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CURRENT M RROR COVPENSATI ON USI NG CHANNEL LENGTH
MODULATI ON TECHNI CAL FI ELD The circuitry descri bed
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e?ﬁﬂlﬁy Pilm integrated circuits. CMOS technol ogy
provi des relatively good perfornance at very | ow cost.
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a . ga\sfgﬁ(s:rté@ﬁ%ftgﬂrd@ﬁ geﬁcraﬁ)?éjerﬁélgﬁ‘pgﬁﬁ%?cgteﬁ%%%%ngaﬂon
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di f f er gngerefofered Empﬂga?etl %"boﬂ@éﬂu%ﬁﬁ Glﬁdsﬁ?rﬁu-%e%%ﬁéﬁio%% that

In res nse to the nltu e Q ase ere

FavRizat O ST RO %Fftlﬁggdﬁ%esaﬁ Higify of delay clements

chnveN edsupléﬂ to'g“dstﬁerau G delegn ghat B@bhhyf thd’l@elﬁ}@él\émléhﬁl’utputs

[ rovid as ¢

SRR 8o Rer Boft TR Br TSt Eontrd ol e same

bowisuts areradsot used fartaadedinl compensation scheme A compensation multiplexer
12 1s employed, that receives the delay outputs, and provides an output to a phase

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 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
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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el enents to control the delay. To fanout, or
distribute the bias current to the various del ay
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enpl oyed. As shown in Figure 2, a conventional current
mid paalldlekch st it gatf Redeidahe G4t iRMbr BALISGE saRUMEDUr@

a,current so transistor 3 to generate the sane
c&?'@f@y?%fgﬁéﬁﬁa first mrror transistor QFM The

mi r r or Whikerthissoofigwagat woiks wdllefdr tteirtérsled mpplicationg, the current
[ : i . | DD.
Rﬁfi@fﬁaﬁ:? )r/ﬁlgpmr%kst&% l?éjsutsgepﬁéltg%rté %%E%Q%ng%c\é@g on the

mrrorin ransi
diVepviausd Even arelptively ampld changa of 104 millivelés epatcause aeprresponding
U BBarfok 8 theHids' @freht BRRICA 68 ARTER,; cAREpSREEAS aff@d‘tfﬂ}grﬁé Rvel of
tied to ngﬁ-ﬁh'ﬁe this conflgu%atLon wor Ks™ wel | T or

i PUre PEYadRd P Rar yRitage [Rvels opiniggrafad GRS eoptigue to
nedredsef thzsnsolst@rbeotedRofyFoRRInckd.e t0 noi se
g?ranF Io n %aﬁ ésgﬁ:etgl icgﬁglnc ; %ﬁl%l g{%"gﬂgbgﬁ ?sgaggogxgperélgeltt%ﬂ c\{r%lu% for use
c vritheyprendnner chramitpso inminirhige bharges urquerent athibotephe ®awhply

' - Ear ' ' he:.l . ' .
oy Sl ngi] TEpARCH At BB bt (YRl hofe e i
cPe¥lii ts continue to decrease, this probl em becones

nore pronounced. What is needed and currently

unavail able is a conpensation circuit for use with
current mrror circuits to mnimze changes in current
attributable to supply valtage noise. The current

mrror conpensation circuit described herein satisfies
this need. - 2 -SUMMARY The current mrror
conpensation circuit described herein provides a
lowjitter solution for the generation of bias
currents by one or nore current mrrors. By m nim zing
the errors attributable to noise in the supply
vol tage, reduced supply voltage |levels may be enployed
inintegrated circuits with little error caused by the
current mrror circuitry. To realize the foregoing
advant ages, the circuit in one formconprises a
current conpensation circuit for use with a current

mrror circuit. The current mrror circuit has a
current path defined by a first programmbl e current

mrror stage driving
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Phase detection circuitry detects the phase shift between the selector output and a

reference signal, and generates bias current. The timing generator further includes
means for distributing the bias current to the plurality of delay cells.

Other features and advantages of the present invention will be apparent from
the following detailed description when read in conjunction with the accompanying
drawings.



circuitry enployed in the timng generator of Figure
1; FIG 3 is a high-level block diagramof a timng
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descri bed herein; and FIG 4 is a high-level block
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a timng generator that enploys the current mrror
conpensation circuit, generally designated 20, is
shown. The tim ng generator is of the type that

provi des bias current conpensation to control del ay.
The generator includes a delay line 22 conprising a
set of N delay elements DI - DN, each providing a
proportional to 1/N phase offset with respect to an
i nput clock CLK. A preferred 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 ement outputs are fed to a selector, or

mul tiplexer M. The nultipl exer output feeds a phase
detector 24 that determ nes the phase difference

bet ween the sel ected delay signal (presented by the
mul ti plexer) and a reference signal Vref. A charge
punp and voltage-to-current converter 26 receives a
di fference signal fromthe phase detector to generate
a reference bias current |REF.
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NQgderefbice fsi%hal"\ﬁ%ﬁ' XicRergé 9(@19%@%%15760%[({11%@%1’( donesatériD® receives a
ef er.r.in

current mirr sat,l on c|rcul
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a _su olta C,
T NS S S RSBl et s
oventadllthpdelhythrewph each element to a desired level.
Referring now to Figure 4, the fanout circuitry 30 generally includes a

reference current source input transistor QIN1 that receives an off-chip current IOC 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 transistors has a relatively long channel length,
on the order of around 720 nanometers. As is well understood in 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 programmable current mirror
PCM1 (transistor IDAC QM1A - 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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length of the PCM 1 transistors. This relationship is also expressable in terms of the
channel length modulation factor A, which is higher for longer transistor channel
lengths. The effect of this relative difference in modulation factor is explained more
specifically below.

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 volts. However, noise often
affects the value of Vpp, sometimes increasing or decreasing the level by +/- 0.10

volts.
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alhutddet deSéritietd Merein! NONG ghiticAemBOMRRE $Hhe @mrentrcbﬁiptansatlon

N L s b SR B BBl g stns o e

stsamsiardltggl [Further, the programmable nature of the circuit provides flexibility
and accuracy in allowing for fine-tuning of the compensation current. Moreover, due
to the circuit's convenient construction, it is readily adaptable 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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block. It will also be appreciated that the current

mrror conpensation circuit described herein is not
woizoistoadissol ely to the field of automatic test PCT/US2004/031391

equi pnent (ATE). While ATE presents a chall engi ng

eﬁl‘é&l{h@@?ﬁ% Q:lbm aﬁ01§ 919&1@ Teb& biblicRi S a?@ﬁkffly to usvmurrent
substanti al .benef ci appl i catlon where
cOYrRRRE WP@%%SH@M@@W%BB@Y&P@ %ﬁ‘pl oyed may benefit

f rom t Menhileshe bivehtidrshag ibeensparticHanly ehoawrpirel, deseritediwigh reference

SR BB S0P B85 e
uﬁnﬁVﬂunsmhmgmsarﬁomaudﬂ@mﬂnn%mhssékdbgwuﬁﬁﬂhﬂﬁ@ﬂﬁﬁéﬂgﬁonl

|} t % JHohr oring techniques with
Igﬁ%%ﬁagﬁgp f 3§#$§g%s°l ile the invention has been
part|cularly shown and descrlbed wth reference to the

preferred enbodi nents thereof, it will be understood
by those skilled in the art that various changes in
formand detail nmay be nmade therein wi thout departing
fromthe spirit and scope of the invention. - 8 -A
CLAIMED IS: . A current conpensation circuit for use
with a current mirror circuit, the current mrror
circuit having a current path defined by a first
progranmabl e current mrror stage driving a first
fanout current mrror stage, the first progranmbl e
current mrror stage having at |east one transistor
with a channel length exhibiting a first channel

| ength nodul ation factor | , the first fanout current
mrror stage coupled to a supply voltage source, the
current conpensation circuit conprising: a supply

vol tage current mrror coupled to the supply voltage
source, and having a current output coupled to the
current path; and a second programmabl e current mrror
coupled in series with the supply voltage current
mrror and having at |east one transistor with a
channel |ength exhibiting a channel |ength nodul ation
factor 12, wherein the second channel |ength

nodul ation factor |2is larger than the first channe

| engt h nodul ation factor |I, the first programuable
current mrror and the second programabl e current
mrror cooperating to nmaintain a bias current through
the first fanout current mrror stage



substanti ally i ndependent of changes in the supply
voltage. 2. A current conpensation circuit according

woaoasiai4sy 1 wherei n each of the programmuabl e cRCTAIS2004/031391
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15

mrror stages conprises: a parallel array of

progr angERTEIS CBARVEDASS for defining a predeterm ned

range of current. 3. A current conpensation circuit
according to claim1 wherein the current conpensation
circuitl.is fAcuresht oompersshiigl erduittfegustveith & cwreent fmirror circuit, the
devi ce. A A : : , ) :
crekpreftanfior Sttt iRl £ QRGN DAY dBlncl halst PRERlnge bron
f onimed stage dixdeg aSirst Aoyt pement sutrpesiass; iherfirel pregiammpaie current

gﬁgg*g?f Eﬂ&ﬁﬁhﬁ%ﬁ ﬁqgasfjn‘ée{] ?énsfsittc{]r%a{tﬂ a cﬁdgﬁ%l%'ﬂg‘ﬂ]? _Gihi?itfn{g%fﬁrst
u efi ne afirs

p@é@m%wﬁs%éne@ﬁ@tm fagip %»ﬁ?hesffrab%nwicw mirgor siege coupled to a
f anpply voltigeasotroa] the Gﬁréait &gﬂlpeﬁsialﬁ'orﬁ tiratit qunagisamgrabl e
current mrror_sta aving, at_1|ea eqlr '
with a chandoreagiaese Plmey Ruped & s BhRl oRhge source,
| endthhvinpdehatitemtfuacogled to, the berdrit path; frghout current
mrror stage LOMM SlohAnfbid Atk Y5 ABGRAYE QéJr%es L the
current conpensation~clircuit conprising: means_for
destipply ivaliageraigamirrortang havipg ry/legs ona fansiyionwith a channel length
f%ﬁib)‘uﬁgoe{ é’lﬁﬂﬁel%?ﬁ@'tl? ﬁ}zodﬁﬁﬁ?ﬂ%fb? Ab Gvheilgh @ied ée@grtld?&lﬁiﬂﬁﬂslength

in ans for generati.n - -C e i Q
o s haeh s red o o rs shuinbinS8 AT o dherar ot the
v dirttagegamuiadbes cuaredt masanf dic geae! gropragmaable current mirror
compensati.on current. Lcat.i
- PRapaity BRufhbtlbist AR HIrbGA e e Tl il iligor stage
c subssmtiatly mpdepeadentef diangasiin thecupplyivelfage cl ai m 5

wherein the neans for detecting changes in the supply
vol tage conprises: a supply voltage current mrror

coupl ed-t o theUEEYSPRPeRFRTiaRyeraw Aceardingta cluip Ingherein each of
CUhd SRdlordihibib Pt hiflof QagdiRomipris@nt path; and a

second prograrrmalg%e cugent mrror coupl eg in.series

wi th the sUuBPIRUROATaY! RAEIRANH FHSHors or AGREdh,

C @rpdtsalincdracge dfientredccor di ng to clai m 6 wherein:

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
mirror stage having at least one transistor with a channel length exhibiting a first |
channel length modulation factor A1, the first fanout current mirror stage coupled to 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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t he second progranmabl e current mrror includes at
| east one transistor with a channel |ength exhibiting

wea 2003aansd | engt h nodul ation factor |2, such that/ushm4/031391
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second channel |ength nodul ation factor |2is |arger

ERG1ibh E8hal GRAERELatly 8 BELS1tIFB SHhiiRes BIXKE BEHAY vbIt
gﬂlp he r%eanlgﬁa ogﬁgenearlatl ng aa%gorrpr%ﬁsatl on %p&wen%ge SOTeS

c@ﬂérl ses the first and second programuabl e current

M rrors Ccoopgdaak fd’t@ehétaﬁ?g Dtchpensatiinasinent foe applidation ghthe
the first fanout cu nt mrror. stg&q substantial ly

i CHEFETREHOL IHFeSRIPSR e cAmPRsaloR 8EtA o) t age. 8. A

nmet hod for conpensating for supply-voltage-induced
changeg to g, gﬁéﬂé@ g%ﬁ éﬁéﬁ cﬁfﬂlﬁ%%}dﬂl figRpih sCWh&ERlthe means
mrror, the e udi n e steps: detecting

c Handpserting changes ipipe JuRRY Y@g%efcpl@ﬂ?ﬂaessuppl y vol t age
source; gen ears%bblﬂ'gfoﬁagéjémx%ﬁﬁﬁiﬁ&rboﬁpﬂ%ﬂ edthets@p@lyGaltigHource,
pat h node, the conp ensat%g Eurreﬂ&’ presentative of
I@@d\]ﬂéY@&@é“:@ﬁl%frPQ‘@tFﬁuﬁl odhn Fiye BF“S Eﬂéis source, the

co gp ensat i 0?1 sfébkﬁﬂdq:lﬁb grbfﬁﬁﬁﬂ)l@&uﬁehemm@fmbleﬂem giries with the
nmodul.atigon facto 2 of a second progranmabl e current
s&BP@¥V°g?§fCWﬂ{IH§T5UHent fromthe current path node
with a first programmable current source having a

first oof]an nei V\ﬁﬁﬁ&ﬂwﬁﬂﬁgﬁg i 1?&1fltf e@‘é&%{ngl to c?a?h% 6 Wadein:

t hat ereln curremt sunk
cor r esponds thesachad proRf @ﬁéﬁblé cWEehERROF Heludstpdrash Png fansistor

CUN#ILA Ehanel [bAgh @ﬁﬁlbftﬁ’% aChbARI ‘lelltgﬂit' @@@?aﬂi&ﬁfaﬁﬁﬂ Qultsuch that the
nerator fo

current mrr

s e TSh TR el Pe e Lo g Igerdn e TR O hdenetd

a rﬁ@d@a/c_ldnlfaaohmaﬁg a plurality of delay cells with

respective phaseshifted t rd

inputs; - 8ﬂ ¢ megny fo Egcg}e? n%% c%n%%g?ak&oﬁ%ﬂq'gﬁt ?H{pnses the first

f cnndrsemd\prwgammbbrms@n@mrmr%do@mmgéo m@ﬁﬁlalarﬁl blaS Curfent

0] i
T

réh@ﬁ@@é)évgtagﬁal and generating bias current; and

fanout ci rcwtry to distribute the bias current to the

pl ur al i8t y of

A meth(}/d for compensating for supply-voltage-induced changes to a
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 length modulation factor A2 of
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 A1 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-

shifted outputs and bias current inputs;
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cells, the fanout circuitry conprising a first
progranmabl e current mrror circuit and a first fanout

wourors@ai4si rror circuit coupled to a supply voPCags2004/031391
the first programmable current mrror circuit and the

s fanout c u r QLrHele@’td’r meVing b pGihlity @0 @ipRtsaol R@ei el bieahifted

bi a % ath and a current corrpensat| on circuit
cﬂ'l‘& a]%ﬂ Plbnout circuitry to mninize changes to
g

the bias cuphestdatesioh tiragiy fandetdeting de phasd sheft dejoyeley the
V QL AAL outh Ear Ireﬁ'ﬂ%}c% %%21” i:?c% ge‘%f%ra‘ﬁhg Hills cuHéﬁtJh Y ng at

| east two' progr anma each havi ng
respective daeawheircuibyin distrbutel the bign cuent do ﬂlelpl@mhtﬂ of delay

10 OReny, tﬁé"ﬁn&ﬂ%ﬁ@ﬁﬂtry’ c%ﬁ@h@mﬁ%%&@ﬁrb A Bl OERrdAehfgor circuit and a

e an the other. 10.” A ti'mng generat
aif{f% frali% TR FBIOF STiaGroRp s ha SERINE ffol,sargag&a defgyregrammable
C Wifrefttmiftol CREuis iraDe Faonneiradnt h@st cikni cbopdstirgt tldefine a bias
Wit h atﬂ%ﬂﬁnn‘il |l ength exhibiting a first channel
| MY tion factor |l, the current conpensation
ci rcuit conprdusiengconapensgiphycireuit tapdedctorthe fanoni ircortry to

15 g Sfrﬁ@ enﬁlge g@% gg?coztgg B S 81\,'11?!31& ?%s%ltﬁ%"ﬂr'(gﬁ ichﬁ'%g% hewk gg%ﬁy voltage, the
SEUBAY eMpgRItea mréult chding %ﬂ?aﬁbwomgglaé@nthp @EFeNERIiTTOTS,

Wichéh hhenSipRicrivy @lﬁénﬁ@leleﬁgih hﬁiﬁihla@ibﬁ F¥tord N ak@V, Ble éft the channel
I elast on tran? st ogﬂpgﬁ a channel | ength exhibiting

et predulation fas g thandthg pthed  herein the

second channel | ength nodul ation factor 12 1is Iarger

than t first. channel .l en . du fact
20 (a8 v R R Pl oSSRt et
p rpm«grmmblee:uu@mr mitorisiage baviog efpleashvia gamsiustmawﬂh aicharmel length

b'e@ﬁlbﬁﬂf £ist L 9Bndih Shokibfafibn ERARRYY, L EREEH: cBinbEfRation circuit
e, IR ok

stage S| st ant ependent o anges in
SLSPBEIPFS%Itage 11 A tinmng generator for use in a

S em conduct Qtrsubﬁﬁltv%ﬂta d élﬁreht HirR& BaprRl & M s F}ﬂb%itﬁ@ source,
Wi

i ne havin l.u of dela
25 2 saduating & praes copglooht budinspanatd by 1 ont
| nputs; a selsecctnnrprbgc\anm@bae q@irtehairkor colipied i tarick avith the

' esﬁgf)ly 'vgﬁagtehc% 1%%05%%& ﬁqugmg W R She %algﬂs%r Hith B'¢hannel length
exhibiting a channel length modulation factor A2, wherein the second channel length

modulation factor A2 is larger than the first channel length modulation factor A1, the
30  first programmable current mirror 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 voltage.

11. 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-
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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phase detection circuitry for detecting the phase
shift between the selector output and a reference

weigsaBi4sand generating bias current; and nmeanBCTas2004/031391
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15

20

25

30

di stributing the bias current to the plurality of

del ay dell s.A timidg gdndratdy dcberdiig t6 @RehaAl GiheR&ia W Siinbshst Br
[ in the neans for distributing conprises:

cldasl m&/{,her el >

faﬁ&ﬁ]f gllg,cé)g.ans)e/s.t o distribute the bias current to the
plurality offam®itaircday tedistribetefthabias cuirentud theyplurality of delay

c IS ] s ble current mrror

c%rg}g{hﬂ?é ﬂ%l%@ Cﬁ#?@%&@%ﬁ%@nﬁbl e current mrror circuit
having at |east onféstpraggmmable enerenbiniirorcircuithtndiest

| eneirbmiRelY @t mifG i @tuit hévig% {1 AR bn CHELBASr HfYi@he a channel

circuit coupled to a supply voltage, the fanout
cuf {noﬁpl,aﬁglp actd Mhe first progr ammabl e current
mrror circuits copbieduaéntanielr ceatit tRBRdIand supply voltage, the
C o%zgatlen t.0 defdtﬁegatb' as current thi and at led at
o e, Pl pifton i 18 675 A CurRY mivesp Sppiits coupled at a
vehtragigode rnéeoopeiatingrto defupl addas @urtenepathppidy vol t age
source, and having,a Gul hsa%h%ﬂ%ui%?&ﬁ}éﬁﬁn%o the

ogra e curr

current path; and a second pr ranma nt mrror

~coupl ed in series wit ! upplyyappgecuysht mifeorcaerplsdio the supply

channel |ength exhibiting channel | ength npdul ation . )
factor 12, wherein thé$¥ OgREHBI FUTFgt purror coupled in series
lmwit]i tht isﬁp;tplff acltape c;.lﬁ'bﬁ;t Ihl@}‘oig efid h:irf]iihligf itheast bﬁétraﬂkﬁb@(ﬁglﬂikh a channel
tion to t i rst _programa
OB RED B S L B AR che
milength modwlptemfactuy A2 ts langenthai theafinsi chenoel derayth mvdnlatigh factor A,
t b £ > : . .
45,840 Bl U R S ROy i
cooperating to maintain a bias current through the first fanouf current mirror stage

Mivoltee RattehMd MRt L8RSt oRP& cfoﬁﬁllaa kS HRIcuWehiba@h; and

substantially independent of changes in the supply voltage.
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