Qut put Architecture for LCD Panel Columm Driver CROSS-REFERENCE TO RELATED
APPLI CATI ONS [001] This application clains the benefit of U S. Provisional
Pat ent Application Ser. No. 60/891, 262 filed on 23 February 2007, entitled

"Qut put Archi A[f)é ﬂéa I L V@re i NS eby

i ncor por at ed by p:aqtgr enc}éll n |lf1;@grk1)tl} e(?p %ﬁéﬁr\c@éﬁ@?@&ﬂﬁ%{ooz] Dual
rail LCD (Liquid Crystal Display) colum drivers commonly use shield
circuits (shields) to assure that the output transistors do not exceed a

specified maxi numvoltage. As shown in Figure 1, by way of exanple, such
shields prevent the transistors fromexceeding 8 volts (in this exanple

usi ng 8 vol t CRAPSSeIREFERENIGESES) REDOSTED ARRPIECA TGN gital to
Anal og Converter; UDAC=Upper DAC 10; LDAC=Lower DAC 12; USW TCHES=Upper
switches 14; LSW TCHES=Lower sw tches 16; USH ELD=Upper shield 18; and

LSHI ELD=L shi.gl.d 20. U r. refers to range, of the PAC circuit

whi ch nor ﬁy opel a ICBté‘?rgg%Wl neﬂ‘\tlﬁf)ﬂ%g%‘"ﬁﬂﬁg?l I%é‘?né?é’.p 157408wer range
whi ch nor ged. No. 60789 BL6S fiRAtoNEBFEDridYPR07, khtifldie cutpimd @hiedenftb @tr € 1, AVDD =
16 volts max, and HVDD = 8 volts max. Thus, the out Eut at the PAD or node

24 has anL&i Panel Golumaylariver nyhisle isdesebyOneardoratgdiby referanice imits dritgetgxanpl e i s
16 volts.héggﬁ] In Figure 1, the transistor devices used in all circuits
are 8V conpli‘ance transistors. The configuration of the UDAC 10 and LDAC
12, are depicted in greater detail in Figure 2, in which the body of NMOS
transi stor 22 could be coupled to the ground (OV) for the | ower range. The
body of the NMOS transistor 24 BACKERAPIND to HYDD for the upper range
whil e the body of the PMOS transistor 26 could be coupled to HVDD for the
| over ranf¥2hnd tDPral sobl,CBf(Lidved Pxes Dispiay) sobmpdivancdremonlymsé ed to AVDD

A T RN TN

t he NMOS' maximum voltage. As shown in Figure 1, by way of example, such shields prevent
the transistors from exceeding 8 volts (in this example using 8 volt compliance
transistors).
[003] In Figure 1, DAC= Digital to Analog Converter; UDAC=Upper DAC 10;
LDAC=Lower DAC 12; USWITCHES=Upper switches 14; LSWITCHES=Lower
switches 16; USHIELD=Upper shield 18; and LSHIELD=Lower shield 20. Upper
refers to upper range of the DAC circuit which normally operates between HVDD-
AVDD; and Lower refers to lower range which normally operates between 0-HVDD.
In the example of Figure 1, AVDD = 16 volts max, and HVDD = 8 volts max. Thus,
the output at the PAD or node 24 has an output voltage swing between 0 and AVDD
which in this example is 16 volts.
[004] In Figure 1, the transistor devices used in all circuits are 8V compliance
transistors. The configuration of the UDAC 10 and LDAC 12, are depicted in greater
detail in Figure 2, in which the body of NMOS transistor 22 could be coupled to the
ground (0V) for the lower range. The body of the NMOS transistor 24 can be coupled
to HVDD for the upper range while the body of the PMOS transistor 26 could be
coupled to HVDD for the lower range and the body of the PMOS transistor 28 can be
coupled to AVDD for the upper range. This is the case with the p-substrate isolated
technology. In the case of the p-substrate non isolated technology, all of the NMOS’




-1 body are tied to ground. The non isolated technology will introduce the
body effect and increase the on resistance of the NMOS of the upper DAC
hence degradi ng the speed perfornmance. [005] The output is taken at 30 for
the upper bp@nae tRf té BRURACTLUR o BRG Bdinold Willgnd:QMEE t1HeAE oAtit he DAC
(LDAG) as Shoun &1k gRubR ot T isolded feennol gy nill LS dlebody sfisicres 16
respect i venginceeaps bid wogesstincstof the WMQS Gﬂiha ngper3TA € dspeectegrading thdhe

Swi t ches pectively are switched in a manner such that the

| ower rang%eeggg{)fglgrﬁinggd t he upper range cl osed when there is a DAC out put
that is if00she upperoutputgsiakanst 30 oL theas, p?érﬁéﬁ@d‘oﬁtﬁ@mc QUBACYHAPYE in the

| oner range . fromthe DAC. {:, Fi gure al so shows that the PAD 24 sw ngs
from OV t PTAVDIONEEFange of the I%ﬂf:lﬂ seTVS\W Biswaipst iviassgd t6 r om HVDD t o
AVDD and @rsertdfRE @llg§§ Y el ds 18
and 20 in order to é‘?gﬁ(ggtgwlﬁe lcf‘feﬁ%%cﬁ g%ég)\(}lh%eess&{ O%ft utts ?4 %ﬁdy gi ven

time the 96kd¢spesivabyr (e saitehes 14 &gl tenekmedvelpare d\m&hé‘(ﬁﬁﬁh IﬁMlne-fl@ﬁbHS hi el ds 18
and 20 ar%ﬂgeln raII configured as cascode transistors with the gates

around HV °‘§?¥I BREDES BRVeRer RSN NSn (e 1 aTRé Ctitpanyi ng
drawi ngs BeW i eheippétanke %@%%tﬁﬁagﬂ’?en"mérgt& (Mt R8n tHésig\g Ith%n gore fully

descri be various representative enbodi nents a be us t hose
skill ed i fromibe®ACto better understand the represent ative errbodl ment s

numer o TRRG 1 et ST Bt R BRAR0R o Predform ol R e P ndafeck o

di agram ODIHTUSWQndl’(DN’ELSW 1844 swin Qﬁbmﬁl{mﬂﬁto%vemanam%mm of upper
and lower DAC circuits as used int LCD driver circuit of Figure 1.

[0010] Fi fspestizelys Thipis duk tafibggrand tbf: shiglsls A8 and @Dinderderto prptectithe 8V

compliance devices, hence at any given time the voltage across any of the devices
won’t exceed 8V. The shields 18 and 20 are generally configured as cascode
transistors with the gates around HVDD.




[0011] Figure 4'is a schematic of upper and |ower DAC circuits as used in
the LCD driver circuit of Figure 3. [0012] Figure 5 is a block diagram of
anot her LCD driver circuit as described in various representative

enbodi ments. [001 i i i i (o] npl ary DAC
circuit as used i%hiiﬁﬁﬁgﬁﬁgéﬁﬁéfﬁﬂiﬂﬁttﬁ%ﬁfﬁﬁi3§PJQW9£F§3§e 5 as descri bed
in various representative enbodinments. [0014] Figure 7 is circuit diagram
of one enbodi ment of a body bias control circuit as described in various
represent go0Ne e ”H@Ehd&&lﬁb%yig@@ﬂa%ngﬁgﬁw&e Bishdl réprédehfatibhs HhRAKAMLE! the
upper and | ower sw tches as describe in various representative

embodi mentiged to ey dpcmEsERioT Faese0tie; envbodimentsiand can/kssedhyi s

tib . ' ' j t Joros, there is.shown in th
i awi ngs. SeaC TP ROHERR o bR FRMeahd e TRbresc R IR P ol AN« e

t he under ahdtidirighdriatadtviigages e hethescldraeings Uile referénds humehadidemifys is to be
consi dered as an_exagple of the principles and not intended to limt the
i nvent i on *PePARIIBBEleMENs enbodi nents shown and described. In the

descri pti ggoghe! OWiguld ke JLAIRI AGEMIIRIRIS A& HSEH Lo describe the sane,

simlar or corresp ing parts n the sever views of the draw ngs.
[0017] Th¢0G9%r s PFigtire@ris ‘aaniemas: afsppertrad édwer DA€ citebitnadisad imthe or nore

t han one.L¥%y§.tern1ﬂglgﬁality", as used herein, is defined as two or nore
t han two. e e UL ALYEBI® - as used herein, is defined as at |east a

second or [0UI0F.- THIBure®liBR blodkiAgten anAAE 10ED dkY Aftuit. @S used herein, are
defined as conprising (i.e., open |anguage). The term "coupl ed", as used
herein, i $0Md} i ndtgers 408 anelamatic dfluphergh lovwoer DAE cirssity dslysedlintbet | y, and

108 RECS B b FREDADLe e rence (imoushout (it derument {o Tone
t hat a paf@ilepl arFig@etsus @ bledkrdigdrath@f afsthe TarP e Giduft ad @stibBeR | N

various representative embodiments.

[0013] Figure 6 is schematic diagram of an exemplary DAC circuit as used in

connection with the LCD driver of Figure 5 as described in various representative

embodiments.

[0014] Figure 7 is circuit diagram of one embodiment of a body bias control

circuit as described in various representative embodiments.

[0015] Figure 8 is a circuit diagram of the upper and lower switches as described

in various representative embodiments.




connection with the enbodinent is included in at | east one enbodi nent of
the present invention. Thus, the appearances of such phrases or in various
pl aces throughout this specification are not necessarily all referring to

t he sane enbodi nent. Furtf&g/ . [é m rﬂeatures, structures, or
characteristics may be co ﬂoé%ﬁ‘ﬁ ﬁé@ I fb nner in one or nore
enbodi nents without limtation. The term"or" as used herein is to be
interpreted as an inclusive or neaning any one or any conbinati on.

Ther ef ore[0016} B Whil&hif®RBgional Yusebptitleof &hbMibt in ManBdifféret and B; A and
C B and C A B.and C'. An exception to this definition will occur only

when a cBwBisrheiednshsmreinghe drayings and vvill erein begescrbeddadstagspedific some way
e . . _ ; . Cdering E f
the-shi el SEPUHRb iR MRl B g AR, 00 GROBLOE O Db diddfindhs 158 1©

power di siitpaticomsidetttasam exaaplost thg prindipleh usd n@ristbhdedad likgt the t he fast
speed of the DAC conver’_(sﬁjcon due to use of small 8V. conpliance transistors.
i

[0019] ThEVERHSHPTRHIRSCHicsmpodurerieshov nd des@ibgdn bt teidgsariptign belowg LCD
panel's. [ jdiGed GuilerMts RQ L?@(F {OO%S?I%E tlh%';arﬂg @ﬁhilérg)r E&H’és%@#sﬁﬂé gar‘?s an RC
e) |oa e river. The

(resistive and -4 capacitiv or t col um apacitor in
t he RC | oathe seveon vetsexf thodragnmgs| ect rode call ed Vcom The vol t age appli ed

to the RC be_varied, alternativel hi ghe nd | ower than the Vcomin
order not [W%arraeﬂ'@e}?w Bct pFhefts us?ﬂ%*é’“i‘%%\‘}%‘iffﬁ‘@ 9 Udpgre ey
provide tyge feﬁﬂ%%&rﬂity’%%kh@&ﬂlerﬁﬁpﬁé%eﬁﬂ&i RabeWr hitfe ARRTWSI TRE fnl ddl e poi nt
cal l ed HYDD (HVDD bei ng cl ose but not necessarily exactly equal to Vcom

for the LGDoBwrelas usaddicsan iprelinadiasat lgstl acseoersl o moragThe tdsmbfer with a
0- AVDD out, n ?‘g@ bty ] he fie of . CDAC PPDS. col unn drivers,
it is par tlgglhfiglgl ?/&li/gﬁ er gsntgi ’n%ls l{sgélh%\?gl’ § rv?odeglﬁﬁ &? HEP&S}%%%{%’F &% drive

separ at el langhidpe). Upieterra ftooupbetl ay wad Berelil) és defimsdbs tehnktrad, altheudghddter is the
n one DAC (e.g., the lower DAC) is driving the panel,

DAC itsel f and whe g

t he ot her nm@avg@.r%cﬂv prdduihereesianity meshasinalir Refesench diraugheuf 84S ¢ he next

line. Aftglouiiet PONME eRibBfintent™d ClEtaid Gibdents”, "an embodiment” or similar
terms means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearances of such phrases or in various places throughout this
specification are not necessarily all referring to the same embodiment. Furthermore,
the particular features, structures, or characteristics may be combined in any suitable
manner in one or more embodiments without limitation. The term “or” as used herein
is to be interpreted as an inclusive or meaning any one or any combination.
Therefore, “A, B or C” means “any of the following: A; B; C; A and B; A and C; B
and C; A, B and C”. An exception to this definition will occur only when a
combination of elements, functions, steps or acts are in some way inherently mutually
exclusive.
[0018] Again considering Figure 1, use of the shields’ 18 and 20 has the drawback
of increasing the die area and power dissipation. The main advantage of this
architecture is the fast speed of the DAC conversion due to use of small 8V
compliance transistors.
[0019] The embodiments discussed herein relate generally to driving LCD panels.

During the driving period, an LCD panel is equivalent to an RC (resistive and




(e.g., the upper DAC) is then driving the panel, in which during this tine
the other DAC (e.g., the lower DAC) is converting the data for the next
| ine. Hence the upper and |lower DAC take turns in converting and driving

the data. c§2020F) load @irehesdlonineives. THcapiGide Gk W(E10ad iftd@dERedocoul d be
used to elimnate the shields shown in Figure 1. Elimnation of these

shi el ds wedFgctstgraled Neom: dhgvelage applipd tdthe B¢ mpstdemprigdplteraaiivglyi ance
transisto LRsd . ' ' r - igure 3,
DA D g Lo B R AP S EL R LR Gl b BEHERRE ol PER Bl s DAl 52
USW TCHESEUppdnivesugdnetadly pp8yidatvdo ranSiAf ofGidESsd, abeve sdibieliwete60. Upper r e]t ers
to upper range whi ch, nornmal | t et ween HVDD- AVDD; and Lower refers
to | g&er PR HWﬁ‘@deﬂ%P%ﬁ‘i qaile(.igﬁé{)ﬁt@?lﬁébg@gﬁlogg tOpEEENY In this
enbodi menkxffly Byel i@ V3emiBEME IICD PahdlaTEEE1Bhn YRTBI& ul PudeNindlE @Nsi stors in
t he UDAC 50 and the LDAC 52 since they are manufactured usin | arger 16

vol t conpbiferaeth 2 AnsYBDorwputnangereepadohityi du thedicdd o86EDWE PPDSicglumm 4.

[0022] In,this.case.the OUTUDAC 30 .and OUTLDAC 32 c each tolerate 0- AVDD
swi ng. ductfBnSdER R HE AUl PRVE ¥ Brrs pons ST (aRce SPRERAY LDAC 2.
I n order the vppei Mhdtlowsd AgedTRIRadoAtis tHABIhe biFeARShOD ARl ARSI Rhor s, the

body of the NMOS transistors 72 and 74 are both coupled to the ground (OV)

for both eppRACHSE- thelaster B Isidrizingtibe pangls tlf othereD RS 2. thaaipst or s 76 and
Croaet monP G bl AYBR K PR e S R SR RS AG

enbodi nent, the size 175 e use of ‘[arger 16
vol t conple.@ntbe uppar3A€) Brtken divisg Wepatelhmvwehich dimaeg thivtihb ehelogliy ef f ect

becom ng_hi gher)_ hence bjgger transistors are needed to achieve the sane
E)erfor rranpg.cg th%@%mggﬁéewﬁ%ﬁ’&tdaw 95 g et Jine Hsmee thy uggen d be

bi gger Comppioad: DA e A¥nOfEais&ink Andhiguing ke ghee [0 process constraints,
The body effect and the process constraint Fesults in conparatively |arge

transi st ot0028] ze Inkene hmbpdimeaf, tlecarchiteetsp el gper3f @uibbeesed o tlieinRC. 1t is
ﬁ;?gaglr g athégfn%ﬁ% ghgxgﬂ,éne 1g(1)196i Hegltir%in%{ioxllz iogt Easee s%ie%s v's:ré) Hrrgdu%e t eu ig ar%gns ume

required, but the 16 volt compliance transistors used inside the DAC would increase

the die area. In Figure 3, DAC= Digital to Analog Converter; UDAC=Upper DAC

50; LDAC=Lower DAC 52; USWITCHES=Upper switches 58; and

LSWITCHES=Lower switches 60. Upper refers to upper range which normally

operates between HVDD-AVDD; and Lower refers to lower range which normally

operates between 0-HVDD.

[0021] In this embodiment of Figure 3, there is no danger of damage to the

transistors in the UDAC 50 and the LDAC 52 since they are manufactured using

larger 16 volt compliance transistors and are configured as shown in Figure 4.

[0022] In this case the OUTUDAC 30 and OUTLDAC 32 can each tolerate 0-

AVDD swing due to use of the 16V compliance transistors in UDAC 50 and LDAC

52. In order to avoid turning on the intrinsic diodes of the transistors, the body of the

NMOS transistors 72 and 74 are both coupled to the ground (0V) for both upper and

lower DAC while the body of the PMOS transistors 76 and 78 are coupled to the

AVDD for both upper and the lower DAC. In this embodiment, the size is potentially

impacted due to the use of larger 16 volt compliance transistors. This would have

impact on the body effect (becoming higher) hence bigger transistors are needed to

achieve the same performance. The 16V compliance transistor used in the DAC
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performance. [0023] However, one advantage of the architecture in Figure 3
Is the reduction of the power dissipation thanks to the elimnation of the
shields. But, this architecture has the drawback of potentially slower DAC

conver si Oﬂfoﬁﬁﬂ%blgg@‘ cbﬁhgﬁfé@ YR B ch@0 88 in FOMCPER ﬂogﬂgﬁ Fdé‘lsﬁ%nts[ 0024] The

architecture in Figure can be used to elimnate th I'n Figure
5, DAC= Dl§f pedy @féecAn@sl b p@mwsecrctnetramtﬁmm;;pempﬁiA@vd@@a;rgeLM@:st@omer DAC

102; USW 118 and L T wer sw tches , 120; Upper
refers tol%@gi%clﬂp‘gﬁl aﬁ% %egr qopna%cﬁefﬁge@_{g t’é@ﬁg”ﬂg)ﬁlﬁ’—v the and Lower
refers tOembmmemng@gm mrmgms ouRDEIBEAE nfoes WegRorahdMaR [ 0025] I n

this enbodi the voltage applied to the body of the NMOS and the PMOS

are contrBf %‘H‘aBS?ea body bias control circuit. 130. In operation the body

bi as conjgeah) Ci rﬁwéve}ib(ﬁ]e%a{?ﬁﬁ%l of{tﬂgarlaﬂq%;hﬂgl f&%mlgl\fat ﬁ(ﬁlon p the UDAC

to a voltage " havin to one diode age drop
bel ow HVDthe(pover dlswﬁﬁm ek s twnlm’cﬂlernetmrSOﬁlﬁeduelﬂs t Beat, ﬁ@mmenmeoaﬁal sense of

a transis e to.emtt vol t age drop throu hout . Also, the body

bi as cont b%ﬁ the ri’Fa&snafk E%Wt%mﬁé&%vqr%ggaax}vermn %H?ég PR ta@wec%féar@ﬁ the LDAC

to a vol t@gecbﬁ%hg}g;eqievggue equal to one diode threshold voltage drop
DD+Vb

above HVDDO& HVI e). The body bias control block 130 is not used
to control002Hk b(ﬂgﬂ atmhltemlrﬂmm\ﬁ @edeaked toeelibimdd;: thetshizhdsi dn Figure

conventio | s_t{he X ntrol block 130
used to (g:]gl?\{xrol O&é?rhvg ﬂ@%éqf@g‘gqﬁg&tlﬂéaﬁ%&@ H i s
convent i opald yoz; ILESWH:CHESQU r sWiRRES] 18; InPNSWPRCHERZ] 8Wer difthes
respecti vel(i/) cl anp OUTUDAC 30 and OUTLDAC 32 hence keepi ng themin

( HVDD- Vbe}?2 mvmf%rwt%@p&ﬁ gnge tehich noymally/epgrateebeity eere BV AEPY; The

di odes wi e K C and LDAC from
seei ng th%laAdO %Ifgf;é\gm%gg@%mg%%}’vﬁ I\éggqgﬁf)%]]j %?egﬁgsdb%f&%z%ﬁhe ps to boost the

| ow to hi [3}025} an§'nttli1is>mnbbdiﬁidﬁUﬂkCV(ﬁ&gbyp;ﬂwdrtc thedbodh o f tHeWNNMEH addrthen HVDD
when it c ts. This is t ase whep there is an out put tranS|t|onfrom

| ower ran arﬁﬁB’étrmlfeél beﬁéfgl%ﬁ @agorgiremigd3ge Ihbgpftfﬁ@fh therbody blasw

control circuit 130 connects the body of the NMOS devices of the UDAC to a voltage
having a value equal to one diode threshold voltage drop below HVDD (i.e., HVDD-
Vbe, where Vbe is used in the conventional sense of a transistor’s base to emitter
voltage drop throughout). Also, the body bias control circuit 130 connects the body
of the PMOS devices of the LDAC to a voltage having a value equal to one diode
threshold voltage drop above HVDD (i.e., HVDD+Vbe). The body bias control block
130 is not used to control the body of the PMOS devices of the UDAC, which is
conventionally connected to AVDD; nor is the body bias control block 130 used to
control the body of the NMOS devices of the LDAC which is conventionally tied to
ground. Diodes D1 and D2 (122 and 124 respectively) clamp OUTUDAC 30 and
OUTLDAC 32 hence keeping them in (HVDD-Vbe) to AVDD swing and 0 to
(HVDD+Vbe) swing respectively. The diodes will help to protect the 8V compliance
device in UDAC and LDAC from seeing the 0-AVDD swing. In addition, the diode
D1 122 helps to boost the low to high transition of OUTUDAC 30 by sourcing the
current from HVDD when it conducts. This is the case when there is an output
transition from lower range to upper range. The diode D2 124 helps the high to low
transition of OUTLDAC 32 by sinking the current to HVDD when it conducts. This

could be the case when there is an output transition from upper range to lower range.
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transition of OUTLDAC 32 by sinking the current to HVDD when it conducts.
This could be the case when there is an output transition from upper range
to | ower range. -6 [0026] The body bias control block 130 is designed to
prevent the turning on of the intrinsic body di odes of DAC s out put stage,
parti cul afd026} he Tdd®dybidstentublAdoclahiD is ldesipddSogirevtentthe BAGIng[odGE7] One
potenti al ,advant.age ,of,. t.he tecture of Fi. I on
the resi st \}’émélﬁ‘lcif’fﬁ d{f’geﬁﬂﬁf)%@ hepest %gfuP?rP aﬁ)‘l%%@%@ %ar# pat i on
and snal | gid the PROS OF tHepAae performance. This architecture also has a
fast DAC conversion speed by virtue of use of 8V conpliance transistors.
The body HI032] corfPrepotentist kdvestrge af Slesarchitentuemeiliignig Sois thevalintingtingy ef f ect ™

of i odesoh3 FerR SR8 o 20 shee R R 1 i Sl M et o upper

to | over &ends the sanvé ﬁ@'fdtﬁfaﬁae THi§ afeBité direrlochad h fish ® AT torBleidn
architectures is summuarized in Table 1. Power DAC D e area di ssi

conver si ofPecd Mnvitue afgise af §¥ compljangedransistora nbhe badyriggcopokh! %K
Fi 1
B T A o

e use o conplrance tran5| stors The
bi g di e aLPAGDER. tlnadﬂitmn Ihé@seoﬁchedw 122 anHi1gdhelps tdsgeel apitisd drivispeed are

due to the use of, |ar 16V co i ange., trans stors. The e tion of the
shi el ds r Eaqsitiens figmp ,S%Wézver iag vicgyerspnEh B O@A@%ﬁﬁi}%ﬂé}f et speed i s

., 10 thezMaRectiiedid sBmmna iRl tn T ffast of small 8V conpliance transistors.

ation
pat i on

The small die area and the | ow power dissipation are due to the
DAC
. Power .
Die area dissipati conversion Comment
issipation
speed
- The big die area and the high power dissipation
. . . are due to the use of shields. The fast DAC
Figure 1 big high fast conversion speed is due to the use of small 8V
' compliance transistors.
The big die area and the slow DAC conversion
. . speed are due to the use of large 16V compliance
Figure 3 big low slow transistors. The elimination of the shields results
in low power dissipation.
The fast DAC conversion speed is & o the use
| - y of small 8V compliance transistors: The small die
Figure 5 small low fast area and the low power dissipation are due to the
elimination of the shields.
(Table 1.The performance of the different architectures)
[0028] Figure 6 shows the output stage of this exemplary DAC. In Figure 6,

DAC= Digital to Analog Converter; UDAC=Upper DAC 100; LDAC=Lower DAC
102; MopU 132 and MopL 134 are the output PMOS transistors of the upper and
lower DAC 100 and 102 respectively; and MonU 136 and MonL 138 are the output
NMOS transistors of the upper and lower DAC 100 and 102 respectively. Upper

refers to upper range which normally operates between HVDD-AVDD; and Lower

refers to lower range which normally operates between 0-HVDD.

[0029]

In the circuit of Figure 6, PMOS transistor 132 is coupled such that its

source is coupled to AVDD, and the drain is coupled to the output OUTUDAC, and
the NMOS transistor 136 is coupled such that its source is coupled to HVDD and its
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elimnation of the shields. (Table 1.The performance of the different
architectures) [0028] Figure 6 shows the output stage of this exenplary
DAC. In Figure 6, DAC= D gital to Anal og Converter; UDAC=Upper DAC 100;

LDAC=Lower, DAC 1Q2; re out nsi stors
of the upP@ §5gup F%%I\{E‘Q B%Qg)ré\@ grﬁf%?fégge@tdlh\?gfe o @HEU% ﬁi@% and MonL
138 are t hgrigid patly dxM@dlé@Wﬁb&%e@fhe%&yW&E dadiel of TMEDS BAGSI00 and 102

respectivel Upper refers to upper e which normal |y operates between
HVDD- AVDD13%thq_1?ﬁA}é’r0f trapsigtes 13 %is|coppled ?%‘g}é(@%%‘ﬁe HEUERATE JeCSsF at es bet ween

0- HVDD. 81%2%1165 o?trta&?st&'srlgﬁ'ah %6 FTE@WM‘ tha g{gﬁh} ﬁ?@ﬁ'c@ﬁ Ed l3thebSd dfoum ed

such that source I's coup e drain s coupled to the
out put ClB“‘dDé&htroamdncH@eoMahdaqldeHNm&’bbs coupl ed such that its

source is coupled . tqg HVDD and its -7 dra cou led to e drai n of PMOS
t ransi st of0088b, aﬁﬂ\@llﬁﬂ}’ré@ ﬂ%eoLW@CtraﬁﬁPﬁéor 3@’@? ht§ B%‘fﬂ}lpgﬁ dle 140 is

shown bet taﬁt? ity @(ﬁﬂglédhg G’U’?LDA@c TV tb BI3HAS 19 draid 86u J’l&-ﬂ% body of

transi stor I's colipl ed'to AVDD and the Inputs are receive the gates
of transi @[[HPIﬂ)AGandmbdlraﬁioffﬂaesﬂstodjéébfThermme@tfmanSLQGr1338 scappleditt o t he

body bias control i.ch nd e to 030

Sim | ar | y8oPRd anis ifs lf_\lgnéyl eb? ?1% rafﬁllf é fstcé)ugfg&l%lgj %’gﬁi%e% to HVDD
and i ts degtbl §90IPIREndObSIFTHENC 42Tk BREW S bSivedBthe iadin bf PMDRirAnstaep] ed to
OQUTLDAC and the drain of transistor 134. The source of transistor 138 is

coupl ed t &34 egnbitsbdys is its body. The body of PMOS transistor 134 is

coupl ed t N Efaboﬂ'}é gjolgms%?&tlg 1%'0 1&§9€d té%ﬁﬂr@ﬁw%&%ﬁé bghf g%gﬁllzélphs shown

bet ween t i nof transistor ody. e body
bi as bl ocknd B2 oBtheiapsbriand svedtDACHO0 and ﬂOm&IspechOdyddirdeBnibd.OThand 142 of

Lhe Upper S houEr, DA 100, and, 192 Lespeet et ARS Bty TS b

LDAC to HYBRVREHVIRIORLE, HEnddtRE Fidtdckife Qfo@gsev%ﬂl"él{vlaysaédﬂ%ﬁ& fonduct first,
minimizing the risk of turning on the body diodes 140 and 142. The turning on of the
body diodes would have a negative effect on the precision of the DAC conversion
process.
[0032] The body bias block 130 should ideally provide two voltage sources
respectively equal to HVDD+Vbe and HVDD-Vbe. An example illustrating the body
bias control block 130 is shown in Figure 7. In this exemplary circuit, the body bias
control block 130 is made up of two class-AB buffers stacked on each other and
operating respectively between ground and HVDD for the buffer dedicated to the
UDAC, and operating between HVDD and AVDD for the buffer dedicated to the
LDAC.
[0033] The two class-AB buffers are stacked so that one buffer is made up of
transistors Q2, M2, Q1, M1 respectively labeled 204, 202, 214, and 212 along with
resistor R1 210. The other is made up of transistors Q4, M4, Q3, M3 respectively
labeled 206, 208, 216, 218 along with resistor R2 220. Transistors 202 and 208 are
depicted as being 4X transistors for greater current capacity.
[0034] The body bias control block 130 is designed to prevent the turning on of
the intrinsic body diodes of DAC’s output stage, particularly the NMOS of the UDAC
and the PMOS of the LDAC. The voltage applied to the body of the NMOS and
PMOS are controlled by a body bias control circuit 130 as depicted. The body bias
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mnimzing the risk of turning on the body di odes 140 and 142. The turning
on of the body di odes woul d have a negative effect on the precision of the
DAC conversion process. [0032] The body bi as bI ock 130 shoul d ideally

provi de t e ect Lvel d HVDD- Vbe.
An exanpl é@*?%@??@e{ %%y{vf%%lgg%st% ar%tgor%:oan usi?fl E%%\{?@ Sshown in Figure
7. In thi ée\&mmﬂtl&rUDQAl(Iﬁ:AdﬁhePM(OSIdeﬂyesbjfaﬁeLDAmr0| bl ock 130 is made up
of two cI QB br{attfers stacked on each other and  operating respectlvely

bet ween g FQVES: FIBRY ¥eations fethe hady blacleairewt %rﬁ@oss@ﬂmba and
oper at i ng bgiesm W@a&%ﬂ‘c@ﬁ@%ﬁt@& F&eexEH%i €£ib&6}i1\ﬁdg&g]}s&$}e LDAC.

[ 0033] The two class-AB b are sta hat one IS made up
of  transasingesieqs,or kil blpglar tMbsistes pabodivehts daalbeldedveZDés cad0Zrcuidd 4, and 212
along with resi st

th d f t t
" Ve iR UG LG dronbe Cosos et o TRy Bp St OREORER | R 220.

Tr ansi st ofsthé@4lepitéin %n@éﬁboﬂﬁﬁhﬁ%@%ﬁ&t%ﬂﬂﬁeﬁ&s&ﬁt@ﬂ\%nﬁ)ﬁ’ rsd 16:9 asOr eat er
current capaC|ty [ 0034 bi as control "block 130 i's designed to

prevent t Hese opasitings san Le carrigé oummkﬂs erougbdy priividedbe ofquidedpeotestioput st age,
particul a{ot%z1 tgh(g) NI})/IL;)IS 1of ettpe U AC and the PMOS of the LDAC. The vol t age
applied to ke ac 5’% RHe "ind PMOS are controlled by a body bias

control cjo0sgj t Jf&@uras dptCiresmboing e yhdXdvdtched IR RS kmBsfimepner at es two
vol tages that are constant and used to bias the NMOS devices of the UDAC

and the PNBY&H s 16rvoltiremphagse trapeistsy 289 C@aiﬁug@ asrfegopveriionak i ons in the
body bl ockn g SWidn %Jhﬂe&%ﬁﬂﬂﬁué Is/o?r an éefthﬂsfsib? 2%@1%%;191 reui t

depi cted. For exanpl e, equival ent arrangenents-or all
bi pol ar t carigustdors aaiddiSneritch. d&lﬂgla&s détrmvmorsa%amwp]edm high carrying

conf i gur alNGiEE (Y ORI AL RO P ERBONEn ol B4 PEREHEO Wh e

present i meRRiguPBignfGhtoRBE 1RSranksRRESrORRAiIFEly W theGAR 20 carried out quickly

enough to provide the required protection
[0037] In an alternative embodiment, D1 and D2 could be replaced with MOS
transistors or other switches in order to further reduce the power dissipation. In this
embodiment, a first switch is coupled between HVDD and the upper range output
node and a second switch is coupled between HVDD and the lower output node, and
the switches switch at approximately the turn-on voltage of the intrinsic body diode
forward bias voltage for the upper NMOS and lower PMOS transistors respectively.
[0038] Additionally, other switch circuits can be devised. Although the present
embodiments have been depicted illustrating use of 8 volt and 16 volt compliance
NMOS and PMOS devices, this device selection should be considered specific to the
particular application at hand. Other device types using differing fabrication
techniques can also be used to provide similar benefits. In general, the principles
disclosed can be used in connection with any compliance voltage transistors which are
used in a DAC circuit that operates with at least two voltage ranges in general.
Moreover, the voltages described as AVDD, HVDD and ground are to be considered
relative terms without regard to absolute values or earth ground or chassis ground.
Thus, AVDD could be at earth or chassis grounds with the other voltages being
relatively negative thereto without departing from the present invention.
Additionally, although the present invention has been exemplified by a DAC circuit

that is divided into upper and lower sections, no implication that there is a restriction
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to the 8 volt conpliance transistors. [0036] Figure 8 depicts an enbodi nent
of the switches. In this enbodinent, USWTCH uses 16 volt conpliance
transi stor 250 configured as a conventional PMOS switch, while LSW TCH

~uses 16 vob twesrpbhsshoeldibednplisd,aincdSanBarPrindiplad cak BOTiicduUb efteas tRn NMOS
switch. The gates of transi séors 250 are coupled to high voltage (0-AVDD)
control | &8RPt lagget exnbasokifchene IngHchamersefrpPacanddeenshosldiess  t he

out put si Qugh ] ' ' t 24. [0037] In
an alter n21?};—34\?@&Eel{rrbodi1 rée%ﬁtln]%?é}g{rﬁ&%@ct%ﬁ I g getellaye%?ﬁé%g%{ O\?mg%ﬂ%
transi st 0{80391 ot Hars, sdigitehtesinalogeoaenrter (MAQ) tiharit condisieat Witk caoier

di ssipatiagn, Ln thi enbodi nent, a first switch is cqupl ed between HvVDD
and the upPRrdimas etﬁ?)tLﬂpﬁﬁ‘?es Hoo gﬁ)ﬁfr5an§g@8waﬁg\vﬁrtr@r}geﬁlgg%gm€éd bet ween

HVDD and tbRadeqitae d@éi%ﬂh‘t@ﬁl AOUD; Affdld Wtag¥hd &NRSi ANl SIVIBD; AR Oxi mat el y

the turn-on voltage of the intrinsic body di ode orward bias voltage for
t he upper lowmsolage nasgelesipnats] groandi dnopper B4 Pstagehes gn upifed OBEPS

Addi ti ona . - switch circui,ts can, be i sed. Al though th resent
enbodi rren{tﬂgxﬁgg}e}%%ré%ﬂdsé’bﬂm&agg ofly ﬁ%‘fp?%ﬂ {g’n@gﬁﬁem‘gifql%m@d S&%H&"‘ﬂ%@ol t
conpl i anceo thidRn aneh BB NIEOB RS sistol o SeITuER 1§ EhREdd BTHBDOUWheRE
consi dered specific to the articular application at hand. O her device

types usi HifJanetoeqfiee ynpsy PMQY tansittercanditheerpes NMQS siengigioremsen provi de

simlar b [ al ; 0GRl ' n . in
connecti oﬁﬁﬁrtr%égaer?y lfbcug?rg% aé\é%&é\}g?'?gﬁe%e?%%glloﬁé 5?@@%?@%851%&&6@%% n a DAC
circuit tbatrcogepiidds HWIDD aatl haeimgtitstdrain volpled® thadgasof NlogendBivds

Mor eover, .t he voltages descrjbed as A HVDD and grqund are taq be

consi der eganﬁlgf’%ﬁ‘?ﬁg SP'é‘icFrﬁn‘é\jD?‘fVoﬁF CPQIS/SDFEH’ @8“%%"%{?6%8\?&1%@“&10 ﬂ_@ar th
ground or |GEREPIMOS HaR¥ ey andTthE Fowd AR HisRE f&inseAbRr %ggmﬂt i S grounds

with the other voltages being relatively negative thereto out
depar t i ngnedenrd bhdy biae senirol cngwheduples thelbivdyi it tpper AIMOS ughsistoetor esent

et 0 . TR 35 B R ey Bty B 712 o
sections ghmidter 06 olthEd doRete eguflas BVIDDH&bepr i Nci pl es can be used to extend
the [0040] In certain embodiments, the body bias control prevents turning on of

intrinsic body diodes of the upper NMOS transistor and the lower PMOS transistor.

In certain embodiments, a first diode has its anode coupled to HVDD and its cathode

coupled to the upper range output node and a second diode has its cathode coupled to

HVDD and its anode coupled to the lower output node. In certain embodiments, a

first switch is coupled between HVDD and the upper range output node and a second

switch coupled between HVDD and the lower output node, wherein the switches

switch at approximately the turn-on voltage of the intrinsic body diode forward bias

voltage for the upper NMOS and lower PMOS transistors respectively. In certain

-embodiments, the first and second switch devices are realized as MOS transistor

switches. In certain embodiments, an upper output switch switches the upper output

node to an output node when the output is in the upper range, and a lower output

switch switches the lower output node to the output node when the output is in the

lower range. In certain embodiments, the upper and lower NMOS and PMOS

transistors are of a specified voltage compliance, and wherein the upper and lower

output switches are devised of MOS transistors operating as switches, and wherein the

MOS transistors are of a voltage compliance of at least twice that of the specified
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concept to |larger nunbers of sections. In such a case, upper and | ower
should be interpreted as being relative terns for any two of the |arger
nunber of sections. [0039] Thus, a digital to anal og converter (DAC)
circuit consistent.with.certain ,enbodi nents that er at es.over. an upper
Fange and el ey 1 Gtah SypEURN e ais Rt EE P RRIB o

m ddl e voipre@aemaedesderi.gnated HVDD, and a |ower voltage node designated

ground. An upper DAC stage has an upper PMOS transistor having its source
and body w@aﬁfed Ip gnothersmbrdimenti fdigtakto apalos comspicePAEHCH W drai n of an

upper N { r I H\(@% ?%@p]r I e
junction o {Sﬁ?hﬁ%g’ﬁj ﬂg&%ﬁ)to?%nﬁsgf gé:rafz;egg%rﬁ% u?gf)er tr0 gdr?gfaggg’r forns
an upper hasanggppettgitage nodkedesiznhtedey VDB siiddie vhageanoldovesighhddS t r ansi st or
having it ource coupled to .and having its drain coupled to the
drain of ﬁ%@aﬁndmepvﬁgﬁspeg esingid &Pt ‘ﬁm’%@& 278 APl ed o
ground, 8 PRI Gah 406 A Lits e n@W88y ENFRd HAOPDBY Al 1RV Hs tifden | Over

NMOS transi'stor forns a | ower range output™ node. A body bias control
circuit couplaistotthediodyf afuppleNMSPeraniBs whensowrois dooplad toydM¥Ye source

equal to DD- Vbe.and coppects t dy of the_.lower P transistor to
vol tage sb ?r(?glvtgaﬂmc IP%OE@SﬁP%eéﬁPg&% ls{oﬁ a?fgp]teé’ipﬁerewg@ FEBPOT the body
bi as cont ffinsRh ePF&irandddutpitGodd AflowbdDATEge HA9H YowkrPdROS efantifter upper
NMOS transistor and the | ower PMOS transistor. In certain enbodinents, a

first di obaviegis squscegragteddo iRl and hpnibiraincoupled datheghiein of8lgWed to t he
upper ran . j i t HvDD
and - 1o ansua uBHirBE8 Ao Rute 36 B0, HORIGNIORD kb EIHAAF R 1O T
first sw bvftheileva@NOSdransistoe amd HeDbvarNiMOtetrampeor foamgeloowt puge node and a

second sw tch coupl ed hetween HVDD and the | ower _qutput node, wherein the
swi t ches O‘étRPtt‘lﬂﬁleal‘A‘ bodyr 9&%&frerg\}/r%éow}ﬁﬁﬁwoggpfgﬁé@aﬁngﬁ ntrinsic body
di ode T orpalgidli 8% VoYtQ%t% affcd Qal BETVBBEVLAMAANE: Modf ¥PRclswas] st ors

respectively. In certa embodi ments, the first and second sw tch devices
are real i EMOSgandiort toanagt wnrcesqiialdh EDIDhVber Adint sivitsbdiemsais, an upper

outPUL SuL1 h A Ehesohe UPRET SULRLL 1S .50, SULRHLAYIR.REST P
is coupled between HVDD and the lower output node, wherein the switches switch at
approximately the turn-on voltage of the intrinsic body diode forward bias voltage for
the upper NMOS and lower PMOS transistors respectively. An upper output switch
switches the upper output node to an output node when the output is in the upper
range; and a lower output switch switches the lower output node to the output node
when the output is in the lower range.

[0042] In certain embodiments, the first and second switch devices are realized as
at least one of a pair of diodes and a pair of MOS transistor switches. In certain
embodiments, wherein the upper and lower NMOS and PMOS transistors are of a
specified voltage compliance, and wherein the upper and lower output switches are
devised of MOS transistors operating as switches, and wherein the MOS transistors
are of a voltage compliance of at least twice that of the specified voltage compliance.
[0043] In another embodiment, a digital to analog converter (DAC) circuit
consistent with certain embodiments, that operates over an upper range and a lower
range has an upper voltage node designated AVDD; a middle voltage node designated
HVDD; and a lower voltage node designated ground. An upper DAC stage has at

least one NMOS transistor that produces an output to an upper range output node
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switch switches the | ower output node to the output node when the output is
in the lower range. In certain enbodi nents, the upper and | ower NMOS and
PMOS transistors are of a specified voltage conpliance, and wherein the
upper andwheawe outpmt puh tlsa/\inppehmge,r A ldevr BAd wdgeMaSat leastohs PBIGS oper at i ng

as switches MOS transi stors are of .a volt conpl i ance
of at | caltist AR ERog o1 RUPEaCIIP Ve Ao VA CRGE M aHEIG OIS i cert ai n

embodi MeN{e loweleasREA Eb&}dbMQh&ﬁHﬂ? cﬁ@lnp&d@ws‘ehé Body R RO pERNRIYS 8 Vol ts.
[0041] In another enbodirent, a t 0 anal og converter @ngAC) circuit,

[

consi st entrangistdr te evoliage @mmqnﬂﬁpg{VEEeVb@wwctmhe@pémf heyeerand a

| ower ranpﬁqsp §n u%ﬁr val t age _Ii_ ated AVDD, a m ddl e vol tage
&ans 8&6 SO].lI'C\%e ﬁu@g? ?{

node desi gha X é desi gnat ed ground. An upper

DAC st age[0oas] an In dppeh eﬁuwrﬁemnaiesip@érJbawmelhwaxs@pwemsl body coupl ed
to AVDD and has its drain coupled to the drain of an upper NMOS transistor
whose soulreusister haging|isgouse mb&)dy omveted;ta AHaDjand bes bhdigin ¢yplediper PMOS

transisto t put node.
A | ower {k&%%age%hg&?ﬂ ower a&*ﬁ@%‘?’?ﬁ%"ﬁ& ﬁ%@gﬁdﬁgﬂwgbg%r%cgycoupl ed to
HVDD and thagundtion df memppauRM% framsistug add deuppbr MM @SV ansidbdIBrhs ansi st or
whose source and bod d to_ground, wh reln t junction of the

| ower PMIPREF H1eF Q’t’@%t ’é?pg’ ?‘]‘Fg&ﬁgﬂ?\%?r tacgreélﬁﬁ‘ %&ﬁéra&“?t%er range

out put noﬁéﬂnnﬁlt?&ﬁ)’ce@oﬁﬁle@ B HVID Ghdl ﬁh'wh%w%%_ﬁ Vrﬁ%u;ré% tB A ardin Jhae upper NMOS

transistor to a voltage source equal connects the body of
t he | ower loveBIOB dngsistoowhose sputdeagd bedy arceoepledto ground/Direvdie theA fir st

2"second Lt St R FROS biTaa" el GE S e BeCR e RR R Blput node,

wher ei n t hggevhthaherles M t&thi@bmbedinica trm%ehybﬁabeoﬂttm @r@@nt‘s‘@lﬁrhﬂl@&)nOf t he
intrinsic body diode forward bias voltage for the upper NMOS and | ower

PMOS t r anef isfrsis hody ﬁé&eﬁ &thg upper NMKT trensistartand e IQWef BMiQtensistete upper
out put noﬂl ehgm C s &%’cs rﬁ%j@t{%ﬁ? 1E Q&p%{% 'T.'\{v Vﬁﬁ Qfant'ﬂgﬂ err ge; and a

| ower out pu SW ches ower 0 ode
output node and a second switch is coupled between HVDD and the lower output

node, wherein the switches switch at approximately the turn-on voltage of the
intrinsic body diode forward bias voltage for the upper NMOS and lower PMOS
transistors respectively. In certain embodiments, the first and second switch devices
are realized as at least one of MOS transistor switches and diodes. In certain
embodiments, an upper output switch switches the upper output node to an output
node when the output is in the upper range, and a lower output switch switches the
lower output node to the output node when the output is in the lower range. In certain
embodiments, the NMOS and PMOS transistors are of a specified voltage
compliance, and wherein the upper and lower output switches are devised of MOS
transistors operating as switches, and wherein the MOS transistors are of a voltage
compliance of at least twice that of the specified voltage compliance. In certain
embodiments, the specified voltage compliance is approximately 8 volts.

[0045] In another embodiment, a digital to analog converter (DAC) circuit that
operates‘over an upper range and a lower range has an upper voltage node designated
AVDD; a middie voltage node designated HVDD; and a lower voltage node
designated ground and has an upper DAC stage that has at least one transistor that

produces an output to an upper range output node when the output is in the upper
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when the output is in the |ower range. [00421 In certain enbodi nents, the
first and second switch devices are realized as at |east one of a pair of
di odes and a pair of MOS transistor switches. In certain enbodi nents,

wherein the upper and.l ower N and PMOS .transistors are of a specified
Vol t age cOIBF) Arcuet DA RSP A oAS capHar s R OB S EpON DU e hes ar o
devi sed ofoWMeEarge ¥§iu® hodSwRREhabLIpHt ASn MW b&BLANgANTheMppeLeadl lbier MOS
transistors are of a voltage conpliance of at |east twice that of the

speci fi edDAGI stagrs utibiap Irarggters thqt 0owdE albedabitsh &y badythoe avpirel cigguii gital to
anal og convert.er ) ¢Cl i nsist.ent W th, . certain i s, that
oper ares BuEebEind fhdrlorBLIeeche yERAHARNSRE (0 LOE O BELLBIPRYTBRS . oae

desi gnat eWbA¥RD ormhetts digH o dyalftiage 1atendledicttaisator thiyBbitaginduiel ower
vol t age node_desi ?nat ed ground. An upper DAC stage has at |east one NMOS

transi sto?qutahg’tHB an out put to an upper range output node -11 when

the out put00i4§]ai n IB Qgﬁém %ﬁfboﬂﬁ%?s, F%trgot%%c}l %%u?feﬁ%%txﬁe%ﬁ HVDP%%@ tt}\l/ﬁ?l ne PMOS

transi sto t produces an outpu ower fange out put en the
out put i supper rdrdge outpmenodeaangen seforabadyitdhiigsoupded bedwean HVDIL arclaiipl es t he body

of the upfer NMOS t({angi stor to. voltaﬁe sour ce ee%gtsl t o HVDD- Vbe and
connect s tONET BB B9 HaCTCHWRE SWHRRSS SPIER & PEXIIEtelone 4gB-08519/tR&° equal to

HVDD+Vbe. of @§04tindiB b6&¥ 8Bl f&aiaﬂﬂiig@%&ggtf&%y PRELst 9&&@:@9&1 fassan upper

PMOS transistor having its source and body coupled to AVDD and has its
drai n coupheldwep trandigtony respactofelyannigepain eniodinends ghesfirst andisesandsour ce i s

coupled tg .wherein. the junction e upper. . t.ransi stor and the
ppor NV HERi<eR BBl A5 al 1A af O Bl B BB i B el ey DA
st age hasceatdiowabodiMeits! draiisies b@thut fawhiGitchss thOUpSee oiPuph&ié th an HVDD and

having its drain coupled to the drain of a |ower NMOS transistor whose
sour ce aneutBBidPdshea g ownutiiyingthe ypper rokgss andha lower opiprEsiteh syfitchefe | ower

PGS 1 bl A Y NER A R BBl s 90 WP
i ntrinsiclsddy diddagtablo anhlguppesrteNIDERC) chaagdt haospetdies dvieeah opgwer PMOS
transist Oga'nge and a lower range has an upper voltage node designated AVDD; a middle
voltage node designated HVDD; and a lower voltage node designated ground. An
upper DAC stage has an upper PMOS transistor having its source and body coupled to
AVDD and having its drain coupled to the drain of an upper NMOS transistor whose
source is coupled to HVDD, wherein the junction of the upper PMOS transistor and
the upper NMOS transistor forms an upper range output node, and wherein the body
of the upper PMOS transistor is coupled to ground. A lower DAC stage has a lower
PMOS transistor having its source coupled to HVDD and having its drain coupled to
the drain of a lower NMOS transistor whose source and body are coupled to ground,
wherein the junction of the lower PMOS transistor and the lower NMOS transistor
forms a lower range output node, and wherein the body of the lower PMOS transistor
is coupled to AVDD. The transistors are of a specified voltage compliance greater
than or equal to AVDD.

[0048] In certain embodiments, the digital to analog converter circuit has an upper
output switch that switches the upper output node to an output node when the output

is in the upper range, and a lower output switch that switches the lower output node to

the output node when the output is in the lower range. In certain embodiments, the
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In certain enbodinents, a first switch is coupled between HVDD and the
upper range output node and a second switch is coupl ed between HVDD and
the | ower output node, wherein the switches switch at approximately the
turn-on verReRa lopver petput sivifshss hevedoayiserolvinedhospagifiidaoltagd t age for the
upper N'V[&n%]i% Lower PMOS transistors respectively. In certain

enbodi nent s, tﬁe first and second switch devices are realized as at |east
one of MIP0#9lansiTheoeprewntativne smhodinttinadedichihaveBsdnaleseritedhodétpgnt s, an
upper output. switch switches the upper output node tog_an output __node when
the outp er?lg’sli‘aﬁ’e figh Bfﬁﬁeé‘rte‘f%\j@ Oggfﬁmﬁ’?‘? Fiot gy ot diatagiRnsifiilnes t he

| ower outpdiindeeERdi thbe Rogdeqwhen LS | ower range.
In certain enbodi rrtgnts, %ﬁg&l&% antél Pl\/t:)é)h'?rgtzl;la(r?li %SEI%% Eégirage% ﬁg speci fied
vol tage Wwomnphil defeds obthd detrsibed nmbhdmeppaesuting inegeivalent gnbodmbdtshes ar e
devised o .transistors operatin s, switches, and wherein the MOS

t ransi stotﬁlgtl\%?l mo‘?'ﬁgn\}%f SECQB%OP@’S@BP?‘%ﬁ&SIaH?S'at | east twice that of the
speci fied voltage conpliance. In certain enbodinments, the specified

vol tage conpliance is approximtely 8 volts. [0045] In another enbodi nent,
a digital to analog converter (DAC) circuit that operates over an upper
range and a | ower range has an upper voltage node designated AVDD, a

m ddl e vol t age node designated HVDD;, and a | ower voltage node designated
ground and has an upper DAC stage that has at |east one transistor that
produces an output to an upper range output node when the output is in the
upper -12 range. A | ower DAC stage has at | east one transistor that
produces an output to a |ower range output node when the output is in the
| ower range. The upper and | ower DAC stages utilize transistors that
require a body bias. A body bias control circuit connects the body of at

| east one upper transistor to a voltage source equal to HvVDD- Vbe and
connects the body of the at |east one |ower transistor to a voltage source
equal to HvDD+Vbe. [0046] In certain enbodinents, a first switch is coupled
bet ween HVDD and the upper range output node and a second switch is

coupl ed between HVDD and t he

-14 -




| ower out put node, wherein the switches swtch at approximately the turn-on
voltage of the intrinsic body diode forward bias voltage for the at |east
one upper and at |least one lower transistors respectively. In certain
enbodi nents, the first and second sw tch devices are realized as at | east
one of MOS transistor switches and diodes. In certain enbodinents, an
upper output switch switches the upper output node to an output node when
the output is in the upper range, and a | ower output switch switches the

| ower out put node to the output no the output is in the | ower range.
[0047] A digital to anal og convert circuit that operates over an
upper range and a | ower range has an upper vol tage node designated AVDD, a
m ddl e voltage node designated HVDD, and a | ower voltage node designated
ground. AwWhatippRimddA& St age has an upper PMOS transistor having its source
and body coupled to AVDD and having its drain coupled to the drain of an
upper NMOS transi stor whose source is coupled to HVDD, wherein the
junctison pf the gipBeb aﬁ&@c&ﬂv@ﬂ%ﬁj&(‘i) andit tﬁa@@péﬂﬁ@@&veN%ﬁe’f apgiakpr forns
an upper range output node, and wher€in the body of the upper PM3S

t ransi st o lowsr rngp|centptising iroepmbingtionower DAC stage has a | ower PMOS

transi stor hayvj ] ur c VDD and having its drain coupled
to the drainZ%Q%g&%%ﬁégs%Nﬁéﬁ%ggﬁgfé%@¥tx%ose source and body are coupl ed
to ground, whengidie votegd ndetdesipnaaéd HN®D;ower PMOS transi stor and the | ower
NMOS transi st or forqs a k? r. range output node, and wherein the body of
the |ower PMOElPWERYlepgpodedesigniipf 89URd AVDD. The transistors are of a

specifig ed vol tRAHp&ATREI seHpe SopBAhE hn ufgRAPMUS &HdRTor havifyPsolrQ04d] I n
certain enbodlnenFs, the digital to anal og converter circuit has an upper
out put swiadgisoemed tosh PBrand hetiag its geain mnpgisittoﬁfwéam@f amurngt PMORode when

the out pliranekibr bo/\GuRELERAYS 1A, Ond-QNBLC IHIRH b BALBE illal S | ches

t he | ower output no S in the | ower
range. | nrasistoanmd tatoppkriBVIOS, trankistor iBms ppeppeanahgk owpnt mdeput swi t ches have

transistors haavlio‘rg, T IBR% s%apg%%io&iplel(sjmg gllévge??’M(Sg rt‘ggrllsiis‘ﬁj’cl(l;]r%(:éfving its source coupled
15  to HVDD and having its drain coupled to the drain of a lower NMOS transistor whose
source and body are coupled to ground, wherein the junction of the lower PMOS
transistor and the lower NMOS transistor forms a lower range output node; and
a body bias control circuit that couples the body of the upper NMOS transistor to
a voltage source equal to HVDD-Vbe and connects the body of the lower PMOS
20  transistor to voltage source equal to HVDD+Vbe.

2. The digital to analog converter circuit according to claim 1, wherein the body bias
control prevents turning on of intrinsic body diodes of the upper NMOS transistor and the

lower PMOS transistor.

25
3. The digital to analog converter circuit according to claim 1, further comprising a
first diode having its anode coupled to HVDD and its cathode coupled to the upper range
output node and a second diode having its cathode coupled to HVDD and its anode
coupled to the lower output node.

30
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[ 0049] The representative enbodi nents, which have been described in detail
herein, have been presented by way of exanple and not by way of limtation.
It will be understood by those skilled in the art that various changes nmay
be made in the formand details of the described enbodi nents resulting in
equi val ent enbodinments that remain within the scope of the appended
claims. -14 CLAIMS What is clained is: 5 1. Adigital to anal og converter
(DAC) circuit that operates over an upper range and a |ower range,

conpri sing i n BRI | O . . | QR o a mddle
vol t age n‘gde desi g%lgh?gdd%%%n@{%?gwa&o tg%ggglgggq’ em%ﬁg{r@gg}%gund; 10
an upper DAGvtchgeuplohpetiveemd VRID aplibe upiDBinge antpirstale ahdesgegnd t s sour ce

o0 PSRk P BN Sy ReCRAL R b dighD o

j uncti on afapproeimigde theRMnSon Yolaps bBhe intaikk bl digledor"dMdGiat velage sdror f orns
an upper range output node; a | ower DAC sta%e conprising a | ower PMOS
transi5stotlheH%RWW‘S@@%W%@%HP@&F“@SGSPWIP‘R}BD and having its drain
coupled to the drain of a |lower NMOS transistor whose source and body are
coupled to ground, wherein the junction of the |ower PMOS transistor and
t he | owerS.NVOS herdagital &t analdgmongerter Ciowatraceendipg toolapu i, watein thenirstandody bi as

control cj it - . % e f.the upper NMOS transistor to a
vol t age sgg%(r?nclaesvel%gg%wg% ! Iaeasg}g g(t:]%rrllsrlls‘et((): ¥ lgﬁees' body of the | ower PMOS 20
transistor to voltage source equal to HVDD+Vbe. 2. The digital to anal og

converter cirgyit,. accordi toclaiml, wherein the body bias . control
orovelft s Gur ni T BAtEDE %ﬂﬁf REY 1B BT ACEIBUESS oFeie | FpEsT SMBESHR s st or
and the peesutRIVRitth BaBEwitEs thé dpper output node to an output node when the

output is in the upper range, and a lower output switch that switches the lower output

node to the output node when the output is in the lower range.

15 7 The digital to analog converter circuit according to claim 4, wherein the upper and
lower NMOS and PMOS transistors are of a specified voltage compliance, and wherein
the upper and lower output switches are devised of MOS transistors operating as
switches, and wherein the MOS transistors are of a voltage compliance of at least twice
that of the specified voltage compliance.

20
8. The digital to analog converter circuit according to claim 1, wherein the specified

voltage compliance is approximately 8 volts.
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3. The digital to analog converter circuit according to claim1, further
conprising a first diode having its anode coupled to HVDD and its cathode
coupl ed to the upper range output node and a second di ode having its

cat hode coupled to HVDD and its anode coupled to the |ower output node. 30
-15 4. The digital to analog converter circuit according to claim1,

further conprising a first switch coupled between HVDD and the upper range
out put node and a second swtch coupled between HVDD and the | ower out put

The i ntriiei o ‘bamy P AROF eoEHE D A0 SRR AL LYol IHEr AR 00"

| ower PMESowenrnsgs icomprising pewimbmsdtipn: 5. The digital to anal og converter

circuit according to claimd,. wherej > first and second switch devices
are realized 4% Vioft%esl?oééélPS%Wt?dcﬁleo 6. The digital to anal og

converter cir clhiddReoithgd M@eldesigha¢dM¥DO;ur t her conprising an upper out put
switch that switches the u per_outiut node to an out put node when the
out puf is in tHEVEpEIRLs lesigngiedigiogddir out put switch that switches the

| ower out put aagfggeﬂmé:@aggegrggﬁsmg&lﬁu MO AR havife hgsdu?@e Angver

range. 15 7. Th 1 gital | og” converter circuit according to claimd4,
wher ei n thedygpyrded tanlVDDond hakivDB8s dradn fMpRdite Hresirain of an wpper DIMQS speci fi ed

vol t age conpl)ance, and where pper._.and .| ower t put i,Lghes are
dovi o0 oemRils? PGPS A Blet 1o FADLINRER I LRISH MR Eba DR s

transi st arghsistoe aff tha uppdrtNAgeSeenpbioafie®s ah upier kags buthwd mde; t hat of the
specified voltﬁge compliance. 20 8. The digital .to anal Qg convertgh circuit

accoriding to AQPREA SPRPEIFES & [Rveq NS Riterdevieenprourceoypled
appr oxi mabefWDB a¥@hiving itd 8rafr coftpRi 8 hRldrdiR o PPRWRINSADY BhlBtor(Rsk Circuit

t hat operates over an upper range and a |ower range, conprising in
conbi nat isenrce and body are coupled to ground, wherein the junction of the lower PMOS
transistor and the lower NMOS transistor forms a lower range output node;
a body bias control circuit that couples the body of the upper NMOS transistor to
15  avoltage source equal to HVDD-Vbe and connects the body of the lower PMOS
transistor to voltage source equal to HVDD+Vbe, and wherein the body bias control
prevents turning on of intrinsic body diodes of the upper NMOS transistor and the lower
PMOS transistor.
a first switch device coupled between HVDD and the upper range output node
20  and asecond switch device coupled between HVDD and the lower output node, wherein
the switches switch at approximately the turn-on voltage of the intrinsic body diode
forward bias voltage for the upper NMOS and lower PMOS transistors respectively;
an upper output switch that switches the upper output node to an output node
when the output is in the upper range; and
25 a lower output switch that switches the lower output node to the output node when

the output is in the lower range.
10.  The digital to analog converter circuit according to claim 9, wherein the first and

second switch devices are realized as at least one of a pair of diodes and a pair of MOS

30 tramsistor switches.
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an upper voltage node designated AVDD, a m ddle voltage node designated
HVDD, 5 a | ower voltage node designated ground; an upper DAC stage

conpri sing an upper PMOS transistor having its source and body coupled to
AVDD and having its drain coupled to the drain of an upper NMOS transistor
whose source is coupled to HVDD, wherein the junction of the upper PMOS
transi stor and the upper NMOS transistor forns an upper range output node;
10 a lower DAC stage conprising a |ower PMOS transistor having its source
coupled {0 HVER r
tran5|sto% mhose gﬂ?@%ha %§%ﬂ%g¥§u§%%&ke%tBQthguﬁQQ&aﬁg{é%

junction lofvet NM(DS)WPMMSSransus@nssars bf)at smdieti Iveltaignwemphm andazvisrem or forns
a | owner nge out put node: . a .bod 0 cir U|t that coupl es the
body or 16 dohsp 2 K SE pirSrEREY E 8s D Nih s piseinfil Tt o FVDD: Ve
and connesiithéd)endatyredf thé MOS @RIstd?VER of hvaNSdeoMplibite WO hi Iagetvio!r ce equal
t o HVDD+Vbe, and wherein the body bias control prevents turning on of
intrimsi cthefsfyherpseifsd soltagasomph@iceNMOS t ransi stor and the | ower PMOS
transistor. a first switch device coupl ed between HVDD and the upper range
out put node 20 and a second switch device coupl ed between HVDD and the

| ower out put node, wherein the switches switch at approximtely the
turn-on voltage of the intrinsic body diode forward bias voltage for the
upper NMOS and | ower PMOS transistors respectively; an upper output swtch
that swi tches the upper output node to an output node when the output is
in the upper range; and 25 a |lower output switch that switches the | ower
out put node to the output node when the output is in the |ower range. 10.
The digital to anal og converter circuit according to claim9, wherein the
first and second switch devices are realized as at | east one of a pair of
di odes and a pair of MOS 30 transistor switches. -17
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11. The digital to analog converter circuit according to claim9, wherein
the upper and |ower NMOS and PMOS transistors are of a specified voltage
conpliance, and wherein the upper and | ower output switches are devised of
MOS transistors operating as sw tches, and wherein the MOS transistors are
of a voltage conpliance of at least twice 5 that of the specified voltage
conpliance. -18 12. A digital to anal og converter (DAC) circuit that

oper at es over an upper range and a |ower range, conprising in conbination:
an upper | t agey; I i A % an% | gnat ed
Ty e R A S T K i AR DA 5
conpri si ngloster ramgs tcompasilgy/iScambzEingiost or t hat produces an output to an

upper range output node whe he qu {s in the upper range; a | ower DAC
stage conpri si Hg'PRET YOA'48% e&eﬁﬁ&e‘w‘gﬁ%{#’stor that produces an output to a

| ower range ouwpuldiavastagsheik dekign@ed HWIDID;s in the | ower range; and 10 a
body bias control circuit that couples the body of the upper NMOS
transistor to 2l@Wgbyeltage nadsdesignatgdground HVDD- Vbe and connects the body of

the |ower PMOS, @%A@tﬁgekem}sﬂhhggﬂe%@Hﬁ&ﬁwﬁwﬂmk&rkﬁé@pﬁ)\m@% af3. The

digital to analog convertér cifcuit according to claim 12, wherein: 15 the
upper DAGWpuide a upnsr rangs oupuiupele wheMDE autan & is theruppantangg;i t s source and

body coupl ed to, AV having its. drain ed 1 he dr.ain_of an upper
NS Ot e stE DAL et i Piing 31 B R BB e M RS et on o
t he upperodtpldto a lovash sangk ottpataodevehenpResutpiEntthdlosiestape;fagd s an upper

range, out put node;, and wherein the | opwer DAC stage conprising a | ower PMOS
transi&tor havi PRYYibaS Cgaﬁwlccér%ﬂ%wpﬁ% t%bWBE%&ﬁBPWé‘Wﬁ% {FRSiSF 1 n

coupl ed tpydihge ShRédeqabl B HPWBLVINVAG dohadsd tl Bédy JrRsiBwePpVies and body are
coupled to ground, wherein the junction of the Nower PMOS transistor and

t he | owertragsislor te waitaige sowcd uaktodlYBReVbe.ange out put node. 14. The digital
to anal og converter circuit according to claim 12, wherein the body

13.  The digital to analog converter circuit according to claim 12, wherein:

15 the upper DAC stage comprises an upper PMOS transistor having its source and
body coupled to AVDD and having its drain coupled to the drain of an upper NMOS
transistor whose source is coupled to HVDD, wherein the junction of the upper PMOS
transistor and the upper NMOS transistor forms an upper range output node; and wherein

the lower DAC stage comprising a lower PMOS transistor having its source -

20  coupled to HVDD and having its drain coupled to the drain of a lower NMOS transistor
whose source and body are coupled to ground, wherein the junction of the lower PMOS

transistor and the lower NMOS transistor forms a lower range output node.
14.  The digital to analog converter circuit according to claim 12, wherein the body

25  bias control prevents turning on of intrinsic body diodes of the upper NMOS transistor

and the lower PMOS transistor.
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25 bias control prevents turning on of intrinsic body diodes of the upper
NMOS transistor and the |lower PMOS transistor. -19 15. The digital to
anal og converter circuit according to claim12, further conprising a first
switch coupl ed between HVDD and the upper range output node and a second
swi tch coupl ed between HVDD and the | ower output node, wherein the swtches
swtch at approximately the turn-on voltage of the intrinsic body diode
forward bias voltage for 5 the upper NMOS and | ower PMOS transi stors
respecti vgd y. I Wel - i i di to
Cl ol m 15, iier S gRE CHBRont LR LA S 1 MberSHARNEY 22
| east onefingf switeB conplag betveen HWIDIR irektha nppeatiroge sutputli®de and Thezodd gi t al to

anal og converter .ciycuit di o claim12 further coppri si. an upper
output vt el eppeif bfiebm AS TR i s b EioBiotl nts et m e SOERER SHBHe “wnen
the out pattappridxiniutdlp €helipipesn valtageof thd thtdndi OV&RIy dddteFuitwadbias Poltdgatforswi t ches
the | ower output node to the output node when the output is in the | ower
range.> 158 8pper RMES gnd lower MR it vespedvelyi rcuit according to claim
17, wherein the NMOS and PMOS transistors are of a specified voltage

conpliance, and wherein the upper and |ower output sw tches are devised of
MOS t r ansi6st orbhealigitadta amglagsogwirter hisgiit axnorditigdo elaim 16 wheidistherfastsindt ors ar e

of a volt i e at._least,tw ce of the specifi vol t age
conpl i anc%ggné%s%h d%ﬁgescﬁ% ‘I’gf af'ﬁedta(% aglr?gﬁté’ae S%Q%rttraé‘r&sgﬁr F\gﬁ? 3 dg " |S‘ng to

claim 18, wherein the specified voltage conpliance is approximately 8
volts. -20 20. A digital to anal og converter (DAC) circuit that operates
over 0 u%per ?@ﬁg@?%%ana 8| COMETIeF SRRt acﬁ?fﬁﬂgi(t% Flagn L& Auiss sPmpEsitgge node
desi gnat egh WBRutp@ sWiteiat ¥Atdhadte ApHE ot ARREdn BB node wheh Bi0er Vol tage
node desi gnated ground;

output is in the upper range, and a lower output switch that switches the lower output

node to the output node when the output is in the lower range.

15 18.  The digital to analog converter circuit according to claim 17, wherein the NMOS
and PMOS transistors are of a specified voltage compliance, and wherein the upper and
lower output switches are devised of MOS transistors operating as switches, and wherein
the MOS transistors are of a voltage compliance of at least twice that of the specified
voltage compliance.

20
19.  The digital to analog converter circuit according to claim 18, wherein the

specified voltage compliance is approximately 8 volts.
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an upper DAC stage conprising at |east one transistor that produces an
output to an upper range output node when the output is in the upper

range; a | ower DAC stage conprising at |east one transistor that produces
an output to a |ower range output node when the output is in the |ower
range; 10 wherein the upper and | ower DAC stages utilize transistors having
a body bias; and a body bias control circuit that connects the body of at

| east one upper transistor to a voltage source equal to HVDD Vbe and

connect s e 00akill o d)R0RLol A 1900) LRty bEARE! SIPL b Rk bAGS Sour oe

equal to HVDD+Vb e di to ana converter circuit according
t o cl ai m 2bwef tanghepmpaosipgi sing a first switch coupl ed bet ween HVDD and

t he upper range out put, node d a.s _switch coupl ed between HVDD and
the | ower out ptt"PR d%ﬁm%%%%ﬁﬁﬁﬂﬁwgﬂg§3@ﬂ%es switch at approxinately the

turn-on vol t agempfdid Wtagdhddeniekigndredvaimde forward bias voltage for the
upper NMOS and | ower PMOS transistors respectively. 20 22. The digital to
anal o conver t&PWET Yaltgee nedecdssignatgd gwudiai m 21, wherein the first and

second swi tch zﬁiﬁ%‘ggx%Aggs@ag%ﬁ,angﬁgg% gtlsle&& oﬁeet‘?a]?&isf?)? %a?fe)m%s bh BRpLSHOr

swi tches and dio I gl to anal og converter circuit according
t o cl ai m @yppeunahgeoutowmodé whenyth2 Sutpnt ispp the upperpageswi t ch t hat swi tches the

upper output node t out put .node, when the .ou t is in th per range,
anah Pover odtpue BaRdRitbr O BORBT Spd (Rt rR hrosled bagBet B e

out put noldeciagge diputadtipwhen theiontpub® ih hetoweramge; -21 24. A digital to
anal og converter (DAC) circuit that operates ov%{ an upa; .range and a

| ower Y anyRerein igimper #y IPHecidns sages BrlizedrngiHpshayise cdedy Agsetdesi gnat ed

AVDD;  a m ddl£049/bi RY8nttA G cGie fla00hEeds HYBRy oPatFeas QMR up¥ Q! thadistonode
desi gnat ed ground’ an upper DAC stage conprising an upper PMOS transistor

havi ng i tte asolirgsesonrss cqual dy HYBUN Ve and covipess thecbodzof g at lesst@nalaweeoupl ed to
the drai ntra%fsisé)p touzppcﬁ{agy%@ce equal to HVDD-+Vbe.

15 21.  The digital to analog converter circuit according to claim 20, further comprising a
first switch coupled between HVDD and the upper range output node and a second
switch coupled between HVDD and the lower output node, wherein the switches switch
at approximately the turn-on voltage of the intrinsic body diode forward bias voltage for
the upper NMOS and lower PMOS transistors respectively.

20
22.  The digital to analog converter circuit according to claim 21, wherein the first and

second switch devices are realized as at least one of MOS transistor switches and diodes.

23.  The digital to analog converter circuit according to claim 20, further comprising
25  an upper output switch that switches the upper output node to an output node when the
output is in the upper range, and a lower output switch that switches the lower output

node to the output node when the output is in the lower range.
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transi stor whose source is coupled to HVDD, wherein the junction of the
upper PMOS transistor and the upper NMOS transistor fornms an upper range
out put node, and wherein 10 the body of the upper PMOS transistor is
coupled to ground; a | ower DAC stage conprising a |ower PMOS transistor
having its source coupled to HVDD and having its drain coupled to the
drain of a |ower NMOS transistor whose source and body are coupled to
ground, wherein the junction of the |ower PMOS transistor and the | ower

NMOS trangd. st oA digfal® dhalo@WBhvdrRNESAOVEiRYt tRRDBeraRDHvaMIB L rdnpelhg body of
the lower PMOS transistor is coupled to AVDD, and wherein the transistors

are of a 3|erFange opoIPrisige iemphinativne greater than or equal to AVDD. 25.
The digital to %pgﬂ&ggxﬁkﬁg%gﬁhéfﬁkﬁﬂgccord|ng to claim 24, further
u W tch t

conprising 20 an upper-outp at switches the upper output node
to an out put nookéddidresitaptisodeaiekignited HVIDDt he upper range, and a | ower

out put_ switch tﬂgt swi tche he |ower oytput node to the output node when
t he o_Lﬁ put is? Wfﬁggrfa@ﬁé?‘?eréfﬁ’&?teggmu?ﬁ’e digital to anal og converter
circuit accor diggpkPDAICRAPe28mpWbiRg 8h a%;sa@ PMIDP Bhinsistst Hatidlg 9 WRlrcOMdPUt
sw tches are conprised of transistors aVIQP the specified voltage
conpl i ancedyzguplpdto AVDD and having its drain coupled to the drain of an upper NMOS
transistor whose source is coupled to HVDD, wherein the junction of the upper PMOS
transistor and the upper NMOS transistor forms an upper range output node, and wherein
10  the body of the upper PMOS transistor is coupled to ground;
alower DAC stage comprising a lower PMOS transistor having its source coupled
to HVDD and having its drain coupled to the drain of a lower NMOS transistor whose
source and body are coupled to ground, wherein the junction of the lower PMOS
transistor and the lower NMOS transistor forms a lower range output node, and wherein
15  the body of the lower PMOS transistor is coupled to AVDD; and

wherein the transistors are of a specified voltage compliance greater than or equal

to AVDD.

25.  The digital to analog converter circuit according to claim 24, further comprising
20 an upper output switch that switches the upper output node to an output node when the
output is in the upper range, and a lower output switch that switches the lower output

node to the output node when the output is in the lower range.

26.  The digital to analog converter circuit according to claim 25, wherein the upper
25  and lower output switches are comprised of transistors having the specified voltage

compliance.

30
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