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UNI TED STATES PATENT AND TRADEMARK OFFI CE 5 PRECI SI ON

OSCl LLATOR FOR AN ASYNCHRONOUS TRANSM SSI ON  SYSTEM 10
FI ELD OF THE | NVENTI ON [ 0001] The

Q‘Eg@%%lr? pertains in general to oscillator Spgﬁrg’gﬁh%?zgsﬂ

particularly, to a precision oscillator utilized in a

transm ssion systemof the type associated with a

UART. 15 CROSS- REFERENCE TO RELATED APPLI CATI ONS

[0002] This present application is related to U. S

Pat ent Application Serial No. 09/885,459, filed June

19, 200N Emﬂ PN TEPSTATESPATERIANNERAP ENERK OFFICE

S| GNAL | NTEGRATED Cl RCUI T* (Atty. Dkt. No. CYG.-25, 768

), which is 20 incorporated herein by reference and is

co- pendi ng of even date hereof with U S. Patent -

appl PRECISIOIS@SEILINTOR FORAN A SYNCHRUNORBARARSMISSION

MVETEERVEOR BURSTY COVMUNI CATIONS, " Atty. Dkt.

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

reference. 25 BACKGROUND OF THE | NVENTI ON [ 0003]

' ﬂfgﬂﬁqﬁpﬁ fofter/receivers (UARTs)
are |ntef?éce circuits, generally in the form of
integrated circuit chips, which are disposed between a
dat providing circuit, .such as, for.exanple, a .

o Bl & Pies st are R pertais 18 TSR P I Fifaingtp partionlarly, to &
Pafedikiot bsdiPéaltiliabd Andr-8&hissbn §RteRPdfahd §he Sdbcated with a UART.
conversion. Al though UARTs can be stand- al one
devi ces, they also can be incorporated into the

c j i \,Qt egr at ed

cIrcu f@ﬁ?@%ﬁ%@%@@ﬁ&?@% £O§§ osci |l | at or

and a crystal to synchronize data conversion with a
fairl reci se oscjllator fr . which facllli es
dﬂ?ﬁéﬁﬁr pEssert ARRHIATALE F%%eifgﬁgéﬁvﬁ#%é%%%?w& fo:
dpsResesd HRARTEne 191900 IdICFIEIAY PROGR ANNEARY E AAXED-
Mar ch "2007 WO 2004/ 025441 PCT/ US20031028857 2

c SKIX AL DEBEGBATEDLTRCUIS” { Aty Bkt No. CYAIL-2Hheod ).arfuedhiey

of as Lfic UART is wthi ' i .

< PR teisin oaerife ] PGk ol {258 gho Rbot with US. Pt

f esgcativarScrigl Ws.Ci | | ahsfledtiCIOCK/ RECAIMBRYZWMETHOD FOR BURSTY
COMMUNICATIONS,” Aity. Dkt. CYGI.-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. UARTS generally include an oscillator and a crystal to synchronize
data conversion with a fairly precise oscillator frequency, which facilitates asynchronous

communication between two remotely disposed UARTs. The purpose for having a crystal
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be acceptable due to tenperature drift, manufacturi rigt March 2007
tol erances, etc. O course, crystals are typically
external devices, thus requiring a nore conpl ex
WoSERbYy © SUMVARY OF THE | NVENTI ON The pre?@%&sxmw
|nvent|on di scl osed and cl aingd herein, in one as
thereof, conprises an integrated systemon a Chlp
Wi t h [.a chrono | 0 Ll | es:

oS bRl 5 s R E RS e 3pecROBR i Wt o defined
paitapesifig fHr CARMTI opedtioh. gTliealse pf DftesRintigg biviltdtorond typically not
the chip_and havi ng an associ ted on chip free_runni %%m

¢ P&MERALIE fi% to tFppeiatve daft wan %‘P@P@ﬂsee te. Of course, clystals arc

g,ﬁ%gﬁfa&&ﬂaﬁegﬁ& SRR gaw@e&nﬂ& £Rkbly.

ni cation device |s ovided for digitally
connunlcatlng wth an off- Chlp asynchr onous

mni ch of f-chip asynchronous
051j u bgﬁ%mﬂn i ndependent tine
reference, 15 which comunicati on between the on-chip
comruni cati on device and the off-chip. asynchronqus

conmmunliearessat igesptior diselogsdapg t:]é@le\ﬁn hereiyin negspect thereof, comprises
r S&& ed slj-g’t@m%ﬁ WP al E@ neu§ flﬂ:h&‘?ﬁ)h Qﬂaabﬂltles There

eV|c as"a tine-base derlve nper at
¢ tyripetuiedt mrdcessihg cikcuitihior p@fm&:ﬂ:glp%ﬁmﬁr@gm gtoecissmjg darictions on

rov des t.ime refere ce fo both t .0
P liprang Ratind Brssersy bt e LHR % ipasine o
d R¥ipefiture gcgnlﬁﬂ;ﬁéﬁ MIP EMo%usTdﬁWcﬁﬁh davice is

nore conpl ete understandi ng of the present inventiaon
apevided for digialln epemmunipading gith ap effghihesanchsonpyscopaganipgion device,

S B B LA, 00k M e

i which tomtrasicationcheéw @ ltheodnedlip dma:gurﬂcatioﬁ devica anddh&df@-nbib

inteqrated circuijt ilizi SsSocCi at
WPRsets PR REstinncy ot B Bt PR EREE RS 1 hsynchronous
| bh-Usip kah8SnRatioN RyvRehal d ©de-Pis8 GE@BdGont e térﬁﬁe@zﬁﬁlétc&ﬁpensated
circuit of FIGQURE 1; FIGURE 3 illustrates a bl ock

dblagle aFheotemphrtUDAFIMpegsiqd dRgRErayAdes jaltims e frase & bpféléke

ALY B RN o ALEARDBL BB oSk U dbvic

es a I agram o e precision
OSC|IIator FIGURE 5 illustrates a nore detail ed

28@%@@%&%@&@#%@%&528822 FIGURE 14 War ch

For a more complete understanding of the present invention and the advantages

28857

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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4; FIGURE 6 illustrates an output waveform di agram di4 March 2007
a precision oscillator; FIGURE 7 illustrates a
schemati ¢ di agram of the tenperature conpensated

Wﬁfzﬁﬁ%ﬁb‘i?}f voltage; 5 FIGURE 8 illustrates apéf/%@%&sz%s:ﬂ

diagram of one-half of the ouf put wave shapin
circuit; FIGURE 9 illustrates a schematic
dy.agr an | ayout for one of the resistors illustrating

t he mask .progranmabl e feature thereof; Fl GURE 10
i || ustFIGURE Gilsstvessni ontpoi wgvedonrodiagrine ofa p@cﬁ:imwlsd;iﬂator

e i T sohapatio i apofiBe fbEafiTa bulpepsated reference -

| agliage;di agram for the S/R latch in conbination with
the conparator; FIGURE 13 illustrates a schematic
di agr fillufeates,a ssheraatic dagmoRet one-half|of theroufput wave shaping
S %ﬂatl c diagramfor an offset circuit for the
conpatator; 15 FIGURE 15 illustrates a bl ock diagram
of oneFIGIREM{lluatritesrn swherhdtie dgpran/lagtwifor cundf thelrCiRiFSillustrating
1&1ﬁand 17 illu ﬁr te t blefs for the oscillator
{pagK Brogr q PTI ON OF THE | NVENTI ON 20

[ 0004] prSefrar 10 MPstRaW atsghél:ﬂa@e"aﬁgxlam &mﬁéﬁog%?ﬂdbf N {)@h&d

an integrated circuit that is onpri sed of a

i nt egr kléldswtqgméphmm of teh¢omarater 'a true

12 bitg

ot o- ariL 12 EIGRRE o ot ok le DCLANIA RS e
veddyggeorgonpar at ors 118 and 120, a voltage refer ence

it SHEDRECL Bt oot Sooe8 IR o o

provi degiay 2hintdfeteaVReRnled® did@rad¥oT arl S@set &0hit3Dr tBEEomparator;

132 serial interface 140 inplenmented in hardware (not
"bi t - DAGGEEE 17 Wugieates aguddkvigeegm ebonganstangigtion of the oscillator; and

Progr m@%]%s I%Qamﬁlﬁﬂlf T&aqg Eﬂ?les e c(sg %%f%r \M th five

capturerc are nod ere are a Jetier al
purpose digital Port I/Os. The anal og SI de further

i ncludes _a nultiplexer 113 as obgr e to interface
ePHTAILED BESE ?@NQEW&M@? %ﬁﬁﬁ e anplifier 112
and to the ADC 110. 30 [0005] Wth an on-board VDD

moni tor 136, WDT, and clock oscillator 137, the _
i 0084 aRefdrring inpwmcb FIGISRE 1 sthemds ﬂumdgysmtm@ﬁ cigcudithyy is

Th 5 M:U 61174 Elﬁ %ecf I%?xfeld IgnePSy%t%gl onth G 15:1 ]éA12-—bit muli-
channel ADC 110 with a programmable gain pre-amplifier sl?_, 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 Vp,, 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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peripherals. The FLASH menory 126 can be reprogramed
even in- circuit, providing non-volatile data storage,
o igjpllomnng field upgrades of the 8051
‘?Pr m/v}gr e4 The MCU can al so i n4jl vi dual | y shut Pﬁgfxfﬁz“gﬂ‘fxzsw
or all of the peripherals to conserve power. 5 [0006]

LA A, LS o0 o L A e

J diAfait pl’pwﬂﬁlghéﬂ—voﬂ‘i}ehhar srbrdg@ﬁdeﬂml atlbtving fib\lxbﬂfgrﬁdes of the 8051

al.l ows tru3|ve uses. n -chi p resources)
fﬁWW§Be£§eM(ﬁJ LA R E‘ﬁﬁff“é(tsg opgizay ot #kot the paipRetls e
| pdReivapgskrcireuit installed in the final application.
This enmul ati on system 10 supports inspection and

nmodi fication of menory and registers, setting

PO ChitAGar S R g 4R B P BBE A gy dled i
f thrdushfaleostehtngl ssMBeIT LG Hpats 129. @ﬁlbﬁgrd\IITA@ erh@BEbhlsuitet allows

m crocontroller 140 is fully conpatible with the
MES- Irusiy e @isgs et ancRinsiseources)s fily spprfa e iy grglption using the

SR 0450 B U A o

wettppotds mswnmtmaahd&ﬁtﬁlﬁﬁcahmbhdmm@ymﬁ @gmbﬁs bwtung breakpoints

" Relabid el Soppfg, i e B} ity A ARl e sl ppeigerals are

aﬂﬂgmﬁm%en&a@aﬁﬁg;g -GNI de 1/0 Ports. 20 [0008]
Referring further to the core 141 is

i nterfaced through an |nter naI BUS 150 to the various

T, Qo lero BB 140, RS St e AR 917 thifERtion et

abicindand 86fix¢l06 8 hsstnbletsitng wompilers &nib&a uaed mdafrélqusﬂwa& The core

e W AN o RO A X IS A,

aj Gl &Rk UWI AR T8 b8 of Ik RNGAS S bytte%pbéiﬂtffuﬁétldnq{bglster (SFR)
t hr oughput over the standard 8051 architecture.

sudiirsa pricg@ad fous byteiwids YA &oitdns except for ML and

DIV take 12 or 24 systemclock cycles to execute with

a maxi mum system clock of 12MHz. By contrast, the

c m098]14u§)efemng fiErktec o FIGUREVE iHocofeldt énintef 684 thvlugh tisinternal BUS

tians in neo two system clock cycle Wi, t h
o R0 i PRSP R LoP Rk A OTORE S i SS B iss = e
ChéfkenQdSURRT I-EbeSIﬁE[q;@S 140 eﬁaﬁn@thte Qigah1 100 0dB8t. Thisisa
|nstruct|ons he number of instructions versus the

igwreble anmfa@yc Tea cembegssanipted witletie Vo ionitelt 136ws: 14
I\/ar ch 2007

[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 maximun system
clock of 12MHz. By contrast, the core 140 core executes seventy percent (70%) of its
instruétions 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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514 7 3 121 Cdocks to Execute 1 2 2/3 3 3/4 4 4/5
58 5 [0010] Wth the core 140's nmaxi num system cl ock

wh 2001 it has a peak throughput of 20M P§CT[,J%9(;0}/],28837

As an overview to the systemof FlIGURE 1,
cross-bar switch 152 can be 10 confi gured to |nterface

=

ﬁgﬁsthe po T35 O 45. 2] 4158 LE‘F MrAng to arl}/_ rztn, 1

C

G513 P e D e o A S B/ A 0 A AT

Y
T

u}'

n
1 TCC1 acv v CTCvVWCTTT =]

the core 140. Further, the cross-bar switch can al so
interface through these functional blocks 128-136

directly to the BUS 150. 15 [0012] Referring now to

FIGURE 2, there is illustrated a nore detail ed block

diagram of the integrated circuit of FIGURE 1. In

¢ 20k middithesore 140's marmye yeen cagket IMMHzibhas apgek throughput of
syiifdy 152 actually interfaces to a system BUS 202

through the BUS 150. The BUS 150 is a BUS as operable

to allow core 140 to interface with the various

ofOF 1 o8 B 68 et of BOBRE 1, i Prisitsp i ve
| adriaeed Zolidterf2be %ﬂfbf &ithodid Bf thd DO ideABSedrab asWb ik ubstdonal blocks

IS conflgured W th configuration block 220 that is

cbit il Yurldd 13¢ of ko \Yblﬁhpr_pme intpréace befaeens thg grass-barsevitch 152 and the
c

R T Hor B0 Wbk o S Do Rl B Bl o locts
al$&ﬂ36dnwmmmDZE4BUBaﬁo interfaces with the BUS 150. In
addition, the core 140 is operable to configure the

analog side with an anal og interface configuration in

cizjo! R&FLGiBK néw e FRIURP O 1iBdre 1180 GRNA alfiGe | H@taﬂed block diagram of
controlled by a clock on a |line 232. The cl ock

S@‘P dnteasefed it GAFIGURE Us fn tiscanbodimeenb it qande Seso et heesross-bar
Vbt ST U hAR) i ok Rl syl K0 b doufsl YRS 150. The BUS 150 s

rcul e second 1S an interna
osBUSlaabpaSralﬂaﬁl allbwecorant4rto &lteréise with #iecorarioiy fittion2l3Godks 128-134

cision te erature n 'y conpensated
IG5 2 Pyl g fngsss g‘?ﬁi’ BOtPd Renaraen ibrophiches 212,
C@f‘lean@lé@ﬁ ' '?h@ér&%—lﬁ? Bl 1586k Mﬁ@r&@%ﬁﬁ a'cﬂﬂﬁ’éuraﬁﬁn%lock g§o that is

reset |ine . he reset Sl gna is al so ener at ed
t prafigpred h}dﬂ?g wmiéﬂ TheTFthersidedithe 01®6~bat $veiteh| 168 khaH@ side, is

Cigl?] ?&g ura g%/%(ﬁ’h!h}\%g{gio l %}Jﬁg ISbc%lé O n e:f‘iloﬁy i %ﬁggghe%:ﬁl fhat

ciateefaded @thfheBEqurse i 4dditn, thecsre &40 ishptrableto d8Ein@al analog

CanI ure the systemt operate
side with an analog inferface configuration in control block 226.

= ALl T LI UTTU

[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 interal oscillator 236. The internal oscillator circuit 236 is
a precision temperature and supply compensated oscillator, as will be described
hercinbelow. 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) cixcuit 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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W th an external crystal oscillator or an internal

preci sion non-crystal non-stabilized oscillator that

\iv§2§’(ﬁ h&g]ly "free-running.” This oscillator <

W gj 3escri bed hereinbel oy, generates thg%?ﬁm(ﬁ%ozssw

for both the core 140 and for the UART 130 tim ng and

R S8 Pl BT b el W G M

UA‘Rﬂiaicﬁ‘@hat 1sﬂb£1pslﬂ)e‘fﬁ‘e®+rmmkng' s Thispsdillator 286bm11r‘t&t(b§bnbed

ner at.or 302 which, tra cl oc
P e By sraeats edirbnS b em Bred a6 St 130 timing and i
tgt@ﬁgmért@hp&mes input to a transmt control bl ock
8 and the receive clock is input to a receive

control bl ock 310. A seri aI control 10 register

c IR el B QR o b ARELA0 SRl e uarT 130

Th\&yﬁmmﬁﬁkﬁs idpiitao b baudrerd petbrdtar@OR sviihsprdddesainebmbisit clock on the
put through a .gate 324 to @lserl al] data buffer
4 29d @ récpe Faé lige 394 Thedeapemit glopky B‘L}PPLF & atranspogf control
dﬁfo@l@ﬁ@ ard4Re ABLvd B¢k 1Qnfut ?t%‘fef:%{re fﬂn%i(blg% ]]OTI}..esenal control
system is an asynchronous, I upl ex serial port
deagiste (SCOANOW204s povidad St is pporkle tof pxnuﬁc mntnobggmimshe control

P T el 3} St b e i Rl £ Pant il v

r gReBYeR a s@ﬂal&la{al bugfeS(EBUR) d26. SThertueiut bOthaMataiP itpusbiafzero
i ster 314. his is controlled by the control bl ock

eqtey 38epd, fhetl {22 bl blach 305 g systprmis B eERCrgpownRl duplex
t Ren hdi &E‘&% afld 90% Ssctisted QAR f%dﬁont? 1392 s 8 %&ﬂ colétﬁof register

transmt node, data iIs received froman SF
afﬁﬂ@hﬁ@lmotahd ) sg’ml datg befger (SBUF@)dnat shovansare provivieit Data is received

¢ PR AR R it el st ! Bt rekBier o 4 MR leapt g B sgateo

t BloeIgHD tRupNDhE shifte S &Bdatd Yo @hath}ﬁsjmutthénqh@n@ 4 PREB3Ob an SFR
an CR gate 340 to the transmt line 319. This is all

iR 3231 Fretansipitmedes daia jsgpceied ERmzOSFR Yus 32t pudepeithiongh a gate
n | I

o7 2% b2 el Regie8 i sk i Bdpi 41 o0 Rt
g82teorditontlthis pomtrdl 'bimk 30htraigh an ANThgae 818 whiok ks mput to one input of

OERERF B4R B epg s T 1BE%s b Gt PBELI g ofedabon s0s.

Ti mer, which copy of TLI is not user-accessible. Both
the transmt and receive tinmer overflows are divided

blPWiSo Referripgaowie RKFRE dAolbrreanidiustratedraleqkdiagrip ok the baud rate

b t ' ' ’ ' 105
R AT RN .
r ey obldck Vil arel thtioeeive cloclais ghXraftdiey a t@bf@ﬁﬂlei’{ilfimmﬁd as an RX

n_St.art Con n is detected on th
V\‘?i?ner wiich copy 09 ITL ?s not user—access&b'?le 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.
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30 receive pin. This allows a receipt to begin any 14 March 2007
time a Start is detected, independent of the state of

the transmt tinmer. 14 March 2007 WD 2004/ 025441

W6 bhddazddPB/ 028857 7 [0016] Referring now t o pEhfddissthaessy

there is illustrated a diagrammatic view of the

precision internal oscillator 236 that is di sposed on

[ [ ok Sl GY [ I &

0B R Bl b r1CDRE BRI e 104 6 me
cprecisioh irftéras! dscitleop¥athads difmwsedooreiniegtratel cheait. Tt infegrated circuit,

236 in ,associ ati,on therew.th..The, int ated circuit
PR OB SRR o B AL L g rooportes the
OfekibibA beillMEI3BiiR aRo&hitinitRdrewith. ATIRARSEH A /I VREFoTINES the

crystal orts, selecting an external clock signal or
s edpabilityrid selactingtagrystal osoillator whersithe ciyelel ik Hispesed batiyeen two crystal

; ) . i g _ . | =,
¢ % S8Rh o 83 G R e g et 2 Sl e Sl oifton. The
ofred-hinaing sl o ivil s aphindIGURE 4asfthe precisionpevilbiter234 02t the
and a cond,_conparator 404. tenperature

chiffE ﬁi@ﬁ@acw& A BV SFBPEIRE s Gapm S 4% ansf appendpomparator
U h@f. DffeiBfe BorkPbnkABPRIIRENBrGRIBRARBI0BYs MOl 18P 8ot provides a
reference (the trip voltage V.zmto the negative I nputs
ofempeigare enpprensaiest wlagoreferinge Gl iptvoltage Yhe) to the negative inputs of

C 2 to et n .
SRS 58 A0 T S SRRy WP BBl e
aintll KesBatespuetipaly, Inpudesfa S/ tatch 408 The Qoand-Buit digputRGereof are
timng circuit 41Q that is operable to define the

pEPHIdE 2B PUPRERC Harng g A10 thatis opsrahle todeting thegerod af the

4 . H 1 « @ .
SRS RIS R oo et Sheorrc
piss RE vmingpens 460 istfhdbasktpthe gozitive inp@s afilie 4@uparatFisd02 and 404.

S T T

vidréinligtow ahevslngerddrank bR 406 providesa Acgatigfeinyerature coefficient,
tepperature coefficient wher eas the conparators 402
anacresihe coomraiers 4o s %tlﬁt%“%f&mb&@ﬂan B@é’}dFia\Pésm"e temperature
o e D LAk ARt WO poi ffpidtue coctfiient
c et dvietallenmbined Gcotfimicntwilbid appoerinatels zeroedsiwillibedescnmbéd
bge g\lglprc?xi mately zero, as will be described

FEr el ow, [0017] Referring nowto FIGURE 5, there
is illustrated a nore detail ed diagrammatic view of
the precision oscillator of FIGJURE 4. The voltage

r WPEHe rfedereing @ to HSHRE 5 there grPpstiisd agporg deteileddjegrammatic

S dE el AL g B B o

camprisshbof asfollagd dipideethatstivdesSixsupplyetoliabeRE,, td heolmpbVom on a
i,s_.conpri.sed

hal f he vol tage divider f .t

i i TGl G Aot Pulptee 5 S8 Hreieh 14 el R.. The botom
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, R; 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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and a resistor 508 | abel ed R4. For nonencl ature 14 March 2007
pur poses, the resistors will be referred as R2, R3

and R4 30 [0018] Resistors R3 and R4 are fabricated
Wwbsfohg4same material to provide a positive

tenperature coefficient. The%e are fabrlcategcrﬂmmmWﬁgﬁw

N-di ffusion material, which has a 14 l\/arch 2007 WO

S T .

pgligoairiy gedfirkt lm}er which isceferred tot B3@olyil rxﬁdteria%,mﬁ wididhcisoi s a positive

et ¢ O%wgﬁrlﬁw@"ﬁé@%f 4 AHI3 by Gpdagpped e e Rapa material
| Sousd WuMliflizBE %%éﬁgqggesgﬁﬂhaﬁﬂhge%wg) ré¥RidRE ha’%'ln?g dlfferent

coul d be utilized, it onl elng necessary that there
bsmpgetureerieiaimss. Hslthongh @ntamtrt e fﬂnsaimécmp@r Boly} material is basically

B b R BN n AT Rt R iP Abboefl of B yiRie Vet Sotective

PorideClayes] @drh nhichSitH @btubdl a§ thegatds 6P@ERTof ark Rdricated. With the
substrate over a protective . oxide | aye from whi ch

SRREHVE RS IVTE SO CiPRE Ot EsistorS, f%w@{@%?@ the voltage Vi having
f ﬁﬁéfg‘aﬁ@et &)gfﬁcygng hA%ﬁ'ﬁl beRRSdbky ﬁerE Fsistor belng of di erent
coefficients o e resistors, |svv| resul t

vokieage favﬂltﬁmdjlgm@twbgmen%@ two afsistab Emand R\stomm th@‘emperature

desgri b her ei nbel o e rs b .of .

rR iRl THE R © B AT B b8 B3R ulFeRe motieen
the two resistors R2 and R4 to vary the tenperature
coefficient. This is primarily due to the fact that

t W@&Blarﬂle@ﬁltw REdiming cirmmitdl P & comprigeh o twy RE efpujstt Thrcirst RC
TR, e of b ehindl RSB0 B e S S M el thercor

t soansitsiteiwdsd (Vb and onp sideerf 8 oesistr/5AL &ibalep R, metdﬂear ewf thdroof

conne d be n d one e of . reS|st

ORGP SR NS SR el ol i Bt b N e other
Selde ofed@pbedibr 536 £ANARGILE ¥ 1 O R Lrafihdr 528 haPME béiPe/drain
526, the other side of the capacitor 526 connected to

\path thereaieancatedsassiss eappcityp 826 aad thegatsdharend camneriad tye pate of P-
U GhH &9 arfs%&%@b g%d ?1&5 {L’) g @%{ &ﬂh §/¥flatcﬂ'3r gl ﬂgdegﬁh%ompnses

t her eof - connect nnel transistor
5B0pesitivedtso of thetchapaPatori4(au fl“heisemhéRSthdmk édcohiiised of a P-

CE N SN R I A

side ofGaRA& 530 RBSESRY Fhevdker Bﬁu bﬂ@sﬂsm 5IDMMAEAS 1Blathode 534.
pat h t hereof connect ed between VDD and one side of a

r%@d@s‘iﬁé is epneqiedip ene sideyf 2 qapecitr 7y theiogher sitle fsrdog eenmnected to
gl‘fa 91 tfaﬁm@top?j%ehag%g S0 E% P‘.]ﬁ)%fh I,Ihérggpc? Hﬁé:ctte%qae{vpeen node

onsé SI a capaci er Si
cisdnad Ngsd Tlm gaMS:ﬁ'traﬁdﬁst«:N—SGB uvahectadao sedaterof H3Bsisiass30MAd also to

sou /draln t here connect ed bet ween pode
tge b ar output oip Se{{Qatch 268 Q[rhe node 534 comprises the posﬂlve mput of the

comparator 404, The output waveform for the circuit of FIGURE § 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 tumed 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.
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25 534 and Vss. The gate of transistor 538 is 14 March 2007
connected to the gate of transistor 530 and also to
the Q@ Bar output of S/R latch 408. The node 534

WO3josas t he positive input of the conpara <
The out put waveformfor the g rcuit of FlGUR @@mﬁ%ﬁy&m&n

illustrated in FlIGJRE 6, whéerein conventional RC rise

afdndiabis 59%%@;562%{%8 '5%# Eﬁ%tsfzﬁtj S0k th%ﬂ?&}jsg{rnﬁ%%qage g&}stantially less

circuits. each out put wave
distn the dalfue ofiresistord 592tand 532, UPhe-resistme 522 anhiS2erdfbricated from Polyl

vol t age, i lied to the resistor R.to fhe i nt,
e e T OB Eperinis e R 10 meriodor s osBilaft i the sum of the
t perid@ d'1QRd thERFiBd Wb blus Bo BRES B8 ddlhy 8NHe SorfRidtgd. T2 for

each of the circuits, respectively. The sum of the

two periods is equal to the period for the oscillator.

PR Rgratll s IS ol b Tl NS i bloot e ot e

t inglgmanesion bAteesliggeaefsrehat 4061 Tat tegistop S84 whish ik illdrated in
istors 522 and.

\Y resistors 522 and 532, The re d
5@?@%& P%W?e%ﬁnasct?ﬁa Yoob Waﬂmﬁnéﬁqt%ds thpygh the spyuge/figip of the

t RRRSh &I foCR2Ith V| &1t theE?t% REEJF@GhrREted Fa ﬁﬁﬁ'{dz{agé. dimilarly,
is the sumof the "period Tl and the period T2 us
t tho botiare snd ¢fgesizibripP6as canhestaidnYay ttangh theSofu0@ A n path of a N-

B AR5, T S oS b S RS R o i

VDatAgers 702,€10¢ asé706 Qe sizEd @udhahit S reSiStdnceh e Rublskantially less than
illustrated in_FIGURE 5 as being connected to VDD is
2168 VRlre 9‘[ TeHFAE el 8y S0 st e RoweryRPYY ipdepenence comes

i . 0; \/ V- _
oIS Vg ol kB 8 JMGEEEL. o™
es{t)bf Theesforst murth&idBe itdakenivreashdla: trip voliagetahthe irgiut ofthe comparator

squrce/.drain h, 0 annel transj st.or 6.to. .

V8865 e el ol TORIT Br O B B g i it ave
caieciatdr than a chiréif sourdd chaing! dafacion whidHodet Qo vadefhe first
sized such that their resistances are substantially

| e copeeatione val ue of resistors R2, R3 and R4. Al so,
first order power suppl yVi nd enﬁf%} comes fromthe
fact that the trip voltadge VIt is groportional to the

T The fime [t takes PB redn rhotilp ol tage af the
i nput of the conpar atJtL)]r= ‘ifscj%]:)"p gmi/rfdméendent to the

first order. This is :rjelalso_nl.:il@lﬁ_trgﬁoz{cumng
circuits are utilized rather than'a currént source

chargi ng a capacitor, which does not provide the first

3‘)[%‘.?[? | Clgx?ﬁ% ée?ﬁ)%ﬁﬂue blngengatiNPRandpbt, tReréSe ¥ number of aspects of the
voltage reference circuit 406 that can be utilized to provide temperature 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

anegative 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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TI= -z*In(1-VTri P/VDD) Thus: TI = - a * In(1l- ratio0)14 March 2007
[0021] From a tenperature conpensation standpoint,

there are a nunber of aspects of the 25 voltage

wEhshsRGsH circuit 406 that can be utilized tg. REAYhSSsss7
tenperature conpensati on. nly, the reS| s ors

have a set varlatlon W th resgmgt to terrperature The

Palwl $0 t

DR sl R0 B SRR B RILAELEY o o
heoiagawilEhpe hakpdtive cogicfangt %ﬁﬁ@éﬂtﬁ@'@@@iﬂ'ﬂb&'d&ﬁi&ﬁ&s follows:
present disclosure, it is desirable to have a

negative coefficient of 462 ppm 30 [0022] To anal yze
how a negative tenperature coeffhcient is created with
the resistors R2, R3 and’m%—‘:—éﬂrsamer that R2 and R4
are a parall el corrbl nation dé‘?f3 ed as REQ=R2// R4. |If

14 March 2007 WD 2004/ 025441 PCTI US2003/028857 10

REQ and! R87have di f#%¥@nt tEBnpel atlurérB@ef fi cRents! dR3]
W th TW>E@REQRE@Wt h@lst-l-rREQ RE(L age |H3+U§3Q B dT
negati ve tenperature coefficient. V3Rrr~ wil|l

defined as foll owsl ¥/REQ 51&3#&%‘?@ gg%’rem 1 dREQ
R3 1 dREQ R3 R13 AR, MTuP @7+ REQ dT ]

R3+ REQ[ R3 dT 1 dVremRz VrrrP dT R3 + REQ [ TCREQ
-TCR3 10 [0023] For REQ is nust be assumed that V

B0y e ReE B e SPunplioal Ve v Yo Bsntich af Reg Rucan be
bﬁﬁ%ﬂfw\i@r Va& iffc SrhpMiie codtasiattl TAR cad bélsHdwh bR tHe fREwing
1 dR4 R4 1 dR4 15 REQ dT R2 dT + R4 dT R2 +

F&H“Eﬁ‘F@E dT ] R2 + R4 -[R4 dT, TCREQ = TCR2+ TCR4- R2
ToR- RETREG T 1%?2[’1%34} Re {1 dRz] Ra [IdRz;}

REQ dT | Redl] |RidT| RetRa|R2dl'| R+ Ra| Ra dT

TCR - 2 TCR4I

TCREQ = TCR2+ TCR4~
o 2 ! R4 Ra+

The results of equation 5 can be utilized in equation 3 to set the final temperature coefficient
of Vipp-

[0024] Referring now to FIGURE 8§, there is itlustrated 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 V,, 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 Ry, 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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The results of equation 5 can be utilized in equati o March 2007
3 to set the final tenperature coefficient of V. 20

[0024] Referring nowto FIGURE 8, there is illustrated

wod6labded di agramof the inplenentation of 2

of the charging structure 410, This, as wth teﬁﬁ]sg@é@ssm

with respect to the voltage reference structure 406,

t h e hannel transistor 802 for
BiSia Eﬁg%iy?r én%é%eﬁic? fs.

connec op end-of the resistor 522 to VDD, ,
with the gate thereof connected to a bias supply.

o ERTROFholeBas e o i et P s
. éonaeefaf e@BloR a&@ﬁ%ﬁ'd&%at é@fahn&ﬁafmtehﬁer\fﬁé gass&a&%ﬁpsn N-type

can varied to set the period for the oscillator.
Tﬁi&fus;ap acintthe P@pblayer. fl"htﬁe irgsistagslpfovidinaamask pegraamaable set of

he f
CLBBRARH B W50y oREo bl ek AP BB el o U e ey
t B&ﬂi@hﬂiam@ﬁbrtﬂb&t I oG 0ot SRRV, $hebdis bt infdvitiet @tie abﬂlt%; to short

reS|stor 0025] The resistors R3, R2 and R4 in t
vlditignal gnes ef A EGSISINY 1o drgreaso §iegipbiey Thisdpmask pregpuimgbls and is

tm}ze&@zedm eg{ggg{@grg‘@m%v?eswtors Resi stor R3

IS utl to set ue of V. and resistors R2
and R4 are utilized to select a tenperature

z@gijﬂo?%%nﬂfﬂﬁs' PRSI D8 e T Rlyplaa  fhabgpiti view of the
foR 528, Sk b 'f%'lﬁi‘ bfogradniiAfid caﬁhﬁdgﬁ) ﬁlow J‘bﬂﬁ_]ﬁsﬁhéﬁ of the

ayout for one the resistors R2 - A plurality

o‘femseé freguencys ochheeis erpvided pspwingl eapacijor é()%wmcln hasta \@lv@ of 380 fF,
J ﬁ:ﬁ ?sabtoﬁﬂeclté& b%lcv&x%ﬁ Bﬁ% K Q/St rlgtp%h e ttﬁer%tﬂ\l'tﬁe\l@ s alsé provided a

usion of int aﬁ%r e resisto

pmeski ptegrammable cppaoiierd i thatpreeitiesbr eigitrsept bbHme gzﬁﬁhﬁuﬁg)m
al | ow one ?é r,ﬁfresu stors 902, to be, added in
£895 8]

R O HEGSSHBP BgRAP PAPC O A PR 2 capacitor

Al 60BREGHLA O HROWBenrbRET BetivSend e BLOMIAIRE stdd @ MRishirbdfdrain
to short additional ones of the resistors to decrease

t B QfeAn N-charmplrangisten £008pihe gata theeaoll eomnaeted to theb§B bitedhe
t {
SRR of i B op Rl ajagSeishlen R Fitchih 1008 and e
chioglg 524 Imﬂ}c‘lw‘i ﬁiWDSB ﬂh& strogpRellbos th;é&@e oi;lﬂﬂd: erhalles udt capacitor,
i.St er ro e actortoa W r .
@ﬁﬁ?f‘?ﬂéﬁ ﬂggaar %"é’ﬁ‘fl cgt @d%’é‘ﬁ&?ﬂce‘gr%é}nég? ?uﬁqe@&fi’la gfjthe
atrAeRion aboacmaagct e WiRORnW)i Tk r&ﬁﬁn@lg\éé\k&@oz@&aﬁ%ﬁ dte each
which is conriecteéd between node 24 and

prorrprised ofavapaniipr H)10tvhaghds penngtedbbasvesn \%@ dnChO@B%ldmzf kthe
psfoﬁ%/%?%ﬂ?g&tﬁ of Mcchan%el t%’a%gétoi‘ ?@ltZ Bt %ﬁleg Sde Ih%reoF co%nected 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 illustraied a diagrammatic view of the
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increments of 39.5 if. The regi ster progranmabl e 14 March 2007
capacitors are provided wwth a capacitor 1006 of
value "C' that is connected between a node 524 and one

wb36uaRbssipe source/drain path of an N-chann
transi stor 1008, the gate thgreof connected ?ngﬁgmfgﬁﬁw

bit. The configuration of the capacitor 1006 di sposed

b . . . . o .
OB RSN SLASP LI e AR RS20 Ao o
udigfersitislfeclminmad] iransiziors i 1@amddil Ddhavingtite side@f theissurs@tmin paths
non- | i.near tapacitance that. i i ntroduced, fromthe

o Bigieabeamnantsil e tofe 145, nerei DG porrsed Gpayeh acuent ppce 1108 to

VW[),ﬁ ‘B HBer siHR @1 {1 ¥R/ MeinSRIEFHARLE §oCARAH doBh&:tt a node 1110
eac conprised of a capacitor 1010 which is connected

bandibe pthesgdeeldhorurcsidedn prth phigansistonrid 84 dreahwecrdtttiz vede 1112.

a : [ . he. ot her,.si de thereof

Pl 8155 W S B 0 AR 104
comneistetic hegdtineinput confickiedtit MQu0 o6 1 1 0Th eormadtetbto@e side of the

t he capacitor 1%1 associated with bit <1> is a value
ORIl e of i NdAeD Gt 4 e gaiorpo he ofher Sde of the
kUil $a@o? BahRiGd 114 8RSkt L x@sgg RodN8 Fi &indcRed'th Bne side

h
bit value <2> and the |ast of the ecta
cefphe sauere/dran @athaof amly-chhened remsistor 11 h@ teestloarisiie debreof connected to

t-ansi st or., connect ed t he bit . <6> a_va of 3
VTR Bl SREBHE S 1 Rt {115,203 B Boalado B e of s
LiSEstof 1 B0, thiepitiex sidatheteyf éohdectddd0 AR gaRedfamhding: QW Nade 1112 is
FIGURE 11, there is illustrated a di agrarmati c. vi ew of

t fép qopngRied g thagre olgp o eimne sumsisod2Z. kosyrge(ygp pth thereof

didnhediedrdden! t Uy . _ )
co iggart at or s e%f% E%Eﬂdl%f%g%srh er éeﬂau? @?%1? g% %‘;edgg? S modified Flym
diihelrmsatching cPmpiraionehich pravisies & Setkeaid@cmith Sxdnic logic,

havi ng .ene. Si 0 h ou dr ai p.pat hs . thereqf .
DR R B 18hel $87 A dau SN ECivrde conFatA Qsghstor
BB Yot SBlidetalekOfuite” VDR Nbhe J@yhey2.si de of the
source/drain path of transistor 1102 is connected to a

node 1110 5 and the other side of the source/drain

_imﬁbf?]()fRéf&?iﬂg oS 98 FREAE | éfﬁé?QEQﬁﬁsﬁgte& 9 a3 At Yew of the

e gate of transistor 1102 conprises the“positive
i qopparagardiOg lhad gEtlsl ioff ther SR Jatsh 408 laBrhting thed)-Baemitdte The one-

OB AMC IR 4R ST e 3 ndeteto s oRBERSHppmparator 402
tandngus tothe £dtd 41 aMg-chifeDdrRisiol 82 @0 the sbilGe/@laliSfattShéi@or

of the  source/drain path of transistor 1114 connected

t@ngecied hobren prede 1204¢pf Nec t/ 8-chonnshieansisige 126 hys therpource/drain
W ﬂi@llegf @nﬂgo?&lt &FVQ{% %ﬁ%{‘{z‘é)g EAY %’I ttﬁea%?]e! dtﬁ%rﬁcéf céé%eg:tedttg & node

ther side thereo to DRiss ‘
t 8B e dlbde biHas t@nlettal ta thoideutl 2 8onveatienal ihd&tes d D Eaidedko to one

P bR Benibeeth g el diost L ke o tieh S tsat
Iobhrecked to Vi, and the gate thereof commected 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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al so connected to the gate of an N-channel transistof4 March 2007
1122, the source/drain path thereof connected between

node 1118 and Vss. This structure is referred to as a
WBGhdijoeflaf! ynn 15 Li dhol m | atchi ng conpar at O‘i’c’i‘ﬁl'sfdﬂsmzss:'f
provides a Set/Reset latch wth dynan1c | ogi

described in Flynn M lehohn S. U, "AL 2n1CNCS

Sy B0l bl R0 of 58 BT i Bl o

Rﬁﬁ(éamnehgammtmrtlmt’v: It]ﬁLd%r 1ide thekef eonnectedl tolhgd,.r @heghias of transistors

VELGTTEN e o b s o Bl 01 e gtn gt ansistr

0922@;% conﬁ@&ed)ﬁ%e Radt inplf “HI® RtV sﬂQ 8r a8/ RRhIBR. Node

|n ut thereof connected to the output of conparator
8 igepimpeipdito theinpiel gatvedsr 1330, Khactrapim dherqof driving thergate of an

80 A O PP
t figp ﬂﬁe:bﬂjp&iaﬁbr 4%&1’&3 SHEmhenf of ¢nch st el thebma&uirlemf dies
t hereof _caonnected to a node 25

1204 th
Lo R B 6 AT L ETBE Lo T oS} staicrs to

CRRYENE] RNR khel YRS Sietfomlagrja%r apsl it BPTRIO 01 ‘grovﬁieﬁ ?oerle output of
the source/drain path of an N-channel transistor 1212

t prenpardier404ifeiihe Resetioput. connected to VDD and t he gate
t hereof connected to a node 1214, which node 1214 is
al so connected to the output of inverter 1210. Node
1214 is connected to the input of an inverter 1216,

t he out put t hereof 8’@0\” di ng the Q Bar outzgut. Node
1890301 g orpistion, fhsr the PosiHy OIIgH o3 GompAaPEgZ FRECharEsRuD, SET

t Qart8 520 2 AL AQfit ﬁadﬂéé\ﬂe 9 s%oﬂizs%gﬁ%ea‘@elo?ganﬂ@r 1202 %g%begins to

gate 1 conpri sed o a P- nn&l transi stor
hm/lowganﬁh%t tleoname ditwy thie othongitie ofibe latvh, whichbastalAND gate ND2

d th de, 1
RSP pat K00 4e AR AR PRSORE utiea dayen, tis then
V@t&ﬁ@@i&Z%é4ﬁnmhtﬁ%@ﬁﬁieQZ§a$ 9/B&3s sdd & Avdliesreof and the Q-output
e

connect tween the node 1204 and one side of the

s’é‘ getde/ Y with FBhednaing 1 onnonmangtes 02 a3 sendife mtzsz@e input of
A@&f 408 'bgﬁﬁ%gﬁ:ﬁﬁ%& £2 Gah /T Aﬁ%SR THE ly%flock 1218

tra I stors ar e connecte to the

oﬁrevdmﬁ Nl &pmyinbidig db2h8he SR vajet ecfak RSTagwss ®ivo rRS"ﬂQﬁﬁg low

DR REPe fonieei 3 By (R e S e R Bcprp s for
t&Eer/Regut of an inverter 1230, the output thereof

driving the gate of an N-channel transistor 1232
havi ng the source/drain path thereof connected between

808l o RTBRC S 8 SR ot

plabdk 118t Maissliely block RIDmpessiadtetirality VB sried &tﬁnwdih*/ﬁ‘ters

structure.to that ass C|ated Wi _t out put__of
RIS 5 5 o 8 0, A AT APOHOR D2 gt FAAY-channel

Ofansistor 1304, with the gates thereof connected together and one side of the source/drain

path thereof connected to a node 1306, transistor 1302 connected between Vi, 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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10 conparator 404 for the Reset input. [00301 In 14 March 2007
operati on, when the positive input of conparator 402,
FBI, charges up, SET starts to go high. As it reaches
ol d voltage Vmof transistor 1202,
‘ggg?[ﬁ}éﬁstqu 15 go | ow and, at1 he sane tine, F%%g%oﬂg 28857
side of the latch, which has NAND gate ND2 sim | ar

| Bl e T 8 onREEOL Bt et Gl PO Rlnsitors

| T40Giaad 11308, I'theigte$ Grbikkeebrtined isQolatict So S@linh@, Wwhetédstigs gate of
of "I" and the Qoutput is set to "0" wth FBI .
eWnsiston §40%s copnceishisdhaeiber Vigeinawed Thpothehsidnef thesqurge(dsain path
i . 1 1 H H t noqn
Sl LG s g el i o
pyoucefiiran pidh of arNrcbarink] 1 2dibenthehedShdreofionecchrdfio gound and the

RST goes.| ow. T.00i.ng. |.0 ensure t e, pul |

o R enno O s oyt b gogedlPand 8 e ofan -
SohaHRd] rasi NGO s SThMdistorIH T4 RaxTthe 36RebIdraitph@ithdrfe cBAY¥cted
to FIGURE 13, there is illustrated a schematic di agram

ofetwers taepthyr sidef pesigior 1498 andritiss Additiayally) eredfsettransistor(s) 1416
CHML P-%ﬁ%nggty,?e s WeAblok Y din réaﬁg ﬁagx%oﬁ&%ﬂ&%dea@rds%% 'sb kS drain
conprised of “two series connmected transistors, a
Pratthaftrepkistor 3408, the gate IBODT amdheetnd N-Ehanniadiso td tlerpmiesdformnsistor

1 , W th t at es thereaqf connected together and
ofs rftior s Bieels e cibie GRPTS ek 8 ek me R syl to
t Rt NPECetdrddd difs@ns iRlotpd3R2 THRRBESH: Qﬂh@&gﬁﬁﬁ*ﬂlev%pamtors
and Vss. 30 [0032] Referring nowto FIGURE 14, there

i ajd jn} the synpéy wdepgndinedy r W ithaeit oéfse thoadipwing wquigbe i d
conparator illustrating how supply independence is
enhanced. The conparator of FIGURE 14 is illustrated
wivtith odifsettir r ent source 1402 di sposed between VDD and a
node 14 March_2007 _\\ 2%94/025441 PCTI US2003/ 028857
14 1404, nodéraata2ddnfedntt ¥o,dianditdbmicotmb
differential connected P-channel transistors 1406 and
1408. The gate of transistor 1406 is connected to one
i nput, wher eas Tf)g, ga2 &(of * Inflansirid)or 73408 1.3
connected to the other VHF input. The other 'side of
the source/drain path of transistor 1406 is connected
to a node 1410, which ispconnggisetto one side of the
5 source/drain path of an R channel®412, the other
side thereof connected to ground and the gate thereof
cOnRsgicedeit 0 both the drain thereof on node 1410 and
to the gate of an N channel transistor 1414.
Transistor 1414 has thelggus &g/ dr ¥p,n path thereof
connected between the other side of transistor 1408
and V. Additionally, an offset transistor(s) 1416 of
the P-channel type has the source/drain path thereof

connected across the source/drain
ijeriod = 2 * (_ T * ].Il(].“‘ ratio - V;s /VDD) + T;)zlay(conm))

From these equations, it can be seen that Vi, 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.




10

15

20

25

30

10 path of transistor 1408, the gate thereof connectffiMarch 2007
to VHF and also to the gate of transistor 1408.

Transi stor 1416 represents sel ectable transistors that
WwbodiRsss4Pr ogrammebl e to sel ect a predetermppg

of fset in the conparator. Thig offset at the ?n%szoos/ 25857

the conparators aid in the Supply independence.

o PO &t WEIGURA Yy W3R o G ot one

Tinethatyafion b’bﬂle pﬂ'deﬁfohl@dclﬂét()r Id tie dsé€iflhtor infpdérham}edion the integrated

TDecIP%y (5 o%xﬂrrﬁablp 1%3foic§‘.k—ggé%%itéﬁﬁ02g$opd}3$ t%g.% ig g{v%rs ?1ed bya
r RbisRr 240699%(1/ ar é-i@%r 7109 DELAYHSR BPhe dnthh AR %éﬁ‘erator is gut toa

equations, It can be seen that VDD dependencCe h
adividd cirpBtAL Oswiiph if alsd epetralied b}é thoargisier 2408cke ontput thereof being

B G RAF oty Bl 200 A ShRleRe A1 G SRk Py thorogitr

t 2408s Refrieter 1410Gugutsahe shbies: d&@&t (SYRELES, wiedh i€ afpub@ thekird rate
negatlv positive. Again, this is a mask
E%%%I T addution jp angmicmpgh Hpciosperaiondherni 15 sguovision for an
P&Térh Y 0
LT e
[ lﬁstcamiedahat onnoffaded éhrpughcingimr cmsm 411 dtootermihals R4S and 2418 to an

oscill.ato nted the...integrated  circuit

PR &% AT Ruph Rahcrguner 2% BausSiob pbtatdin
tlhﬁmpleiemllt) I adfieiBnay, o extede] SloBl isAGRd eI aderinfif] LY that is also
2408. The output of the internal clock generator is

i Fipftto pRe py Qi ithi rndtiplpxes g 0. Shherysiph perirofled egctligtor 2412 is
CRtLRld Bé;i‘ RYisteheiohegi ster 2408, the out put

t hereof b I nput to one input of a multiplexer
2410. This nultlplexer 2410 is controlled by the

(B e it osnDoior o if b B B e e B Bl et clock

3¥er a bydteddlebsdtl TRe fnfermtl oddil R5rRH0E LA pBERAIAEPKith tHRGESster

|s al so a Erow sion for an external crystal

N6 by itheclgllowiae eaugtion:. 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 oscillat oﬁDﬂﬂ@G?éXl?pvat&)OSGéCIznput of the
mul ti pl exer 2410. Additional$é4z an external clock is
provided on a term nal 2420 that is al so

wherein f;,» is a fiequency of the internal oscillator followed by a reset, AT is the change in
internal oscillator, and 4OSCICL 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.




input to one input of the nultiplexer 2410. The 14 March 2007
crystal controlled oscillator 2412 is controlled by a
regi ster 2422. 15 [0034] The internal oscillator 2402
Wb 2hjapys@ped such that it will be the defaul t peXalsSithosss
clock after a systemreset. 1'ghe internal oscillator
peri od can be progranned Wththe register 2406 by
[

10047 BB Ml 0 AL,
o &nﬂdrétaﬁd:ﬂhaﬁ\@hbmmgey, sabsuasmhs anilalictatibibcat ha R@de therein without

t er nal illator, and ACSCICL. is a change to the .
v APRAERR R iy PG hLgPRY o @2%@1*1011??/6‘#%53 by theyappended claims.
regi ster 2406 will be factory calibrated to a defined
frequency such as, in one exanple, 12.0 MHz. 25
[ 0035] Referring nowto 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 val ue
can be changed internally. FIGURE 17 illustrates the
control register 2408 illustrating the controls
provi ded therefor. 30 14 March 2007 WD 2004/ 025441
PCT/ US2003/ 025857 16 [0036] Although the preferred
enbodi nent has been described in detail, it should be
under stood t hat various changes,. substitutions and
alterations can be nmade therein wi thout departing
fromthe spirit and scope of the invention as defined
by the appended clains. 14 March 2007 CLAIMS 17 O
Claim1l. An integrated systemon a chip with seria
asynchronous comuni cation capabilities, conprising:
processing circuitry for perform ng predefined digital
processing functions on the chip; 5 an on-chip free
running clock circuit for generatlng a tenperature
conpensat ed
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15

cl ock, which said on-chip free running clock circuit14 March 2007
does not require a synch signal fromexternal to the
chi p; an asynchronous on-chi p comruni cati on device for
CLAIMH gitally comruni cating withiyan off-chip asynchronous
——_tonmuni cation device for transmtting data thereto and
Clage di vimigtegeated syster pre p éhipomith odriad asyeehroshipcommunication

10 AS - us commruni cati on devi ce has an i ndependent
Capabﬂm%i’ @%@ggence, whi ch conmuni cati on bet ween sai d

on- gitbessiapalonieRtfbofer fierigepranetireaiddzied brazdbdng functions on the
) asynchronous communi cation device is effected w thout
chip; cl ock recovery, said -asynchronous on- chip
co |..CAL:] Vi I:0gQ . i e-hase derived from
cai s R0e PEHLARBONL P ifrol pORAANE ERH R gh8Etnsated
clock, which shiddgpetipl@iat r@fnigndlotlt sirdigr doek @bl iieda kfhdh@ral BYEn external
.data received 15 during a receive operation; and
to the chigiher ei n sai d t enper at ure conpensat ed cl ock provi des an
on- ¢hi_p..ti ferenc for. hoth [ .Q sin v .
ci 7 elrbp g AR O R e RO ZERRC e ging wi
an off-chipl@sincBronblidd om@unitireon deve@foF @ehse)8in@Batharet i REeiving data
Caim1, wherein said asynchronous on-chip '
therefrom cwhigh pffclip asynaspnews samppricainadevisethas ae fdeperdeat tm
£ Lecal : US|y it ' transmn ssion :
erence, A4 AL o EMIEIL MUY M el RISy gt
asynchronsed cbrivanpiestidnudesicedo affents@ivittiontl cdadk re€dvatyNsdid abidgthronous on-
hi inte%rated,s¥sten1on the chip of daim1, wherein said
chip Com%‘@ I_PH ﬁ‘ﬁ?“ﬁ@ ETIB% R.tm%ﬁ‘?*ﬁﬁ idF“E“tSjn‘_é?IF@é’él: [CRPERIWE h@rng?nsated
lock, whi€h fifilél i e i et
clock, whifh Gt fast A indWeh@iting af?fﬁi@ﬁf%ﬁgédﬁ%@gﬁﬂgth%gﬁ@% %ft%ﬁ?%eéved

states at a redet ermne , Sal

during a regeive wptmyiorramdgi ng bet ween said first and second | ogic

5 states based upon a trip voJtage, said swtching
o 1 BTy G GBS ST BTN SAoha ee o o ThiRd e reference

for both 5226 pReERIRLilNRFLM I DI ﬁ?gclﬁoﬂm%[cﬁgﬁ’g&gn@gﬁlﬁ%ﬂg@ﬁ?&gce.

trip voltage génerator for outputti rip
vol tage that is conpensated over tenperature to offset

the, t t fil f i,d i tching 14 March
Clagticy, TG BRI onf sl Clfimd bet e Saigavaatipmous on-chip
communicEIP@RsR! i€ dp&Rblead kankrhiPHad ahd rdceRR cfa’fé%gfﬁ'cglr&{%ggf V&éifth said

. .Circuit. daim4. The integrated systemon a chi
transmissiqy ideeeptinh epelationsdativirgiheir dinu lease fonpend trmgerdtatep

_ e generator includes at |east two resistive
Compensa%(gélltogg‘s of different materials and having different
tenperature coefficients.

Claim 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 temperature profile of said switching




Claim5. The integrated systemon a chip of C aim 4,14 March 2007
wherein said at |east two resistive devices have
positive tenperature coefficients. Claimé6. The
integrated systemon a chip afgs € aim4, wherein said
.. . tenperature conpensated trip voltage generator
circuit togypyide dB §Veralitgmpmatueg sorpensiied ppasatiapior ssid dtegrrunning clock
connected in series with a bottomresistor between
two supply termnals of differing voltages, said at
| east two resistive devices connected in parallel and
conprise at |east a portion of said bottomresistor.
Clgigy 4n The migeraied sxgten eaa shipradinlom 3 wirrpinshiddemiparagyre
i ' resi r ts_the. value of .d trip .
compens$igtiith Dofleckeh ol SRAM S iFd Fub Nyt EbBin o fitprept oot
and havig differcht todyeigtife ®affibicts. | east two resistive devices
have the values varied to set the tenperature
coefficient of said trip voltage. daim®9. The
i rt-: hip of+CG ajm4, wherein one of . .
U R TR & (P TG EL P uat Tl o Tesisave
devices havepdditingd tempesirs toéffiaidtst he ot her thereof conprises a
pol ycrystalline silicon resistor. Caim10. The
integrated systemon a chip of Caim3, wherein said
i ' ' i ' y .CO rat.or _.circuit
Ol & el Sy LR B R R L Bhure

compens@ed trippfoltagaigendritos tormmikes & dondereaapiahathal ®pReNitbOcdnected in
ef.erence jnp%t connected to receive said tenperature

series Wi‘% SSSHIDEHSAT I PPCEn Ve bl Smpals afyliening Yodimges, atidragleast two
resistive W%%ﬁ{&%dtifll Rra¥i@f fhﬁg:%n%r?ig@ Etﬂg%’i aﬁﬂahﬁg&ﬁ?a@tﬁgﬁ@? iistor.

each of said conpar at chang

between a first logic state and a 14 March 2007 190
ecand.,l ogi c state when the er jnput thereof passes
C@éﬁ’g- ?ﬁ*ﬁeﬁg@%ﬁa{e&g%?few aa?hlmz@? %:Faﬂlﬁiﬁn Yhereieeaid tapgiesistor sets the
valueofﬁﬁft}i@i@gag@]en each of said two conparators sw tches

the outputs thereof by providing a feedback that is
input to the other input of each of the two 10

arators. Claim1l. The ip rated systemon a chip, .
R IR M Bero G b b el G T "B Bles b et rymeistive
devices hiveatit @aloYs Ofricdab detfth@RnipeRifiBGosiiefkk: &f §aﬁi‘ﬂr{g) Widgsai d
RCtimng circuit is variable. daim12. The

integrated systemon a chip of Claim1l, wherein said
RC circuit, and a

I ng..elreyit  conprises: .a. firs
I g R Pl st BTG TS CRish & Phuets iscptaiee last bwo
resistive de@ @M Corbriss b Wi diffRd6M reaRIR LS LG tRer tREESE &mprises a

polycrystalline silicon resistor.

circuit.

Claim 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 temperature compensated trip voltage generator with the

output of each of said two comparators changing logic states between a first logic state and a
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10

5 connected through a swi tching device having an 14 March 2007

associ ated switch i nput between a first supply
term nal and one side of a first capacitor, the other
side of said first capacitoriemnnected to another
different s termnal wherein current is
second logig §tat yrica tﬁﬁ%ﬁ@%&ﬁ%@%@%éaldﬁméfﬁaa@eé and 5j ¢
capa i .
ooy b RETimaR el RAPRANRCEET St ) bgppgiloRhwitches ne
outputs tlzseddiyatredidonge fetdmak that wanpwinp adicedthdr iopiitpifescseihe two
that charging up of the associated one of said first
comparat@ignacitors wi Il cause the voltage at the one plate
thereof to be fed back to the other input of the
ot her of said two conparators wherein the other of
Chand 1t ihe daegratedtsgssmwin d clipwof Chimwberhélm 4@l REABNAA circuit
the one_plate of said associated first capacitor
sets the figQUnEH S PHE FHep VRN F1agecire Hinehses, REHHaninin pegitis sdriable.
systemon a chip of O aim10, wherein each of said
conparators includes a differential input pair of MOS
Claman2i §heigedrated pyawmdinaghihef Claom il hpuh&eintsaRY RCGimiapdircuit
. further comprising an offset circuit for offsetting
COmPISeY he vol tage between the differential input pair of
MOS 4 4 s . | he.i.ntegrated systemon a
chi pat %&F%tglgnhﬁg?g&ﬁg@gﬁé{%gllyﬁnﬂéffset circuit
conpridsiest BCparcaltlaed sofl femnd RCacisiustteaach dirmpdded a irdkistor

rallel wth ope. of the differential input pair of
connecteoﬁ%% é’lﬁé&{%ﬁi&g levice having an assoc{ate switch mp%t bet%feenaﬁrst supply

terminal and one side of a first capacitor, the other side of said first capacitor connected 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
inpqt 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.

Claim 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.

Claim 14. The integrated system on a chip of Claim 13, wherein said offset circuit
comprises a paraliel offset transistor disposed in parallel with one of the differential input pair of

MOS transistors.




