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WD 2005/ 031489 PCT/ US2004/ 031391 CURRENT M RROR
COVPENSATI ON USI NG CHANNEL LENGTH MODULATI ON
TECHNI CAL FIELD 5 The circuitry described herein
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dDft f-ene B@@Ied&ﬁlgéﬂfe? tb fofin 3 dehpliHEe P4¢HRS M delay element outputs

v ge-1.0-cyrrent convert er

B SR S e B oo & et a6V e e

bbuipuis gre@qtusqcbfoaa délagcompensation scheme. A compensation multiplexer
12 is 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 confrol 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 Fignre 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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30 current fanout circuit 18 that duplicates and
distributes bias current to the delay elenents to
control the delay. To fanout, or distribute the bias

wWoH0bH8iasb0 the various delay el enments, a cuUrg®@isaoos/031391

mrror circuit schenme is typically enployed As shown
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c e in the bias current through each mrror,
corréspondingly affecting the level of current

provi ded therefrom As voltage |evels on integrated
circuits continue to decrease, this problem becones
nore pronounced. What is needed and currently

unavail able is a conpensation circuit for use 10 with
current mrror circuits to mnimze changes in current
attributable to supply voltage noise. The current
mrror conpensation circuit described herein satisfies
this need. .-2 WD 2005/ 031489 PCT/ US2004/ 031391
SUMVARY The current mrror conpensation circuit

descri bed herein provides a low jitter solution for
the generation of bias currents by one or nore current
mrrors. By mnimzing the errors attributable to

noi se in the supply voltage, reduced supply
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5 voltage |l evels may be enployed in integrated
circuits with little error caused by the current
mrror circuitry. To realize the foregoing advantages,

wdRogesiszdi t i n one formconprises a CurrentPCT/US2004/031391
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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. '
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DESCRI PTI ON OF THE DRAW NGS The circuit descri bed
herein will be better understood by reference to the

wPldb@¥di a8 nore detailed description and accoppppyhéihsizer
drawings in which FIG 1 is a high-level block diagram

of a conventi onahmﬁ%@giéwﬁﬂﬁ ﬁ§&1¥%¢;§ a

partial _schematiT, Ot 1
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10 t jtipning eorsheEraeidigme Fhis is acconplished 5 by feeding
conpensation current to bias current generated by
fanout circuitry 30. The conpensation current offsets
any changes to the bias current resulting from any
changes in VDD caused by noise or jitter. By
mnimzing the effects of a changing VDD, changes to
the delay characteristics of the cell are also
correspondingly mnimzed. 10 Referring now to Figure
3, atimng 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 |ine 22 conprising a
set of N delay elenments D 1- DN, each providing a
proportional to 1/N phase offset with respect to an

i nput. cl ock CLK. A preferred
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t L3BR}eEO f)igrgvlvrreff o SHafld _prﬁrrng‘r%HG g?é!ita%g-t(;-t}ﬁr%nit ESidverter 26 receives a

o reRce signal TR Hegﬂ%egawémaéo ERFF S r%’!g'@&gq eveRHREE
WIhe2 @érerecels SO un€ill/ ik b0 Qdpliaita 94dd distpibwied be fanoutt giratitry 30 to
h i b Sy Ry . e e Al
, , gat e
t-icefrel dhe drlayghrough each glemgnttap defiredilevebr t r ansi stors
Referring now to Figure 4, the fanout circuitry 30 generally includes a
reference current source input transistor QIN1 that receives an off-chip cutrent 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 compriées 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 QMIA - QM1N) 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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currents to the delay cells, or groups of delay
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C&MQE%@%W EBf¥ent into node 40. The construction of
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q h]. e
e%bgﬁgi: c{@me @gng hingl éHﬁbIe&‘&S NS bugREMhil, 18 drain

NS for each  transistor, that ar g
r praina) of franstRbariQR! PETVides & AFLE COMSHEANTO R dipz amitiable
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| g% S BRSO Bin L e
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nodul atpipgRodsBabin Hthedbdid prégrih@bisls clgdnt iMEERCM2 is similar

| h £f
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nuraasistepihel 4re cddtivglytshérd(for @@n‘lpiﬁ, apreoximiatsly, 120yenometers). In
AGEMEARKRY HeMBarddelTeAghIRP 81BN Rins{dhirghte @n Be lEAVIASS the

u plgllfgth of the PCM1 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 runming 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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each delay cell DN. The individual delays are each
regul ated by the bias current running through each
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cmcm an¢ BeMaxihngppreserdog M@S@a’mgbtwe; diffgrence oy dugbfq:gtmn by the

sqg,gﬂﬂcnm g|nmmabl e current source can be progranmed

L, S0 S S 6 Byl PGS

ddbediduigidesceibed hegein. Of sxgmﬁcant 1mportance is the current compensation
feature that offsets bias current inaccuracies cansed by undesirable noise acting on the
supply voltage. Further, the programmable nature of the circuit provides flexibility
and accuracy in allowing for fine-tuning of the compensation cuirent. Moreover, due

to the circuit's convenient construciion, 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

i



froma change in the gate-to-source voltage on the
supply voltage current mirror CM2. 20 The first
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techni ques are enployed may benefit fromthe use of

this circuit. For exanple, circuits that enpl oy

anal og-to-digital conversion techniques or where

current generates a reference voltage -7 WO

2005/ 031489 PCT/ US2004/ 031391 rmay use the

conpensation circuit. These applications are likely to

use current mrroring techniques wth reduced supply

vol tages. Wiile the invention has been particularly

shown and described with reference to the preferred

enbodi nents thereof, it wll be understood by those

skilled in the art 5 that various changes in form and

detail nmay be nade therein without departing from the

spirit and scope of the invention.



8 WHAT IS CLAIMED I'S: 1. Acircuit conprising: a
supply voltage current mrror configured to be coupled
to a supply voltage source, and conprising a current
out put configured to be coupled to a node; the node
coupling a fanout current mrror and a first

pr ogVHARIN GLAWVIEENES: M rror, the first programmbl e
mrror having a first channel |ength nodul ation factor
X1; and a second progranmabl e current mrror coupled
to tlhe suppitpuiyepmpdungur r ent n1rror and conprising a
secg@q{aﬁly%&aggaﬁmﬂ%&& Bt 3’0 NG Feldt{)s J‘yvoltage

nmodul ati on _ factor

SOYFGEH I CPEIRTIFIRE PEIIRDE QY @omiﬂugﬁéir tothg£RuplRd teran%cte the node
co@ﬂ‘liiigr}ﬁﬁandnﬁ&gh’@nﬁﬁﬂtdr ahd 8 firde @ﬁi@imﬁﬁblebﬁﬁ‘eﬁ@ﬁlﬁﬁﬂ the first

PP Pggor R A et shimiek Sre i ten it and or
a biaascandrpregramniabicomglent tardricospled tonthe suply veltise current

mlHth afy ccﬁﬁ ?}%&‘?&Bﬁ{&é& sllt(%{' ha@fﬂg pz?&%gﬁﬁ gf)a]}z%%l%ﬁé?lgﬁlod}ﬂaﬁon

anges I1n

tacggr %21, dhesecongh @?a@m I@m@h modglanm &gm ﬁcﬁfﬁ’bing lexger than the first
chdfinBPlengif QRRIUARS: fﬁct@@[lal th@ SecBhd ﬁﬁbg&ﬁmﬂﬁlﬁg Eﬁ%}g pdxﬁor being

storsfor &415 predet érm ned ran
fé{&%i] {p mantax, vl the f7St DEEEIEALE SUEY A, tarbéasaurr@mt
throsg}f the figd fatoud ceirdi@ herrod mig%@hast@manyﬁﬁdapénd&Vd)MItage
cui t ,of Ia|m3 wherein the circuit is forned

Ci
Chan§esﬁlt{1%8‘f‘ﬁﬂbé “rﬁ%t al - oxi de- sem conduct or
t echnol ogy. 5. A nmet hod for conpensating for

s UPE' y- veﬂhg 206t HEUser Gharge ﬁletf&ﬁmggfnka gi*e SiehERbrror

t hrough a anout current mrror
COMBBISH |as1:1arfléle Herefiragammahlsdsnpistorntor defining a pradsiermined
rang¥ BPLyred) t age source; generating a conpensation
current to a current path node, the conpensation
current representative of the voltage changes in the
suppl y v@ht agenit sfoulaine] whireinahepdiesiais formedion £sihgleased

int atg&]glraﬁ @&% | ength nodul ation factor X2 of a
con progrannable current source; and

4. The circuit of claim 3 wherein the circuit is formed using
complementary metal-oxide- semiconductor technology.

5. A method for compensating for supply-voltage-induced changes to a
desired current through a fanout current mirror, the method comprising:

detecting changes in the 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, A1 being less than
12, wherein the level of current sunk corresponds to the difference between the
compensation current and the desired current through the fanout current mitror.



sinking current fromthe current path node with a
first programmable current source having a first
channel |ength nodul ation factor X1, Xl being |ess
than X2, wherein the |evel of current sunk
corresponds to the difference between the

conpe&ns at Tlencicwitrod olaim A dfurther idelsdingd cur r ent through

th t . of
A inHE T 18 iy Sl S
owputy andibiageyrrent Wiputs; r espect i ve phase- shi f ted outputs
d
an Aoge@e%t&waeﬁgta ULALCI Ly nﬁ)éﬁsgﬂﬁﬁféc%h@?m gﬂaggtslgw Blitph,

of inputs for receivingt ase s
78 BPUEABut ; and phase detection circuitry for

det egtabedetédtion Qﬁaﬁl&yﬂiﬁ dexectiﬁg VRGP hadd Whift BEtQebRthe seldbPH!

o 1R A FRERT St SR e BT e Y T e

programabl e current mrror stage having at |east one

transi st thee\rlg Elt af gllaﬁlg E %Jhel‘e?xp ﬂ}tetﬁrgtﬁ% &a@mﬁ%l&u&eﬁf irror

channel Ne curren
stagshawing at leeﬁ oBF rnsistorwih o ckanmg} length epbibitingal firsgchannel
k@m hﬁ»ﬂhlaﬂbﬁ ERLorOQURE BitrdnP cd n%MRﬁ’J d(rc\ﬁﬁ 'cbﬁgﬁsﬁ ur ce,

a current  out Ut rent

pat r?suaﬁllérrl% HageREsn m&gqréﬁﬁﬁsﬁ f@lelsmﬂy veagesPucs sed

Imwmg$ﬁmneﬁnmn@hcbb@e@upmbymmumbmaggupurrent n1rror and
haV|

| t t tor w.t
oo et B Rn SR S RRS R ontbibd e RRSRAR e SR
volihgs @mmmt hgreendhdviop ahleait ohetrgtdistormitiuk abinoal kagthor

exﬁyb?nﬂ élﬁﬁﬂeﬁ rlelf oHtﬁ]@hgﬂ faétt:)r &h %@Fém h‘é@%&ﬁd%ﬂ%& gﬁl

fact )

m‘ffh’éat@éé%%r %@rlé@r%%ﬁlw ﬁ@t ﬁl@ﬁnelr}mgt@modubbp@ fastarid, the
ﬁr&ﬁir@graﬂtnmaﬁletﬂtﬁ‘énﬁﬂ{rf& Ahd ﬂférs@éttﬁﬂ aﬁﬁ%a%le Jugﬂ%ﬁ?ﬁur%‘or
current mrror u a i ndependent o
CORPIEFGIELC MHiAID ai‘ﬂﬁ%?%vf 5&{%@5 tﬁ% rSHFRORS QOB MBFOT 18P m
sulistarftiatly hefepériehueli changea indébke aypply weltdp@yvi ng a plurality
of delay cells with respective phase-shifted outputs

and bias current inputs; a selector having a plurality
of Bnput Ihegircwibedlainly fotther phcdisdinghi f t ed out put s,

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

outputs and bias current inputs;
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.

9. The circuit of claim 8 wherein the means for distributing comprises:
fanout circuitry to distribute the bias current to the plurality of delay cells, the
~ fanout circuitry comprising _
a first programmable current mirror circuit, the first programmable
current mirror circuit having at least one transistor exhibiting a channel length
modulation factor A1; |
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and an out put; phase detection circuitry for detecting
t he 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. 9. The circuit of claim38
wher ei n tanfened angertonirgi sireuitcoupled te o aypply ecliagef tha famout

_ e r .
°“%FIE*%§H°?¥H%?E§E?§5§%%&#‘% piletpn i Bubld at o current
node at fonpaEtiag fo definepytogreumentirath;cofr ent nirror
circuit, atdygrehi dontpaRt0hBTMPESnpriidg ent mrror
circuit having at Ieait one trapsi stor EXhlblﬂgﬁg %
channel | engt R SURBRY(ToHpgsomenpiFor goppled iqthg spppip yeltage
soGrgE, It thaving a@ureht dupdt coapled ©dhé ourens pathl ¥ndvol t age,
the fanout current, mrror Fd thetfirst Eﬂq@qunablﬁa
current mrr oraSSF‘%“élLﬁr?%‘“%‘Hl?% CSYUET BTEN P RN HSHES |
thecopphraltape cdroend efiirneans] Having at leasteme tpasibtor aitt aghannel
L] E1iiA0 TRRARAY (BB GASMllon TRAR I hRG o REBRLNY channel
ol tage current mrror coupled to the supply voltage
lengéh g dniaonitactey Ais larzenibre e fosiopatnel bngitomoduatiandactor M,
th&ﬁﬂsf}lﬁﬁ aRfthdble 8ifer? niR6OM (RE LUANTPRRSnBABIE SfkkerTintifrBF
C%ﬁﬁ ed in.series wth §£§ﬁ£%§$é% ¥oltﬂg§ﬁcurrent
COPRATINEAA P 13t Cyrenk & lagpy clpjepmyror stage
sulsshemitinly indepéigieht ebdhbuick inhe 3uggianoledgel engt h nodul at i on
factor X2, wherein the second channel |ength
nodul ation factor X2 is larger than the first channe
| ength nodul ation factor X1, the first programmble
current mnor and the second programabl e current
mrror cooperating to maintain a bias current through
the first fanout current mrror stage substantially
i ndependent of changes in the supply voltage. -11
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