WD 2005/ 031975 PCT/ US2004/ 031373 TI M NG GENERATOR

VH T Bl AS CURRENT COVPENSATI ON Cl RCUI T AND METHOD
WIEDBBMIIIAS FI ELD 5 The circuitry descri bed her ¢QT/US2004/031373
rel ates generally to automatic test equi pnent, and

nore particularly lowjitter timn enerati on

circuits for autondtic CEEFRATERJH) S PREEAL i ons.
BACKGROUND 10 Ti m a@-Reae 1ok aGeeBRt as wiien a

critical parameter for high performance sem conductor

testers. Having the abi 'TE@EEPHGQU@MLE‘? ri si ng and/ or

falling of a  test Srgnal wthin af

5pi cosec 6ﬁ%§§ﬂ6f“t§’ Qfé%fil‘?eédlef?éﬂ AP SRRy ﬁwtﬁ@aﬁc fepfeequipment,
di fdndmedie paﬁi&um_s;sw gitier tithidigl deNgraticit giecuity fetigorodtic test

sem conduct or. gvi ces under test. Conventional timng

gerF@PJéjl%er’l RH%’:QF %‘?’Soduce hi gh accuracy timng signals
are 15 often enployed in CMOS integrated circuits.
CMCS t echnol ogy provides -MNIgood per f or mance
at very | ow cost. However; e often
10suscept iTiming elgemiaspwentis pBemneritinahparameten for high perfrgmance

af fs@ﬁicohh@ct&%&efs MRS Hethe A0IR ?% pfdb the Snhg &R%Ffﬁmng edge of a
gener sophi sti cafed

t IS t|n1n
ﬁl&a%l. @EYES deW @ma@@n%o 4%5%?530%@@%%&% mean e
2 0 d&/ﬂféx&ldeﬁﬁ paﬁnsg&;rtf@ﬂﬁg galigé?mﬂmbegs eDsevEBdndnbRY dENESS under test.
tim ng ner tor | des or, .t.e erat ure
o ons SREEA D dhine RheraRh b b IBEERY Mg signats are
15 eI efiem emploPed in CMOS oggraed ciogéish EMOS téobnnllogy gevides relatively
% pepe ?:{hér%acé !&%e?ffo%yco? %Pévei) %ﬁ@SSICsSa% c\’fena%sceptible to

ron signal

( n@ﬁmm@m)andnﬁ@rgan@ﬁomjhwi%ctdhe pgnf@@la@g@ of thecirguit. To
delgyn eﬂlgr:-g, CRI0 Hﬁg@ SpERS
25 12 |s npl oyed, ?ﬁat reeggfa?}cgg@ t %g@gég?glgﬂ%%%dpﬁ S, ation

anEFCBWSWSd@énWEPB@cge%Eld&?%ase detector 14, wher e

20it is cwmafee‘&eﬁ@ ta Pighet alemveitibnal CMGS tﬁr@:gi@ﬁfamrrl@ that
ffe ence. A conp ensaglon \.ol t

g eﬁ"eCV 8 %’I tﬁl FEUIPESEHRE RIGR Rgldgy 2 p f% Rﬁ@f‘@ay elements
di Dile@ceupladh tbgfeﬂ'xdr todforn ehietag dinp.u Bpctoof the delay element outputs

VOL&@‘Q? t%;&g%%re egﬁznn 1P0%85 E%Igmﬁgmgnﬂgglggﬁf Erﬁ)q S qwn). The same

generate con erter asta re ence
bi eufpeigaresiso nssddond é@m@mma@m stheroeit Acqompanaatlm multiplexer

2sth ?ﬁ s%g%lgfnég’]tﬁ%t tﬁggggénitﬂrs 'gblg%‘ Bﬁ@g ﬁﬁl FOVidRAn b@phi18 a phase
detector 14, where it is compared to a reference s1gnal 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
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 pluralify of mirroring transistors QFM2 - QFMN are disposed
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To fanout, or distribute the bias current to the
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SUMVARY The current mirror conpensation circuit

descri bed herein provides a lowjitter solution for

the generation of bias currents by one or nore current
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To realize the foregoi ng advantages, the circuit in
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use with a current mrror. The current mrror circuit
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10 timng generator of Figure 3. -4 WO 2005/031975
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The generator includes a delay |ine 22 conprising a
set of N delay elenents D 1- DN, each providing "a
proportional to 1/N phase offset with respect to an
i nput clock CLIC. 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 assignhee of
the present invention, and expressly incorporated by
, reference herein. Further referring to Figure 3, the
del ay el enment outputs are fed to a selector, or 20
mul tiplexer M. The nul tipl exer 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 Vref. A charge
punp and voltage-to-current converter 26 receives a
di fference signal fromthe phase detector to generate
a reference bias current I REF. The reference bias
current is 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 input transistor QN1 that
receives an off-chip current 10C to generate a bias
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generate a bias voltage for a first current mirror CM1. The first current mirror is in
30 . the form of a current DAC having transistors QM1IA - QMIN. 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 cwrrent mirror CM1 (fransistor
DAC QM1A - QMIN) is disposed in series with a second current mirror CM2
35  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 trangistor QMz2, in turn, has its gate tied to the

'gates of an array of mirror transistors QM3 - QMN. Because of the respective gate-to-
s




application to the progranmabl e current source 54. The
progranmabl e conmbn source gain stage 54 conprises a
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die s i GG e P GY I egR e igs QLT RoRY are
t hupladpie tisgi-cleannelcirrag iEactb Gate caanndniah of the anciaghel ran@iis tied to the
t Oﬁﬁyaﬂi'e\ﬁt H5ERRN ?Jﬂ?&éhx pl—c%gﬁneq lﬂfrga)?, Hhe n-\émﬂn%l Ergﬁssistors may be
programmably activated as necessary to generate the desired bias current. The output
30  of the programmable gain stage 54 feeds the fanout circuitry input at node 40.

' 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

35  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

-6-



first current mrror CML (transistor QM) still draws
its required current. In the 10 instance where too
WQ 3003/e318Wrrent is drawn through transi stor QVPCTU$3004/031373
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W‘hh@es presents a chal |l engi ng envi ronnment where

a C

suc Tcuit provides a 25 substantial beneficial
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his cir._cui or exa , Clrc hat eI
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20 volid thg eixcuifﬁ@cdﬂtrmhenttdoastmvﬂen,nt orediily adegtablp doituseak astapdard cell
sh and described with reference to the preferred
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0 “181'31%99& 1%&3? bgﬁje%? ﬁ%m tﬁl : aeg of tﬁ.losucjir%glt Oi‘or 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 Wlthout departing from
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the spirit and scope of the invention.
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5 current mrror circuit and having an output node,
t he i npedance divider being configured to generate a
conpensati on signal at the output node representative
of voltage changes in the supply voltage source; and
a gain stage having a stage input coupled to the
out put node and a stage output connected to a node of
the current mrror circuit, the gain stage being

AT §HedMEP B9 generate a conpensation current from
the stage output for application to the node of the
current mrror circuit in response to the conpensation
Isi gnal qurehisogpemsatiomejtcubsomprigingect |y coupled to the
hi gh_and |.ow_ potent.i . I ;
and o €1 RAET bl iy O FlpH R AppP RAE S O
chifréf sligbroisuit afid Keeddgdnnantput pmﬁdéae empadasg divddgdeing comfggured
conpensation current. 15 2. The current conpensati .
(QEEHHT 2 PMREPSIAR TieheF DeRuiPHndr F%’{CSBE?%W%{H@P’"@%? 3351‘5?3 "

Y Q851 qgﬁgkgoﬁﬁgggastors conpri ses p-channe
tra s?stors. 3. The current conpensation circuit of

¢l ai ae@nwhge kiving hdagrdnprtsewnie tp dre (gt perleaggsiage quigut

ara arr

obiieBIS b SéBpehsdtion cdméntiiongtha spgedepw for applicatian re the node of the
characteristi¢c for the . conpensatian rent.. 4. ey
cRTi WS RSETTOBTF O DETIDeBTLS SPYC TR b tpfl ol directly
chUpR&As Mehigl Mdd6% pRnEATBE the SEppat vdlte@sdoutcsand oeptisirgen first
el'ements coupled in series between the supplﬁ voItF%F
perollel emapptpragreemable tpapisiggdordnlingg a pedeteraingt fangp pl the

[of0) sation.circuit of claim1 wherein the current
C%%ﬁ%%%@%f?%ﬁﬁ'circuit is formed on a conpl enentary

nmet al oxi de sem conductor (CMOS) device. 30 6. The

current conpensatiaon circuit, of .cl.aim reinit
26 | r T hFiEh] cOmpAPJaln Shouitaf cjgim | el e M Loy of
pﬁ)%%aﬁf&rﬁlsfs{&sséor@ﬂs@yp-@ﬁanﬁel&ﬁﬁﬂﬁ&ﬂs. transistors. 7.
The current conpensation circuit of claim3 wherein
the second parallel array of programmable transistors
3C0 np'fﬁesc%?reﬁt'c%%gﬂs%!ﬁoﬁ ERQR TR 2 whefbin the Ghhs@BE further

conpensati on crrcult conprising: ) )
comprises a second paralle! array of programmable transistors to cooperate with the first

BERR PRt of A sRfoPRANTRAN Siabd BN Hhipiod &

parallel array of transistors for defining a predetermined gain characteristic for the

compensation current.

4. The current compensation circuit of 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.

5. The current compensation circuit of claim 1 wherein the current compensation

circuit is formed on a complementary metal oxide semiconductor (CMOS) device.

6. - The current compensation circuit of claim 5 wherein the first parallel array of
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an i npedance divider being directly coupled to a
supply voltage source of a current mrror circuit and
havi ng an out put node, the inpedance divi der operative
to generate a conpensation signal at the output node
representative of voltage changes in 10 the supply
vol tage source; and a gain stage having an i nput

: C t
Rt L S T R A L
gain stage being directly coupled to the high and | ow

otentials of the supply.v a nd .operatiye t
Trenenbe orkent ssgipsanaiah pivpil chERs el Beisrond Pl gray of
prdpRari@etle Ghnsidieds EaprRBs n-Ohdnhelliragbiseri ¢ i n response 15
to the conpensation signal, wherein the current
conpensation circuit is formed on a single

onplyERRL ] ' mi: conduct or (CMOS) devi ce
Sgowpﬁi5|n@ﬂéx??géﬁ&lg%%gsm%ﬁ&%%%hannel transi stors and

a seemmtpedancadivider heiog dinevdly coupdesto stsoprdy véltagd bairce of a
8

current conpensation circujt of_ clai erein the
oo S G RE o 5 5l hocuipé el a VT aferhe v
ghiefid¢ foarBkEneatioh 31paAISk e DutphPaodE Rer&eht®niof SORTR REAIZeOT:
circuit of claim9 wherein the first parallel array of
thesupply Mekase soureeaaad st ors conprises the first array of
p-ch _ ' _ jon
G L pb Rl il (ol hidaha §pRGRG@PL

cgupgped wagiode sbibo ndrqanadroresircait, ity gaif stggedgingriinatilyecoupled to
i rst arall el

t i t Q. t ith the f
g ng I Parkief A Pply akobeand orerifede bR &y gain
cERfRAGLLE EiuSdnt Corfapplidatien toGRIRAG S 8the QUrrét ifif 6t circol inledsponse

The current conpensation circuit of claim1ll wherein
torthcaamnensagon signal) whergip the cugent compgnsaveamrcalt is forasdang s

sif OB hpIERerdt s reA QR e M RYndRbtoP [ ENARNELvide BRDHSIHO b First O

array of p-channel transistors and a second array of n-channel transistors.

9. The current compensation circuit of claim 8 wherein the gain stage comprises a

first parallel array of programmable transistors.

10.  The current compensation circuit of claim 9 wherein the first parallel array of

programmable transistors comprises the first array of p-channel transistors.

11.  The current compensation circuit of claim 10 wherein the 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 for the

compensation current.

12.  The current compensation circuit of claim 11 wherein the second parallel array of

programmable transistors comprises the second array of n-channel transistors.



