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The current generated by the converter is provided as a reference bias current to a bias

30  current fanout circuit 18 that duplicates and distributes bias current to the delay
elements to control the delay.

To fanout, or distribute the bias current to the various delay elements, a current
mirror circuit scheme is typically employed. As shown in Figure 2, a conventional
current mirror includes a reference current source 19 coupled to a current source

35  transistor QS to generate the same current through a first mirror transistor QFM. The
mirror transistor's gate is tied to its drain, with its source terminal coupled to the
supply voltage VDD. A plurality of mirroring transistors QFM2 - QFMN are disposed
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QVLN) is disposed in series with a second current
mrror CM2 35 conprising transistor QW, formng a
node with QW at 40. Wile not explicitly



shown in Figure 4, the voltage-to-current converter
output (Figure 3) is connected to node 40. The second

W@ 00589731 rror transi stor QV2, in turn, has iPGI/J§L1064/031373

10

15

20

25

tied to the gates of an array of mrror transistors
- QW. Because of tDBETAAIFdrDBESCRATEON -5 V\D

2005/ 0 7
each t ?g}gsémf H?ﬁ&%% r ﬁe%t%ﬁ E%B&ﬁs Wéé& u 5’ dg signated
enSQmwedeStamﬂwmomt@n@m@r essigghe undesirabjpeffects Of a changing

d %&)g 5aked @leﬂlgl'ﬂ g&f&%nEQQMd@ﬁnﬂ% Rindsat&Yr TERLS acdohplished
the élay cells rou del ay cel

I
%eﬁmpersaa%ﬁurmé?%bla%m}&{ﬁnf ?ﬂelat%ﬁifay Fa&OPﬁ GiFCHitwse30- The

f'klfbtnﬁfehgmioﬁ clifrent ofﬁ‘eté;l’h@l?%hﬁ@bk o thh arag eﬁrrénit rb:hﬁtngx@mjnyany
vol .t a

e.V t he out ci.t .
RS St BY Byios Gokf B e B Eet afmeine
f r'¥oD} dhengesrto dind delay cloractapispensfdhe cﬁil e IaISOICDITS@.OHdmgIY
Referrifig again to Figure 4, the current mrror
conpensation circuit 50 conprises an inpedance
d| vi derReferringcnoay forlognidma binEng emnesrosbair@er gy the gy mirror
enddifnl c'ﬁ@ﬁﬁl aééﬁ@raﬁy \dbg §riatéd52(p 'isesfh%%b IDheitiinihB %eﬁé?ﬁtﬁir is of

of ol tage divider with pai r . of serledécon[rfl ;
egeneraor

" olbF SSrTaaRFoviles (Res curFe{ praRpSaR to SPRRlay
i nﬁbﬁlﬂ@s’ﬁ @élh}ﬁﬁne yhes:ebikih e s ot N c&alaf}&ﬂéméntﬁm DN, each providing

i Bgpationip n ATAasqfiewlh BFBRE% Rubuphof Epf R pretered

di dedey dmmﬁabﬁstrmﬁ Bkt preavindss $awo jister dedan ia glegdndmd ént co-pending

SRRl SR FSBEPTY 3, el vl ok
a Eﬁmrary 2&;‘&&3&93%@9@ io the lassagnse ggmedfgesgm;nvgmlon@ﬁ@l expressly

enﬁixcoﬁ)eréﬁ Rt Rld@ge rail, or ground, at the
osed at the

ot her "end out ut node j unc
bet weentytheg ﬁ«?fem@gﬁe SR tge ddla deaeuin e Jfﬂglsm a selector, or
f olﬁlult@mlet FHL i THe ﬂqﬂltﬁar&e@cﬁ@g{tm hlphagiidetensr Siofiatadtermines the

coigrt il O BT R R 0P Bl e O tiptenen)and
t r areféershoerssgr@PYref. GPbhargrapunay mcbvqi@ga—rhmra@ireﬁtcgnmn@bll@ receives a
a Xl%feye'npg sdlg{lﬁq?)%a tle Jﬁ%ﬁr @&éct%b %eﬁéé‘at[e %391%%@6 bRs @urrent IREF.

ran ivider ou

n oalee refeyenpethias aupiedkis ﬂnqmeluiphﬁ@ei o1d distsibpigs by fgrm*lit giguitry 30 to

| N LORRINSKiat Surfer? BNSBLINSY bid@ents | TRETAMGe G YialBfirrdM ¥erves to
be i ncreased or decreas d dep en i ng Oow nmany

t r gandiok therdelayrthrongh saehglemgnt 59 & %‘%&eﬂg%\‘tegd 25 To

provid eRéfeﬁ{McﬁﬂfﬂMg@rem as fandut efttuifron otgbﬁeranmmdes a
Zgrl{argq%g %Ig}?reﬁtt sgﬁléﬁqﬁléﬁ)ut %}gtﬁgﬁg\fl tﬁ%\ﬁ%geaf\tf%%% r%ﬁq% rc]:uf'rent Ioc to
coggrleexte 4 biat lveltgeechan fiest camrerd ynirrEaCM g dtte first erirreal mafror is in

30 t h&le '?61%] gpzygtllrre% 378 héwhﬁ; ﬁgnstisﬁ?o& 'ﬂﬁvnA - QMIN. As is well understood in

35

the art, the current DAC comprises a bank of transistors that are selectively activated
to achieve desired characteristics.

With continued reference to Figure 4, the first current mirror CM1 (transistor
DAC QMI1A - QMIN) is disposed in series with a second current mirror CM2
comprising transistor QM2, forming a node with QM2 at 40. While not explicitly
shown in Figure 4, the voltage-to-current converter output (Figure 3) is connected to
node 40. The second current mirror transistor QM2, in turn, has its gate tied to the
gates of an array of mirror transistors QM3 - QMN. Because of the respective gate-to-
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the accuracy of the individual delays associated with each delay cell DN. The

individual delays are each regulated by the bias current running through each cell DN.
Bias current is drawn through each cell and is programmed by the user to achieve the
desired delay for the cell. Generally, a higher bias current results in a shorter delay,
while a lower bias current increases the delay. The bias voltage for the cell is
provided by the Vpp bus, generally on the order of 1.2 volts. However, noise often
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i nfpettanthet aifsateieies openhinagaredespapeadyadesimblrnnis scting on the
S &ﬁ%ﬁy AltagBeFuRF ant BRIBARMALAE nYRrdbf O b afeprohRIBYAsxibility
in the supply ﬁﬁxlr't a?eﬁsour ce; ?ﬁ% amg)al n st a&? haM ng
anadrghraey bty ing I feeduripe o s semprarsagor gitreH MorSover, due

20 OUfoPlik clreifeEsVenibet dohgreubh dnis rpatily, adbpteblg d@brruss tasgetandard cell
op ralt&i ve to generate a 10 conpensation current for
apglioF ation to the current path in response to the
conpensktwitinlsi tgrapbreciztedAhatithe entent oripenemipensatonrotgiit
ac&&%ﬁbé@he&&n% ﬁét'ﬁn}item%[ezﬂr {y thg' ﬁegladﬁutogﬁa@%%st eclluiﬁxtnent (ATE).
conprises: a conmon-source gain stage. 3. current
C o%@mm oreseits & ohalleaging cdyinenopent sibareraugh et prowisss a

25  substantial beneficial impact, any application where current mirroring techniques are

employed may benefit from the use of this circuit. For example, circuits that employ
analog-to-digital conversion techniques or where current generates a reference voltage
may use the compensation circuit. These applications are likely to use current
mirroring techniques with reduced supply voltages.

30 While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention.
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common source gain stage conprises: a first parallel

array of programmable transistors for defining a
w@e@deswrii ned range of conpensation current. PCT/US2044/031373

A current conpensation circuit according to claim3

wher ei n WHAT ISctibdMEDUBce gai n stage further

conprises: a second parallel array of progranmmble

tranS|stors to cooperate with the first parall el

array ofl- t r ads¢wrent sompanseiicy GiicHY for yeatit Lewraméaigey gircuit, the

C hahd&it hitidt bﬁcul%afvﬁ{g 4 herenPPRB ﬂ§ﬁﬁédqﬁ/ LHfsE @&ﬁent I"_hlrr@r stage
cur,rent co sation.circuit_ accor toclaim1l

wh FHBING 25§ e (HSEaEREET §agedBF S8 ﬂl@%&i migror ptagggouplgd to a
| PG 061t @BRIE, ThE OWEINe doﬂlﬁer&@ﬂi(brﬁﬁrdﬁﬁt%ﬁ@imsinfge

supply volta e so rce rn,_voltage.,sourc
o PR Lury ent M GnBeHLES IRy Podelid o Jud P B8 B Chaing o0
wh eu@htmd@ethedmpe@mbe donjze npatiivntoggenerateta ¢esnifensativd signal at the

o IR AR e s M MR SRR

accor di ng t o2ceHi Y hﬁm@g@n AR éOURi@ﬂf toethe Oéw%m@ﬂlﬁ@rﬁuﬂem
Ci BGﬂﬁhf cdndedted fRde lcﬁrrgﬂ\k’%th the éi%lrpéﬂﬁg'eedﬂerﬁﬁm@@ ?éﬂ% 4ton

w

circuit accordin | ai.m 7 erein irs ay

10 of CRIPRFRSAURIHEWT @T&PEIFP&HH’%FO SHEPYP3HSID fSﬁP&nf%f@t °
see@fperabi@ysighall r ansi stors are re- channel
transistors. 9. A current conpensation circuit for use
with a current mirror circuit, the current mrror
ci rcui t 2havi Agcarenticomepensganttintett acmiddioy tackin § twherein the gain

cugtag&(ﬁ%ﬁgegr stage driving a second current mrror
second current mirror stage having a source

connection tra@gnlgr@pnasos}{qg;gaylswget age source, the
current conpensation circuit 5 conprising: means for

detectlng changes in the supp voltaefromt e
supply Svol tz\g@r@am%penﬁﬂ@n&@éﬁ% APGF: la%f%el@inﬁawherem the
chasngednisogict dhinGtagea ?ﬁ@rs generating a conpensation

o1 gnal 1 epr e3ehl A e Sl V108 SHRRISR A ! A KRR Y

predetermined range of compensation current. {‘
4, A current compensation circuit according to claim 3 wherein the
common source gain stage further comprises:
a second parallel array of programmable transistors to cooperate with
the first parallel array of transistors for defining a predetermined gain characteristic
5  for the compensation current.

5. A current compensation circuit according to claim 1 wherein the
impedance divider comprises:
at least two impedance elements coupled in series between the supply
voltage source and a return voltage source

6. A current compensation circuit according to claim 1 wherein the

current compensation circuit is formed on a single integrated circuit device.



10 neans for generating a conpensation current for
application to the current mrror in response to the

w@eoppeswai i on signal. 10. A current conpensat i BPOT/US2004/031373

10

'voltage source

circuit according to claim9 wherein the neans for

d et ecti’hg chAargasnt dibntpl&ﬂsaﬁtm plryuivalcbaiiey wangim 6 ehereanthe
qReg d|V|der cO pply vol tage and
havi ngp%ﬁnpens Clrculg% f%?tﬁ&i)mnglGI nce divider

operative to generate a conpensation signal at the 5

node repres eﬁtcﬁﬁlix’{tec %I eﬂé%tlut)ﬁ‘gﬁmﬁp?c@g%% % Jdfm ’?%9116}51 the first

PClr rent conpensation circuit

CRTY @ Hgnaigors) e Rrobamied ransistemeandedhhccond prrgepidransiskgs are n-
a GanReRaadiser. current conpri ses: a conmmobn source gain
stage having an input coupled to the output node and
a current output connected to the current mrror, the
comon %Sour c& cgakt coﬁlpstlsa:gen opariafor uee with g&uﬁeﬂtrmm)r circuit, the
CoTpS ntsrﬁ{ L'OQ‘Q?II‘%H { h?ﬁhg a%{lrrgrﬁ g)la h%s%'mg({l] Rgg ftrg%uﬁgﬁtr rﬁﬂ'}or stage
m T or n npensat
sidgivag a smond\cmmw @mrowﬁgfe theasccan @mentmtrrqcsmemawgg a source
t %oﬁh@dﬁ'&h%e?%jafsﬁ’;fﬁlg %uacge@sﬁleéﬂtﬂecur%@e&n HspfiSi &k&e
the range of avall abl e conpensation curre romth
c LHOPRBINESur ce. -9 WO 2005/ 031975 PCT/ US2004/ 031373

13. A CUT T CiicGRTDRARRIIEANSIZeSH ho BGEAY dblRge Ront Ristpply
9 and further, includi 9 s for tt| E ain
o PV ARES Shcto FhegBeis dorlater g Apecsing Bing Homs Jor §jprating a

C opRAstion gighal reprep@itytivealftvaliseel dhdmmdn dleasngply voltage source;
current froma current mrror, the nmethod incl uding

the steps: detecting changes in the supply voltage

from a supplmeansiforgrmesitiog e epmpereagemeurrayt £r application to the
CRRENSA 2 n §ésg8ﬁ’§e th B o h&%ibﬂ %ig‘ﬁ&l. the voltage
changes in the supply voltage source; and

generating a conpensation current for application to

t h e curpeent Nbﬁfréﬁt coh@eﬁ@ﬁ@ﬁ’ Bischit é&céﬂ@lﬁagct@ EReMSAlvheRin the means
or for usein a

&l 15. Atim %Iﬂ
HFGHECHrnges &4 BIE SUPIHE VP (HREFGMPYSHer at or i ncl udi ng:

an 1mpedance divider coupled to the supply voltage and having an

output node, the impedance divider operative to generate a compensation signal at the

node representative of voltage changes in the supply voltage source.

11.  Acurrent cempensation circuit according to claim 9 wherein the means
for generating a compensation current comprises:
a common source gain stage having an input coupled to the output
node and a current output connected to the current mirror, the common source gain
stage operative to generate a compensation current for application to the current

mirror current path in response to the compensation signal.

12. A current compensation circuit according to claim 9 and further
including:
means for setting the range of available compensation current from the

current source.



a delay line having a plurality of delay cells with
respective phase- shifted outputs and bias current
WO n@an3t97d a sel ector having a plurality of i npeit/FS1004/031373
recei ving the phase shifted outputs, and an_output;
phase dég ect iAosurpint compenpatiay civtettaceqrAi@gstio elaph Qsamd further
shifd ween the selector output and a reference
signal, and generating bias current; and fanout,
circuitry tomfass farsgifiasthrezayn akthe GerEIR spHrcegain stage.
splurality of delay 10 cells, the fanout circuitry
urrent mirr

conprising a first circuit and second
current 12m r %’i‘leaﬁofl it qonwa&t@g%rosugp@dbogﬁage-ﬁupgggl}anges to

t heugrentfsnt a outérgmieior,¢hié nsthod dpduding thy steps: def i ne a

bi as current ] - 1.0 i | .
coupled to t Iﬁlgf%?g%%gg%?srlgﬁ{S?@%pg%mngynﬁgm&zae&g E%ﬁoglﬂghe SOULee;
to the bi as gonerating a exupansapnfsignd repeaseristiyrofthe voltage changes
5 SURDING Sﬁ%@gﬁagé@u&@.aﬁ timng generator according to

15 i (

clalm ereln the current., conpensatiqn ¢gircujt i
conpri ses: aBCREHEHhENRRNGILINS CUESHiIOE APRIS At PRy tosthp gyent mirror

volif AgForRB & tha\cbApeatioRWighMt node, the inpedance
di vi der operative to generate a conpensation signal at

the 5 node representative of voltage changes in the
suppl y \6] t adetiming geaeragordoiansgan a sehegedivdnti tegerathe timing
in led.t 0 the output node and a current out put
co%ﬁ%%%ggﬁfgﬂ%%é current path, the gain stage .
operative toagehelmedagingephpeliyafidelay celly wih rgspective phase-

apRhiReA blPNistAd bE eHEASRpuRat h I n response to the
compensat I on sglgnal. 10 -10 WD 2005/ 031975

5 PCT/ US2004/ 03 selpatoshaving 7 plusality gf pguisdpereseigingrthe phase shifted

i nog@gp}mg%)ﬂg tester, the timng generator
el U hg. " e o e ha 08, B AL Ut Ol e e
cukglegtbr outputtanid aaefeednee signalnand gegedtipg biaalcitryntpfnd
I nputs for r gn%iuyizi?&liw & ROABECTR §:ih8urent to the plurality of delay
10 cells, the fanout circuitry comprising a first current mirror circuit and a second current
mirror circuit coupled to a supply voltage, the current mirror circuits cooperating to
define a bias current path, and
a current compensation circuit coupled to the fanout circuitry to
minimize changes to the bias current resulting from changes in the supply voltage.
15
16. A timing generator according to claim 15 wherein the current
compensation circuit comprises:
an impedance divider coupled to the supply voltage and having an
output node, the impedance divider operative to generate a compensation signal at the
5  node representative of voltage changes in the supply voltage source; and
a gain stage having an input coupled to the output node and a current
output connected to the current path, the gain stage operative to generate a
compensation current for application to the current path in response to the
compensation signal.
10
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out puts, and an out put; phase detection circuitry for
detecting the phase shift between the selector output

war@sa3res er ence signal, and generating bi as CRPCT/ER1004/031373

10

10

15

and nmeans for distributing the bias current to the
pl ural ilt7y ofA telimygenetdisr. fod 8se iA atsemicogdemerctiesten the timing

a | .cl.aim 17 wherein the neans for
dicg‘ségérlgt?gg?cﬁgdlﬁ ynpri ses: fanout circuitry to distribute
the bias curadsigy ling hawimgs nlvelitst of d@iaYd:éﬁwlthé@me@t}vqmse-
f Rt cekfueidd BlaCRAE BibRg; 5 @ first current mrror
circuit, 'a second current myror.circuit coupled to a,.
suppl y vol taf’g??fecf% avipg Fé’lluréﬁtéf %MEWF@H&%PLW shifted
cidg@pﬂtg,an@@@pﬁatpat;i ng to define a bias current path,

an a current c nsatio ircuit. c LISl n

i npedance diR]/"iaif’e‘fe?%glﬂB |C58“1Fré§% H eyescbﬁ%ﬁiy%pp\;l 61% %%%%Stﬁ”oe en the
1Geleator ngtpatardut efdremve degnal, hed penpedmg beasdiuvienie and
operative t .0 A € ' i

node. 1 epr esQhear oy ERTRERRR LA 1518 RraRly o ¥flay oolls

vol tage source; and a commopbn source gain stage having

an inpuytg Coq@ltiﬁﬁn% Seneldi§ RbbraiHg 0 efemaNdviger&i ifiehbans for
out put connected t0 the current mrror, the comon

s GUTERIHE GPEYHEE operative to generate a conpensation
current for fagpplceadiirgto distribne the biaw cueedt tortlrerpiurality of delay

16515t AR RnSPERT RS i ng to ol ai m 18 wher i §
the gain stage coistésest maraomeon; Sour ce gai n st age.
a second current mirror circuit coupled to a supply voltage, the
first and second current mirror circuits cooperating to define a bias current path, and
a current compensation circuit comprising
an impedance divider coupled to the supply voltage and
having an output node, the impedance divider operative to generate a compensation
signal at the node representative of voltage changes in the supply voltage source; and
a common source gain stage having an input coupled to
the output node and a current output connected to the current mirror, the common
source gain stage operative to generate a compensation current for application to the

current mirror current path in response to the compensation signal.
19. A timing generator according to claim 18 wherein the gain stage

comprises:
a COMMON-source gain stage.

-11-



