METHOD AKD APPARATUS FOR SUBCLOCKI NG A SAR
ANALOG TO- DIl A TAL CONVERTER TECHNI CAL FI ELD OF THE
WORMBENS$@N [ 0001] The present invention pertai RETiUS2005/010981
general to data converters and, nore particularly, to
a SAR anal og-to-digital converter operating in a m xed
signal processor with multiple clocks. CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0002] The present application
clainms benefit of United States Serial No. 10/8
16,564, filed on March 31, 2004. BACKGROUND OF THE
I NVENTI ON [ 0003] M xed signal processor units are
integrated circuits that have contained thereon a
di gital processing section and anal og section. The
anal og section is typically conprised of an anal og
mul ti pl exer and an anal og-to-digital converter, in
addition to a digital-to-analog converter. This allows
anal og data to be sanpled on a plurality of anal og
data inputs, converted to digital signals and then
supplied to the processing section for processing
t hereof. _On the d taI ital
pr ocessoMEZH %?Xﬁg‘&if%@%fég m#ggﬁjcghese
frequenci e\ 8AR AN O EOnRIGET Rerate a
plurality of frequencies. Typically, there are two
di stinct clocks, a high frequency clock and a | ow
frequency cl ock. The | ow frequency clock is typically
utilized such that the processor can go into a | ow
power node wherein the processing is carried out at a
very low frequency and consunes considerably |ess

gquency rate is on the

TE(E@@E: ﬁ%ﬁ?‘ﬂﬁ@ﬁﬁ%ﬂ@‘ﬁf frequency clock rate is

on the order of 32 KHz. The problemis that, when

operating at the |ow frequency, the ADC nust al so
[OOOdb eThe presenttinecntion pertaige mﬁﬁylerai‘sppdaéeawry/ertﬁns@HADeOmspartlculaﬂy,
o o L AR ] LRGBS R By PG TRb Ry with mutipe
clock€sted during each data conversion cycle. Thus, at the

| ow frequency, the throughput of the ADC is very slow,

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] The present application claims benefit of United States Serial No. 10/816,564, filed
on March 31, 2004.



since its conversion clock can not operate at higher

than the clock rate of the high frequency cl ock.
wo-eoosle9097 bot h at the hi gh frequency and the | POI/US2005/010981

frequency, the data conversion operation can be

i nfluenced by noi se generated in the digital

processi ng section. Therefogp, if both the ADC and the

di gital processing section are operating on the sane

ible for noise to be
BA&%%@WQ?%E& analﬁrggﬁ@:cti on fromthe digital
sectl on, this being a conventional problemin m xed

i gnal devi ces. SUWARY OF THE | NVENTI ON [ 0004] The
[000§} eMimedisipnahprioesssel wulsgse integrated (carwisdthpiehave sontaineg fereon a

dlgltg sgﬁtsﬁlgﬁgeﬁ%n a %{gfor%ﬁs géoq Oﬁgﬁt g)glsg(gtlé)?]l J e&g’ cgﬁ{f k{'ﬁynsed ofan

analég nQMipleRGURIACH ehAl6K-t@diki@l bblﬁfbrffef g Uidaionctoos kligik#-to-analog
provi ded, An anal og I nput voltage is then tracked

convgief. nd hés @llmalwéogo Hatgetotke &a@mi@da op HePhiglife of Heplegr datinputs,
f

con ?t@é ﬁd(; cir5]1 1351 g%%gllk ?in&ﬁlt sﬁgbﬁﬁg tcg Fgg)cggs%% sg:gtrlr% 0 dblg)\aé%sasn}géthereof.

On thO\@iBitS1PRoCREdiBekidd) IR diGIEN B dob&0r Qp@patate nthiltiple Q‘e@ueﬁ‘laie& These
conversion cycle, which conversion ogperation require

freq@prmea et fremy igernalyloeks dhasigersratere niyaligof flﬁauwcrrﬁSn d yglrcally, there

0] \Y

are tgr% s?%?{ ar ﬁlgﬁﬂ?@enégglg&g%ncﬁ% @%@%Q&ﬁﬁ hﬁ %(?vlv,] grequency

clock etypicglty ﬁﬁl@@d&ﬁayth@t helpr@esdon arc g itk & llco;m pO‘W@LClhOBRWEEfein the
DESCRI PTI ON OF THE DRAW NGS [ 0005]. For a nore corrEJI ete

Procgsfis Bt GRRARhULR 2t VY poe é‘aqqpenoa\ﬁéﬁtqoaﬁﬂa‘?ﬁdcqm@elab y less poweer.

TR AR GOy LR EDRE PN IR e KIP ppquncy o
rate Bamahparigt oS 2K Hw 'Iﬁﬂ@pﬂoble\imiscllmt wheh opkrating asthe ddve $reguency, the
bl ock di agram of  a m xed signal processor h

av
AD(aiaisbelse smr@ﬁetaérthec@m@?qwc&s dpeicahedhe Al f@ﬁ%tat?dgutﬂlzmg a
f
succg%slrl]sl{'/ele ?)Ee(?ﬁlﬂé%&lgé’%h’ fzigésga ﬁﬁﬁ%lgg? g?n t ‘E)erg' glﬁ'kng each
data mbhﬁerrs@ié by@@e’lfhl}is @ﬂhﬁﬂovg ﬁSQd%Dn(é:@Cﬁle Elrglil]gm)u:) of ﬂhs]EArIME ésvary slow,
Imn lLagram for t AR ADC with t ort fe
smcmtgcorweralcrrﬂéwlﬁqa@gloaomraf@@t bishgr than Be Ak refie gt dh high Fequency

clock® Wh%r,cﬂorﬂ? Ut the high frequency and the low frequency, the data conversion

operation can be influenced by noise generated in the digital processing section. Therefore,
if both the ADC and the digital processing section are operating on the same clock frequency,
it is possible for noise to be injected into the analog section from the digital section, this being

a conventional problem in mixed signal devices.



Fig. 6 illustrates a bl ock diagram of the
serial-to-parallel data converter; Fig. 7 illustrates

wao b@soyewr chart for the abort operation; Fig. BCT/US2005/010981
illustrates a diagranmatic view of the ADC
illustrating the use of nmultiple clocks therewith and
t he subcl ocking feature; Fig. 9 illustrates the timng
di agram for t he subcl ocki ng operation; Fig. 10

iled timng diagramfor the

SUNQ“%%?% |ng ggygsgﬂfﬁfustrating the hi gh frequency

clock; Fig. 1lillustrates anore detail ed di agram of

theADC il lustrati ng the SARregister and the Repeat
[0004} rEhe rapentingention discased anet daimedieritdn amea@p@ﬁhﬂf%@ft GpEprises

e a

a meéppogdgf? %m Efngtucﬁé g a?é:li ?fa 2 %iﬂ &45‘1’% {2 (ﬁl%ﬁ%lacoﬁlb%é}QADC) A low
frequentyl slotRbAS aélngﬁ)freq&ﬁt:ﬁblloeld afﬂ moliddd. agmaemamfg ihpet volltagkis then

mul ti pl exing function; % 15a- 15c illustrate the
trackaphduriag aéltaélﬂgg phasg to %mplle Resvalug theregfs Aganyersion cygle referenced

e

to an t{@ %f'& 18§J ec!rlgtitléo%r}g%rg irna a}t%t% Tl%é %‘éﬁé{ﬂ@& &ia & thiP¥%nverted
in a cobekion bpﬂgtlbrﬂddrﬁfgm@amohﬁer@loﬁ cnglk @vlﬁdm/(ﬁivbleronrmmﬂsh requires

Fig. 18 illustrates a_|logic diagramfor the SAR
a pluselify rad] qoaversion Pl gyslfsstibe tlﬂﬁl@ of gbleaph 4 Beitignf the conversion
oper%?cgl. i§ gﬂtﬁq eu S'HEJPB {e}g:%aa%a%ﬁltvlél? r% . gclﬁﬁlblhgfn ?195%5;3 ht%ﬁ%ency clock as
the cotagbioakioal. operation; andFig. 2 1 illustrates a

timng diagramfor the alternate enbodi nent of Fig.

20. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0006]

Referring nowto Fig. 1, there is illustrated a bl ock

di agram of a m xed signal integrated circuit including

a SAR anal og-to-digital converter (ADC). This is a

conventional processor based m xed signal circuit of

the type C8051F410, manufactured by Silicon

Laboratories, the present assignee. This m xed signa

circuit includes at the heart thereof a CPU 102, which

is an 8051 CPU, a conventional processor core. This

CPU 102 interfaces



with nenory, there being a flash nenory 104 interfaced
with the CPU 102 t hrough abus 106, and a random access
woreows909RAM) 108 interfaced to the CPU 102 t hpouygkz0a5/010981

bus 110. [0007] The CPU 102 operates on nultiple

cl ocks. There is provided an external oscillator

circuit 112, which is operable to be controlled by an
external crystal 114, it being noted that the externa

t ‘éﬁﬁ &@l I'y di sposed on-chip.
BRI éﬁ%@%ﬁ?FﬁPNQBngiﬁﬁpkﬁ requency oscillator and

operates at a frequency of around 25 WHz. This is

ut to the CPU 102 t hrough a%selectlon mul ti pl exer

l000§h/u>450r1a1@0rwqrel?lﬁ@tmﬂérs;andtl éb@pmzntclaﬁersw@ra@fiéh%ﬁ#vantages
I, I t
theré?)ff 31%&{(%86 Cl% g‘xg Q%est:onfn? f@ﬁwﬁ?ﬂg%%%ﬁ%{; tgitge% elﬂp({&?l_ﬁgl?@brp ith the
accompenﬁsgil]tgwfngnm whithof t he CPU 102 is carried out with
hi g B frequegcy osci | | a% d2 and when t he CPU
10 ig. 4 1hpsieader 4 Alogk diagpapof Agrjsed sigmalmoesssqrhayingriwyanalog-to-
The processing operations are
dlgltgp&dlnlggﬁr%srgc?}atérjr% he{e%ﬁ?‘he | oner frequency. The CPU 102
aI E;g intnhsmd@ acbldddEagragi of thé amkoglbdiphatconseregper abl e
to_interface external datg wth the CPU 102 for
wr Fi8 %glrlﬂ%raqu@ g HliassHp ?9: am)r AFtARSTation g ad AR ADC
co i r
I QB ales PG Al Btk S5 SARCABC AR o BLRS RS
a Big.xﬁa]lmstmtasfa Wock diagramnyfuibe «hgttniLdonmaresmﬂ@uﬂt t hrough a

g g I/Oblqtgk%(ﬁG Thi s di i ﬁ) ock 126 is
usrates a Rlgeh Pgrawsof&hegﬁ Tprel Hebeconties can
be [ serial data.
seriayalisludig S R o S W th some
t ypee. Bfillsdgrated a datgearhmatiatiewTof the oﬁaIDChﬁusIratiRQZBQ uskapAmultiple
an | or any other type of serial

fo Cft I
CIOCISSafE"ﬁreréﬁhr?ﬁfl tﬁeﬁﬂbg{og}%ﬁn&igatﬁﬁegl tal data to be received
or rid. 99t Fhe téﬁjlﬂigt dh %1?1';1' 1%y the @ﬁb&bcﬂhﬁé‘bpé’éﬁonlzz s

interfaced with the I nput of
anﬁigagwt dludtrgues a mmcnvbtauled t{nAIDE) dlagam: forr theesubelocking feature

. digit t herefr The input to the ADC 128 is
ﬂlusﬁ?tg\ﬁ tg‘é@%ﬁ%ﬁ‘e’f“fyp q‘anal og line 130, which conpri ses ‘
t hPlgo Vi Pdbtrbs 4 MSreRIcRSIb AR o fAPA DT 1ﬁﬁstr]a§%% th-E@%R reglster and

analog input to the anplifrer 132 is receive

the Repadtdgnetiong i pl exer 134, which receives a plur aI | ty of
anal o ts on. anal o in ut, | ] nes 136. These anal og
e £2 aiRtnes ABNE b i g RaSes ettty
Lraps @13‘ ?lﬁfs%ate§tacfnnxﬁ§ @1&%%’19 %rﬁﬁ{‘j&os@ fratihhs ranat; 0 9

mul t1pl exer is illustrated i hited States
Fig. 14 illustrates a more detailed block diagram of the clock multiplexing function;

Figs. 15a-15c illustrate the ADC registers;

Fig. 16 illustrates a flow chart for the subclocking operation;

Fig. 17 illustrates a flow chart for the conversion operation utilizing subclocking in
response to a single converter request;

Fig. 18 illustrates a logic diagram for the SAR controller and SAR register;

Fig. 19 illustrates a logic diagram of the parallel-to-serial converter;

Fig. 20 illustrates an alternate embodiment of the subclocking operation; and



Pat ent Nunber 6,507,215, issued January 14, 2003, and
assigned to the present Assignee, which reference is
w0 p@snpeeat ed herein in its entirety by refer ePCEUSIONE010981
illustrated input to the nultiplexer 134 is froma
tenperature sensor 138, which is an internally
generated tenperature valuestypically generated froma
band- gap reference voltage generator cont ai ned
on 1
conieay pstgiedd ithe Bloghlh R SRRV SRR ol g
sel ected for nmeasuring anbient tenperature of the
chip, which may be the anmbient tenperature of the
surroundi ngs. [0009] In addition to the anal og
mul ti pl exer 134 and the ADC 128, digital information
on the bus 122 can be provided as the input to a
di gital -to-anal og converter (DAC) 140, which can be
converted to an anal og output signal on an anal og
output line 142. The conparator function is provided
by a conparator 144 which receives an anal og i nput for
conmparison to an internally generated reference
vol tage or to an external reference voltage (not
shown) to provide a sel ectable output that can be
driven to the digital bus 122 or to an interrupt input
on the CPU 102. Although illustrated as being
connected to the digital bus 122, it should be
understood that the output of conparator 144 could be
connected to nultiple different interrupts on the
processor. [0010] Referring nowto Fig. 2, there is
illustrated a bl ock diagramof the ADC 128. A
conventional SAR ADC is conprised of a charge
redi stribution DAC 202 on the input that is operable
to receive an anal og i nput signal on an anal og i nput
line 204. A data conversion operation is initiated in
response to receiving a convert start request fromthe
CPU 102. This analog voltage is sanpled at a sanpling
frequency of fs, which is generated by a sanpl e cl ock,
derived fromthe high frequency or |ow frequency
oscillator. This is lower in frequency than the
conversion cl ock. The output of the charge
redi stribution DAC 202 to one input of a conparator
208, for conparison to a reference voltage. A digital
i nput thereto is receivedfroma digital bus 214. The
conparator 208 is operable to conpare the voltage on
t he i nput




t hereof against the reference voltage, this being, in
one enbodi nent, the conmmon node voltage. If it is
whe@heeovhan t he reference voltage, then the oPCPUS200$/010981

the conparator 208 changes to indicate this to a SAR

| ogi c block 212, this being a conventional |ogic

bl ock. The SAR | ogi ¢ bl ock %92 is operable to provide

a digital output on the digital bus 214 to drive the

. redisir] [ | SAR | ogi ¢ bl ock 212

DE%@HW?@%%EWN&@Y the n-bit val ue

for the n-bit ADC to test that bit and, if positive,

then it retains the value of that bit. The testing _
[0006} ocRefsrming nowde diigri haherhds vihistretedfa bloek SimRram of a mixgd signal

TR L e TR
proc8@be bieae dnixddisfnl LirctRE o HRVIyRE CFS 184N (0 Uhatkifadt@ed by Silicon

register (not shown). It shoul'd be understood that a
Labagntofies, die prasentafighee a Thisrmixed signeloitatitiecludestas thekasitbereof a

o Uy % apdiFan ST AR oo p kel Rl Db U Fo2 itertces

withhengdr9 SHER befnB @ FRsH HeMbBraliN ihtef fRcddurieh thb@PU B2rh@vEE g8us 106,
y exam ning one or nore of the bits on the bus 214 as

and 2 fredomragceseimpgnars §RAYD) IR isterfocaddeiths €BV@21hrough a bus 110.
i nputting each bit on the bus 214 to an n-bit
mul tiplexer 216 to provide a serial digital output on
[0008] SThé P @ dptat@dPmbltipld\@oddd Th i§ pRvidddintdk€ernal oscillator
serial data to be output for testing by a digital
circugohi3amhiabris operablelto bbeontedled et ehisrieal Arysal b, it being noted that

e GRSl RN RIS G b P B i

freqURRL S bEdiMgtoNaM dperatdsGit a FreqhidiRy Of iiduhd DIMHAUEMs & ihpuEitdthe CPU
diagramillustrating the conventional operation of a

102 thapugheresglestion winttiplexepVBIX)tld 6t héteastively sthe i P&}/ E)2%can operate off
ofa @g&fen%f?%ugnl&king%nﬁﬂ r?ﬁ%}ilgtg)g }r%(ﬁ,?ﬁ?]lla %8i\ﬁh 439! ﬁﬂg%&%tél%sgﬁbtgg }“}/pically,

agacitor. en a conve

the i@ proSeskizSRActINISf e @PUI 102 BQArricd 6@NWERh Th@Migh frequency
cycle is re uestedIﬁ¥ the CPU 102. A conversion clock
osciliiten 115 and,dehentide tGHY 402 finplaced i anvieer| medepibe dewenirequency

and,. on..a selected FisSi e .
osci ey R SRRl Vet PEP e AR e infrdi e Tpybeifequency:
The @PL2HRIalsoARTud oM al T Ai®1036d 566k NESthatifbSerhisie deinedrfiicd €gternal data

) bg setting thevMsB to a"1 " and then testing the output .
with the CPU 102 for writing in the flash memory 104, this being a conventional operation.

[0008] The CPU 102 interfaces with a digital on-chip bus 122, which interfaces with a
plurality of digital input/output pins 124 through a digital I/O block 126. This digital I/O
block 126 is operable‘ to allow various digital interfaces. This can be parallel digital data or
it can be serial data. Serial data will typically be interfaced with some type of serial data
format. This can be an RS232 data format, an I?’C format, or any other type of serial data
format. This allows digital data to be received or transmitted. Additionally, the digital bus
122 is interfaced with the digital input of an analog-to-digital converter (ADC) 128 to receive
digital data therefrom. The input to the ADC 128 is provided on an input analog line 130,



of the conparator associated with the SAR operati on.
If this MSB is determned by the test to be a "1" at

wao hios/o9d0ae, it is then set as such, otherw se PCT/US208%010981
toa"0." At the end of the test for this bit, the bit
being set is retained on the output of the SAR | ogic
bl ock 212. At the endof the-test, this bit is also
transferred to a serial data output and then the next

. P ' t ; i
v b G5 e S 08 5 147 "5, B 00
amplifi¢r 130 idleeeisal firarh tibamalog utubtiplexef B 4, wiiith receingd aplerafinrofanalog

. the entire 12 bits until a_bit "0" at a bl ock 306. At
inpufs| s Apalpganpytvees bt Hiege anslqg inputscan berscaiyed Famany source, such

o RS e RSeUmtoinh G BEER oo bloRer gl ited States
Patedtt Ntuhberefd0nL 13, Histied éatuaryt b 2008 panibasdignedeo fli-fredent Assignee,
whidEiRiepos s IPEDAeI RS IS SPGehORLRe T Hee. CHe reg aput o the
-f . '
e R e o AR A 38 (i 1B ot st RRemperature
valuetypically pareaite GARnADEsd-ghp teferepeivoltagd phetatve cemhineéon-chip. The
' n-bits be tested prior to the conpletion of the . )
outpgiply sleBweair sehsph ioqpstod {0, pRe P euloz BRings dri6 and is
I : ' I t e, 1 Ty :
sclof¥E1i5: Flcablrel SnBRAN Wipbetafird of the T, whith! Py BEFe ambient
temperdiieof die sumeundingt. SAR ADC. For exanple, in a conpare
operation, it may only be necessary to test the MsSB to
determine if the anal og signal exceeds one-half the
| . i ns:i.i .
100031 I RERGH Kb 3fos b Sfloxc 15 sb i, DY, 1287 eltb horation on
the tme 182 an bé pravidedss tlesmpttian dgieal Halahalog coimeerfer(IDASY d#€@ which
voltage, .this also is all the testing that needs to be
can Broérevegediia ¥} Falee eyt Hana] g an ABYag Pyt @% 142 Tftlé comparator
. I . . .
fone A ISGifYifed bl a'cOpRialor 1 RERGH ekifed BEpafh B B Syhparison t
an imderdalishgdnepaed rederende tdtage ontoemsdxtarnalrefeyerice valthge (net shown) to

st ed. the exanple of Fig. 4, there js provided a,.

provi s ferishlb e Tt Chebs s ing el Ekfeli?sorg%ﬁn Hyieriypf input on
the P M0B UlA111R68h flKkRhia98 -bei}%%nn&&é@td"ﬂe | it 80 4228t should be

at a mninuny the fourth B nust be a "17" Therefore,
undeirftoach éhatt iths toutBB of estrpamtsi 144v equldrbet ¢rmnsetedrid multiple different
.. third &/JEB test positive, this would indicate that the
Interpis Oy HIePLOWS¥t er than the 1/16 full scal e vol t age.

Additionally, the fourth MSB would al so indicate a

positive result. If the first four bits test negative,
[001D] e.Referniag mametodeige? nhereds flistreted @tblock diagram of the ADC 128. A

conventional SAR ADC is comprised of a charge redistribution DAC 202 on the input that is

operable to receive an analog input signal on an analog input line 204. A data conversion
operation is initiated in response to receiving a convert start request from the CPU 102. This
analog voltage is sampled at a sampling frequency of f,, which is generated by a sample clock,
derived from the high frequency or low frequency oscillator. This is lower in frequency than
the conversion clock. The output of the charge redistribution DAC 202 to one input of a

comparator 208, for comparison to a reference voltage. A digital input thereto is received



to "0," then testing of the remaining bits will also

result in a negative conpare operation, as the anal og
WO pan9wet t age has al ready been determ ned to PET/USXE5/010981

than 1/1 6 th full scale voltage. Thus, at a maxi mum

only the first four MSBs would need to be tested.

[0014] In this exanple, thegonvert cycle is initiated

at an edge 402 on the convert signal, and, at the next

i 0 2 r [ :
fron{ %glgﬂglhlﬁg%qﬁsrf %/E%mpgﬁ}’og g?%gfbg{ét f{; &n;%{)é fhs vBﬁaﬁed&{athe input
ther¢ofsaghinstofhetrofeserice woltags ftkisrtethg, @n bhe eﬂﬁ;bdmem uthp utorrahon mode
his woul d be a gosm

an edge, 408. Ifit is "1,
Vol it %ﬁ;égl&r,t{mnqthewpgr@wsﬁlﬁf%ge 4 e 10t of diingomppgator 208
: at
) HEER 80 | A e . 1 808 08 LA Nop B, o
SAR logicdldck. 21 2Thbp;era%lb to presidk t digitat tvépgemehadigial wfs 244 to drive the

e B AR L1, 55 ST STRATTR L SR B et o

the Itth%vﬁué Rt the-bR A Ot @bt 1EABREAE iARRIRl] BBn §9eMHhs HR Alue of that
| ogic high value. At this point, the conversion

bit. d"ﬂnertmtmgrprwddhrdm deteyonittectti® value af BlecBAR 4 i 1@& iconvengional binary

t he Ietlon f a convert cycle, thus ting. .
SAR, a5yt AR 1 REHToflr SO BRI PYe dh GOTRIE s ogicor! be n-bits
deteﬁﬁm@&t TR WeN b@rﬁo{rtﬁ&‘l‘ ab B8 o‘hﬁﬁ'l?'fo Hqgglsﬁ% |(t10tbs§10%‘) erreshould be

into for the next sanple. provi des an
undetood thei eghﬁbrmtnakﬂ?di d@&:cdx@@rtﬁmoutdhesusedmacae@rc a dfferential analog

n 0 e o e.convert clock is required to
inp ’@Hé}r}” u ﬁ’t28§t({1$f mﬂ%@‘“@B%ﬁa{% MSB to the serial

out put, one or nore addltlonal bits may be tested

before the digital conpare operation will be conplete.

[001A] sty the p'rﬁetiltgiimkbsyrct, tHerciase a fe@turh thatlistpgiovided by examining one

o P 3 B LB s 392

bit 0?1°cHP %ﬁ@ 20PES 81 hWit MbBHIdxRAD14 &) plobRIcAPREAI HRRaPbuthtteon a serial
logic.) O course, this depends upon the logic

dlgmahputenehn@ al8l tThlSD allolwb ¢het $raial datdutal bqo@uttputr fgitesting bysa digital

comgﬁtirla I ga[esd% fFlgHPeP Ef)}zvleg% g al?ihbebtilr}dersttoho% that the
outpﬁﬂ&ﬁﬂdi’ﬁé bﬁhilé’l daﬁ?as&%%séd‘ tBBerif) dufaCcr ease the speed

t her eof . However, theé disclosed enbodi nent di scl oses
the serlal output It can be seen, therefore, that by

10035 RerGFT a0 A d-hither di e es o ne SO, Ay ging the
conv¥RtioRdl bBration Qf 4 SAR daﬁ’@c&ﬂvéﬁerb Piiogtd B8 ESﬁ‘versﬁBﬁ cﬁﬁé tthere will be
conversion cycle can be begun'or it may be that

a “trapeks cpels wihsrairdaatsddinigsampled on an input sampling capacitor. When aconvert

signal is raised high at a time 302, a conversion cycle is requested by the CPU 102. A
conversion clock will provide the timing for the conversion operation and, on a selected rising
edge thereof, a test of the MSB will be initiated, wherein the MSB bit, bit 11 in a 12-bit ADC,
will be determined. This is determined by setting the MSB to a “1” and then testing the output
of the comparator associated with the SAR operation. If this MSB is determined by the test
to be a “1” at this time, it is then set as such, otherwise it is set to a “0.” At the end of the test

for this bit, the bit being set is retained on the output of the SAR logic block 212. At the end



ot her operations. For situations wherein a plurality

of anal og inputs nust be tested, this allows the
w@ewsee®don to be "cut short" based upon a posPCT/UE2005/010981

result such that the next conversion operation can be

initiated at an earlier tinme. Additionally, the length

of the conversion cycle cangoe preset based upon the

knowl edge that only a certain nunber of the n-bits in

of thé )'E;égt @tﬁgf)i@ %‘;ﬁi{ss?tlfao S ?%Iﬁ?os éae?lgi {fbga Wﬂg then tﬁé g%)%tg J lSleO tested,

set oonateet, tevainat @ the n&tpuf ofahd SAR 16 @Sbl]obk 2id mdStheIStml’(Bférlm]tout to the
bei n

i 20! A iony i 0 e piren ot Rl ooty 0 abe Floglg 306. At
bloc%@Oé Qﬁé atsthtﬁt BgW@*’ B e(péﬁdstheﬁ ﬁl% t@s@g GhE4PR cSM@!Ie@e ﬁ;ﬁﬂhs last bit

|mt’e to on finite nunber of
is tr:mlsrknadmme safal tiatxmutput aI;ad:ﬂ@:ktﬂﬁ)BoAgthe@hﬂ obthid test, ﬁmalhtag:vord the

uts. can be sho tened a fixed ab
12l SRptPEed Wahe FBLal 15Ebter S AR a5 el oAk if goted that
the d@talddn ¢ erﬁstfm s afatale] data @Sfcﬂg 1tébaﬁ BQHB&%&% §s a serial data word.

vari abl e. Referring nowto Fig. 5, there is
Howiekr¢n sbmnhohaé Sb\llelD(ﬁh wigl m{ui‘r@ that ke entlga: nd:lltsdmrtpsiecbpnor to the

comJRRee o B 3ot e i P e o Tphson cyele ater the

appropidt@tradiogpar al | el converter 502, il I ustrated as a
register. This basically stores the serial data in
registers for input to a digital conparator 504 on a

ro013] i e adiys i gt necbliaty ot A uPsf Tsg B §AR ADC
For é&ﬁg)@?ﬁ@%@mﬁéﬂe Eeﬂﬂh&ﬁ 1taﬂgy bRS td@besBits 1Rt BBMSB to determine

accomodat e al A Teférence voltage input is
if thpamloglegna mxceedsion&half w];tu foH scale tvhldaageeﬂﬁsoe mlm thosl ihaggeonstitute a

pos1‘ewf‘$g£1§$r@t tﬁ}Spilgq &g%l LA %pi}p H]&ee hlg le élalﬁ. 83«9 121a1f of the full

scalepﬁﬁfagb VBis hRH S ANGR té‘sﬁhg %@née%g 'toslgeedon\'é %@d&@ﬁmﬁe RRIALd ¥ Begative
tage reference regiSter . This is for the

resubuﬂpmsfbreoft iy netiesggrito'tesit a eiogle bd@n@ahmfmre, theremeiningbits need

T TS s (e et
4, th8RH frovided £5iR1a80E Yh¥Rlt @6 thredhblBvoape d sétd i ABkeAA scale voltage.

positive test, or the positive test could be that
Thusytiss wbeldgnwthat ttaminimeny gyafointe M3 enetloea Vbl tH@eefore if the

ess t.han t Si ol t ain
first§f 8 peufieondt Fenstar rd SIELEIERSau PR Sip iR ByRpug ot e
voltetg@ igl §1te§treml{dﬁ thd'i/36 H@$ ydale vcﬁéage Atihmu%nagt efddonad MIBR&Juld also
brts is less than the total of the n-bits,
1nd1cate a positive result. If the ﬁrst four bits test negative, i.e., they are determined to be set
to “0,” then testing of the remaining bits will also result in a negative compare operation, as
the analog input voltage has already been determined to be less than 1/16 th full scale voltage.

Thus, at a maximum, only the first four MSBs would need to be tested.

[0014] In this example, the convert cycle is initiated at an edge 402 on the convert signal,
and, at the next rising edge of the conversion clock, at a rising edge 404, the first MSB is
tested at a block 406. The result of this is transferred to the serial output at an edge 408. If



such that the | ower order bits need not be tested. A
digital conparator 504 will then generate an

WO niososwpt , in this exanple, on line 516 to theCTZBE2005/010981
102. However, this conparator output can be utilized
for other purposes than an interrupt. [0016] Referring
nowto Fig. 6, there is illystrated a |ogic diagram
for the regi ster 502 The serial di gital i nput is

itis aoelc’e{hr}ﬁ Yoy |bte )‘71 p&sl‘? teﬁ{ [ﬁo‘?’?"eﬁ’ 1n %8}3 g%pzie Cﬂé% ﬁst,g;p&{}@;ﬁhd third

MSHslar@teble@ RS b&Q 40T Sndhs stirth MSBVIE teitedea Biock AE0 Bndittis determined
provi ded on t he ?Eout puts thereof on an associ at ed

to beat jestc I'1n desilofn thee senargian ephg lseh quPHabdieh in this
emb(gé{rrngegfe %te§ gmgg?rﬁéﬁf(p h% é)?@r’&%%'r tgtg i?rg & emgsglw&%{he output of

a digthIrddtiparddiifratioa pgigite@loghatsh wflud. e thik psint, Tewsnvérsion operation

each bit tested, one of the flip-flops 604 wil| he
will b fabpaieddataibleck A4 PHOGIOdb& carpplktion of # goyar ke fus preyenting

resol@ﬁgﬁé §f‘ fhe %\?&lﬁ]:deg ggg a&4 t‘i?l% léo}nH}:?e ﬁ?ﬁl(t) gglﬂg%?d\?\%q tﬂc o%l&mode will
be ertbied dabdot e asgamply. STHesCIAY02 ptdwdedahabbitisignl tothe ADC 128

which is set when the particular associated bit

is
for thig fapgtionF hyigce Qq@@lq%rcwlé Qf the ceryertglogkds seqyiresd i transmit the test for
B
digitgloggmapaat @peratidn mnmarcem:ﬂéte Abej théglisbdrly thercasedeliere the data is
t omake the determ nati on, 0017% Ref err.i n% now to Fi
t

transferrqdh@rtéo.assmal dafe outnad Gt 1o v gt thegdigitels Sompap @peration is a

diffe Bm& ega)glgﬁgﬁnarfgﬁ?%o?%é 3}ﬁr£a]t'éc&i gitptglrg gﬁl}) ﬁogk?érﬁ“(gf c?&gse this

dependsJ gp@the ﬂ‘@io fnhpdevaerted. altdocidbedimt bidoallportGdgister Bwailized wherein,
the initiation of a convert cycle. |If the, convert

duringfBe fsfins oheash e the Sagiial FempaE eRerationsis SRR 7 yhetantially the
sam@t{qﬁ@% fddge asé\[the%ggéh fn8rebf eHb%ﬁ%r fhg Qﬁs%ﬁfsg& EmbOMleat &iscloses the

raC|ng operati on. e en e tracking
seriabpepat liaran babeen, thhefare sy cafip teamimtion sf thaiconversok cycle based

the programflaows along the "Y' path fromthe
upory CRERM IS i CRSTON t5ETEie CPBBUPE 13 BEbTiR 41 e B being
testeg@ﬁe ng?teccﬂfvglg;{o%g@yﬁzfé%nfﬂeod@%u Br gl B effhgf‘thle 598&%33 #QefeBsed for

termne | out put of °t conpar at or
othet opeeatiohs. Baw, s1ttlémoas vhelieed Iderahtpatf analdg uipstsomush‘astebteéﬁhls allows
reached and t he will then flo

oy '
the cATFHOIB ta OF GRECHBR JPaRBPES RRGE TP IFack Gy Gphih conversion
opergt?’cg{ncgan‘ge, ;}ﬁtlgﬁad PRI LRfer thhe. "&b YPRIEM BE thk cbARYSion cycle

can be preset based upon the knowledge that only a certain number of the n-bits in the ADC

need be tested. In the example of Fig. 4, for example, only four bits are required to be tested
in order to determine if a true result exists, such that any one of the four bits being high results
in the abort of the conversion cycle. Since there is no need to test the remaining bits, the
conversion cycle can be pre-limited to only a finite number of bits. Thus, the amount of time
to cycle through all of the analog inputs can be shortened. By having a fixed abort length, it
is then possible to change an n-bit ADC to a (n-x)-bit ADC, with “x” being a programmable

variable.



path to a decision block 714 to determne if this is
the last bit to be tested, this indicating that a
wo e®@aloeoobas al so been determ ned the program weT/US1005010981

along a "Y" path to the abort function block 712.
However, if this is neither a true conparison nor it
is the last bit to be testeg when the abort feature is
active, the programw Il flow along the "N' path from
the decision block 714 to a function block 716 to
await testing of the next bit. The programw || then

[0015] OWechaGis how b Big. BPttread ilRSRAted 8B1dek @derarh Jort the dfpatalcompare
test the output of the conBarath to determine if this

opergiion: 'Ble sdvied digitab sulprefomrthe muliiplexaidrip Poovidaghesaminput to a

seriah-éogggrgﬁ%p claoéiv«%’ eg" tSiQZ’, iﬁ?%gat@c{ asta'}%ﬁis .:) \'}\‘gis:bggi{aﬁltgbgg%ers tthe serial data

_ “progra
in re?kifé@i foP Mt @CK dikldl cdnipakfonsuidash 4 Bigital MRSG! Mhisdl typically be
eature i's selected, that the test will never exceed

a widen dlatei b ifam ip necentasr such hatjbe regitier02[cgn asjonrredainel p-bits and

featura.can al utd 1 L.zed, i t l. .
e SR Sy B AE ey D A6 b
510 Wwaitd,is theeefeedt@t Roligetdamphadtto fid digitdl@utgie oCd register 502. There
generating the ABORT signal to the ADC will  be fixg?, .
are iBurgatadrigo refeqnge vipliages e PaFitiNeReSerERG ey oliB 8t Tegistyrad2 and a negative
voltaté% %fgreﬁgg lre%iég& ﬁrél.()\’ﬁhfjselg fdr'thd O‘KL‘}%?%Q%E 3 (’fv‘?étﬁﬂé & Feyfiftib cdmparator,
“ncrement e y ‘the "Conver si on ocC {o ermnate the

wheRaNy ¢618%ige Rayedk defgsdl Yf the Groltadiis ddse tHahahe hégatise refadyce voltage
for the next conversion cycle and tao.begin tracking. ..
or greafer thams thewasitive refprengs voltage; Biis gquirhingdicatased s KR fest op{he positive

o 1) PR I S I Ml s s o

posifiverefdtendeaioliagé. r Apaiapalat ippudefihad nwobdrdf ditnbferequitadtinlorder to

a threshold were exceeded. At that tine, an interru .
deternging dagrestlbd Alivdthiretepinedmper etbif l%s apiife fotal of the n-bits,

u 0 .
e TR RE ok R p BT GHEL L LRGP0 e
an irft@ripe, ihekhiks iezatlpleyelied 5 toehdCPUr ¥Ro IHdwoer,ithis @bmpatator output
be changed in response to various predeterm ned
can Regpdlizefl dersothex seRERBRRIHE MW to Fig. 8, there is
illustrated another feature of the operation of the
ADC in the m xed signal nultiprocessor unit. The CPU
[0016]ﬁ eRaﬁe'rr(irliqg 1Inaﬁ teeligub, thepé isdilbstratdd adbgiclkagasa der the esghister 502. The
therewith, these being separate cl ock generators tha )
seriah digita} Bppbisdcecsvesd Q) o 0 g h@i‘l‘ég%t T4 of g ppuratity of

D-in %ﬁgp-ﬁ@%ﬁ?lﬁ% .L]ge!fch%?ﬂﬁ i ABSLERLL 830 AR With&ne of the n-bits, provided
on the Q-outputs thereof on an associated output line 606. Each of the flip-flops 604 is gated
by the bit from a SAR bit circuit 606. This SAR bit circuit 606 is part of the SAR logic block
212, this circuit 606 “targeting” each of the bits. Thus, for each bit tested, one of the flip-flops
604 will be activated such that a clock such as the SAR clock, the convert clock, on a clock
line 608 connected to a clock input of each of the flip-flops 604 will clock the data through.
This is basically data flip-flop, which is set when the particular associated bit is ready. Thus,
the particular serial data output is loaded in the correct output position when generated. It is

therefore only necessary that the digital comparator 504 compares the desired bits in order to



Specifically, Fig. 8 is nmeant to illustrate a | ow
frequency cl ock and a high frequency cl ock. However,
WO pooshmuwbt be understood that multiple other cPODKS2005/010981
coul d be provided, these clocks either generated off
of the high frequency clock or provided by a separate
clock generator. The purpose,for the nultiple clocks
is to allow the processor to operate at a |ower clock
nwk£HQQH%%%¥an%ﬂus consunming significantly | ess power.
exa the high clock frequency operates at a
frequency bet ween 20-25 MHz and the IOM/frequency
cl ock operates at a frequency of around 32

[001F] pRe&FIE nowido Biz. R Bewiio HR- 4  AaRElaEdselcaiadhe sbort feature.
The %go%%}ﬂmlg Hn{f‘at&'i ¥P 5 3 dckv%?r\?x?e‘?el %’swfn flsr HE TG ¥K %h&‘tah%n. The

precrsi on oscil an operate wth

prog@dry Seal ﬂovhilﬁb d decixioil sloble7(d t@rawahtﬁthe atistionl d»fedconvert cycle. If the
oscillator. Additionally, although the clock input
convgFteoperatignhaanelcbess ERieE. e RersarR dlorysaiorshiben Path to the input

C t
o g AR AL S
conv@ﬁl c@écggog gszmiudtéds thla.%rb g1{a|h1eﬂ(m/smikngihg r‘fafl”spaﬂofroxinrtbm tledision block
t he way of i [
704 foyfiaehion logk @%%@Mbgaﬁr@us P ThEpBEmeT flgh g & decision block

710 ?ooa%fhﬁﬂhé Hinb %ﬁ Rhr mg\}g%%(%‘éﬂ%ﬁﬁi& i9%%k! At rnis Tﬁ‘(’héates that a

esystemc oc ut t ereto on a line
deci€lOdhasHees rdashcmmdoluﬁ plrugranfwﬂlhbenﬂbw a]phgx &Y p6th.to T fimction block

712 grl,kjllg%lg}p’rlélg é%@%gép(;}?c%g {N\l[l? %e a Hp#ﬂé) h E{g?gglzﬁﬁ l%lovv along a“N”

f
TS 08 c GEN V 30 sios

a result haealso beentdetermined doe mograal witlflavhaongp iy 80 to thieiabort function

ock IR 0 S T o O bl pgsteavhen

the aégftsfe RS S8 et 1% é)%glﬁ ﬁlanVS WAHIRY alffs theng gaﬁi erx‘r‘ﬁh@ 8&:isiéh block

1
|g|t out put " 8 data to be transferred
714 forofunbibonidaeld 285 towtaiteesting) of 02 et bipr Dosgsreprag wilkthenflow back

[ 002 The. CP is o erable to pr.oce n t
to th PBie B gioR Hedke 191 2 p@%@?lsfﬁéﬁ ru@%{?ﬁﬂg}ne if this
next'bnt 125 %%Qﬂ‘ﬂ%ﬁ?n W’utu'a chiX ?aﬁé’o‘ﬂg 'Wﬁ@'ﬂ Deud I?ahlfs%h &ade or the last bit

herein send a convert request from a
in the mlnmsuoh i$ tested 8the ptctgrameﬂom lie&boutdhingtiven blotle7 WDAt isadted that,
w || convert an

Whelg ﬁlef:r l‘lg%q? gfgg(?tg$ ﬁm% the t§§ttvsg nexer gxoeed ¢ 3{; %lii{?%p}/n? LR Seeded to

be tested.

[0018] The abort feature can also be utilized in a mode that allows the bit resolution of the
SAR to be adjusted. In this mode, the length of the test prior to the CPU generating the
ABORT signal to the ADC will be fixed, such that there will be an automatic abort. Also,
there could be provided in the ADC a counter that is incremented by the conversion clock to
terminate the conversion cycle early and indicate that it is _ready for the next conversion cycle
and to begin tracking. In this manner, the bit resolution can be changed by just controlling the

comparator configuration. Additionally, the bit resolution could be changed to provide for a



data. The CPU 102 al so provi des configuration
information to the ADC 128 and al so provi des sel ection
w0 ppandwdgnal s to the anal og nmul ti pl exer 134. PCT/US2005/010981

Therefore, the ADC 128 will be connected to one of the
anal og input lines 136 for sanpling anal og val ues

thereon during a track node;j, and then process this

sanpl ed anal og information in the ADC utilizing a

v ri n
first T SR Sh R B LA hidhold W RS RATMI IR B, an inerrupt

is gefetatddpdel fhetEPU aloukd Rekisfigiie theccomvgarsionto sétor ketvaresolution and
determne the bit values of the resultan

digital . .
threshaidy & hispHlews fesraglynamica g chanemgit rasgiption Crea b replivesh wherein
the btltjljesc‘olﬁt?cgf}i's ! EI% tO bk %ﬁ&n%e? fn {(elg orE *Pcwashc}ug \?p&ie%‘il{érd%ﬂditions.

0 e conversion clock to
conplete the data conver si on operatlon Thereafter,
results of the caonversjon, e resyltant digita

l00191a| @@fervwg RoBdo Fi e RSPt B 1VHaied Snoiler gature o it iytign of the

AD 12&@% 1%1 %ﬁﬂ}jﬂl{'t;g#tuc?%sop x ok E?OP% oé\ér%tlboer?gab ‘Q?ﬁﬁﬁbl@&@ of clocks
asso€ibfief) lﬂtercamtﬂ deke Belggl@patame degiageatators hbtark ptdvgﬂedlﬂfaﬂgﬁﬁthe CPU

with a her f.requency_conversion cl ock ring t he . .
to operatfe r'i"s Toje fraeeHR1es SEPE PRt CANRMBURR éﬁ“g tﬁ‘ I considerations.
Spec??cﬁa%@f 1;"1%”8 iSmEMTRS AhEH Al B{Vrﬁ'%]ug&{ Yol§dko4rtd aoﬁi%h qg:qﬁéncy clock.

one enbodi nment, ur|n |ng cl ock cycle
Howefert hehcﬁlYéB&Kndéﬂ;’tDsd ﬁiat)mmttqﬁe athenstbeks coflddenebvided, these clocks
. First, th can be powered down, duri
cithi 6RO BIY SFatGRe éwgrfgmusw leefcsr mREeR by g sepptscclpgdgenerator.
The ?8@56 Eo?ecﬁé’ bt 1@ RISERS W falfve tRVEtobaBbLL0PEpcRdte @R R 1b®Er clock
I'mre. For exanple, a convert request nmay require a
frequenty | thusomassmingsignfideatdy heys gnwa:n 1) ongampleL thleélxgr clogafrequency

opersjis oha ey P Pirscvrsgaty fher e FeaieBy ek chigates at o
freqlget%@%/ 6F Ero{ug(‘ﬂ S'? Hz: ) Oﬂlcpgcnailllgr fokab qq@i‘cl@@l@ﬁvﬂi haw é@‘é‘@(ﬁ@cb&‘ therewith a

he en sion cycle for each anal og
crystiah m}terelas the hightfeequendy cdovdl cagbé apuetiston os¢ibatonand qah@p@late without

R LTS IR S TR R T .

are @gﬁ*zﬂéﬁ h@ﬁé’lh% fg‘éﬁﬁfh{ea b 3G LH ?rrpﬂ%@l'létofseﬂl%%élohﬁs can be generated

Igure t tiplexer 134 for that convert
extemebtoaké chiphus, the anal og information fromall eight
anal og input lines 136 can be obtained in a
significantly shorter period of time. A third benefit

[OOZbE ﬁlﬁﬁf&m@B erable BE &1 ﬁn@&tthé ﬁiu?tﬂh@ EB%K bfgﬁals for input to

eratioh can occur w thinone clock cycl
the (PSAOR. byTwig of slldtretiom Hoevelag this hepresehts a)prqgmgmg@l@eg)scﬂlator
ﬁmc‘?lf)n to?ea c?o?n \{rela{tlsc;not?lereof with a separate oscillator. This is the system clock,
SYSCLK, input thereto on a line 804. This is one output of the multiplexer 802. The
multiplexer 802 receives as input multiple clock signals, CK0, CK1, . . ., CKN. The output
804 comprises one output, with a second output 806 provided that drives the ADC 128. The
ADC is operable to receive the analog signal on the input 130, which input 130 is an output
that is selected from the multiple inputs on lines 136 via the multiplexer 134. This provides

a digital output on a digital bus 808. A digital output 808 allows data to be transferred from



clock occur at a tinme that does not overlap with the
cl ock edges of the SYSCLK that operates the digital
w@enisiognodf the processing system such that aPgT/Isioes010981
contribution fromoperation of the digital system does
not interfere with the anal og sanpling operation.
[0022] Referring nowto Figyy9, there is illustrated a
timng diagramfor the subc}ocki ng operation. The
il LSy QL] jen synchroni zation with
the ‘gﬁ??ﬁ?i’gtﬁ%a&éﬁg}gjé%f%r?prg%g%%&g?dﬁce t he processing
section of the chip operates on SYSCLK. A conversion
art o%erati,on is initiated wwth a signal

CNVST
10023}, The EP5012 iiviesradRirrogess snatiiens A fiasieRk mise! SYSCLK. The

cruSTABIRAEns. RSNl e aRA ln pegi. willend

a corsanpleqsest fremanaintgl BngdEl to the AMYC | 28swch that teal 3OO 1IB, operating

. . This basically | ocks the sanple anal og signal onto, a ..

indegggidee dwélgb%’é’reft&“ aﬂlﬁlﬁatvafup_r@ra@a%a&qg, Utp _&Hh%‘f?g &glue as digital

ta R A o L PR R 0a4 Rl o

seleationviepwti ignatd ackhe drhilee hmitipdesar 184. eHgeefdte) . thdRDC 128 will be
hen is. allowed to stabilize, in the event

ADC CLK is .
connerigf 19 en%fa%&le aRYPR B D¢y 1 34rar saipplag BlaenvalugsdierFor furing a
trackIREAA A Pen AOERS MaGibi ) FHRDE iSfoddor if (i BB AR data

an edge 914. T r, a SAR conversion operatiof is
conveersidn @gedthat Hns BARecodt&rsionidlgariting, 4shdeséiiledClekein \Mheve, requires

t he. SAR nversj on operation i s _conplete, as jndi¢ated
multiple ipferaalelogeeo! 3 FVRSOTCPIRO FyAciPmae e bib ghies b ipcigsultant

digitdNAilid TIRETork AMRIATEO h@&%&t? &Presd10fbE Alib F%luggfﬁ-tésﬁ%fthe n-bits

hi gh speed clock is powered down or turne
to bapediougld, rdquiring a leastraialodks afithe pematrsiog clookido cdimplete the data

BUSY si gnal goes | ow at an e 924 and the TRACK. .
convg;sbqpé:rpegaélé)g. hedﬁaéﬁr,v%lgwe efg%é;opgerglgﬁﬁpgrets%rﬁ é%}étltal value, will
be trA@L R tb%ﬂ_‘iﬁteﬁiag&?ister [FO0RRY MO R Gt PARs SONVEE 4P Be described

operation is conplete, the digital Tesults are
hereinrteisf, dhe mdltiplexan8@iis pptrabiktta ontpyt 8 tleck sighal tda¢meratelylclock the

in in this output dat.a register until the CPU 102
apG P Righehapcnsy conyizsipreight durina{heConseripngperayion, such that
the cNvw&rdibn B?érﬁt-ion-rig BoApRtcAWitiin vaextyrbﬁoﬁﬁgi&?& tinde, in one embodiment,
conpletely transparent to that "of the CPU 10Z2. In the
duringvbsidgleehecki dylgsiftlat SUSChKFi This provikselnkniber phbknefitse dFirst, the

ADC%%%P&% }%{We?ecf %{:c?\%% glgrtlrllgarllér}{cén%\éﬁsrior}c 51%9&?0%%}/ sutcﬂ Tht it utilizes less
power. Second, the results are available at an earlier time. For example, a convert request
may require a multiprocessor chip having an analog multiplexer 134 that is operable to receive
eight analog input values on the analog input lines 136. In this situation, the convert request
could initiate an operation wherein, at the end of each conversion cycle for each analog input
line, the next analog input to the multiplexer 134 on the input lines 136 would be selected, or
each convert request could be associated with a single analog input requiring each convert
request to configure the multiplexer 134 for that convert request. Thus, the analog information
from all eight analog input lines 136 can be obtained in a significantly shorter period of time.

A third benefit is noise management, since the entire subclocking operation can occur within



enbodi nent wherein the ADC 128 is clocked with a 20

WMHz signal and the SYSCLK is a 32 Mz signal, the
walpdosmy®more i s over 500X. Therefore, the enti rBCT/US2005/010981

conversion operation or multiple conversion operations

can be achieved within only a portion of a single

cycl eSYSCLK. As such, noi sejassociated with digital

processing of data by the Uis isolated fromthe SAR

I o] P 4 [
one GRNGLRLAPEEEEL Ko AR ST A N A B dvsion
clocl beueatnEth 8 et deds nbt @verl@p whth thistloal eds bh&leSARCLK that operates
conversion operation. In this enbodi nent, it can be

the digitah PoThion of [t ISPRESTING SN, Y6k thahpignneise eopsrikifing foam operation
or b aF AR08 A 09 L he oyl QRS

detailed in the various timng diagrans, but V\,hl ch are
eded to insure proper ogperation) Once the TRA
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SYSED&E dincd tirrpostdstihg betiph Oﬂﬂﬂeﬁlpa)peaftésmrm‘ﬂﬂﬁﬂﬁt A)éonversmn start
del ay 1002 for this operation. After three clock

operghes) légmtlawdtwfsa §iehPl G(NVEd: Bhamsies, 0t SVesrCH YN egags dpw at an
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i gh requency rate of
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[0023] When the SAR conversion operation is complete, the digital results are transferred
to an output data register. The data will remain in this output data register until the CPU 102
is ready to retrieve the results, this being at the SYSCLK rate. The operation of the ADC 128
is completely transparent to that of the CPU 102. In the embodiment illustrated in Fig. 9,
SYSCLK is indicated as being at a substantially lower frequency than ADC_CLK, but, in one
embodiment wherein the ADC 128 is clocked with a 20 MHz signal and the SYSCLK is a 32
MHz signal, the difference is over 500X. Therefore, the entire conversion operation or

multiple conversion operations can be achieved within only a portion of a single cycle



conversion clock at a substantially higher frequency
than the frequency of the system clock, SYSCLK, the
wao boostogoput of the ADC is significantly increaBedUSHg5/010981
conpared to operating at the ADC at the | ower
frequency of the system clock, SYSCLK, when the system
clock is configured for Iovvl(grequency operati on.
[0025] Referring nowto Fig. 11, there is illustrated
r ai
SYSELE s SR hOBR e D AR Prol g BE BTl tho CRL i isolated
fronﬂh@%ﬁRMdﬂ%fsﬁﬁmtatioﬁ Fig. 2. The SAR |l ogic bl ock 212
has associ ated therewith a SAR controller 1102 and a
SAR register 1104. The SAR controller 1102 is operable
t r r
[00228 (ﬁ:{ggegh%\% P%\gg%?% RY t%lgxfe dlg gﬁltsg?t@‘ﬂg gtngchrtg det%ﬁ@% ﬁﬂ%dmgram of the
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are dé‘%%@l éﬁaﬁ 8&5?5 t?% a}% %céo%]?@{l Eog?ﬁgt Srd W% dEQNVEL il {1 varhous timing

( al'ue a conversion cyc
dlagi'?ﬁnSablﬂWHlﬁBar@ ubgalet] td adreipsoppr @peratixth) Gnct ke MK‘B@Imhgoes low
ital bus 214 for use_in the succ [

di
at odgg G e o oo SRt i it B Sambe.GTpe f scaggmecessary, o
allothﬁehADUhlgﬁ‘ Téqﬁ%ﬁ?ﬁ% (1&% po E{J ’t:c%‘p’k:% &% willYed#6viQkd a certain

data ther | ng register or
amoantaddalap U0ifor tieg bpdretion. Pt t]ﬁb@@o&li@ﬁ:les 1m11$rsahplﬁi¢dcexample
interface with the data bus

h.th CPU .1
the 2k cRAVRESIgR CBgation Sfilkibg inifiRfe ab%. Isierlee 3@%‘% gt gequency
u t
cloc s 1 R 100 QEMRF 4B 800 R A G by i
of tHeasihginimgaties HOhanN. .i.10.i At thei ergl ebithe amveu;mmc@‘ aban edge 1008, the

LT R el
cycl%xg{e' Fefwil [tﬁé}?@ tralRfrfeh Ffnd 319[?u1! (ﬁlt&%@fsfe? i tﬁg c@Migtuﬁﬁlon wherein

contr o er 1102. The SAR regi ster and
onlyesigletdmeersiditdkesgriadean caspdrisg tr aacbltvhrtwcngie;sia A11 of the data transfer,

onfiguration re i ster 08 t hat
the AR sPRSaam OBk G 4 W EBMA & e Wi feaBebefof the high
freq{; ]’sfn%[?] c&t’de?m&?@%@ﬁ TAHEILERT SHAR tREmMBxRIRTUAI Hevi&did @Pérable to

e CPU 1 or it could be in response to
opetatetathigh lfrequemeysull of theonBaReuts teraif hrercapdti@of teing opsgaied at these

e oS Eve e AT S R S e 58 2
the SRPYRE HeqRerRP DT 8 bRLnfBHall ADC §SPRREZ and the SAR clock can and will
operate at a much higher frequency. Thus, it can be seen that, by providing the SAR
conversion clock at a substantially higher frequency than the frequency of the system clock,
SYSCLK, the throughput of the ADC is significantly increased, as compared to operating at
the ADC at the lower frequency of the system clock, SYSCLK, when the system clock is

configured for low frequency operation.

[0025] Referring now to Fig. 11, there is illustrated a more detailed block diagram of the

internal operation of the ADC 128, which was described herein above with respect to Fig. 2.



to a convert request, the data will be generated

faster than the CPU 102 can extract it fromthe ADC
wa22®s0ver7t he data bus 808. Therefore, when theCTZBE20ADE10981

generates the convert request, the data will be

accrued well prior to even the next clock edge of

SYSCLK. Since the CPU 102 opgrates on instructions

t hat canbe fetched no faster than the SYSCLK rate,
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1214, or maintained on during this tine, dependi ng

1106upovidehan ploster dagmstorage dagtipn érat allews dite tdmusihgm at a faster

rae i it P 15 4 IO P e A S 4 R i glpsti storage

devidd, ARanford AcBsstviabryores ™y toild behalidah frequency
clock is not needed during this sanpling and,

therefore, could be turned off. After new data i s

oG S L G SR8 P s REaT G
COIltIde?ﬂ VAL WeQeK fiShga AlroWsH b cé\ﬁ?%@atﬁﬁl ré@isfed 1208, a0cief8emultiple

. This will Start a Second SAR conversi on
samperegaat hegakeat in sgspedspao BXx2gle odriviett radudst. r Blais convent ngguest can be a
tra sferre

t ti 1222 i dat i
conve ‘e e CEL 1B o Bl Piog in SobbRld ftsh Y ey B e sar
conttoPeA 1 @ thhttedul€inshimpled bP @ata%%\;g%lfb’n al Qfed@féﬁhlrféﬁ tfn’&@

SAR conversion operations ite pointer wll
increnented. It |s noted that only a single convert

U Rt KT BTN ORI N T R
to a doQerd teQ;'ilesft,rtﬁél HRAGNI1 B& B&lerated faster than the CPU 102 can extract it from the
ADC 128 over the data bus 808. Therefore, when the CPU 102 generates the convert request,
the data will be accrued well prior to even the next clock edge of SYSCLK. Since the CPU
102 operates on instructions that can be fetched no faster than the SYSCLK rate, this data must
be extracted over multiple clock cycles of the CPU. Therefore, the FIFO 1106 (or RAM),
being an elastic storage buffer, can accrue this information faster than the CPU 102 can extract

it.



Additionally, although illustrated as being stored in
FI FO 1106, the data could actually be processed with
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increfldnteli? gt is aotedwert enlyupimikelcdrvertheqiestfat edgect 20 vels m@qumed in order
power ed u The hi gh frequency cl ock take 0 anount
to ingate fhremiibindo fEME b SBi5oRAL i OBEFERA tihp biglp fipduency clock
Addxﬁﬁﬁﬂﬁg}ﬁ ditnOin 151'[1?&&{%&5‘@&&% asfed ANGRO, 1196, ﬁl%t&a'taecdiﬂ’d actually be
e provided a certain period of tine
procédsédiwith abmﬁumtoriab]ogg: cntilinedavithiv and acd parkoﬁitlcﬂw thﬁlt W111 allow

for p{ﬂl}g%ﬁllﬁw tLq gac% g]fgggﬁl%ggrkq&qgl% Oqtaé(g%{gg thereo%n T{us wd%?cY\ﬁ:qulre an

accumulator and the logic to perform a shift. Therefore, each value would be summed with

the prior value and then, at the end of all of the conversion operations, the average thereof
taken, or a running average could be taken. Alternatively, the accumulator could be utilized
to accumulate the sum and then the processor utilized to perform the averaging operation. This
would then only require a single register for storage and output of data. Of course, during the
subclocking operation, the abort feature noted herein above could also be implemented in

conjunction therewith.



function automatically raises TRACK high, but there is
a period of tine that the anal og i nput signal nust be
w@e@seodTi n order to have a valid sanple. To ePGI/US2005/010981

that there will be a sufficient anbunt of sanple tine,

a post-track feature is utilized to "force" the TRACK

signal high for a predetermged m ni nrum anount of

time. After the settling period 1312, which is defined
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10039 TR POV D, Ot AC 128 PR g B ke Haapepayyclock i

pow&@&ﬁﬁt ThORi nﬁéqﬁ@ﬁﬁﬁﬁgﬁ@ﬁaké‘é Qe drifound 3 tife tb BEmé to operatlng
The mul t exer 1416 provi des the clock inpu
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0" representing that nore than a single
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a register value. Thereafter, TRACK goes low and the conversion operation is begun.

[0031] Referring now to Fig. 14, there is illustrated a more simplified diagram than that of
Fig. 8. In this embodiment, there are provided only two clocks, the 32 KHz clock on a line
1402 and a high frequency clock on a line 1404 that is generated by a high frequency clock
generator 1406. The 32 KHz clock and high frequency clock are input to two inputs of a
multiplexer 1408, having one output on a line 1410. This is the SYSCLK output that goes to
the CPU 102. Additionally, the output of multiplexer 1408 is input to one input of an ADC



will track continuously between conversions. There is
provided a single bit for the ADC Post- Track Enable
wopesarioon (POSTTRK), which when set, will cone@DUS100%&010981

ADC to track for 2 (ADCTMt1l)/ ADC CLK bet ween each

convert-start and the start of conversion. The ADC

track time (ADCTM) is a fiejg of two bits that

controls the post-tracking tine as described herein
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CIPRBEOYS powered down. If ADCEN is al so set, the
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Thel‘% are provi e<li( hgg bﬁsa or gqee Kbbl (jjlggdeate Control (ADCSC), which field controls
the sample clock rate of the ADC. Fx is the current system clock when the Burst Enable is
not selected and is a maximum of 25 MHz when Burst Enable is selected. There are provided
two bits for the ADC Repeat Count (ADCRPT), which is a field that controls the number of
conversions taken between the ADC interrupts or during ADC Conversion Bursts. Note that
after the end of a conversion, an interrupt flag is set, but when the conversion Repeat Count
isnot “1,” then the interrupt is set only after the last conversion. The ADC Calibration Enable

(CALEN) is an enable bit that enables the ADC calibration mode. This feature is not

described herein.
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[0035] Referring now to Fig. 16, there is illustrated a flow chart for the subclocking feature,
which is initiated at a block 1602. The program then flows to a decision block 1604 to
determine if a convert request has been received. As described herein above, this convert
request can be in response to an external rising edge of the external CNVST signal or in
response to a timer overflow that constitutes an internal request or writes to ADBUSY. When
the convert request has been received, the program flows to a decision block 1606 to
determine if the BUSY flag is set, indicating that the convert request cannot be serviced and

it will be ignored. When the system is ready to service a request, the program flows along the
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the data that has been previously collected is to be

processed. If so, the programw |l flow along a "Y"
1003BF o Belrtgnonia koot Debsisisuft & Hobehar dbhuSE d cbSration of
mult%é Do Vil Q%H\g:nafégﬁc%g. eTNd %ﬂ%gﬁnﬁ)fsi iRfiatedl a8 bldck 1702 and

processing I's required, then € programw |l flow
then pkamegdsatoN’ deésidn hloclal1T7Mntotdeteammixienif k cd7vedt tequest basbeengeceived.

i R i o 0 By BR324 e
to a BAACKovaoh BISAOT G REpd8dth the SAR conversion operation at the high
frequency clock rate. This is similar to the operation with respect to that described in the flow
chart of Fig. 16. The program then flows to a decision block 1708 to determine if the SAR
conversion is complete. When complete, the program flows along a “Y” path to a decision
block 1710 to determine if the BURST EN function is selected. If so, the program then flows
to a decision block 1714 to determine if any of the data that has been previously collected is
to be processed. If so, the program will flow along a “Y” path to a function block 1716 to
subject this data to processing. This processing might be such as maintaining a running

average with a prior value. If no processing is required, then the program will flow along a



and then the programw |l flowto a decision block

1722 in order to determne if the Repeat operation is
weeowplogte] i.e., have all the conversions takePCpUsmes/010981

within the single convert request cycle. If not, the

programw ||l flow along a "N' path back to the input

of the SAR. conversion bl ock; 1706 to repeat the

operation until conplete, aft which tinme it will flow
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ut to regls ralse on a rising

the aﬁdl@g imfut si@al AR lod @ekinudiseluriegitlsis €éme1802 i s cl ocked
with the ADC clock, and is reset with a CLR signal.
The first output thereof is the MSB bit that is being

S : T
003 E= SR AT 1 A RS Bpteabp il 18 SR conoler
11020 BARSTdgistir Hi04anVhege weprotvides.a FABhbiokotthe regisiputl802 that is

of the register 1802 is input to cl ock | at ch, 1806.,
functrpally) gwedentdecthe i 'S dpBHt 46818eHNn 0 oL K & i gf?lﬁgpré’agfgs G bt that is

sequgltﬂc%d%ugh ?l%%f e{g tér@ﬁ@cahﬂ VARGt %?% %g{ﬂ)&gﬁfgn tif'Being tested.

conpar at e conpara or out put
Inltuﬂbﬁ tHekevie acipmpbs &R @1 Tithed isdapeso thhad:gmthlel g0 tand adisee higlr on a rising
the bit being tested i

edgoqlai ADS slodn b tewiieer 187 i Al v ARG ElaekiaggSs foset with
a CLI@& ndil GRK ?%%%i@h{ttm&oftly ﬂlegﬁﬁB i that 8 teBgiteded, |SAR_hBIT <11>.

ope atlon is raise h on the I'nput to
EacH $ucséssive hiitHeairg 2862 provideh e cbrremondmgmugaw,dgﬂy ofie ¢ffnghich is high
ADC cl ock to |n|t| ate th conversllgg2 oper a tion. and

at anyggyen e ysh i dhe SHPHAT HISIFERIEE  RUP BUBRIIJP S kaplatch 1806,
The Siogﬁ&'i la ﬁs @gg bk (ﬁlaé%\%ﬂ {%ﬁ?’heggg of it RBEUISLKMEBatcR the associated

tested an , associ at ed out put of the
outpat efttke doﬂnpanatoriﬂ% copgpatasmt . ouTpt sndidadeskeepbsiitatectpmpare or indicates
asic fun

that ‘Ehggqlts\{a&e I1t aggttﬁhgﬁg(f ](§rt?/ %%E{gih;)ﬂ%? if&#a_m?cegf’% I%i’c. When this is
latched, the register 1802 is then clocked such that the next bit is tested. In operation, SAR
BIT is raised high on the input to the first register 1802 on the first rising edge of the ADC
clock to initiate the conversion operation and test the MSB and, on the next rising edge of the
ADC clock, SAR BIT is taken low and the second MSB is tested and so forth, with the
associated output of the clocked latch 1806 updated. This clocked latch therefore provides the

basic function of the SAR register, i.e., the history aspect thereof.

[0038] Each of the outputs of the register 1802 is input to one input of a associated multiple
input OR gate 1810, and each of the associated outputs of the clocked latch are connected to



[0038] Each of the outputs of the register 1802 is

input to one input of a associated nmultiple input OR
wW@2108/04920, and each of the associ ated out put SPOf/US1965/010981

cl ocked latch are connected tothe other input thereof.

The output of each of the OR gates 1810 for each of

the bits tested is connectegjto a bus 1812. Therefore,

whenever abit is being tested, this will force the

socl af : _
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This g i’eﬁlﬁgcrg’ﬁgé%%é‘? ?t%‘gﬁ?fﬂn}?e ‘each bit tested. Each
i nput of the register 1820 is interfaced to the
associated bit on the bus 1812 with the clock input of
[003Phe In egies teeprov B2 Guncompe dorttie CHUal Q2OHBre isgrravidadd se¢mmd register

L BB bR SRRy ST P S
1820 R ih@FRELtb e hdsDEEteAlbiforlte bh82812 WithGhe bR ck MFut of the register

connected to an output register 1826 for interface )
1820ndcnhedt¢rbtotls0 ADSigrabautithe et gt phereadconteetaddgn S reset signal.

180 [ d wit AR Bl T i S i t .t R .
Eaclygidhs SRS BEfootF 1830 IS MRS 0P S dingy SE B 834, which

i ' ) o it Qe tiith BABuPBDS.t hat s
® th%ﬁ@%‘&% %Ebo%dgﬂg?%%% glgtglrz%? 0?862 th!k;Jle del gyed such

that control signals can be derived therefrom The

100484 Pt Stps ¥t i O srassed wRR S A I 06T T8l to 2 SAR
overﬁﬁlvcﬂa ihér ﬂﬁ}f)ﬁﬁﬁ%ﬁx th&te b'bi'ﬂ?%r%@ oPthebd BipMRpsAl8S0. TWedallows the
tat%eotp he fall

occurs on ing edge thereof to
SARpbivthatlis vdlked hADghithmegisteFH882 t hreddlQRD suelythat comgrol signals can

rovided. 1.5 clock ¢ es. later than t | as ) e
be dfd et 15 SSuESTLE B Pf@ﬁtﬂ%ﬁ’ %So{?ﬁé?c?%?qf?ﬁ%@’@ 1s tnput
to the W-ﬁgﬁt d?fg, 8P A6R1 883 Svhld3¢ clodkddbyaR€invBRY bf B ATSOf CLK, such that
connected to the out put _
the output occurs on the falling edge thereof to provide the LOAD signal. Thus, the LOAD
signal is provided 1.5 clock cycles later than the last test, the SAR BIT <0>. The reset input
is connected to the output of an OR gate 1834, with one input thereof connected to the output

of the second of the registers 1830, the SOR <2> output, and the other input of the OR gate
1834 connected to the CLR signal.

[0041] Referring now to Fig. 19, there is illustrated a logic diagram of the parallel-to-serial
converter 1814, the multiplexer 216. This structure is configured with a plurality of drivers



of the second of the registers 1830, the SOR <2>
output, and the other input of the OR gate 1834
weoseeded to the CLR signal. [0041] Referri ngP@DWS1005/010981
Fig. 19, there is illustrated a | ogic diagramof the
paral | el -to-serial converter 1814, the nultipl exer
216. This structure is confjygured with a plurality of
drivers1902, each having the input thereof connected
{
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output I'ine 1818 the previous bit tested to the
1818cthie peaviousibit theechiy thesmmtb[tdﬁm]teﬁéd erring now to Fig.
20, there is illustrated an alternate enbodi nent
wherein a plurality of FIFOs 2002 are provi ded, each
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ere being eight analog inputs in this disclosed

plureémjo oﬁmﬁastzoozme pemdeal eachassociatéd witkeone qﬂarp@rahtsf of ppaigg inputs,

there s it la At B SRt O ERE S DAoBT o5 VI hge FIFO

<7>$MF0\<98i C  BPOko21BadSofIREF B0 2062'Rds tho@ltp@abdieof infehfaced with
inputs during a conversion operation in response to a

the ongrwy bug 80% qileIAR i;)glcelslpelel 2bhs operahisl surk ﬂ?élt eqcfreod therippats during
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the SARYSgit bIRR 243 8yilll ddntrbl the @nsiok Qﬁlﬁﬁpl@ﬂ@iol@»wf@ RelecTii® of the eight
operation can operate in tw ways. First, each FIFO

analogimphidires 33 @linthad disgtosstl embod@@ﬁnlt GEhe apsrAtiopicahOpgTate In two ways.

ris SRR BRI e 0, AR g o

selecﬁ&%ﬁ%ﬁﬁ&l ANeraliResT c§ﬁ@&ﬁgn§ﬂé?foﬁh8d aiat daerink&fience and then stored
mul ti pl exer changed to the next anal og input Iine
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conveldiéh RBEt IsaBed (ﬁiﬁthmﬂrét'aﬁbl@é eiput 8o @RTthEM the multiplexer changed for

the next analog input line, the data sampled and converted and stored in the next FIFO 2002.

[0043]  Referring now to Fig. 21, there is illustrated a timing diagram for the second
operation described above with respect to Fig. 20. The convert start signal is initiated at a
rising edge 2102 and then a power up signal initiated at an edge 2104. This will be followed
with activation of the ADC clock at an edge 2106 and the track signal will be activated such

that the data on the selected line is then sampled. The conversion operation for the first



the next anal og input line, the data sanpled and

converted and stored in the next FIFO 2002. [0043]
waRedosnedony now to Fig. 21, there is illustrat ePCHUS2005/010981

timng diagramfor the second operation described

above with respect to Fig. 20. The convert start

signal is initiated at a r| ng edge 2102 and then a

power up Si gnal initiated an edge 2104. This will
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BB 515t STHPHIERN: S HERAGGEACAIHE e dfims
substitutions and alterations can be nmade therein
wi t hout departing fromthe spirit and scope of the
i nvention as defined by the appended clai nms. WHAT | S
CLAIMED I'S: 1. A nethod for clocking the operation of
a SAR anal og-to-digital converter (ADC), conprising
the steps of: providing a | ow frequency clock and a
hi gh frequency cl ock; tracking an anal og i nput voltage
during a tracking phase to sanple the val ue



thereof; initiating a conversion cycle referenced to
an edge of the |l ow frequency clock; converting the
w@ asplgmotat ai na conver si on operation duri ng aPCEHUS2005/010981
conversion cycle, which conversion operation requires
a plurality of conversion clock cycles; and
controlling the timng of a4,least a portion of the
conversion operation during the data conversion cycle
I 4d &1 j gh frequency clock as the conversion
VVH%ﬁg%iéhgswﬁﬂglsbthod of Caiml, wherein the step of
controlling the at | east a portion of the conversion

operation conprises utilizing thehigh frequency clock
duti ng Pheethedvier sloskingythe eperatien At AoJAR paalogriprigity converter

(AD§E§§?§%%§%ﬁ%e?Fﬁ§5¢i°” of the conversion operation

o the step of initiating. 3. The
met hod pfovidiag midw flehesel Blockenadt highaéquengpoclbtlgn of
t he conversion operation conprises substanLiaIIy a
of the Hawvee anaralopamst refinee furinga tisgking phate tejsamplefhe value
therdper ei n the SARADC has an n-bit resolution and the
conversi on operation includes the steps of: testing
each of idififtinghi doavelsionrgcelt heferenceddo sn edgeafditeabivdiequency clock;

determine the lpogic state thereof, the timnpg. thereof .
det er mi ﬁ@afegt}ngéh%W?&sa&ﬂn@p%\[@ql%@e@g}%y hakes al%ﬂt@ conversion

' : | es:: ¥ . i )
ey e P B PR o OKRRR R0 and
phase; andrdling thg tinhieg of etfeot a ponion @if thengpnvemivaraperatign during
he conversion clock fr the high frequency clock fqr
the deffceoay o BRI TUPIEIH BER G BB e par BT Greeck
The nmethod of Claim4, wherein the step of generating
t he conversion clock conprises generating the
cofver siThe netloekofslibsn dnwhatinythestey ofl certroglinghtheat least a portion

| east a portion of the conversion operation. 6.. The .
ofth BT OSIOPETaS R FamPYifes PFAnE g high fregagl%cyg?%mlaﬁ&ﬁﬁonvefsmn

cycld RfconBBY fleSinRiflg of the at least a portion of the conversion operation proximate in

time to the step of initiating.

3. The method of Claim 1, wherein the at least a portion of the conversion

operation comprises substantially all of the conversion operation.

4, The method of Claim 1, wherein the SAR ADC has an n-bit resolution and the |

conversion operation includes the steps of:

testing each of the n-bits during the conversion operation to determine the logic
state thereof, the timing thereof determined by a conversion clock that generates the
conversion clock cycles;

generating the conversion clock from the low frequency clock during the
tracking phase; and

during the step of controlling, generating the conversion clock from the high

frequency clock for the at least a portion of the conversion operation.



operation does not include the tinme to test all of the
n-bits. 7. The nmethod of Caim4, wherein the at | east
w@2@sne90on of the conversion operation i ncl udeBCT/ki82005/010981
time to test substantially all of the n-bits. 8. The
method of Claim4, wherein the at |east a portion
includes all of the n-bits.,®. The nethod of Caim 1,
wherein the step of initiating is in response to the
generation of a convert initiation signal generated by
a processing unit. 10. The nethod of Claim9, wherein
t he. pr oTRE Hicfi@dWTidlaieper whesinfthosep begdrevatingehe emmiersion clock
clock and, during the step of controlling

] ) t f}](;t timng .
compriseg genesEe the peiverior epcl subseaRYbr 1B fugpR iigrat dgpst 3 partion of

C [ [t continues to operate on the | ow
thec%geqr%éﬁgg&gﬁg%k. 11. The method of Claim1l, wherein

the SAR ADC operates in a power up node and in a power
down node, when in the power down node, further

cofpr i silhg maieods b Gdaier 4, Wherehy heptleast g poTfipkr of {he, conversion
: L Y] signal and, in
ope QB0 DS (L GELY 00 Soue i, o oney, 2nd
initiating the tracking operation, delaying the start

of _the conversion cycle by a predeterm ned del a 0 .
21 Tow t §6e Spatbobet ey 4ovhisl (i 5% dr Darfian ahhgponversion

operiifs FERUE B e Lp AR O ey compr i i ng

the step of introducing a known progranmmabl e anmount of

delay to force the tracking.operation to. continue.f .

Ehac pr Sbp EFHARIO6 CArkint SReIBE Ag1ca8ha PRRIOA I HYSRoRL oF e n-bits

start of the conversion cycle for the programmabl e

amount of delay. 13. A nethod for operating a SAR ADC

i n9a mi The nsditlgpebadf CGladmels siheeeis yist sep of ontpating isgn trésponse to the

steps of: operating a d'i ital (H;ocessi ng sec ion on a
genepqt}cgyofmnyg\g\}mqwé q:nt%ar@ y a processing uiit.

10.  The method of Claim 9, wherein the processing unit operates from the low
frequency clock and, during the step of controlling the timing of at least a portion of the

conversion operation, the processing unit continues to operate on the low frequency clock.

11.  The method of Claim 1, wherein the SAR ADC operates in a power up mode
and in a power down mode, when in the power down mode, further comprising the steps of:
operating the SAR ADC in a low power mode;
receiving a power up signal and, in response thereto:
applying power to the SAR ADC,
initiating the tracking operation,
delaying the start of the conversion cycle by a predetermined delay to allow the
SAR ADC to stabilize, and

after the end of the conversion cycle, removing power to the SAR ADC.



generating a convert request to instruct the SARADC to
initiate a conversion operation; in response to the
w@emenggopon of the convert request, operating PEEUSARS/010981

ADC in a data conversion operation on a second and
hi gh frequency clock that has a clock frequency that
is higher than the frequencygof the |ow frequency
clock to convert an anal og value on an anal og i nput to
a ghgi t%‘heéﬁéth’&i {)pCﬁiié’Aﬁ GRA v 3 i%:'ng; the R d%n#Bucing a
resultant digital value for processing by the digital

knova presahmgbleeniduonof delaly af force giedrarkmgaipetdtionrte sohtimret for that

di gital val ue, _processj the resultant digital. valu
progbaﬁmﬁ © cfirge Y of &%%%%4 ﬁglag@& fhg start & th SORGTHGH Fle for the
progfd i Abid 3rMiR! & daldyhe conversion operation is conpl eted

wthi'n at least a“single cycle of the | ow frequency

clock. 15. The nethod of C aim 13, wherein: the step

of operating the SAR ADC in a data conversion

operation conprises, in response to the generation of

t hg3 CONVEeRfoiof UL Shera@iPh SN AT M PARxEPSightll Frocessing system,

plurality of data ‘conversion operations on the secon
compmsingilghstépsediuency cl ock to convert anal og val ues on

at least one anglog, input.to a.plurali

corres pBHEriaH@g ﬁia’ﬁltg]aﬁ’rog‘?frs%§?‘%5§c% 3 hrs%ncgﬁogvo%?cg{egay clock;

SAR conyenshily £oomlBit rddu8stb BRuAét thé SARNIDORS i1ARA alc@nversion

store a representation of the resultant digitalval ues;
operafneh;t he step of processing operable to process the

representation of .the resultant digital values,. 16.

The. et ROt BIoetEraeregatbe SR o PheruPay Bbgatpe fly §AR ADC
in aQREL 3 Rrditn %};&raﬁoﬁ%‘ﬁ% Qéconb eandemish tadfuesitiydtloak thAl h8Sa clock

separately. 17. The method of C arm 15, wherein the
frequenep tlodft ishighenthan thedegpensyefitle biofrequency clock to convert an analog

value on an analog input to a digital value in a SAR conversion cycle;

storing the resultant digital value for processing by the digital processing
section; and

after storage of the resultant digital value, processing the resultant digital value

by the digital processing section.

14.  Themethod of Claim 13, wherein the conversion operation is completed within

at least a single cycle of the low frequency clock.

15. The method of Claim 13, wherein:
the step of operating the SAR ADC in a data conversion operation comprises,
in response to the generation of the convert request, operating the SAR ADC in a plurality of
data conversion operations on the second and high frequency clock to convert analog values
on at least one analog input to a plurality of corresponding digital values, each in an associated
SAR conversion cycle;

the step of storing operable to store a representation of the resultant digital



accunul ated digital value of the resultant digital
values as a single value. 18. The nethod of Claim1l7,
wob@se999t he resultant digital values are all PE/ES®05/010981

to a single analog input. 19. The nmethod of O aim 18,

wherein the step of processing by the digital

processing section is operalhe to determ ne the

average of the accunulated digital value. 20. The
vﬂu&%ﬁﬁ@d_Of A aim 15, where there are provided a _

plurality of analog inputs, each operable to receive a

separ at ¢headiep ofprecgsiak opaablef to pirdess therppriesdntgiond the resultant
i ,steq of selecting with a multiplexer select ones of
digitahealygfal og i nputs for interface with the SARADC

converter for each of the data conversion operations

carried out thereby in response to the generation of

the convert request. 21. The nmethod of C aim 15,

Il of the data conversion operatiaons ar

wher ei n : e
coiﬁvl et dde fMetndpritainehl tvhsrdn tipster ofistarg 1p gpgrable to store each

£ thb & rocessing systemincluding a
© SA%%a%glkl%oéﬁtlgggﬁesglg%gfﬁ%gnvert er (ADC), conprising: a

| ow frequency clock and a high frequency cl ock; a
sanpl i ng, device, for tracki ng an anal og, i nput, vol t age
dun?-ng Fng Pahadgf ﬁ@‘ﬁg%égt wﬂ%rawptb@ SeRAY steripg is RBFafo gtore an
i ' - Q1 LN Ed Al rsion
v SO i SO SERSIRBA 1 VI RusimuE ommer
cl ock; said conversion engi ne converting the sanpl ed

data in a conversion operation during a data
conversion cycle, which conversion operation requires

a pguraltyt Mle@ﬁod%ql@?hﬁﬁﬁﬁQ/h@%e%ﬁle%(s‘ﬁkt%gté di?iﬂﬂ valubt e related to

engine for controlling the timng o east a

a singleranalog inputt he conver si on operation during the data
conversion cycle utilizing thehigh frequency cl ock as
t he conversion cl ock.

19.  The method of Claim 18, wherein the step of processing by the digital

processing section is operable to determine the average of the accumulated digital value.

20.  Themethod of Claim 15, where there are provided a plurality of analog inputs,
each operable to receive a separate analog signal, and further comprising the step of selecting
with a multiplexer select ones of the analog inputs for interface with the SAR ADC converter
for each of the data conversion operations carried out thereby in response to the generation of

the convert request.

21.  The method of Claim 15, wherein all of the data conversion operations are

completed within at least one cycle of the low frequency clock.

22. A processing system including a SAR analog-to-digital converter (ADC),
comprising:

a low frequency clock and a high frequency clock;



23. The systemof C aim 22, wherein said timng engine
is operable to utilize said high frequency cl ock
wa@lenosngpophe conversion cycle to control the timdnygsSwhs/010981

the at least a portion of the conversion operation

proximate in time to said conversion engine initiating

the conversion cycle. 24. The systemof Caim 22,

wherein the at |east a portion of the conversion

oper at i qeoY gl t QJ : .

conver s/ AR AR (SHGE LA T hnibe Bl Pideb uring  racking phase
to sa@ipdé the2aluevthaeel,n t he SAR ADC has an n-bit resol ution

and said conversion enging includes: a bit tesfer _for

t est i ng2E8EHTIP CABIRO erabledq ARiH Rt RO BIHPL, FC eferenced to an

edgeQiqhAlovPReiRnEPEREII N the logic state thereof, the
timng thereof” determ ned by a conversion clock that

gener at exd chrvecnmvergsiaomny ok theysahpdcd datciormoensersion operation
g .clo for %F:ner a&i nﬂ. he conversion clock from fgglequ ow
UIRE R AW S OR C Wb COREFTEIPE, ARFALOTIFGUESS aifadly; qf conversion

clock ty0189 28001 ne operable to generate the conversion
clock fromsaid high frequency clock for the at |east
a porti etinufg ¢igmefonsomtrsiling thpematg ofat le@da pditien of the conversion
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clocgubstantially only during the at |east a portion of
the conversion operation. 27. The processing system of
C aim 25, wherein the at |east a portion of the

copyersion oper ation es, not include the tine t est. .
o Por *EREsAREF PLCASn 997 FnetEin Bt cbgiBe b APrebR hifize said
highZRquihtecRick dififg Be cbBRBioR R fol Rtrelf thé BREAIIVES /1&QRt a portion
operation includes the tinme to test substantially all °
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wher
CONVSISII &Cle30 * Thepr ocessi ng system of O ai m 22, wher ei n
sai d conversion engine is operable

24.  The system of Claim 22, wherein the at least a portion of the conversion

operation comprises substantially all of the conversion operation.

25.  The processing system of Claim 25, wherein the SAR ADC has an n-bit
resolution and said conversion engine includes:

a bit tester for testing each of the n-bits during the conversion operation to
determine the logic state thereof, the timing thereof determined by a conversion clock that
generates the conversion clock cycles;

a conversion clock for generating the conversion clock from the low frequency
clock during the tracking phase; and

said timing engine operable to generate the conversion clock from said high

frequency clock for the at least a portion of the conversion operation.

26.  The processing system of Claim 25, wherein said timing engine is operable to



to initiate said conversion operation in response to
the generation of a convert initiation signal
w@emsngdoet by a processing unit. 31. The proceB&I/H§2005/010981
system of Cl aim 30, wherein said processing unit
operates fromsaid | ow frequency cl ock and, during
controlling the timng of ag,least a portion of the
conversion operation by said timng engine, said
B B o R b Ry b R R oE 1 S Ay e comversion
oper2i@on.wher ei n t he SARADC operates in a power up node and
in a power down node, when in the power down node,
said conversion engi ne operable to: operate the SAR
in ; :
' TPedOREHRG SRR of Rk 15, SrRRAFihe B R Rpgion of the
convemldm apezatidnaloes ackinclgde gertahé ntestddl cdyhd ibitst art  of
the conversion cycle by a predeterm ned delay to all ow
the SAR ADC to stabilize, andafter the end of the
copyer shgp Lty &kéng %féiaﬁ SfROMRH 250 whitRimMR ADleast3Bportidd of the
processi ng syst emof Clalm 32, and further conpriSing
convardiel eperitionckcliides thetimedo désh gﬂmtamn@l@malp phHidre artoitsh| e
amount of delay to force the tracking operation to
continue for that programabl e anount of delay and
debayi ngpb Pﬁ)c§§sﬁ{gt sy@tferﬁ (gfetflﬁi%‘%a vt eBdin BMCH FoabOd ﬁ)érﬁ@n includes all
pr ogr ammabl e anount of 34. Am xed signa
of themelwiesssi ng system f or controlllng the operation of a
SARADC, conprising: a digital processing section; a
first and | ow frequency cl ock for operating said
di gpt al Tﬁéﬁx‘b§§s§111%9y§@rﬁbfefﬁ1m§25ﬁl§éi’ﬁﬁsﬁﬂ%ﬁxﬂ:ﬁ‘m&ﬁ SPHRITS Yperable

cl ock that a clock frequency that is higher than
to initiate said conversion operation in response to the generation of a convert initiation signal

generated by a processing unit.

31.  Theprocessing system of Claim 30, wherein said processing unit operates from
said low frequency clock and, during controlling the timing of at least a portion of the
conversion operation by said timing engine, said processing unit continues to operate on said

low frequency clock.

32.  Theprocessing system of Claim 22, wherein the SAR ADC operates in a power
up mode and in a power down mode, when in the power down mode, said conversion engine
operable to:

operate the SAR ADC in a low power mode;
receive a power up signal and, in response thereto:
apply power to the SAR ADC,
initiate the tracking operation,
delay the start of the conversion cycle by a predetermined delay to allow the

SAR ADC to stabilize, and



the frequency of said |low frequency clock said digital
processi ng section generating a convert request to

w0 p@sop7 t he SAR ADC to initiate a conversi onPCT/US2005/010981
operation; a conversion engine for, in response to the
generation of the convert request, operating the SAR
ADC in a data conversion opgyation on said second and
hi gh frequency clock to convert an analog val ue on an
A A% ARt thOcdhnleild Gloie! A RAB G TS on
cycle; a nenory or st |né tant di gi tal
val ue for processing by sald d|g|tal processi ng
section; and after stor ééhe re Itant d

b TS oa s St 3. aad ETsk 68BprighE hcBlay plock for
introeﬁcgﬁ Sk gﬁ)g'faﬁﬁl'ﬂ%l@rhtmcqmg o @lelay@loUdrcedthe tHiking operation to

pr oc ssing systemof Caim34, whérein the conversion
contmpefcmthad)progslnmnahib etheuntw télayarat delayarsg thastsit afjthe coyesirgion cycle

of the sai fre clock. 36. The processing system
for theypregrapymable a Eagla)éal d conversion engine, in

response to the generation of the convert request,

operating the SAR ADC in a plurality of data

cobder sAomixepegal powsssing waleo: foreatrdllmgdhdvngraticagpie AR ADC,

clock to convert anal og values on at |east one anal og
COMPIE to a plurality of corresponding digital values,

each i naa{glﬁﬁlﬁ,@gésaﬁ@@egtﬁﬁ conversion cycle; said
menory operable to store a representation of the

resul t anfirs |ag<|1 tew frequeney clogh dorSwiethtinig gridaligigal @é@@gamggsecuon

section o bl rocess t.h ation
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each of the resultant digital values separately. 38.

The pr os=ddigitgl myetssing efctioh genar@ag agdearyest request i inethist fhe SAR

able to.store
ADd to 1nR13{e a conversion operation;

a conversion engine for, in response to the generation of the convert request,
operating the SAR ADC in a data conversion operation on said second and high frequency
clock to convert an analog value on an analog input to a digital value in a SAR conversion
cycle; .

. a memory for storing the resultant digital value for processing by said digital
processing section; and

after storage of the resultant digital value in said memory, said digital

processing section processing the resultant digital value.

35.  The processing system of Claim 34, wherein the conversion operation is

completed within at least a single cycle of the said frequency clock.

36.  The processing system of Claim 34, wherein:
said conversion engine, in response to the generation of the convert request,

operating the SAR ADC in a plurality of data conversion operations on said second and high



an accunul ated digital value of the resultant digital
values as a single value. 39. The processing system of
w@@sny®87 wherein the resultant digital val ueBCHDS2085/010981
related to a single analog input. 40. The processing
system of Claim 39 wherein said digital processing
section is operable to det e§4m' ne the average of the
accurmul ated digital value. "41. The processing system

of Cdaim36, where.th i, d | ur.al.i .
e o0 3 RN LSABSERE R I8¢ Bl Y Sty of
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for selecting select ones of the anal og inputs

for

i nt er f asaéd miemioryt operabigtomtare eapmrerangation ol thegesnlisnt digial values;
data conversion operations carried out by said
conversion engine in response to the generation of the
conver t S4i@ Qs piteSaigthediigh bdraljle @6 pesbssths egiresentation of the
42. The processing systemof C aim 36, wherein all of
resultahbdigiiekvadensver si on operations are conpleted wthin at

| east one cycle of the | ow frequency cl ock.

and

37.  The processing system of Claim 36, wherein said memory is operable to store

each of the resultant digital values separately.

38.  The processing system of Claim 36, wherein said memory is operable to store

an accumulated digital value of the resultant digital values as a single value.

39.  The processing system of Claim 38, wherein the resultant digital values are all

related to a single analog input.

40.  The processing system of Claim 39 wherein said digital processing section is

operable to determine the average of the accumulated digital value.

41,  The processing system of Claim 36, where there are provided a plurality of
analog inputs, each operable to receive a separate analog signal, and further comprising a
multiplexer for selecting select ones of the analog inputs for interface with the SAR ADC
converter for each of the data conversion operations carried out by said conversion engine in

response to the generation of the convert request by said digital processing section.

42,  The processing system of Claim 36, wherein all of the data conversion

operations are completed within at least one cycle of the low frequency clock.



