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The current generated by the converter is provided as a reference bias current to a bias
current fanout circuit 18 that duplicates and disfributes 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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DAC QVLA - QMIN) is disposed in series with a second
current mrror CM2 35 conprising transistor QW,
formng a node with QW at 40. Wiile not explicitly
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generate a bias voltage for a first current mirror CM1. The first current mirror is in
the form of a current DAC having transistors QMIA - 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 current mirror CM1 (transistor
DAC QM1A - 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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25 To provide a programmabl e bias current for the
common source gain stage 54 over the conpensation
current, an array of n-channel transistors QN1 - QNN
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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 volts. However, noise often
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feature that offsets bias current inaccuracies caused
by undesirable noise acting on the supply voltage.
Further, the programmabl e nature of the circuit
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mirroring techniques with reduced supply voltages.

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.



2. A current conpensation circuit according to claiml
wherein the gain stage conprises: a conmobn-source
gain stage. 3. A current conpensation circuit

woamesti7ag to claim 2 wherein the conmmbn SEVER009831873
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stage conprises: a first parallel array of

progr alEBIdSIHAIMEEXISrs for defining a predeterm ned
range of conpensation current. 11 5 4. A current
conpensation circuit according to claim3 wherein the
conmon Lsour Acugsatsogpegaion greHlior byt a@grentmiger giyit, the
panabidt@hirrar ¢itoit Ghvipd OQirRATFE dfihédinsd SisDduSrehiOmirror stage

c rate with he first parallel array of

¢ REREE3 Broblaier) BimorslaBl. R it o g covpled o
c sapRiy. veltags source, Siefcwent panpeosaiion siaqitenmptisingnt . 5. A
current co | iG1deLCdbly i ' :

wher ei n hm%%g%gaglgiddi Vi f)g?ﬁ)gtg%%ilp Pg,e‘xsoga‘%J %tl? wfl eagsﬁ111

t WP 1‘b‘{$’t8at§6 Hn@é‘ﬁé H{"édeﬁ PRAFALYE tq §Perae) Ao mpERSRa 5 t the
S wpd yeprevatdtiag of wdtagcochangeelirpthe alpplyivoltage sagee;3adr ce 5

6. ‘A curren LON: Cj ' ' 0. Gl aj
wherein t net S48 REHRALG Ainkle Gldba AEERAL DL Bufih
a oipHtoansaindde thercadent pathy the gaie sthgecopepliv O BEBNYEL 975
PETb AR A3 15 ofpliokicitto R burneATRAIA Mo & e Ui T
accor di tp claim®6 wherein the “current conpensation
cic?%Pﬁnﬁ%gsf%‘ﬂTed in CMDS. 8. A current conpensation
circuit according to claim7 wherein the first array
Of L1 8AST St QU5 @ orhseiORBN Ghoukt sBRARE A iAWk IE the gain
second array o ransi stors are n- channe

t FlAERGOsIBIes: 9. A current conpensation circuit for use
Wi th a curreginmbndotice hih6dgd., the current mrror ‘
circuit having a current path defined by a first
current mrror stage driving a second current mrror
st age, 3.t he A ewomticampenstion cirauit @ccosdingyte diemi2nghezeis thar ce
C%ﬁﬁ&ﬂédﬁi}cﬁgﬁ%&?ﬁ’c&nﬁﬁﬁ?l y voltage source, the

c

urrent conpensat’ on circui.t 5 conprising: .
a first parallel array of programmable fransistors for defining 2

predetermined range of compensation current. !.
4. A current compensation circuit according to claim 3 wherein the
common source gain stage further comprises:
a second 'parallél array of programmable transistors to cooperate with
the first paralle] array of transistors for defining a predetermined gain characteristic
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 I wherein the
current compensation circuit is formed on a single integrated circuit device.



means for detecting changes in the supply voltage from
the supply voltage source, the neans for detecting
changes including neans for generating a conpensation

w0sl0geke7s epr esent ati ve of vol tage changes ipCTiUsecosonpisy

10

“th

vol tage source; and 10 neans for generating a
conpensat i oA camknt esttpchotiomipinit@edordig toaldiine witsnin thot
Mol cd eh&%%ﬁ@i? Gilif kA& fYpEgsation signal . 10. A
current ensation circurt according to claim?9

wher ei n the means for detecting changes in the supply

vol t age C0rFQEl?rfﬁﬁcompeﬁ@tlblﬂﬁﬁ@ﬂB@c@rcﬁilg/ﬂodﬂimm&@thbﬁrst
ag

n t _no
| A Rntan S et B R plenY e BB 25 sl s
sckglnaﬂhansmtbm 5 node representative of voltage
changes in the supply voltage source. 11. A current
conpensation circuit according to claim9 wherein_ the
neans 2-f or Pg@ﬁ@ﬂb%qmﬁgnsaﬂ%%eﬁﬁmuﬁw%apw mirror circuit, the
caffeni niﬁfor cﬂclﬁﬂ:ﬁiﬂ‘iih@ a%mm: pafll dbﬂhe& b g €irdd aiirdh® miviforistapel t

o8 ur rent _out
connegcg C‘J{fﬁﬂt ruuPlr' stage tﬂe second cutrﬁa{

BB RES ]gu & souree
gedunectign ﬁcé@@ wpely aeltage sctm;ceg@tn emmné cempensation sietiion
CanfRingf Or application to the current mrror current
path in response to the conpensati on si.gnal.. 12. A
current comseRsiar Adeeting chapess thie SyRAtHYPL iiige pmmitie PRl
fwolthgesourde/thb nhmddor derRatiss dhages Bicludg nidads fol pgRratihg a

Sefno 2 SR ERRRY A8, B LA b 38 s g ource

c@ﬂr.ent conpensation circuit according to claim9 and

further T Rehidorgn rﬁﬁr?gﬁcoﬁﬂb@ns%%ﬂ dnﬂﬂ:n{ f&?aﬁﬁbﬁhoﬁfto fnge

common souy ce
c@ﬁﬁ@ﬁ?&?fﬁg‘e@g@%ﬁ I"gmwztt’é’ﬁélﬁnﬂduced changes to
current froma current mrror, the nmethod including
the sygps: Alc t'&gen%&?o%%ﬁém{ Dby b 9\%%'@%%% means
froma supp 1Page source ene|g 'fg a
m«:hang@u@thalsunp&pvcé@mmrm@ of the voltage

changes  apimpedance 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. A cuwrent cdmpensation circuit according to claim 9 wherein the means
for generating a compensation current comprises:
a common source gain stage having an input coupled fo the output
node and a current output connecied 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 firrther
including:
means for setting the range of available compensation current from the
current source, '



5 in the supply voltage source; and generating a
conpensation current for application to the current
mrror in response to the conpensation signal. 15. A

wQ iops/03gp7§enerator for use in a sem’ conduct ACTIES2408031373
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t he tlntng generator includin a delay line haV|ng a
pl ur al il8y oA QEEEhFompensation; o wpré@gutwam%w
shinflb@dg:out put s and blas current |nputs 5 a selector
havi ng a pl urali puts for receiving the

o frad buttbirsdYsene Y dines ¥ copeB st it it 7
circuitry for detecting the phase shift between the

sel ect gy, ouwéth@gr &m!; fo‘fs%ﬂ“ﬂﬁtg%st a0 ng

bi as current ano t clr ute
b.%@@%ﬁfﬂrteatmﬁ@rﬁhwam ipclyfing he#{eps:0 celI's, the
fanout ci r cadiéotivig CIRMpPEs it th&gupplj‘/ vdltfe Bom raeﬁpplmcﬁltagé source;

circuit and cond ¢ mrr

S0 o supol yeDeRiEE R ConfithlEh rigfht Fesafuh B o BltRee Banges
c do fhesapnlyvpltage sagedfej amel a bi as current path and a
current co %&%ﬁﬁg Qébﬁﬁeﬁéaﬁbﬁ cRAPhEEbpliRatioRSo flf’é'&ﬁﬂ&n’c mirror

circuitr mnimze gﬁﬁnges to the bias current
ré%EﬂSP‘?It%“’ft%‘fﬂnaﬁﬁﬁﬁ%%ﬂ ‘the supply voltage. 15 16. A
timng generator according to claim15 wherein the
current. co nsat i [ ce
G vi ot coumr By tepRst KK b a3aREEEE: ¥, iEED
o@ﬁp@ﬂmhnd g:he i npedance divi der operative to

gener ate a &dﬁlﬁﬂﬁﬁ%%ﬁhﬁ a Plul@) ofdblay Bels vﬁth"t@éi)%ctlvc phase-
ﬁ’@ﬁ ent@tl _of volt e changes |n the supply
@%“ TS andcbias ghfrent “@]%tsn stage havi ng an i nput
Coupl ed to 4dekectonhpiing aysiaeligrod inpuis dsrrectivingtht phifse shified
te current path, the gain stage
opgﬁﬁ & a{lsutél}te

enerate a conpensation current for
appl i cat i orphtasf: cteteetl@tmtcew foreteciing the pipenshuft betwetethe

C QTR @4 e 18fdfnee su%ﬁl 2@ g B BRI AORLAL and

E SL/ (L:J gﬁ 8 u c{ égquégy to @@tﬁr{.ﬁq:]%gsnc?ugr%}tt% tﬁeoprlura ty of Relay

cells, the fanout circuiiry 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 resuliing from changes in the supply voltagé.

16. A timing generator according to claim 15 wherein the current

compensation circuit comprises:

an impedance divider coupled to the supply voliage and having an
ouiput node, the impedance divider operative to generate a compensation signal at the
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-



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

WORRY0a1973y of inputs for receiving the pha€Tdisedoseiisrs

10

10

15

outputs, and an output; phase detection circuitry for
det ectliTng tAnéming gereratér b usg én pesanconfctordestascthe imangt put
apsetor fcBiggece signal, and generating bias current;

and nmeans for. dj.stributi the_bias current taq the
plurality afielaglﬂaé/haefaa @?33163’%361%& el i g veRtre
ashiftedcbuipgistand blaaturreh¥inpdiey ei n t he neans for

di stributi i : e i 1Ly i ' e
The. bi ne. ¢ LReIEATRLRE R pi AR impld BictdYink el i ®
f ARG aod #cRuGy conprising 5 a first current nirror
circuit, ?Fﬁééa&ﬁﬁﬁb?aﬁﬁy_ ti&ﬂ%t&iﬁngme Uide sBifihRbRstntiee @
su vol.t age e i r,st .an econd current, mrror
PRIy oS Bl Bt stet o RRier R DS oS aRE Tt h
and a cur meats fedigahsaigiterbizs cugent to the phwrdlsy eflelay cells.

i npedance divider coupled to the supply voltage and

10 havi ng an, out put node, the inpedance diyider
oper atlfve M%&&%{@r&°®&%%W§éﬁem # Whsrehe mgans e
nidehiigpeasgiteat i ve of voltage changes in the supply

vol tage sodrce; . an n,source j t A
e L e A
aellp the fanheamudy comptisieg current mirror, the common
source gain st aggQRRLAihiKer likugenerate a conpensation

current for application to.the 15 curyent mrror
current path i r? eeRdsHEE IR fECRibERYRIRd A 7 BPPYY Yage, the
¥Bst afid bdcbhd@m@RYIB®AE Gifcults Cavpeliathy tb efite Biasldimelngyat, and
t he gain stage ey rc'ofﬁ%éﬁsat?on%%%?@& Sp%lé{n%e gai n st age.

an impedance divider coupled to the supply voltage and
having an oufput 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 fo 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.
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