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WD 2004/ 025441 PCT/ US2003/ 028857 | N THE UNI TED STATES
PATENT AND TRADEMARK OFFI CE 5 PRECI S| ON OSCI LLATOR FOR

WGERDABYNEHRONOUS TRANSM SSI ON SYSTEM 10 TECHNPCALS2003/028857

FI ELD OF THE | NVENTI ON [ 0001] The present invention

_pertains in general to oscillators and, nore

particularly, to a precision oscillator utilized in a
transm ssion system of the type associated with a
UART. 15 CROSS- REFERENCE TO RELATED APPLI CATI ONS

[0002] _Thi L cat.i ' I

pat ont IAHRFAINTERD SHPRLES Rt b8 THEBEM AR gRICE

19, 2001 and entitled "FI ELD PROGRAMMABLE M XED-

SI GNAL | NTEGRATED CIRCUI T (Atty. Dkt. No. CYQ.-25, 768

), which is 20 incorporated herein by reference and is

cO- PREGUTSTON OSCENLATIGR [FOTe AN ASYINCHRONQUSIERANSMISSION
opRirEasat i on Serial No. , entitled "CLOCK RECOVERY

METHOD FOR BURSTY COVMUNI CATIONS, " Atty. Dkt.

CYG.- 26, 068, which is also incorporated herein by

BRCESER Rl DECTREIRVENLIPN: o' eceiver's ( Unrrs)

are interface circuits, generally in the form of
integrated circuit chips, which are di sposed between a
(03] PBhopiedém dgnvehtiowpertainsio lgelae;ral tp @scﬂi&tamné mgre particularly, to a

er sonal . ). and. a nod

Fion apoifBIE i dad ta ndrB R Sot F5Rh PRIRLA ffogtiled with o UART.
conversion. Al though UARTs can be stand- al one
devi ces, they also can be incorporated into the
CROSSIRFAERENH TORERATER APPIICATIONS egr at ed
circuit chip. UARTs generally include an oscill ator
and a crystal to synchronize data conversion with a
o] Y TRIs és%ﬁt %ﬁmjét o"i’ltlgfele{t&gfﬁl{? @CPateﬂWAﬁﬂ”thﬁ&i SedANRS
synchron ni cati on between two renotely
do/8p5489] ﬂ]JékRﬂime whEO(an]pce:antlécb‘rFIEIaDlBRpGRﬁMMt@LE/\MD(ED-

A ERb 4 L L
cgmopat@d ?& h][BS/qefeHn% InPREG! glfe?cfl Bpéveﬂ'ﬁﬂé ﬁb?@d’f‘%&ﬂ}f’@ S. Patent

e use ee-running os or W typically
Bilication Serial No. , entitled “CLOCK RECOVERY METHOD FOR BURSTY

COMMUNICATIONS,” Atty. Dkt. CYGL-26,068, which is also incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0003] Universal, asynchronous transmitter/receivers (UARTS) are interface circuits,
generally in the form of integrated circuit chips, which are disposed between a data
providing circuit, such as, for example, a personal computer (PC) and a modem to provide
parallel-to-serial and serial-to-parallel data conversion. Although UARTS can be stand-
alone devices, they also can be incorporated into the communication port of a more complex
integrated circuit chip. UARTSs generally include an oscillator and a crystal to synchronize
data conversion with a fairly precise oscillator irequency, which facilitates asynchronous

communication between two remotely disposed UARTSs. The purpose for having a crystal
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be acceptable due to tenperature drift, manufacturing
tol erances, etc. O course, crystals are typically

we@zdoa/oeshl devi ces, thus requiring a nore conplB&T/US2003/028857

assenbly. 5 SUMVARY OF THE | NVENTI ON The present
i nvention disclosed and cl ai med herein, in one aspect

dRE6BES oscHRRBYiE ELShsuRthatThEBEqRIeR) SHtSdpREifie M ART 4 Within a defined
w th serial asynchronous communi cation capabilities.

Trhé ispecifi@l fos GART gﬁ@dthm odegise afa ﬁﬁ%@mmg/oamﬂator will typically not

f def t al t
B Sl A BB AR L ol
@Fféﬁl'fy Sitbrabl deviRE, (BENRAMENEE nbré espTeR biNembipPensat ed
An asynchronous on-¢hi p communi cation device is

provided for digitally communicating with an off-chip

' ] device, which off-chip
g@&ﬁ@#&%ﬁgﬂﬁrgggﬁﬁﬁt@gﬁbﬁﬂ devi ce has an i ndependent
time reference, 15 which conmuni cation between the
on-chi p comuni cation device and the off-chip

asyncHiieopresest lm'mrmnn distlossd anéd vlaineed kereifif incme dspict hereof, comprises
cI ock re over as nchr]?nou%B on-chi p

$515 %%F serjak asynchgonous 8gqlwap91bﬁﬂahlémes. There
fs‘?ﬁ@ﬁ‘([eﬂt o@es% %g&%@%@gsflgr dpé}fo%hlg pteRineiaRsial ;?kg@essm functions on

conpensat ed es a tine reference
theehiprand éaging gn @sgociatddron cﬂnnpjfredmmm rddvkemouis fqrrgenﬂapng a
conmuni cati on devi ce 20 BRI EF PTI ON OF
cpgpensatsh clocko M YR B SF% ogppmigagn device s
\/ ice,
PSRRI APy e i D ool ompunicainde
waichff-chie asymuln@hommmh@1tdﬁmn d2%icebevamiadgpiendent time reference,

Draw ngs in whi illustrates an.ove I .
BRiSBIEORIICRHOB e%weﬁal o Rt Sqmmppiggiion &g %né?&lﬁ off-chip

Hsgfjné i BmitfiRlcakiBn ﬂ'é__fi%%?%&lgﬁi WithBu6ckHecd a8y, The asynchronous

ATURI CAt 1 on ports; l'ustrates a nore
oS Chil Icedmduﬁga!namdeﬁcé ha&s d tihebastdedved fromi the teimfeldBiiREompensated

1; FI GURE 3 illustrates a_ bl ock gl agram%ff t he Ugé
gloci| Hagrtenmeratine poppspwded-clonkquRvideshimprarrepfion ot the
Pt LB RE A and old S hrdhh: LS h Ryl cficgar o

nor e det ai l ed diagram of the precision oscillator of

FI GURE WD 2004/ 025441 PCT/ USZOOS/ 028857
BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of the present invention and the advantages
thereof, reference is now made to the following description taken in conjunction with the
accompanying Drawings in which:

FIGURE 1 illustrates an overall block diagram of a mixed-signal integrated circuit
utilizing a UART in association with one of the communication ports;

FIGURE 2 illustrates a more detailed diagram of the integrated circuit of FIGURE 1;

FIGURE 3 illustrates a block diagram of the UART;

FIGURE 3A illustrates a block diagram of the baud rate generator;

FIGURE 4 illustrates a block diagram of the precision oscillator;

FIGURE 5 illustrates a more detailed diagram of the precision oscillator of FIGURE
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3 4; FIGURE 6 illustrates an output waveform di agram
of a precision oscillator; FIGURE 7 illustrates a

wa@elhenoeistc di agram of the tenperature conpensaP@rius2003/028857

reference voltage; 5 FIGURE® illustrates a schematic
di agram of one-half of the output wave shapi ng
4:ircuit FIGURE 9 illustrates a schenatic

di agram | ayout for one of the resistors jllustrati nﬂ
t he gl 6@&@%@5%@@&% Wa@fmeé@gqam of| apypgisipp oscillator;

L;Lgsﬁg‘@ﬁ% 71 SS;E_Y }ifgat%% a { g {Shtége Sé%%meﬁsated reference

-@Blﬁgé am of the conparator; FIGURE 12 illustrates a
l ogic_diagram for the SIR latch in_conbination wth
the HERE &ilbystrates @igrematicidiagrarm ofpreshalf gkihe prtpug wave shaping
di agram of the delay block; FIGURE 14 illustrates a
HWeratic di agram for an offset circuit for the
C ONPaFIURE 9 ilkistiateSaREhehdaticl distedrhAdyeat for bhoeRiheiréEi@illustrating
of one instantiation of the oscillator; and FIGUREs
the nzaski progranmaldle festwre thes¢ads for the oscill ator

t ED DESCRI PTI.ON OF
000G TP s e b pf o e b Aiegr
an i ntrearet ed iiGistaies b séﬁbﬁiaﬁb%hag%?ﬂ'@f!h@%@m@ﬁraﬁ)rf ul'ly

i ntegrated m xed-signal Systemon a Chip with a true

12 bi FIGHRE i12 ilbistraiee b logbOdibgamyior ltheeS/Brlaigh anerabbiatipa with the

8)re anplifier s12, two 12-bit DACs 114 and 116, two
%E"con‘parators 118 and 120, a voltage reference

22, apdaE 39 AhusGRiEP alsttnfatic r@l‘iz%'i'a@ﬁ @Fﬂl@@bla?'bl&‘kr el 24

wi th 32kbytes of FLASH nenory here is al so

pr ovi H&URE laﬂlusz@ieswsusm& dla@ram\fesr anffsetamitpugdoghe comparator;

1g|2t Sm 193 1ﬁlr &g@? ai) | erre E)]eeéllnlﬁtg%%glg{ldo%le os(:ﬁﬁgor and
Pr ogrmﬁlmﬁﬁﬁgﬁﬁgfableﬁ‘%ﬁﬁe GEc@@torJ&ﬁtrMst h five

capt ure/ conpare nodul es. There are al so 32 gener al
purpose digital Port 1/0s. The anal og side further

BRI IR P s brt PRGN a1 er 112

and to the ADC 110. 30

[0004] Referring now to FIGURE 1, there is illustrated an integrated circuit that is
comprised of a fully integrated mixed-signal System on a Chip with a true 12-bit multi-
channel ADC 110 with a programmable gain pre-amplifier s12, two 12-bit DACs 114 and
116, two voltage comparators 118 and 120, a voltage reference 22, and an 8051-compatible
microcontroller corel 24 with 32kbytes of FLASH memory 126. There is also provided an
12C/SMBUS 128, a UART 130, and an SPI 132 serial interface 140 implemented in
hardware (not “bit-banged” in user software) as well as a Programmable Counter/Timer
Array (PCA) 134 with five capture/compare modules. There are also 32 general purpose
digital Port I/Os. The analog side further includes a multiplexer 113 as operable to interface
eight analog inputs to the programmable amplifier 112 and to the ADC 110.

[0005] With an on-board Vy,, monitor 136, WDT, and clock oscillator 137, the integrated
circuit is a stand-alone System on a Chip. The MCU effectively configures and manages the
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[0005] Wth an on-board VDD nonitor 136, WDT, and
clock oscillator 137, the integrated circuit is a

wat@ad2ahone System on a Chip. The MCU ef f ect i R€l/¥S2003/028857

configures and manages the WQ 2004/ 025441
PCT/ US2003/ 028857 4 anal og and digital peripherals.
iﬁ%g%&%@ﬂ@ﬁ&id@heﬂ# TR FHESH SRS A06Esh BYRPrdgfmmed even in-

circuit roviding non-vol atile data storage, and al so
@rmﬁmpmgldmgenqm-‘(qé@tﬂad@ta storagehendgisnallowingrfialdapgmdes afthe 8051

88k tus B R Bt bt % &8l el of iogg¥Fipherals o

dorkavE pegerl 42 all ows the user to interface with the
integrated circuit through a conventional set of JTAG
i nputs 144. On-board JTAG enul ati on support all ows

(R0GH Bt bR 48 BU e e S RSHEEE MU i prigRRRE groui
t‘EHLng' tcoh%?fh@h&l%@t ST idpuRala4aiRlbdadd IPAG ehhilftion support allows

enul"ation system 10 supports inspection and
mmxalmtmmm (uses 0d omrehiprrysoarmtsy, &l speed, sn-cs’aut ¢muylation usmg the

WaR e o0 R APt SRy i L AP P ey (AN GG gstem
{#kbﬁs fnlnetib? Bd mBhERaSeR/d BhihSyihal B 1&@@@&&%&3&1@3{?@3

rocon oI ler 140 is fully conpatib
WEﬁapiﬁﬂ’rM smgd: stepingmus end halt on8hanidardl 80Rg Bdslgital penpherals are
nblers and conpilers c e used to devel op
@Vt%&%néna 'Vﬂ@n@g%@ﬁl%d’s?m&l &gt(ge peri pheral s incl uded
with a standard 8052, including three 16-bit
counter/tinmers, a full-duplex UART, 256 bytes of
f000Er rizte niéddcorlizdldny #e isStty cahpdtibie tviththeReiflSs§ EM ifi@fi)ion set.

address space, and four byte-w de 1/0 Ports. 20 [0008]
Hendard BAG/ B0 arasmbplerspdopmpiers eaebe wied t dqveiep software. The core

t
b2 AR S B, At e L B mer
afull-dupdexf ART, D6 Wetenof ineerddARAM 328 5 Spdtl Eﬁﬁctme]tR:eglster (SFR)
and the digital 1/0 outpu This is a configurable

fdqlress £RACE, anﬂrfaw%w&@ﬁ@?aatﬁat ed with the VDD nonitor

136. 25 [0009] The core 140 enpl oys a pi pelined

architecture that greatly increases its instruction

[0008IU gRpfétrirpvarthétte FIGEREAT, tha3éded 14 Bhntedbdad tBrouk afinternal BUS
standard 8051, all inst ructions except for MJL and
FiOvtotthgearipgs inpugguipyshleekse |Aoemschar switch dS2reavides apinterface

PR R O ST A L ey e R b, e

configurable interface. That can be associated with the V, monitor 136.

[0009] The core 140 employs a pipelined architecture that greatly increases its instruction
throughput over the standard 8051 architecture. In a standard 8051, all instructions except
for MUL and DIV take 12 or 24 system clock cycles to execute with a maximum system
clock of 12MHz. By contrast, the core 140 core executes seventy percent (70%) of its
instructions in one or two system clock cycles, with only four instructions taking more than
four system clock cycles. The core 140 has a total of 109 instructions. The number of

instructions versus the system clock cycles to execute them is as follows:
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instructions in one or two systemclock cycles, with
only four instructions taking nore than 30 four system

w@b@ek2saycl es. The core 140 has a total of 109PCT/US2003/028857

instructions. The nunmber of 4 nstructions versus the
system cl ock cycles to execute themis as follows: WO

TnstRBOdHs025441 PCig US2603/]028857 14 | nstriigti ofs 26 5025 | 1

Clock8 td Efechte. I| G 0¢KS Tq Bxecuig I[ 2347 § 34 3/|4 4% 45 50

O [ UULU] VTII lll'e core J.4|-U S MMaxtT ITuTIT bybl [SJA1] (..I OCK
at 20MHz, it has a peak throughput of 20MPS. [0011]
As an overview to the systemof FIGJRE 1, the
cross-bar switch 152 can be 10 configured to interface
any of the ports of the 1/0 side thereof to any of t he
functional blocks 128, 130, 132, 134 or 136 whic
[0PHRli dWithikeeqradd0’s seaximwmishigons closk ab 20MElg, itdas qsgalqmughput of
#d&ﬁg core 140. Further, the cross-bar switch can al so

§face t hr ough these functional bl ocks 128-136

directly to the BUS 150. 15 [0012] Referring now to
FIGURE 2, there is illustrated a nore detail ed bl ock
[@Dh]dr am a1t ovarniewi ta tlagyaiea fAICHIRE 1,dhe qossdpaE syitchd 52 can be

SofdR? 1o hEt ary b £ Par R BE PO wPe il B3R BRtumctional blocks
inr m hz@ & 4RY3 38 Shichifevidb/tdiBReibstwedn BéTrass- R Wbk €52 and the

to allow core 140 to interface with the vari ous
doun t40. divathen It drossti@-swBdh camalsndigierfaonthrongh theserfandgtiopal blocks

f, tLjners 2 08 and 210, in addition to three
f@fﬁé@r%ﬂﬁ%%%l d 216. The cross-bar switch 152
is configured with a configuration block 220 that is

configured by the core 140. The other side of the _
[0012]s - Beferrmginoshto TIGUREN2, there isilldgratédsa miorg dstdiledddock diagram of

i éﬁ?avré‘i‘t%é\?%%lﬁ%fﬁpﬁé%ﬁ T T Gty cRbetsen i tegross bar
t1'59 acmgﬁfn&éfﬁa%es%oa eﬂﬂ%@éb? HrQuSOMRE I £50. Nehe BUS 150 is

ana an an Interface Tonfiguration in
a:BbTS rae Iopérhble ko ARGwW cate 1[40@d Bjter]l'dne withrthe ¥doussunctional blocks 128-134

Gartiipa® PO TH Ot ST, M A0S SHE W ot stk iy dtches 212,
HERAITILESIS 4y T IS Sk s
asfighled bpth2Qfe 14 eThebthersade afsied ¢rbss-loar swuﬂch 52, tAR8BOIside, is
interfaced with various port drivers 222, which is controlled by a port latch 224 that
interfaces with the BUS 150. In addition, the core 140 is operable to configure the analog

side with an analog interface configuration in control block 226.

[0013] The core 140 is controlled by a clock on a line 232. The clock is selected from, as
illustrated, one of two locations with a multiplexer 234. The first is external oscillator
circuit 137 and the second is an internal oscillator 236. The internal oscillator circuit 236 is
a precision temperature and supply compensated oscillator, as will be described
hereinbelow. The core 140 is also controlled by a reset input on a reset line 154. The reset
signal is also generated by the watchdog timer (WDT) circuit 136, the clock and reset
circuitry all controlled by clock and reset configuration block 240, which is controlled by

the core 140. Therefore, it can be seen that the user can configure the system to operate
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a precision tenperature and supply conpensat ed
oscillator, as wll be described 30 hereinbel ow. The

w@or0a/01:4@1 i s al so controlled by a reset input POT/ES2003/028857

reset line 154. The reset si@nal is also generated by
the wat chdog tiner (WDT) circuit 136, the clock and

WERE eh exteinal thybtaloselllato @ bfi @lidrasl pdcidbi0 akn-angtal R&eitabilized
configuration bl ock 240, which is controlled b t he
ssilator ot isThesicallGso-runnings BEisoeaHaionatt, anailbe descahed

onfigure the systemto 2 . i
l%ﬁx fgé él? & g JioF]B%;ch o\e/\%)rl]Z(? Q%cfr P g?rgafl[}ART 130 timing and is
as81é b{re}tté}h Ghtufd) 1 Nternal precision non-crystal

non- stablllzed oscillator that is basically
free running."” This oscillator 236, as will be

RREST, R B e SN T 3 S0t Rl 8Ptd UART 130,

Rts%&ﬁ cRER"s IPUPR At ated gddfhtdd 30R8IIGER pREIdRW tha@smit clock on the
3, there is illustrated a block diagramof the

1i2F3041:30 .2 redeivydvenoch tok306 Thegransmi cdodkds inpusitogadtransmit control

B8 Bl f02, LT 010 065 & LLSOSII CLOR 00 £ it oo
fegﬁﬂs? E‘S(@ON'OS’%(O {sprbNBsd thﬁﬁs Bpdrhie W’{n‘ovﬂ%%h&bl sigHa®Ctl the control

d the"receive clock is input to a receive
lelocitsr30R antl 3¢R. Thotrawsnsiedatals recamveddiom @ bue §22 tuad is input through a

(P Rl P b SR B | B2 b Sl a e
a'é%&uwa@@%ﬂh&%&%a doﬁtr{)l%&ﬂé’ﬁfé fﬁh@@yﬁeﬁw@a@;@%maﬁgné@ full duplex

I nput throug gate 3 to a serial data buff
{c8BLpOrt BRkice mdemwswtatedf spetialsfuniction registerspaseriad cantzcd register

&;fi@lﬁ O3|r2§)33§1 a;ggﬂ&ﬂ;%b%f?g ?Sf%@}%)r o %@yn sﬂlgq? grgpndggr PData is received

MRt o
blatla3 hntfofoeutpl(t ﬂBUﬁ@)ted( nalatesth avlatyh 332 ancbthen ithoteuigh Dpdta334to an SFR

recei ved ine 312 and i i nput shjft
%sg%?%t Iy trggamit lmri@ data lééc’rﬂewsﬂ%@ «wé% gu%g%h mp‘mt%@vegh a gate
% qﬂa?lg%lgﬁiuéf{% 15%? ggg%?nodhgﬁ g@égt &)bus gl%ﬂﬁle%?lg A the register
32Gersion thmldmtroﬂbibek BGS themehwe AND (ganeéﬂSSSﬂfR:Ibmsn@ﬁlo one input of
andln ut through a gate 324.to a tr mt shif
34948 thihiramsmislng 1§y hisgs all ePBiFR oy e goiepb block 308

fromthe regi ster 20 326 or fromthe control block 308

t hrough an AND gate 338 which is input to one input of

[0015R Bafeqrinddtbw o FIGRTRE aAsthicte ik (IN8tratd a bldvksliagaralolf the baud rate
controlled by the control block 308. [0015] Referring
gowrates 302 G@h@ tand ratp és genpratad) by actirper veleprein g tERME; ciegk dfrgenerated

1%; Bﬁgk %'f %{i HFreceive clock is generated by a copy of the TL1 illustrated as an RX

Timer, which copy of TL1 is not user-accessible. Both the transmit and receive timer

overflows are divided by two for the transmit clock and the receive clock baud rates. The
receive timer runs when timer 1 is enabled, and uses the same TH1 value, this being a reload
value. However, an RX Timer reload is forced when Start Condition is detected on the
receive pin. This allows a receipt to begin any time a Start is detected, independent of the

state of the transmit timer.



10

15

20

25

30

generator 302. This baud rate is generated by a tiner
wherein a transmt clock is generated 25 by a bl ock

wabd4aesdst he receive clock is generated by a ch@US$003/028857

the TL1 illustrated as an RX7 Tinmer, which copy of TLI
is not user-accessible. Both the transmt and receive

foors]r Re&féRTo M toWIGTURE i dRéke iyilluv@atéds dia%ﬁrﬁrhﬁﬁ‘sﬁi:\f/ of the
clock and the receive clock baud rates. The receive

preeision injeraalrsilaidr?Bp that isdieneses emjintegmaiod sisenit. HEhegaiesrated circuit,
el o 5 BB S e PRl BBt e
pletisieh 8sciRitot 55 BAis§R oM Ehdpéwiith. THhSinbdgh AP citeulitgz6¥ibés the

to begin any time a Start is detected, 1ndependent of

¢apebilityt oftseleoting herystabessiiator wheeein a pyystzd G4tisppseriictween two crystal

RO BONE R GRERE et AR SFPE D P BEb S Fsing oscillator. The
RESARInAINGHsENERE Reillufefdd ihFIQURERad M hrdciich SRARESH 286. At the

integrated circuit. The integrated circuit, as noted
¢eateeofithismsei]lafos aw twormemperagdrs,n firvtadonzgiakator 4 2egd atsecond comparator

K bR RN b el Raf Bt e provides
REBYIERS chiferRate@RBRAJ Eirdite ABS ﬁ’ﬁ)t\i'd]&gélv%{r%ﬁ% #e negative inputs of
oscCillator wherein a crystal 1s disposed between two

the gempératopnd @2 , Tieaduéoitts ofthe nomeparatorsd 02cdndci04 sirgyerainegied to the Set
sel.ecting an. i npternal free- nj scil | . The

FiidUpt AP voBe MPPGog et SO AT AR athede e Brgseiis gercof ar
%Eﬁt PR Bufu? RO AL 423 at fé\togellfasle 16 AeE &Y thepetibBof the

cillator are two conparators, Irst conparator 402
axcillatorsthe ongpuc ofthaiSAR tatch ABprovidingrtheowputr dock signal. The output of

0 nsat ed. vaql tage reference circuit 406 js provided
R Prous st l%qs etk I e @oeitivp Rl dheepRagEors 402 and 404.
T &Itgmgj (il Libdu 10it 298t} atli? cbRpAGHAL 'fAVsewill be described
I nputs o he” conparators 402. The outputs of the

loaveipnbelaw pths vél2scarnftreidd bhck 406 prowides d riegativiederBpératuancbefficient,

Reset, respectively, inputs of an S/R [atch 408. The Q
whereas the POIBB%ram%“ﬁr?é&de‘gR lafele 40§ GRIRINARPIBIOYAP fpPsifYe temperature

| ) « .
g b8 i S0 g SR S18 11, ARG Hepue ot
TRSoveEdlveohbiged keeffidieptivilchecapiradigatly. zefd)as owill padesetibed
15 this RCtimng circuit 410 is fed back to the
W3enbslow. i nputs of the conparators 402 and 404. The
output RCtimng circuit 410 is also tenperature
conpensated. As wll| be described hereinbelow, the
j00k TjagRefeigy v & HIGUIE 406epioNiudeseda angatétuided diagrammatic
t enper ature coefficient whereas the conparators 402 .
waw obiiR pracisian sowlleenei HGURh4.pThe Veltass refeenes clecuit 406 is

enperature .. coeff..cient.. h tim
<R A Sl RB Tt SR su AP b Rl Pl Yop 15 Vtage Vi on s
£RRfS0OR.C T8BVoltage divider is comprised of a top resistor 504 labeled R,. The bottom

half of the voltage divider is comprised of two parallel resistors, a resistor 506 labeled R,
and a resistor 508 labeled R,. For nomenclature purposes, the resistors will be referred as

R,, Ry and R,.

[0018] Resistors R, and R, are fabricated from the same material to provide a positive

temperature coefficient. These are fabricated from the N-diffusion material, which has a
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20 The overall conbined coefficient will be
approximately zero, as will be described hereinbel ow

wQ 0@1/prs4Ref erring now to FIGURE 5, there is il POUBUSANE0RSSS7

a nore detailed diagrammticg view of the precision
oscillator of FIGURE 4. The voltage reference circuit

PHRBive Sendferfa i detRbe® B c¥@biraaa, R ¥intiefufichatd Sbil pdyerystalline

t he supp voltage VDD to a voltage VIWon a node .
Bl i the fust lapgyevidelyisdeferred tocasoly lsmateripl, and which also has a positive

tretglf)i?rg 2 ﬁe&ﬁgéﬁ?ﬁéﬁ@gﬁﬁfé@ﬁ Ig%o%%ﬂeplg}%gsrogd tfxaﬁ%ifferent materials
doRf 5 @1fed At b8l§bein@meeddfar| et B¥tworsl srs 1R ingtdfferent
508 | abel ed R4. For nomenclature purposes, the

temperstune soakficientse Altbdeghrnd a pert oRthis disclaswte, Rplyl3material is basically

RS BB L 8 ot
565 hi & 88k wiliBE shatBcluRR b AR o aahdistersMriabiibdéd 'With the

material, which has a WD 2004/ 25441 PCT/ US2003/ 028857 )
Bsitys ittmperatusngeffatienteofitbe fasistors this will resuitpm teswitage ¥ e having

IS nuf act ured ,from.po] yc allin ilicon in.the...

S oeBV SAPICTHR o T P QETIoHS b5 HE ORo A T By fegTe O differen
ARSI ERit8les 94D @theRtsPRE doh VIR twWoSBRBLALRY £d R, to vary the temperature
coefficient, but which differs. It should be

apeffeoi et 0 Dhlistis putimelri Fyfdewe ¢ the rfadt ¢hat ey arcofldiffetieg materials.
utilized, it only being necessary that there be two

resistors having different 5 tenperature coefficients.

0 T o) C 2| | §% ; r
P00 A 005 i 00 S e Bk ol
@ichit dgoconhpried iof a @ dransistdoh®2 Oshdyirtg the sowmveddram path thereof

proteciive oxide |Jayer, fromwhich such structures, as
qomBechat Rt Voming ateside of pdesision $daeled By the oftis end thereof

SRS 4 HRA! Kol S9P LA RN o Bhe b éofs\%apsatgasﬁza, the other

res in the voltage Xrn havi ng
didgaft thy eapacied:f 326i cenhectelisio Wigl. | — beandelsteamisistod 528 has the source/drain

her ei nbel ow, the resistaors being of different 10
Pl Biererl sommseter prepLeaPasijay 5PoweHit dhe el ihseof Femneqlsd to the gate of P-

' f Y .
SRS 5P A0 @ A0k o BORSRANUS Bus. Npfe 324 compries
thb pysiiveingfit 6ff thé eshpgator4e. i BlessecddORO hefihek dsudopatiris®Cof a P-

timng circuit 410 1s conprised of two RC circuits.

cheang! regsistR53Qhaving the peureeidigin ratly thereof cpuneptsd hefween Vpp, and one
' Cor . . ;

AL AR SIOAILDD) WU RG34, PO 8oy e 53

Nadwed 3ds Bonredrdab bes siedef 4 fpaciair 536, 0haetieesidé theteofioditected to

524. Node 524 is connected to one side of a capacitor
26 At Nehaned fransistor 538 has the source/drain path thereof connected between node

534 and V. The gate of transistor 538 is connected to the gate of transistor 530 and also to
the Q-Bar output of S/R latch 408. The node 534 comprises the positive input of the
comparator 404. The output waveform for the circuit of FIGURE 5 is illustrated in
FIGURE 6, wherein conventional RC rise and fall curves are illustrated for each of the RC
circuits. The period of each output waveform is defined from the initial turn-on point where
voltage is applied to the resistor R to the point where resistor R of the other of the RC
circuits is turned on. There will be period T1 and a period T2 for each of the RC circuits,

respectively. The sum of the two periods is equal to the period for the oscillator.



10

15

20

25

30

side of the capacitor 526 connected to Vss. - channe
transi stor 528 has the source/drain path thereof

w@ormei4etd acr oss capacitor 526, and the gat e P&EUSIN3/028857

connected to the gate of P- ®hannel transistor 520 and

also to the Qoutput of the S/R latch 408. Node 524
TaRRStOSS0243 (%, 528 RRB53S ate sizePstichFhat tiier ROFRAER 1SS subbtdntially less
The second RC network is conprised of a P- channel

thartheiveltugrof 5aistera v LA gnd ﬁ@ skdgrresstarsai23 apd OB2 arecdplrégated from Polyl

%g%%cdtéla q(r\_?}t%s 4 gang)teﬁg}re &0 CISFt Sllgge.pepal oggqfsoé%ﬁ%ﬁtgc fé%ge sum of the
ﬁe@ma TNGRAE %%enodrmﬂué% fifies DB ABY Of tHeQopfparathrdle of a

capacitor 536, the other side thereof connected to
Vss. An N-channel transistor 538 has the source/drain

R0 R SRR @RI R S PSPl Tt digeram ofthe
1hfp4’é?§é1§2{tﬁﬁ1 oI 3k @d’lﬂt aket8eh@ 406N TherEdtor3tuRitticio]s ifidtated in

| atch 408. The node 534 conprises the positive input
HGURERS as beipacanmpeted 0d VoJ fsaictmatlp oonneeted tloonglf the sowree/drain of the

HRBF o0 A0 o Bl e e feanfecttl Ga i pltage. Similarly,
th!: Bb‘t%&lﬁ @ﬁ@ 0t #8507 368 isUonhdRe V1 frbdtSthe I&ﬁcé?@xrairpﬂaﬂ?f)f aN-

each out put waveformis defined Tromthe initial
dhamnme! dmnspsionf 06MoeY @, th8 Batendfttmifetrarsisiqup [7D4 dnd 306 tnmnected to a bias.

eS|stor t oi nt ere resistor R of th
Trunsaes. U a0 08 Siedizet Mdeiharincin HBREneR 41 BObsuFbeless than
thd vaRd ofr fdr@ﬂ -[@ ah@R. eg@a Bist biwer Eg;v%' ﬁf}? t11§degendence comes
equ

respective THe *sum 6f the two pe
frdre tlrﬁsﬁactuﬂatﬁhe trigheoltage Vi, aﬂmpoﬁﬁﬂ@@ﬂi&hﬁbﬁ@ﬂoltage i.e., Vpp*(1-

ei% U’ﬁ%go O{E}‘:‘g grhsﬁlleﬁglge & a$ tsc’)lrrééq %lfs{fpggolgég at tﬁg 18np%t of t?lg %omparator
UGN 0105, AUl B XU i

Widizyd ratineettiean edurcbnesduded dhargingya m@m&rrawmch does not prov1de the first
coefficient. The period of the oscillator is the sum
folertqar%ce’ﬁg?lilod T1 and the perl od T2 plus two tinmes the
del ay of the conparator OZQ% eferrlng now t o
FIGURE 7, there is illu Trtzat‘ele?m @™et ai | ed bl ock

di agram of the i npl pmsn_lprtl aglofe(t_tyel/vpj)t age
reference 406. The re&fstof®504 which is illustrated
in FIGURE 5 as bei nd lconmetingli- tqp,,,ybﬁpb% actual | y
connected through th our&e/ drai ft P- channe
resistor 702 to VDD %7?5 ﬁﬁ ga’f'gﬂ?ﬁe_re%t? %%onnected to
a bias voltage. Simlarly, 10 the bottom end of

resistor 506 is connected to Vss through the
(9824 c eﬁmaﬁelpmrﬁu@r coalmnsaélﬁa ﬁmqipqmtaﬂ]@resqr@ @ npgiber @f aspects of the

\%:{)Zt?]t% > 1€ ?egg&t%téz%gulg .f“gg 81 b%qﬁfhzgc? {o° prggﬂle ?&Hpeﬁﬁre compensation.

Commonly, the resistors have a set variation with respect to temperature. The Poly1 resistor

R, has a temperature coefficient of 255 ppm whereas the N-diffused resistors R; and R,
have a temperature coefficient of 800 ppm. In the present disclosure, it is desirable to have

a negative coefficient of 462 ppm.

[0022] To analyze how a negative temperature coefficient is created with the resistors R,,

R; and R, consider that R, and R, are a parallel combination defined as REQ=R,//R,. If
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Transi stors 702, 704 and706 are sized such that their
resi stances are substantially I ess than the val ue of

wo eauseans R2, R3 and R4. Also, first order pORET/US2003/028857

supply i ndependence conmes fnomthe fact that the trip
voltage VTriP is proportional to the supply voltage,

REO-and YDHa(d ditferdt teiperaure EhErFiefeRtsayit TCRIETCRB®, then the trip

takes to reach the trip voltage at the input of the
wotagawal bave d segatiyplemperatiep epedBeient: & khevill be definpdde follows:
This is one reason that the RCtimng circuits are
utilized rather than a current source charging a

capaci tor, which does not provj the first order

cancel lation. VTrip = VDMW’?’:V‘% »VTrip = VDD *(1-

e(- Tl / z-)) Ti= -z*In(1- ¥ REYVDD) Thus: Ti= - z

* | n(l- ratio) [0021] From a tenperature _conpensation

st andpbi @Vzrit herb @fEQ nunBer of lasp8ELE| of thwe 2161133}
vol t age, 1 gffer Engeociyeui (r.400EH %f;lwzbe URL L xg9l RO ar
provi de tenperature conpensatior. nmonl y, the
resistors have a sletd¥ari ati ate W fh respect to

t enper at ur e. Theg"’%yl{Trés'Rﬂ Rag-al'¢ erature
coefficient of 255 ppm wher eas e N-diffused

resistors R3 and R4 have a tenperature coefficient of
800 ppm In the present disclosure, it is desirable to
[6623 BorREQ}iswenstbedisumedthnt Ui, 462 fixpdwvalde, uodi RJand R, can be
anal gze how a nggat ive tenperature coefficient i

S .
varied f B gt ARPSHEC Feagieryng P soqRBicientzahinepnrbe shewpdyds following
%@%%%2/ and R4 are a parallel conbination defined as

R4. | f WD 2004/ 025441 PCT/ US2003/028857 10
R_EQhanq:I %%V I BR@F Ny GRAper aRur § pQﬂ{zq :_CI ot SL 1 dR:;]
Wit E%—tg reTlrgr a s
negat t &nper hgz c ?TP’E en@”% 9‘%% bddeft nBy 4T
as follows: REQ V7/RIP- VDD 5 ;-REQ 1 dVJRIP 1 dREQ
R3 1 dREQ R3rdrE83 TORRIPCHT- TER, + AT R3
+ REQ R3 dT R2+ Ra R2+ R4
The results of equation 5 can be utilized in equation 3 to set the final temperature coefficient
of Virp.
[0024] Referring now to FIGURE 8, there is illustrated a detailed diagram of the
implementation of one-half of the charging structure 410. This, as with the case with
respect to the voltage reference structure 406, there is provided a P-channel transistor 802
for connecting the top end of the resistor 522 to Vy,;, , with the gate thereof connected to a
bias supply. This P-channel transistor introduces very little error in the temperature
operation thereof. Capacitor 526 is a variable capacitor, such that the value thereof can be
varied to set the period for the oscillator. The capacitor 526 is fabricated from an insulator
disposed between the first layer poly, P1, and the second layer poly, P2, with a layer of

oxide disposed therebetween. The resistor 522 is an N-diffusion resistor.

[0025] The resistors R;, R, and R, in the voltage reference circuit 406 are variable
resistors that can be mask programmable resistors. Resistor R, is utilized to set the value of

Ve and resistors R, and R, are utilized to select a temperature coefficient, since they have
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1 dvmip RR VIRIP dT R3 + REQ ~TCREQ -TCR3 10 [0023]
For REQ is nust be assuned that VIxrn is a fixed

wo adwm2s4guch that R2 and R4 can be varied to PEr/E1003028857

specific tenperature coefficient. This can be shown by
the following equations: 1 dREQ1 dR2 1 dR”R4 R2 1 dR2
ikl Rmp LB REQ IS dT + R4 dT Rz + R4 [ Rz dT Rz
+ R4 R4 d‘?’ TCREQ= TCR2+ TCR4- Rz Rz+ R4 TCR2- Ra Rz+
R4 TCR4 The results of equati on 5 can be utilized in

Rl Bl Raneif fos ORI 6 - aRote oh B gof sres

ddnh&tséd ﬁatsﬁfd)r@m@ ?&@I&eaqhﬁlawfaeﬁwéd f#hSthed i Is@mateawlltwal N-type
of one-half he chargi ng structure 410. This, as

diffusion beincthe @ol;yll tlayer.r Elagse cesistars poyidesd masj@mgfaan@b&ﬁeset of

structure 406, there is rowde P-ch
Gniirdiogt S04 OHION GHe oL STHECTISIGS DR ARG TP thegsisor sring, they

tgeg@aﬁitgaﬁlg§ﬁgﬂé u;{DQlthoﬂﬁht dbt ShGv i &e ﬁmg@@gvﬁeﬂ‘ ARGHAfy to short

S supp Thi s~ P-channel transi
ddditiomdliores of dreyredistdtslte desrease thervaliee Thesrisenask pregratmable and is
eration thereof citor.526 is a variable
‘Eﬂ’&é i 3Wealgu@ﬁdf’%%‘fatttﬁ ?h?é’e hereof can be varied
to set the period for the oscillator. The capacitor
526 is fabricated froman insulator disposed between
[0B271f | Referrirpyerw mcﬂIGUFEElO dimgte tsfiﬁuﬁmmmjdﬂag)mnnquolvj@w of the
P2, with a |ayer oxi de di sposed t herehet ween
Gapagitor §P6.5ubich & aawgiﬁteaplfoa%ma?blﬁ eaagitesrto alowih %@51}8“?5@ of the

Jeﬁ?e'r%éegﬁe}ﬁffrhﬁ% sa;;l% @?dhﬂoﬁﬁﬁl ¥%Jatcﬁ do%fm% a value of 380 fF,

Ci rcui are va resi s can nmas
Whiol iadviabted besieat aide.24Rad V&L On ﬁaﬂeﬂi thd:td\ﬁlthz &Iéré B atwetprovided a
the value of VTxrn and resistors R2 and R4 are

esk progiammgablesapa¢itoy 10@hhat momdss Emghrf slephef pregrapging in

BB Y OB LB OREESEe i o

1006ustvaRi e‘@”&ha{t &y eonbedted bedweerd ndid% Zenid dhekide B theRdurce/drain
@tl?gy gnall\ll-cth)almr?efl tI‘%al?SrlStOI’ 1008, the gate thereof connected to the LSB bit. The
configuration of the capacitor 1006 disposed between the switching transistor 1008 and the
node 524 is only used for LSB. This structure allows the use of the smaller unit capacitor,
but there is some non-linear capacitance that is introduced from the source/drain of the
transistor 1008 and, also, the wire bonds. The remaining selectable capacitors are each
comprised of a capacitor 1010 which is connected between Vgg and one side of the
source/drain path of an N-channel transistor 1012, the other side thereof connected to node
524 and the gate thereof connected to the bits [1] through [6]. The value of the capacitor
1010 associated with bit <1> is a value of “C”, with the next selectable capacitor 1010
having the associated transistor gate connected to the bit value <2> and the last of the
selectable capacitor 1010 having the gate of the associated transistor connected to the bit

<6> and a value of 32 C. This is a binary tree, with the LSB providing an LSB of
approximately C/2.

[0028] Referring now to FIGURE 11, there is illustrated a diagrammatic view of the
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connected resistors are provided that are fabricated
in either the substrate with an N-type 5 diffusion or

WO pootlozs4Pol yl | ayer. These resistors provi de aPOEHBEK2003/028857

programmabl e set of connecti gps 904 to all ow one or
nore resistors 902 to be added into the resistor

SitfeteRdal thP@trubi8id ¥or bdthlolf 8le o $8402uhd 464, tTwEsghre provided two
not shown, there is also provided the abllltfy to short

differentialPrbhapmelsirapsistone] 1025ind 13 P4 havingeng sideef thpsource/drain paths

b on e b PR 4P TERGH B0 gyl LblePd e 108 o
Ref erid e ¥ JrAhddodddardifl pattrt@inkistol 11 045k c8hRLted to anode 1110
diragrammatic view of the capacitor 526, which is a

ardghs vther gidogf trreirbedeapeath obiransten 1164 i epnnected to anode 1112.

B 57 REFnstinacf B2 poTERies: dhe o A<t o5 (1 a3 SAGrper 1104
é’%ﬁ‘rﬁeé fheGRPARETISS BEINRRA th9TE. Nod@ N410/Bonhétted to one side of the

paral l el therewith, there is also provided a 15 mask
qmluug{(hmmatlﬁof@aﬁ‘échml t190Ktar a4 pndthe gets th@rr:ofetlgmther side of the

Sugfelin i e o PR © e Noro 0 Bl <apiied to one side
&ahe lefr&r dragngpgx@h Of aniRcHEnneCirad ASr 113 6CRLBAGE Sidle Elf‘e?é’& €Bnnected to

a node one side of the source/drain path of
519 aliidctlhmgaﬁethereroﬁnmnscted tdl90&le 1118, mieel 11 8 eomwtted to one side of a

%%B@? edﬁti"((;@ efcﬁl‘l;ﬁﬁggféﬂf[ fpap T%ggqqtot %g & tg%qr? 0 11928 Node 1112 s
él%@&ﬁ'lﬂ%&t@& t%@?a@%@ ah ct%gna‘%féﬁsé%fll%?z %%ufé%ﬁﬁjalfx Eth thereof
LSB. This stru

ture allows the use of the smaller
ampected betweebnddet 1188 end ¥ s Ofies stouvtdre mfem:dpbraas ) mdeﬁed Flynn-
that is introduced fraomthe c}s%:gurce drai n _of

aNel/ Bessh fbeh Wiy Eynamlc logic,

Lidholen laching eswapagater wiich grovi
G B s A § 02 A 0 B OSSO B8 B

DBE Rudel of Sb]litlastam@maﬁé,’div@il.m7md.l‘7 Jaty B92N- channel
transi stor 1012, the other side thereof connected to
node 25 524 and the gate thereof connected to the bits

th ' )
obho EPAR L K0! 15 0 00SERAEL Il o o
étfh%ﬂarﬁ@i 402 gldl e dRafaf iHe®/RIUGLD 408 dlistigtidg e @B@mﬁpﬁd The one-
transi st or %ate connected to the bit value <2> and t

h%%@f the S tatchst)3ehes st et smyhiicrest cameotef i theguime Oﬁ%ﬁl%lf’ar ator 402
Cﬁlgl?t \;cgl%kze altf-fa&,i@gl I%cﬁ f’ttraci{sw%}rﬁ@f ttﬁg ts&u?cé/ Ji}gmtb}#]atﬂ% ﬁm@eof

i's a binary

éoiﬁeawuwlﬁeaga a6dd-1384 qﬁd 5 ARP- ﬂ?ﬁhﬁﬂ&fﬁh}ﬁsﬁ 2204 RR2BY source/drain
Referring now to FIGURE 11, there is illustrated a

ehta Gresenrsoneciad dgivetn ppde 18942004102t gate thereof connected to a node
Fﬁy ll{%zd%q% 9 %58080%17lected to the input of a conventional inverter 1210 and also to one

side of the source/drain path of an N-channel transistor 1212, the other side thereof
connected to V, and the gate thereof connected to a node 1214, which node 1214 is also
connected to the output of inverter 1210. Node 1214 is connected to the input of an inverter
1216, the output thereof providing the Q-Bar output. Node 1214 also is connected through
a delay block 1218 to the input of a NAND gate 1220 labeled “ND1.” NAND gate 1220 is
comprised of a P-channel transistor 1222 having the source/drain path thereof connected

between Vg and the node 1208 and an N-channel transistor 1224 having the source/drain
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12 differential input structure for each of the
conparators 402 and 404. There are provided two

waoledofteesamt i al P-channel transistors 1102 and 1ROBUS2003/028857

havi ng one side of the sourcegdrain paths thereof
connected to a node 1106, node 1106 connected through

Futle tHef R EoraREica Betivkes tHehodYPRO4 dhtEort i ofShéloupde/drbi@ path of an
source/drain path of transistor 1102 is connected to a

Neshiennel trandstomi226hthe othee sidg thyecodtonrested e Vege/ Hreagatﬁs of transistors

ansi st or C d
A R AR et AR O S G R RTph HR o it
12284§ c&ﬁféc&:&@o #Rt&ety Pﬁtr RIS tHel@ifer sSERMIThSSR Tt 408. Node
negati ve i nput connected to VuF. Node 1110 is

Kodrie ctbrmdctled tothe igivd of arf inverter 1230rthe patpui thengaf drivung the gate of an

BT L B P 8 0 B e e
%1%%&%&040‘%5&1\3 SHatgpdilok 2iatbﬁ 469208 A drRiRYT the

side 10 of the source/drain path of an N-channel
sonmrealrsin pathldftnsistor 1 232hemnestetbtot igr b€ pareliclstructure to that

Vss .an ate thereof co node 11
ocranted v mutiio] P D ae BOURE T8 EEuied fosghe ouput of
Jﬁ?ﬂtgpgoﬂoggwtﬁ@gtqﬁgmconnect ed to the gate of
nsistor 1114. Node 1112 is also connected to the
gate of an N-channel transistor 1122, the source/drain
pat h thereof connected between node 1118 and Vss.
This structure is referred to as a nodified Flynn 15

Qﬁbﬁ@ il %ﬁ%aﬁi&h”&h&ﬂ{ﬂ? EIBs’gﬁ\% iéléﬁéccgfifbgg%%'td}%z aF]§Ptc415%§§ﬁp, SET

ynam c In Flynn
dtarcdtol ganHigh. UAs it téachesthe mommmgé Vgpmﬁtramisismﬂ 1202 Q-Ba;r begins to
GCsci |l | at or | EEE Jour nal aof SI| st at e Clrc
spolow anl, Nothe ?arwuye fﬁ@gthe{ Boghihe telh g s NARD gate ND2

{ﬁl@% &0 n’p a tS g? gé bdi?é’ LIH%IB %téﬁgm]al} Wt(lﬁ{eﬁ%fpﬁg lpgitl‘gtﬁﬁﬁn, this then

#08ht IQ-ostpiiatlhitiglly, eis Qsddated abit [Q+Bar 1'§ lset tonaraluealft l’Oﬁnd the Q-output

the SIR latch 408 has_the Set input thereof conne

is getita e 0o withJB lofaualingp & ensemparator49d apd FB2 opgh %n@sﬂg‘aetléput of

Q¥ h dr

i S0O0EL TSI o1 1 Beat 28 NSO Aok 218

preedid NIl fidrapailiag dowh 2R6SERSalubBe®eRSE/odésAow. RBT foing low

t her eof connected between node 1204 and VDD, the gate

qyares dat theivdlcdosan ipputds lesaer 2D igh) togedt m agymmetric process for
ed to the input of a conventional inverter 1210

and al’'so to one side of the source/drain path of an

N- channel transistor 1212, the other side thereof

connected to VDD and the gate thereof connected to a

W@ab] 1E~iﬁtrﬁm%t0rﬁi@@@1 theye iy illgstrateshnechematic diagrga of the delay
SR TR Soat R NOFo A ol SRS et it

wn@pﬂséd Bﬂtvt'chﬁari% Bncordd BHhisistHIROEP LRAthelra®idtér 1302 and an N-channel
connect ed t hrough _
transistor 1304, with the gates thereof connected together and one side of the source/drain

o=

path thereof connected to a node 1306, transistor 1302 connected between Vy, and Vg

[0032] Referring now to FIGURE 14, there is illustrated a diagrammatic view of a
simplified comparator illustrating how supply independence is enhanced. The comparator

of FIGURE 14 is illustrated with a current source 1402 disposed between V, and a node
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30 a delay block 1218 to the input of a NAND gate 1220
| abeled "ND 1." NAND gate 1220 is conprised of a

we2@hariael transi stor 1222 havi ng the sour ce/ dpEi/nSmas/messs?

t her eof connected between V$$ and the node 1208 and
an N-channel transistor 1224 having the source/drain

1404 20444/1285 4 ddnBled 1dS2008d OBl frerkstifl @bfindctedFeetannel transistors

connect ed between the node 1204 and one side of the
6arapé 1d0%i Fhepgatholifangistor 40k isrpeanectaddn Hns input, primgeas the gate of

t he. ot si de t her.eof nnect ed \/s Th e .
5B 180 B 5ol o SO0 G B oS AT Bl s
$HftranbiStor 8L ey isRbRsdeted2d 8 nodd &4 W k@idhfis béBiRE1es t®bne sid26F the

is connected to the reset input "RST" fromthe other

solche/dpdinphth «f/ar N-ghannelddd 2, tho athesside g@reof cenneatedte groupd and the

S0 peiE! boregial 10 BHHE s Irnitinion ok 81 et 188 kpte o am -
dWaMhd) Frahfi S0P PANAC o ralisititdt 192k Mad e rs@%e/ﬁfhﬁkﬂgz&h ebr&TcvRRRed

the output of the conparator 402, the SET input of
Yehwedn thoBthenside bfigansishoel 488 aied Wis. tAdslitignlly.cey offsal wansistor(s) 1416

h_of transist 1232 d tq Vss. Th | el .
B heir Bt e S50 AEPLS AL St 2 bBrann
FRBAEALRk0r498s, the HltEARRoF o2l %Y VA€ Gnll @lso k& SreatdBittransistor
of 10 conparator 404 for the Reset input. [0030] In

BI98r dirarsistoniidé b repnesents seleételde tnapsistosftha engaask progragmable to

FB1, charges. up, .SET _starts to . hi_gh. itor hes

st § FRSRON oY IR o b ParBalora  GishEBP! & Sipsnbes i Comparators
e : er

LIS shily e o o R TR e 4

to ND1, begins to go |ow and pulls down RST. Wen RST

i s pulled down, this then sets the Q output.
Wathiqtet'y, it is assumed that Q Bar is set to a val ue

of "1" and t Q oub Rut i et to, 70"\ W4t h FB1

equal ing "0" rhg’rriottkﬁn%a alforliggz Vém”ég;%) %Mr?Dthtxéw"p’ itive
i nput of conparator 404 being initially set to "1"
with SET = 0 and RST =1. The delay block 1218 20
prevents ND 1 flpopm p T (ng*doln- raGoSET va) e, Def or e
RST goes |l ow. RST going |low ensures that the pull
down input is low (or ND 1 high) to result in a
symmetric process for SEI/ RSHg5@@81] Referring now
to FIGURE 13, there is il¥@strated &°schematic di agram
of the delay 25 block 1218. This delay block is
ﬁ]‘i’t‘i{%.&ﬁgt-o‘c a plurality of series connected inverters
conprised of two series connected transistors, a
P-channel transistor 1392 and/ani§/channel transistor
1304, with the gates thef&f d8hnecfed together and
one side of the source/drain

TPeriod =2 ('— T*ln(l_ ratio - V;)s /VDD) + TDeIay(comp))

From these equations, it can be seen that Vp, dependence has been added. Power supply
dependence can be added or subtracted by varying the transistors 1416, noting that there
could be variable transistors across transistor 1406 also. This way, the offset can be made

negative or positive. Again, this is a mask programmable system.
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path thereof connected to a node 1306, transistor 1302
connect ed between VDD and Vss. 30 [0032] Referring now

WO QFNEAIRE 14, there is illustrated a di agr ammeCT/TS2008028857

of a sinplified conmparator iflustrating how supply
i ndependence i s enhanced. The conparator of FlIGURE 14
[8633]' | RistbFrfo8dwHotHIGEIREHT 5, @idre RAHEER el B agthHRAGEFiew of one

et ween VDD and a node WO 2004/ 025441
ipgTitiasp0 081le3885sion dstiliad@r4 In theciscilla®a inplemested @nitle wiagrated
side of two differential.connect - channel .
et PR AR BrbgehRET AL SOV fupids gpntrolled by a
&8s Q@O@ﬁﬂ%gﬁ@r b8 Nehe t of WMRGhRARI L1BEk %@ie@at&f is input to a
transi stor 1408 is connecte to t he ot her VPEF input.
divide oirtrgt 2400 whah it hleo senirotled by diaregiateh24 @, ther autpit $hayeof being

U955, SIS b 8 e A0 AL 1 EIEE e
b8 2 Rebiager Ol f@&ut?l'ltg thel HY8ERQ0 &C(E‘Y‘S@L?Q WhicH i P ?ﬂt 3MHe baud rate

the gate thereotr connécted t oth the drain her eof
genenatya 8024 haditebnt to ah teigpat dod gearabér, thamrinelso a prowsmn for an

s R Ro R bh eme Tk A2 oS httor 2412
ik ?ﬂfﬁdeﬁttﬂé‘c 3“1’1@% Aa%&fjthyw dﬁq%h{t et h21(1’4 t%@exﬁﬁﬁaﬁ? 9416 and 2418 to an
transi stor(1 channel type has

externdetyitA 2l @aTle dttputedthaomnillett 8d1 AxrHoss to bnze 1nput of the

soureel dédglk)z ébgl(dét&plo p%{a y,%ptxr an gfogg 1§ éﬁ{c}%@d talggé nal 2420 that is also

ﬁslglﬁ’tntﬁ 'oﬁ% f}[gut 398 mu]—tgﬁ gg ?(5 a’%hmgtar?foﬁﬁ@l'ﬂéd%sck ator 2412 is

ecta transi st progr amm
coatretied by prepibedredd?.ned offset in the conparator. Th| S
of fset at the input of the conparators aid in the
supply i ndependence. Wthout offset, the foll ow ng

: i * *
m@ﬂ] ’@:ere 1&1[65’1‘72&1 V%%Slé%} %ﬁé é%té%dﬁg;gﬁéﬂrﬁgtr it 8/211 Bg Eh_e c%fa*ult system clock
dfet 3 systérﬁfresléb Fhe by oshitaigr ﬁenoa QarvBé pfograniaéd with WA egister
Wthout offset: VIrip VIrip + VOS 25 Tperiod =2 * (-
2406 bythe follogtingequatien: / vDD) + TDel ay(con:p) ) From
t hese equations, it can be seen that VDD dependence
has been added. Power supply dependence can be added
or subtracted by varying the fransistors 1416, noting
that there AT = 0.0025x x AOSCICL

fBASE

wherein f; ¢ is a frequency of the internal oscillator followed by a reset, 47 is the change in
internal oscillator, and AOSCICL is a change to the value held in the register 2406.
Typically, the register 2406 will be factory calibrated to a defined frequency such as, in one
example, 12.0 MHz.

[0035] Referring now to FIGURE 16, there is illustrated a table for register 2406 wherein
it can be seen that bits 6-0 are associated with the calibration register of the oscillator and its
value can be changed internally. FIGURE 17 illustrates the control register 2408 illustrating

the controls provided therefor.



30 could be variable transistors across transistor

1406 al so. This way, the offset can be nade negative
W@ro0poO2i4ti ve. Again, this is a mask programmabP@r/Us2003/028857

system WD 2004/ 025441 PCT/ U33003/ 028857 15 [0033]

Referring now to FIGURE 15, there is illustrated a

[o36f amMRbL&h the ?Yéf&fed%?oodhﬁéit L bébh' REerkd ‘iﬁ‘&etaﬂ it should be

preci sion oscilfator. In the oscillator inplenented on

uﬂt@rstmcbt@aiastaeldus chianges, sybstitupiongushaleitions eanchemmpdactherskn without

g stlfors R ol PO St MSsptigh ST B I S Pt claims.

|nternal cl ock generator is input to a 5 divide
circuit 2410, which is also controlled by the register
2408, the output thereof being input to one input of
a nul tiplexer 2410. This nultiplexer 2410 is
controlled by the register 2408. Register 2410

out puts the system cl ock (SYSCLK), which is input to
the baud rate generator 302. In addition to an
internal clock generator, there is also a provision
for an external crystal controlled oscillator. A
crystal controlled internal or on-chip oscillator 2412
10 is provided that is interfaced through an input
circuit 2414 to termnals 2416 and 2418 to an

external crystal 2416. The out put of the oscillator
2412 is input to one input of the nultiplexer 2410.
Additionally, an external clock is provided on a
termnal 2420 that is also input to one input of the
mul ti pl exer 2410. The crystal controlled oscillator
2412 is controlled by a register 2422. 15 [0034] The
internal oscillator 2402 is provided such that it wll
be the default systemclock after a systemreset. The
internal oscillator period can be progranmed with the
regi ster 2406 by the follow ng equation: 20

Or=0. 0025x xAOSCI CL ( BASE wherei nf BASE i s a frequency
of the internal oscillator followed by a reset, AT is
the change in internal oscillator, and ACSCICL is a
change to the value held in the register 2406.
Typically, the register 2406 will be factory
calibrated to a defined frequency such as, in one
exanple, 12.0 MHz. 25
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[0035] Referring nowto FIGURE 16, there is
illustrated a table for register 2406 wherein it can

wheoodmezid4t hat bits 6-0 are associ ated w t h t hePCT/US2003/028857

calibration register of the qgcillator and its val ue

can be changed internally. FIGURE 17 illustrates the

OPIATOIS CEAISIED 12408 il lustrating the controls

provi ded therefor. 30 WD 2004/ 025441 PCT/ US2003/ 028857

16 [00361 Although the preferred enbodi nent has been

descri bed,i n detai i t. shoul d be. underst.ood that

various changeé 1§{?ggfqd[sgﬁeg]nc§1 aa%ﬂp mlﬁgegF%?liaSWé&’foé]r?uﬁe

made cbRRfuBicAHNM sdpasilitiesl @BaptkRAg: from the spirit and

scope of the invéntion as defined by the appended

cl ai ms. WO 200ar@esinglciraiy o2 oo frotaspedeiurd digiat progessing

CLAINED.IS: 1 Ag integrated systemon a chip wth

seri HOCHOUSEHEEAB®s  communi cation capabilities,

conprising: 5 RIRESSHINGDCIGEN Sttt f¥r %&kra%éfa%rﬁbaﬁm_re

predefined digital processing funciions on the chip;

a fr eempensaiedglockock circuit for generating a

tenperature conpensated cl ock; an as) nchrgnous ..

on-chi p conmunfe aBMERHOReNS Wsckp Foyynicayen deygee for digitally

COMMRiGRhicAEn Mt 2R R O0Hip S4YnPLBRYNRCRERRG S tion device, which off-

comruni cat1 on device, which off- chip asynchronous

c onmehipeaynchrondey caembasation davibefes demdepéndent time reference,

reference, whi.ch. comruni cation_ between said on-:chi .

commit! UIHEATOR D Ren SHA PIAHFR CRmBISRNATFRVETGRS said off-

COMTLY Ca@%cﬂfbg@ﬁé’ L&Bmbicsidbddvid 1#&&@% wih&f lock recovery, said

recovery, - sal asynchronous on-chi p conmmuni cation

devi agynbhronogs @-thipreehameicddon daded havinglhtimeadbdse derived from

t enperature conpensated cl ock; and wherein said

t enpéngdieprereBreroRshttedgletk 2pt ovi des a time

reference for Y- 10 [ i [ '

asynchr onous. o et S SARERRS et cldck f6aa% fine
reference for both said processing circuitry and said asynchronous on-chip

communication device.

2. The integrated system on a chip of Claim 1, wherein said
asynchronous on-chip communication device is operable to transmit data and
receive data asynchronously with said transmission and reception operations

deriving their time base from said temperature compensated clock.

3. The integrated system on the chip of Claim 1, wherein said free
running clock circuit comprises:

a switching circuit for switching between first and second logic
states at a predetermined frequency, said switching circuitry changing between
said first and second logic states based upon a trip voltage, said switching
circuitry having an inherent temperature profile associated therewith; and

a temperature compensated trip voltage generator for outputting a

defined trip voltage that is compensated over temperature to offset the
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20 2. The integrated systemon a chip of Caima1l,
wherein said asynchronous on-chip comuni cation

waoelewioes4ts operable to transmt data and receP@BUSENH028857

asynchronously with said trapgm ssion and reception
operations deriving their tinme base from said

t enPRARLUANRe FRIMENSRIEHyiEhREKcircdR tSprol iR antveliat@ferature
systemon the chip of aim7l, wherein said free

r unnéamgpensatakoreratonifor saadfies Bmsingalaskicitenitng circui t

for switching between first and second |logic states

at a predeterm ned frequency, said switching circuitry

changi ng pet wegp, in\flegmed ég)’st%hl é}H‘chﬁﬁ%P(’E;fhiM% WhefdiRbRe

based upon a trip [tage, said swtching 30 circuitry

havi temparatire benpersateé miyevaeltage geyrrady ineludesasdéast ey resistive
therew. t h; a tenperatyre co nsated trip volta
oneistidsh of Siceat ORI hoy B P YO e A
i s conpensated over tenperature to offset the WO

2004/ 025441 PCT/ US2003/ 028857 18 tenperature profile
of sai d st chllmgintsigrated system @ ovhip of Gfrim\ie mdietein said at least

tenperature onmpensat ed. operation for _said free

r unnweﬁﬁ%‘tq{fet‘,’?ﬁeéﬁ?“{e. Poﬁl.t“%ﬁ‘énl?fﬁ‘l‘t@&rcgﬁgffl temon a
chip of Claim3, wherein said 5 tenperature
conpensated trip voltage generator includes at |east
two resi sé.i ve Tikemiepegeddysttnf drea elnp ofiel ami 4 veheaainl said

having different tenperature coefficients. 5. .Tge C e
i nt eGFREEEITE GRTBFASAIS AR NPIRES ERITAPHEUIPTIGS p AL girguit with a
at | _ opi . _ S

Ferp P ar b Bob Rk e FHh SES TSRS g suply

on ateghinpls@ff dEfeingvbltagdsesadd at st tvo tesistier ddvires connected in
conpensated trip, voltage generator, conprises a divider
ci r cPareligliang comprisgt least apeghon ohsd bt 1SSETi es wi t h

a bottomresistor between two supply termnals of
differing voltages, said at | east two resistive

devi ces cpnnecTiesintegrakéd patead bieh chipdf Obaitr 6, seheadin kaid sdp

a portion of said bottomresister. 7. The integrated
syst eaiston sefs thei vglusfofcpidithip 80ltagser ei n sai d top

resistor sets the value of said trip voltage.

8. The integrated system on a chip of Claim 7, wherein said at least
two resistive devices have the values varied to set the temperature coefficient of

said trip voltage.

9. The integrated system on a chip of Claim 4, wherein one of said at
least two resistive devices comprises an end diffusion resistor and the other

thereof comprises a polycrystalline silicon resistor.

10.  The integrated system on a chip of Claim 3, wherein said
switching circuit comprises:
a comparator circuit that is comprised of first and second
comparators, each of said first and second comparators having a reference input

connected to receive said temperature compensated trip voltage output by said
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20 8. The integrated systemon a chip of Caim?7,
wherein said at least two resistive devices have the

wo adwessaynri ed to set the tenperature coeffi ci POT/USL003/028857

said trip voltage. 9. The intiegrated systemon a chip

of Caim4, wherein one of said at 25 |east two

resi ﬁé}ﬂp\é&u@@\éb&?&mﬁféﬁﬁﬁp $6BaR e btoflivith UBd StputesTIeasOsS said
and the ot her her eof ‘conprises a polycrystalline

si | i boncanagsiratorsrchanging iges stateshpteicenck Biptlogin state and isgpond

of alm erein said _swtching circuit. conprises:

30 aBiyls ags U et i S3eslite LRV HRERI G *ane
second conpar @ RCSimB@ehot fo?@bﬁnifl% knfhlen @A¢h SRGRINGo
conparators having a reference input connected to

r ecefampasaiots swaiches the onputsdhpeofdutrsavitingp feedbagly that is input to
out pyt sai 0Q4/ 025441 PCT/ US2003/ 028857 19
tenpgﬁe%glpé‘gﬂ%g‘fﬁé’? W0;c8MPgiaYe generator with

t he out put of each of said two conparators changi ng

| ogic states between a first logic state and a second

| ogi ¢ statk wh€he inbezraedeystamout chihexf €ddimpHy sdsragmpald RC
trip.voltage; and apn RC timn ircui.t for. defining .
when s Rt 58 e Tessntihsarr s Sk it Sronl 4 seid RC
out put$nd BRLASS vabRY OVi di ng a feedback that is input

to the other Input of each of the two conparators.

11. The integrated systemon a chip of d aim 10,

wherein sajd fimng. circuit sets the freqyency of

sai d freeﬂ-unr?fh@m{f@w%fbssemaﬁlfw%m&f i He Whetpit said RC
tim pgisd GUltlohdrivat i abl e. 12, The integrated system

on aﬁlg?]lfgplo#i Ooglﬁrrhé’l%l wherein said RC timng circuit
conprises: a fafist RRicduitcand ta sascothd®R Geicarnigy RC circuit;

15 said first RC ¢circujt and sai.d second RC ¢gircuit .
each conpri si n@al%%rﬁtgéi Gyt 28g 53 é?@&gm GHHt ggch comprising a
owi t chi . . Ny Wit .. o
Dot viSei R ot (AT RllRRg 6 RSl bR bwitch inpu
f i r sbetoagag fitso syppinerminabandsormaidefof adastctapadi®k, the other side of

capaci.tor connected to another different_ supply )
t er nfH@ frshpaReltor coupscds to another different supply terminal wherein current

is switchable through said resistor to charge said capacitor;

said first and second RC circuits having said associated switch
input connected to an associated one of said two comparator outputs such that
charging up of the associated one of said first capacitors will cause the voltage at
the one plate thereof to be fed back to the other input of the other of said two
comparators wherein the other of said two comparators will switch when the

voltage on the one plate of said associated first capacitor exceeds the trip voltage.

13.  The integrated system on a chip of Claim 10, wherein each of said
comparators includes a differential input pair of MOS transistors for providing
the two inputs thereto, and further comprising an offset circuit for offsetting the

voltage between the differential input pair of MOS transistors.

14.  The integrated system on a chip of Claim 13, wherein said offset



is swtchable through said resistor to charge said
capacitor; 20 said first and second RC circuits having
w@alod/ozamgoci ated switch input connected to anPCT/US2003/028857
associ ated one of said two cgpparator outputs such
that charging up of the associated one of said first
Ccapagikdud cdnirisés £5dtalEe1 et RINENGE didposell epABReIRViBE dhe of the
thereof to be fed back to the other input of the other
of sdiffgreniiel inpwmearadMOS twheisteisn t he ot her of said two
conparators wll switch when the 25 voltage on the one
pl ate of said associated first capacitor exceeds the
trip voltage. 13. The integrated systemon a chip of
Cl ai m 10, wherein each of said conparators includes a
differential input pair of MOS transistors for
providing the two inputs thereto, and further
conprising an offset circuit for offsetting the 30
vol tage between the differential input pair of MOS
transi stors. 14. The integrated systemon a chip of
C aim 13, wherein said offset WD 2004/ 025441
PCT/ US2003/ 028857 20 circuit conprises a paralle
of fset transistor disposed in parallel with one of the
differential input pair of MOS transistors.



