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 detector 14, where it is compared to a reference signal Vref to determine any phase
 difference. A compensation voltage is then generated in response to the magnitude of

any phase difference, and fed to a charge pump or voltage-to-current converter 16.
The current generated by the converter is provided as a reference bias current to a bias
current fanout circuit 18 that duplicates and distributes bias cuirent to the delay
elements to contro! 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
transistor QS to generate the same current through a first mirror transistor QM. The
mitror transistor's gate is tied to its drain, with its source terminal coupled to the
supply voltage VDD. A plurality of mirroring transistors QFM2 - QRMN are disposed
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To fanout, or distribute the bias current to the
various delay elenents, a current mrror circuit
schene is typically enployed. As shown in Figure 2, a
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vol tage source. The currentSuspmransation circuit
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Other features and advantages of the present invention will be apparent from
the following detailed description when read in conjunction with the accompanying

drawings.



FIG 3 is a high-level block diagramof a timng
generator according to one formof the circuit
descri bed herein; and FIG 4 is a high-level block

woboasgisesy of a bias current source for use i FRCTHUS2004081391
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provi des bias current conpensation to control del ay.
The generator includes a delay line 22 conprising a
set of N delay elenents DI - DN, each providing ‘a
proportional to 1/N phase offset with respect to an

i nput clock CLK. "A preferred 15 del ay el enent
construction that provides low jitter delay is

descri bed in co-pending patent. application seria
nunber 10/ 376,664, titled "Low Jitter Delay Cell"
filed February 28, 2003, assigned to the assignee of
the present invention, and expressly incorporated by
reference herein. Further referring to Figure 3, the
del ay el enent outputs are fed to a selector, or 20
mul ti plexer M. The multiplexer output feeds a phase
detector 24 that determ nes the phase difference

bet ween the sel ected del ay signal (presented by the
mul tiplexer) and ~ a reference signal Vrcf. A charge
punp and vol tage-to-current converter 26 receives a
di fference signal fromthe phase detector to generate
a reference bias current IRE.'. The reference bias
current ‘i's then duplicated and distributed by fanout
circuitry 30 to 25 provide the bias current for the
del ay el enents. The change in bias current serves to



control the delay through each elenent to a desired
| evel. Referring nowto Figure 4, the fanout circuitry
30 generally includes a reference current source
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Referring now to Figure 4, the fanout circuitry 30 generally includes a
reference current source input transistor QIN that receives an off-chip current I0C to
generate a bias voltage for a first programmable current mirror PCM1. The first
programmable current mirror is in the form of a current DAC, or IDAC comprising
transistors QM1A - QMIN, Each of the fransistors has a relatively long channel length,
on the order of around 720 nanometers. As is well understood in the art, the cuirent
DAC compriées a bank of transistors that are selectively activated to achieve desired
characteristics.

With continued reference to Figure 4, the first programmable current mirror
PCMI1 (transistor IDAC QMIA - QMIN) is disposed in series with a first fanout current
mirror CM1 comprising transistor QM1, forming a node with the first programmable
current mirror, at 40. While not explicitly shown in Figure 4, the voltage-to-current - -
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15 CMOS integrated circuit. The supply voltage current
mrror CM2 includes a diode-connected p-channel
MOSFET QP with a source termnal coupled to the VDD
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In operation, the accuracy of the timing generator 20 (Figure 3) depends upon
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 volis. However, noise often
affects the value of Vpp, sometimes increasing or decreasing the level by +/- 0.10.
volts.
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to the circuit's convenient construction, it is readily ada.ptable for use as a standard cell
block.

It will also be appreciated that the current mirror compensation circuit
described herein is not limited solely to the field of automatic test equipment (ATE).
While ATE presents a challenging environment where such a circuit provides a
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
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or where current generates a reference voltage -7 WO

%%??ﬁ??%é%ﬁgggﬁ%%ggggg9?%%%2%%%3%?ke|yepg ﬁée cur?ék?n

FRPIRE RgmidBEwithigdcedSumply Wid8¥d supply vol tages. |
Whi | eViHie tHierimentionims bech faetinlads shavendnddescriberbwih tafefence

HERE plebila Wnb BaifoBIEHBRGE ic il o ARABLIY ke RO RO ke
ereor, It W Il. De understoo y_those :skill ed |%
{hab vations clgngdsan foymand defait may hemedsthersiwithent ¢RReiipg ey,
BR spiRasd 4B &tk inbdnient departing fi om the spirit
and scope of the invention. 8 WO 2005/ 031489

PCT/ US2004/ 031391 WHAT IS CLAIMED IS: 1. A current
conpensation circuit for use with .a current mrror
circuit, the current mrror circuit having a current
path defined by a first progranmable current mrror
stage driving a first fanout current mrror stage, the
first programmable current mrror stage having at.

| east one transistor with a channel |ength exhibiting
a first 5 channel |ength nodul ation factor %, the
first fanout current mrror stage coupled to a supply
vol tage source, the current conpensation circuit
conprising: a supply voltage current mrror coupled to
the supply voltage source, and having a current

out put coupled to the current path; and a second
programmabl e current mrror coupled in series with the
10 supply voltage current mirror and having at '| east
one transistor with a channel length ‘exhibiting a:
channel | ength nodul ation factor %2, wherein the
second channel length nodulation factor 9% is |arger
than the first channel |ength nodul ation factor X,
the first programmable current. mrror and the second.
progranmabl e current mirror cooperating to maintain a
bias current through the first fanout current mrror
stage 15 substanti-ally independent of changes in'the
supply voltage. - o : :



2. A current conpensation circuit according to claim!|l
wherein each of the programmble current-mrror
stages conprises: a parallel array of programable

wotwensisss ors for defining a predeternm ned p@ngeossfosize

10

15

current, 5 3. -A current conpensation circuit according

to cl avaal isdepeveDtiIBe current conpensation circuit
is formed on a single integrated circuit device. 4. A

current conpensation circuit according to claim3
wher eiln t hé cugent n:empensaﬁqmeuhsm’t foo msecvitlcadwrrentmirpor wizchit, the

QB mifor AR o GRAREPHAALDIA 6F 4 BHE brobAnckinfs thh

a current. mrror current_mrror CIrCUIt

HAGOREA3e démng@ﬂmféwt erarep T stage. fhe st DRossPmARlE sYment

hifropsthge Havihp of et a@araikistot With @ chinheltlerfgtnebibiting 4 izt
Mn%f lﬁ%ﬁ g8yl %u‘rl]cren ffaclbt?rs)\,l 85 ggsnc an ﬁ%luﬁ‘er& %Sp&aﬁ?mo{rgél?& toa

ISEMSY woltage, 'ﬁqwqel. g currant fs@llpene&tm ﬁ!éﬂ;ulﬂ @n:@?rlﬁmﬁb dul ation

f actor X1,4 Mﬂ;ﬁlyfwﬂolﬁée oﬁ:ﬁ@&liﬁmﬁflédfuﬁﬁﬁ tdWhk EQIplP¥A@Ee source, |

led to a urﬂrug({ aq%e sourc t.he ‘curren

&E%‘ﬂ%%%?“&’i?mc‘? P “P!eélﬁf) SPHEEPRERIY for detecting

changes i na sdoendsprogrinymeble icaigent friwen cotydedinmpliss witotheage

ﬁg@{ﬁ?@%g&g%g?ﬂ?& Md ﬁa%ﬁeg% 8&% ﬁ%%%g% W e length
pxhibitigge ehnn@ﬂ%ﬂl @@M@qtmmsw@r@m the sproad ehanael; 1grgth
Qiodmhb@ﬂetop 48 Bifer b HRREASIURRANE éRdth aREUISAH fabtor Ailthe

e L

coopeatiagta mammmqﬁaas cu&ﬂnmhmugh thafirst fmpﬁrcsabmtoninor stage t
?\E&%ﬂﬂ ﬁﬁdeﬂﬂ JPcRanth Qh@su‘b@fgr viRgas for detecting

anges ‘in e supply “vo tag nprises: a supply
vol tage current mrror coupled to the supply voltage

sour ceg, amudf@vb e@seﬁuﬁbﬁéﬁﬁ RérBik teElbipl Ehhéeintdach of
urrenftﬂegl ﬂ econd %%ogrammbl e current
CHIOAT alﬂ?‘é‘ﬁr‘?n méréqus Al suppl y vol t age

current mapapllel array of programmable transistors for defining a

predetermined range of current.

3. A current compensation circuit according to claim 1 wherein the
current compensation circuit is formed on a single integrated circuit device.

4. A current compensation circuit according to claim 3 wherein the
current compensation circuit is formed in CMOS.

5. A current compensation circuit for use with a current mirror circuit, the
current mirror circuit having a current path defined by a first programmable current
mirror stage driving a first fanout current mirror stage, the first programmable current
mizror stage having at least one transistor with a channe] length exhibiting a first |

- channel length modulation factor A1, the first fanout current mirror stage coupled fo a

supply voltage source, the current compensation circuit comprising:
means for detecting changes in the supply voltage from the supply
voltage source, the means for detecting changes including means for generating a
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7. A current conpensation circuit according to claimb®6
wherei n: the second progranmable current mrror
includes at |east one transistor wth a channel

wdg@@@t;hsgaxhi biting a channel |ength nodul atpemngd2e0io91391

10

10

A2, such that the second channel | ength nodul ati on
f i bfgdt iiARERBBly JoRAH dBu
o%%ht“as R e R L e R A
dofipensat i on current conprises the first and second
pr ogr ammabineang lﬂﬁrfg%ﬁtératﬁigfafdéf@ hirfgr dpplicmiont@ihe a
bi as ,current N g;@nout current mrror

%%%BW&W?%F?@&P%%%%@WI “changes in the

supply voltage. 8. A nethod for conpensating for

suppl ¥- vol h@@erd: BoH; Sétl@at&%&&ﬁﬁact:&dﬁg t61615int & Yhelelo B ineans
through a fanout current mrror,. the nethod including

tipedelgchpgchapges it ﬁ‘@’P Sh3ECRSte supply vol t age
f rom a supphipphyololiaganaentmiaor coiplge tethabupply wltage source,

GOTBENRE! (Bl Bhurl B8 afe bt patid TECC, 112
changes i na seaendyy &Fﬂ%@t Wﬁ@@lﬂt Weserics with the

GR Gﬁﬁbégﬁreﬁwt based on the channel. |ength
no ation factor A2 of a second progranmabl e current

source and sinking current fromthe current path node
with & fi rAtupen gompensdiion cirdwot soordiagto elaior ¢ whersini ng a

first ch anﬁg Lse\/ekﬁ&%% Er %ﬁgﬂf}e%htr nfiBGH ﬁélu&gs at E§§ oh&@khsistor

t hat of

o acBpshisngth oxbting w}ana%ﬁ%gﬁmr@&r Bfstor 12, such that the

GedtRe Bﬁ@hél%hgﬂi&hbcﬁtﬁtmﬁ rfad:tdrh.@mdﬁ@d:rrm thelfirsectanhdl lemgthh
theuI ﬁﬁ:r t mrror. 9. Atimng generator for

uct or tester the timng generator
i ncl udi ng: thammrsaryr ganmanmmgaeasapommem gongyfrisgiethe first

i 1ol 4 ?ﬁ‘%ﬁﬂﬁﬁ"%“f@ﬂt S ‘%é‘-’?‘*‘%ﬂ%%‘t%bﬁ/ o““‘t‘%%t?ss
ahropghethe Bist fnQut sprent Btna?fét%gtw fantially jp ot of eRmge

ttﬁhesupﬂsl sslt@mfted out puts, and an out put phase
det ectl on circuitry for detecting the phase shift

between the selector output and a reference signal,
and géner ah inethodifars:oowenseting fonsmpply-voltage-induced changes to 2

desired current through a fanout current mirror, the method including the steps: _
detecting changes in the supply voltage from a supply voltage source;
generating a compensation current to a current path node, the

compensation current representative of the voltage changes in the supply voltage

source, the compensation current based on the channel leﬁgﬂl modulation factor A2 of

9-?

- a second programmable current source; and

sinking current from the current path node with a first programmable
current source having a first channel length modulation factor Al less than that of A2,
wherein the level of current sunk corresponds to the difference between the
compensation current and the desired current through the fanout current mirror,

9. A timing generator for use in a semiconductor tester, the timing

generator including:
a delay line having a plurality of delay cells with respective phase-
shified outputs and bias current inputs;
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fanout circuitry to distribute the bias current to the
plurality of delay 10 cells, the fanout circuitry
conprising a first progranmable current mrror circuit
woea0eb/0a148d i r st fanout current mirror circuitpcousiehiizo:
a supply voltage, the first programmable current
5 mrror CI rﬁb&léctcﬁ'h&mh@@ phigdHepé S iBpuitd Eﬁfecﬁbh%‘ﬂie ﬁﬂaﬁéﬁmﬁed

define a bias current pat
coglﬁjﬁigs énllll%atl on circuit coupled to the fanout

circuitr y pl@lscmetmnn nirauéirycfondejeding thetpheselshiisbatweanding

rs8fBbthi duiisht b PARAHERE a?mrhnhfg@néaﬁ@byas\é%éﬁ%d the
current coggggsatlon

rCUIt n east two
pr ogr ammab GFF‘EF&’WA"?W‘W% the b @é&l’l"‘?ﬁ]g?ﬂ the rlusadibeed delpy
10  chim thelfadoaheitchitiyaduipaingn ﬁfsapltogfamniﬁbleam&eﬁtznm@ﬂ éirait and a

tfﬁ%néi{& L Cut %t nﬂagép?g%% ﬂo'a%ﬁp%%ﬁél?ag? tgeeﬁrng%ljo%ra%%{a%ale
EhEp N raerit pd the famputourrens mytyerpeirerib ceopetating kot dqﬁnﬁ g bias
havingg at | east one transi stor wth a channel

e ey 2 Lo
15 @umpnzemha@es o theipps yunmt teag'engﬁmm eluinged in tlor supply vbkape} the
oiSent LR g%&&ﬁt ﬂ&ﬂ&ﬁg at 1e%?tu%'1ﬁ Q‘Qﬁﬂaﬁﬁe Curretit Bﬁ%&rs
secon

output COU e current

ﬁ%‘dlaﬁlﬁﬁ%}‘@ﬁ&@?haéml longthrmped %l@p Fastors M agd p2.@8¢ of thp characl

Senpfl ifodnlitiba @R toB4 ek Yargli thinPthe dthdr. havi ng at | east one
transistor wwth a channel |ength exhibiting a channel

| ength nodul ation factor a, 2, wherein the second
20 channtl. | éh{jming gmdaioaadcordiﬁgaobhhnxzvﬁeﬁiﬂme@mt t han

P Rgrahiiable gim vt etk bﬂé%%?ﬁﬁ%mﬁ% ch%é}ﬁ 188%th

rst raogr rent Iﬂ rror
5%@@%@% chinl fogth modulaen st Pl GugntcompaRSAtion Gircalt

oA rent through the first fanout current mrror
ta e b pendent
Supply vortoupay Vet s RS S herRl o GE TR rofledeBopee
25 a@mg@,@mr@nt Otl'@gt@upled bethe currentypatigenér at or i ncl udi ng:
del I
a del ay Iarsscdﬂagwggﬁ{&?mymemma@@% S&ds it thd!

res ilve has ted out puts S current
SUpBlYrveltags cugpriapigpr 4\ iaxige gt 154!8& puf trangister with g ghanneljength
exhiteting dhatult lopphaodalitibh e@tor m; nbietieoh, théfdo@dchabhidd Wingth
BRI ARG Wil Gl b Yook BT 16T ARG, the

30 - first programmable current mirror and the second programmable current mirror
cooperafing to maintain a bias current through the first fanout current mirror stage

substantially independent of changes in the supply voltage.

11. A timing generator for use in a semiconductor fester, the timing

generator including:

a delay line having a plurality of delay cells with respective phase-

~ shifted outputs and bias current inputs;
5 a selector having a plurality of inputs for receiving the phase shifted

outputs, and an output;

phase detection circuitry for detecting the phase shift between the
selector output and a reference signal, and generating bias current; and

means for distributing the bias current to the plurality of delay cells.
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sel ector output and a reference signal, and generating
bi as current; and neans for distributing the bias
current to the plurality of delay cells. -11 WO

w0384 459 PCTf US2004/ 031391 10 12. A ti nPaumgus2004/031391

10

15

20

25

30

generator according to claim1l wherein the neans for

di strifhut i RGIBREREASRST acéodifgHo dtdiClUiWHeYeid heFhenhd foPut €
%ﬁ ﬁlas current to the plurality of delay cells, the
f

PRIy conprising a first programmabl e
current m fanout omcultxwtct distribrgie fhicibsas cingenp tothe ahmaiy ef delay

aving at | east one transi stor
CAdfg, S bk EiRbuithy grfﬂnt&]ng g

exhlbltlngacann ngth nodul ation factor 741; a
fanout current WPEPW@PF“%%M@F% tag st v

Rbdrag@ablt b@rent Ai@aticirowt K@ty abichst ofic RAGistdr@xHibitiag a channel
Hgl%%[g?&g Bl e fcﬁ%ﬁﬁm mrror circuits coupled at a
cu N

Cboperating to define a bias current
path, and. 20 a8 Boeut ewrent nynpeeirenit eipleil tewsupply voltage, the

FTRAIRL bteltinr APILY 68 ploRARuily Aln TP LRy R Blk e
Bffttng%‘o%]&ceaﬂw%sﬁ%&‘éuﬁfﬁmc Pahiids second

progr anmabl e cut cuereht dmmpemummmhwdompnmgi es wth

the supply vol tage '

one transistor wt h%;éﬁéqig%l{%é E%nﬁﬂ %x@jﬁil@ﬁfé S%gﬂg

elgssPurre aad haviagruenionifubequpled rathe cvms@t PRt ade

second Channel | engta%edmé fo@fahﬁﬁhbieﬁﬁh@ﬁtnﬁx%r couiplddan Sles

th h I I t 741
OB e Gy Bege R e o LADR A P SR g et Wik & panel
;imggr@duhtbiga ahmmeéhhgﬂrmaddaﬁomﬁacxpﬁ)czatmﬂgmtthn seedidtchammeh
k?é]:gﬁl lﬁbﬂlﬂ h 8 ?ﬂar? Endl tﬁec‘ﬁrs{ é?ﬁ?ﬁé‘l E&Hﬁrﬁ%ﬂéﬂoﬁ Ffdfor Al

tantl dependent o es In
§hpptg'p framakle cg@en mitror and the second programmable current mirror

cooperating to maintain a bias current through the first fanout current mirror stage
substantially independent of changes in the supply voliage.

-12 ~



