WD 02/ 099963 PCT/ US02/ 17039 1 SYSTEM AND METHOD FOR TUNING A VLSI CIRCU T
BACKGROUND OF THE | NVENTI ON [ 0001] Field of the Invention [0002] The
present iwoanboadrel ates to electronic circuits and syst eqa/UhI®39
specifically, the present invention relates to electronic circuits and
systens for generating accurate currents and voltages in integrated
circuits. [0003] Description of the Related Art [0004] Accurate voltage,
current and other references are needed in nodem analog integrated circuit
design. Currently, voltage is the only paraneter that can be accurately
generated on an integrated circuit chip. Qther paranmeters, such as current,
resi stance, and ca ¢ RAPPH re accurately
than 15- 40% unl esgggsrggggggﬁproce@lgm??mﬁﬁ%g?gtgggg.ﬁém this reason,
circuits are typically designed to exploit ratios of currents, capacitors
and/ or resistances. If an absolute value is required (other than for
voltage), it wll usually have to be supplied through external pins on the
circuit board. Unfortunatej C&%@ DURD'GF 1998 INSTEefidNe and increases the
conplexity of the circuit. FO Accurate transconductance is often
required in analog circuits. Transconductance (gn) is the ratio of the

out put curre[% ]ao t he :Bﬁu% vgl tag%.e, Currently, a constant gmbias circuit
can be used P80%Hener atide Ot r ansconduct ance (with an accuracy of
1% or bett erphgpijhr OUQhl“ﬁehlﬁeééﬁﬁincﬁntﬁ)nsfeﬁgés_etoeéféc%ﬂi@|cilrcﬁi%é SPEystefRE FlofL Ul ¢
uses an added pin and nmakes the application board nore conpli cat ed.
However, t hispedificallyythe pedsény inyentom rekatks ttoelberaniceimiuits prd systeins fqyagndrating
accurate control, of gm AJOt r the. transconductance of one transistor is
defined, it %C%urﬁt(%&rgﬁtéa? VolBRE b niegied e conduct ance of al |l transistors
by the use of transistor and current ratios, which can WO 02/ 099963

PCT/ US02/ 17039
[0003] Description of the Related Art

[0004] Accurate voltage, current and other references are needed in modern
analog integrated circuit design. Currently, voltage is the only parameter that can be
accurately generated on an integrated circuit chip. Other parameters, such as current,
resistance, and capacitance, cannot currently be controlled more accurately than +15~
40% unless a special process of trimming is used. For this reason, circuits are typically
designed to exploit ratios of currents, capacitors and/or resistances. If an absolute value
is required (other than for voltage), it will usually have to be supplied through external
pins on the circuit board. Unfortunately, this is not cost effective and increases the
complexity of the circuit.

[0005] Accurate transconductance is often required in analog circuits.
Transconductance (gp) is the ratio of the output current to the input voltage. Currently, a
constant g, bias circuit can be used to generate an accurate transconductance (with an
accuracy of 1% or better), through the use of a single external resistor. The circuit uses
an added pin and makes the application board more complicated. However, this is
typically perceived to be a small price to pay for accurate control of gn. After the
transconductance of one transistor is defined, it is possible to control the

transconductance of all transistors by the use of transistor and current ratios, which can



2 be accurately controlled in VLSI. Consequently, nost analog circuits
include a constant gmbias circuit. [0006] Sone analog circuits al so
require awoacom9at e current source, in addition to accur &C&/US02/17039
transconduct ance, for such applications such as sensing, neasurenent,

power control, and high frequency-low voltage. Currently, there is no way
to generate an accurate current source w thout adding additional external
devi ces, which add cost and conpl exity 2[0007] Furthernore, some circuits
al so require, ot her ccura t h as si st ance r capaci t ance.
Qurrently, ¢ hereura h o Py oCordeapie sy o i it iy e f Aot o
other than vgl a@6icup t hout adding additional external devices, trinmmng

or special processes. [0008] Hence, a need renmains in the art for an

i nproved anal09§6] nt egr ome agdlog girtuits dbslrgmmfahemurgterwirbmtrﬂoercaantadditien
reference sources in a cos effegtfol ve ma . I\/gARY OF. THE | NVENTI O\I
[0009] The nEef PG Hé"‘s&?? Uelangey iop SUG 4 H@r)wf‘%%nsp?% #t STIEnRGRRARch i n
a nost gene?&be&%ﬁﬁ&' Rbd Hfth’féllYlbﬁd%ﬁlo% fd1tagd. @hﬁé‘r}ilyt tHeR is@BRRN b g&ﬂlﬂﬁe first
accurate erence signal "and a second circuit for generating a second
accur at e ref ar ecoostes cyreak sourddh avithowisddangcrdddivnaldextémaudavices rwhich ssbemst on a
conmon substg%% A third mechanismis provided for alternately
periodically ‘i?fﬂ yt he first or second circuits to an external

(of f - substr afgabhydevi ceplierRbRY béthd Girdiits A6 YERLR StRECIENaR Fik@adrs, LdP 10]

In a specific enbodi nent, the i nvention provides a circuit for accurately
tuni ng the absishisarceve @e@cl@ﬁcmCmr@nﬂef Pisreaiodiownsuah tagccoral e generate

il chaRbos g g PR iR E Hifughd Rt bk S an

si ngl e exterpad 60151e§1b§és§)gs [0011] In an illustrative enbodi ment, the

i nvention incl udes first circuit for ) _
[0008] Hence, a need remains in the art for an improved analog integrated circuit

design offering multiple accurate reference sources in a cost-effective manner.

SUMMARY OF THE INVENTION

[0009] The need in the art is addressed by the present invention, which in a
most general description provides a first circuit for generating a first accurate
reference signal and a second circuit for generating a second accurate reference signal.
The first and second circuits are disposed on a common substrate. A third
mechanism is provided for alternately periodically coupling the first or second circuits
to an external (off-substrate) device for providing an accurate reference signal.

[0010] In a specific embodiment, the invention provides a circuit for
accurately tuning the absolute values of multiple parameters, such as current,
transconductance, resistance, and/or capacitance, in a VLSI system with minimal
changes to existing transconductance bias circuits by reusing an single external
resistor.

[0011] In an illustrative embodiment, the invention includes a first circuit for

generating an accurate transconductance using a single external resistor Rey; a second



generating an accurate transconductance using a single external resistor
Rext; a second WD 02/099963 PCT/ US02/17039 3 circuit for generating an
accur at e woreemes ef erence usi ng the sanme external resist®CT/UROX17038and a
third circuit for alternately switching on and off the first and second
circuits in order to share the external resistor Rext. [0012] In the
illustrative enbodinment, the first circuit includes four transistors MG
M2, MBG, and M4G and an external resistoP Rext connected as a constant
transconduct ance b| as circuit. The gate of MBG is connected to the gate of

MG by a vﬁ"tCBH SRS FHISE EPCHANEETTTS TEFSFRRGE HEWE e SHES GBI ASHBODy
switeh SG2 R hS utRUifRifor e for§ AARAMEdort And e BRUEAR A JIGLY v

swi t ches SGI an ese switc retur n tuning
t r ansconductaueais inasrdertto kineel thef dx terndliresistosR,. The gate of MAG i s connected

to a capacitqor C2, which is used to hold the bias volt t he .
tr ansconduct@ﬂw cir c@tthmuﬁ%att%@r%hqdaaw the fitt|cEuE 19 4tss g‘?’rBt“FPé?lStofSas k.

[0013] The sgg g/lf'l(/[g Qnd Qf?é afnoéﬁteltcri\ﬁﬁ?ecsis%cgroﬁg Midhech®: adBleongafy M1

and the ext erﬂa 7 esi g connected as a Constant transconguct ance
bi as circui ttrarmdnkiuctam mamchlfdunaﬂrfmrgatd bfEMSglis c@mecﬁted/lldthega@mmd%egi do a

|t Vref . Thi b d t
Chip by 5 baalshS ool AlanLe rearmesht o T8 bota pME Bt SYE S and e
given by |z Mf&fdest; is %bﬁlf&gél?lgfghthgufﬂﬁet SERAY R tv@@QWﬁ@l’fés s@ endlefzned

accurately, the current nown accurately. Swtches are
connect ed i rMftessismifches fiasturom as wient hmifg theet tramsconductanwaesm;l swmed lofs ar e

turned on n tuni t he rrent, and, turned of f_otherw se. e
Wi T corintiidhisto The sattpt it s el S Seliy G4 wertisced f1 SdR o tage
of the currepjs %lfa"gla"df tH\*;htrbx?scBﬂﬁJcta%bé eHbhit wWhilalthOedh8dist A18MEE hEhndiReK -
[0014] In a specifi'c enbodiment, the third circuit includes several

swi t ches _cctaskr olled by a digit al counter for turni ng off portions of the

cireuit Whl C[BOﬂ]e not ’fhrc]e second circuit includes four transistors M1y, M2, M3y, and M4; and
the external resistor Rex: connected as a constant transconductance bias circuit, with
one modification: the source of M1 is connected to a voltage source V... This voltage
source can be supplied accurately on chip by a bandgap voltage reference. This
circuit generates a current given by I = V/Rey. Since both quantities Vier and Rexe
are defined accurately, the current will also be known accurately. Switches are
connected in a similar fashion as in the first circuit. These switches are turned on
when tuning the current, and turned off otherwise. The gate of M4, is connected to a
capacitor C1 which is used to hold the bias voltage of the current circuit while the
circuit is allocated to another task.
[0014] In a specific embodiment, the third circuit includes several switches
controlled by a digital counter for turning off portions of the circuit which are not in
use. In the illustrative embodiment, the invention further includes a fourth circuit for
generating an additional accurate reference parameter. The fourth circuit can generate
an accurate internal resistance Ry, an accurate rps, and/or an accurate internal

capacitance Ciyt.



use. In the illustrative enbodinent, the invention further includes a
fourth circuit for generating an additional accurate reference paraneter.
The fourtwomR/0gw3 can generate an accurate internal resipsSTarsoE1®nt, an
accurate rDs, and/or an accurate internal capacitance Cant. WD 02/ 099963
PCT/ US02/ 17039 4 BRI EF DESCRI PTI ON OF THE DRAW NGS [0015] Fig. 1 is a
sinplified schematic diagram of a typi cal constant transconductance gm
bias circuit of conventional design and ¢onstructi on. [0016] Fig. 2is a
sinmplified schematic di to generate an
accurate current refereﬁggl mm@%&%@%\% Flp%s of the present
invention. [0017] Fig. 3 is a sinplified schematic diagram of a gm bi as
circuit nodified to generate an accurate drain to source resistance rDs in
a transi st or[OMB]i n accEigdalnde a wirhplifidie stlemcdticngsgodm t dfe ap typseait canstaent i on.
[ 0018] Fig. S i fjed sche tlc dla m of gmbias circuit

nodi fi ed &rad'@?@%ﬁf@n ) B?J?léftuétq RPRYSHRY pnq, FlgPéﬂ 6°rﬁ’é'H‘fthnn accor dance
with the teagpigos of FlgGZ 1§5§ ffich R &ndla%ﬁ g Biasidesit Tnchifim] | {1 ed
schematic dlagramof a |as ircuit no |f|e to g&herate an accurate

i nternal capacgdnarate aftactunate «an‘rent defocacavin ctdrdarice aeith nlys teathinghef phieesent

i nventi on. [00201 Fig. 6 is a sinplified schematic diagramof a gm bi as
circuit nodif'P¥d mtvﬁl%ﬂ‘%herate accurate transconductance, current, and
internal resppifnce alfigas i HeingiRd skhéfﬁatmdlagﬁﬁi B0 b1&iREERModSS] St Or
in accor dance wth the ?eachl ngs of the presen mven’f’l on. DESCRI PTI ON OF
THE | NVENTI QN ge0@2tt] anl dckurater drhinve sewrbo disrstamts rmynid actxansistoa™MO apgicoclat¢eons

will now be . : . .
with the teachings of the present invention.

AA

[0018] Fig. 4 is a simplified schematic diagram of a gy bias circuit modified
to generate an accurate internal resistance Ry in accordance with the teachings of the
present invention.

[0019] Fig. 5 is a simplified schematic diagram of a g, bias circuit modified
to generate an accurate internal capacitance Cjy in accordance with the teachings of
the present invention.

[0020] Fig. 6 is a simplified schematic diagram of a gy bias circuit modified
to generate accurate transconductance, current, and internal resistance all at the same
time by reusing the external resistor in accordance with the teachings of the present

invention.

DESCRIPTION OF THE INVENTION

[0021] Hlustrative embodiments and exemplary applications will now be
described with reference to the accompanying drawings to disclose the advantageous
teachings of the present invention.

[0022] While the present invention is described herein with reference to
illustrative embodiments for particular applications, it should be understood that the

invention is not limited thereto. Those having ordinary skill in the art and access to



described with reference to the acconpanying draw ngs to disclose the
advant ageous teachings of the present invention. [0022] Wile the present

i nventi orwD9202®63 i bed herein with reference to ill ustraPcraSenbosd nent s
for particular applications, it should be understood that the invention is
not limted thereto. Those having ordinary skill in the art and access to

WO 02/ 099963 PCT/ US02/ 17039 5 the teachings provided herein wll recognize
addi tional nodifications, applications, Sand enbodi ments within the scope

thereof and additi onal ch t he pr ention wqul d be of
e o sl R Sobite PR B T o
accurate tr aé}ﬁicé?ﬁ%&%léi% Svithih tHeesfc%F@ fefeof And QB&E@H&I ﬁla"lﬂsbih%m@l& Eff’c%r&se%@ such
as that showmn in Fig. 1 is typically used to fulfill this need. 24]

Fig. 1is a mwﬂnionfwcaddbchéﬂgmlﬂcalmuagt}am of a typ| cal const ant

t ransconduct gm bi as CI cui t conventi on des n and c nstructl on.
T 058, 9, ' Al Mt S itk oS SRowalh FaS et ey of

1% or bet t erperdrithce €A Hcﬂlsf‘hntg %Eﬁ%ﬁroﬁlbﬁ@%z@tﬁﬁt%'ﬂ%bv%tlf?'ﬁ%vq i3 Ycalihaked he
transconductance of the transistor has an accuracy simlar t'0 that of the

ext er nal r estodtifill thjsG@2&] The gmbias circuit is conprised of four
transistors M2, ._and con toth extern resi tor t The
transi stors Mffzﬂnd NHNB%rgerﬁcdﬁn%csﬂ@Bﬂe%é g‘? ﬁgéalﬂrﬁfr"f‘ p“f\?l ﬁggt ed
to the drai nrgfscdfiuctah& gl Biad cREuiMEr cﬁ)ﬁﬂé}ﬁl@hﬂddesfgﬁ anfofNitAicRoR | TAH ciréie
source of MB and the source of M4 connected to a voltage source Vdd, the

source of - Nzuscs)mn@ct@ml tesiston Retovichedn lpive tah acawaasr ofat 1% esb@teartommpa and
the source of M rm n onnect round. The

he oth f . Rext
transi stor et PR RS REE TG B oSRionGRIREE of BB SRR BS o e
i denti cal amuﬁ@ﬁﬁﬁﬁtaecbmat@ftﬁelemeﬂlhlmlgtro@r ensuring that 11 = 12.

Assum ng that these two transistors are in saturation yields:
[0025] The gm bias circuit is comprised of four transistors M1, M2, M3, and
M4 connected to the external resistor Rey. The transistors M1 and M4 are connected
-as diodes. The drain of M1 connected to the drain of M3, the drain of M2 connected
to the drain of M4, the source of M3 and the source of M4 connected to a voltage
source Vdd, the source of M2 connected to one terminal of the external resistor Rex,
and the source of M1 and the other terminal of Rey connected to ground. The
transistor M2 is four times larger than M1. The transistors M3 and M4 are identical

and connected as a current mirror, ensuring that I; = I,. Assuming that these two

transistors are in saturation yields:

Vet = V4 Veipz (1]
Vas1 — Vr=2(Vgs2 — V1) [2]
Vgs1=2Vgs2 — Vr [3]

where Vgs; is the gate to source voltage of My, Vi =Vgs; — Vr, and Vi is the threshold
voltage of the transistors. Analyzing the loop consisting of M1, M2, and Rex and

substituting for Vgg; results in the following equations:

Vasi = Vgsz + BRext [4]



Veffl = 44 Veff2 [I] VGS1 - VI= 2(VGS2 - VT) [2] VGS1 = 2VGS2 - VT [ 3]
where VGSi is the gate to source voltage of ML, Verff =VGSI - VT, and VT is
t he t hreswolod/o9ded t age of the transistors. Anal yzing the PeOLSOD®BSti ng of
ML, M2, and Rext and substituting for VGSl1 results in the follow ng
equations: VGSl= VGS2 + | 2Rext [4] WO 02/099963 PCT/ USOZ/ 17039 6 2Vcs2 -
VT = Vcs2 + | 2Rext [5] VGS2 - VI= I2Rext [6] Veff2 = 12Rext [7] gm =

| 2/ Veff2 =1/ Rext [8] Thus, the transconductance gmof M is dependent only
on Rext, and will have a toI erance uivalent to that of Rext (1% . Once
the transconductance of one Y@mm\éft \963251“ dikined, it is possible tid)
control the transconductance Q,f {, LF q@m stors by the use of tranm@5

and current ratios, which can u%éf ely controlled in VLS 00

Sever al appllcatlons such as senmﬁ@glzmgasurerrent power control, ad

hi gh frequency-low voltage, require an accurate current reference. [0027] '
Fig. 2 is asinplified schematic dlgagra(%f@F IRgi rcuit 20 for generatﬁ ihg an
accurate current reference by a sinple nodification of the gmbias circuit
of Fig. 1 in accordance with the teachings of the present invention.

[ 0028] This Thlﬁscﬂietraﬂé&oh@cieﬁiemg,il ofiM2tiodéferdagnvill @8 Rej randiviill heveaf tofekagice 1
wth a few m)dlflcatlons the transistors M and M2 are now identical; and

the source ofduvelensto thatol Reg (1o} (Paredhe Banrsprdngianss effone fransiporisslefiped,
generated acgur alahi 1QBorttd e%n ﬁg‘%an dBfﬁP{r %‘?(i\r/gggﬁfe%segfﬂ&ﬁlsw?%n&am

gate voltage is applied to ave the sane
geonetri es, Mr&nsmuos;whmmdaa@eacﬁurdtﬂylcsntfcﬂlledﬁdVLSI.al so be
[0026] Several applications, such as sensing, measurement, power control, and
high frequency-low voltage, require an accurate current reference.
[0027] Fig. 2 is a simplified schematic diagram of a circuit 20 for generating an
accurate current reference by a simple modification of the g, bias circuit of Fig. 1 in
accordance with the teachings of the present invention.
[0028] This circuit 20 is identical to the gy, bias circuit 10 of Fig. 1 with a few
modifications: the transistors M1 and M2 are now identical; and the source of M2 is
fixed at a reference voltage Vg, which can be generated accurately on chip by a
bandgap voltage source. Since the same gate voltage is applied to M1 and M2, and
M1 and M2 have the same geometries, the source voltage of M2 is forced to also be

Viet. The current Iz through the external resistor Rey; is therefore well defined (since

both Vs and Rey; are accurate):
IR = I2 = Vref / Rexta [9]

and therefore the current through M3 is also well defined (since I; = Ip). This current I
can then be mirrored to serve as a current reference.

[0029] Fig. 3 is a simplified schematic diagram of a modified g, bias circuit
30 used to generate an accurate drain to source resistance rps in a transistor My in

accordance with the teachings of the present invention. An accurate rpg is useful in



Vref. The current IR through the external resistor Rext is therefore well
defined (since both Vref and Rext are accurate): IR =12 = Vref / Rext,
[9] and wberedwose the current through M3 is also well

defcmasot/siosce ||

12). This current Il can then be mrrored to serve as a current reference.

[0029] Fig.

3is asinplified schematic diagramof a nodified gm bias

circuit 30 used to generate an accurate drai n to source resistance rDs in
a transistor Mo in accordance with the teachi ngs of the present invention.
An accurate rDs is useful in WO 02/ 0999 PCT/ SO 17039 7 n
Dol t cat | ondhaSy ARPIES b St 25 SRS oltk OIFPRGE iR CCBRAPIBHY 8o g

filter. [003)]e This circuit 30 is identical
circuit 20 of Fig. 2 with a few nodifications: an additional transistor

repl aces t hd0030}t age Bloscienil/B@fs alentidrd te ther meumfe dvrrenapahireanciopHafp oK

senses the
the gate of

A capaci t or

i's al so connect to the gate of

to the accurate current source

MO

| t ages, at .t he spource of t he sour of M2, and_adjusts
e J08Eh & e SrooShafifa 4 RO oL rn ot AIE OB tha KSRGS v | |
be equal . Th;%ufées\’,ef at M dofirck f&ﬂ%f -omasd &pOaIHﬁKe&H?és t%é(;}/ﬁg‘%% tPté ;our Oé% 1][ 10]

In

practice, t H‘dlraadlthe: sowscd osMdeamd adjigs theyzaeoeMberct exdintgby, naubatahe s@gcar acy

modi 11 6 gm Bigesseithard Magvisha et oipaet MiS iR Er Lo braiA fo

resi stance Rant in accordance with the teachings of the present invention.
This circuit matches an internal resistance Rint to the external resistor
Rext, which typically has a toleramseRf 1% An accurate resistanddO]s

useful in applications such as A/D converters.

identical to the accurate current source circuit 20 of

A capacitor C; is also connected to the gate of MO for stability.

[0031] In practice, the resistors inside a. chip may be expected to have an
accuracy of £20%, or worse.

[0032] Fig. 4 is a simplified schematic diagram of a modified g, bias circuit
40 used to generate an accurate internal resistance Rj; in accordance with the
teachings of the present invention. This circuit matches an internal resistance Ry to
the external resistor Rey, which typically has a tolerance of +1%. An accurate
resistance is useful in applications such as A/D converters.

[0033] This circuit 40 is identical to the accurate current source circuit 20 of
Fig. 2 with a few modifications. For example, the source of M1, instead of the
voltage source Vi, is connected to an array of binary weighted resistors (ZOR,
2'R...2NR), in series with a resistor R2 which is chosen to be equal to Rext — 20%, so
that R2 is certain to be less than Reyx. This forms the internal resistance R;y. The
resistors in the array are connected to switches (So, S;...Sy), which are controlled by a
successive approximation register (SAR). A comparator (CMP) compares the internal
resistance Ry with Rey, and tells the SAR whether to increase or decrease the internal
resistance. The SAR successively switches the resistors in the array on and off until

the total internal resistance matches Rex::

Rin = Rext [1 1]

[0033] This circuit 40 is



Fig. 2 wwith a few nodifications. For exanple, the source of M, instead of
the voltage source Vref, is connected to an array of binary weighted

resi st or sWOAR099921R. . . 2NR), in series with a resistor R2 Wwairaisor/s7oshosen to
be equal to Rext - 20% so that R2 is certain to be | ess than Rext. This
forms the internal resistance Rint. The resistors in the array are
connected to switches (S, S1...SN), which are controlled by a successive
approxi mation register (SAR). A conparat@r (CWMP) conpares the internal
resistance Rint with Rext, and tells the SAR whether to increase or
decrease the internal resistance. The SAR successively switches the
resistors i i

ot ches. Rext RS ot B s L et B R g P A

resi st ance danthehevitdhes @pi Oc0el. OaiemetherSARendiapplyine ibyo sinmijal wribpkothg t he
sequence for the switches (0 = O01...0ON) fromthe SAR and applying it to
simlar arrd§US9% resistors. [0034] Fig. 5is a sinplified schenati c

di agr am of ified i t

i nt er nal caggg??ance é@l%?s %gnaaszlgiz%fri{idfﬁéeerﬁ%ctﬁ%r%g @eﬁlgﬁﬁ&%%ig’b?ﬁs éﬁe pr esent
i nvention. Tisedta genesef al acfwate irgernplocapaciorsUppt raordancecwith the tdechmge off cui t

i ncl udes the circuit 20.of FF}IN% 2,%@ ug two additional transi ;ﬁgrs Mp and
M6. The gat dhe presqnt fveptan,  Thipis; useiud ford e eRpWeg CORUMPHOR cFuifs Jhus ergit v

(in circuit jg0hdesARE cirbifit MﬁFlg?Q HILERPS SdRfioldP traSsi EHRNES hedMeO TH&Ea&at e of
transistor M2 (in circuit he drains of transistors Ms and are
connect ed t @fdéwobisor MY is cmeeommoabe ghtetof dragsistoo MIMGn ciscuit dnent the gate Vdd.

The source of tran5| to a ar wei ed
Capacttor s (Samgaar Meebthesed Ml et ot il et o005 mhe giinFSk 0o
These capacit@ERidr®MB hEMO4E cBAhecEAPRCdaLRDERr OTHe -sofircs Wit ttflsiSiop A6 §©! I ed
by a clock (D is connected in parallel to the capacitor array. The

capaci tors icennéntedara Nyldarlhe souraqedft eahststorsMbtis ivenecd tglan arsty) of winesh are
control | ed» bvyeight d %E(I:I?a%l orsEfZOC 2'C...2NC) each connected in parallel with a capacitor CO.

These capacitors form the internal capacitance Ciy. A switch S controlled by a clock
® is connected in parallel to the capacitor array. The capacitors in the array are
connected to switches (So, Si...Sn), which are controlled by a successive
approximation register (SAR). The SAR is controlled by the clock ®. A comparator "
(CMP) compares the voltage on the capacitor array with the reference voltage Vi (in
circuit 20), and tells the SAR whether to increase or decrease the internal capacitance.
This capacitance can then be copied elsewhere in the circuit by simply taking the
sequence for the switches (O = Og0;...0Oy) from the SAR and applying it to similar
arrays of capacitors.

[0035] In the circuit 50 of Fig. 5, the circuit 20 is used to generate a constant
current which is dumped on the capacitor array for a given interval defined by the
duration of the low time of the reset clock ®bar (with a well defined duration AT
which derives from an accurate crystal oscillator). The final value of the voltage on
the capacitor is compared to a reference voltage while the successive approximation

algorithm is used to tune the capacitor to the desired value:

Cint = AT * Ler / Vref [12]



approxi mation register (SAR). The SAR is controlled by the clock (D. A
conparator (CWVMP) conpares the voltage on the capacitor array with the
ref erencewoakggyes Vref (in circuit 20), and tells the SARCEUSOIIEN3? O

i ncrease or decrease the internal capacitance. This capacitance can then
be copied el sewhere in the circuit by sinply taking the sequence for the
swtches (0 = O0L ... ON) fromthe SAR and applying it to simlar arrays
of capacitors. [0035] In the circuit 50 9f Fig. 5, the circuit 20 is used
to generate a constant current which is dunped on the capacitor array for
a given interval defined by the duration of the lowtime of the reset

cl ock (Dbardﬁ i\ mﬁ ed duration AT which derives from an
accurate crys SCI FIF f T%e final value of the voltage on the

capaci tor i $003sypar ed NiereacifcRitecan®e geatiat@einiislngildr asisle €@ 86mt¥® other
approximation algorithmis used to tune the capacitor to the desired

val ue: Lint parapetess.| ref / Vref [12] V\D 02/ 099963 PCT/ US02/ 17039 9 wher e

[ref s the ket ati! Q93P NS Shf oM { SueBe PO IRRREAL SHulfle?

simlar fasﬁlon to contr Her para ers vVer

circuits caPalaﬁle@@m‘m R ByoreGsng thelextBihdl irdi®or. PSiInGNRY €xXtsrnal dessyméerewrerseum ng
the external resistor. Since an external device redw res EI n and results

in a nore cénni @uk BaUks it @i MorsoeaTeplicaipd ugircult bagsd leyass ki @bedeghla/am e
not to use %’Jllf‘ab?é&fct&% h&b@é 'f&ttﬁ%@%j@%ﬂ@ggﬁggfmts—rhﬂﬁs Eﬁrﬁ? Jﬁ‘ Ghpeved

easily by thé uUse o is a si enatlc
di agr am of aaﬁlyrb},kﬂléuﬂé)@fsdmmltcgwmrat es accurate transconductance,
current, and internal resistance all at the same tinme by reusing the
external red®8dr in di®of dant SUplified ﬁ‘é‘lep@éléh‘ihﬁ%@mopft%élrﬁ‘%lbéé)ﬂt which

invention. o d e BEERGE EHEHBALEE N Lurrd?Cartl fnfdthil rSist@ARPAP GhE LafheCOMTON

time by reusing the external resistor in accordance with the teachings of the present
invention. In the preferred embodiment, the circuit is disposed ‘on a common

. substrate, except for the single external device, the resistor.

- [0039] This circuit combines the circuits of Fig. 1, Fig. 2, and Fig. 4 with a
switching circuit 60 that periodically switches to the desired reference generating
circuit, turning off the portions of the circuit which are not in use. The switching
circuit 60 includes several switches: Sgl, Sg2, Sg3, Sg4, Sil, Si2, Si3, Si4, Srl, Sg2,

+ and Sg3. A digital counter allocates the portion of the circuit that generates the

i constant gn, I, or Ry to the external resistor Rex. The resultant bias voltages for the
gm and I circuits are refreshed periodically on capacitors C1 and C2, respectively.
These capacitors hold the desired bias voltage when the reference generating circuit is
allocated to another task (such as fixing the R, I, or gp). Outputs Oy and Og provide
the accurate current reference and the accurate transconductance reference current
which is continuously available to other blocks of the same substrate.

[0040] Circuits 14 and 16 combine with the transistor M2 and the external
resistor Rexs to form an accurate transconductance circuit similar to that of Fig. 1
(circuit 10). This occurs when switches Sgl, Sg2, Sg3, and Sg4 are on, and all other

switches are off.



substrate, except for the single external device, the resistor. [0039] This
circuit conbines the circuits of Fig. 1, Fig. 2, and Fig. 4 with a

swi t chi ngwoimoed9s3 60 t hat periodically switches to the de®cCrawor/efoey ence
generating circuit, turning off the portions of the circuit which are not
in use. The switching circuit 60 includes several swtches: Sd, S&, SG3,
S, S11, S12, S13, S14, SR, SR2, and SR3. A digital counter allocates
the portion of the circuit that generated) the constant gm |, or R,,t to
the external resistor Rext. The resultant bias voltages for the gmand I

circuits ar d094Klr eshedCisati bhiscampyiseshofcatpasistas loronnsatedas a dioggerntdi /el y .
Th it halyg t ' i . f
gonerat g, IRl ik Ife SEAD o YK BRoNfich 0B WOFHh P NISG PIRCS e o, |

or gm. Cutpul§ iBomeete@fo preiniddeA sivhieh 85T ¢baicRtsCHME soiice beMIERCEdand t he
accurate transconductance reference current which is continuousl

avai | abl e t oWitchelo2isiopaRas B gatreofddbe tos s statcalaM2) (Gamyt ]éhs@empgs%@fa?nd 16
nbi ith the t i , t i t ot f
e ISR WL el AP ML PhAR sy NER Bl Bl o,

This occurs gwieR S8 daafess Belsoutialof NGRS to aid. S&kwirch ., coanettaie @itdef
swtches are off. WO 02/099963 PCI/ US02/ 17039 10 [0041] Crcuit 14 is
conpri sed ofMéc ta HagptfMRg 10 dishlidét ed as a diode, and a transistor MBG

The drain of Méj.isc [N : I is
connect ed ‘tcgogr und. z@f;@mﬁ#% téu%‘.’t%(;%ﬁ%@?&eswﬁhetwgc%&}%g@%%{g%@ %%QDQA
swi tch S& aedistet RS, td €orgatue acfurdl Cudrent tdeuy airailaf toMBat ¢ Figul {ciddmiti 20).

conprised of a transjstor, MAG and a capacitor C2 conpected between Vdd and
the gate of TWAELPCCArs When BHtaheRSdorreds sandrt aks e andpll piber switahge areRtswi t ch

SG4 connect op4e gat e rg{rcui{vﬂcﬁstc% Dot £1si i{‘oaﬁﬁ%ﬁ% bs 4 fiodk 042

Circuits 24 "and 26 conbine wth the transistor an e external

re_si stor Rextantietok MM3n dthealcain Vel isconaatted tor theidrais bfiiM2Zar Thosdunedt ofd¥li1fi g. 2
(circuit Zo)ié connected to a voltage source Vier. A switch Sil connects the source of M3y to Vdd.
A switch S12 connects the gate of M1 to the gate of M2. 'Circuit 26 is comprised of a
transistor M4 and a capacitor C1 connected between Vdd and the gate of M4;. A
switch Si3 connects the source of M4;to Vdd. A switch Si4 connects the gate of M4y
to the gate of M3 in circuit 24.

[0044] Circuits 42, 44, and 46 combine with the transistor M2 and the external
resistor Rex to form an accurate internal resistance circuit similar to that of Fig. 4
(circuit 40). This occurs when switches Sgl, Sr2, and Sg3 are on, and all other
switches are off.

[0045] Circuit 42 is comprised an array of binary weighted resistors (2°R,
2'R...2"R). The resistors in the array are connected to ground by switches (So,
S1...Sn), which are controlled by a successive approximation register (SAR). A
comparator (CMP) compares the internal resistance R generated by the array of
resistors with Rex and outputs the result to the SAR. Circuit 44 is comprised of a
transistor M1y connected as a diode, and a transistor M3g. The drain of Mly is
connected to the drain of M3g. The source of Ml is connected to the array of

resistors in circuit 42. A switch Sgl connects the source of M3y to Vdd. A switch

Sr2 connects the gate of Mlg to the gate of M2. Circuit 46 is comprised of a



This occurs when switches S11, S12, S13, and S14 are on, and all other
swtches are off. [0043] Circuit 24 is conprised of a transistor M,
connect edwag2addsdde, and a transistor M31l. The drain of PRSI 1I®ONNect ed
to the drain of M31. The source of M| s connected to a voltage source
Vref. A switch S11 connects the source of M31 to Vdd. A switch S12
connects the gate of ML1 to the gate of M2. Circuit 26 is conprised of a
transi stor MA1 and a capacitor d connectled between Vvdd and the gate of
Mal. A switch S13 nnect s e_source of M4l to Vdd. sw,tch S1 nnect s
the gate of TSR ATmoSCREh oR3 BT (67 setiFs oBMxiibofas “terdiaingd M a4,
and 46 combi;pgoWebf3dtb et drgndrpier M2 and the external resistor Rext to
forman accurate internal resistance circuit simlar to that of Fig. 4
(circuit 40)[0046]i s occlins, thegmessni ingtremnIRhses Bi2extamal 1B58toaRe, mngenaratk al |
other switches are off. [0045] Circull 42 is conprised an array of binary
wei ght ed r esHET3HEe P&AINg é’lﬁ?’!‘%gzt&%s: L%t@ Yy F@Pefr"ghanae% frostagle 4iphsiser. 2
connect ed t Q,Gr ARG BYomM SWFRSS) (iRe invehtive g, SIS cirdfH G} B Red RNdnRldesh by a
g
successive approximation registér (SAR). A conparator (CWP) conpares the
i nternal resicetrarrcauriRnni(e.ge wathatobataripg dfhiel %Y. rliye of bias egcsit oams alsbtuse Bext and

outputs the result to tﬂe SAR. Circui.td.%g S corﬁgrised of a .transistor MR
connect ed adCigfeodCmah Jesistpnogn g BeRdiGHIY. UpRethgr s o FANRISIY: RiEHAkct ed

to the dral negfiad@,] BRaRe Uil GR (e coNBPEREhy O oA Affison

resistors in circui A switch SRI conhects the source of M3Rto vdd. A

switch SR2 witntypitbcurmnt gderenas oMt %do the%yat e of M2. Circuit 46 is

conpri sed of 02/ Q099963 PCT/ USQ2/ 17039 1 transistor .MAR. A switch SR3

connects t héo@gtj\?ce of ??ef‘?}]g\r%@ng%i{aﬂiﬁ‘?‘h %B%C”kﬁ‘%%efegl Wét%nn@ﬁef%r&e% % he

drain of M.plR0dBlembdbdimerdti6r PpABENAr APpYi8RidnO THARY H8ANE BRISHY SKiMidh the

resistor Rext to generate alternative biasing or tuning tasks. Wth very

m nor changest @ad sicagfiseta then prasendr teachings will recognize additional modifications,
applications and embodiments within the scope thereof. For example, the present
teachings are not limited to VLSI technology and can be used in any integrated circuit
application such as LSI. Further, the external device is not limited to a resistor. The
present invention may be implemented using any external reference, such as current,
without departing from the scope of the present teachings.

[0048] It is therefore intended by the appended claims to cover any and all such

applications, modifications and embodiments within the scope of the present invention.



capacitor, and sone switches), the inventive gmbias circuit can be used to
generate an accurate current (e.g., with tolerance of 1% . The gm bi as
circuit capoalosedise the accurate external resistance toPo@risodimad!y tune
the rDs of a transistor, internal resistance Rint, and/or capacitance
Cnt, (e.g., to an accuracy of 1% in conparison wth typical current

tol erances of 15%to 40% . [0047] The present invention has been descri bed
herein with reference to a particular ekbodi ment for a particul ar
application. Those having ordinary skidllﬁba the art and access to the
present teachings will recognize addit4 Shodi fi cat i ons, applications
and enbodi nents within the scope thereof. For exanple, the present
teachings are not limted to VLSI technology and can be used in any
integrated circuit apblicaAi cmcuitu¢iVOas addfptivelfucdupdad, té he cemtmemnnaktedel/i ce

isnot limted to resistor. The resent inventjon may . be inplenented
usi ng any exXt¥VHE qug?léerr%tﬁ’ggé{m@g]éﬁc‘g’@% TERE S Stcﬂﬁfaft?’a@ﬂé’ﬁi ng fromthe
scope of the present teachinggg &i&gfl%oj tor! Eerlge?iﬁfél F Qi Fétﬁ%aﬁ?l% Butae

appended clains to cover any and all such p tions, no I cations and
enbodi nent s w t himfetdnee sigogde of the present invention. WO 02/099963

PCT/ US02/ 17039 12 CLAIMS 1. Acircuit (100), adaptively.cqupled to a
comon external resout égc,ongloFlr“d;’étn@gt‘i'toﬁggeﬂﬁ‘%atlf‘%)laeS%f@@ﬁréfr ﬁya efEHEL
signal s chargglLet &8fhibyng a first circuit (10) for generating a first

refreshabl e accuraté reference signal; a second circuit (20) for
generating a second refreshabWigchingcircaite60) efuptednioecash gf die; firsnahdasesond chi ng

circuit (60) coupled. to each of th irst .an econd. cjrcuits to
el ectively rof r gt SBEG b e iSteiRlt eGRERSiensl The' bi aei ng
circuit of aim1l wherein the switching circuit (60)

2. The biasing circuit of Claim 1 wherein the switching circuit (60)

includes switches which in the on position operate to refresh the associated generated

reference signal.

3. The biasing circuit of Claim 1 wherein the circuit (100) further
includes a third circuit for generating one or more additional accurate reference signals

while using the same external device.

4. The biasing circuit of Claim 1 wherein the external resource is a

resistor Rex:.

5. The biasing circuit of Claim 1 wherein the first, second, and

switching circuits are disposed on a common substrate.



i ncl udes switches which in the on position operate to refresh the

associ ated generated reference signal. 3. The biasing circuit of Caiml
wherein twe wiopweit (100) further includes a third circulPCTfus02/gmaer ati ng
one or nore additional accurate reference signals while using the sane
external device. 4. The biasing circuit of Claim1l wherein the external
resource is a resistor Rext. 5. The biasing circuit of Cdaim1l wherein the
first, second, and switching circuits dfe di sposed on a comon substrate.
WD 02/ 099963 PCT/ US02/.17039 13 6. The biasing ciycuit .of Caim4 wherein
the first accurate ré&f ererddd QPAYHAZ CloEt; Pgr@g‘é‘ha‘{m‘i’ el thg frst RECYpE st

circuit ( 10%6fé1@ﬁéeu§ lfiQHﬁnsEgl?dﬁéﬂaﬁée? Eidd Y ﬁ'ﬁ%%ﬁ&t@gﬁngﬁﬁﬂe% sapageked as

a constant transconductance bias circuit w MAG connect ed as
di odes; theMlizaMR, M35\Vifd kidp nenteetdd hoa tdnstadr txinscafdudiBise bidstvacdt with: of M2
connected to the drain of MG the source of Jé/lz connected to one termnm nal
of the external resistor Rélgand ‘éﬁc‘{nﬁ%ﬁg‘g‘?ﬁr elest MLG and t he ot her

term nal of ReXC connect ed 04" . [-O6): f7cuit of Claimé6
. ed yf Daraid 0P MG cor Qo RieaBhR B BT
wherein the gate of MBGis co?llneocte CtoomiC e %atee an% drain of MAG by a

switch SG4, the gate of Mlhd draiomfivEcdoadedial tottieedrgimtod Mg, M2 by a switch
S@&, and the source of MBG.is connegt@éi to the source of,

G, by two
switches SGL and SG3. 8. T BPHES R rORRgetes [ons ﬁ‘?‘g“{)\ﬂ]igé?afe‘ihﬁ ?xheé“ﬂate of
MAG is connect ed.¢ @& Gapaci tor C2.

the source of Mlg and the other terminal of Ry connected to

ground.

7. The biasing circuit of Claim 6 wherein the gate of M3g is
connected to the gate and drain of M4g by a switch Sg4, the gate of Mlg is connected to
. the gate of M2 by a switch Sg2, and the source of M3g is connected to the source of

M4 by two switches Sg1 and Sg3.

8. The biasing circuit of Claim 6 wherein the gate of M4g is

connected to a capacitor C2.

0. The biasing circuit of Claim 4 wherein the second accurate
reference signal is current, and the second circuit (20) includes four transistors M1y, M2,
M3;, and M4, connected as a constant current bias circuit with:

M1; and M4, connected as diodes;

the drain of M1; connected to the drain of M3y

the drain of M2 connected to the drain of M4y,

the source of M2 connected to the external resistor Rex; and,

the source of M1; connected to a voltage source V.

10.  The biasing circuit of Claim 9 wherein the gate of M3; is
connected to the gate and drain of M4; by a switch S, the gate of M1 is connected to



9. The biasing circuit of Caim4 wherein the second accurate reference
signal is current, and the second circuit (20) includes four transistors
ML1, M2, wbhB2/09®mnsl MA1 connected as a constant current bi ETAISOZLIBI Wi t h:
ML1 and MA1l connected as diodes; the drain of M1 connected to the drain of
M31; the drain of M2 connected to the drain of M4l; the source of M
connected to the external resistor Rexti and, the source of ML1l connected
to a voltage source Vref. 10. The bi asi Hé circuit of Gaim9 wherein the

gate of MBl js 0 ted to.t te and dr of MAl SW teg% t he
date of M 1 bsoRhRBIGE potis B R ssuB et MssSIpRaer e St ltor o
by a switchy ﬁ%@os@ﬂ@hés??l s ge of MB1l is connected to the source of Mil

by two switches S11 and S13. '11. The biasing circuit of Claim3 wherein the

third circuit includes an accurate internal resistance R, ,t b| as circuit
(40), an accurate drai ﬁ’g#&ce resi stogrshcle, é bi.a 11 8 ld and/ or
an accurate internal d paC| BIng HCul; i ¢ (yhergis e, thir c1rcu1t mcu es

an accurate internal resistance Rjy bias circuit (40), an accurate drain to source resistance

Ips bias circuit (30), and/or an accurate internal capacitance Ciy bias circuit (50).



