1 0 METHOD AND APPARATUS FOR SUBCLOCKI NG A SAR

ANALOG TO- DI G TAL CONVERTER TECHNI CAL FI ELD OF THE

I NVENTI ON [ 0001] The present invention pertains in
general to data converters and,®nore particularly, to
a SAR anal og-to-digital converter operating in a m xed

si gnal rocessor W th mul ti Ie clocks
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[ 0003] 2 BACKGROUND OF THE | NVENTI ON [ 0004] M xed

signal processor units are integrated circuits that

have contained thereon a digital processing section
TE@M%&LQGE&%UWHETMEN@IGQI section is typically

conprised of an anal og nultlplexer and an

[00@?@11‘89 ;gr seg{ gihf/&ltloﬁo geding o 111 e (lid t'd%& 8 rters 3{1(1 more

0- anal 0g co ver oOWs ana

particulldy, a8 ARl apdlogtgligital d:dnyfemfr opafaﬁlng@n damaed ﬂgnﬁl@:rocessor
converted to digital signals and then supplied to the

withmygtpleiciigks-secti on for processing thereof. On the
digital processing side, the digital processor can
operate at multiple frequencies. These frequencies are
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frequency clock and a om1fre%uency clack, The
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ﬁkthl@&gﬁg§§gm4can go into a | ow power node wherein the
processingis carried out at a very |ow frequency and

[0068hsunmes consi derably | ess power. Typically, the high
frequency rate is on the order of 20-25 M4z and the
| ow frequency clock rate is on the order of 32 KHz.
The problemis that, when operating at the | ow
frequency, the ADC nust al so operate at the | ow
frequency. Typically, the ADCis facilitated
utilizing a successive approximation al gorithmthat -
requires a plurality of bits to be tested during each
data conversion cycle. Thus, at the | ow frequency, the
t-hr oughput




of the ADC is very slow, since its conversion clock
can not operate at higher than the clock rate of the
hi gh frequency cl ock. Further, both at the high
frequency and the low frequency, the data conversion
operation can be influenced by noi se generated in the
ital processing section. Therefore, if both the ADC
BAGJ& ﬁ?@ﬁ?ﬂ%gﬂﬁmw 'section are operating on
the sane clock frequency, it is possible for noise to
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sectiqqelog rocessing Bgtref s Parihe fiertal prepessivgs L8 FERECEHOT can
ope{c’aflg(f-3 m?llt éﬁgﬁlg RIAEATHRL OCKhLR h@gﬁbnbfébtdr@tf?ﬁn infd¥al clocks that
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freR g yer BPAnA ol (TBPRET dhde TR 10y bpddkedy slack ig typically
utllif%@& tsﬁdﬁrihzﬁfthé ﬁ%cgs@&v@ahsgocmtooﬁ dv@é} rh&decsﬂ&trélﬁ |t1|1 ocessmg is

during the data conversion cycle utilizing th

carrfedeqyi @he yeo I@@zkfrecslenm abparsiwies porsidstably hesepo‘sm 1ca11y,
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is ondNABidBHE6H32 KB €Dle proBled RNES, whel OPeratiale af the tidsne frequency,
foll ow ng descrlptlon taken in COQGWPCt'On W th

the 6 rpesh ylsegomFanizh e low Wieresmey i bypically) fhesdPhi @sfaaﬂltated
utﬂil% Cg Sgec@%‘%[%ﬁ{m)ﬁn{yhéﬁ% rﬁﬁ'jﬁl thi %gtﬁg%oﬁ ﬁz\.?rﬂlﬁg%faﬁts to be

converter associ
test&i giunﬂglehbl’udztta abeeerdob ok dihagramhe)fov&t frequency, the throughput
analo -to-digital converter; 3illustrate

of the el B RS ats ﬁppmrﬂamc G RaiiPbAPEH el Bighenhen the
clodk K idhe ¢ ¢ thd hi eqp tyaclédkm P‘iﬂth@f Bafipar thOhighhReq %%yea@ the low
he abort ure, [ustrates ‘a bloc
frequiemmy, drm dita chevediig Dgera’g(mmgm be gmﬁlmpq:d 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
the flow chart for the abort operation; Fig. 8
illustrates a diagranmmatic yvi e® of the ADC
illustrating the use of nultiple clocks therewith and
the subcl ocking feature; Fig. 9 illustrates the timng
SUMMARMOFFH #19®¥ki ng operation; Fig. 10
illustrates a nore detailed timng diagramfor the
[0063] biHcopiekery iheattionedistlbseds andatlaiged therdi,gin bmee gspeat yhereof,
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instruction; Fig. rates a timng

inpudi adtegens ten titaekesoduring atiatlipg pbateupssampleythevplue thereof. A

illustrates_.a nore detajle | ock di agram.of. t he cl.ock
conyaPBRIELR TG ap riee; e 16 @O F ey Iy BfijBfitied
TheAaplRda34 & then EdrertdPir 4 b(biﬂefs%r?gp@aﬂdrp&ﬁrﬁigai datd @6nversion

t he "subcl ocki ng operation; Fig. 17 illustrates a flow
cyclehwhichf eonversien paAsies ireqvisp @r}gwia fy eftqaniversieg clock cycles. the
. sub Ki inr on . ' .cO .
timifg A B0 SR poy STRRCRPub Bt SieBBloR RRNFURE during tho date
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a logic diagramof the parallel-to-serial converter;

Fig. 20 illustrates an alternate enbodi nent of the

subcl ocki ng operation; and Fig. 21 illustrates a

timng diagramfor the alternate enbodi nent of Fig.

20. 5 0 DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0007]

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

di agram of a m xed signal integrated circuit

i ncluding a SAR anal og-to-digital converter (ADC).

This is a conventional processor based m xed signa

circuit of the type C8051F410, nmanufactured by

Silicon Laboratories, the present assignee. This m xed

signal 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 nmenory 104



interfaced with the CPU 102 through a bus 106, and a
random access nenory (RAM 108 interfaced to the CPU
102 through a bus 110. [0008] The CPU 102 operates on
mul ti ple clocks. There is pgovi®ded an external
oscillator circuit 112, which is operable to be
controlled by an external crystal 114, it being noted

BRIEEDESEREXTHEINAQF 44 DRAWINGS cuit 112 is actually
di sposed on-chip. This oscillator is a high frequency
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operate off of a low frequency internal oscillator
the sag@mpanhyingBaawings iswhidkz crystal oscill ator.
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oBHEE srbidSs Bl e PR SR P D BB P e o
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node, the |lower frequency oscillator jis utilized. The
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i nput’/ out put pins 124 through a digital 1/0 bl ock 126.
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o grieed it p B e 5 ARG SRR b Slngeg
muMipld clbokRitkedbih B thatsghd] Walde;sone type of  serial
data format. This can be an RS232 data format, an 12C

f orliat 9 illystratay thettineing diageam &7t thepybslochmgoremiiadt . Thi s
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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

Fig. 21 illustrates a timing diagram for the alternate embodiment of Fig. 20.



whi ch reference is incorporated herein inits entirety
by reference. One illustrated input to the

mul tiplexer 134 is froma tenperature sensor 138,

which is an internally gengrated tenperature val ue
typically generated froma band-gap reference voltage

gener at or contai ned on- chi The output of this
DWEM’S@WNWFE%}E\EYEHHQ%M of the anal og

i nput lines 136 and |s sel ected for neasuring anbient
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information on the bus 122 can provi ded as the
convaptianal opracessey thaked o- mdoglm@hv@mér of Dike) tyreo, C8051F410,
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108ﬁwnﬂhcahknheCﬁxﬁlmmﬂhoughmmmugmO|II ustrated as belng

connected to the digital bus 122, it should be
understood that the output of conparator 144 could be
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processor . Referring nowto Fig. 2, there is
osclllatmrscurcuttetd2awbiobak ogemgkamhﬁcmtrellm 2 @xternal crystal 114, it
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line 204. A data conversion operation IS initiated in
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conpari reference vol tage. A dig
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t age. it 1s higher than the reference voltage,
then t he output of the conparator 208 changes to
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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 12C 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



| ogic block 212 is operable to provide a digital

output on the digital bus 214 to drive the charge

redi stribution DAC 202. The SAR | ogi c bl ock 212

basically steps through each Bit of the n-bit value

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

then it retains the value of that bit. The testing
128pisopmrided ot adeinprinpralog Himey B evieh taempoare Hhe §u1ip§t af the
pro %Q l\;léarbgel onsflﬁéc%l f;’&lr STF?eg\gxﬁ(g%a[n%nt f&nﬁl%rélﬁvé]ﬁer %Erfs Lé}@lved from
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engiinsontiBied oneniir) PG Bhudpis bR BT g Ebhbeted to one
of th@‘éﬁél@% input 1i6&0160andbie sbleeled $6:006asufial aflbeen® tdnsdrature of the

coul d garal | el data as opposed to serial data.
chi, 0t} mRe be thei avgpiewkerpperpiuge offhe sweundingsi | | ustrated a
timng di agram illustrating the conventional
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on thBBLET I Eat iR \}31 rSvided Bﬂth%aﬁﬁﬁit@@i a@lglenm -Bpldg ecaﬁeﬁm@AC) 140,
capaci tor. en a convert signal is raised hlgh at a

which en Be 2onveried 1o 6r nalag EpEIUS sizoak ¢ty ae shalee Byipuf Hee &8l The
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erein the t, bit 12
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assocl ated w t SAR operati on.
the deditel busnE22, hyshobild Heaskletswolddhat the butaut oimosnnamter 144 cqwd be

t hen, set as t i tt 0." At
ConP?f‘éEdern%le{etf@&?rggttm%egrnp{m Sﬁgthlﬁ Pf&%’?sﬁg bi ? gel ng set is

retained on the output of the SAR | ogic block 212. At
[OOH]eR n% dlowlﬁ Itlgsi thdrBi d@lllﬁkt}a‘[é@a BlcRR diddranof fld &Qct 28. A

a ser ta oufput an hen the next bit, bit 10,
contfemioad], SARtADE imovmpesed ofrae¢tmrgﬁet¢demttumen qua L?lOZGm thiaénput

c_block 212 ndth ntransfe d out
thatga OpSRELoc T\ HlieHh Bo P EPAlcBh et AGGed Gt e aiE; Aedate
convérsBhtohetibh lis iRkhtbd 19 TespbnR 0l REdviARG co¥ved start request from
the CPU 102. This analog voltage is sampled at a sampling frequency of fs, which is

geperated 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 vaoltage. A digital input thereto is received from a digital bus 214. The

comparator 208 is operable to compare the voltage on the input thereof against the



bl ock 306, the last bit, bit "0" is tested and then

the test operation is conplete and the last bit is

transferred to the serial data output at a bl ock 308.

At the end of this test, the @8ata word, the 12-bit

word, is transferred to the output register (not

shomn) as the new data. It is noted that the data can
refeb@cp aliege this dewg, in pay embedimgnt shavepramen madecypitage I it is
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testl ng t to be done | ess
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remai ning bits need not be tested and that portion of

the conversion in cycle will be wasted. In the
[00EX dophepekerEidisclosuret thereeisiag aboidVeatierd thatds preaided by examining

one 5GBSR B8P 35 e Mol vy

inpiRtiRg BRN bit BE tHeobilst 4|\f5|3nrﬂi'§1Tt miftiflexdr-216 thprRfids @seﬂaﬂ digital
the first MBSB tests ﬁOSItlve or the second or third

outws?m estriapdigital output Hnes2ib ulThisi aklgivehe seahdataie be output for
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SO Indicate @

be Lﬁﬂslfstdo\dﬁhdfteﬁéld)ﬁtputl doutdiee garalkd dhtaus oppdsed testiahégat i ve,
i.e., they are determned to be set to "O0," then
testing of the remaining bits will also result in
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Whegigconrat Hantltie ratiigh at 3figieal02. &anvetyiop guclRdstequesied by
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opetatighc If thisM$Biis dv«ﬁenhmr:fé bulthe test to e agdiat tig imeof isghen 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 of the test, this bit is also
transferred to a serial data oﬁtput and then the next bit, bit 10, tested, set or not set,
retained on the output of the SAR logic block 212 and then transferred out to the serial

data output. This will continue for the entire 12 bits until a bit “0” at a block 306. At



hi gh out put, which in this enbodi nent, generates an
interrupt to the processor at an edge 412, this being
the output of a digital conpare operation going to a
logic high 9 0 value. At thgs point, the conversion
operation wll be "aborted" at a block 414 prior to

t he conpletion of a convert cycle, thus preventin
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efore the digital conpare operation wll be
the eotiyel ebas bAltested prindrstoi the eninplatine of dbe covhversont heclelatthis will

[ transferred out .to.a serial data.output. (It is
star She e PR eieigE S e the SRERPas JAPRHTEn 1 & &
different conpare operation than that for the
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sigr), GAd Yk tHY dext 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 it is a “1,” this would be a positive test. However, in this example, the
first, second and third MSBs are tested to be a “0” and the fourth MSB is tested at a
block 410 and it is determined to be a logic “1.” This will result in the generation of a
high output, which in this embodiment, ‘generates an interrupt to the processor at an

edge 412, this being the output of a digital compare operation going to a logic high



ADC, with "x" being a progranmabl e variable. [00161
Referring nowto Fig. 5 there is illustrated a bl ock
diagramfor the digital conpare operation. The seria
digital output fromthe nmul¢ipl®xer 216 is provided as
an input to a serial-to-parallel converter 502,
illustrated as a register. This basjically stores
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Thus| ihe kkmount 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.

[0016] Referring now to Fig. 5, there is illustrated a block diagram for the digital
compare operation. The serial digital output from the multiplexer 216 is provided as an
* input to a serial-to-parallel converter 502, illustrated as a register. This basically stores

the serial data in registers for input to a digital comparator 504 on a digital bus 506.



i nput of each of the flip-flops 604 will clock the
data through. This is basically data flip-flop, which
is set when the particul ar assgci ated bit is ready.
Thus, the particular seria data output is |oaded in
the correct output position when generated. It is
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Pength prior
serid) @aRroutud @ 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

make the determination.

[0018] Referring now to Fig. 7, there is illustrated a flow chart depicting the abort
feature. The program is initiated at a block 702 wherein the system is in the track
operation. The program then flows to a decision block 704 to await the initiation of a

convert cycle. If the convert operation has not been initiated, the program flows along



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 increnented
by the conversion clock tqiterfinate the conversion
cycle early and indicate that it is ready for the
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the chip. [0021] A nultiplexer 802 is operable to
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be c?heaglgf(éa; gxt Jggta?%‘lrtl\g%l}fnﬁ Eheb{:(leﬁfﬁ‘&rgt%} cgﬂﬁgnh'gt)f\ﬁm Addtltj?dn%liy, the bit

resolution could be changed to provide for a first operation that would continue until a

threshold were exceeded. At that time, an interrupt is generated and the CPU could
reconfigure the comparator to set a new resolution and threshold. This allows for a
dynamically changing bit resolution ADC to be realized, wherein the bit resolution is

able to be changed in response to various predetermined conditions.

[0020] Referring now to Fig. 8, there is illustrated another feature of the operation of
the ADC in the mixed signal multiprocessor unit. The CPU operation has a multiplicity



oscillator function or a conbination thereof with a
separate oscillator. This is the system clock,
SYSCLK, input thereto on a |line 804. This is one
out put of the nmultiplexer 1802.¢ The nul tipl exer 802
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for processing thereof.

[0022] The CPU 102 is operable to process instructions at the clock rate of SYSCLK.
The CPU 102 periodically, in accordance with the programming instructions therein,
will send out a convert request from a control line 810 to the ADC 128 such that the
ADC 128, operating independently, will convert an analog value on an analog input to
a digital value as digital data. The CPU 102 also provides configuration information to
the ADC 128 and also provides selection input signals to the analog multiplexer 134.



Thi s provides a nunber of benefits. First, the ADC 128
can be powered down during non-conversion operations,
such that it utilizes |less power. Second, the results
are available at an earligs tene. For exanple, a
convert request nay require a nultiprocessor chip
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entlmpmbdbbklng operatio caat egtuatvithin one clock cycle of the SYSCLK. This is
due to the fact that all of the edges of the conversion clock occur at a time that does not
overlap with the clock edges of the SYSCLK that operates the digital portion of the
processing system, such that any noise contribution from operation of the digital system

does not interfere with the analog sampling operation.

[0023] Referring now to Fig. 9, there is illustrated a timing diagram for the subclocking

operation. The convert operation is initiated in synchronization with a rising edge 902



edge 916 utilizing the ADC_CLK. Wen the SAR
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nv Si 0 ti.gn or | e conversi on. opera ORS
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edg@mls@uﬁﬁ% ADE s}m@ Wheh §R D58 eehara6h opdrhtiondis @bindlete, as

roceSS|nggof dafa by the CPUis isolated fromthe SAR

indisaied et en sfige Dlfertha A&C (a0 sigpalre nerengsy neesdedtapd [ gpes low at
w B O35 bl RGBS, ol o PIEbL ek 00 rpe o

"althSA@'l (QMRI Riralh PRer &lertihg rhedd hl‘}& BHB’G’@W gbes lotv ctan edge
seen that the START signal goes high at the edg X
g ﬁ%‘ﬁ%& dnput

9249@41 the FRAGKsigne! gees Hal ot o gdea Hft to famle Hheanet,

gﬁ fiternal delays that are accounted for that 15 are
not detailed in the various timng diagrans, but which
are needed to insure proper operation) Once the TRACK
[OOM]g%bn oesSABwcadivesdge dptthtiohhs Aﬁiﬁgﬁtel( thie gdigltali Sesults are
initiated. There can be, gl t houg { necessar

transEeregd | 18 A0 NP UA BRI g eF- & éﬁfewﬂ CPHER eI gatagekister
untf;I] @F&eél)lll I?)g ?ré@dlylt% P& L Iedu @ tﬁfsrﬂe?ﬂ%hﬁf{@ BQ’tS(ﬁ,K rate. The

I's operation. After three clock
opecaymlne&f the A 128sik mpinpldtelsl temapaubre, totthe GARe GV d02i dn the

et g indSy o PR R ey S PraGerte s Godipyger
ﬁ'ec{ﬁegt%)f‘ﬁlgﬁ/gﬁ)? U(ELKQb@t &l 88K eRBhHAiRENL ABEreid el AWEAI ABYis 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 SYSCLK. As such, noise associated
with digital processing of data by the CPU is isolated from the SAR conversion

operation.

[0025] Referring now to Fig. 10, there is illustrated a more detailed timing diagram of
the embodiment of Fig. 9, illustrating the SAR conversion operation. In this
embodiment, it can be seen that the START signal goes high at the edge 904. (It

should be understood that there are numerous internal delays that are accounted for that



remaining bits 10, 9; . . ., 0. At the end of the
conversion cycle, at an edge 1008, the conversion
operation is conplete, this all occurring within | ess
than one-half of a SYSCLK gycl?. The data will then
be transferred to the output data register in the

configuration wherein only a single conversion takes
arepgioh detailed incthp yageus Wmingcdipgrams, byt el ere neefedio inpue proper
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at a substanti i gher frequency than the freguency
congfrsicneopeyaticanis conoplkie, $¥SGLKecaumang hwithing gsat that onpdalfl of a

sY§EE R, " The B e e B RS o BETENED ife yogister in the
con¥igfita@ith GHRedn cR¥SELngldveBivdriin t8%8 818eChOekpdnSe to a convert

confkﬂgred for l'ow frequency operation. [0026] . N
reqest. e All af gheréite trenslp the1SARdpavEsios oppratiet.rai eilhbhfetitated

iy | [ n pf j r atjon
o S SRS KR RLRLA bl AR B ARSTALEETNSE: Cix
- Sinte shixelixed Gighalgdevice Bhepebdife lto Giperdid ac kighl Felpdmicy, all of the
associated therewith a SAR controller. 1102 d a SAR
COmRAYFRE dpereabate wEbisARd bever reralpd £l gheseshighdrrReieso For
[ e :
e o e B o SPne g sempling
frequencsoa cdibv@dtiorfab A DG U200 BHzed BACS AROclock eapcamddaihiceperate
w th a SAR conversion, algorith a _conventional. data
ot LMK BIRGT ARGUTIShm n et $aaPe dRGR (OF- P31 BOVRLR A AR
conk&rsi eﬁl&%&t d %‘s‘é%lﬁﬂlylﬁigﬂer][ ﬁt RSN HRnthe ﬁ%@lﬁ%ﬁ%?to?‘ilhe system
0 e.

digital value at e’‘en e conversion cyc

clockh SY S Kl the thrpeghput plithetAAE is sigpifivantde theresseda as pugpared to
210 on .t h i gi.tal bus. 214 for.use in t

opefilibe 2R 805 B b el st B e in Mo ST 05K when the

systiefit @6dleis @n Muirbd for oW lile§uerRidpeiattent , a FI FO 1106 for
storage of data therein. Normally, this is a hol ding

regi ster or a data output register. This FIFO 1106 is
[002] R efbirimgtnow bt Bigf dtetharetin ilwrératigt anmoty detaidal blegk Hiagram of

the E{Iﬁ%ﬁlgli/(?}%:é&}%%ﬁaq]fgg%%;ﬁb tffé’, e 623 dteshc%'i)ga %eregnhébsovg %iviﬁlgrespect
to Fig. 2. The SAR logic block 212 has associated therewith a SAR controller 1102
and a SAR register 1104. The SAR controller 1102 is operable to receive the output of

the comparator 208 and successively adjust the digital output of the SAR register 1104
for input to the DAC 210 in accordance with a SAR conversion algorithm, a
conventional data conversion algorithm. The final digital value residing in the SAR
register 1104 represents the converted digital value at the end of the conversion cycle.

This is also the output that is provided to the DAC 210 on the digital bus 214 for use in



The FI FO 1106 provides an el astic data storage

| ocation that allows data to be input thereto at a

faster rate than it is being extracted therefrom

Al though a FIFOis descrihbsd a% the el astic storage

devi ce, a Random Access Menory (RAM coul d be
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I fei hr o .

mc@ﬁ‘?ﬁ%ﬂa Fa Ill%% Q‘rfr%%?é}t grgra%%}g ,C&E%c r%‘ﬂ'a;w &?rnu@# i gPSe is a holding
regisempr aslatiaoutine regiften Tinis FEXPAh8@ ist apesabdd togheronwithtthe data

request.. This vert request can be . a convert
bus_rgé)%u&‘ﬁ“ thatdh Pﬁ@n@@a&é@vwccs%s {@iion e bsing Fesiemudatgbus
Thd PIFRS 136 p}dﬁ?&{ssan' Q?§t%eda$f‘§0féﬁ@tIBQJ&ioﬁrth%tlﬁﬁ)v&shﬁta to be input

result 1n"sanples o ata being taken a
thepte deefasteneaket thaw st i DERE] exhaeted chefefrgor. e M lflomgh a FIFO is

|t pl S | es duri,ng a cQnversi.on o atio in
desfighad R e e SRorbet 1oV RMER e Ge P or TR AN dlia be
- gtilpeper ated 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 wll
[002d Hockired! sl ik contialed by teewBARtdoetrokbert] 10Lodke Sadkgeegisfer and

saRgatriles 1Y Fat HpecntayrRhEh A RAnSnboRiratf 110 uch tha

mu&i?lesséﬁﬂﬂ@s BafSbe Pfkefth répbRst RVEEInBI &Rkl BHRGK TURI @%ivert
of the CPU. Therefore, the FIFO 1106 for M, being

reqeast edndwt 4 eonyeBredpestidm éle CBHA 02 4% étrqpuld by i response to internal

. _Lnforpat| f t e 10 n tract jt.
i TRLSRE, KSR Ter 188 GIE-SRY AORahl S Lol e
predetérimihaibtigleaagr am for the Repeat function, which is a

function that allows a plurality of conversions to

occur after a convert request is generated by the CPU
[0028]When sonfieyred demprultinde samples slupigg el gerycatiomaperatigpe.and in

R O2ERle  h T UKl A 09 0B

extratt Arfroaalgiee AZNG.128 hiver Wid dath but 868.e Fheldfo®) wheR the CPU 102
conversion operation at an edge 1208 which w | e

| b
gengigtrsitat exnvart reghegadie dppwill hppcorpdouelhprior forRypn thsenext clock
edg% LARSsRed Fﬁﬁ:e Lhe cot ﬁ)ZI@ee'r:ﬁest & ﬁlgﬁ'gﬁcﬂfgltﬂﬁ'cﬁ E)gefgﬂcﬂai no

requency clock can then turne an e
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accrue this information faster than the CPU 102 can extract it.

[0029] Referring now to Fig. 12, there is illustrated a timing diagram for the Repeat
function, which is a function that allows a plurality of conversions to occur after a
convert request is generated by the CPU 102. A convert start request is received at an
edge 1202 and this results in the TRACK signal going low at an edge 1204 and the high
frequency clock being valid at an edge 1206. This will initiate a first SAR conversion
operation at an edge 1208 which will be completed at an edge 1210. This data will then
be transferred as the data DO in this operation. The high frequency clock can then be
tumed off at an edge 1214, or maintained on during this time, depending upon the
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course, during the subcl ocking operatlon t he abort
conyeHEn operatiorsd theerveragedbereef telen. @r alrvoning am*eg@ aeuld by taken.

Alt atlv%% tlLIIe{] %éclu%lgtgxe £ ustblg th%gg Q% a&un%[l MHe 1MW én% Ehﬁ% the

ere 1s | tra agramfor

prog@esdr utilizattd p@fd&ﬂﬁﬂﬁtaveﬁgmgaﬁﬁk‘a’hohh E‘hﬁ%ul& tIReVel ¢ dedifire a
upon receiving the convert START request, .such that

Smgéfb Fegisten By sterage Gy @Ep‘ﬁr phfateg P qorsei dyringdhe subclocking
opeﬁﬂﬂff Rl ngOLQ pﬁeraﬂltré Ofyted H 1f1 néﬂo’v@' e{ﬂ%@ S%ﬁ(% 1lﬁg emented in

nitiate ar|S|ngegeo th
conplnclﬂdgherew&m wherein the CNVST signal is raised h| gh
at an edge 1304. The START si gnal goes high at an
ower up signal, PUP, goes_high at an

[003&! éef%é%% n%r\}%lffu iy Fhitherei lﬁellu%tfﬁéedqagtﬁnmgefé}egﬁey fog) the oost
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erst oo ncy c I'S not
requesm mectt thdt samotlblay ic rdfqumeﬂ fpyioatto initiating the conversion operation.

The initial operation is initiated with a rising edge of the SYSCLK signal at an edge
1302, wherein the CNVST signal is raised high at an edge 1304. The START signal
goes high at an edge 1308 and a power up signal, PUP, goes high at an edge 1310.
During this time, the high frequency clock is illustrated as being operable. However, it
should be understood that the high frequency clock is not connected to other circuitry at
this time and, as such, it is only the circuitry associated with the high frequency clock



this tinme and, as such, it is only the circuitry
associated with the high frequency clock 18 that
draws the higher power, as conpared to circuitry
associated with the | ow frggquenty clock operation.
[0031] During power up, the ADC 128 is powered up and
the high frequency clock is powered up. The hi
that dravys Siediygldr pewer, 4k 6aMBY RS tcawﬁfy ¥po ‘%l?ltﬁ% with ﬂé‘%)%é‘/ fipAuency
Lating speed but is well behaved, but the ADC
d0&9$x?ﬁﬁg | onger to "settle out." There will be
provided a certain period of tinme 1312, illustrated as
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Thereafter, TRACK goes |ow and conver si on
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conRéE@onddr-8ih byt five Kiko ﬁJéQuenb? 61032 dgties, ahig dkingriependenn@pon a
' 1402 and _a hi hfre%ency clock on a line 1404 that is

regi§en aplae.e dherpaliernT A CK pess lew apd tiegorveyaing PregHon wiwgun.
The 32 KHz cl ock and high frequency cl ock are input

R A R

of Rig. &. IR tERWmMbdiméAd thér araproyidel bﬁly&%pﬂkﬁck@fthe 32 KHZ clock on
multiplexer 1408 is input to gne .input of

a lipg| 1149&3@51 ey high1fsequengy glople on; & e 114% rtagfis &?B?rﬁt@ét Ryya high

vt Bl B FOANE 90U 1P VY i e
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SY%‘E@%M%]J&%% o tpribe KU 785" “Adulondy, s Sty o gltiplexer
140§rf§Vi ?ﬁts td B8e GhPp®Kof BRUADEOuliEI A W48, tlﬁeogt:ﬁ%} input thereof
Referfing nowto Figs. 15a-15c, there are illustrated
cont¢cheyt dmghohighhéredid@ey clock line 1404. The ADC multiplexer 1416 is
operable to select between the SYSCLK signal or the high frequency clock output, such
that the system 1414 can operate on an independent clock to that of the ADC 128. The

multiplexer 1416 provides the clock input to the ADC 128.

[0033] Referring now to Figs. 15a-15c, there are illustrated diagrams of the ADC
registers, there being a tracking register, ADCOTK, a configuration register ADCOCF,
and a control register, ADCOCN, the “0” representing that more than a single ADC
could be provided on the integrated circuit. Referring specifically to Fig. 15a, the



regi sters, there being a tracking register, ADCOTK, a
configuration register ADCOCF, and a control

regi ster, ADCOCN, the "0" representing that nore than
a single ADC could be provigdedeon the integrated
circuit. Referring specifically to Fig. 15a, the 19
ADCOTK regi ster has associated therewith a nunber of
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deSSIggetdﬁ‘ée e'gﬁé?veem There are provided five bits for the

ADC Cl ock Rate Control (ADCSC), which field controls
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system cl ock when the Burst Enable is not sel ected
systerd Tlereiaregprovided ﬁffe bits forthewhBh Eoels Raer{aitiel (AECSC) which

Ther.e v t he
felEsBEbE e, MRPR s B ARTADLY BELR fs0fhe ilfretTystem glock
] whélh@LelBiﬂ;QEHnaBI% i€ BNRIcBicAREd i PKeRxRaineens Mgz #bka Burst Enable
interrupts or during ADC Conversion Bursts. Note th

is sgleeted. ¢ @feeﬂﬁ‘?jP@fVldédéUﬁ\bétﬁ orohe AdPC iRepeat Ggpint (APEEFITY “Which

o Sl S APPSR i, G 5 A€ i

durBNABICSCotiversidre BAEXS. CBIbteUihaﬁ aﬁm tkmabd of @ CAhEion samaimterrupt

enabl bi t at enables the ADC calibration no
flagrs; sst, ?bé‘éf"ﬁ’re%t & SOOI RFPIIE OH%?’élf}?th%dgﬁlﬂﬁe‘PWh& set
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thatemmablee thei ADCABDER)on hatde. eﬁhblfmhenMScﬁlheéﬂlsmus
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fun&ﬁﬁfsa%?rﬁ ltE 'ég é@%ﬁéﬂgfsg{aﬁgn%ggl ng%[\@q}%@ﬁ%l&s&b | ATt OThere is
provided a single ADC Burst Mode Enable (BURSTEN) which enables the ADC for
burst conversions. In the burst mode, as described herein above, the ADC operates
from an internal high frequency oscillator, 20 MHz in the.disclosed embodiment. On
each convert start signal, the ADC is enabled and allowed to stabilize for 200nsec *
ADCPWR, such that the Power-Up time 1s incremented in increments of 200nsec. One
or more conversions (based upon the value of ADCRPT) is then performed and the
ADC is powered down. If ADCEN is also set, the power-up and power-down
operations are skipped. If ADCEN = 0, the ADC should be configured for post-

tracking. Otherwise, either pre-tracking or post-tracking can be utilized. The ADC



each convert start signal, the ADC is enabled and
allonwed to stabilize for 200nsec * ADCPWR, such that
the Power-Up tine is increnented in increnents of
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apbove, e Inr S

I'S convert quest can e to an
CN¥sTedigral or irsiemghnee gea tiet hearﬂnWethntadonstﬁMéS‘ﬁnsmtgmal request or

inr a tinmer overflow that constijutes an
write i ARHUS B st the Corert s oA BT Ao Hbrath flows to
a d&%né(tﬁﬁﬁ)clﬁ 2006 &) dtaniRe NnE eR RV ¢dlg i £, iBElR:Qﬁﬁ’gTiha{ ﬂi@ﬁconvert

a decision block 1606 to determne if the
reqlidsaganngt yetervitadtingldt wilgbe teapradh é?Vh@hthe system e&qlt%@! tO service a

N R TG YA -
blodd POEB t8ldef@mireaf tHY' poQ@rJﬁpffE&ﬁffeC}ﬁ@ ibeb0sel&dt@ar Kif 16 0@istiadiaates
thatqc}elg IAS[sCC‘) ?s to be powered up during the convert operation and the program flows
along the “Y™ path to a function block 1610 to apply power to the ADC and then to a
function block 1612 to allow a certain amount of time to elapse before conversion is to
proceed after tracking is initiated to sample the analog value, as indicated by a decision
block 1614. When an appropriate amount of delay has passed, the program flows to a
function block 1622 to run the SAR conversion algorithm at the high frequency clock
rate, which was selected by the CPU 102 in a prior setup operation. The program will
stay in the SAR conversion algorithm until complete, as indicated by decision block

1624, at which time the program flows along a “Y” path therefrom to a function block



bl ock 1608 to determne if the power-up feature has
been selected. If so, this indicates that the ADCis
to be powered up during the convert operation and the
program flows along the "Y1 pafh to a function bl ock
1610 to apply power to the ADC and then to a function
bl ock 1612 to allow a certain amunt of tine tq el
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e

ature has not been selected, the %20 ramflows from
convirsiateeriesition 4b|torkighgBzuetsyt HeckRatasr Fhigjipgiknilng g the operation

w1t{19%p8<1,t t a? f:le%%%e@ ?V\{hte ":IJ' (gﬂartlgf‘ Fl%hl%r e1“1# lg;{aﬂ? fheﬁltﬂ%%s toa
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W char [ ng e oper at

deciitnry Blosk 0MGS 1 cﬁehld:x’fhlﬂe ffahy SAR ¢@HUBKIn. is To@pt® gmlcSmplete
initiated at a block 1702 and then proceeds to

the GBEESITL AOBP GURREL R0 't BallieiOeh rieRisiant bIack driyBrip 4@&%@&% if the
SERRGAIER Uikl 11t B LG ERTUEN BT, ol o
171dhen dﬁienmnbmf aanSAR dmdeuasﬂhah hbd dekn b?@ﬁeusw pelléadrdnis to be

progak Fatoe BeTPERL vl BPPafion s e IGHLIEE FERolaRTe 1716 t
subi&f’ BRCHath & prlddlssih %S stﬁ‘gcés&né ti‘ﬁgflt' EE’%U@H as haﬁftalﬁir% a running

he programthen fl'lows to a “decision bl ock
avetaged\éttl@ prities viatuet hi I@Aﬂoe@ﬁsmgrlglrmmted, d@nﬁh@meograméwll flow

alofi2Ar S ity b g bt ga T So et fhe Yapalin BEEIRO QpfRam). 1t

subfden€d proBeskingSRivesie dhe flbwsBart WHE fRAUOFORABIGEIETT Il tBWSodkal 720
a decision block 1714 to determine if any of the data

to siorgtthe dataied therr thei wogiap vl flowt wge fecisien fykock 1722 in order to

det%grﬁﬁce ffstﬁéjRPégat raﬁ(gf %kﬁ—%ﬁ]‘%g] W 1oy E LR A A8rsfons Yaken place

within the single convert request cycle. If not, the program will flow along a “N” path
back to the input of the SAR conversion block 1706 to repeat the operation until
complete, at which time it will flow along a “Y” path from a decision block 1722 to a
Return block 1724. It is noted that the tracking of the analog input signal will be

continuous during this time.

[0038] Referring now to Fig. 18, there is illustrated a logic diagram for the SAR
controller 1102 and SAR register 1104. There is provided a SAR bit control register



subject this data to processing. This processing m ght
be such as maintaining a running average with a prior
value. If no proceSS|ng is required, then the program
will flow along a "N' path2to @ function block 1718

to store the data in the FIFO (or RAM. If subject to

roceSS|n however, the flow chart w |l f|ow from
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illustrated a logic diagramfor the SAR controller
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thergfnrp prayidesfthe beasior fagetiment th8BAR| regisispuite., the kistoroespeet thereof.
| atch 1806. The clocked latch is operable on each
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L e L T
and the previous bits tested as being high will remain high. This is provided to the
ADC 210 on the bus 214, which is the same as the bus 1812. In addition, the bus 1812
is input to a parallel/serial converter 1814, which provides the function of the
multiplexer 216 in Fig. 2. This provides a serial data output on a line 1818. This will

be described in more detail herein below.

[0040] In order to provide an output for the CPU 102, there is provided a second
register 1820. The register 1812 has an associated bit for each bit tested. Each input of



with the associated output of the clocked |latch 1806
updated. This clocked latch therefore provides the
basi c function of the SAR register, i.e., the history
aspect thereof [0039] Eaclk23of the outputs of the
regi ster 1802 is input to one input of a associ ated
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LOABysigrady ThesahedOAR sienabisinipagedil S ¢lock exdes Iater than the last
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et B PR BEACH! el i SEoht SRl Sirpdfothgl OR g 1834,
with bee dipoc kherevff bnneafedttbehes egpst eff thd 82€bnd ke togibtdre 1830, the
SO]%OAD si gnal a]?d he reset input thereof cor1{1

n ected to
SRt e mesat tot Rt g nsted taane CLR Sgnal.
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being output. The last of the drivers 1902 receives the input SAR <0>, the LSB, and is
gated by the output of the first of the flip flops 1830, the SAR overflow register, the bit
SOR <1>. As such, this provides on the output line 1818 the previous bit tested to the

current bit being tested.

[0043] Referring now to Fig. 20, there is illustrated an alternate embodiment wherein a
plurality of FIFOs 2002 are provided, each associated with one of a plurality of analog
inputs, there being eight analog inputs in this disclosed embodiment. Therefore, there

will be a FIFO <7>, FIFO <7>, . . ., FIFO <0>. Each of the FIFOs 2002 has the output



LOAD signal. Thus, the LOAD signal is provided 1.5
clock cycles later than the last test, the SARBIT
<0>. The reset input is connected to the output of an
OR gate 1834, wth one inpyt thereof connected to the
out put of the second of the registers 1830, the SOR
<2> output, and the other input of the OR gate 1834
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nextBFE 2¢Hg now to Fig. 20, there is illustrated an
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herein and then the nultipl exer changed to the next
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TR or L EL OB IRBRIAN o1 bBLEASIncHAR  high
frequency rate without requiring that the CPU 102 provide another convert start
request; in fact, the entire conversion operation will take place within less than a single
SYSCLK clock cycle. This will allow each of the FIFOs 2002 to be populated and that
is only necessary for the CPU 102 to access the data bus 808 and the contents of the
contents of the FIFOs 2002, these FIFOs 2002 requiring some type of enable and read

pointer control, which is not shown, but which is conventional circuitry.



conversion result is based on the first anal og i nput
line and then the nmultiplexer changed for the next
anal og input line, the data sagpled and converted and
stored in the next FIFO 2062. 100441 Referring now to
Fig. 21, there is illustrated a timng diagramfor the

Al PR e g e Gecor A e 1 SHoul 05 o1 g
onGARGH4Eill He RRVRIHP B ARl ) B S

withdug daEticg Gok tht spint entseofd 6b6tha moventien by daflacd ibyrilad appended
Wl be activated such that the data on the sel ected

claifiSne s then sanpl ed. The conversion operation for
the first conversion is initiated at an edge 2108
where the track signal goes |ow and then the
conversion started at an edge 2110 for the first
conversion. This conversion will be associated with
the first analog input Iine and the results stored in

- the first FIFO for bit <7> This will occur after the
conversion operation is conplete at an edge 2112. The
track signal will then go high again at an edge 2114
and the analog nultiplexer 134 will be controlled to
sel ect the next analog input line to be sanpled. This
will result in successive conversions of anal og i nput
data to be perfornmed at a high frequency rate w thout
requiring that the CPU 102 provi de another convert
start request; in fact, the entire conversion
operation will take place within I ess than a single
SYSCLK cl ock cycle. This will allow each of the FIFGCs
2002 to be populated and that is only necessary for
the CPU 102 to access the data bus 808 and the
contents of the contents of the FIFGs 2002, these
FI FOs 2002 requiring sone type of enable and read
poi nter control, which is not shown, but which is
conventional circuitry. 0 25 Although the preferred
enbodi nent has been described in detail, it should be
under st ood t hat various changes, substitutions and
alterations can be made therein w thout departing
fromthe spirit and scope of the invention as defined
by the appended clains. 26 WHAT IS CLAI MED 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 high
frequency cl ock; tracking ag arfal og i nput voltage
during a tracking phase to sanple the value thereof,
initiating a conversion cycle referenced to an edge of
WHAT ISAWLATMEIEHEY cl ock; converting the sanpled data
in a conversion operation during a data conversion
cycl e, which conversion operation requires a plurality
of gonvepsh@RodiRelockBythesper@ivth SFAB AR lahilog té-Higital
timng of at |east a portion of the conversion
conyprierd AN, cauprisieg thestepah conversion cycle utilizing

the high fr e NE IS k. 2.
The et NBEV G iR pl b B PR Ry SRR | P
the at |ga%inggan faldg iaputofolthpedetpvetraikon mpes @tsaople the
conprises utilizing the high frequency clock during

valphdiereofiver si on cycle to control the timng of the at

| : ! ! .
east a {ﬁgﬁ{nﬁg ) ctgfwérgiﬁn i%g&lké Fdfedeled 8 Féﬁflgﬁéé SFhR 1R ﬁ?&ﬁ&cy

in tinme step o Itiating. 3. e method o
clo;aim 1, wherein the at |least a portion of the

conversion operation %ﬁgyrlses substantiﬁllxlall %ft
the convet¥FBRES Repagtnlethdaty In g ARV TP epFloB diFing £ data
conVBRIR Feleh@hRARAN%rsiBASp&Rtid Righir€s plublitPHf corv@rsidheclock

conver si oh operation includes the steps of. testing
cyckacimdof the n-bits during the conversion operation to
determ ne

t he 1.0gi.c.st thereof. t tim
det er ni n%%ﬁﬁyl% tﬁ%ﬂ%?%‘?%% I%qsg%gorttlﬁlétoyﬂlgé:ﬁg{rr% s Ia? %rgﬁén
durfif\UE dth @BnEer6K cFIl€ Ligiszing BlRafi gt fragichbecloohyethsiconversion
clock fromthe | ow frequency clock during the

clogf.acki ng phase; and 27 ¢ during the step of
controlling, generating the conversion clock fromthe
hi gh frequency clock for the at |least a portion of the
conyer si The @pthodtof Oaim 1, wherein the step of controlling the at least a

portion of the conversion operation comprises utilizing the high frequency clock during
the conversion cycle to control the timing 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



5. The nethod of Claim4, wherein the step of

generating the conversion clock conprises generating

the conversion clock substantially only during the at

| east a portion of the conver<%ion operation. 6. - -

Thenet hod of Claim4,-wherein the at | east a portion

of the cganver& on per abl on does, not include th IIE

to {ost GHRINEGRE HFROTLRRIUINE erprngah eV 51 Aok fiom the
1?e'n@y Ef&@k?:f daggtsﬂzzhs@a BftfonQF 1R coﬁa'@@rs%% Sfafibfn

ope ation inc es t |ne to test su ntially al

of the n-bits. 8. - The nethod of C aim 4, V\herelnthe

east,.a 0 ncl udes al | n- bi t . The
method o?heeﬁ?}hﬁﬁ Sl omeenbthe Sop o erdiiiefs rgivedion
clodk%ohﬁﬁﬁ@@@&xeﬁaﬁné tEcRAOR_IALIRR shb st&tﬁxﬂ?‘bﬁf}l ddrﬁ‘ﬂgtthélllﬂ 1% a
signal generated by a processing unit. .
portidn o the perersigreosiraiionhe processi ng unit oper at es f r om
the |ow frequency clock and, during the step of
controlling the timng of at |least a portion of the

‘Cory/er SiTHE ARB6@bF ORim UNGhBAC®S i REst UHokticHUTtheb& v efston
operate on the | ow frequency clock. 1 The net hod of

opergtign #pgs nagpshederthe Hmedpresppbobihe nahitss in a power up
node and in a power down node, when in the power down
node, further conprising the steps of: operating the

SAR. ADC The methedoPOlaah 4netiercin the aglexst Aagoatiqnovehe tynversion
si_gnal in response theretq: . applying power to

opegagign mﬂffk@éw HTpg 9 tgft.SHest@lH@HWQ@flw Bi#ération, 0 28

del aying the start of the conversion cycle by a

predeterm ned delay to allow the SAR ADC to

st i | i Zithe magtbodad £ Elainh Hewberdinathe thleast apodici includgscdlieof the

renmovi ng power to the SAR ADC. 12. The nmethod of Caim
n'blgsl, and further conprising the step of introducing a
known progranmabl e anpbunt of delay to force the

tracki ng operation to continue for
9. The method of Claim 1, wherein the step of initiating is in response to

the generation of a convert initiation signal generated by a processing unit.

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,



t hat programmabl e anount of delay and del ayi ng the
start of the conversion cycle for the programmuabl e
anmount of delay. 13. A nethod f(g)r operating a SAR ADC
in a mxed signal processing system conprising the
steps of: operating a digital processing section on a
first and | ow frequency clock; generating a convert
request delnyingsthe alert of ke ®AReAOE dyeleibyia pradaterznined delay to
onyerns, ion. in response to the generation of
aﬂo% htgle Séﬁivg]?)tcot?ggéaﬁgelgt%i an(§fper ating the SAR ADC in a data
COMmfet the@nd @f Heaoh0dtsion cicls aembelingidwer ghtht SARIADCY
clock that has a clock frequency that is higher than
the frequency of the | ow frequency clock to convert
an gnal o, ialig OFcRlln 413k HAR onl RistathOLkAbe tbiiSeing
in a SAR conversion cycle; storing e resultant
a kiabingi firagravmhalde 4rocunpobdesy ionfprdzmythi breckdngdpahtiqrto costdurgor

section; and afte torage.of the res ant digital
that,pspgrammablsagacinh afﬂ doly mdilaving thsgrt Hihe GRS ledor
'theg}o%%qmﬁhaﬁié%gﬁﬁidNeﬁ?Pt lon. 14. The nethod of Caim

3, erel

rein the convéersion operation is conpleted
within at least a single cycle of the | ow frequency
cl ock. 15. The nmethod of C aim 13, wherein: the step
of operating the SAR ADC in a data conversion

opeysat i O meBRIATbE SfFatigh $KRIANEE henikBEsi Febs@iy Of
the convert requegl?? og’;hrati ng the SAR A%]i%n a@IKg
systpny ehprisingthegiepaofonver si on operati ons on the second

and hi gh_frequene 9 clac C I .
on at | rE RS Wi drpe RSt o ALY ARl o] hf fednti Bloc:
cor r espgiedémagnga gorivatt reqlose®, ingarhthiers A ATXS acinéiatd
SAR conversion cycle; the step of storing operable to
CONY¢r§iPR OpCiAlYfbesent ati on of the resultant digital

Uhe.r opriaE Spr A S W B LS D PR R BeR
ADC6n 2 Bhie coetdrsidn oper@lien on 4 Sgcontl end hightfresusnmpeladk that has a
cloc::it:E{‘)f:rcliugz]ﬁ;’cyi tlslatolgJ ﬁ{ grl tﬁalg &esﬁ'te%lr.lgncy of the low frequency 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.  The method 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
comptises, 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



each of the resultant digital values separately. 17.
The nmethod of Claim 15, wherein the step of storing is
operable to store an accurul ated digital value of the
resultant digital values asps;a S ngle value. 18.- The
met hod of Claim17, wherein the resultant digital
values are all related to a single analog input. 19.
cloth o eanva dndpe thlapnen & leaghepeinglagiapette g rtrabyodessi ng

i, gi.tal r [ [ ' : 0
corgbplitinf i valodt SERITL B BERUEAR SoRRRIABI
val ue. B2 stephef stingadeniblddoatore i beprdentation bethe resutant
.provided a plurality of anal og inputs, each operable
digtal vabyesi 4l a separate anal og signal, and further
conpri si e . axel,
sel ect onessii%f()fttﬁ%&gsﬁgé 85&%@%1&% @%F %grs ttlant {E#gﬁggmvﬂ th ©
restitnt 8Ranesonverter for each of the data conversion
operations carried out thereby 1in response to the
generation of the convert request. 21. The nethod of
- ahg 15ThuhRiRIdbradhinP] 5, WRrdatiR $Qruekcins operable to store
operations are conpleted wthin at | east one cycle of
eachivd thaxwsltantidigitelyvatues skpar@ely. A processi ng system
including a SAR anal og-to-digital converter (ADC),
conprising: a |low frequency clock and a high frequency

cl 0¢K; 3@he AcBRIVIMSNAEY, vaRrdi@ thel stepCddi shgindils afahme to store
i nput voltage during a tracking phase to sanple the

an gepumalaterbdighnl valneciberesilinmt digifphalegsas apingle value.
initiate a conversion cycle referenced to an edge of
the | ow frequency cl ock; said conversion engine

-~ convert i The tieehodafll sich URtwtherdin theaesuliansdighal vahes atel alf
during .a data conversion cycle, which conversion -

relgiprbio sipgle apdlog p¥t.a  plurality of conversion clock
cycles; and a timng engine for controlling the timng
of at |east a portion of the conversion operation
dur i®g t ke detlmdodiGlans] & wheyah thewstdp ofzirogpssing b thghdigital

freguency .clock as the conversion cl.ack. 23.. The.. . '

proggYRgoncs ParL 1o HREHBITR Tt o i R hleredStisital valve.

operable to
20.  The method 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;



utilize said high frequency clock during the
conversion cycle to control the timng of the at
| east a portion of the conversion operation proxinmate
intime to said conversion yendine initiating the
conversion cycle. 24. The systemof C aim 22, wherein
the at least a portion of the conversion operation )
conpr i ses synplétgdavicsl fhytragkingdn atatogioputeiolipgnduring a tracking
operatign. 25  The pgocessing system of C aim 25,
Ph%ﬁ@%gwﬂﬁ?ﬁgﬁgﬁﬁékﬁﬁﬁas an n-bit resolution and said
conver si @BoBResifiCerghtd diitesle @ iitlatd Ledriersia cycRSbfeRgced to
each of the n-bits during the conversion operation to
an egeat henlowt frequeneyi dodtat e thereof, the tim ng thereof
determn - | ]
' conversi B0 SRS URAR Aot SheRERRAY Sibnbiifon
op@stiver diiring® dabecop@anéihsiyole, whivblkcohvasivi bgerativn requires a
frequency clock during the tracki ng phase; and said
plugglity HECC@H@HS}?@ %‘kfi‘r%’ﬁk@ 4§ generate the conversion

-clock fr Qm(')r?ﬁ% egnlIE &1 céﬁtﬁﬂﬂl‘?@ﬂ'ﬁé'tﬁiﬁ% ﬁf £tg%astt _Ql_%gﬁfonl AU

a portion conversi on operati
corpeaiessicraion ystiegtlef da@l einve@ion eykkrdilizinpahehightfiaqgency
ngine is operahle to generate said conversion clock
dogﬁ%ggﬁﬁ??%ﬁﬁl ORFY during the at least a portion of
t he conversion operation. 31 27. The processing
systemof Claim 25, wherein the at |east a portion of
t he23.conVke ssistem obSlasn 28nwheren sast tining] anginetiheparalie tq o

test.all. of the n-bits. 28. The processin em of

w23 PGy R i s LR ETAH Gitp T Bt of
theQOTRM&GTaSoRtlorDPRh & bbBRrdiBICbprd@sort fiexiimatEint tiné &Sdaid conversion

substantially all of the n-bits. 29. The processing
enginesiniipfipg the NHEIION oXpler ei n the at | east a portion

includes all of the n-bits. 30. The processing system

of C aim 22, wherein said conversion engine is

operabl eThosyisteni dBChim 2R gdwhearinahs holkasd peoatidnot thaiconversion

response to the generati of a convert.  initiation
OPELFIIAOPLISES %Tamﬂﬂr}lyaa?lp‘?fgg% EQMREITHPRETAUDD.  The
processi ng system of Cl aim 30, wherein said processing

unit operates fromsaid |l ow frequency cl ock and, _
dur2hg cThg probessing systemtafiilaign 27, vdterdie izt 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 engimne is
operable to generate said conversion clock substantially only during the at least a

portion of the conversion operation.



portion of the conversion operation by said timng
engi ne, said processing unit continues to operate on
said | ow frequency cl ock. 32. The processing system of
Claim 22, wherein the SAR AC operates in a power up
node and in a power down node, when in the power down
node, said conversion engine operable to: operate the
SAR ADC in a | ow power node; receive a power up
si gnal ' : .
s hoc e pioleb R BRA R AARY 25 BB PR Mt § Bork B of the
corveRidn cWerdtioa doeswsrisdiade thy cing: bytes appédetrebid. ned del ay
to allow the SAR ADC to stabilize, and after the end
of the conversion cycle, renove power to the SAR ADC.
33. 5dhe [ . [ :
cort oi DEPEREERE SYPRAT a5 Micdn AR IEQH L Hation of the
conyeBgmapradiion iacindestthofimdéb topt substantiadly dhe the adbitsng 32
operation to continue for that programuabl e anount of
del ay and del aying the start of the conversion cycle
- forag he  pROGIREIIRRY s ATl 258k 1RYein A atheddt XB6Hion
signal processing systemfor controlling the operation
incliflesal 5ARhe AMits. conpri sing: a digital processing
section; a first and | ow frequency cl ock for operating
said digital processing section; a second and high
f r egyiencyh&hRekssinpalystBRSo fCIGIO 2K, WhesH emdohhation ngine is
hi gher than the frequency of said | ow frequency clock
opesafileltadingiatesaieareerssimppesaion; is resperssrta thergpnaratipn obp ponvert
init{a?ﬂﬂes}séla%%)enle&%d’ 1:5% %r_o%&%in tADC toinitiate a
CONVersi oper at’i on; a conversion engine for, in
response to the generation of the convert request,
operating the SAR ADC in a data conversiqQn operatian

on $hi d Shepraessmg sYRPRPiClag éfcyhersip suid peoesite it an
opdita! ROmHdBwAR P AN Q0arld) Biting Qrfrofling thetim¥Rd et idhst a

portion of the conversion operation by said timing engine, said processing unit

continues to operate on said low frequency clock.

32.  The processing 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

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

33.  The processing system of Claim 32, and further comprising a delay

block for introducing a known programmable amount of delay to force the tracking



a SAR conversion cycle; a nmenory for storing the
resultant digital value for processing by said

di gital processing section; and after storage of the
resultant digital value inzszaid®nenory, said digita
processi ng section processing the resultant digital
val ue. 35. The1grocessing system of Cl aim 34, wherein

operaiwnde sortinmiedpr Bplaragieomable ameinsiobdelay and fAelayiag thessart of
the BoRVPIbLANE e 8 n}))t%El%@'{?ﬂb‘ije %ﬁ&%%%&a lock. 36. The
processi frg system o ar m

, whereln: said
conversion engine, in response to the generation of

the_convert, request, operating.the SAR ADC in a
pl U3l i t4 nyred SEBAlPERRPETIRS B fqrsoptyelling theopegption of a SAR

ADTECRH 'QHQ hi gh frequency clock to convert anal og
val'ues on-at |east one analog input to a plurality of

cor r espomndigitgl ogistiag secdlones, each in an associ at ed
SAR conversion. . cygcle; said nory aperable.to store a
by cori bt o I ErBienSCUPPRRT carRRErad giitbadeaife
: 'sec{’?&;Sai d digital processing - -section operable to process
the representation of the resultant digital val ues.

37. The psesondsidiggh fisgesncyiclock dhahhasa clak fisippensaitient is

. renpry. i s _operabl.e. tore each, of the resultant

higfr gpnihe Fntrare Ssur Sy M or ocessi ng system
of O ai a&bdightheiredRsib@beltiaR Fofidtatity LRaTvaRlreqicet toShsdfuet
an _accumul ated digital value of the resultant digital

the $AIRLADCalo initisiafgoaversion@pertioniThe processi ng system of
G aim 38 (é(%@/?%?oglnentgﬁ% fl(’)Ie, %Neitsﬁ&se ng g'letg%h%r\éﬁﬁlﬁ gﬁhe Lbfvert

all relat siengl e’anal©og I'n
reqEsQ@siating tiRySAR MIE irCh datacSverdien eperatdai ch shidjsdcahd and
. proocessin section- is operable to determ ne the )
high {reausgey SPock froconveti 7 parlea valugiongn apalogdnpuj {0 a gigatal value in

a SRRAGASSEDE ¢ %@.t emof Caim36, where there are
prOV|deJ a g urality of analog inputs, each operable
t 0 r ecei ymemosefoas@tieg dralcagtast digithl valuedfof pracbesing 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 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;
said memory operable to store a representation of the resultant digital

values; and



conprising a multiplexer for selecting select ones of
the analog inputs for interface wth the SAR ADC
converter for each of the dataoconversion oper ati ons
carried out by said convension engine in response to

t he generation of the convert request by said digital
processi ng section. 42. The processing system of C aim
36, wherSsiihdigitpl pypcestiag deatignoppiabledp prpcessibe sapresgatatppof

C | et.e i thin at | east one cycle of the | ow
e IRt

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 1is 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.



