, one of the traces 18 on sheet 14 is pushed through the
correspondi ng hole 26 naking an electrical contact wth one of the traces
20 on sheet 16. The el ectrical %ro - ction between the trace 18 and
the trace 20 is associ ated mﬁth—éﬁgiﬂéégﬁﬁ%r key or button 22. The
informati on associated with the identified key or button 22 is forwarded
to a conput &flG. prshewsbow a typical khehoardmpitx ks dendtieted 2 Twodghinsheets 44, only a
smal | nunber of row and colums traces are shown in FIG 1. The traces 18
and 20 amd It6hef plastic pr polymer mbeeeitishald peingtd tonduceivatrnendddind @01 lespiecteddh. tr ace
18 on the upper sheet 14 crosses each trace 20 on the | ower sheet 16 over

a hol e PG 0ftky 19REE20 48 abfdhSed S0BlY thaBHién ﬁ'é%it@@is%%p@éﬂ dthertkayhadosk, Wi | | make
a single unique contact between one of the traces 18 on the upper sheet 14

2inglﬁonesu9f1 ad Rfie Eé?ﬁ%z ot%ga ‘%@b%}g a%fse&,%@ttra@@ on I%e%’t $&maes ecticatheet has

t traces reterre X rows and the other sheet has between

16 and connection with one trace 20 at the corresponding location on the other sheet 16.

Typically, the sheets 14 and 16 are separated by a third sheet 24 with no printed
traces. The third sheet 24 includes holes 26 aligned with the positions of buttons 22. When
no pressure is applied to the area above the holes 26, the conductive traces 18 and 20 do not

20  make contact. When one of the keys 22 is pressed, one of the traces 18 on sheet 14 is pushed
through the corresponding hole 26 making an electrical contact with one of the traces 20 on
sheet 16. The electrical cross-connection between the trace 18 and the trace 20 is associated
with a particular key or button 22. The information associated with the identified key or
button 22 is forwarded to a computer, processor, or other computing device.

25 For clarity, only a small number of row and columns traces are shown in FIG. 1. The
traces 18 and 20 on the two printed sheets 14 and 16 are arranged so that each trace 18 on the
upper sheet 14 crosses each trace 20 on the lower sheet 16 over a hole 26 only once. In this
way, each button 22 on the keyboard will make a single unique contact between one of the
traces 18 on the upper sheet 14 and one of the traces 20 on the lower sheet 16. Typically, one

30  sheet has eight traces referred to as key matrix rows and the other sheet has between 16 and



1 WD 2006/ 017043 PCT/ US2005/ 023468 5 24 traces referred to as key matrix
colums. In this way, an 8x16-24 key matrix is forned, wth each button 22
cor r esponsiongodia7@3si ngl e cross-connecti on poi nt in thepoatuseoos/otaeeral |y,
a metal sheet (usually connected to electrical ground) is placed underneath
the bottom sheet 16 in order to provide nmechanical rigidity and to help

pr event24grases refatealttp @s kel motnixrapburense In ghis Sjapican §:416-34deiy gnatuik is/fooned,he
conductive ink used to print the traces 18 and 20 10 is quite high, the

pri nt edvith ek duaoe22vorresponding td ygngalctogs+condehtoropaar inahe matixnd 2
mllinmeters (mm) wde. Due to the size of nost keyboards, the traces 18

and 20 are ab&Rrdllyl 4 fetddBibet (RAAILY Eoahadtbd tol M tiiiVgEuAGES pidttE indBR¥eath
"zig-zag" back and forth across the |length of the keyboard in order to
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ecause o e rel ative res V|ty, t i npedance of the

races 16,0 20, TN PR 0,000 O ML Pt Ro Pt IR R s

of the polyner sheets 14 and 16, and the proximty of the pgetal groundin
Shedt db auteaich, te grinted SasRs aagits Vi cipichllY Rehe pHicBef arguathdmithim Bi cal | 3,
keyboards contain a mcrocontroller having Input/Qutput (I1/0O pins 20
connect(euntwidehe row and colum traces 18 and 20. The microcontroller
applies signals to the 1/0 pins and senses the signals on other I/0O pins

t o detect achusiolthfisiad of Mestieyladyl tHeutdconEl arki20 4k glsb ghité bogigc or i rmvar e
is typically used to execute this process. This arrangenent is also used

in applIsaﬁ%dlé}gsthefrmrtra&é%aaml&wla?aﬁ i95ag? BickamaTohieadrBEThe 10@IN Jfehs, Where
the state of ‘'many keys nust be detec?ed 25 The firmvare or |ogic senses

whi ch, ﬁfrybgmm QR naos%%aa{sftﬂsk@gl@rt&%ae%al to%o%fdshfe&ers gfqu}@ct' ng a

II-up eS|stance tween eac e row traces an tage, for

15 common. Because of the relatively high resistivity, the impedance of the traces 18 and 20
may be 10 ohms per square (s), or up to a couple of hundred ohms. The combination of the
trace width and length, the thinness of the polymer sheets 14 and 16, and the proximity of the
metal grounding sheet creates a significant capacitance in the traces 18 and 20.

Typically, keyboards contain a microcontroller having Input/Output (I/O) pins

20  connected to the row and column traces 18 and 20. The microcontroller applies signals to the
I/O pins and senses the signals on other I/O pins to detect actuation of the keyboard buttons
22. Digital logic or firmware is typically used to execute this process. This arrangement is
also used in applications other than keyboards, for example remote controls, where the state
of many keys must be detected.

25 The firmware or logic senses which, if any, buttons 22 are being pressed starts by first
connecting a pull-up resistance between each of the row traces and a high voltage, for
example 5 volts (V). Typically this resistance is contained within an I/O cell of a

Microcontroller Unit (MCU) pin connected to the row traces. The MCU 1/O pins connected



exanple 5 volts (V). Typically this resistance is contained wwthin an I/0O
cell of a Mcrocontroller Unit (MCU) pin connected to the row traces. The
MCU |/ O pvooasann@st ed 2 WO 2006/ 017043 PCT/ US2005/ 0234@8 TAISe@stokmecg 0l umms
are typically held in a high-inpedance state. A first columm, such as
colum O in FIG 2 is then driven with a | ow voltage. The MCU then reads

t he 5| ogdp thestoduransodre typacadlyheldsin afhigh-vopadancerstate f Adfirst qobumm,sweh #fespduran Dogi ¢
"1" state, then the firmvare infers that no buttons are pressed on the
first dolFOGh2 B thén drivenneith a bow Vdltagae The MEI ¢henfreddsehe gk dtatw of thel8agivs " 0"
state, the MCU infers that the buttons are 10 pressed corresponding to the

Cr 0SS- GBPERGIh AN It AE BleirOWS hivd 4 188icMaY kiate, GRAMESRAMWARInfer thaQloWiRols and t he
rows having the logic 0 state. The colum 0 is returned to the high

Lgpﬁcr:ﬁsrhgﬁpﬁ.g&?ﬁ)gqﬂ%pg(g?{ngg)ieoggﬁ Saf5peated for each of the renaining

y repeats this entire process driving each
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detected key presses. For exanple,  sinultaneously pressing t.hree keys

| ocidt edPressedicoresRondingtodhe PW%H%CWB@tP@Fé‘l#\?énatﬁ"éc%ﬁﬁo IR&1° i n %/he key
matrix will cause a fourth "phantoml key press to be detected. The

fi r mmarehpos 0-apd degewe batihg theilegic Ofstadort Ehe edduka ipresgryedtoghe highecut es an
algorithmto renove any possible "phantoni keys fromits list of pressed
keys. 2thpttsncputate and thepiostBicepedtedtbrieactvef the gpmdiniagodlunnkilgheThet han t he

i npedance of the |ongest trace so that when one end of the trace is

gr oundegict p&idditaRytegehitstthie eﬂtﬂletp?&%ssdc.lr‘i/\jiﬁ?éachfc@hﬂﬁﬂtowﬂom IbgieGaitand
a

pull-up resistor is a low voltage. Typically, pull-up resistances are

ar ound t*gn g%g}@g@g%hg%%ﬁ)%_.kng%qﬁ?gﬁfg{e_t he significant capacitance of the

traces atively

15 The MCU then also conducts some post processing for any detected key presses. For
example, simultaneously pressing three keys located in a right-angled triangle shape relative
to each other in the key matrix will cause a fourth “phantom” key press to be detected. The
firmware post-processes the list of detected key presses and executes an algorithm to remove
any possible “phantom” keys from its list of pressed keys.

20 The pull-up resistances need to be significantly higher than the impedance of the
longest trace so that when one end of the trace is grounded, the output of the voltage divider
formed by the trace and pull-up resistor is a low voltage. Typically, pull-up resistances are
around 10 thousand (k) ohms.

Because of the significant capacitance of the traces 18 and 20, and relatively high

25  pull-up resistances, the time constant of the formed Resistance/Capacitance (RC) is typically

around 10 microseconds (us). After a column pin is driven low, it is therefore necessary to

monitor each cross connection in the key matrix for a significant amount of time (t) as shown



25 pull -up resistances, the tine constant of the forned

Resi st ance/ Capacitance (RC) is typically around 10 m croseconds (us).
After a owbuow/qmienasis driven low, it is therefore necessamrystas/orans t or
each cross connection in the key matrix for a significant anmount of tinme
(t) as shown 3 WD 2006/ 017043 PCT/ US2005/023468 5 in FIG 2. Sonetimnes
thi § tiinEldel.apometiniss this thwe delayrnedils 4s ba aomych as Eifuig teenshee the stele adfthe he
row I /O pins correctly reflect the state of the associ ated keys 22 (FIG
1) . Theowilf@ pineguirely refled clarstate o theiascmtaikedx 20 (Ri€y 1pmt ri x used in a
typi cal Personal Conputer (PC) keyboard is therefore the time (t)

nul tiplied bphettiige RYGRET toQtart il &HRE sdal)8x20 kBE madtahsed GA tylpid¥ePéSodder ef or e
(nxt) and can be as nuch as 2 mlliseconds (ns). In a nornmal 10 wired

key boar@omnﬁg?%@g?g%oahﬁis%e‘?é’fiogeetﬂe H}ﬁet(&gmﬂﬁﬁpégl?}fth@hhﬁ%gxe& dofurkqnkeyboar d,

this is I cant problem However, 1n - battery powered keyboards,

particularly wreless . keyboards, ,it is desi,rable.t.o maximze battery life.
In or dg]l;hett8tyab§‘iagglfneafﬁgjelr%ﬁeﬁxﬁél?d BEURCE, mfl%heastk)ieryllhwsa CPf@S (irITI]lsSE't I)Ppell %%rmay
scanned every | Ors. For a 2nms total scan period he t herefore
peror Eiredeyhaard; Where RAWENY Pi@‘éngtﬁ’rtf“? ﬁWH%temh%@toib%fbo?We&ﬁ e the
keyboard is in active use. A typical wreless keyboard consunes an average
of 2- 3 nuit hisigniimest grollematEewdver, imbatiere powered keylkoauds, parteggrly wivelercu i s
placed in a | ow power sleep node when not actively scanning the matrix,

pr oces diefbodrtis itie dedifableatd nedrhize battery difid transmitting data associated with
key presses (if any). The typical current use by the MCUin this type of

appl i cation %9y Béted@nd MieVbEbGES, IR Kdy: Batrix@XBHItailNScdnisd éveef | ons) .
However, the current use is negligible while in the sleep node. Thus, the

e SR e s b Kl 5
Conls 5u era igcg'ﬂhr%fastnp&hi%es})éB%agfqhe time the keyboard is in active use. :

A typical wireless keyboard consumes an average of 2-3 milli Amps (mA) when in
active use. To save energy, the MCU is placed in a low power sleep mode when not actively
scanning the matrix, processing the results of each scan, and transmitting data associated with
key presses (if any). The typical current use by the MCU in this type of application is around

20 3mA when active (i.e., executing instructions). However, the current use is negligible while
in the sleep mode. Thus, the average current attributable to the process of scanning the
matrix is around 600uA (20% of 3mA). This amounts to 20-30% of the overall current
consumption of the keyboard.

These existing methods of keyboard matrix scanning are slow, consume too much

25  power, and prevent the MCU from performing other tasks for a significant period of time

while scanning the matrix. The present invention addresses this and other problems

associated with the prior art.



These existing nethods of keyboard matrix scanning are slow, consune too
much 25 power, and prevent the MCU from perform ng other tasks for a

signi fi canD 2p@vdiomtzof tinme while scanning the matrix. Poe/yusc@ssriscs
invention addresses this and other problens associated with the prior art.

4 WD 2006/ 017043 PCT/ US2005/ 023468 5 SUIVIVARY OF THE | NVENTI ON An i nproved
key Smatri x scanni ng t echni SuRIMARYY H fPN- scan on a first array

of connections in a key matrix to |dent|fy any activated keys or buttons
associ at ed W finprioeed kdyrmitriarstapingtedmiqriondictss fifst pfe-sandhatfizst adraya
second array of connections in the key matrix but only for the connections

I n the dficbitectbhsin atﬂzgtma%f& tlRfeREAQ8ly astiviad IRGs BE biitvis Askotfatddayish thihe
f oregoi ng and ot her ects features and advantages of the invention wll

gl refg” o?gé&ﬁaﬁ%ﬁe cohbBd Ba SRhRUBDFERBLLRR, BFBERLDL L 7 OF 2
15 BRI EF | PTl W NGS 1
di agr arpgFix uk%@“ﬁ%ﬁﬁf GOTepdons3n TRE oy Ay taff‘ag% GG Hbtkhe oy

matrix in FIG 1 is scanned. FIG 3 is a block diagramshow ng an inproved
keylonatlieb’% scanning system FIG 4 is a nore detailed diagramof the
circuitry used for conducting a first pre-scan. 20 FIG 5 is a diagram of
t he circui t rhd fordgbi@g ahd other ohjsctedfehtores @pdddointaggs af e toedtisulyill besame FI G
6 is a block diagramshow ng how the circuitry in FIGS. 4 and 5 conduct the
pre- sGadreaddsliSWppseantrom the following detailed description of a preferred embodiment of

the invention which proceeds with reference to the accompanying drawings.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a key matrix.
FIG. 2 is a timing diagram showing how the key matrix in FIG. 1 is scanned.
FIG. 3 is a block diagram showing an improved key matrix scanning system.
FIG. 4 is a more detailed diagram of the circuitry used for conducting a first pre-scan.
20 FIG. 5 is a diagram of the circuitry in FIG. 4 configured for cor;ducting a second sub-
scan.
FIG. 6 is a block diagram showing how the circuitry in FIGS. 4 and 5 conduct the pre-.
scan and sub-scan.
FIG. 7 is a timing diagram showing how the scan time is reduced for the improved
25  key matrix scanning.
FIG. 8 is a system diagram showing one example of an application for the improved

key matrix scanning.



FIG 7 is a timng diagram show ng how the scan tinme is reduced for the
i nproved 25 key matrix scanning. FIG 8 is a system di agram show ng one

exanpl e obvoanoeappi4scati on for the inproved key matrix scanuseengo2563\0
2006/ 017043 PCT/ US2005/ 023468 5 DETAI LED DESCRI PTION FIG 3 shows an

i nproved key matri x scanni ng system 30. The scanning system 30 can

i nchease battery life of a m@ﬁyﬂwﬁiﬁﬁﬂm other types of renote
control and battery operated devices by reducing the tine required for a
M cr ocont r ol BI&r 3 shows §riMoihroBRl key mater scankeysysatrIOx Te. scadhidhey st BB2 can
be any type of programmabl e processing device. In other enbodinents, the

MCU 32 dafi ihdréd¥¥@hier§ Uigo b wite|REsOyBHATA RhE olkefiype{ Bfref@te dJnbdbl ddlicBattey har d
coded to performthe operations described bel ow The key matrix 34 can be

any  cCi Jp&i’gtécf &'evﬂ%ﬁgy Ir&fucﬁ%QEé e qgcgfir%& $HOUMro kRS 118 Uwgfdm 39Mo ScddSEr

control "devi ce. erns eys and buttons are used Int ngeably in the
descri ptjon b(rall %\éy and refer to any type of 15 actuation device used for
com’runiacl?;\etyir%t 3 User input to a conmputing device. Typically only one button
22 is pressed at _a tinme on a keyboard or ypad used wt the key matrix
34.10 n ot her TheMEY 3% gan heepyy tyne %fr%o%ffﬁ“@é‘?gg lgf’cetsﬁgg ﬁﬂﬁe'ﬁnﬁ%ﬁerml y inrare

cases, anounting to a negl.i i ble proportion of the time that the key matrix
34 is iembmliments,ghe Mirlé 3 !rﬁaﬁ?»nmwe gagh asra Brggraomeabiolegie Desive APLPhdatisne
time. 20 The MCU 32 quickly determ nes during a pre-scan routine 33 which
col umtmshard todredyto perdbrni the openatiomd ddsxritd Hebowe Blad kewenkteixS4(can e angepr essed
keys). Rather than scanning all colums, the MU 32 conducts a second
sub- scafircaRryoiell fdrAendiRE d&REIBAOIKEPNG Hultt®Hs ¥ & Biser control device. The terms
keys and buttons are used interchangeably in the description below and refer to any type of
15  actuation device used for communicating a user input to a computing device.
Typically only one button 22 is pressed at a time on a keyboard or keypad used with
the key matrix 34. In other cases, two keys 22 are pressed at the same time. Only in rare
cases, amounting to a negligible proportion of the time that the key matrix 34 is in use, are
more than two key or buttons 22 pressed at the same time.
20 The MCU 32 quickly determines during a pre-scan routine 33 which columns, if any,
of the key matrix 34 have active keys (e.g., depressed keys). Rather than scanning all
columns, the MCU 32 conducts a second sub-scan 35 only for the columns identified with
active keys during the pre-scan 33. If only one column is detected with active keys during
the first column pre-scan, then the row sub-scan is conducted only for that one identified
25  column during the second sub-scan. If two keys are detected as pressed during the pre-scan,
then the second sub-scan is conducted only for the two columns detected with pressed keys.

This is an improvement over current scanning techniques that scan the rows of the key

matrix for every column. The time taken to determine which columns have pressed keys is



active keys during the pre-scan 33. If only one colum is detected with
active keys during the first columm pre-scan, then the row sub-scan is
conduct edwonbys/dfiars3t hat one identified 25 col um duri ngprcharss@sorsics
sub-scan. If two keys are detected as pressed during the pre-scan, then
the second sub-scan is conducted only for the two colums detected with

pr es$s eppeygmatelftthe sarse amountof Gwerreqiiredie scapup single celymnniThys.tibetliiogees t hat
scan the rows of the key matrix for every colum. The tine taken to

det er mikey inki¢tedted ad dopnssdtadieingrths preccle e time tadke® 20 G/201cH04Bn matrix is

PCT/ US2005/ 023468 5 approximately the same anount of tinme required to scan

a si ngledeRl BFM0%l Niswo kéysaitt MetBdted kLdepr&setedieiigale pe-WeRtRS6ME takeh kg t he
pre-scan, the tine taken to scan a 20-colum matrix is reduced by 90% |If

two keys. a8 faigst eduadd epsessed during the pre-scan, the tinme taken to
scan the matrix is reduce by 85% FIG 4 shows one exanple of a

fi [ f h ' . f . f '
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col ums_ connections 42 and row connections. 44. However, it should b

indr st CORREtipg fhe TISEPTE 5¢an QRETAUO 3] D ey H@g@%mge‘bﬁcfhwg 2 TGP appi ng
etch patterns for connections 42 and 44 may not physically be aligned in
col urmscadurdny ewsectifing 42 andmw Penneetions|4ds torerer, zshouldde undertoed it s1iz2 and
44 overlap and the cross-connections between connections 42 and 44 are 15
cr eat edisliyr itlegratiss parposds aad kleytwar overiapping eteh patterasfolr eonrectes 42camdeldt | on 37
is created when a Kkey 22 |ocated above the intersection between row 2 and

col um ghay ﬁoﬂgﬂéi@ﬁﬁeﬁ% alighed M EsturtBs arivotvie TSR 1910 ifefResthethto col umm

connecti ons and pins 38 are connected to row connections 44. In the

P SO EALR45 0986101 AR AR SOICLIL R0 Pt e
col pm Scr:esgcecli By lclc(e)}g‘l'iescsioqli oc}jg\ ksety%tr Batton. For example, cross connection 37 is created when a
key 22 located above the intersection between row 2 and column 1 is depressed. The pins 40
on the MCU 32 or connected to column connections 42 and pins 38 are connected to row
connections 44.
In the pre-scan configuration in FIG. 4, the MCU 32 configures the pins 40 as inputs.
20  Pull-up resistors 36 are connected to columns 42, pulling the columns 36 to logic high states.
The MCU 32 configures I/O buffers 39 so that the pins 38 operate as outputs. It should be
understood that the pull-up resistors 36 can be internal to the MCU 32 or can be discrete
interface circuitry that is separate from the MCU 32.
During the pre-scan, the MCU 32 generates logic low signals 46 on the pins 38 and
25  monitors the signals received on the pins 40. In this example, the MCU 32 detects a key or

button 22 is depressed at cross-connection location 37 in the key matrix 34 when the logic

low signal 46 is detected on the column 1 connection. Since there are no other pressed keys,



The MCU 32 configures I/O buffers 39 so that the pins 38 operate as
outputs. It should be wunderstood that the pull-up resistors 36 can be

i nternal wo 2béw1hdds) 32 or can be discrete interface cipcwiuseyostobabs i s
separate fromthe MCU 32. During the pre-scan, the MCU 32 generates |ogic
| ow signals 46 on the pins 38 and 25 nonitors the signals received on the
pi n§ 4Che pthet ¢nlsmaxampictions hand\iCyr@naidén adagic high stateoduringthe pre-sean j s
depressed at cross-connection location 37 in the key matri x 34 when the

| ogi ¢ dpewitishgnal 46 is detected on the colum 1 connection. Since there
are no other pressed keys, 7 WD 2006/017043 PCT/ US2005/ 023468 5 the ot her

col um conneqty. §RAoWs ﬁmoﬁﬁgmammhe §cadnin® gy ftehi30Fostha keeodd s gcanhe
pre-scan operation. FIG shoms the configuration of the scannlng systen1

30 for Egat BE33NG S ﬁcﬁrbonﬂ h's% Berferd B6 cgﬂéc%a fﬂlm a°S

buffers connected tothe p as outputs con |gures t e I/O

VU 52 Eineteeey RN ?Qf%l?isﬁhggqn%g@ﬁi E?ﬁ é%‘“&ﬂs AR e r owe

44 to known Ioglc hi gh states. The i tes a | o |c | ow (" 0"
pul Ye dht YIGH 2 iranpestswhsup tesisiorctd @ﬁée alzls é’i“ ing aﬂ f@“ﬁd‘l“ég fRen o)
previously detected during the pre-scan operation in FIG 4. In this
exanpl dogia highyitates. oVhesMGRAB2 then gareratas § lages lowt €07 )avlsainlinen thejcplumns, 4. 15
Therefore, a logic low signal 54 is only generated for colum connection

i N Fl Gconnectiogs 4Mallet2 logrrispuldtewdsowsviddsly detettbe diuigy the lpeasscan gpeaatiael.  Si nce
there is only one cross- connection 37 established in the key matrix 34 by
depressggikey. 22, the logic low signal 54 wll only be detected on row 2.
The MCU 32 determnes that the key 22 associated with row 2 and colum 1

has been depyqR8edaApt, SRASION SarlaMiO WIRbAG ReleRteBndSRAG RESFIIAST device.

15 Therefore, a logic low signal 54 is only generated for column connection 1 in FIG. 5. The
MCU 32 scans the rows 44 for the logic low signal 54. Since there is only one cross-
connection 37 established in the key matrix 34 by depressed key 22, the logic low signal 54
will only be detected on row 2. The MCU 32 determines that the key 22 associated with row
2 and column 1 has been depressed and sends the information to an associated host device.

20  The MCU 32 has determined which key has been depressed without having to generate logic
signals 54 on column connections 0 and 2-n and then having to scan all the rows 44 for each
column 0 and 2-n.

It should be understood that this is just one example and it is not necessary that the
pins 38 and 40 have to be connected to pull-up resistors or that logic zero signals have to be

25  asserted on the rows and columns. Alternatively, pull-down resistors could be used and logic
1 values asserted on the column and row connections.

Further, the pull-up or pull-down resistors may not necessarily be internal to the MCU

32. In alternative embodiments, the resistors may be located in separate circuitry from the



20 The MCU 32 has determ ned which key has been depressed w thout having to
generate logic signals 54 on colum connections 0 and 2-n and then havi ng
to scan awbvéwmiremss 44 for each colum 0 and 2-n. It ehwwsdoos@23ssglier st ood
that this is just one exanple and it is not necessary that the pins 38 and
40 have to be connected to pull-up resistors or that logic zero signals
havé t AME¥ 329nassthet edbahmehigthedogic imide MCUM2s I/Ofputferndft andelly angibel - down
resistors could be used and logic 1 values asserted on the colum and row
connectresitdrs Iouintli@rare pardalbpuidd alLipnpdemnnéd inciiffereneintigdt®nsrafinfe@iated
necessarily be internal to the MCU 32. In alternative enbodi nents, the

resi st igu angqllgcg&@'\%ﬂc diftufgparate circuitry fromthe 8 WO 2006/ 017043
PCT/ U82005 23468 5 I'n anot her enbodi nent, the logic in the MCU

32, UO buff gf elgl%ggeﬂ,eﬁfdwaggrahmm%%g@ms?@ M Bicty BRIkl go or all

|rrpl enented In ren i"Nat i ons of i ntegrated circurtry and d| screte
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with signals 46 and connects uII-up resistors . 10 36 to the colum

c one ct36daghegolymp eonugptions 2 B ThsMSUshnwaitseroryp dstayinseiod & alaws{prs or
charging or discharging of trace capacitance. For exanple, the MCU 32 may
wai t f ovhasimgioddischatpingg ofTikase MhdcBanaen Fot exitnge, thé M 3A thaytveait foe appuad scan
operation by reading the logic state of each colum connection 42. If all

col umms] Joay.eThe MTJi 62 In Bloelt 64 then kbadictsGhe preaschie yperadrebypreadiag dhe lapid t he
rest of the process is skipped. The MCU 32 returns and waits for the 15

next press SP&cﬁnglﬁ{ﬂ &ﬂmeétfonaﬁl Qghle célﬁfﬂn§ hate logicdedtfe teBloN 66 HoQeytm
connection 42 in 66, the MCU 32 in block 68 begins the sub-5can

operat| A0 ppe\ése%f)gﬁ}ﬁ%% r&g of tifllg pp&leés iy leﬁﬁgd Sf'l%rﬁ[dﬁﬁ f%tfrhsc;‘andsxvﬁlﬁ for the

15  next pre-scan operation.

If a logic low state is detected on a column connection 42 in block 66, the MCU 32 in
block 68 begins the sub-scan operation by connecting the pull-up resistors 48 in FIG. 5 to
pins 38. The first column detected with a logic 0 signal during the pre-scan operation is
driven low at the MCU 1/0 pins 40 in block 70. The MCU 32 reads the logic state for all of

20  the row connections 44 in block 72. The MCU 32 infers that a button is depressed
corresponding to the location, such as cross-connection location 37 in FIG. 5, corresponding
to the column and the row detected with logic 0 states. The column driven low in block 70 is
returned to a high impedance state in block 74. The MCU 32 then repeats the operation in
blocks 70-74 for each of the other columns, if any, where a logic 0 state was detected in block

25  66. The MCU 32 creates a list of pressed keys that is then post-processed in a manner similar
to conventional keyboard processing.

FIG. 7 shows how the overall scan time is reduced by first conducting the column pre-

scan. In the traditional matrix scanning scheme, there are as many delays as there are



pins 38. The first colum detected with a logic O signal during the
pre-scan operation is driven lowat the MCU I/O pins 40 in block 70. The
MCU 32 r ewm0d06dma7d48gi c state for all of 20 the row connectriuspesAdssss bl ock
72. The MCU 32 infers that a button is depressed corresponding to the

| ocation, such as cross-connection location 37 in FIG 5, corresponding to
t he Scologhimesnregatddess ofhone masny kaysvire prasegl: &'16. shewesan eaplowhen aﬁﬁh@/en | ow
in block 70 is returned to a high inpedance state in block 74. The MCU 32
t hen r epbahs dré1ecanped furr ittenfiisnloglellowlsizndd6/appliod teedttovaf44t HEheainer col umms,
if any, where a logic O state was detected in block 25 66. The MCU 32

Ccr eat eSrequitddabd s@in A @3sfAk Keysidgtht pleSschheperd@siisprocessed in a manner
simlar to conventional keyboard processing. FIG 7 shows how the. overal
scan tinme i g,k Vo ofid j it SR wPEiSiial S
traditionalqﬁgﬁgggﬁgggﬁ%?%gasc gﬁg%ﬁ%%%%g\ggéggg naﬁgﬁgg?aggaﬁgkgﬁégg are 9
WO 2006/ 017043 -. PCTAU§ Oqglﬁg%§ﬁ€ ﬁ%l ghg 54158 uﬁngsﬁﬁOBnhEWBQBny keys
are pré§§éaWsﬁFtPr?F?ﬁ I O8I0 Rendh 2y PRI ¥ & Col'umiz *8F¢ '€anned for
the first logic |low signal 46 applied to aJ]l rows 44. The tinme required to
scalf alycar B GrE UMb oRRIRHMPRINEFYHES %%‘8&‘36"6{@’5@%% ﬁ%‘s(tf‘ﬁ totgl Seahime &ranp e,
only colum 1 was detected with a logic |ow signal. Therefore, only one
row scahe psampleahovedinf 6. 7He(2*0gi ¢ | ow signal 54 applied to colum 1. This
single row 10 scan for colum 1 operation only requires a single delay tine
t. Thus, theTledbmprowdanannimeteélatiquet therefexardueesshommmber dfld8ayyto 5+ (@&t ). The
i nproved scanni ng techni que therefore reduces the nunber of delays to 1 +

(the nyERIRE oPEolGRANY MG KOS PrekRUE PYRGEH9de tih¥ Rikeakd Perfdim ddcABpérak@ist O

perform each operation is nuch less than the delay tinme. Thus, for a

20! S R B TR TS R, etk
15 by 95% when no keys are pressed, 90% when one key is pressed, 85% when two keys are
pressed...etc. Only if 20 keys are pressed, and each key is on a different column, will the
scan time increase, and only by 5%.
When no keys are pressed, the MCU 32 will generally be in a sleep mode and is not
scanning the key matrix 34. Before going into the sleep mode, the MCU 32 may perform the
20  pre-scan operation in blocks 60-64 (FIG. 6) and enable an interrupt on a low-going transition
on all I/O pins connected to matrix columns 42. Therefore, if any key is pressed, an interrupt
is generated causing the MCU 32 to wake up from the sleep mode and start the scanning
operations.
The “no keys pressed” condition will generally only be detected once per keystroke,
25  immediately after the last key pressed is released. The most frequent scan result will be one

key pressed. The second most common will be no keys pressed; the third most common will

be two keys pressed, and three or more keys pressed is unusual.
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pressed... etc. Only if 20 keys are pressed, and each key is on a different
colum, will the scan tine increase, and only by 5% Wen no keys are
pressed, woeoMdls7®&2 wi Il generally be in a sleep node ardTits200802346€anni ng
the key matrix 34. Before going into the sleep node, the MCU 32 may perform
the 20 pre-scan operation in blocks 60-64 (FIG 6% and enabl e an interrupt
on & | ow goilid§. Bishomss a nelesnkeybbard/90 thatnecludns itk 83 thaheonducisdhaurms 42.
Therefore, if any key is pressed, an interrupt is generated causing the
MCU 32 itnproveld &ey makii>osnahh &'hs hweejessrbeidoamnddOsinelntest leeyboad 9i8niyat imphedeat i ons.
The "no keys pressed” condition will generally only be detected once per

keystr qkQs or BitonSERé h@,t&pes@aﬁttﬁra isee TiaskteykBitriRRa IS eshtiified @ldRAREM thd he nost
frequent "scan result will be one key pressed. The second nost conmon wil |l

be no kl@{fﬁoz{?& QEsqﬁé M8 3b .efigdigﬁﬁé sca ge)mn)la{rix Wegfd’ﬂexjftﬁ}’e% a%%%%@ged and

three or-"nore keys pressed I's un 2006/ 017043 PCT. 05/ 023468
5 FIG .8 sho a wrel ess keyboard 90 that includes the MCU 32 t hat
conductkey ﬂ'éﬁ?%?ﬁlgefga%%ﬁcrﬁ?fﬁﬁggv%can. The wirel ess keyboard 90 includes a
keyboard 98 that includes_ keys or buttons that are depressed gy a user.
ThelOkey mat rile MEU 32 seods terksd 1fapmatinade A irrdess ia)upidietd o8t inguidgian 32

periodically scans the key matrix 34 and identifies any depressed Kkeys on
keyboaraht@®a 6 i sdreldsely teabemiss thedefMesseikey Soresniivs 10Ao kame saif o mati on to
awreless transmtter 94 that includes an antenna 96 that wrel essly
t r ansm dompuiiag deyit €8s eThkeympuniingrdewice 6D tHadQakes ssmEaBos of Apprdpriat®aqishiimg
devi ce 92. The conputing device 92 than takes sone sort of appropriate

act i on Jefhonk@RPARE Fffolntatfol@epradealamlyi tROkéyeRf@manbedo®y the key information
100. In one exanple, the pre-scan operation reduces the time spent scanning
the key mat "n’one example, the pre-scan operation reduces the time spent scanning the key matrix
15 34 by around 95%. This reduces the average current consumption attributable to scanning
from 600 micro Amps (uA) to 30uA for the example described above. In the case of a

wireless keyboard with an average active current of 2.5mA, the power reduction is around

23%. This translates into around a 30% increase in battery life.

20  Alternative Embodiments

Wireless keyboards 90, remote controls, and other keypad devices are the most
common applications where it would be advantageous to reduce the key matrix scan time.
However, there are other cases where reduced scan time is also useful. For example, in a
wired keyboard with some combined other functions, such as a Universal Serial Bus (USB)

25  keyboard hub. In such cases, the MCU 32 has other operations to perform in addition to
scanning the key matrix and transmitting the keyboard data. These other operations may take

up most of the MCU processing power, either all the time or when processing an event

11



15 34 by around 95% This reduces the average current consunption
attributable to scanning from 600 mcro Anmps (uA) to 30uA for the exanple
descri bedvehosm17d43 the case of a wirel ess keyboard w trhras2@serage active
current of 2.5mA, the power reduction is around 23% This translates into
around a 30% increase in battery life. 20 Alternative Enbodi nents Wrel ess
keyBoarrdkatgiop thesotherdfunginnalilys In thede eashs redvgingabe dmeispers seanaingtibe keyst

comon applications where it woul d be advant ageous to reduce the key nmatrix
scan t immtrix 3ddveey ap thet MEE3 A foe petfhraning athes pahessimgr educed scan tinme is al so
useful. For exanple, in a wred keyboard with sone conbi ned ot her

functions, spEindsovedWel ieitsbcatfing dpefdtion ld@iB) redcds@MO0RYcan fife. This such

cases, the MCU 32 has ot her operations to performin addition to scanning

the key gk ire cﬁ/@fiacl)l; Jv?@%g%gggﬁggm S dle Iat@ cgﬁr Eﬁ'e%l@ la(gr dr operations

may take ~up nost I ng power, elther a e tinme or when
pr ocessi ng r?n eﬁent .11, WO 2006/60617031(% R e/iILIJlslgOQlog]/S((:)%;‘,né}1 SS st%mriglo%é ed to the
ot her fRIREYTIGRSS iy in 7 Loy RRWer sleepduode, JRCHARIOVER sCanhing SysEm N O8S nni ng t he
key matrix 34 frees up the MCU 32 for perform ng of her processi . The

i mpHov APPRERFIOREEFYCES BONFROREBRANAL; Helg%se‘a@? yexg%affisegwmg ad i, Thi s
reduces the overall average power consunption since the MCU can spend a

gr eat erFIGaBojmproviog its competitiverpoaitiopwvproveed kiybegrdsmde. The i nproved
scanning systemin one 10 application reduces power consunption of Wreless

USB keyboar dbhe Sueh d&sclieadubare cfuse dedifdt&l pRicedsopsystensgmi¢re comnglets,ti ve
position over wired keyboards. The system descri bed above can use dedi cat ed

Pr 0CeS Sgf o mith B logi? déR/Q:eE,Qﬁ'Mi@ﬂobﬁfc@ssorsﬁhﬁ?feml%lﬁe bP gl 6f the\bb&r@fionsOr
m croprocessors that performsone or all of the operations. Sonme of the

oper ati @lig. GEHE LhAGH.RARRYG BERbES: AP be MRALREndkd i YHWRE SnPRifleOt her

15  operations may be implemented in hardware.
For the sake of convenience, the operations are described as various interconnected
functional blocks or distinct software modules. This is not necessary, however, and there
may be cases where these functional blocks or modules are equivalently aggregated into a
single logic device, program or operation with unclear boundaries. In any event, the
20 functional blocks and software modules or features of the flexible interface can be
implemented by themselves, or in combination with other operations in either hardware or
software.
Having described and illustrated the principles of the invention in a preferred
embodiment thereof, it should be apparent that the invention may be modified in arrangement
25 and detail without departing from such principles. I claim all modifications and variation

coming within the spirit and scope of the following claims.
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15 operations may be inplenented in hardware. For the sake of convenience,
the operations are described as various interconnected functional bl ocks
or distinwDe@itivase nodul es. This is not necessary, howevarsomanesssher e

may be cases where these functional blocks or nodul es are equivalently
aggregated into a single |logic device, programor operation wi th unclear
bouAdaries. In any event, the 20 fUkeAlMBal bl ocks and software nodul es or
features of the flexible interface can be inplenented by thenselves, or in
conbi ndt i on Avniethodtdfecandjrgy addnaagionmaiik hempmingnar e or software. Havi ng
described and illustrated the principles of the invention in a preferred

embodi ment  tdaga&Dng al firstSReLESh B edaaﬂp;aﬁr@monh&;ﬁong lea FiRY 8R4y OMhEBMtDE
nodi fied in arrangement © 25 and detail ‘without departing from such

princip| [ § and variation comng within the
opirit S ‘J‘St‘%:do‘%letﬁl ‘%lknédlggﬂ){)f\’mlﬁﬁ’té’gc al ms. 12 VO 2006/ 017043

PCT/ US2005/ 023468. 5 CL scanni ng a _conpnectiop, matri X,

conpri si ng: 88&%@@@@«3@%;;{;&993& l%a?yoccinﬁg 19 ﬁﬁVOB%ﬁﬁ%?ﬂgﬁs ina

first array of the matrix associated wth é)vated keys or buttons; and
3]

conductmafx asspstmdavidhpetivated keys erdamons ut Hecronnestions i the §isxt HAY ar r ay

of the 10 matrix associated with activated keys or buttons but only for the
connectidemiiedras hheng aetstatedrkesiyor huttons.i fi ed as having activated keys or
buttons. 2. The nethod according to claim1 including conducting the first
pre-scan on a columm of connections and conducting the second sub-scan on
a row of connections only for the 15 identified columm connections fromthe
pre-scafl.  The method according to claim 1 including conducting the first pre-scan on a column

of connections and conducting the second sub-scan on a row of connections only for the

15  identified column connections from the pre-scan.

3. The method according to claim 2 including:
driving a first pre-scan signal on the row connections;
monitoring the column connections for the pre-scan signal; and
20 identifying any column connections detected with the pre-scan signal as having

activated keys or buttons.

4. The method according to claim 3 including:
driving a second sub-scan signal only on the columns connections identified with
25  activated keys or buttons;
monitoring all the row connections for the sub-scan signal;

identifying the row connections detected with the sub-scan signal; and

13



3. The method according to claim2 including: driving a first pre-scan
signal on the row connections; nonitoring the colum connections for the
pre- scan wogoalgi7esd 20 i dentifying any col utm connecti eos/udedsorads Wit h

t he pre-scan signal as having activated keys or buttons. 4. The net hod
according to claim3 including: driving a second sub-scan signal only on

t he Scol ums idonHEsgthmkeys @éhwtrqﬁse@somatq% wihsthg ddqniified golkewps apd rayfasons:;
nonitoring all the row connections for the sub-scan signal; identifying

t he rowlepmaseelct i ons detected with the sub-scan signal; and 13 WO

2006/ 017043 PCT/ US2005/ 023468 5 identifying the keys or buttons associ ated
with the identified colums and rows as depressed. 5. The nethod according
to claim1 including: connecting each of the first array of connections to

a knowns i npeflangensd alcBrdind & ARRI ¥ ilfhddnd: i rst known voltage to each of the
second array of connections; sensing the voltage on the first array of

connect i ons; coRgoRH] ateiaamq(_)tqh%: h?stt af‘%& Iﬁ@&)é)%l%{%ﬁ%? ?({ %EMOVQII 1 rp%'agx?c%tsitaqgs that have

the first known vggtage, onnec € Seco array of

connections to,the kno i npedance state, a in he fi.rst known voltage
T on The ApBhREe B kot PHGER T ehehay the set BT R EOTRECOBs a1 st o |

sensing the voltage on each of the second array of connections only for the
connect i ons sensingéhefvoltage eir thayirstaeay iof Fenneptionshe |ist; and

generating a list of the first array of connections that have the first known voltage;
connecting each of the second array of connections to the known impedance state;
applying the first known voltage only on the connections in the first array identified in
15 the list;
sensing the voltage on each of the second array of connections only for the
connections in the first array identified in the list; and
identifying depressed keys or buttons associated with the second array of connections
that have the first known voltage.
20
6. The method according to claim 5 including:
applying the first known impedance state through a pull-down or pull-up resistance;
and
applying the first known voltage having an different logic value than the first known

25  impedance state.

7. The method according to claim 1 including:

placing a microcontroller or logic in a low power sleep mode;

14



i dentifying depressed keys or buttons associated with the second array of
connections that have the first known voltage. 20 6. The nmethod according
t o cl ai moizo@uudi4eg: appl ying the first known i npedancecsimb@siobssegigh a
pul | -down or pull-up resistance; and applying the first known voltage
having an different |ogic value than the first known 25 inpedance state.
7. The net hawrigdicallxivaling op dheanipracontellerdir fegic firadimgyperiadite cordist 16l | er or
logic in a | ow power sleep node; 14 WO 2006/ 017043 PCT/ US2005/ 023468 5
per i odipzebstan andkhagubuqean;he m crocontroller or logic for a tine period to
conduct the pre-scan and the sub-scan; identifying the pressed keys or

but t ons accqaélitiFging hd ptessed Reysirbuits dcbérdigho Sheapre-sc@nghdrhasigahhe

m crocontroller or logic back into to the sleep node until a next periodic
10 pre-ggan and sub-scan. 8. The nethod according to claim1 including
conducting the pre-scan and sub-scan in a wreless keyboard and wirel essly

transmtting,any jdentified pres S .0 utians. t -nost L Ogessi ng
devi co. - 15 SRRSO B REE BEKuRle BN P R Rl ol RE"T e

first array of copnections as outputs and the second array of
10  pre-scan and sub-scan.

8. The method according to claim 1 including conducting the pre-scan and sub-scan in a
wireless keyboard and wirelessly transmitting any identified pressed keys or buttons to a host
processing device.
15

9. The method according to claim 1 including:

configuring the first array of connections as outputs and the second array of
connections as inputs during the pre-scan; and

configuring the second array of connections as outputs and the first array of

20  connections as inputs during the sub-scan.

10. A circuit for monitoring a connection-matrix, comprising:
processing circuitry configured to conduct a first scan of the connection-matrix to
identify activated connections in a first array and then conduct a second scan of the
25  connection-matrix to identify activated connections in a second array only for the identified

activated connections in the first array.

15



connections as inputs during the pre-scan; and configuring the second array
of connections as outputs and the first array of 20 connections as inputs
during t hsoeds@aems. 10. A circuit for nonitoring a conmpectisessHRi46s X,
conprising: processing circuitry configured to conduct a first scan of the
connection-matrix to identify activated connections in a first array and

t hed codductThe dwsvidaccasding totlainh 0 a8 lusdirmlegic coreuiimtqonfigered iaiplaed thy first
activated connections in a second array only for the identified activated
connectandrscdnd afrfag if kiioin Bigicasyates] theilito&B6i64 Ot dBXGITE tHSARASCAPEAMGBth 11.
The circuit according to claim 10 including logic circuitry configured to
pl ace t1Bgiclcirtgitry t@Eﬁc@ EHeATI6h AfalyaY a ifitst OV BraleOdhife HpBLiMSa sdcbhd Pgacassi Ny
circuitry during the first scan using the logic circuitry to place the
first I i st logic state while applying a second logic state to
t he se?éﬁ %?Q%@?{AO 12. The circuit according to claim1l1l wherein the
processing circuitry during the second scan uses the logic circuitry to

pl ace the second array in the first logic state and apply the second |ogic
state only to the connections jn ih%>sec nd array detected.with the. second
| ogitc %% at elhefiTcHY apsrsding AQ elauk A Whetsin Hie prefesing eUrAdwiedinhgeesdc ai m
10 wherein the logic circuitry conprises pull-up or pull-down resistances.
14. Thescei neagithe lngicoinginitey to plask dieraesandmeayen thet fivst logisstatsanvrpply dai t ry

i ncludes bi- directional connections coupled to both the first and second
array, debéendlogicrsend otlnad the@oanseriend inahs saepad atraydeteded withitle secortdlegiki r st
array and outputs to the second array during the first scan and the

bi - di r egii @0Ahg GRMQGEALNS operating as outputs to first array and inputs
to

15 13. The circuit according to claim 10 wherein the logic circuitry comprises pull-up or

pull-down resistances.

14. The circuit according to claim 10 wherein the processing circuitry includes bi-
directional connections coupled to both the first and second array, the bidirectional

20  connections operating as inputs to the first array and outputs to the second array during the
first scan and the bi-directional connections operating as outputs to first array and inputs to

the second array during the second scan.

15.  The circuit according to claim 10 including a wireless keyboard that contains the
25  processing circuitry and includes a wireless transmitter for wirelessly sending key or button
information to a computer associated with the activated connections for the first and second

arrays.
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the second array during the second scan. 15. The circuit according to claim
10 including a wireless keyboard that contains the 25 processing circuitry
and i ncl vsleo@/arrsgl ess transmitter for wirel essly sendipog/useysorsbsit t on
information to a conputer associated with the activated connections for the
first and second arrays. 16 WO 2006/ 017043 PCT/ US2005/ 023468 5 16. The

ci r éui tl6accaorhgiomguit aceirdingnia clainh &9 sihareirhibe firgtorrag iy anartay edgolymmay of col um
connections in a key-matrix and the second array is an array of row
connectdoan&tions inhekdyematrixednditie setdnd aktey is bn array ofroeocwhinegidne ircthakay 10
wherein the processor repeatedly goes into a sleep 10 node for a period of
ti me andattiRen periodically and repeatedly wakes-up to conduct the first

and second scan. 18. A systemfor nonitoring actuation of keys or buttons,
conprising: a matrix including a first set of connections corresponding to
colums of the keys or 15 buttons and a second set of connections

corres di to rows of. the ke or. buttons: and a precessing ciycuit that
moni tongt et haieid SFecping AF ot 30 Noprih (R BFoceRR iR TR i Ry
conducting a first scan of  the conpections corresponding with one of the
£irlr gRodeiopaerade! e anhihgs prorically ﬁ%n?at,esﬁ/dw@wwgqac hge desin of

the other set of connections but only for the connections in the first
scan t hend seenfidsaared act uat ed keys or buttons. 20 19. The system according
to claim18 including a bi-directional interface that uses the first set
of connection as an input and the second set of connections as an out put
for the first scan and uses the first set of connections as an output and
the second sglyQémFonmesitdrfgSachftiamof keys or buttons, comprising:

a matrix including a first set of connections corresponding to columns of the keys or

15  buttons and a second set of connections corresponding to rows of the keys or buttons; and
a processing circuit that monitors the matrix for activation of any of the keys or
buttons by conducting a first scan of the connections corresponding with one of the first or

second set of connections and then conducting a second scan of the other set of connections

but only for the connections in the first scan that indicated actuated keys or buttons.

20
19.  The system according to claim 18 including a bi-directional interface that uses the
first set of connection as an input and the second set of connections as an output for the first
scan and uses the first set of connections as an output and the second set of connections as an
input for the second scan.

25

20.  The system according to claim 19 including logic circuitry that sets the first set of
connections to a first known logic state and then drives the second set of connections during

the first scan to a second logic state, the logic circuitry setting the second set of connections



i nput for the second scan. 25 20. The system according to claim 19
including logic circuitry that sets the first set of connections to a
first knowo 2begiicosst ate and then drives the second set etTaZMWEOLIGNS
during the first scan to a second logic state, the logic circuitry setting
t he second set of connections 17 WO 2006/017043 PCT/ US2005/ 023468 5 to

t he 5f i rtethekfimstndvagliogicsstai¢ durihg the gedohé seamzod dhencapplyamgithe seqond pediq statg t he
second logic state'only to the first set of connections detected as having
t he seamiygtd theiiest sétaif eonhuctiongs defeetdd asdiaving leansecdi@ logic state during the first

scan.
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